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PART I 

BOMBS 





INTRODUCTION 

Prior to the fusion of the Army and Naval Air Services in 1918, development 
of aerial 'missiles had proceeded independently in the War Office and the 
Admiralty. In consequence progress was of a miscellaneous nature and , wl1en 
the war ended, development in bomb design was mainly centred around the 
evolution of an outline to give maximum ballistic efficiency consistent with the 
maximum filling capacity, simplification and stan,dardisation for manufacture, 
and the introduction and simplification of fozing methods. 

· During the between,war years proposals were made fo, the development of 
a wide range of High Explosive and lncen,diary bombs up to 4,000 lb. weight 
suitable for use against land targets. The prevailing condition, however, 
dictated a policy in which weapon efficiency was second to aircraft design ; this, 
and the restricted amount of money available for research and development, 
caused the proposals to be drastically curtailed and was largely responsible for 
the state of affairs in which we found ourselves in 1939. 

At the outbreak of the Second World War, aircraft bombs were essentially 
little different from those used by the Royal 11'lying Corps in 1918, the largest 
bomb available for use against land targets was the 500 lb. General Purpose, the 
type of high explosive filling in use was the same as used in aircraft high explosive 
bombs during the First World War, and no Royal Air Force aircraft existed 
which, without modification, could carry a bomb of greater weight than 2,000 lb. 

This positjon was no reflection 9n those responsible for armament design, but 
the fruits of a policy dictated by circumstances in which active warfare was 
only considered a remote possibility. 

This narrative outlines briefly the various types of bombs evolved during the 
years of peace and the main developments during the Second World War. For 
convenience and to avoid confusion, the bomb series and certain special bombs 
are dealt with separately1 but the reader is advised to remember that together 
they form a complete picture and part of the structure upon which total victory 
was finally achieved. 

Mines and Torpedoes, although used by the Royal Air Force during the 
Second World War, have not been mentioned in tl1is narrative as they were 
primaTily a Naval requirement, being developed by the Royal Navy and 
maintained by Naval perso,1nel. 
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CHAPTER 1 

GENERAL PURPOSE AND FRAGMENTATION BOMBS 

Early history 
After the 191 4-19 18 War the .Royal Air Force was left with stocks of aircraft 

bombs which were a mixed co1lection of shapes and sizes with many different 
methods of constructioll and fuzing. - Between 1921 and 1922 considerable 
discussion took place between the Air Staff and the various departments con­
nected with armament research and development as to the formulation of policy 
regarding bombs and the trend of fut ure developments. 

Included in the developmen t programme approved by the Air Staff in April 
1922 was the General P urpose (G.P.) series. Such a range of bombs (pro­
visionally SO lb., 250 lb. and 500 lb.) would help to standardise type and shape, 
simplify design and manufacture, and have a reasonable efficiency against all 
types of unarmoured or lightly protected targets. No mention of performance 
requirements was made in these early deliberations, mattefS being confined to 
the policy of types of bombs and weights, and consideration of size in relation to 
contemporary aircraft. 

Authority to proceed with. research and design was given by the Chief of 
Air Staff to the Director General of Supply and Research (D.G.S. R.) in April 
l 922, and a star t was made to find the best external contour. 1 After in ves tiga­
tions lasting until October 1923, which included wind tunne l tests at the 
Royal Aircraft Establishment (R.A.E.) , the shape of the new bombs was settled 
and in the following December the Design Department, Woolwich, was asked 
to prepare designs accord ingly. 2 

Design and trials of G.P. bombs 
Early in January 1924 an Air Staff requirement was stated for a 120 lb. bomb, 

to give a greater variety of bomb load and, as suggested by the Deputy Chief of 
Air Staff (D .C.A.S.), to avoid the necessity of carrying a 250 lb. bomb because 
one of 50 lb. wou ld not do sufficient damage. There were thus four bomb sizes 
req uired, the Ordnance Commi ttee being so informed in January I 924, with the 
request that the Committee would impress on all departments concerned the 
urgent necessity of completing the designs as soon a.s possible. 3 By l\fay I 924 
the designs had been completed and six bombs of each size were being mam,1-
(actured at Woolwich Arsenal, all having central tubes {alt hough it haci been 
hoped this m ight be avoided). Actually, design had gone ahead before 
theoret ical experiments with new methods of fuzing and detonation had been 
completed, 

For a bomb which could be described as ' General Purpose · an explosive 
content of a pproximately 30 per cent. was hoped for. J.n practice this was not 
achieved, the capacity varying from about 23 per cent. to 25 per cent. when the 

1 A.M. File S. 174 13. 
'A.'M. FiJe S. 23218. 
'A.M. File S. 190.80 . Fo.r a detailed account pf the procedu re governing a rmament 

design ~nd development, see Appendix No. 1-
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designs were worked out by the Design Department .at Woolwich. The minimum 
case thickness in the 500 lb. size was 0-75 inch , and for the first time in H.E. 
bombs the tail unit consisted of a. steel cylinder attached fo the bomb body by 
steel supports to give better ballistic stabjlity. 

A number o·f difficulties were met with in this early experimental production, 
but by 1925 sufficient inert filled bombs of 250 lb. and 500 lb. were ready for 
grouping trials to test ballistics. In air dropping trials at Orfordness {June/July 
1925) with old type bombs o( similar weight , th.e new shaped bombs showed 
high promise ; in every instance there was more consistent trajectory and 
stability in flight. For example, from 10,000 feet the ground dispersal spacing 
of salvoes of G.P. bombs was from 5- 20 yards, while for the old. type bombs it. 
was as nigh as I SO yar<ls. 1 

Although much research remained to be done the Air Member for Supply and 
Research (A.M.S.R.) strongly recommended that the designs be approved as 
tl1ey then stood. Considerable anxiety was felt about the low state of bomb 
·tocks generally, and A.M.S.R., in his recommendations to the Air Staff, 
considered it imperative that some bombs of the new type should be _produced. 
They w•re undoubtedly an improvement on the old bombs: subject to many 
hoped for improvements, they were stepping stones to standardising at least 
one series of bombs ; the general shape and size wot1ld remain the same and it 
was thought essent ial that the Service should acquire experience of the new type. 
After considerable discussion it was agreed by C.A.S., in July 1925, that the 
J 20 lb., 250 lb. aud 500 lb. bombs should be produced for service use to bring 
bomb stocks up to six months war reserve; the 5016. bomb was to be redesigned. 2 

Thus the first G.P. bombs, the Mark I series, began to take shap , the 
charge/weight ratio was estimated to average about 23 per cent., the filling 
was to be 80/20 Amatol. The Design Department immediately began to over­
haul the designs in consµltation with Air Mini tr:y with the object of making 
as many ,improvements as possible before advancing to a Mark II series. The 
improvements sought were mainly concerned with inc,easing the charge/ 
weight ratio and ease of manufacture for bulk production. 3 

Meanwhile, as a result of suggestions by D.C.A.S. in November 1924, it was 
thought advisable to go ahead with designs of larger bombs (1,000 lb.-
4,000 lb.) in anticipation of the p;roduction of aircraft capable of carrying 
them, and Air Staff approval was given for the design and development of such 
bombs. 1 t should be mentioned at this stage that s()me :years later work on the 
bombs above 500 lb. in weight was temporarily abandoned, but for the time 
being this account will deal with the whole range 50 lb.-4,000 lb. 

Development l.926-1932 

.By May 1926, model bombs based on t he proposed designs for the larger 
bombs had been dropped and much usefol data obtained ; further similar trials 
were to be held. Regarding the smaJler series, experimental orders had been 
placed with three trade firms to obtain further ex,ierience in manufacturing 

1 A.M. File S. 23218. These early ball istic trials were crude and unsatisfactory ; it was 
nvt until 1928 that a scientjfically designed ra1Jge was established at Or!ordness and the 
characteristics of the nf;!w bombs accurately recorded. 

• A.M. File S. 47814/24 , 
~ A.M. File S. 23218. 

6 



problems ; fragmentation trials had been arranged as also had firing trials 
(500 lb. bombs adapted fot firing from a howitzer) to test penetration and 
resistance to impact with hard targets. 1 

In December 1926, fo llowing th.e conclusion of mode l ballistic trials, a sketch 
design for the 11000 lb. bomb was prepared in the Air Ministry and sent to the 
Design Department, Woolwich, fo r the latter to prepare a suitable design for 
experimental production. The outline was prepared from a scaled up 500 lb . 
bomb, with an estimated charge/weight ratio of 32 per cent. for a filling of 
80/20 Amato!. 2 

The four-floor penetration target was completed by th end of 1926 anct the 
first firing trial took place in January 1927 with two main objects in view :-

(a,) To ascertain the penetration of a 500 lb. G-.P. bomb against a target 
representative of a building as m ight be used for Government office 
or a factory. 

(h) To ascertain whether the design was sufficiently robust to be in a fit state 
for detonation when fuzed for delay action. 

The trial was not successful as the bomb unfortunately broke up shortly after 
leaving the gun, but tbe nose portion-about three-quarters of the bomb­
passed through all the ' floors ' . Although inconclusi.ve, this trial at least 
indicated the improbability of such a target resisting a. bomb of such type and 
weight; a feature of interest to Home Office A.RP. r presentatives who had 
attrnded the trial. The break-up of the bomb was discussed with the Ordnance 
Committee and it was de idcd that, in future t rials, an attempt should be made 
to give the bomb the required striking velocity (S. .) with a lower chamber 
pressure. 3 

By July 1927, fragmentation trials of the smalJer series (50 lb,-500 lb.) had 
been satisfactorily completed , and the design for the 1,000 lb. bomb had been 
approved for experimental production. Such bombs were to be tested in trials 
similar to that already outlined for the smaller ser ies:1 It may be noted that so 
far the only reference to larger G.P . bombs has concerned the 1,000 lb. size. 
This was because, very wisely, the development programme was based on 
successful production of that size in paral lel with the SOO lb. bomb; design of 
other bombs up to 4,000 lb. would follow the same lines if the 1,000 lb. type 
was successful. Actually, by the end of J 927 , th Air Staff had decided that only 
the 1,000 lb. and 2,000 lb. sizes were for the time being to be developed, the 
latter in any case to await successfu l trials of the former .5 

In 1928 two more con crete targets, s imi lar to the original, except that they 
had six ' floors' instead of four , were constructed at Shoeburyness. In one 
case the floors were tilted back at an angle of 10 degrees to the vertical; in the 
other target the angle was 20 degrees to represent an angle of impact from 
dropping heights of 10,000 feet and 2,000 feet respectively. By May of that 
year, some of the first experimental 1,000 lb. bombs were completed and two 
months later two bombs were fired for recovery from an 18-inch howitzer at 

1 A.M. riles S , 2321fl and S. 25514 . A target representing lour floors of reinforced 
concrete building was being constructed at hoeburyness. 

! A .M. File S. 24734 . 
3 A.M. File 678808/26 . 
• A. i\'I. Files 678808/26 and S. 24734 . The method of detonation and fragmentation 

trials at t.hat time was underwater by electric firing , 
5 A.M . File S, l7413 . 
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Shoeburyness.L This lrial was successful, trajectory was very stable and tbe 
bombs were undamaged; the velocity represented a drop from 13,400 feet, and 
it was decided that hring trials against the new type concrete targets would be 
held after similar t(ials with the smaller G.P. bombs had been completed. 2 

The new concrete targets were used in October 1928 when 120 lb. and 500 lb. 
bombs were again fired from a gun for penetration tests. In two cases bo:i;nbs 
struck heavy wooden -floor supports with resultant deflection but the trial was 
sufficiently conch,isive to prove the following points:-

(a,) The resistance offered by the actual concrete was low and iu fact 
proved that the ' floors · themselves would not damage the bombs. 

(b) 'rhe 250 lb. and SOO lb. bombs would penetrate any number of floors 
likely to be encountered, provided they did not meet heavy floor 
supports. A SOO Jb. bomb had been badly damaged from impact 
with a. wooden strut; this required j nvestigation as impact with a 
steel support would cause more severe rlamage. 

The most import-ant decision resulting from this trial was that a similar test 
would be carried out against a steel girder target, and that any decision 
rega,ding modification of the construction of G.P. bornbs would depend on the 
results of such a trial.3 

Consideration of alternative. H.E. filling 
For a number of reasons there was considerable discussion between Air 

Ministry Research Department, Woolwich and the Ordnance Committee in 
1929 on the possibility of using a filling other than the standard Amato!. As 
previously mentioned, a quantity of G.P. bombs (120 lb.-500 lb.) was being 
produced to restore Royal Air Force stocks to a reasonable war reserve and the 
Amatol :filling was far from satisfactory for long storage. 4 The alternative 
chosen for experiment was Baratol, normally used in the proportion 10/90-
Barium Nitrate/T.N.T., but it was hoped to increase the percentage of the 
former. This might well improve tl1e detonation performance and, because of 
supply limjtations of T.N.T., would in any case be a necessity. The Research 
Department decided to experiment first with the proportions 30/70, 50/50 and 
70/30, and it was arranged to fill some 250 lb. bombs for comparison with 
80/20 Amatol. 5 

In June 1929 Air Ministry decided on the recommendation of the Ordnance 
Committee that no further contracts should be placed in peacetime for Amato! 
filling because of the corrosive action. It was however realised that supply 
questions in a major war, might necessitate a reversal of that policy and 
arrangements were made to improve the protection of bomb bodies against 
Amato] by various types of varnishing. 6 

l • Fired for recovery '-an artillery term for a method which when it is required to 
measure the velocity and asi;ertain what damage, if any , the projectile has sustained i(l 
being tired . In this case it meant :firing into the sea at high water and then recovery for 
inspection at !ow water. 

• .O.C. Memo. B, 16396. 
J A.M. File S. 23218. 
'80 per cen t . Ammonium nitrate, 20 per cent. T.N.T., the large proportion of the former 

set up corrnsive action during prolonged storage. 
~ O.C. Memo. B. 18221. 
' O.C. Memo. B. 1837$. 
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Bomb case construction , 
Throughout 1929 and 1930, investigations had been held betweep 1\ir Ministry 

Design Department and Chief Superintendent of O(dhance ·Factories (C.S.O.F.) 
into the- possibility of using a better- type of steel in casting G.P. bomb cases 
without an appreciable rise io cost. This partly arose from examination o.f the 
bornbs previously used again t the concrete targets. 

It was hoped, for example, to improve the elongation figure for the steel by 
some simple heat treatment.1 However, despite the most exhaustive tests this 
was found to be irnpracticable and it was finally recommended by the Chief 
Superintendent of Ordnance Factories that, with the adverse conditions en­
cou ntered in cas ting, and the necessity fo:r: G.P. bombs to be capable of produc­
tion in large numbers in almost any steel foundry in the country, an elongation 
requirement oi 10 per cent. was the maximurn that should be imposed. To aim 
higher than this wou ld cause too many rejections , or alternatively would create 
considerable difficulties of special hea t treatment and a conseq uent, reduction 
of the number of foundries able to produce bomb bodies. The .final recommenda• 
tioo therefore, was that a tensile breaking strength of 35 tons per square inch 
and 10 per cent. elongation would be reasonable figures to specify. 2 

By April 1932, the long series of trials, arranged some years before to in­
vestigate three main aspects in the design o! G.P. bombs, had been completed. 
Briefly such trials had covered the following main points:-

(a) Tbe effect of case strength on the detooating efficiency oi bombs , 
identical in shape. 

(b) The comparative efficiency of various H.E. fillings in bombs of identical 
shape and strength. 

(c) The effect of shape on the dispersion of fragments from bombs uf equal 
strength and charge weight. 

1'he results indicated. with regard to (a) that lower grade steels gave the 
highest pressure blast velocity and fragment velocity. On th other hand the 
penetration effect of fragments of better quality steel was better than that of 
)ower grade steel at the same striking velocity. 

Regarding (b), the highest bJast velocity and pressure was given by T.N.T. 
In addi tion, the average fragment weight in T.N.T. fill ed bombs was lower, 
indicating a more complete break up of the body than was obtained with either 
Amatol or Hexanite.J The results obtained in (c) provided insufficient evidence 
as to the effect of shape on the variation .in distribution and density of 
fragments. 4 

lt is necessary at th is stage to refer again to the H.E. filling for G.P. bombs, 
it may be remembered that in 1929 it was decided that after the initial produc­
tion orders for Mark I bombs had been completed no more bombs would be 
filled 80/20 Amatol. 
. In July 1931 that decision was reversed for although experiments showed a 
Baratol mixture 70/30 to be far superior in performance, the equivalent amount 
of that explosive would jncrease the weight of a 250 lb. bQ.mb by 44 lb. Thus it 

1 • Elongation '~ in a tensile test of steel the increase in length. of a test piece at the 
moment of fracture. 

'O.C. ~emo. B . 21574 , 
9 A com posite explosive experjmented with at that time . 
• O.C. Memo. B. 24-273. 

9 



was agreed that pending a re-design to accommodate such a filling-or that of 
pure T.N.T.-with due allowance for the increase in weight over Amato!, the 
latter filling could be used provided an effective anti-corrosive was applied. 
This decision gave rise to series of Jong discussions between the Research and 
Development Staff of Air Ministry and Air S taff on the future policy regarding 
bomb development. With so rnucb. research yet to be completed it was felt 
by A.M.S.R. 's staff that a revision of policy regarding bomb types was necessary 
in order to avoid complication in design work and multiplicity of types. After 
discussions lasting from June 1931 until July 1932, the Ai( Staff decided th at, 
for th.e time being, only three sizes of G.P. bombs, 120 lb., 250 lb. and 500 lb. , 
were required. 1 One of the reasons for the abandonment of the 1,000 Jb. size 
was to assist air raft design. Thus after about seven years careful and thorough 
work , when the design had passed all tests except that of live lropping, the 
production of the larger bombs was shelved. 

The 20 lb. (F} bomb 

Among the bomb stocks held by the Royal Air Force after the first World 
War was a large quantity of 20 lb. anti •p<>rsonnel bombs. These, known for 
ome years as ' Cooper' bombs, after the design r, had proved quite successful 

except for some uncertainty of action from. very low altitu les. Compared with 
the larger bombs it wo,s, fo1: several years, thoughl unnecessary to experiment 
with new designs for this type which was re-named Bomb H.E. Air·raft 20 lb. 
Mark I. 

1n 1929 the Am rican periodical' Anny Ordnance' contained p,uticulars ol' a 
new anti-personnel bomb weighing a.bout 26 lb, .The body was made of steel 
rings assembled over a s teel tube, the rings being he ld in place by nose and 
tail castings. 1t was stated that after detonation the bomb broke up into 
some 1,400 fragments of an average weight of O · 27 oz. Thes particulars wer . 
of great interest to the Armament Research S taff at Air Ministry. If correct it 
meant that 22- 23 lb. of lethal fragm nts must have been recovered , whereas 
an ordinary cast steel bomb weighing approximately 19 lb. provided only 
about SOO fragments of O · 15 oz., a to.ta! of nearly 5 lb. 2 

As further orders for the 20 lb. bornb would at S()me time be required, and 
any improvement in design was desirabl the Assistant Director of Armament 
Research and Development (A.D.RD. Arm.) di cussed the claims for the 
'ringed' bomb with the Chief Superintendent, Research Department (C.S.R.D.) 
who advised that the method of construction merited investigation. 

Therefore, as a normal technical investigation as compared with an Air Staff 
requirement , it was decided in June 1929 to design some experimentaJ' ringed' 
bombs for comparative fragmentation trials with ot)1er bombs-also to new 
design -of similar volume shape and case thickness, but made in one piece. 3 

These trials were eventually compJeted at Shoeburyness in July 1930 and 
showed, as was expected, that the fragmentation of the ringed bombs was 
smaller than that oft.he corresponding one-piece bombs. 1n penetrative power 
against wooden targets the new type bomb fragments were also superior, but 
against steel plates upwards of .t inch thick the one-piece bombs showed a slight 

l AM. File S. 17413. 
• A.111 . File S. 29822, 
3 A.M. File S. 17413 and O.C. Memo. B. 19471. 
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superiority. The opinion of C.S.R.D. and the Ordnance Committee was that th.e 
inve tigation warranted further research and arrangements were made 
accordingly. 1 

Whilst preparations for the next series of trials were in hand, it was agreed 
by Air .Ministry and tbe Ordnance Committee, in Septem ber 1931, to include 
the following variations of the American type bomb :-

(a) A closely wound continuous coil of square section wire; this for the 
purpose of reducing cost and not to improve efficiency. 

(b) Similar rings with t11ree longitudinal external ' V ' cuts. 
·It was also decided to include some Service 20 lb. Mark I bombs so as to get a 
direct comparison. 2 

A long series of trials similar to t he original, and including later the -extra 
types of construction, was carried out between November 1931 and July 1933, 
and analysis of the results showed the following main points :-3 

(a) A greatly diminished' all-round effect of fragmentation at low heights 
of drop due to the oblique angle of the bomb. The curved contour 
bomb had a wider angle of fragment dispersion than that of the 
parallel-sided bomb and was thus more suitable generally for 
anti-personnel purposes. The service 20 lb. bomb was of the right 
contour but the trials indicated that more than 30 per cent. oi its 
weight was ineffective owing to. over-fragmentation .. 

(h) The advantage of the 'ringed' bomb in act~al-fragmentation effect 
was most pronounced and it was considered that an effort should be 
made to combine that type of construction with a curved shape. 

1he general requ irements for 20 lb. anti-personn 1 bombs were discussed at a 
meeting at the Ordnance Committee Office in March 1934, when it was decided 
to try and improve. the existing bombs by substitution of a. Baratot filling, and 
to de;;ign a11other solid-case ex perimental bomb for comparative trials:1 At this 
meeting the ring-type bomb-body was rejected owing to the difficulty of 
construction in a streamlined fonn. 

Trials commenced in September 1934 and went . on intermittently until 
May 1936 when the design for the new bomb was settled on. A better quality 
steel was to be used, filling to be T. N .T. with a charge/ weight ratio of 20 per cent. 
A suspension lug was required for carriage on Light Series carriers aJthougb 
it was anticipated that the bombs would normally be carried in the new con­
tainer (the Small Bomb Container) th n being designed. 5 

In December 1936, the new series was officially named the 20 lb. (F) Bomb, 
and small production orders for the Service were placed early in 1937. J t was 
not until April 1938 that air dropping trials were held, with unsatisfactory 
results. Craters were excessively deep and fragmentat ion poor, and after 
careful research this was attributed to inefficient functioning of the nose 
pistol/detonator initiation. By the end of 1938, the use of sharp striker pistols 
and sensitive detonators had produced much better results and p(oduction of 
the new type (F) bomb was iucreased. 6 

1 O.C. Memo B . 21679. 
1 O.C Memo. B. 23357. 
• O.C. Memos. B. 25098, B . 25548 and B. 26799. 
' A.M. File S. 29822. Apart from over-fragmentatiori the Amato! filHng gave troubl~ 

in storage. 
& A .M . File S. 29822. 
ij A.M. File S. 38384 . See Chapter 15 on the development of sharp striker pistols and 

sensitive detonators, 
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Development 1933-1940 
During the first two years oI this period Jitt!e of in terest occurred in the 

development of the G.P . series. Air Staff policy still only required the three 
sizes 120 \b., 250 lb. and 500 lb. and, apar t from minor tecl:mical rnodifications, 
these bombs remained as originaUy designed. In 1935, a Bomb Sub-Committee 
of representatives from the Air Minisby, Admiralty and War Office was set up. 
Its terms of reference included an investigation as to whether the necessary 
bombs and components existed for efficient attack of every type of target from 
the air, and if not to recommend remedial measures. The Committee first met 
on 20 May 1935, and its recommendations included the following :-

(a) A new 20 lb. bomb for carriage in small bomb containers. 1 

{b) A G.P. bomb of 30-50 lb. for use against M.T., houses and billets, 
aircraH on ground and similar targets. 

(c) No effect ive or econom ical use could be found for thr. 120 lb. bomb 
and it was considered it should be abandoned. 

These recommendations wer:e considered hy the Air taff in September 1935 
when agreement was given to aJ\ three proposals.; development of the 30-50 lb. 
bomb to have priority. 2 

In April 1936, trials were concluded with two major modifica tions to G.P . . 
bornbs as follows:-

(a) The use of snap-on tail units instead of the normal type which were 
screwed on. Attachment was made by the engagement of four 
spring clips on the tail unit with grooves on the bomb body. 

(b) Built in exploder units in nose and tail, requiring only a pistol and 
de tonator to complete the fuzing compo11ents. 

These modifications were included in the Mark 1 V series of G.P. bombs and the 
designs were approved in Sep tember 1936.3 

fn November 1936, tb,e design foi: the empty 40 lb. bomb was approved, and 
it followed closely that of the (F) bomb. The case was of steel-cast and forged 
-the filling to be 80/20 amatol with a charge/weight ratio of approximately 
30 per cent. A built-in exploder systeIJJ. was designed and the non-sensitive 
fozing was expected to be used for either instantaneous or 1/40lh second delay 
action , according to operational requirements. The approximate weight, fuzed, 
was 38 lb. and it was therefore nam ed the 40 lb. G.P. bomb.4 

The method of fil ling was approved in May 1937 1 by which time it had been 
decided that the bombs would be made from forged steel only. Several private 
firms received small production orders during 19:17 and 1938, and it was a lso 
decided to dispense with the suspension lug ; carri age was to be in Small Bomb 
Containers only. 

Live bomb trials. 40 lb., 2S0 lb., Mark IV and SOO lb., Mark IV 
The first air-droppil'lg t rials of live ,Mark IV bombs (250 Jb.), wer successfully 

completed at Martlesham Heath in April 1.938, ballistics and detonation being 
satisfactory. 5 In the following month some live 40 11:!. bombs were tested from 

1 Eventually the 20 lb. (F) bomb. 
tAJ,ll . F il tS . 17413 . 
• A.M . File S . 49133/36. 
4 A.M. File S . 38383. 
• Martlesham Heath Report M/ Armj529/2 in A.M. l' ile 549133/36. 
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1,600 feet as a preliminary to a demonstration intended to be given to the 
Air Staff. In common with the 20 lb. bomb trials, ballistics and detonation 
were good but fragmentation was poor. Bomb craters were excessively deep 
and the detonators were suspected. 1 

250 LI3. G.P. BOMB MARK TV 

Further trials were held up while investigations into the new pistol/detona tor 
fuzing were in progress, but in October 1938 an important ballistic trial was 
completed at Martlesham Heath, to test single and salvo release. 2 The results 
showed that whilst bomb behaviour was generally good in single release, there 
was jostling after salvo release. This disappeared after about 100 feet of fall, 
but it had its effect in the ground dispersions of the bombs. An example of 
the haphazard dispersal is, that from 5,000 feet at an air speed of 300 feet per 
second (f.p.s.), a salvo of six bombs might vary between areas of 20 x 40 feet 
and SOO x 100 feet. 3 

Comparative fragmentation trials were resumed at Martlesham Heath and 
Manby in December 1938 when the combination of sharp pistol striker and 
sensitive detonatorgave a much better performance. In the following month 
Air Staff approval was given to the substitution of that form of fuzing, and, 
except for minor details the development of the 40 lb. G.P. bomb was concluded. 

To return to the air trials of the larger bombs, a novel test was carried out at 
Martlesham Heath in June 1938. To test particularly the latest type of snap-on 
tail unit a number of 250 lb. and SOO lb. Mark IV bombs were released at 
13,000 feet from the internal stowage of a Harrow aircraft with the bomb doors 
closed. The doors had therefore to be opened by the bombs on release, but 
despite this, and the effects of slip-stream, the bombs behaved well in flight, thus 
proving the efficiency of the tail-units. 

1 J\.M. File S. 38383. 
2 Although the majority of 40 lb. bombs were made without suspension lugs for S.B.C. 

carriage-those for Fleet Air Arm use were provided with a lug for carrier release, hence the 
single release tria ls. 

3 A.M . .Fil e S. 38383/2. Salvo release was later improved considerably by alteration to 
th e container. 
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Similar trials from 20,000 feet, with one of the four securing clips removed, 
were carried out in the following month with equally good results. There had 
been some doubt whether these tail-clips would effectively engage with Mark IV 
bomb bodies, or that mishandling in ground preparation might break one off. 
These successful trials proved that even under such conditions the tail unit 
remained attached, and the bomb flight path was unaffectecl.1 

Except for a trial in June 1940 which established that the minimum height 
from which G.P. bombs would function (direct action) on water was 1,100 feet, 
this ends the account of the 250 lb. and 500 lb. series. 2 Comment on their 
operational use and effectiveness in the Second World War will be reserved 
until later in this chapter. 

The revival of the 1,000 lb. and larger bombs 
In June 1938 the Operational Requirements (O.R.) branch of the Air Staff 

was preparing a paper for discussions by the Bombing Committee on the 
question of the re-introduction of bombs of 1,000 lb. and over. 3 For some 
months the Committee had been studying the problem of air attack on such 
targets as clams, railway bridges, overhead aqueducts and canals for the destruc­
tion of which the 500 lb. bombs might not be sufficiently powerful. 4 

1,000 LB. G.P. BOMB MARK III or IV 

Whilst data was being collected as to stowage and carriage problems in the 
bomber aircraft then being prepared, as well as numerous other technical details 
required, the A.O.C.-in-C., Bomber Command put forward his views on the 
provision of 1,000 lb. bombs. He advocated in the strtmgest possible terms the 

1 Martlesham Heath Reports (r-.'1/Arm/529/3) (M/ Arm/529/4) in A.M. File 782851 /38. 
2 A.M. File 782851/38. 
3 An Air Ministry Committee representing the operational and technical staffs and the 

operational commands. 
4 A.M. File S. 45193. 
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need for a high capacity bomb o( say, 1,000 lb., supporting his claims with a 
paper dealing with the operational and technical aspects of f.Xisting bombs in 
relation to their employmeht i.n certain plans in the event of war. 1 In addition, 
a report on U.S. Army Air Corps bombing lrials (1928) proving the superiority 
of 1,100 lb. bombs over those of 600 lb. against reinforced concrete bridges, was 
submitted. 2 

Several months elapsed whilst the advantages and disadvantages of the 
project were examined during which. time the original design for the 1,000 lb. 
G.P. bomb was brought up to dateregardiog overall dimensions to fit riew bomber 
aircraft, as well as fuzing components and other technical details. It was then 
agreed by the Air Staff in December 1938 that such bombs should be produced 
as soon as possible, and that a 2,000 lb. size should be developed but at lower 
priority to the 1,000 lb. bomb. 

The requ irements for the 1,000 lb. bomb could be met fairly easily, most of 
the modifications to the existing design were simple. but one which would 
involve de tailed trials was that of fitting the snap·on tail units so successful 
with the smaller bombs. This entailed a slight difference in the bomb shape 
at the tail end, so ballistic trials with half-scale models were carried out at 
Martlesham Heath in April 1939. The results were highly satisfactory, but it 
,vas decided to confirm these with full ,scale trials when sufficient experimental 
bombs were availab1e.3 

In June 1939, small orders for experimental 1,000 lb. bombs were placed with 
two firms without previous experience of such work. This was in accordance 
with the policy of investigating the trade facilities £or manufacturing the bombs 
in both forged and cast steel. 

By November 1939, the Armament and Aircraft Experimental Establishment 
had moved from Martlesham Heath to BoscombeDown, where, in the same month. 
the first H.E. filled 1,000 lb. bombs were used in air trials ; briefly the objects 
of these trials were :-

(a) To test the ease and efficiency of fitting the tail uni ts, 
(b) To check the suitability of the bomb-carriers. 
(c) To obtain ballistic data ir comparison with 11 l lb. practice bombs. 
(d) To test the fun.ction ing of the bombs fuzed for direct action or delay. 

The results indicated that the new bombs were easy to prepare for use, stable 
in flight, and functioned efficiently. The carrier, a type d~signed at the 
Royal Aircraft Establishment for bombs up to 2,000 lb . weight, would be 
suitable after minor modifications. 

Meanwhile the completed bornb design had been approved in August 1939 
in anticipation of the success of lhese trials. Large scale production was put in 
hand in December 1939, but as there were serious litnttations in forging capacity, 
a large proportion of such industry being required for A.P. and S.A.P. bombs, 
the bulk of the G.P. bomb production had to be done by casting.4 • 

1 Plan W ,4-concerning the d isruplion of enemy c0mmunications in an advance into 
Western El1rope. Plart W .5- concerning the ma iml!lm possible reduction ii, t he Gern,an 
war potential in the Ruhr, Rhineland and Saar. 

1 A.M. File S . 45193 . 
• A,M. Flle S . 25514 . 
• A.M. File S . 46970 
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Development of 1,900 lb. and 4,000 lb. bombs 
Following the Air Staff decision in December 1938, design work for the next 

siie in G.P. bombs went ahead although. as already stated, on a much lower 
priority than for the 1,000 lb. bomb. In January 1939, after detailed con­
sideration regarding installation and carriage problems, the requirements were 
based on a bomb to weigh some 1,800 lb . with 80/20 amatol filling. Certain 
restrictions in overall dimensions, necessary for correct stowage in the aircraft 
then being built, limited the weight, but this was acceptable. 

An outline of the design was completed by the Design Department in February 
1939 which showed an approximate charge/weight ratio of 26 per cent. This 
design was then reconsidered in relation to the bomb-carrier position, and in 
the following August authority was given by the Air Staff to go ahead with 
development on these lines. A month later it was found that to allow for the 
tail crutch, the bomb body had to be slightly lengthened with an increase of 
weight at the nose to balance this extension. The bomb therefore became 
heavier, the calculated weight being 1,880 lb., and because of th.is it was in 
future known as the 1,900 lb. bomb. · 

The first experimental bombs were ordered by the Director of Armament 
Development (D.Arm.D.) in December 1939, an innovation being that none 
were to be inert-filled as it was anticipated that all baUistic data could be 
obtained from air trials with live bombs.1 In February 1940 this order was 
increased and placed on the highest possible priority. Good progress was made 
and by 3 August 1940 static detonation trials had been completed and the 
design approved . Later in that month the bombs were successfully air tested 
at Bascombe Down. Although the programme of trials was not completed, 
Air Staff considered the results warranted commencement of production, a 
probable interference with 1,000 lb. bomb output being accepted. 2 

When in September 1940 a more detailed examination of the fragmentation 
trials was completed by C.S.R.D., it was discovered that the l ,900 lb. bomb had 
a lower m:der of explosive efficiency than the 1,000 lb. size. Fragmentation was 
coarser, due to increased case strength to secure greater penetration power. The 
charge/weight ratio was 26 per cent. as compared with 37 per cent. in the 
smaller bomb, and any effective increase could only have been obtained by a 
reduction in the thickness of case by forging. As with the 1,000 lb. bomb 
however, the bulk of production had to be in cast steel and so the case thickness 
had to remain the same. 3 

By December 1940, the German bombing offensive against this country had 
provided a wealth of information on the effectiveness of bombs against built-up 
areas, bridges, railways and public services. Comparison of the results of such 
bombing with that obtained with G.P. bombs against similar enemy targets, kft 
no doubt as to the inefficiency of our bombs, and yet, as will now be related, 
another type of G.P. bomb-4,000 lb.- was to be developed.4. 

Events began with the Air Member for Development and Production r ·quest­
ing the Design Department, through the Ordnance Board,-to prepar on the 

1 A.M. File S. 50362. 
~ A .M. File S. 45193. 
l 0 .B. Proc. 8824. 
4 A.M. Frie C.S. 7557 and thjs vol1-1me, Chapter ll. 
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highest possible priority a' design for a 4,000 lb. bomb on similar lines to the 
G . .P. series. 1 Some brief requirements for such a bomb were as follows:-

(a) To be of simi lar size to the 4,000 lb. H.C. bomb (then being developed). 

(b) Of the highest charge/rate ratio possible. 

(c) To withstand impact with a modem mull-storied building or metalled 
road from 2,000 feet. 

(d) Nose and tail fuzing. 

(e) Ballistic performanq~ similar to exist ing G.P. bombs. 

By Februrary 1941, a preliminary design had been completed providing for a 
30 per cent. charge/weight ratio of 50/50 Amato! or pure T.N .T. depending on 
the supply position for the latter ; the case thickness being 1 ½ inches. This 
design was discussed at a meeting of representatives of the Air taff, Ministry 
of Aircraft Production 2 and Ordnance Board on 22 March, when it was 
considered to be satisfactory, and that Air Staff approval for development 
should be requested. 

In a mipute to the Director of Operat ionaJ Requirements (D.O.R.) thy same 
day, the Director of Armament Development outlined the technical details of 
the proposed bomb. Among other matters it was stated that t he bomb would 
be suitable for stowage jn the most recent bomber aircraft and that production 
capacity could be obtained without difficulty. An early decision was requested 
as to Air Staff opin ion on the development of the bomb. 

At that time there appears to have been no clear-cut policy regarding future 
large bomb development. Among many considerations the question of maximum 
size of bombs was recejving considerable auention and in this matter in par­
ticular there was no state of unanimity. ln enquiries, lasting some two months 
D.O.R. asked for more information as to what migh be expected from such a 
bomb. Such enquiries only produced from D .Arm .D's. staff t he r tommenda­
tion that damage to industrial targ ts would be more severe than with smaller 
bombs and that suitable aircraft ex isted for carriage of the large bomb. 

From the opinion of various scientists in the Ministries of Aircraft Production 
and Home Security . D .O.R. was advised that it appeared to be uneconomical to 
develop such a bomb owing to its small charge/weight ratio. The decision was 
therefore made tha:t further experience with the 1,000 lb. and 1,900 lb. bombs was 
necessary before the 4,000-lb. bomb could be considered as an operational 
requirement. 

The Ministry of Aircraft Product ion was infonlled of this in May 1941 , but 
meanwhile on 17 April, D.Arm .D. had placed an o1der for two hundred 
experimental bombs and asked the Design Department to prepare a method of 
filling. D.Arm.D. had carried his point so far but in the following June, Air 
Staff again pointed out that there was no official requirement for the bomb, and 
the Controller of Research and Development (C. R.D.), ordered that develop­
ment work should cease except for twelve bombs. D .Arm.D. persisted however , 
pointing out th at all arrangements for casting had been made, and eventually 
it was agreed th.at forty-four bombs from eac.h o~ two contractors should be 
completed ; a total of one hundred in all. 3 

1 M.A.P . f lle S.B. 13743. 
2 All armament research and development was transferred to the Ministry of Aircraft 

Production on it.s formation in May, 1940.-Cabinet File 19 /4/120. 
• A.M. F ile C.S. 8698. 
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Two of the first batch of experimental bombs we('e inert filled and tested in 
installation trials at Bascombe Down in January 1942. Stowage of two bombs 
in the Halifax aircraft would be satisfactory il a slight modification to close the 
bomb doors was made. The installation of one bomb in the Lancaster aircraft 
would be satisfactory after slight adjustment to .tbe carrier. 1 

So far no functioning or ballistic trials had betn held, but on 31 March 1942, 
the A.O.C.-in-C. Bomber Command wrote to tl1e Air Ministry asking that 
' the production of a reasonable quantity of 4,000 lb. G.P. bombs be pressed 
on with forthwith.' His letter continued:-

' We have at present no really large bomb capable of taking delayed action 
fuze. On the other nand it is apparent that for the accurate destruction of in­
dividual objectives such as important factories, really low attacks are essential. 
Such attacks cannot be carried out without delayed action fuzing. My pro­
posal is in future-when such a bomb becomes available- to combine the 
blitzing of a town with ground level attacks by a few selected aircraft with 
4,000 lb. bombs and delayed action foze of 11 seconds on points of individual 
importance.' Finally he asked for an initial stock of five hundred bombs to 
meet the-estimated req.uirements of the next six months. 2 

The idea behind th.e eleven seconds delay was to give the bombing aircraft 
time to get away before detonation, and not necessarily to obtain deep penetra­
tion. For the type of attack contemplated the 4,000 lb. bomb would probably 
be as effective as a similar weight of smaller bombs, and therefore there was an 
immediate revision of the previous Air Staff ruling that development shouJd 
cease. 

It was agreed that there was a need for the bomb and D.Arm.D, was asked 
to go ahead with a development o rder to meet the Command's immediate 
requirements , while the normal machinery of provisioning was pul in motion. 
If necessary there would have to be a reduction in output of 1,900 lb. bombs in 
order to have sufficient replacements for the 4,000 lb. H.C. bomb, which was 
suspect of break-up on impact, and consequent failure to detonate. 

The origi.nal experimental order was still in progress and from this eighty­
eight bombs were a,t once earmarked for operations in Bo{Tlbel' Command. 
fn April 1942, fourteen were available, a further sixteen would be ready in 
three weeks and the remainder could be produced at twenty per month. By 
reducing 1,900 lb. bomb production the Director of Armament Production 
estimated that the additional four hundred bombs required could be produced 
in nine months. 

In May 1942, successful ballistic and detonation trials were completed at 
Bascombe Down, and the filling of bombs for operational use began. On the 
recommendation of the Static Detonation Committee the filling was to be a 
mixture of 60/40 Amato! and R.D.X./T.N.T. 60/40 in the proportion 85/15 by 
volume. 3 The bomb was approved by Air Staff for service use in July 1942 
by which time the production forecast had been raised to eighty-five pH 
month. 

Production continued smoothly if slowly, with only mhlor troubles in casting 
and otJ1er manufacturing difficulties, but output never reached the anticipated 
monthly figures. Fortunately_ by March 1943 Bomber Command had decided 

1 M.A.P . File S.B. 13743. 
i A.M. File C.S. 8698. 
• A Committee formed in the Ministry of Supply, December, 1941. O.B. Proc. Q. 593. 
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that a total o[ two hundred.bombs would meet their requirements. Thjs decision 
arose from the advent of a new bomb the 4,000 lb. M.C., and in the following 
month the Ministry of Aircraft :Production was instructed to cease manufacture. 1 

A total of two hundred and seventeen 4,000 lb. G.P. bombs was expended 
in operations by Bomber Command, on which no definite results were assessed. 
It is significant, however, that on 12 May 1942, the Air Officer Commanding­
in-Chief wrote, after asking for the 4,000 lb. M.C. Bomb :-

, I am aware that the 4,000 lb. G.P. and 4,000 lb. H.C. bombs are already 
available, and also that they can be used for. low attacks. Unfortunately 
both bombs possess limitations which seriously reduce their efficiency. 
The 4,000 lb. G.P. bomb suffers from the defect common to all bombs 
with a heavy cast steel case, jn that its charge/weight ratio is too low, 
and the filling is sacrificed for metal to an extent which is unprofitable in 
the case of the targets I have mentioned.'2 

The production of the 4,000 lb. G.P. was pressed forward by a Technical 
Department (D.Arm.D:) without the considered approval of the Air Staff, 
represented by the Director of Operational Requirements. It cannot be said to 
have been entirely valueless- no H.E. bomb released over enemy country is 
completely without value-but the time, Jabour and material expended on its 
production could have been more profitab.ly used. It is probable that had the 
effects of various types of bombs been more efficiently examined during the 
years before the war, the bomb would not have been manufactured. It did, 
in fact, suffer from the same disability-as its predecessors- it was neither strong 
enough for complete penetration from great heights of resistant targets, nor 
was it explosive enough to justify its weight and bulk. 

Conclusion 
Operational experience with the G.P. bombs in the 1939-45 war soon showed 

that the whole range suffered from one overwhelming disadvantage, insufficient 
explosive conte~ts. 3 The average charge/weight ratio was between 27 per cent 
and 30 per cent. and that was of comparatively inefficien t high explosjve. 
To produce a range of bombs for all purposes had inevitably been shown to 
result in such bombs being efficient for none. The project was no doubt the 
only one possible in peace when money for research, development and pro­
duction was extremely limited, and many uselul lessons in design and 
production were probably learned, but as a weapon of war the G.P. bomb can 
only be described as partially satisfactory. 

T he figures for G.P. bombs dropped by Bomber Command jn operations 
during the 1939-45 war are shown below; they give some idea of the quantities 
used in the service. The huge total of 500 lb. bombs for instance, was only 
used because sufficient quantities o( the more efficient M.C. bombs, were not 
available and a glance at the figures for 500 lb. bombs for 1944 might suggest 
that by that time the G.P. bomb was back in favour. On the cont rary, th.is 
enormous rise in oomb expenditure is accounted for by the. great demand for 
SOO lb. bombs in tactical operations during the i11vasion of Europe. Such 
demands could only be met by the use of these obsolete G.P. stocks4 ; this 

1 A.M. File S. 80115, 
• A.M. File C.S. 14772. The targets reCerred to were-'aircraft and engineering factories 

and shipbµilding -yards.' 
~ A.M. File C.S. 7557 and the Report on Weapon Effectiveness. D.G. Arm W.E./S.3507. 
• See this volume, Chapter l i. 
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became increasingly apparent io 1944 and 1945 due to Bomber Command's 
critical shortage of' 1,000 pounders ', even the 500 lb. G.P, stocks had to be 
conserved involving the operational use of the 250 lb. G.P. series which were 
largely expended on the flying bomb sites in Northern France where they 
unfortunateJy proved almost totally ineffective. 

Year.1 4.000 lb, j 1,900 lb . [ t,000 lb. I 500 lb. I 250 lb. ( 40 lb. 20 lb. 

)939 29 so 
1940 153 20, 106 61,572 26, 179 2,132 
194 l 482 10,447 65,341 34,692 4,650 192 
1942 I 1,241 14,409 29,482 J 5,206 6,938 
1943 40 28 36,182 13,659 3,188 6,172 500 
1944 176 366 20,845 395,641 7,768 2,116 
194 5 

~ 
!28 27,076 21, iso 

Total 217 1 82,164 551,334 149,656 42,939 I 4,940 
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CHAPTER 2 

THE BUOY ANT (' B ') BOMB 
Early development 

The primary object of the 'B ' bomb was t.o attack the bottom of a ship. 
The deck of a capitaJ ship is protected from ordinary H.E, bombs or shell by 
armour, its sides are protected against torpedo attack by blisters, b1,1t no 
attempt is made to give special protection to the bottom. A device therefore 
for attacking a ship at its weakest part was attractive, and it was not surprising 
that suggestions for a weapon for this purpos were made early in the ,first 
world war, 

The first of these appears to have been made by Lieutenant H. A. Williamson, 
R.N. in 19l4 but no serious effort to p'ut it into practice seems to have been made 
until 1923, when Wing Commander T . R. Cave-Brown-Cave, commanding the 
Marine and Annament Experimental Establishment at 1sle of Grain, made 
proposals to the Director o( Research, Air Ministry, for the development of a 
buoyant bomb. H is idea was that th.e bomb should be made in two parts, a 
floating component and a suspended H.E. component. The two wou ld come 
apart on jmpact, and the bomb would thus be suspended under water al a 
suitable depth. The H.E. component was to be detonated, either after a 
fixed delay, or by contact with the ship of th e floating portion, or by combination 
of these. This device was rather more in the natu re of a mine than a bomb, but 
the notion of having a buoyant bomb dropped in uch a position that, on rising 
to the surface, it strikes the bottom of the ship, was a natural d velopment. 

The advantages of such an attack were obvious: by dropping a number of 
these bombs at the correc t distance ahead of a ship it was claimed that oo 
amount of manoeuvre could prevent at least one of them from inflicting damage : 
the explosion of a bomb at a considerable depth woul d be in itself more effective 
than one near the surface : and no sweeping would be possible, as with mines. 
Wing Commander Cave-Brown-Cave asked for patent rights to be considered. 

The bomb in this original conception was given the name ' Leader' Bomb. 
Its development in the for01 suggested by \Ning Commander Cave-Brown-Cave 
w,i.s not pursued. The Director oi Research placed the idea before Mr. H. E. 
Wirnperis, at ,that time Superintendent of the Air Ministry Laboratory at South 
Kensington. One of his assistants, Captain Horsley; who played a prominclnt 
part in the design of the Course Setting Bomb Sight , and whose death. a iew 
years later was a great loss to the Anname.nt Branch, put forward a simple 
alternative to the Leader -Bomb, in the shape of the seJf contained: and trnly 
buoyant bomb, Some experiments with the Cave Leader Bomb were however 
completed at Grain using converted 520 lb. light case bombs. 

During 1923, extensive investigations went forward at the Air Ministry 
Laboratory, and by J uJy a preliminary Report was prepared, giving theoretical 
figures for under water trajectory, ma.'l:imum depth reached , and delay necessary 
to detonate on upward path, at 35 ieet. Experiments with models in a water 
tank confinned these figures. Arrangem ents were put in hand for full-scale 
trials with a 520 lb. bomb, with modified terminal velocity and density. 1 

1 Air Miois t ry La boratory Report A.1034 . J t1 ly 1923. 
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The Report outlined the advantages of this form of attack, and made the 
claim that the new bomb might be considered as fifteen times more damaging 
than an ordinary H.E. bomb of similar weight. Figures were given for the 
best point of aim and some suggestions for mechanical design added. At this 
stage the idea of a fixed delay before detonation was uppermost. Later, as 
will be seen, the bomb was fitted ·with sensitive horns like a mine, so that the 
ship might bring about its own destruction . Two important facts were 
established during this preliminary research-

(a) The time of descent through water was reasonably constant for all 
ordinary heights of release. 

(b) The depth/time curve was as reasonably independent of any height 
above 2,000 feet. 

In August 1923, a second Report was issued by the Air Ministry Laboratory 
giving an account of model experiments in a tank which confirmed the 
theoretical figures already arrived at. · 

In January 1924, a further Report was issued by the Air Ministry Laboratory 
giving new suggestions for design, with comments on the results of full scale 
experiments at Grain where two methods for retarding the bomb's upward 
velocity had been suggested ; firstly by means of flap secured to the tail, and 
designed to open as the bomb ascended, and secondly by means of ' water­
logging 'or allowing a compartment of the b.omb to fill with water after reaching 
maximum depth. The first method was calculated to be unsatisfactory and the 
second considered worthy of experiment.1 
. It had by that time been decided that 50 feet was the best maximum depth 

for the bomb, and this limitation was then stated to present ' the only real 
difficulty'. An important sentence in the Report runs as follows :-' It should 
be emphasised that .a solution of the problem, for the size of bomb now being 
experimented with, has but a limited value unless it can be applied directly to 
bombs of 2,000 lb. or more '. During the following twenty years, except for a 
brief period at the commencement, the weight of the ' B ' bomb was 250 lb. 

So far such full scale experiments as had been completed had employed • 
existing bomb cases of the 520 lb. type, but early in 1924, the Director of 
Research at the Air Ministry decided that a new body must be designed for this 
special purpose. The production of the necessary details was entrusted to the 
Air Ministry Laboratory by whom, in March 1924, the design of a bomb was 
submitted. It was a cylindrical case, 9 feet long and 18 inches in diameter, with 
a conical head and drum tail, which had a diameter of 27 inches, and was to 
have a tota:l weight of 1,000 lb. when filled. 

• About that time the Admiralty began to be interested in the work and the 
Naval Director of Scientific Research (N.D.S.R.), asked in March 1924, for 
details of the proposed bomb and for a 1/40 scale model, which was duly supplied 
by the Air Ministry Laboratory. With this N.D.S.R. proposed to make a 
series of experiments to determine whether the disturbance of water beneath 
and surrounding a moving ship would prevent a ' B ' bomb from hitting the 
bottom. The results were good, and it was established, experimentally at least, 
that the ' sweeping away ' effect of the moving ship was negligible. At the 
same time the mathematical work which had led to the early design was reviewed 

. and approved by the Admiralty. 

1 A.M. File S. 22795. 

23 



The preparation of full-scale experimental bombs of Air Ministry Laboratory 
design was entrusted to a civilian firm from whom four were ordered. These 
were ready by January 1925 and were sent to Gosport, where future· B' bomb 
experiments would be undertaken. In the meantime the Chief Superintendent 
of the Research Department, Woolwich, had been consulted about the best 
method of initiating the detonation of the bomb and of fLlling it. He was 
further asked to design suitable fuzes for both nose and tail. The anti-submarine 
bomb fu,-,e was suggested as a possible nose fuze as detonation on deck impact 
was visualised, as well as delayed detonabon after en tering the water, although 
it was never intended that the bomb should hit the ship directly. 

A meeting was held at the Admiralty on 13 February 1925 at which D.D.R. 
(Arm.) and representatives from various Branches of the Admiralty were 
present , and Air Ministry policy for the development of the bomb was outlined. 
No suggestions appear to have been made by the Admiralty representatives for 
modification of the proposed designs, but it was at this meet ing that the name 
' B ' (Buoyant) bomb was officially adopted. The only other point of interest 
was that horns, similar to those fitted to mines, were suggested by the D\'!puty 
Director of Armament Research to be fitted in the tail of the bomb, as a 
secondary in'itiating device in case of failure of the fixed delay system, or for 
bombing from very low heights. 

Early in 19.25, interesting experiments with model bomb were undertaken 
by Mr. A. P. Rowe, in the Admiralty tank at H.M.S. Vernon, as a preliminary 
to full-scale experiments. The object was to calculate the terminal velocity of 
the bomb ·in air and the maximum depth to which it might be expected to 
descend. On 25 April 1925, the first full-scale trial was completed at Stokes Bay 
(Gosport), the bomb being fitted with a depth recorder and released from 500 feet 
at a ground speed of 49 m.p.h. No definite conclusions could be reached from 
the record of one bomb but theoretical figures were verified, and the Portsmouth 
tank experiments with a model shown to be directly applicable to the full-size 
bomb. 

Trials continued at Gosport and brought to light deficiencies in the structure 
of the bomb, particularly in the tail, which was distorted or torn off on impact. 
This tail was fitted with a retarder ring · to keep down the terminal velocity of 
the bomb, and this ring was thought to be responsible for the distortion. Mr. 
Rowe suggested removing the ring and increasing the diameter of the nose, 
and R.A.E. agreed, but in the 1ueantime, however, Mr. Rowe had developed 
another plan. This was to make the tail so fragile that it would_ inevitably 
become detached on impact. The diameter of the bomb had been fixed at 
18 inches to resemble the torpedo for carrying purposes, and the explosive 
content at about 600 lb. Mr. Rowe now suggested a bomb of 840 lb., with a 
strong cup-shaped nose and a light tail iust sufficiently large to give s tabili ty 
in air. As an alternative he suggested a tail-less bomb weighing 1,080 lb. 
which., at this weight, he calculated would be stable in air, with a cupped nose 
of 21 inches diameter. To decide which of these designs was most promising for 
development, a conference met at Air Ministry <'3n 11 February 1926 with 
D.S.R., D.D.R.(Arm.). a representative from R.A.E. and Mr. Rowe. It was 
then decided to adopt the second type mentioned above. 1 In a letter to 

1 A.M. File S. 22795/2. 
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R.A.E., D.S.R. gave what were tl:len considered the basic details of design: 
th,ese were :-

Weight, 1,080 lb. 
Sp. Gr., 0 ·98. 
T.V., 600 f.s. 
Shape, Cylindrical : the design of the nose to be left to experiment. 
Main filling to be contai ned in the nose. 
The weight of the case to be as low as possible. 
The bomb to be able to withstand impact with water with a deceleratioh of 

800 g. and to be watertight at 80 feet. 

By April 1926, R.A.E. had produced a design on these lines with an explosive­
content of 584 lb. or abotit 60 per cent . charge/weight ratio. 

An experimental bomb was completed by a civilian firm in March 1927 and 
tested by dropping in the sea from 3,000 feet off Portsmouth in May. Toe 
bomb reappeared on the surface after about 19 seconds immersion. In a secOTid 
trial the bomb was dropped from three heights: 1,500, 3,000 and 6,000 feet. 
From the last it suffered some damage, but the flight of the bomb was 
apparently stable. 

During the remainder of 1927 and during 1928 various dropping trials took 
place at Gosport and small modifications to the original design were made. 
On 18 July 1928 a letter was addressed to the Admiralty, of which the following; 
is a ,summary :-

• The Air Council has under consideration the tactical use of a buoyant 
bomb, and has ordered the production of a small number of present design 
for experiment. Tests already completed show that the bomb, without a:. 
fuze, will stand up to impact on W,lter from 6,000 feet. With the addition 
of the fuze designed by Woolwich, weighing some 15 lb., impact from. 
heights over 1,000 feet may destroy the buoyancy chamber. There are 
disadvantages in increasing the strength of this, and for th£se reasons 
1,000 feet must be regarded as a temporary maximum for initial design. 
The Air Council considered that low height attacks would in any case 
be preferable.' 

With these views the Admiralty concurred, adding that exercises at sea were 
necessary to decide the best tactical method of usuig the bomb. They were 
willing to accept the 1,000 feet limit for these in the first instance. The Naval 
Torpedo and Mining Department (H.M.S. Uernon) were also designing a fuze 
for the bomb, which would be much lighter than the Woolwich fuze .1 

During the whole of this bomb development period, the Design Department 
had been at work on the design of a suitable fuze mechanism for the bomb. 
The principle of a fixed delay had by now been abandoned and the bomb was 
to explode on contact with the ship. By the beginning of 1929 a fuzing method 
had been designed combining -an air-vane safety mechanism with the movement 
of a sleeve on impact : the movement of the sleeve was designed to close a 
battery circuit : deceleration of the bomb in water moved the sleeve and 
made ' live' a number of 'whiskers' protruding from. the bomb : contact of the 
side or bottom of the ship with these fired the H.E. charge. Concurrently with 
this the Torpedo Section at Gosport was engaged in the design of an electric 
firing device. 

, A.M. File S. 22795/3. 
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During 1930 numerous trial drops with dummy bombs were made at Gosport 
to test firing mechanism, and in that year two important papers were produced. 
The first described an investigation into the under-water trajectory of the bomb 
by Mr. A. P. Rowe and Mr. Ivor Bowen. The method used by Messrs. Rowe 
and Bowen was to photograph the bomb just before entry with a high-speed 
cinematograph camera : its progress through the water was measured by 
photographing a drogue attached to the bomb by a 30-feet cord. By this 
means it was hoped to obtain data for the first 40 feet of immersion (the bomb 
was 10 feet long). Much valuable information was obtained from these experi­
ments, which were carried out off No Man's Fort, in the Solent. 1 

The second paper dealt with impact shock on the nose of the bomb. This 
problem had proved the most difficult to solve in the design of the bomb case 
and constant fracture of the nose had occurred. The experiments on models 
by Dr. R. G. Harris of R.A.E. (R.A.E. Report No. 889-October 1930) showed 
that reduction of shock could be obtained by using a nose with a rounded 
conical protuberance. 

In 1931, the design of the bomb was sufficiently advanced to justify trials 
against a moving ship. By this time considerable detail work had been com­
pleted at Gosport on the design of dummy bombs for practice purposes, with 
audible firing devices which would indicate a hit under water, and firing circuits. 

SHORT TAIL FOR "B" BOMB 

The first sea trials of the bomb against H.M.S. Iron Duke were completed on 
24 February 1931. The object was to ascertain,. the effect oi. a moving ship 
on the under water path and the performance of a ' B ' bomb. The trial was 
to some extent tactical for it sought also to investigate the possibility of dropping 
the bomb in the right place ahead of the ship, but the tactical side was not 

1 A.M. File S. 22795/4. · Apart· from its application fo ' B ' bomb research, this Report 
contains most valuable data on the use of drogues for measurement of u/w path. 

26 



emphasised and no special training seems to have been given to the crews. 
Bomb aiming was in fact assisted from the deck of the ship; observations were 
visual and by cinematograph. Ten bombs were dropped and the conclusions 
reached were that it was possible to drop a ' B ' bomb in such a position ahead 
of a ship that it would come up and strike the bottom : that there was no 
evidence of 'sweeping away,' and that the under water path was approximately 
vertical in both descent and ascent. 

SIDE Vrnw OF "B" BoMB WITH SHORT TAIL. FuzING LINK NoT FITTED 

REAR Vrnw OF "B" BOMB WITH SHORT TAIL. FUZING LINK NOT FITTED 

Further trials were arranged against H.M.S. Centuri9,n later in the year. This 
ship was used as a target for the assessment of ordinary precision bombing but 
it was agreed between the Air Member for Supply and Research (A.M.S.R.) and 
Air Staff that the ship might be used for a short period each day for low height 
'B' bomb attacks by aircraft from the Torpedo Development Flight, Gosport. 
Accordingly eighteen bombs were dropped against the ship between 7.and ,12 
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September 1931, from 300 feet. A special report was submitted by the Captain 
of the Centurion to the Admiralty whkh indicated that out of the eighteen 
bombs dropped, nine were possible hits. At the subsequent 'B' Bomb Con~ 
ference (3 November 1931) it was concluded:-

(a) A correctly aimed bomb would hit the bottom of a ship. 
(b) There was no evidence that the under water trajectory was adversely 

affected by the movement of a ship. · 
It was unfortunate that the sea water energised batteries failed during these 
trials, owing to too long storage before use. However, the trials gave rise to a 
Conference at Admiralty in February 1932 to discuss the future of the bomb. 

A letter from A.M.S.R. (Air Vice-Marshal Dowding) to Vice~Admiral 
Backhouse written on 3 February is illuminating. 

After p~eµminary remarks it reads :-
, The're are four distinct questions to be answered about the ' B ' bomb . . , 

(a) Will a bomb coming up underneath a ship hit it, or will it be 
deflected by trie cm:rent formed by the passage of the ship ? The 
results of the recent Centurion trials show that the bomb will 
probably hit the ship. 

(b) Will the bomb go off when it hits? This was not proved in the 
trials owfog to the failure of the sea batteries. 

(cJ What will be the effect of the explosion, remembering that the 
buoyancy chamber comes between the ship and the charge? 

(d) What hitting effect can be sacrificed if the bomb is aimed ahead 
of the ship and avoiding action is easier ? (The bomb is not 
streamlined and has no fins.) 

When we have the answers to these q_uestions we can decide whether the 
' B ' bomb should be adopted as a regulation weapon. Until that tiine 
discussion is fruitless. 

The Conference was duly held in February 1932, but led to no fruitful decision, 
except that more trials were necessary. But none took place until 1937, when 
H.M.S. Bacclms was used as a target ship; and A.M.S.R.'s questions (c) and 
(d) remained unanswered.1. ' . 

In the interim, however, the development of the bomb had undergone a 
radical change. The original size and shape of the bomb had been decided 
largely with the torpedo as a model : thus there was nothing to indicate that 
either the shape or the size was the best for this particular purpose. Indeed 
there were good reasons to the contrary. A bomb of this size could only 
(in those days) be carried on an aircraft designed to carry a torpedo : in a bomb 
of this shape the charge was a considerable distance from the ship when the 
nose was in contact, and the bomb being a cylinder witJ1 no fin tail, its shape 
was ballistically bad in air. It was realised that the following improvements 
could be made in a re-designed bomb:-

(a) Decrease in the distance between the charge and the ship's bottom at 
the instant 9f detonation. 

(b) Increase of charge/weight ratio. 
(c) Decrease ii:\ maximum depth reached. 
(d) Improvement in air trajectory by increase of terminal velocity. 

1 A.M. File S. 29262. 
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Accordingly in April 1931, RA..E. had been instructed to investigate possible 
improvements in bomb shape, although no decision was taken at that time 
about weight. Considerable research at RA.E. during 1931 and 1932 produced 
a promising design, which resembled much more closely the standard bomb 
design. Particular attention was given to the shape of the nose, to give good 
flight in air and minimum entry shock. As large drag under water was essential 
after impact to prevent the bomb from descending too deeply, the nose was 
designed to break away after impact, revealing a cup-shaped permanent nose. 
In May 1932, models of the new design were released from aircraft : its air 
stability was good : and both nose and tail came off on impact. 1 

The question of the ideal size of the bomb then occupied the minds _of the 
Research and Technical staffs at the Air Ministry. Two sizes in addition to 
that already under development were suggested : SOO and 250 lb. To assess 
the relative damage from the three sizes, trials in 1932 and 1933 were conducted 
with scale models of one-third actual size against a built-up structure of a 
section of H.M.S. Nelson attached to H.M.S. RobMts. The resultjng damage 
was assessed by the Admiralty as 'serious ' for both the 1,100 lb. and the new 
250 lb. design, and, at _a later date as ' promising ' for the 500 lb. design. From 
1933 onwards the 250 lb. design was given more and more attention and no 
more need be said of the 1,100 lb. size, which was finally abandoned in that year. 

Some ten years of research and experiment had been spent on the development 
of this bomb, but it has to be remembered that much of this time was devoted 
to accessories, and to the design of training and practice types. The experience 
gained was of great value in the development of the new type. It may appear 
unfortunate, however, that the difficulties which were still being experienced, 
particularly in the design of an efficient and reliable electric battery, did not 
encourage the designers to abandon electric fuzing with all its attendant 
disadvantages of dirty or broken contacts and constant maintenance. The 
struggle was in fact to continue for another sixteen years, until the whole system 
was scrapped and a re-designed bomb with a mechanical foze introduced. 

The ' B.2 ' bomb 
The new design of 'B' bomb was given the name I B.2' and had been 

undertaken by R.A.E. at the request of D.S.R. in April 1931. 2 At the same 
time a monthly meeting was inaugurated at Air Ministry, of ' B ' bomb experts 
who were responsible for the technical development and testing of the bomb 
and its various parts. 

For the next ten years work on the 'B.2' and its various components went 
forward at R.A.E. and Gosport. Unstinted help was given .by H.M.S. Vernon, 
particularly in the study of under-water characteristics, requiring a very large 
e:\'Perimental tank, which only, Vernon could provide. Quantities of completed 
bombs were issued to Bomber and Coastal stations at the outbreak of war in 
1939 but there is no record to show that the bomb was e\'.er used against shippjng. 
A proposal by Coastal Command towards the end of 1940 to use the bomb as 
a -floating mine in confined waters was considered but not carried into effect, 
although a few bombs were modified for this purpo~e. and in 1942 a suggestion 
was made by the Annament Department of R.A.E., that bombs already 
manufactured might be used for demolition purposes. This proposal came to 
nothing and eventually tfie bombs were reduced to produce. 

1 R.A..E. Report BA/R. 221/4 io A.M. File S. 29262. 
1 A.M. File S. 30162. 
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CHAPTER 3 

ANTI-SUBMARINE BOMBS 

In April 1917, German submarines were sinking Allied shipping at the average 
daily rate of 28,000 tons. The seaplanes and flying boats of the R.N.A.S. were 
doing all in their power to check this menace, but no effort seems to have been 
made to design special bombs for the purpose. It was reaJised that for maximum 
under-water detonation, the maximum amount of explosive, and the minimum 
amount of metal were desirable, and ' light case ' bombs had indeed been 
designed weighing 230 lb. and 500 lb. for general under-water use. These were 
poor in shape and bad ballistically. The smaller seaplanes could only carry 
the 65 lb. and 100 lb. bombs, and these were, therefore the ones mainly in use. 

In 1924 a' Bomb Conference' was held at the Admiralty at which a require­
ment was agreed on for two new light-case bombs of 250 lb. and 500 lb., for use 
against submarines. The Superintendent of Design, Woolwich, was asked to 
prepare suitable designs by D.D.R. (Arm.) who suggested a preliminary design 
himself. The bomb was to follow the General Purpose bomb contour, but to 
have no central tube and a stronger tail (weak G.P. tails had given trouble in 
handling). The ex.plosive content of the new bomb was to be in the neighbour­
hood of 53 per cent. compared with something under 30 per cent. for the 
G.P. bomb.1 

A year later, at a further conference, the Admiralty asked for a third bomb 
of this kind to weighl00lb.2 This was a purely Naval requirement, andmarked 
the beginning of a controversy about the best size of anti-submarine bomb. 
There was, however, no dispute about the kind of bomb required. An under­
water explosion to be effective demands the largest possible quantity of explosive 
at the least possible distaQce from the target. The case of the bomb need 
therefore, only be strong enough to prevent the H.E. filling from breaking up 
when the bomb strikes the water. 

Unfortunately these two essential requirements were, to a large extent, 
opposed in the choice of size for the bomb. If there could always be a certainty 
of placing the bomb Mthin a few feet of the subrtiarine's hull on the first attack, 
then one bomb of the largest possible size which could be carried would

0

be the 
ideal. But the submarine is a difficult ta,get, and moves like the aeroplane in 
three dimensions. The chances of hitting it are therefore increased by using 
a number of smaller bombs, either singly, on renewed attacks, or in a salvo 
or' stick '. Single repeated attacks were usually not possible so that the ' stick ' 
method became eventually the standard method of attack; the problem then 
became one of deciding what was the smallest bomb worth while using. At that 
.t,ime the Admiralty favoured 100 and 500 lb. ;3 and the Air Ministry 250 and 
500 lb. 

The original request (for the 250 and 500 lb. size) went to the Design Depart• 
ment in January 1925. Three months later a sketch of the general design to be 
followed was sent to the Ordnance Committee with a request for information 
-on_ what thickness of wall would be necessary to withstand impact on water 

1 A .M. File S . 23954. 
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from 6,000 and 2,000 feet. The Ordnance Committee pointed out the difficulties 
in obtaining this information, suggesting that the only practical method was 
to drop bombs of varying thickness in deep water and recover them by means 
of divers, and D.D.R. (Arm.) therefore decided to go ahead without trial, using 
a thickness of case which would give a 51 per cent. explosive content. Later the 
Committee submitted a scheme for testing bombs in which a buoyancy chamber 
in the bomb would be freed on impact and would come to the surface, bringing 
with .it a length of wire attached to the bomb, but this scheme did not receive 
the approval of D.D.R. (Arm.) and was apparently dropped. 

At a further Bomb Conference in 1925 the Admiralty decided that they 
would not require the 250 lb. size, but the Air Staff decided to retain it; the 
design of three sizes of A.S. bomb therefore went forward concurrently from 
lhat date. the 100 lb.1 size being regarded as the most urgent, 

Development of the 100 lb. A.S. bomb 
By the end of 1926, six lOO lb , bombs had been manufactured and fitted with 

a type oi tail which had been found during the development of the G.P. bomb 
to stand up to rough usage. Five of these filled T.N.T. were dropped on water at 
Orfordness from 4,000 feet, and of these, four detol:lated successfully. No effort 
was made to observe the order of detonation, and the sixth bomb was sent to 
the Superintendent of Experiments at Shoeburyness for observed detonation 
under water. This experiment was made in May l927, but the effect of detonation 
was measured only by examination of the fragments, and though it was con­
sidered ' satisfactory ·, no ki:nd of ' target ' was used. 2 

Considering that the bomb was being designed to combat, in future wars, 
what ha<;l been acknowledged as probably the greatest single menace employed 
by the enemy, it is strange that greater efforts were not made at this stage of 
design to measure the effect of detonation on the structure of a submarine. 
It was not until twelve years later, when the same menace had risen again, 
that the bomb was tested and found to be wanting. A careful study of the 
history of this and other bombs of the period, leaves the impression that far 
more attention was paid to trifling details of manufacture, paint, colour and 
marking, than to the question of whether the bomb was an efficient 
destructive agent against the kind of objective for which .it was designed. 

The question of the best type of H .E, filling for the new bomb arose at this 
time. 1t was indeed 1mder review by the Armament Staff and C.S.'R.D. for all 
bombs, and at a conference in the department of the' latter early in 1927, the 
ex.plosives experts put forwa,rd the theory that complete detonation with a 
pure T.N.T. filling in a light-case bomb was doubtful. The standard filling for 
aircraft bombs was Amato!, but this was unacceptable for bo1,TI.bs to be carried 
in H.M. ships owing to its tendency to corrode brass, and to exudation in hot 
climates. The alternative filling proposed was Baratol (Barium Nitrate and 
T.N.T. in the proportion of 10 per cent. to 90 per cent.), detonation being much 
more readily propagated through this explosi·ve than through pure T.N.T. To 
this proposal D.N.O. agreed, provided Baratol proved suitable for ship storage, 
although he gave the opinion, backed by experiment' at H.M.S. Vernon, that 
T.N.T. was quite efficient. 3 

1 A.M . File·s . 24349, 
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Comparative detonation trials with T.N.T. and Baratol made at Shoebury­
ness showed that there was very little difference between the two, Baratol being 
slightly less violent than T.N.T. Again fragmentation was relied on entirely to 
measure the value of the filling, and D.N.O. decided that T.N.T. would be the 
accepted filling for Fleet Air Arm bombs. 1 By the beginning of 1928, a draft 
specification for the bomb, unfilled , had been prepared, and passed through 
l).N.O. to the Master General of Ordnance for his approval. Thus a bomb had 
been designed in under four years. By May 1928, the design was approved by the 
Chief lnspector of Armaments (still the War Office authority for R.A.F. Equip­
ment) and became 'Bomb, Anti-submarine, 100 lb., Mark I' . However, it 
was soon decided to replace the steel tail with one made of duralumin. This 
saved a few pounds in weight, important in the small aircraft of that time, 
but the balance of the bomb was upset necessitating a re-design of the body and 
alteration or replacement of the manufacturers.' jigs and tools. When this 
decision was made it was realised that. tb.e supply of aluminium would be 
limited immediately war commenced with a consequent reversion to steel 
tails and a further upheaval in the factories and delay in production. There 
was, however, one important advantage in the new design , for by reducing the 
thickness of metal at the nose to compensate for the lighter tail, the explosive 
content was jncreased from 52 per cent. to 62 per cent. 

ew detonation tests for the re-designed bomb (given the name Mark II) 
were required, and were similar to those made on its predecessor- fragmenta­
tion at rest, and dropping ill water at Orfordness. Eight specimen bombs were 
made by the Royal Ordnance Factory, four for each test. Two of the four 
bombs for fragmental trials were filled with T.N.T. and two with 10/90 Baratol, 
an\i of the bombs for dropping trials, two contained poured T.N .T. and two 
• biscuit ' (dry) T.N.T. 

The dropping trials were completed at Orfordness in July 1930, from 2,000 
and 4,000 feet, and all gave apparently satisfactory detonation below the 
surface, indicating that the bomb did not break on impact. The fragmentation 
trials took place place in September and, as far as could be judged, the new bomb 
was satisfactory.2 

Delay, meanwhile had arisen in the production of the bomb bodies due to the 
fact that the anti-submarine bomb was of a composite type. 

It had a reasonably strong nose to withstand impact, and thin walls to give 
maxirnwn volume for filling. To achieve this the nose was cast or forged 
separately, and the body shaped from steel plate and welded; the nose and 
body were then welded together, and finally a strengthened tail closing plate 
was welded to the body. To strengthen up the thin Cc\Sed body of the bomb two 
strengthening rings were welded inside, but not continuously. When the first 
production bomb was assembled in March 1930, it was inspected by the 
Inspector of Naval Ordnance (t!J.e bombs being entirely for the Fleet Air Ann) 
who raised the objection that the numerous joints created crevices inside the 
bomb into which the main filling must penetrate, and where it would be liable 
to squeezing and possibly to premature detonation. The Inspector at once 
suspended production pending an enquiry by C.S.R.D. 
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C.S.R.D. recommended complete welding of the rings, followed by a coating 
of R.D. cement, but realising that t)jis would mean a re-design of the rings, 
and would be a difficult process, he suggested as a reasonable alterna tive the 
continuance of spot welding with the application of pitch. This proved to be a 
long and tedious process and the use of shellac varnish instead was suggested 
qy S. of D. After tl-J_e necessary trials the use 0£ R.D. cement was approved by 
C.I.N.O., and, on 4 July, the contractors received instructions to proceed with 
manufacture pending the preparation and issue of a fresh specifi,cation . 

Various other manufacturing difficulties arose, particularly in the method of 
attaching the suspension lug which had to be strong enough to withstand a force 
of 5 g. in catapulting and the time was ripe for a new Mark III. Accordingly 
in September 1930, A.D.R.D. (Arm.) wrote to the Superintendent of Design 
asking for ' designs of a typical anti-submarine bomb in which th,e dimensions 
shall be approximately the same as in the present design, but in which the body 
will consist of eith,er a straight taper, or else a combination of straight taper and 
short parallel portion . . . ' 

By November, S. of D. had submitted a proposed new design with a steel 
tail. This desjgn was in fact not adopted. A further investigation into the alleged 
manufacturing difficulties, which had been connected chiefly with welding 
showed that they could easily be overcome by more careful application of 
welding heat. It js on ly fair to say that the difficulties of welding had been 
encoun ered mainly during the manufacture of experimental bombs by 
Woolwich, and not by the firms engaged in the production order. 

The 100 lb. A.S. Bomb (Marks I ancl'II) was finally introduced into service in 
March 1931, nearly six years after its conception by the Admiralty. It is 
significant that, up to that date , no trials to test the value of the bomb against 
the structure of a submarine had been made. And, st ill more lamentable, 
no scientific investigation of the bomb's behaviour under water had been 
organised. This was a matter of vital importance which does not appear to have 
been fully realised until the attack or1 enemy submarines again commenced 
nearly ten years later. During the following four years, no major advance in 
design was made although controversy arose at various times on such points as 
the amount of overweight which might be tolerated in manufacture, and the 
design of th.e suspension Jug. In fact no effort was spared to make the exterior 
details of the bomb as perfect as possible. 1 

Before proceeding with the further history of the development of the bomb 
in its final Mark lV stage, it is necessary to trace the history of its two 
companions, the 250 lb. and the 500 lb. A.S. bombs. 

The 250 lb. and 500 lb. A.S. bombs 
The Admiralty bad signified in a letter to the Air Council that they required 

only the 100 lb. bomb for use in the Fleet Air Arm. The Council, howev'er, 
decided to proceed with the development of the two heavier bombs and designs 
were prepared by S. of D. on the lines of the new G.P . bomb and based orl 
suggestions by D.D.R.(Arm.) The bomb was to have no central tube, a 
maximum explosive content consistent with strength. of body to withstand 
impact on water frnm 4,000 feet, and a nose fuze. The .filling was to be 80/20 
Amato! , acceptable for R.A.F. use, but not for carriage in H.M. Ships. 2 
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The designs were prepared, and were similar to those for the 100 lb. bomb 
already described, and by September 1927 four experimental bombs of each size 
were requisitioned from the Ordnance Factory at Woolwich for initial dropping 
trials. Since the original requirement for these bombs, the use of Baratol as a 
filling had been suggested by C.S.R.D. and two bombs of each size were filled 
with this explosive for trial. No special fuze for the bomb was ready, and an 
adapted shell fuze was modified to fit the bomb. The instructions to the Officer 
Commanding A. and A.E.E. on the subject of the trials are interesting, one 
paragraph reading :-

' As no bombing may take place over the sea at Orfordness during the 
months of November and December, it is an urgent necessity t hat the trial 
should be completed before the target is removed,' 

The trials took place in October 1928 from heights of 1,000 and 5,000 feet and 
all bombs except one detonated satisfactorily.1 (The failure of the one bomb 
was attributed to the fuze.) On the strength of this trial the bombs were 
judged suitable for production, and S. of D. asked to prepare a specification for 
manufacture. 

In 1929, a new design of bomb was produced with a duralumin tail and with 
consequent modification to lighten the nose (this modification was applied also 
to the 100 lb. bomb and has been discussed at greater length above). At the 
same time Baratol was chosen as the standard filling for all bombs not intended 
for storage in. ships. The original suspension lug was found to be unsatisfactory 
for use with the Universal bomb ca1Tier, and this, too, was redesigned. The 
new design was given the designation Mark II. 

Fragmentation trials to test the efficiency of the filling should then have been 
made at Shoeburyness, but the following two years were spent in spasmodic 
fuze trials which exhausted the small stocks of experimental bombs ; in 
arguments about the type of filling and in details of design of such parts as the 
suspension Jug and the welding of the nose. In December 1931, further delay 
in development arose from a proposal by A.D.R.D.(Arm.) to revise and simplify 
the whole range of H.E. bombs and fuzes. This. in his words, ' would neces­
sitate the redesign of A.S. bombs (to take both nose and tail fuze), in view of 
which it would be preferable not to proceed with the comparative detonation 
trials proposed in Ordnance Committee Memo. B. 23370.' The trials were 
finally cancelled in April 1935. 2 

The period is one of confusion and indecision during which small quantities 
of the existing Mark I and II continued to be produced, but in which no settled 
progressive policy was forthcoming. A.D.R.D.(Arm.) in his desire to reduce 
the number of types of bomb even went so far as to propose to A.M.S.R. that 
the 500 lb. S.A.P. bomb should be used as an anti-submarine bomb, provided a 
special fuze was used. 3 The project for reduction to one or two types dis­
appeared with a change of A.D.R.D.(Ann.) in 1935, but further development 
of the bomb virtually ceased until 1934. 

In tlrnt year A.D.R.D.(Arm.) approached the Ordnance Committee with an 
application to S. of D. to revise the design of tne Anti-Submarine series ; the 
peculiar construction of the bo~b case in three parts welded together, with 
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internal strengthening rings to reinforce the very light central portion had intro­
duced various manufacturing difficulties which had been a constant source of 
trouble. Suspension lugs had been too weak to withstand the force of 
catapulting. 

The new designs were complete by July, and about the same time the Air 
Staff was holding an investigation into reserves of bombs for a possible major 
war. The need for reserve supplies of A.S. bombs made it imperative that 
orders should be placed at once. 1 The new design was untried, but as it 
appeared a great improvement on the older designs, it was decided to place all 
future orders for the new design-Mark III. 2 

I.. 

1934 is an important year in the history of the bomb, for it saw the beginning 
of an essential but belated series of experiments by R.A.E. to determine the 
underwater behaviour of the bomb. This investigation is intimately associated 
with the development of the special Iuze designed for A.S. bombs, a history of 
which is given elsewhere in this Volume,3 where the R.A .E. experiments are 
described in detail. 

The Mark IV (solid nose) bomb 
By 1936 it had become quite evident that the anti-submadne fuze (No. 32) 

was not .only unreliable in action and disturbing in its effect on the path of the 
bomb under water, but. because of the complication of its mechanism, was 
extremely difficult to manufacture in the large quantities which it was anticipated 
would be required in war. At least 5,000 bombs were required to equip the 
Fleet Air Arm, and the Director of Naval Ordnance decided that something 
simpler would have to be designed. at .any rate for the JOO lb. bomb, which was 
the chief aval requirement. The trouble with the original bomb and its fuze 
was that too much had been asked of it. Already one of the requirements­
variable delay setting from the cockpit- had been abandoned, but the others 
remained. 

Members of the Ordnance Committee and representatives of A.D.R.D.(Arm.), 
Superintendent of Design and D.N.O. met in August 1936 and agreed that a 
simpler design ol bomb and fuze , to m eet the modified Admiralty requirements. 
could be evolved without clifficulty.4 These requirements were:-

\ 
(a) A fixed delay of about one second. 
(b) No direct action. 
(1;) Safety. 1 
(d) Arming (i.e., becoming ' live') in 200 feet. 
(e) Must operate on water from height of 200 to 4,000 feet. 
(/) Must be easy to manufacture. 
(g) Must be simple and quick to prepare for use. 
(lz) Must be watertight. 

1 The quantities required were minute compared with present.,standards :-
100 lb. 1,700 
250 lb. . . 14,550 
500 lb. , . . 5,715 
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This obviously meant a redesign of the bomb. The adverse. effect on under­
water path of the o. 32 fuze in the nose of the old bomb indicated that for 
improvement the contour of the nose must be continuous and the new foze 
must therefore be fitted in the tail. The reg_ uirements for the new bomb were:-

(a) To have approximately 100 lb. weight. 
(b ) To be fitted with a snap-on tail and a tail fuze. 1 

(c) To be: of good contour for underwater track . 
(cl) To have the largest possible explosive content consistent with strength 

to withstand impact on water from 4,000 feet. 
(e) Should penetrate ¼ inch plate without breaking up (but this might be 

waived if it meant a serious reduction in the explosive content). 
(/)Tobe capable of easy manufacture. 

\ 

The design was described as one of the greatest urgency, and on 12 September 
the Ordnance Committee was requested to proceed on the highest possible 
priority with the new bomb and fuz.e. The Superintendent of Design wasted 
no time, and within a month had produced a design to meet the requirements. 

The design was sent to R.A.E. for 'comment on stability in air and water, and 
after all necessary tests R.A.E. reported favourably on the design, and twenty 
bombs were mauu{actured by the Ordnance Factory for trial. By March 1937, 
nine of these were ready, and were sent to A.A.E.E. for test. Three with inert 
filling were to be dropped on water froin 4,000 feet, at Shoeburyness for recovery, 
and were fitted with dummy detonators with live caps; three iilled H.E. with 
one second detonators to be dropped at Orfordness from '500 feet and three from 
4,000 feet. The trials were completed in June and July. The live bombs failed 
completely, due to faulty pistol design. A.D.R.D.(Ann.) considered this design 
so likely to give failure that S. of D. was asked to prepare an entirely new design 
on the lines of the G.P, Mark IV bomb, and also to prepare similar designs for 
the 250 and 500 lb. A.S. bombs, and the contractor agreed to manufacture 
twenty of each. 

Four l 00 lb. and four 250 lb. bombs were ready for ,trial in December ; one 
of each failed, and in further trials in January a. third bomb failed. The 
sensitivity of the detonators was suspected, and in trials with a more sensitive 
type in April 1938 two bombs failed from SOO feet . 

The design of the pistol was then suspected, and S. of D. carried out modifica­
tions to the striker peUet to eliminate possible jamming. Trials in June again 
resulted in the fa ilure of one bomb. A sharpened striker and sensitive detonator 
were then tried, and trials of twenty-two bombs (100, 250 and 500 lb.) from. 
500 and 4,000 feet were completely successful. In October, arrangements were 
made for tb.e immediate production of fifty of each size of bomb, now g,iven 
the title Mark IV. 2 

'The charge/weight ratio of the new Mark was virtually identical with the 
older nose-fuzed types. Ballistics in air were satisfactory, and although no 
underwatei; tests had been made, the shape corresponded to that stipulated 
by R.A.E. The main filling of the new bomb was T.N.T. although later an 
alternative filling of a mixture of T.N.T. and R.D.X. was used. 

1 A principle then being applied to all G.P. and similar bombs. 
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Fuzing arrangements for the Mark IV bomb 
Although production orders for the new bomb had been placed, trials of the 

fuzing system were continued. The pistol originally nsed was the standard 
blunt striker pistol for small H.E. bombs equipped with clip-on tails, and used 
in conjunction with an anvil type detonator having a delay of one second. This 
combination had been unsuccessful and had been replaced by a modified pistol 
having a sharpened striker (No. 30) and a sensitive type detonator. Trials of 
this combination in September 1938 had been successful, but for confirmation 
further trials were made by A.A.E.E. in November. T he same trial was 
employed to establ ish the strength of the clip-on tail, which was a feature of 
the new bomb- as of the majority of H.E. bombs at that time. The 250 lb. 
and 500 lb. bombs released fron1 500 and 4,000 feet were entirely successful. 
The test of the tail was drastic as a Harrow aircraft was used, in which the 
falling bombs had the task of opening the bomb doors. Although the tails 
proved satisfactory the conclusion was that they were somewhat flimsy for the 
rough and tumble of aerodrome handling, and a heavier gauge was recommended. 
Subject to this modification, the Ordnance Committee recommended in 
December 1938 that the design for the new bomb and fuzing shoutd be approved. 
They suggested that drops from 500 feet from a Blenheim or other fast aircraft 
should be made to test the bomb's behaviour with a flat angle of entry. 

By May 1939, the initial order for fifty bombs of each size had been completed, 
and the bombs filled at Woolwich, a quantity being sent to Martlesham and 
Felixstowe for dropping trials. Drops from 4,000 feet to test delay and from 
500 feet to test flat entry were arranged, those, bombs sent to Felixstowe were to 
be taxied on water before dropping. Unfortunately, of the first four bombs 
dropped from 4,000 feet by M.A.E.E. only one was satisfactory, the others 
having delays so short that they could not be recorded. Further trials were 
suspended and the suspected detonators sent to the Chief Inspector of Arma­
ment at Woolwich for examination. Detonators were borrowed from Admiralty 
stock to continue the trials.1 

The taxying trials were delayed until May 1940, partly through the move of 
M.A.E.E. from Felixstowe to Helensburgh and partly through the inability of 
the Establishment to obtain the necessary pistols and detonators. After severe 
drenching, the fuzing system was found to be dry inside, and the probability 
of the effectiveness of a bomb being impaired through entr:ance of moisture was 
considered remote. 2 

The first -four months of 1940 were spent in an inve-stigation into .frequent 
failures of the Mark IV bomb experienced by the Fleet Air Arm, who had 
by that time considerable experience with the JOO lb. model, and the Admiralty 
organised extensive trials at Lee-on-Solent. Although no definite cause of 
failure could be established, some conclusions were drawn ; the number of 
failures of the No. 30 pistol were estimated at 40 per cent. ; the inference was, 
that the high speed of rotation of the spindle was a contributory cause ; the 
arming vane and spindle were seen to vibrate excessively. .Modifications to 
the pistol, designed by the Naval officers conducting the trials (the arming 
vane nut was steadied by light leaf springs, which heki it in position clear of 
the threads, in the armed position), reduced the percentage oi failures, and a 
liberal application of grease on the arming vane spindle also assisted in this. 3 

1 A.M. File S. 39066/2. 
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Coarsening of the pitch of the arming vanes also gave improved performance , 
and a continuation of these measures gave no failures in the bombs dropped. 
I nstructions were therefore sent to all ships carrying aircraft ordering the 
modification to be made to all pistols held. Members of the Ordnance Board 
and representatives from the Admiralty met at Bascombe Down in late 
February to discuss the forthcoming trials, and decided that drops on land 
would yield no useful information ; and water trials at Lee-on-SoJent were 
organised instead. 

Meanwhile modified arming nut assemblies were hurriedly manufactured 
and sent on to all R.A.F. units holding Mark IV bombs. Trials made by 
A. & A.E.E., in Lyme Bay in April, with a simple modification suggested by 
the Ordnance Board, gave satisfactory results. A. & A.E.E. however suggested 
further modifications to the pistols. These were incorporated and a further 
fifty releases, asked for by the Ordnance Board, and completed by the end of 
April, were completely successfol.1 

No further major development to the bomb or its components was made, 
although it came under a certain amount of suspicion during 1943 at home and 
later in 1945 in Australia, of premature detonation. As a bomb it sl_i.ared the 
sarne disadvantage as the earlier Marks in failing to meet the requirements 
formulated by the Anti-Submarine Warfare Committee in July 1941 ; that for 
the successful attack of submarines, detonation must occur at 20 feet depth, 
and that for accuracy of attack, aircraft must bomb from 50 feet or less (until 
an efficient low level sight could be designed). For these reasons the anti­
submarine bomb was virtually abandoned after 1940 in favour of the depth 
charge. with. its hydrostatic pistol. 

Later types of A.S. bombs : D evelopment 1939-1945 
At the outbreak of war the bombs available for the attack of enemy sub­

marines were those described in the foregoing account, of doubtful quality and 
untried in operations. Very shortly after the beginning of the anti-submarine 
campaign it became clear that none of these bombs was satisfactory : grave 
doubts were cast on their efficiency and the No. 32 fuze was unreliable. More­
over the under-water path of the bombs was unpredictable, particularly when 
released from low altitudes, and, because of the small lethal range of the 
charge, extremely accurate bombing was essential. Such accuracy was 
difficult to achieve and no reliable low level sight then existed. It was 
therefore necessary to bomb from an extremely low height, and for this the 
bombs were not only unsuitable, but possibly dangerous. 

It was therefore necessary to look round for a new weapon, the immediate 
substitute being the Naval De,pth Charge, a weapon of very high charge/weight 
ratio, and, because it relied on a hydrostatic fuze and not an impact pistol, a 
safe weapon for the aircraft to release from 50 feet or less. Th.is safety was 
not bought entirely without cost, for a direct hit on a submarine would not 
detonate the charge, it was hoped however that the depth charge would roll 
off and detonate immediately below. 

For the first two years of War the depth charge'-modified for air use­
remained the standard weapon of the R.A.F. for anti-submarine attack, during 
which time the whole subject of weapons. and means of attack was constantly 
nnder review by the Anti-Submarine Warfare Committee (Admiralty) in 
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conjunction with Coastal Command. The deliberations and decisions of these 
authorities concerned improvements to, and the use of, depth charges, and 
are referred to in Chapter 5. It is appropriate now to tum to the later types of 
anti-submarine bombs developed from 1942 onwards, i.e., the 600 lb., 35 lb. 
and 250 lb. Marks V and Vl -types, the history oi these following in that order. 

The 600 Jb. A.S. bomb 
On 31 March 1942, the C.-in-C. Coastal Command wrote to the Air Ministry 

(A.C.A.S.(T)) in the following terms:-
' For the entire duration of the war, to date, we have been attempting 

to attack U-boats with two types of depth charge, neither of which is 
capable of giving satisfactory results. We started off with the standard 
Admiralty D.C. and have made many attempts to make it a satisfactory 
aircraft weapon. Despjte all attempts to improve it it has now been found 
impossible to clear the Mark VlI D.C. for heights above 150 feet and speed 
above 1 SO knots.' 

He then went on to describe the smaller Mark VIII 250 lb. D.C., specially 
designed 'for F.A.A. and Coastal Command aircraft incapable of carrying the 
larger Mark VII (particu)ar:ly the Hudson). 

' This weapon has been more satisfactory from the point of view of 
tactical use since it is not restricted in height and speed . . . but its 
killing power is quite inadequate and is seriously impeding the effect of 
our anti-submarine warfare as a whole. 

We therefore require that a special aircraft depth charge s hould be 
developed on tlie highest priority and to the following specification :-

1. Total weight not to exceed SOO lb. 
2. Highest possible c/w ratio. 
3. Torpex .filJing. 
4. Must be capable of being dropped from J-1eights up to 5,000 feet 

and speeds up to 200 knots. 
S. The pistol to be so arranged that it is not affected by cavitation, 

and should therefore operate at a depth of 25 feet. 
6. The maximum diameter should not exceed 12 -9 inches. 
7. Shape to reduce cavitation to a minimum. 
8. Constant trajectory.' 

The proposal was reviewed by D.O.R. who replied on 7 May that D.Arm.D. 
had been asked to develop on high priority a weapon to satisfy the Command's 

, requirements. The delay in this reply, was due to the necessity for an examina~ 
tion of all SOO lb. stowages in all aircraft likely to carry the new weapon. 1 

The Coastal Command specifications for the proposed bomb were meanwhile 
revised by D.O.R. and forwarded to D.Arm.D. The formulated requirements 
were:-

Weight 600 to 650 lb. 
Maximum length 72 inches " 
Maximum diameter 18 inches 

ose and tail fairings to be arranged so that they left the body of the 
bomb on entry. 
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Detailed requirements for the fuze were added :-
1t was to be hydrostatic and variable between 20 and 150 feet depth. 

] t should be fitted with a device, operated by the pilot, to increase auto­
matically the smaller depth limit at the rate o.f 2 feet per second. 

If this rather complicated requirement would cause prolonged delay in pro­
duction, two fuzes, one set at 25 feet and the other at 50 feet would be used. 
Further, so that the bomb might be available immediately the cases were 
manufactured, it was to accommodate at the beginning a hydrostatic fuze 
already under design for the existing A.S. bomb, to detonate at 25 feet. The 
fiJling was to be Torpex or Mino!. 

Air Staff and D.Arm.D. had responded quickly to Coastal Command's 
request, but to make sure that he was not embarking on a false trail, D.Arm.D., 
after all preliminary work had been done, consulted the Weapons Sub­
Committee of the D.A.S.W. 1 Anti-Submarine Warfare Committee, and asked 
for comments on the new project. 

The Committee confined its comments to the value of the new bomb as a 
replacement for the 450 lb. depth charge, then the standard anti-submarine 
w apon. 2 In their deliberations they were guided by a Report made by the 
Standing Committee on A.S. Warfare in March 1942. This paragraph is so 
important that it may profitably be quoted here. It deals with the optimum 
size of non~contact bombs. 

' One can define a requisit.e lethal stick length of bombs equal to four 
times the bombing error for range. With small non-contact bombs one 
can produce a longer Lethal stick than with the same weight of big non­
contact bombs. For small aircraft which cannot carry the requisite stick 
length of any kind of bomb, it pays to use the smallest non-contact bomb. 
For very large aircraft which can carry the requisite stick length of the 
biggest non-contact bombs it pays to carry the biggest sizes since in 
practice these have the important advantages of producing proportionately 
more internal damage to U-boats, requiring less critical depth settings 
and stick spacings and affording a greater vertical zone of lethality than 
smaJl non-contact bombs. From this one can conclude that the most 
effective of all single attacks is that obtained with a very large aircra'ft 
dropping the requisite stick length of very large bombs-but this of course 
is not the most economical load.' 

After discussion the Committee concluded that the proposed 600 lb. bomb 
had the following advantages over the 450 lb. depth charge:-

(a) Higher charge/weight ratio. 
(b) Improved depth setting. 
(c) Less operational restriction.3 

Of these they considered (b) to be the most important, and as extensive work 
on the improvement of the Depth Charge pistol was then in progress, if this 
wer successful the.re would be littre to choose between bomb and Depth Charge. 
In fact the Committee's opinion was that- ' grven satisfactory depth settings, 
there .is little to choose between any kind of bomb from 250 to 650 lb.' 

1 Director of Anti-submarine Warfare-Admiralty. 
· M.A.P. File S.:R ,37551/l. _ 
3 The Naval depth charge would not stand dropping from more than a few hundred feet. 
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Meanwhile the revised requirements for the new bomb formulated by 
D.Arm.D. had been examined by Coastal Command who were not entirely 
satisfied. The Command had originally· asked for a · bomb which could be 
released from up to 10,000 feet. D.Arm.D. cut this down to 1,500 feet, so that 
the minimum case thickness and the maximum charge/weight ratio could be 
obtained. The Command now asked for a compromise of 5,000 feet, to which 
D.O.R. and D.Arm.D. agreed. 1 

Coastal Command's original request had been dated 31 March. Jn June 
1:he C.-in-C. approached D.O.R. for information of progress, asking for the 
bombs with the least possible delay. D.Arm.D. was able to report at the end 
of June that the design was nearing completion following which models wot1ld 
be made for tank trials at R.A.E. 2 He promised development' at the utmost 
speed'. Two days Jater, however, in a discussion with O.R.2 1 D.D.Arm.D.(B) 
stated that it was unlikely that any new bombs would be available for at least 
nine months. From this time until the end of 1942, when the bomb was still 
unavailable for operational use, the C.-in-C. Coastal Command was obliged to 
write letter after letter to Air Ministry asking for haste in the development of 
the weapon, or in the production of Torpex for its filling. 

We return now ~o the details of development. C.S,A.D. produced a sketch 
design in June l942, a copy of which was sent to R.A,E. so that models for 
underwater trials might be made . Information was asked for on depth-time 
relationship, shape of trajectory, attjtude, and cavity phenome,ia for an entry 
speed of 350 feet per second and angles of entry between 10 and 45 degrees 
to the horizontal. Meanwhile the maonfacture of the first bombs for trial 
was undertaken and break-off tails were made on the lines of those of the ' B ' 
bomb. 3 

An original order for twelve bombs, followed shortly afterwards by an order 
for thi rty-six more, was made. By August, after hastening action by the 
C.-in-C. Coastal Command, these original bombs had not been completed, 
and instruct ions were given for the highest priority in their manufacture. 
To hasten this the two foze positions were to be omitted, and one exploder, 
contained in the tail, only included . Meanwhile, the Torpedo Development 
Section at Gosport had received instructions for initial dropping trials imme­
diately bomb bodies became available. These were to include observation 
on the behaviour of tne break-away nose and tail, and air ballistics, and were 
to be made at the Unit's sea range at Weston-super-Mare. By 30 July, initial 
model trials at R.A.E. had been completed . Violent pitch and yaw had been 
observed, and in some cases the bomb somersaulted. Such behaviour made 
accurate and safe hydrostat ic fuzing impossible at small depths. 

By 20 August, the Torpedo Development Unit trials had been completed. 
Twelve bombs were dropped from heights of 50 to 3,000 feet ; air ballistics 
wen! good. Noses and tails broke away sat isfactorily on impact and not in 
the air, also, so far as could be observed, the bombs were not damaged by 
impact. Towards the end of August arrangements were made fqr trials to 
,determine the depth of detonation from various heights, and to confirm that 
the bomb might be jettisoned sa fe. These were to"be undertaken by M.A.E.E. 
at Helensburgh. 

1 A.M. File C.S. 14212/ I. 
i A.M. F ile C.S. 14212. 
"M.A.P, File S.B. 37551. 
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The Helensburgh Report is dated 23 September 1942. The eighteen bombs 
allotted for trial were received on the 8th of this month and little time was. 
wasted. Four bombs with fozes set to fire at 30 feet were dropped from a 
Sunderland, two from 50 and two from 250 feet, at 150 knots. Bombs were 
stable in air, nose cap came away on impact and there were no ricochets. The 
bombs at SO feet 'failed to fire owing to a fault in the fuze: the others fired at 
42 and 66 feet but these results were found to be worthless as the priming hole 
in the C.E. magazine had not been closed. 

Further trials with specially prepared fuzes gave detonat ion at 3&, 40, 27 
and 30 feet-average 34 ieeL Various minor faults in the design of the fuzing· 
arrangements were discovered. Still further trials in late September were 
made with fuzes accurately calibrated by C.S.A.D. and from heights of 500 feet 
and under, giving firing depths from 22 to 42 feet. 

It was thus evident that there was wide variation in the firing depth, and 
this was attributed by M.A.E.E. mainly to variation in the height of release. 
They gave as their opinion that the variation was due to differences in the 
time of persistence of the cavity formed by the bomb entering the water at 
a relatively steep· angle. From the greater heights the cavity persisted to a. 
greater depth than the . fuze setting (20 feet). Bombs entering at shallow 
angles remained near the surface during the cavity stage and then sank slowly 
to fi.ring depth. As a result of these various trials, which had shown that the­
bomb case was satisfactory, an order for 500 was placed in October 1942, 
and in response to a War Cabinet ruling, SO bombs were to be ready for operational 
use by the first week in November. 1 

Meanwhile a controversy had arisen on the question of H.E. tilling. The­
original requirement had been for the best procurable explosive for under­
water disruption: and the best known explosive was Torpex containing 
RD.X., then still a rare product. At the D.A,S.W. meeting on 9 September. 
it was made clear that Torpex for the new bomb would not be available, as. 
the majority of available supplies was needed for the Army and Navy. 11 This 
brought a strong protest from the C.-in-C. Coast~ Command , Sir Philip Joubert, 
addressed to Sir Henry Tizard , Scientific Adviser to the Air Ministry, witl1 
copies of his Jetter to the S. of S. for Air, and A.C.A.S.(T). At the same time 
he sent a demi-official letter to A.C.A.S.(T) in similar terms. 

To Sir Henry Tizard he explained that the new 600 lb. bomb was required 
as a replacement for the 250 lb. depth charge, which had been proved to be 
ineffective unless practically a direct hit were obtained. With any other filling 
except Torpex, or an equivalent explosive, no advance would, .in the C.-in-C.'s 
opinion, be made. 

To A.C.A.S.(T) he claimed that with a less disruptive filling than Torpex 
the whole object of the heavier bomb would •be defeated. The carriage of a 
heavier bomb reduced the length of the stick, to compensate for which a more 
efficient explosive was needed. With a T.N.T. or Amato! filling he claimed that 

1 M.A.P. File S.B. 37551/2. 
2 Allocation of R.D.X. 

First Priority .. 

Second Priority 
Third Priority 

. . July to Dece~ber 1942. 
Torpedo Heads ; 250 lb. Depth Charge : 

100 lb. A/S Bo01bs. 
Army. 

\. 

Balance to R.A.F, -for 8,000 lb. H.C. a.nd 500 lb. 
M.C. (Amatex). 
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the 600 lb. A.S. bomb would be half as effective again as the 250 lb. depth 
charge, whereas with a Torpex filling it would be three times as effective. 
Even if Torpex added but a few feet to the lethal range, these few feet were 
critical in A.S. attacks. Failing Torpex, on which however he insisted even 
at the expense of all other requirements, he asked for Minol or Amatex. 

To this A.C.A.S.(T) replied, on the advice of D.O.R., that Mino! 2 would be 
used, and that the Ministry of Supply had undertaken to provide fifteen tons 
of aluminium powder for the manufacture of enough filling for the development 
order of one thousand bombs.i The fust fifty bombs were available for servke 
by the beginning of November 1942, but several essential trials were still in 
progress or outstanding ; safety in jettison was not yet established, and no 
live drops had been made; neither was it certain that the hydrostatic fuze 
(No. 862} would not fire on impact, nor that countermining would not occur. 
Nevertheless, as the C.-in-C. Coastal Command continued to press for more 
and more intensive development, a production order for one thousand was 
made in the hope that these essential trials would be successful, and so that 
manufacture could proceed concurrently with trials. Further, owing to the 
great pressure -applied by the C.-in-C. many faulty components were being 
turned out and had to be rejected. 2 Thus, though the bomb was in a sense 
ready for service use by 1 November in accordance with the War Cabinet 
demand, it was in fact not yet in a state for dropping against U-boats with 
a full sense of security for the aircraft or a reasonable certainty of success. 

By the end of October, inert dropping trials had been completed by the 
Torpedo Development Unit. Eight bombs out of ten were recovered, having 
been dropped from a Beaufort fuzed 'safe ' from heights of 1,500 to 50 feet 
in 30 feet of water. All recovered bombs were found in the ' safe ' condition, 
and the safety of the bomb when jettisoned was thought to-be established. 

Live and inert drops were made by M.A.E.E. in November. In the former 
four failures occurred out of six bombs dropped from 1,500 feet : two out of 
four from 1,000 feet : no failures occurred from 750 feet. Some damage was 
dune to the aircraft from bombs accidentally dropped in salvo from 750 feet, 
when detonation was thought to have occurred at under 30 feet. No tendency 
to premature detonation was observed but I venting' through the cavity 
caused by the entry of the bomb- that is to say, blast upwards and unimpeded 
by water- was noticeable when detonation occurred at less than 30 feet, and 
M.A.E.E. recommended tests to determine minimum safety height for dropping, 
particularly in sticks. ln the inert trials- held to assess the underwater 
behaviour of bomb and fuze-----the results were very satisfactory, forward 
travel and depth of detonation being consistent and sideways deviation of 
track very slight. 

The position by mid-December 1942 was that, while bombs were being 
produced at the rate of some fifty each week, and were being distributed to 
Coastal Command Stations, D.Ann.D. still withheld his authority to drop 
the bombs other than singly, until countermining trials should have been 
completed and, the safety of dropping aircraft established. These trials com­
menced at M.A.E.E. on 10 December, when, in conjunction with the Naval 
Establishment at Arrochar, inert-filled bombs with Jive exploders and fuzes 
were suspended at various distances under water from an H.E.-filled bomb. 

1 A.M. File C.S. 14212. 
'M.A.P. FileS.B. 37551 /2. 

43 



Countermjn,ing occurred at distances up to 70, 80, and 90 feet ; · at distances 
up to 70 feet the inert bombs were badly damaged, and it was evident tha.t 
farther trials were necessary to establish the minimum safe spacing at which 
the bombs could be dropped. Air trials a few days later showed that the bomb 
was safe to aircraft dropping sticks of two bombs on ly from 50 to 100 feet at 
200 m.p.h., with spacing of 60 to 90 feet, and cleai:ance was given to Coastal 
Command to use the bomb under these conditions. 

Meanwhile at D.Arm.D. 's request the problem of countermining had been 
put to C.E.A.D. who promised to design an <1nti,oounterroini11g device for 
attachment to the fuze. By the end of the month he had produced two types­
one with a ball apd one with a button valve--which were sent at the beginning ' 
of Janna.Ty to M.A.E.E. for trial. Trials of the button valve type were 
unsuccessful: the ball valve was somewhat more successful and only one bomb 
out of five countermined. A third device was tried, consisting of an air 
chamber surrounding the fuze, but again was only partially successfuJ.l 

Impatience in the delay of full operational clearance had meanwhile brought 
yet another letter of protest from the C.-in-C. Coastal Command, who wrote 
to the Air Ministry on 28 December, to complain that a year had elapsed since 
he asked for the 600 lb. bomb (his original letter was in fact dated 31 March 
1942) and that in spite of 'encouragement to hope that by winter we should 
possess this weapon ', the 600 lb. A.S. bomb was not yet passed as satisfactory. 
He asked that the fuze should be cleared as quickly as possible against counter­
mining, and that it should be tried from 4,000 feet against a ship target. This 
latter request was a new one and had never appeared .in any Coastal Command 
requirement, although the C.-in-C, claimed that it had always been implied. 2 

A.C.A.S.(T) expressed surpri e- not without reason- at this letter, in view 
of the fact that the C.-in-C. was in constant touch with progress through the 
U-boat Committee, and must be aware that its development was on the highest 
level of priority. 

D.O.R. replied in these terms to the C.-in-C., pointing out that as the Anti­
submarine Warfare Committee met regularly at Headquarters Coastal Command 
under his chairmanship, he should be fully aware of the position. He pointed 
out that the bomb was obviously unsuited for the attack of surface ships as it 
had a hydrostatic fuze, and was in any case not strong enough to penetrate 
eithe, deck or hull - another fact which had been well known from the beginning. 
He then pointed out that such a dual-purpose weapon as that proposed by the 
C.-in-C. would not only complicate design but would reduce the efficiency ot the 
bomb as an anti-submarihe weapon-its primary function. 3 

The period between January and April 1943 is one of some confusion in the 
development of the bomb and fuze. TriaJs of foz,es with various modifications 
continued at Helensburgh. (M.A.E.E.) and the services of H.M.S. Vernon 
(Torpedo and Mine Research) were enlisted in an examination of the under-water 
behaviour of bomb and fuze. 4 By the end of March, D.Arm.D. was able to 
inform Coastal Command that the bomb might now be dropped singly or in 
sticks with a spacing of 80 feet or more, and from heights between 1,200 and 
5,000 feet at any speed. 5 " · 

1 M.A.P. File S.B . 37551/3. 
2 A.M. File C.S. 14212. 
11 M.A.P. File S.B. 17360. 
'M.A.E.E, Reports H.Arm.880, E and F : H.Arm . .95. 
& M.A.P. :File S.B. 37551/5. 
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This was well enough, but the low limit o[ l,200 feet was unsatisfactory, 
particularly as the Mark III low level bombsight ,vas by then in service. As 
there seemed little likelihood of the fuze designed originally for the bomb 
satisfying the demand for low level attacks, efforts were made to use the Depth 
Charge Pistol Mark X1V, pending the development of a really satisfactory 
hydrostatic fuze. Pistols had been set to fire at 27 and 18 feet, but tl1e firing 
depths when the pistol was used in the bomb were very erratic, and often too 
shallow to allow for safety to the releasing aircraft. M.A.E.E. therefore 
recommended that its use should be abandoned.1 

By May, R.A.E. had produced another design of anti-countermining valve, 
which, in conjunction with an air chamber round the fuze, was tried at M.A.E.E. 
in that month. 2 The principle of these devices was. simple enough: the 
chamber-a simple metal sleeve surrounding the fuze, with water inlets at the 
top-prevented the fuze from damage by under-water blast. and restricted 
the flow of water to the fuze so that the chamber did not completely fill during 
the early stages of descent. The valve was designed to close rapidly when any 
sudden shock wave was encountered, such as that caused by another bomb 
detonating in the vicinity. The primary object of the trial was to test tI1e 
effect of these additions on detonation depth. Bombs dropped from 50 feet 
were satisfactory but the results from those dropped from 500 feet were 
inconclusive with indications that depth of detonation was slightly increased 
by the modification to the foze. This trial was followed immediately by a 
static trial for countem1ining with the same modification, by H .M.S. Vernon; 
a 600 lb. bomb was detonated at 30 feet, with two inert filled bombs 80 feet away, 
at 10 feet depth. In two trials the fuzes did not countermine, and it appeared 
as if the R.A.E. valve had solved the trouble. 

As a result of these trials, and of calculations by C.S.A. R., the bomb was 
cleared for dropping from SOO feet and over with a spacing of 120 feet. Few 
cases of countermining at this spacing were to be expected, and even if they 
occurred would entail no risk to the aircraft. They would however decrease 
the efficiency of any bomb detonated by counterrnining too near the surface. 
This safe minimum of 500 feet was confirmed by trial at M.A.E.E. on 6 May, 
when five sticks of two Minol filled bombs were dropped from this altitude 
without danger to the aircraft. Some counternuning occurred, but the fuzes 
used were unmodified and this was to be expected. On 5 June 194~1. the 600 lb. 
A.S. bomb was foxmally introduced into service by A.C.A.S. (T.R.) with the 
qualification that it was subject to further improvement, and that development 
must continue. 3 

Although the bomb was now regularly in service use by Coastal Command, 
there was still a height limit to its use: and trials continued during June 1943, 
in an effort to reduce the low limit of 500 feet. In this month sticks of two and 
three bombs with modified fuzes R.A.E. valve and air chamber were dropped 
by M.A.E.E. from heights of 250 and 100 feet. At the former height the trials 
showed that countermining was generally cured by the device: ai the lower 
height severe countermining oc;curred and in one stick of three, all detonated 
together, the detonation shock being passed from one to tbe other. In spite 
of this, and the fact that the last bomb detonated at som~ 16 feet below the 
.surface, no blast or fragment damage was caused to the aircraft : some damage 

1 M.A.P . File S.B. 37551. 
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did however occur from parts of the break-away nose fairing which were thrown 
up on impact or detonation. During the 100 feet trials failures occurred and 
it was surmised that fuzes were damaged by under-water shock. It was 
concluded, therefore, that provided the failures could be reliably diagnosed and 
cured, the bomb could be cleared for heights down to 100 feet, but that further 
confirmatory trials were advisable. 

These were completed by the end of June: no countennining occurred in 
nine sticks of three bombs from 250 feet, but at 100 feet it occurred in four 
sticks out of five : in one case shock but no damage was felt in the aircraft. 
As a result , D.Arm.D. decided in July, that 100 feet might be laid down as the 
minimum dropping height, and that even if aircraft inadvertently came lower 
the risk of damage was slight and acceptable. The limits of the bomb were 
henceforth : heights 100 to 2,000 feet : stick spacing (three bombs) 120 feet. 
(The number of bombs per stick was increased to four the following montb.)1 

By 'August 1943, a total of four hundred experimental bombs had been 
dropped-all under trial and observation conditions-a remarkable achieve­
ment. It may be of interest to analyse the trials carried out with the Mark 11 
(air chamber and valve) fuze, which had then becdme the standard operational 
fuze : one hundred and fifty-seven bombs fitted with this fuze were dropped. 
The total n)Jmber of failures to detonate was nine (5½ per cent.), a great 
improvement on the earlier fuze where the failure rate was 10 per cent. The 
foze setting in all cases was 27 feet, and the mean firing depth measured for 
eighty-five bombs was also 27 feet : the depth of detonation error for 50 per 
cent. of all bombs recorded was plus or minus 3 ·6 feet. 2 

Although the bomb had been 'in operational use for some months it still did 
not entirely fulfil the original requirements; its height limitation was 2,000 feet 
over which fuze failure occurred. Fuze development between August 1943, and 
December 1944, was concentrated on efforts to jmprove this height limitation, 
and resulted in the introduction of the No. 895 fuze to replace the o. 862, 
giving much wider scope in the use of the bomb as the following figures show :-

Height 50 to 5,000 feet. 
Stick spacing Minimum 80 feet. 
Air speed 250 knots·. 
Firing depth : mean 32 feet. 

It will be noticed that from November 1942, when the first filled bombs. were 
ready for Coastal Command, all further development was connected with the 
fuze : the bomb remained in its original form (Mark I) throughout its service 
life. . 

According to Coastal Command statistics a total of ninety-seven • 600 lb. 
bombs was used in twenty-eight attacks on submarines between May 1943, and 
April 1945. Many factors must have contributed towards this seemingly 
insignificant use of the bomb as compared with, say, the figures for the 250 1b. 
depth charge in exactly double the time, 1,170 attacks with 5,790 charges 
dropped. It is true that for the greater part of its operational life fuze problems 
imposed a tactical restriction on the use of the pomb, e.g., height from 100 feet 
to 2,000 feet, but similar restrictions were appfied when using depth charges, 
and it does appear that there was bias ·ot some sort against the use of a weapon 
asked for to improve upon or replace the depth charge. 

1 M.A.P. File S.B . 37551 /7. 
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The 35 Jb. A.S. bomb 
At the beginning of 1942, experiments were being carried out by M.D. l1 with 

what were known as hollow or shaped charge explosives. Very briefly the 
hollow charge is a mass of lligh Explosive of roughly hemispherical shape, the 
flat side being hollowed out conically : the increased surface area so obtained 
directing the detonation wave towards the mputh of the cone like the beam 
of a car headlight. The concentrated detonation wave or jet so formed bas 
very high penetration qualities against armour plate. It was thought that the 
hollow charge would be particularly useful in holing the pressure hull of a 
U-boat. 

On 27 August I 94 I , the German submarine Graf ( U-4670) 2 was captured 
intact by a Hudson aircraft of No. 269 Squadron, Coastal Command, and brought 
to England. Plates representing various parts of her structure were prepared 
and between January and April 1942, a number of trials with hollow charges 
·of some S lb. of H.E. were made against these targets, with what the Ordnance 
Board described as 'promising results ', 3 

On 18 May 1942, the Weapons Sub-Committee of D .A.S.W.'s Anti-submarine 
Warfare Committee met under the Chairmanship of Professor Blackett, Scientifi.c 
Adviser to the Board of Admiralty. to discuss a design for a small hollow charge 
bomb for U-boat attack. The meeting was attended by representatives from 
Coastal Command and four Directorates of the Admiralty-Scientific Research, 
Miscellaneous Weapons, Air Division, and Anti~submarine Warfare. 4 

The committee considered the comparative merits of a 100 lb. A.S. bomb and 
a smaJI hollow charge bomb containing 12 lb, H.E., with a total weight of 35 
to 40 lb., from every aspect, but were unable to come to any fum conclusion, 
except that for light carrier-borne aircraft a number of small bombs ratner , 
than one large one would be desirable. 

The committee requested further evidence before making a firm assessment 
and concluded that the evidence available to date did not justify a staff require­
ment, but did justify the design of a bomb by D .A nn.D. having a hollow charge 
of 12 lb. with a O · 16 inch steel cone and a diameter of 8 inches. The bomb 
should be stable in air and water and should withstand impact with water at 
200 knots from 150 feet. Early in J u.ne , a further assessment was made in 
which the conclusions reached were -in the main unfavourable to the proposed 
bomb (weight about 30 lb.) although the Committee's recommendation was 
that further research should be directed towards obtaining a bomb of similar 
performance at about 20 lb. weight, with a suitable fuze . 

From this very brief summary it will be seen that the hollow charge bomb 
was, at least, of doubtful value. On 24 June 1942, D.Armn.'s deputy 
D.D.Arm.D.(Bombs) pointed out that such a bomb would be difficult and 
uneconomical in stowage in, or carriage under aircraft, and that t he assessment 
of the Weapons Sub-Committee showed that there was no real case for the 
bomb. D.O.R. recommended to A.C.A.S.(T) that no more time should be 
wasted on the weapon, and A.C.A.S.(T) ruled that thert was no Air Staff 
requirement for it. 

1 A Directorate under the Minister of De.fence (i .e., the Prime Minister). 
0 Re-named H.1\11 .S. Graph. 
a A very full report of these trials is contained in Appendices to O.B. Proc. Q.544 , 
• A.M. File C.S. 15474. 

47 



In the meantime Admiral Osborne had got M.D.l to make up six hollow 
charge bombs with 12 lb, H.E. charge which were tested against underwater 
targets representing sections of a submarine, by the Director of Miscellaneous 
Weapons, Admiralty, in collaboration with M.D.1. 1 These tri;i.ls met wttl1-
some success. and on the strength. of these results, D.O.R. was prepared to­
keep an open mind on the value of the bomb, and in August recommended, to­
A.C.A.S.(T), that no action should be taken in favour of or against develo,pment 
until all new facts had been examined. 2 In October, a formal request was 
forwarded by the Admiralty to the Minister of Aircraft Production for the 
collaboration of his Technical Staff in the development and trials of the bomb, 
and its stowage in aircraft. 3 

Preliminary air trials were completed by D.M.W.D. at Weston-super-Mare 
on 21 October 1942, when ten inert bombs were released from a Manchester 
aircraft. The air ballistics of the bomb were good but strengthening of various 
parts was found to be essential to withstand impact on water. Further trials 
with strengthened bombs were made at the end of the month from SO and 
500 feet with more successful results, but weakness in the tail portion of the 
bomb was still evident. 

During the same month a meeting under the chairmanship of D.M.W.D_ \ 
was held to discuss the programme of development. Here it was agreed that 
D.M.W.D., D.ATm.D. and D.M.D.l should continue to collaborate on trials, 
µnder the direction of D.M,W.D. should the design appear sufficiently promising 
to merit an Air Staff requirement, D.Arm.D. would take over this direction-

In November the new bomb was discussed by the Weapons Sub-Committee 
with a view, if possible, to recommending the laying down of a Naval Staff 
requirement for the bomb for carriage in Swordfish, which were at a great dis­
advantage when taking off in low winds from auxiliary carriers with their 
normal load of from 250 lb. depth charges. 

After a very careful examination of all available data the Committee unani­
mously decided that I with the information at present at their disposal they 
could not recommend the 30 lb. shaped charge bomb as an alternative to the 
JOO lb. A.S. bomb.' This conclusion was based on the following main argu­
ments:-

(a) The fuze of the shaped charge bomb will not fire when it strikes a plate 
at an angle of less than 30 degrees between the axis of the bomb and 
the plate. 

(b) The bomb will not be lethal when the angle to the pressure hull is greater 
than 45 degrees and the distance from the pressure hull is over 
48 inches. 

(c) Angles of attack greater than 45 degrees from the beam cannot be 
successful as owing to the striking angle the bomb cannot be lethal. 
This completely rules out up-track attacks. 

Nevertheless the War Cabinet Committee decided that development of the 
shaped-charge bomb must go on, and instructed M.A.P. to order two thousand 
bombs as soon as the Admiralty and Air Ministry were able to produce a satis­
factory design. By this time D.M.D. l had produced a sketch of an alternative 

1 O .B. Proc. Q.652. 12 August 1942. 
i A.M. File C.S. 15474. 
3 M.A.P. File S.B. 36570/l. 
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design to that already tried. This included modification to the cone angle (60 
degrees instead of 80) an increase of charge of about 3 lb., and some changes in 
body design.1 

Development of the bomb was still in the hands of the Director of Miscel­
laneous Weapons and M.D.l , and in view of the Cabinet Committee's decision , 
D.M.W.D. called a meeting of varioQs members of his staff, together with 
D.D.O.R., D.D.Arm.D. (Bombs), and Brigadier Jeffris, who had long been con­
cerned with the design of shaped charge weapons. The meeting agreed that 
development work should proceed. 

On 26 November 1942, both Admiralty and Air Ministry had decided that the 
bomb was promising enough to be made an operational requirement. By the 
middle of December, drawings of the latest design of bomb and fuze had been 
sent by D.M.D.l, D.M.W,D ., and D.Ann.D., and twenty-four bombs were 
ready for trial.2 

D.Arm.D. in co~operation with the Ordnance Board and representatives of 
D.M.W.D. , C.E.A.D., and M. of S. , drew up on 18 December a schedule of 
acceptance trials, to include static firing with various thicknesses of cone, and a 
filling of R.D.X./T. .T. ; air ballistics , water entry and strength on impact 
from 50 and 250 feet ; under-water path down to 40 feet ; release and jostling 
trials. A programme of iuze trials inclacled ability to withstand impact, 
premature firing, distance to arm, effect on plate and wooden decking at various 
angles of impact, at medium and h igh velocity- the latter obtained by firing 
from a gun- sealing, safety, rough usage, detonation at rest, dry and after 
immersion in water, and safety after a twelve foot drop on concrete. Of these 
yarious-trials, D.Arm.D. was to be responsible for release and jostling t rials of 
bombs, and fuze 5afety trials -from 12 feet and from a taxying aircraft. The 
remainder were to be arranged by D.M.W.D., Admiralty. Later, aircraft 
safety trials were arranged at M.A.E.E., Helensburgh, where bombs were to be 
detonated electrically at depths from 6 inches to 4 feet so that the height of water 
pressure and the scatter of frn,gments might be measured. 

By April 1943, the greater part of the proposed trials had been completed, 
although development was destined to contfnue for a much longer period. Three 
trials only had not been satisfactorily completed: jostling trials for the bomb, 
and safety trials from small heights and from a taxying aircraft for the fuze. 
D.Arm.D. anticipated that these would be successful and in, June signalled 
Coastal Command that the born b and fuze ( o. 866) were cleared for operational 
tria1s in Liberator aircraft. At the same time he pla.ced ~ development order 
for a further two thousand bombs in addition to the original development order 
for two thousand placed by D.M. W.D. At the same time the order for two 
thousand fuzes was increased to four thousand. 

Little so far has been said about the iuze, which, like the bomb, was developed 
by the J\4.D.1 un,der the direction of the Admiralty. The requirero,ents of this 
fuze were that it should arm in the air, and should operate on impact with the 
U-boat either on the surface or submerged ; it must not q.perate on impact with 
water. The developed fuze was originally known as the I Trident ' but later 
received the official number 866. 

1 A.M. F.ile C.S. 15474 . 
2 M.A.P. File S.B. 36570/l. 
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By June 1943, the outstanding trials referred to a:bove had been completed 
at R.A.E. Jostling trials were unfortunately inconclusive: the fuze trials were 
however successful and showed that the bomb with its air-armed· Trident fuze. 
and with American fuzing gear was safe when accidentally released from a 
taxying aircraft. 

In preparation for operational trials by Coastal Command initial trials to 
test the release system in the Liberator were completed at Beaulieu in that 
month. The small size and unorthodox shape of the bomb, and the necessity 
for very small spacing of sticks. to ensure t hat at least one bomb would be lethal, 
called for specially designed stowage and releasP. systems. Two types of carrier 
were designed by M.D.1 , one for the Liberator and one for the Halifax : seventy­
two bombs could be carried in each aircraft. British type (Mark VI) distri-
butors were used. · 

'fhe Beaulieu trials- from 400 feet at 200 m.p.h. against a ground target 
representing a conning tower showed tha:t while sticks of bombs were not 
uniform in spacing, the greatest interval with the distributor set at O · 35 seconds 
(to give 20 feet) was 23 feet, which was still considered to give a good chance of a 
kill. This method of bombing was necessary to obtain a direct hit-a near 
miss being ineffective- and was dictated by the width o( the target. At the 
same time however, this spacing brought the bombs within the range of 
sympathetic detonation. 1 The minimum safe height for attack was an impor­
tant factor and this was assessed by C.S.A.R. a.t 350 feet this figure being 
accepted by D.Arm.D. unt il further data were available, and the bomb was now 
ready for operational trials. 2 · 

By mid-September, the operational experience of Coastal Comrnand had been 
very limited. Trials of the bomb had commen<;ed in No . 224 (Liberator) 
Squadron in which six aircraft had been specially modified to carry seventy-two 
bombs. Mark III low level bomb-sights had been used and attacks had been 
as far as possible, in accordance with the tactical instructions issued, i.e., on 
the beam and from a height of not !ess than 350 feet. 

Only three attacks .had been made, none very satisfactory. 1n the first on 
2 July, twenty-four bombs were released "in err.or with a stick of depth charges: 
the U-boat was damaged but whether by bombs or depth charges it was. 
impossible to say. On the following day twenty-four bombs were released on a 
first run followed by depth charges on a second. The U-boat was assessed 
as ' known sunk,' but again it was not known to which weapon the credit should 
go. 3 In a th.ird attack with bombs a bit was obtained but evidence showed the 
probability that no damage to the U-boat resulted. 

The conclusions formed by the Command as a resuH of these very indecisive 
attacks were :-

(a) T hat the bomb could be aimed with reasonable accuracy. 
(b) That bombs may detonate without striking the U-boat:. (The require­

ment was that they should not do so .) 
(c) In the heat of attack pilots came down below the safety minimum of 

350 feet and aircraft were damaged by splinters . .. 
' M.A.P. File S.B. 36570/4. 
'1 Very reluctantly : the problem of damage to ai rcra(t by its own bombs, due to sym­

pathetic detonations, caused a very serious hazard to the aircraft engaged, and had not 
received complete attention . The whole question seems to !\ave been left in the hands or 
the Research Department (C.S.A.R.), M..A.P . F,le S.B. 45460, dated 28 June 1943. 
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(d) Some damage to the U-boat was inflicted. 
(e) But that the bomb had not the power of inflicting the immediate and 

devastating damage which can sometimes be produced by a depth. 
charge. 

Apart from its meagre operational value, the preparation and loading of the 
bomb was criticised as needing very special care and occupying two and a half 
times as long as for depth charges : the carrying devices were delicate and 
easily made unserviceable. Finally the Command considered that a load of 
bombs. with its exposed Iuzes was more vulnerable to gunfire attack than a 
load of depth charges. 

On 17 September 1943, the Aircraft Anti-U-Boat Weapons Sub-Committee 
met to discuss this operational report and a paper by D.S.R. (Admiralty) on 
the relative value of the 35 lb. A.S. bomb and the Mark XI depth charge. The 
findings of the Committee after consideration of these papers were very guarded, 
but in the main they were not very favourable to the bomb. The main finding 
is quoted:-

, Only in the case of attack of surfaced U-boats and where the track 
direction of attack may be avoided without prejudicing the chances 
of a. kill, can a case be a rgued for the use of the 35 lb. A.S. bomb in 
preference to the depth charge.' 

Even this limited opinion was qualified by reference to the greater moral effect 
of an unsuccessful depth charge and its secondary damage potential. 

It will be noticed that so far the 35 lb. bomb had only been considered as a 
low height weapon. There was however about the middle of 1943, some change 
in the tactics adopted by U-boats: they had begun to operate in. 'packs,' and 
there was a growing tendency for them to fight back rather than seek immediate 
escape by diving. This meant that the attacking aircraft might have .to seek 
safety in height, and with the depth charge being suitable only for low height 
attack it was thought that the 35 lb. bomb might be used from medium heights 
(5,000 to 6,000 feet) if its ballistic properties could be improved. 

Accordingly, a series of trials was held at the Orfordness Research Station in 
August 1943, using bombs with specially faired noses to increase the terminal 
velocity and improve the ballistics. The T.V. was almost doubled, but ballistic 
consistency remained poor. Special stowage and release trials were also done 
by A. & A.E.E. in August and October, using stowage and release gear designed 
by R.A .E. including a thermionic valve disti:ibutor- in an ef:fort to get the 
accurate and small spacing necessary. Comments by A. & A.E.E. such as' The 
scatter on the ground more closely resembles a salvo than a closely spaced stick, 
being irregular in line, range, and in the relationship between order of release 
and order of impact,' and ' The equipment releases bombs as required to 
achieve an accurate stick, but the ballistic behaviour of the bombs and the 
aerodynamic characteristics of the aircraft cause the final pattern to bear little 
relationship to that intended,' were among the conclusions leading to the recom­
mendation by tha~ establishment that the 35 lb. bomb as then carried and 
released shouJd not be accepted for Service use.1 " 

By the end of 1943, the grave doubt that the bomb, even if dropped accurately, 
_was a useful weapon, and the complications involved in carrying and releasing it, 
made it highly necessary to decide its future. On 1 December, a Wa.r Cabinet 

1 M.A.P, File S.B. 36570/6. 
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' Meeting on Anti-U•boat Warfare had placed before it the latest position. The 
results obtained by Coastal Command had been discouraging, and the Command 
had, after the three unsatisfactory attacks referred to earlier, abandoned 
entirely the use of the bomb. The Naval Staff stated that they had no require­
ment for it for Naval aircraft. Attempts to use it successfully from various 
altitudes bad failed. ln fact it seemed that the immense labour that had gone 
iuto its production had been wasted. _ 

The meeting agreed that attempts to improve ballistics would not be justified, 
for they meant a complete new design. The random spacing due to poor fa]l 
was bound to reduce the lethal value, though the amount was unknown; photo• 
graphs of water splashes from a Coastal Command Liberator were suggested, 
but the specially equipped Liberator no longer existed having long ago reverted 
to its orthodox load of depth charges. 

Further trials were, however, arranged between Coastal Command and R.A.E. 
on their range at Pawlett Hams, and served only to verify the earlier findings of 
Orfordness and A.&A.E.E. In theory the spacing should have been 15 feet, 
and the length of a slick of 24 bombs, 345 feet. The actual length of sticks on 
trial -from 5,000 feet was between 800 and 1,050 feet, apart from line scatter 
up to 100 feet. As before, the points of impact bore no rela,tion to the order of 
release. 1 

At the beginning of 1944, -the supply position was that of the 6,000 ordered 
by D.Arm.D. for development, approximately 3,000 had been delivered-none 
since December I 943, and of this quantity 1,500 still existed ; nearly 6,000 fuzes 
had been completed. So that even if the bomb had been of some value, Coastal 
Command with its one aircraft was adequately supplied with bombs for a long 
period. Even then no decision was made to cease production at once. In 
April 1944, however, the firm manufacturing the bombs was compelled to 
review its commitments owing to cuts in gas and electric power, and decided 
that ' Project 64 '-the 35 lb. anti-submarine bomb-was probably one of 
·' no great urgency 1 • D.Arm.D. agreed to stop all fort her production and to 
cancel the last order for 2,000 bombs. 

In all, three thousand two hundred and eighty-nine 85 lb. A.S. bombs had 
been completed and filled. Apart from those bombs expended in development 
trials, there are records of ninety-si.x bombs released against three U-boats, 
with no evidence to show that any of these was successful. 

I n April 1944, the Operational Research Section of Coastal CoJl!.mand made a 
careful analysis of the use of the bomb by comparison with the 600 lb. A.S. bomb. 
At best this showed that either weapon might be expected to kill the same 
number of U-boats ; but the 35 lb. bomb lost heavily in difficulties of fitting and 
maintenance, destruction of tactical freetlom, and in the almost entire absence 
of secondary damage resulting from a near miss. It is not therefore surprising 
that there was little enthusias-m for ifs use in Coastal Command, and none in 
the Fleet Air Arm. 2 

The 2 50 lb. A.S. bomb : Marks V and VI 
Although the 250 lb. depth charge with its shallow-firing hydrostatic pistol 

was by far the most efficient anti-submarine weapon developed before 1943, and 
although it was destined to remain the standard anti-U-boat weapon for both 

1 M.A.P. File S.B. 36570/7. 
1 A.M. File C .S. 15474. 

52 



the Fleet Air Arm and the R.A.F. until the end of the war, its disadvantages 
were obvious. 1n the main these were twofold : the strength of the case and 
the necessity for shallow firing imposed operational limits of height and airspeed, 
wh.ich, in August 1943, were 750 feet and 173 knots; and the low terminal 
velocity of the charge (600 feet per second) made it impossible to aim accurately 
with the Mark XIV bombsight (the latest type) at heights above 1,000 feet. 

Although these limitations were partially removed with the development of 
a modified depth charge-the Mark XIV1-it was evident that the depth charge 
could n,ot without complete re-design be made a universal anti-submarine 
weapon capable of being used from all operational heights from 50 to 5,000 feet, 
and at all modern bomber aircraft speeds. 

The whole question was discussed at a meeting 'of the Weapon Sub-Committee 
of D.A.S.W.'s Anti-U-boat Committee, who recommended that a meeting should 
be arranged between D.Arm.D. , the Design Department of the Royal Arsenal, 
and D.S.R. 1 Admiralty, to review anti-subma1ine bomb design and if possible 
to submit recommendations on the lines which future design should follow. 

This meeting was held on 6 April 1943, D.S.R. , Admiralty having prepared 
an assessment of the merits of the various existing A.S. weapons. From this it 
appeared that the 250 lb. depth charge was' not far from being the best bomb 
for general use from low heights, in Coastal Command,' but that it had certain 
disadvantages which could be overcome in a new design of bomb. 2 

The meeting then proceeded to lay down certain requirements which the 
new bomb must meet. A high T .V. for accurate bombing from heights up to 
5,000 feet : a hydrostatic tail fuze to fire at 25 feet depth : ability when dropped 
from a low height to withstand a dry hit without detonating, and to remain 
in a fit state for detonation should it sink to the required depth : ability from 
greater heights-where the safety of the aircraft ceased to be jeopardised- to 
detonate instantaneously on a dry hit or at 25 feet on water impact : these 
were the main conditions to which the meeting agreed. 

D.S.R. (Admiralty) assessed the probable efficiency of the new bomb, corn• 
pared with the 250 lb. depth charge, from low heights, at 10 per cent. better, 
and compared with the 600 lb. A.S. bomb from medium heights, at 25 per cent. 
to 40 per cent. better. This A .. bomb would further have the very great 
advantage of being a single weapon suitable for use from any height. 

D.S.R.'s ~essn1ent was a strong argument-if any were needed- for the 
development of a bomb. It was followed by a paper prepared by the C.-in-C., 
Coastal Command, advocating the development of an anti-submarine bomb 
without delay. 3 As a result of the combined opinion of D.S.R. in the Admiralty 
and the C.-in-C., Coastal Command, in the R.A.F.1 A.C.A.S.(T.R.) asked D.0.R. 
to prepare a schedule of Operational ,Requirements, so that M.A.P. could get 
abead with development work without delay. A brief list of these require­
ments follows :-

(a) The bomb must be suitable for carriage in all 250 lb. stowage positions. 

(b) The fuzing arrangements must be such that-.. 
(i) If the bomb is dropped ' live ' from any height from 50 to 5,000 feet 

into water it must fire hydrostatically at a depth of 20 to 25 feet. 

1 See Chapter 4. 
1 M.A.P. File S.B. 46554. 
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(ii) If the bomb is dropped' live' from any height between the minimum 
safe bombing height for the weapon and 5,000 feet, and a hit is 
obtained on a U-boat or other hard target, it must detonate after 
a short delay of such duration that it will do the most effective 
damage. 

(iii) If the bomb is dropped ' live' from any height between SO feet and 
the minimum safe bombing height for the weapon, and a hit is 
obtained on a U-boat or other hard target, it must not detonate on 
impact but must remain in a condition to give detonation sub­
sequently when initiated by its hydrostatic pistol at between 
20 and 25 feet depth. 

(iv) If the bomb is dropped 'safe' it must not detonate as a result of 
impact with any. type of target. 

(v) The fuze must be such that the weapon will not counterrnine when 
released in sticks having a spacing between bombs of 40 feet, and 
it is desirable that countermining should not take pJace even with 
a spacing of 30 feet. 

(c) The bomb must ' function ' reliably after release from any height 
between 50 and 5,000 feet at speeds between 85 and 310 knots. 

(d) The trajectory of the bomb must be consistent both in air and water. 
The minimum acceptable terminal velocity for the bomb is 1,000 feet 
per second. 

(c) The bomb should be suitable for filling with Torpex. The weight of 
the main filling should not be less than 150 lb. 

(J) The bomb must be suitable for carriage in British and American aircrafr 
in the maximum quantity which space and weight will permit, and 
in a manner which will permit bombs to be released in ' sticks.' 

(g) The bomb and its design. must conform with the standard Royal Air 
Force requirements for safety in storage, handling. loading and 
carriage in. Service aircraft. 

(h) The design oi the bomb and its fuzing arrangement is to be suitable for 
quantity production. 

These were strenuous conditions and foreshadowed a long period of develop­
ment. As a concession to the early production of a preliminary mark the height 
limit of 5,000 feet was reduced t.o 2,000 feet if by this means the weapon could be 
produced more quickly. 

On 15 Augttst 1943, A.C.A.S.(T.R.} asked C.R.D. to authorise the design, 
development and production of the new bomb on high priority. Copies of 
the requirements were sent to the Admiralty, to D.Arm.D. , and by him to 
the Ordnance Board with an urgent request for a suggested design to meet 
them, by C.E.A.D.1 D.Arm.D. suggested U1at a new impact fuze might be 
designed to meet the fuzing requirements, but that the R.A.E. designed 
hydrostatic fuze (No. 895-already referred te in this chapter) should be used 
for preliminary trials. As there had already been a 250 lb. anti-submarine 
bomb dating from pre-war years, and of entirely different design, the new 
bomb in jts first fonn was given the name • 250 lb. A.S. Type A'. C.E.A.D. 
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used , as a guide to preliminary design. the general shape and construction of the 
600 lb. A.S. bomb-a cylindrical body with break-away nose fairing and tail. 

The choice of case thickness presented some difficulty for there were con­
flicting requirements : it must be thin enough to give the maximum charge/ 
weight ratio, and heavy enough to withstand a dry hit on a U-boat without 
breaking up. One-quarter inch was chosen though it was considered barely 
sufficient to meet the latter requirement. 

The best method of manufa,cture and the most suitable material were also 
in doubt, and it was decided that quantities of bombs made by various pro­
cesses and with various types of steel must be made for comparison. In the 
first place orders were placed for fifty bodies made by pressing two halves of 
35/40 ton steel and welding, and fifty seamless tubular bodies with pressed 
noses : also for fifty bodies from seamless tubu lar steel 24/30 tons tensil 
strength with the nose swaged in . Later, two further modifications to manu­
facture were added-3S/40 ton butt-welded tubing and 20/30 ton seamless 
tubing and fifty bombs made by each proce ·s were ordered. 1 

It may be noted at this point that two other designs- known as Type 'B ' 
and Type ' C '- were considered by C.E.A.D. Type' B 'was a penetrating bomb 
intended to penetrate the pressure hull without. breaking up. A pointed nose 
was to be provided , covered by a blunt nose fairing which would only be 
detached on a ' dry' hit, and would thus ensure a good under-water path. 
Type · C' was to contain a hollow-charge in the nose. Neither of these types 
was developed. · 

From December l943 onwards commenced a series of trials with scale model 
and foll size bombs. In December and January, a series of trials with quarter 
scale models by M.A.E.E. at Helensburgh , to investigate the under-water 
trajectory at various angles of entry, showed that except at very shallow angles 
of entr the bomb travelled stably in ah open cavity to a depth considerabl · 
greater than thJ required firing depth of 25 feet . 2 From this it appeared that 
hydrostatic firing at the requiTed depth would not be possible with the present 
bomb shape and t hat the under-water drag would have to be increased. In 
J anuary, another series of trials with scale models , upplied by C.E.A.D. was 
completed at the Road Research Laboratory, to investigate the possi.bi lities 
of ricochet. Models were fired ft:om a mortar lo st rike a sheet of water. These 
trials showed that at angles of entry or below 9 degrees ricochet occurred, and 
that this was probably independent of ve locity at entry, at any rate within 
the range of velocities to be expected. :1 During this p riod C.E.A.D. was 
preparing desjgns for a baseplate so that the full scale bombs could be fired 
from a gun against representative plate targets. and D.N.C. was preparing 
suitable targets. 4 

Th \,\ eapons uh-commi ttee of the Aircraft Anti -U-Boat Committee met 
on 30 December and agreed that the hape of the nose, and possibly the 
diameter, would have to be altered to give under-water instability, if shallow 
firing with a hydrostatic pistol was to be achieved. Model tests with the new 
design were arranged. Re-design of the pistol so that the presence of a cavity 1 

would not affect its firing by leading water from the 11ose to a pocket containing 
the pistol was discussed, and trials of this modification arranged. 

1 M.A.P. File S.B. 46554 , 
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There was some disagreement at the meeting on the subject of the Air Staff 
requirements: some members frankly stated that they were incompatible, and 
impossible to meet, particularly those dealing with strength and charge/weight, 
ratio, but the majority agreed that a design to meet the requirements might 
be devised. As a result, three alternative designs were prepared to diminish. 
the depth of cavity, and sent to M.A.E.E. for tank trial in March 1944.1 

Firing trials against 1 inch M.S. plate at an angle of SO degrees to the normal 
of the line of fire were conc1uded at Shoeburyness in May 1944. 2 Bombs 
constructed in the various methods described earlier were tested and the 
trials showed that the seamless tubular body with swaged nose was the most 
suitable, This indeed was the only type which showed no sign of longitudinal 
cracks after impact. Moreover it was comparatively easy to manufacture in 
quantity. 

By July 1944, a Report from the M.A.E.E. on the behaviour of the re­
designed model bombs was received, showing that there was no marked 
improvement. 3 It was shown however that improvement could be effected 
by designing the bomb on the lines of the 600 lb A.S. bomb, with ' skew ' nose. 
The effect of this skew, or sloping nose, was to cause the bomb to come into a. 
broadside position in the water at about 6 feet depth, so that, at the proposed 
firing depth of 20 feet, the cavity had completely closed. This model became 
known, rather confusingly, as Type' C '. The results of these model trials were 
confirmed by full scale trials in September 1944, when it was shown that the 
skew nose had even more effect on the full scale bomb than on the model.~ 

In September, a series of depth of firing trials with full scale bombs Type ' C ', 
fitted with No. 895 hydrostatic fuzes, was completed at the Fairlie Range by 
M.A.E.E.6 The new bomb followed the design of the 600 lb. A.S, bomb, and 
was fitted with a nose fairing and a tail, both of which were shed on impact. 
The nose was concave, and set at an angle, away from the suspension lug. 
Accommodation for a nose impact fuze was provided. The tail (hydrostatic) 
fuze was No. 895 set to fire at a depth of 18 to 22 feet. The tail resembled that 
of the 600 lb. bomb, but had two square holes in the cone to take the fuzing 
wire. The diameter was 13 inches, the length 42 inches. 

Sand filled bombs with live tail and dummy nose fuzes were dropped, 
fifteen from 50 feet and fifteen from SOO feet, at an airspeed of 180 knots, 
A11 fired except one which was a ricochet, at an average depth of 24 feet. 
Depth of firing tended to be greater at the lower height of drop. At angles of 
entry below 18 degrees bombs tended to ricochet, Entry and under-water 
ballistics were good.6 These trials were very satisfactory and production wa.c; 
at once increased so that more comprehensive trials might be made. At the· 
same time the bomb received its service name of ' Bomb H.E. aircraft 250 lb. 
A.S. Mark V Air '. It should be noted that there was, so far, no nose impact 
fuze available, although design had commenced. 

In its manufacture, seamless steel tube was used for the bomb body and both 
ends of the bomb were pressed in one operation. This was the first time such. 

~ M.A.P. File S.B. 46554. 
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3 O.B. Proc. No. 28494. 2 August 1944. 
4 ?,,1.A.E.E. Report HB/TS 6005/S.R. A.rm. 15/R.A.S. 
5 M.A.E.E. Report No. H. Arm. 126. 
• O.B, Proc. Q.2819 (Appendix), 

56 



a method had been used in bomb construction. Welding was thus entirely 
eliminated from the body construction with a resulting increase in strength. 
and -a saving in labour. 

The additional trials referred to above were concluded at Fairlie Range 
by the end o{ February 1945 and gave good results. The hydrostatic fuze 
was set to detonate at W feet, and the mean depth of detonation for thirty­
five bombs was 25 feet. 17 orward under-water travel was consistent and side­
ways travel not excessive. No ricochets were recorded from heights of release 
varying between 550 and 47 feet. 1 Development of the bomb had now reached 
ll,t'! stage where its introduction into service could be contemplnted, and in 
March 1945 'Advanced Instructions· for its use were promulgated, 

There was one requirement however which still remained w1fulfilled- that 
for instantaneous detonation on a 'dry hit' for attacks from heights at which 
the aircra.ft was safe from, blast or splinter damage. This was to be met by the 
.fitting of a pistol in the nose of the bomb which could be selected by the pilot 
or not, according to his height. Such a pistol was under design by C.E.A.D. 
but trials were still incomplete. 2 

By the middle of 1945 the first five hundred bombs were issued to Coastal 
Command for operational trials. 3 No opportunity however occurred for such 
trials, and on ly an insignificant number were used in operations : the great 
majority of the initial Mark V bombs used were in fact expended in observed 
experimental trials, by M.A.E.K Felixstowe, at Fairlie Range, in July and 
August 1945, when fifty-three bombs were dropped from heights between 
600 and 30 feet. These trials showed that depth of detonation, set at 23 feet, 
averaged nearly 30 feet, with a maximum of 38 and a minimum oI 23, and that 
the bomb had a seriously high failure rate- in the neighbourhood of 1 I per cent. 4 

1 M.A.E.E . Report HB/Mm ,/5001 /4S and M.A.P. File S.13. 46554. 
• The bomb so fitted became Mark VJ. 
"M .A.P. File S.B. 46554. 
4 M.A.E.E . Report l! X/ 102/4 Arm . and M.A.P , File S.B. 46554 , 
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CHAPTER 4 

DEPTH CHARGES 
The 450 lb. depth charge, Mark VH 

Up to the eud of 1939, Coastal Command aircraft had sighted fifty-seven 
submarines, had attacked forty and had damaged eight. In January 1940, 
six U-boats were sighted, four attacked and one destroyed: jn February the 
corresponding figures were fifteen, eleven and two damaged : in March there 
were seven sighted, six attacked without success. 

The submarine is an extremely elusive and difficult target. It is J ikely to be 
sighted only in dayJight and rarely can an aircraft expect to approach a 
submarine without being itself observed. There is thus little time for a 
calculated run-up to the target, which, even if it is still totally on the s urface, 
js extremely small, but which has probably partially or completely disappeared 
and finally there is seldom any obvious evidence that damage or destruction 
has been effected. 

It was natural that the anti-submarine bomb should be blamed for such poor 
results, although of course there were many other reasons. This opinion was 
occasionally confirmed when ant i-submarine bombs were dropped enthusiasti­
cally near British submarines, when the damage turned out to be negligible. 
Whatever the truth, the Command began at once to look for a more satisfactory 
weapon. The only available alternative to theA.S. bomb was the depth charge 
which had been the standard Naval weapon for the attack of submarines for 
many years. It had two points greatly in its favour: it had a hydrostatic 
pistol of comparatively simple design, while the A.S. bomb had a complicated, 
unreliable and non-watertight fuze : and it had a high charge weight ratio, 
approaching 70 per cent. compared with under 50 per cent. of the A.S. bomb. 
Tt had in addition a great tactical advantage; it could be released from an 
extremely low height without the danger to the aircraft resulting from the 
similar release of an anti-submarine bomb which detonated instantaneously on 
impact with the submarine, or after delay, on jmpad with water. In either 
case there was a danger to a low-flying aircraft, for a bomb entering the water 
at a flat angle was liable to ' porpoise ·, and might then detonate in the air or 
very near the surface. 

Advantages were not wholly on the side of the depth charge : a direct hit did 
not result 1n fostantaneous detonation, though it was hoped that the charge 
would roll off and detonate underneath : and the depth charge was not 
primarily designed for release from aircraft. Trials were carried out at the 
Torpedo Development Unit at Gosport with specially adapted Naval 450 lb. 
depth charges to determine their behaviour when dropped from aircraft. These 
trials were completed in November 1939 and stringent ]imitations of height and 
airspeed had to be enforced to avoid the possibility of the depth charge breaking 
up on impact. " 

The balance, however, seemed to be jn favour of the depth charge, and in 
March 1940, experiments to convert the standard _Naval depth charge into the 
semblance of a bomb were commenced in the Torpedo Development Unit, 
Gosport, on orders from H.Q. Coastal Command. The conversion was necessary 
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not so much to ensure stability in air, although this was important, but to reduce 
drag when charges were carried under the wings of a flying boat or an aircraft 
with no arrangements for internal stowage of bombs. Nose and tail fairings 
were designed and held in position by four steel rods which connected them 
together, and suspension from the bomb carrier made possible by the fitting 
of a suspension band. 

2SO LB. DEPTH CHARGE, MARK XI* C.C. 

This rough and ready ' bomb ' was tested from a Sunderland off the Isle of 
Wight in April 1940, found to fall and to detonate satisfactorily ancl was 
immediately adopted as a successor to the anti-subm~rine bomb. It was not 
within the power of the Command to convert an unlimited number of depth 
charges, and in June 1940 the work was undertaken by M.A.P. to whom 
drawings of the conversion parts, nose, tail and suspension band were sent. 
Manufacture of one hundred sets of the necessary parts was put in hand by 
D.Arm.D. 1 At the same time urgent arrangement for the despatch of the 
parts to five Coastal Command Stations was made. 

1 M.A.P. File C.S.B. 7786. 
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250 LB. DEPTH CHARGE, MARK XI* C.C., FITTED WITH MARK IV* TAIL. 

60 



After these preliminary measures to secure with the least delay a supply of 
depth charges for operational trial, D.An:n.D. approached the Ordnance Board 
with a request t hat the Chief Superintendent of Design should consider the 
rough drawings prepared by Coastal Command, and prepare others more suitable 
for quanti ty production. By August, a fu rther seven hundred depth charges 
had been obtained from the Admiralty-the estim:;i.ted expenditure by Coastal 
Command for tb.ree months-and arrangements made for con version sets. 1 

l'he depth charge as an anti-submarine bomb was already established as the 
standard weapon, and, with many modifications, remained so until the end of 
the war, although 250 lb. anti-submarine bombs were often carried in addition, 

The first major modification was an essential one to the pistol. I n the original 
design of pistol (Mark VII) no safety arrangements such as are normally .fitted 
to aircraft bombs for safe dropping were possible. Generally they were un­
necessary as it would aJmost always be possibJc to jettison depth charges in 
~eep water, away from shipping, in an emergency, and depth charges dropped 
on land would not be expected to detonate jn any case. There was, however, 
one circumstance which fovolved grave risk. Should an aircraft crash into the 
sea while carrying deptl1 charges, these would detonate on reaching the requisite 
depth and members of the crew who ltad escaped to the surface would almost 
certainly be killed. This could to some extent be avoided in the Sunderland, 
by setting t he pistols inside the aircraft just before winding out the carriers. 
In other aircraft, particularly those in aircraft carriers, the danger was very 
real. 

The Superintendent of Mine Design t herefore undertook to produce a type 
of pistol which could be dropped safe. The depth setting on the pistol, instead 
of being set to ~he required depth by hand when charges were secured to the 
aircraft. was fitted with a spiral spring which constantly endeavoured to rotate 
a key away from its safe position. Rotation was prevented by a pin, connected 
with the fuzing box of the carrier, and a second pin was provided which could 
be inserted into a hole opposite each depth position and which would act as a 
slop to the spring rotated key. Thus the depth setting was made automatically 
as the charge left the aircraft. By leaving the fuzing controJ in the safe position, 
the retaining pin remained in position and the charge' thus dropped ' safe'. 
The final des.ign of pistol thus modified became Mark X. 

The. second important modification to the air depth charge was the improve­
ment of the additional fittings at nose and tail and the s uspension band. 2 All 
these parts had been hastily im11rovisecl in CoastaJ Command and were obviously 
capable of great improvement. Weaknesses soon became apparent but the 
chief trouble lay in the suspension band which was not designed for the violent 
acceleration and deceleration loads imposed by carrier landing and take-off. 
Jn October 1940 a meeting was held at R.A.E. to consider what improvements 
might be made, and it was decided that C.S.D , should be asked to re-design the 
~ttings. The new desi&71 was completed by November. 

Apart from minor modifications from time· lo time the 450 lb. depth charge 
remained in its original form throughout the war, and no jurther mention of it 
need be made. On the other hand numerous modifications to the pistol were 
found necessary to keep pace with changes in the policy of anti-submarine 
attack. These changes were mainly concerned with depth setting and as they 

1 M.A.P. File C.S.B. 7786/l. 
'M.A.P. File C.S,B. 7786. 
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apply e ~ually to the second type of depth charge used during th.e greater part 
of the war, it will be convenient first to give a brief history of this weapon, and 
then to describe the development of their common pistol. 

The 250 lb. depth charge, Mark Vil 
The 450 lb. depth charge wa!'; too heavy to be canied in reason.able numbers 

in such aircraft as the Fleet Air Arm Walrus and Swordfish and too bulky to 
fit into the internal stowage position in, the Hudson, which, by the end of 19°'0, 
had become the standard General Reconnaissance aircraft of Coastal Command. 
1 t was therefore necessary to design a smaller depth charge which cou Id easily be 
accommodated in these smaller aircraft, and as the most urgent need was for 
a weapon to replace the anti-submarine bomb in the Swordfish, the production 
of the new charge was undertaken by the Superintendent of Mine Design , 
Admiralty. The name given to this weapon was originally D epth Charge type 
· F '. ft weighed 246 lb. and contained 170 lb. of explosive, its charge/weight 
ratio thus being just under 70 per cent. 

ln November 1940 the · F ' type charge was avai lable to all shi ps carrying 
aircraft, and to the Air Ministry. By this time its name had been changed to 
Depth Charge, Mark VTII. 1 lt was a plain cyJinder with a diameter of 11 inches 
and a length of 39 inches whi ·h was later increased to 56 inches by the fit.ting 
of a plain drum tail. No nose fairings were designed. The pistol was the 
standard Mark VII or the modified Mark X as 1=1sed in the larger depth charge, 
for ordinary and catapult take-off, and live and safe dropping trials were 
arranged by D.Am.D. with A. & A.E.E. and R.A.E. Similar trials were organised 
by S,M.D. Admiralty to be undertaken by H.M.S. Vernon. 

By December, R.A.E. had completed all the necessary strength tests for the 
severest catapulting loads likely to be encountered, and the results were 
considered satisfactory, and by the sam date A. & A.E.E. had confirmed that 
stowage in Walrus , Swordfish, Albacore an<l Hudson was satisfactory, with 
certain minor modifications to carriets. 2 ln the same month various dropping 
trials carried out by H.M.S. Vernon in conjunction with the Torpedo Develop­
ment Unit at Gosport showed that the depth charge without ta il was satisfactory 
from heights not greater than 200 feet at speeds not exceeding 220 kno!s : 
at greater heights and speeds, the charge was unstable and required the fitting 
of a light cylindrical tail which the Superintendent of Mine Design undertook 
to design . Meanwhile, on 23 January 1941, the new depth charge was cleared 
for use in R.A.F. aircraft, and Confidential Fleet order No. 142/41 was published 
by the Admiralty introducing both the Mark VII and Mark VIII charges. The 
pistol used was Mark X, that iS to say the original Mark VII depth charge 
pislol with self depth-setting device which operated only after th.e depth charge 
had left the aircraft. 

By May 1941 , the Superintendent of Mine Design had completed his design 
for a cylindrical tail and dropping experimen ts had been made at Stokes Bay 
(Gospor.t) unde, the supervision of the Captain H.M.S. Vernon. Although the 
recovery gear :fitted to the charges failed, a11d no exain.ination for impact damage 
could be made, it was evident that the addition of an 18-inch cylindrical tail 
hatl corrected a tendency to r icochet at heights of drop of under 250 feet, and 
that flight in air had been improved, as had entry into the water. 

1 M.A.P. File C.S.B. 11989. 
• Walrus 4, Albacore 8, Swordfish 6, .Hudson 8. Jl;f.A.P. File C.S.B. 1 l989. 
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The remainder of l941 was occupied with various experiments with different 
designs of tail and tail fittings, carried out at Weston-super-Mare by D.M.D., 
at West Freugh. by the Torpedo Development Unit of the R.A.F. and. at 
M.A.E.E., Helensburgh. All of these experiments were hampered by Jack of 
facilities for observing the under-water effect of the tail. As , towards t he end 
of J941, the policy o( fitting tails was considerably modified , it is unnecessary 
to describe these experiments in detail. 

This change of policy had its origin in a decision by the Anti-submarine 
Warfare Committee, and due largely ·to tbe researches of Professor B lackett, 
that successful attack on submari nes could only be guaranteed if depth charges 
could be made to detonate at much shallower depths than heretofore. Depths 
['Jf 15 to 20 feet were aimed at. This reduction 1n depth of detonation was 
primarily a matter of pistol modification , and from this point of view will be 
discussed later. 

A secondary method of attaining shallow detonation was discussed at a 
meeting at the Admiralty on 21 January 1942, when the suggestion was made 
that by making the tail break away on impact, and by redesigning the shape of 
the nose of the depth charge case, shaUow firing might be achieved in combina­
tion with. a modifi ed pistol. 1 The principle of redesign was the conti:ol of under 
water t.ravel by means o( a 'spoiler nose' the efiect of which was to make the 
depth charge unstable, and to cause it to travel broadside on . Tank trials at 
the Admiralty Research Laboratory at Teddington with models gave promising 
results, and a Mark I chaTge was accordingly designed, which had a concave 
nose, to give the desired ins tability on impact. By the middle of 1942, produc­
tion of depth charges was concentrated on the Mark XI which in combinat ion 
with a modified pistol had proved to be the most satisfactory anti-submarine 
weapon. 

Reduction in firing depth of depth charges-Modifications to pistols 
The originaJ depth charge pisto l had been that used by t he Navy for Mark VI f 

depth charges used from the decks of surface vessels , and which had a range of 
depths from SO to 250 feet. The first modification to this pistol has already 
been described and was a method of increasing the safety o f aircraft carrying 
depth charges, which might crash and si1tk1 and whose charges 011 reaching the 
set depth, would detonate. The Mark X p i::.tol was designed so that the pistol 
remained safe so long as the depth charge was attached to the aircraft, the depth 
being set by a spiral spring a fter release. The range of depth settings however, 
remained as before. 

By the middle of 1941 , it was realised that foL- the successful destrnctio11 of 
U-hoats, a much shallower depth setting than that provided in the naval pistol 
was required, and a figure of 20 feet was set as the goal. An im mense amount 
of labou r and research on the part of the Superintendent of Mine Design and his 
staff, between the middle of 1941 and the latter part of 1942 , was expended on 
what proved. to be a most. difficult problem. Reduction in the strength of the 
!iring spring, the first obvious step t o take , proved ineffective; and it was 
realised that the trouble lay in the rate of entry of water to create the necessary 
hydrostatic pressure to fire the pistol. An increase in the number of water 
entry ports resulted in partial success, and by April 1942, firing at from 30 to 35 
feet had been achieved. 

l. M.A.T'. File C.S.B . 11989. 
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lt was al this time that moJincatfon to the design of the depth charge case 
as well as to the pistol were found necessary. Various other modifications to 
the internal construction of the pistol resulted finally in the No. 16, with a s ingle 
depth setting of 22 feet. The 1Vl.ark XI depth charge with No. l6 pistol remained 
the standard combina tion throughout the rest of the war. 

The 250 lb. depth charge, Type ' M ' 
The 250 )b. depth charge ha:d proved to be an efficient weapon so far as it 

went, but it had many inherent faults. The weak structure of its case enforced 
severe limitations of height of release and air speed : the pistol had not been 
designed to withstand severe impact with the water, moreov~r little. was known 
of the under water behaviour of the weapon, except that it was probably highly 
erratic. The fact was that the depth charge had been adopted as an emergency 
measure and had had none of the trials which a new weapon should pass before 
acceptance. There w,ere indeed at that time no facilities for such trials, and 
there is no doubt that the testing of weapons for the attack on submarines­
frnm time to time throughout the war declared to qe the most important of all 
targets- had been sadly neglected. Practically nothing was known of the under­
water behaviour of the bombs, and little of under-water detonation- so little 
that the scale of distances from a submarine at which the detonation of a given 
charge would ensure destruction differed in the Navy and the R.A.F. by 
several feet. 

The only trials which had been, completed by the end of 1940, were various 
statistical trials at M.A.E.E., l-Ielensburgh, and these consisted in dropping 
live charges and observing whether they detonated or not. F rom these observa­
tions, rough limits oi height and airspeed were computed, inside which detona­
tion was fairly certain. By the middle of 1941, it had become apparent that 
these limitations were too restrictive, and that the detonation of depth charges 
was in general too deep. The long series of modification to the pistol to improve 
the latter defect and obtain the shallowest possible firing depth has already been 
described, but it was not until 1943 that serious improvements in height of 
release and maximum air speed were made. At a meeting on the 11 August 
1943 of the Anti-1J-Boat Committee, it was decided that the maximum height 
of release must be raised to 1,500 feet and the speed at release to 250 knots. This 
change in height of release had become of paramount importance, for U-boats 
at that time, instead of diving immediately 011 sighting an aircraft, preferred 
often to stay on the surface and retaliate. 

A new design of depth charge was evidently urgently needed and D.O.R. 
at once authorised D.Arm.D. to commence work on a fresh design. At the 
same time the Director of Torpedoes and Mining. Admiralty stated the require­
ment for a modified depth charge to the Superintendent of Mine Design at 
Havant.1 The modifications were to be ' simple and which require no tools.' 
A height of release of 1,000 feet was to be essential and of I .SOO feet if this could 
be achieved without undue difficulty. The 1,000 feet-charge was to meet 
immediate requirements, but concurrently work was to continue on the 
I ,SOO-feet charge which was the ultimate figul'\! aimed at. 

l3y the middle of November, and with the assistance of R.A.E. two designs 
had been produced by the Superintendent of Marine Development and arrange­
ments were made with the Director of Torpedoes and Mines for the manufacture 

1 D.T.M. Admiralty. 20 August 1943. 
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o{ fifty of each for comparative tria:P These were described as types M/ A and 
M/B. In the former the requirements of air and water ballistics were incor­
porated in the Mark XI depth. charge case with a strengthened and modified 
nose cap : in the latter good air baUistics were assured by a separate nose cap 
which was detached on impact with the water. Both types were fitted with a 
cone and drum tail. 

In May 1944 firing trials with type M/A were concluded in the R.A.F. experi­
mental area off Lady Isle (Clyde estuary) under the superintendence of the 
Captain, H.M.S. Vernon, and with assistance of M.A.E.E. Helensbtrrgh. 1"wenty­
two charges were dropped from 1,500 feet at s peeds from 120 to 210· knots. The 
results showed firing depths between 40 and 70 feet (with D.C. pistol No. XVI), 
which were inuch greater than those expected or desired. 2 These trials were 
followed on 8 and 9 May by simDar trials of the M/B type at similar speeds and 
heights with the same result- too great depth of firing. :.t 

Meanwhile extensive ballistic trials by the Orfordness Research Section of 
R.A.E. had shown the new charges to be slightly unstable, due probably to the 
tail design. 4 

The hoped for rapid development of the improved depth charge, the Air Staff 
requirements for which were now a year old, was thus unfulfilled, and botl'l 
types M/A and M/B were abandoned. Work commenced on a type M/C, but. 
in July 1944, D.Arm.D. suggested to D.Arm.R. that work on this modification. 
might be abandoned. By t hat time an entirely new anti-submarine bomb of 
250 Lb. was well under development, and might be retarded if the development 
of the 250 lb. depth charge should continue. 

The matter was discussed by theAnti-U-Boat Committee in August 19'4'4:. andl. 
it was agreed that further work on the depth charge should be undertaken:, but 
on low priority .5 S.M.D. had meanwhile produced an M/D design with a flat 
nose cut off at an angle of 5 degrees, and a break-off air balhstic nosecap of 
bakelite to correct the 'skew' nose during the air fall of the charge. This looked 
p,ontising and it was agreed that it might be cleared 'without extensive trials.· 

Trials, on (s imilar lines to the previous experiments, were made at the 
beginning of August, in the Firth of Clyde.8 The depths of detonatton, with_ 
release from 1,500 feet at 200 knots showed a great improvement over 1iypes 
M/A and M/B. varying from 16 to 24 feet. D.T.M. accordingly recommendecl 
the acceptance of the M/D type under the name of depth charge 250 lb . Mark 
XlV,7 and acceptance trials, carried out in the F irth of Clyde by the Fleet Atr 
Arm in January 1945, were satisfactory.8 The conclusions we(e tbat the Mark 
X LV was reliable at a mean depth of 19 feet between release limits of 50 to 1,500 
feet and 120 to 250 knots : that it could be jettisoned safely and did not ricochet. 

A further modification of the Mark rlV depth charge resulted in. a Mark 
XV version. This mark was specially designed for the at tack of U-boats fttted 
with the Schnorkel which made their appearance at the end of 1944. A sub­
marine so fitted could obtain sufficient fresh air from the surface, not only to 

1 S.M.D. F . 1782, 16 .November 1943. 
' Vernon Report P . 253/44, 30 May 1944. 
3 Vernon Report P . 236/44 , 29 J une 944 . 
• R.A.E. Arm_ S 560/B, 19 July 1944. 
~ M.A.P. File S.B. 30946. 
6 Vernon Report No. P 342/44, 28 August 1944. 
7 D .'f.M. AdmiraHy l,1/S. 2601 A/44, 19 Dece.mber 1944 . 
• Vernon Report M.1008, 23 February 1945 . 
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remain submerged for very long periods but also to recharge its batteries, an 
operation which previously could !'.>nly be can:ied out while surfaced. For the 
destruction of such submarines, a detonation depth of SO to 60 feet was 
required, in addition to the 20 feet needed for surface or near surface attack. The 
Mark XV depth charge met this need by the fitting of two pistols, one designed 
to detonate at 20 and the other at SO feet. Both pist·ols were air armed and 
could thus be selected by the pilot before release. The development of the 
Mark XV depth csarge was interrupted by the end of the war, and before 
acceptance trials could be made. 

The days of the depth charge as an anti-submarine weapon were, however, 
numbered, the Marks XIV and XV design,s were not accepted for service by the 
Royal Air Force. In August 1945 A.C.A.S. (Ops.) confirmed that there was no 
longer a requirement in the Royal Air Force for any form of depth charge,1 tl e 
decision having been made after a lengthy discussion of the position by the 
Aircraft Anti~U-Boat Committee in July 1945,2 and the production and develop­
ment of all marks of depth charge were terminated. The Fleet Air Arm on the 
other hand decided to retain the depth charge until the new A.S. bomb should 
become a proved and reliable weapon. 

Probably no individual weapon played such a long and important part in 
warlike operations as the depth charge which was in fact the only important 
anti-submarine air weapc:m during the whole of the war. This is the :more 
remarkable as its early development began in a private venture by Coastal 
Command, in the rough improvisation of the naval depth charge. 

1 D. Arm. R., 20 August 1949 and A.M. File S. 8l945: 
: A.A.0. B.C. 23rd Meeting, S July 1945. 
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CHAPTER 5 

THE ' W ' BOMB 

Plan ' Royal Marine' (W.A. 16) 
Towards the end of 1939, a Plan known as W.A.16, with the code name 

'Royal Marine ', was devised by the War Cabinet with the object of ' reducing 
Germany's coastal and inland waterway traffic to the maximum possible 
extent by laying mines from aircraft.' · 

The Naval blockade had greatly reduced Germany's overseas trade since 
the outbreak of war, but could not interfere with her coastal and inland water 
traffic. At that time the only meth.od of approach to German rivers and 
canals was by air and suitable aircraft weapons had to be devised. One of 
these was the ' W ' bomb, designed to float down rivers to destroy on contact 
barges and bridges; or to be moored in canal~. (For the attack of coastal 
and estuary shipping a second weapon, the magnetic mine, was developed.) 

The requirements for such a bomb were that it should float freely some 
3 feet below the surface : that if necessary it should moor itself in this position : 
that it should be capable of remaining at the bottom of a canal for a length 
of time up to several days, after which it should rise into position below the 
surface : that it should be safe when d ropped from a low height and capable 
of withstanding impact on water : it was to be self-sinking after a prearranged 
period in case it should float into neutral waters. The weight of explosive 
was at first undetermined. In November 19391 trials by H.M.S. Vemo1i, 
and H.E. charges against dummy lighters, showed that the charge to be · 
effective should not be less than 8 lb .. In December, further experiments against 
a loaded barge showed that a weight of 8 lb. was insufficient , and that the 
minimum charge should be 20 lb. 

The origin of the ' W ' bomb is somewhat obscure. Its design appears first 
of all to have been considered by Major Jeffris of the War Office but investiga­
tion leads to the conclusion that some of the credit for the design must go to 
Mr. Midgley of Messrs. Midgley Harmer, bµilders of pipeless organs. The 
problem seems to have been discussed between Major Jeffris and a Mr. A. M. Low. 
Low turned to Midgley in October 1939. In a few days Midgley bad produced 
a small bomb weighing 3 lb., of simple design and equipped with a radial 
'spider ' of wires, rather like the ribs of an umbrella, which, ordinarily com­
pressed, when released, sprang out and acted as .sensitive contacts through 
which an electric circuit could be closed to detonate the bomb-a principle 
which persisted throughout the development of the weapon. 

On 28 November 1939, a Conference was called at the Offices of the Ordnance , 
Board to discuss the design of the bomb, then a matter' of great urgency, with 
Group Captain Huskinson, RA.F. representative on the Board, in the chair.2 

The design s uggested by Midgley, which had by t W.s time been made up at 
Woolwich, Major Jeffris havjng supplied the drawings, was discussed and 
various modifications suggested. Arrangements were made for R.A.E. to 
investigate the carrier problem and static and dropping trials were arranged. 

1 M.A.P. File S.B. 2315/1. 
• O.B. ' W ' I File. 
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On 2 December 1939, a further meeting was held at the Ordnance Board 
Offices. Various points of design were discussed, and an order for one hundred 
bombs placed with tqe Chief Superintendent of Design, Woolwich. Dropping 
trials in the Staines Reservoir were agreed on, after the consent of the Metro­
politan Water Board had been obtained. 

Yet another meeting was held on 6 December, by which time a r eport from 
H.M.S. Vernon had been received, recommending 20 lb. as the least weight of 
charge to be effective. This meant a re-de.sign, the dimensions of which were 
increased to 10 inches diameter and 16 inches length ; the total weight was 
estimated as 30-35 lb. Experiments on soluble plugs were put in hand both 
by the Admiralty and by C.S.R.D. Woolwich, all work on the original small 
bomb was sto_pped, and the development of the larger bomb commenced. By 
11 December, various other refinements in the- design had been considered, 
such as an arrangement of cork floats to keep the bomb out of sight just below 
the surface, and a sinking device which would, after an interval , allow the 
bomb to rise. 

On 21 De~ember, six of the Woolwich bombs were dropped into Staines 
reservoir but were all unsuccessful. Their ballistics were bad and the bombs 
cart.wheeled badly and received extensive damage on impact. Further trials 
on 27 and 29 December were again unsuccessful; on the last date drogues 
were fitted to lessen the force of impact, but all bombs sank and did not re­
appear.1 

On 29 December 1939, at a meeting held at the Air Ministry, with Air 
Vice-Marshal Tedder in the Chair, attended by representatives from the 
Ordnance Board, Directorate of Armament Development and the Directorate 
of Armament Production, Messrs. Midgley Han:ner were given the contract for 
ten thousand bombs a,nd containers. 2 Full working drawings o-f the 31 lb. 
bomb were completed by 13 January, and production had commenced py 
3 March. The task of following and supervising the development o-f the bomb 
was given to Group Captain I-Iuskinson, then a member of the Ordnance Board. 
Before a detailed a,ccount of the subsequent development of the bomb is given, 
it may be well to give a brief description of the various types which eventually 
came into existence, 

The Mark I bomb was made up of a cylindrical casing of 10 inches diameter 
and 15 inches long, filled with a charge of 20 lb. T . .T. , the total weight being 
35 lb. The bomb had a negative buoyancy, and to it were attached by lines, 
a number of cork floats. These corks were contained in a small chamber at 
the top of the bomb, which also contained the firing device-a number of 
wires arranged like the ribs of an umbrella. These were held together by a 
lid which also retained the corks but were arranged so that, on the removal of 
the lid they opened out radially, forming a number of projecting ' whiskers ' . 
Two delay devices in the form of soluble plugs were fitted: the first, after two 
or three minutes in the water, freed the lid, releasing the contact wires and 
corks which then held the bomb suspended at a depth of some 3 feet and free 
to float with the current of the stream. The second was intended -to sink the 
bomb after a lapse of six, eighteen or forty,eight hours (according to the type 
of plug fitted) , so that it became inoperative in neutral waters. This type was 
intended for use in rivers. 

1. O.B. ' W ' File. 
• M.A.P. File S.B. 2~86 AD/Arrn P. 2. 
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For the still waters of canals, a Mark II pattern was designed in which the 
corks were attached directly to the bomb. At the bottom was a S lb. sinker 
and 6 feet of mooring cable. After entry the sinker was freed by a soluble 
plug, and moored the bomb 6 feet from the bottom. As the average depth of 
a canal is 9 feet, it was thus held some 3 feet from the surface. A third type 
(Mark III) was intended to destroy pontoon bridges, whose draught is about 
I foot. The Mark III bomb, by means of directly attached corks, floated just 
below the surface, and was intended to drift into contact with the bridge. 

In -all Marks, any contact with the radial wires completed an electric circuit 
supplied by a small battery, firing an electric detonator and the main charge. 
All bombs were fitted with a small drogue, designed by the Royal Engineers 
and Signals Board, to check their impact. 

While production was going ahead with conspicuous rapidity, the tactical 
use of the bomb was discussed among other matters at the Admiralty on 
15 January 1940, with the First Sea Lord in the Chair. 1 Air Vice-Marshal 
Tedder, Group Captain Huskinson and Major J effris were present. 

The plan Royal Marine was discussed under four heads :­

(a) Drifting mines to be placed in rivers from the banks. 

(b) Drifting mines to be laid in rivers by aircraft. 

(c) Mines for still waters to be laid by aircraft. 

(d) Mines for estuaries. 

(a) and (d) were the responsibi lity of, the Admiralty, (b) and (c) of th Air 
MITTistry. For (a), mines were to be sent to F rance 'where the French Navy 
would be responsible for placing them in rivers. 

Air Vkc-MarshaJ Tedder gave proposed production figures for the Mark I 
(d rifting) bomb, of w,hic}1 ten thousand had been ordered. Five thousand 
should be ready by the middle of February, and before the March moon. He 
slated that authority had been given for a second ten thousand Mark lI 
(Moored) bombs. The First Sea Lord directed that all steps were to proceed 
on the highest priority. 

\ 
On 24 January 1940, a Conference at the Ordnance Board, with Group 

Captain Huskinson in the Chair, qiscussed the requirements for the Mark II 
design referred to at the Admiralty Conference. It was to resemble the Mark I 
pattern as far as possible: it was to be capable of remaining at the bottom of 
a canal for periods up to one week, after which it would free itself and rise to a 
position jusl below the surface. Investigation into the design of soluble pellets 
to give these delays was undertaken by C.S.R.D. Woolwich. 

The -first dropping trials of the Mark I bomb were completed on 14 February. 
Eight bombs were dropped in Staines Reservoir four from SOO feet, two from 
1,000 feet and two from 300 feet, of whkh seven successfully detonated, and 
arrangements were then made for further trials of production bombs. R.A.E. 
were to organise trials in the Reservoir to test the carriei;s (special W container 
and smaH bomb container), and the operation of the detonator. Live bombs 
were to be dropped on hard and soft ground at Porton to test !or detonation, 
should the river or canal be missed. Bombs inert, but with. live detonators, 

1 Military Branch Admiralty, 16 January 1940. 
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were to be drifted down the Thames. Rough usage trials were required and 
were arranged by C.S.D., whilst arrangements were made for the supply of 
dum!)'ly bombs for training, and experimental purposes. 

At the end of February, two Mark I bombs were sent to A. & A.E.E. for test 
against a concrete target, as the Air Ministry had decided that detonation on the 
banks of a river or canal was undesirable.1 The trial was completed on the 
hard target at Porton on 5 March, the bombs being dropped from 350 feet at 
200 m.p.h. ; neither detonated.2 

Meanwhile various other trials had been made, those on the Thames at 
Reading giving only moderate resuJts.3 On 28 February, two bombs were placed 
in the river , flowing at about 3 knots. Both armed in 2 to 3 minutes and floated 
on th~ centre of the stream for some three quarters o{ a mile. One failed to 
detonate when struck by the bows of a tug ; the second detonated when struck 
by an oar. Further trials on 1 March were more promising. Five bombs out of 
six anned correctly : four detonated against a tug. One failure was due to the 
bomb sliding among trees on the bank: the second was due to a faulty electrical 
connection. On 2 March, a test of production bombs was made from a Blenheim. 
Ejghteen bombs were released from heights frnm 1,000 to 300 feet and all were 
satisfactory. One bomb from 1,000 feet hit the bank and was detonated 
successfully afterwards. 

On I April, a trial of the Mark I bomb against a pontoon bridge at Walling­
ford, showed that this design was unsuitable for the destruction of such a 
target; two bombs floated under the briclg~, anned, but failed to detonate. 
It was evident from examination that for the destruction of a pontoon the 
bomb must float on the surface and the detonating contact wires must be just 
clear of the surface. This gave rise to a new requirement, culminating in the 
Mark III bomb. 

During this time work on the Mark JI pattern, the moored bomb for rivers, 
had gone successfully forward. A self-detonating sinker had been designed and, 
on 27 March 1940, a trial was completed in a reservoir near Kempton Park with 
samples from the production order of 1,500. Six bombs were dropped from 
500 feet into 11 feet of water. Four bombs had 5 cwt. cable sinker lines, and 
two 500 lb. mooring cable : the lines in each case measured 5 feet. 

After release the reservoir was partially drained, and three bombs securely 
moored were found at 7 feet 6 inches. On complete drainage the remaining 
bombs were found on the bottom: the sinkers had been released but, as 
water had entered the central tubes, the bombs were no longer buoyant. 
It was unfortunate that old bombs, which had already been dropped. 
were used for the experiment, and failure of a rubber diaphragm had caused the 
leakage. The S cwt. cable was badly kinked but the mooring line was completely 
satisfactory. 

By 4 April 1940, bombs, redesigned for the attack of pontoons, were ready for 
trial. Two designs were tested: one in which all corks had been removed and 
some of the filling, additional upright ·wire contacts having been fitted, the 
second had corks reduced in size and a ttached (o the top of the bomb : the 
contacts had been turned upwards and no reduction of filling had been made. 

i Z.A.X. 143 26/2. 
• A. & A.E.E. S. 503 Arm, 6 March 1940. 
"M.A.P. File S.B. 2315/ 1. 
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Both types detonated successfully on contact with the pontoon, but the second 
was evidently more satisfactory as no loss of filling was involved. The bomb, 
thus modified, was given the name Mark Ill. 

On 6 April the Air Staff agreed to the production of ' W ' bombs at the rate 
of 250 to 300 daily. A total of 23,000 was required of which 14,000 were Mark I, 
6,000 Mark I1 and 3 000 Mark III. Deliveries of the bomb commenced on 
3 March 1940 and by 11 June a total of 21,910 bornbs had been delivered for 
operations ; this figu re does not include the many hundreds of bombs used for 
trial and experiment. By April , a supply of bombs had been !)ent to eighteen 
Bomber and eight Coastal Command Stations. Courses of training for armament 
officers and armourers had been arranged and all was in readiness for any 
operation that the Air Staff m.ight desire. This call was UJ1fortunately never 
made. 

It will be remembered that operation ' Royal Marine ' was planned in 
November 1939, and was conceived principaLly against shjpping in t11e Rhine) 
At that time it was hoped that equipment would be ready for such an operation 
by March 1940. By February, however, it became apparent that t his could not 
be achieved and the Air Staff decided that, rather U1.an undertake the operation 
on a much reduced scale, and with untrained squadrons, it must be postponed. 
A prematme beginning would have sacrificed surprise and prejudiced the 
chance of success. Moreover, by February the Air Staff had concluded that an 
attack on the Dortmund-Ems Canal would be more profitable, but the canal 
was narrow I and many bombs might fall on the banks. (It was for that reason 
that the trials to show that the bombs would not detonate on land were made.) 
Should they detonate·, the Air Staff considered that Britain would be open to a 
charge of indiscriminate bombi;1g. (It must be remembered that this was less 
than six months after the outbreak of war, and no bombing of land targets 
had yet been undertaken under a restricted bombing policy.) It was therefore 
decided to postpone the operation which envisaged the dropping of Mark I 
bombs on the rivers Rhine, Elbe, Weser, Main and Neckar, and Mark II bombs 
in the Dortmund-Ems and Mittelland Canals, until the full moon of 22 April 
1940, by which time 6,000 bombs would be ready. 

Large numbers of bombs were despatched to France for the use of the Air 
Striking Force, but the evacuation of Dunkirk, and the general war situation, 
prevented any use of them against the enemy. The threat of invasion, and 
the commencement of an offensive bombing policy against invasion ports and 
German industrial areas, occupied all available aircraft , and by the autumn of 
1941, Bomber Command informed the Air Ministry there was no operational 

' requirement for the bomb, and returned all stocks held to Maintenance Units. 2 

On 26 November 1941 , V.C.A.S. ruled that the bomb should be put on the 
disposal list together with the early ' B ' bomb.3 All bombs were reduced to 
produce. 

The ' vV ' bomb is an example of a weapon conceived in great haste and 
developed so rapidly that weak points in design were.,inevitable .. Its outstanding 
disadvantage lay in the fact that it could not be stored. Small batteries and 

1 P1.i,n W .A. 16 Plqn Ops., 2t February 1940. 
• M.A.P. File S.B. 2315 . 
.a A.M. File S. 74585. 

71 



soluble plugs deteriorated rapidly, and were intended for jmmediate use. 
ihe bomb, too, was never completely safe. The dissolution of soluble plugs, 
which formed part of the safety device, and the possibility of electrical ' shorts ' 
made it a constant source of danger in storage or under preparation. On 
22 June 1940, a serious accident occurred at R.A.F. Station Dishforth, in which 
:two airmen were killed and a number severely burned, while engaged in 
• defuzing' · W' bombs. Damp weather affecting the soluble plugs or the 
.electrical circuits, sabotage, and carelessness in handling the bomb were all 
suggested as possible causes. 
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Early history 

CHAPTER 6 

INCENDIARY BOMBS 

,Little progress was made du.ring the First World War in the development of 
incendiary bombs. Until the middle of 1916, crude bombs filled with petrol, 
or petrol and T.N.T . were used and in 1917 a 10 lb. bomb filled with carcass 
composition was manufactured. Various bombs intended to burst in the air 
for the destruction of balloons were tried with 1ittle success as they were so 
much infei:ior to incendiary ammunition for this purpose. The first important 
step in incendiary bomb development was made jn 1916, when Commander 
Francis Ranken designed the Baby Incendiary Bomb (B.I.B.), and organised 
a special filling factory for its production at Roslin Castle, near Edinburgh. It 
was produced in sufficiently large numbers by 1918 to cause considerable 
damage to the 1imi:ted targets bombed in enemy countries in that year by the 
Independent Air Force. 

This famous bomb which fi nally disappeared in 1939, after a life of twenty­
three years, was designed to meet the requirement of r\on-penetration. It 
consisted of a small cartridge case of solid drawn aluminium filled with Thennite, 
the whole weighing but 5 ounces.i The cartridge was fitt ed into a tinplate 
container weighted at the nose and feathered at the tail to give it some semblance 
of a good trajectory. On impact the cartridge was ejected from the rear of the 
case and burnt fiercely and completely for several minutes. The bombs 
were carried in clusters in a box container, some hundreds beiug released 
sim ultMeously _ 

Dming the year 1921- 1924 the whole bomb position in the Royal Air Force 
was under review and a future policy was being forged. In this review the 
Incendiary Bomb played but a small part, and was in fact almost completely 
neglected. The Ordnance Committee did indeed in 1923 approach the Director 
of Operational Requirements (Arm) and ask if they were retjufred to investigate 
incendiary fllJjrigs. 2 In his reply D.O.R. (Arm) summarised the agvantages 
and disadvantages of small and iarge incendiary bombs which may be given 
briefly as :-3 

For the small bomb; spread, increased chance of hitting, no loss through 
bur,ial in the ground. Against the small bomb ; Low peneti:ative power, 
small size of inflammatory mass. 

For the large bomb ; greater chance of igniting material not readily 
combustible, greater penetration, spread of molten material. Against 
the large bomb; loss of effective load if, the case is to be strong enough 
for effective penetration ; burial in soft ground. 

He then went on to assess the comparative value oflnc1mdiary and H.K bombs, 
finally asking the Committee to consider trials of both kinds of incendiary bomb, 
'without great expense'. 

1 Another name was Cendite : it was in fact any metallic oxide gTOund with a lu minium. 
1 O.C. Memo. B. 5864', 
~ A.M. File S. 19080. 
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After further discussion it was decided that the incendiary bomb should be 
given a low order of priority. It was not desired to allow investigation into 
incendiary bombs to take precedence over other more important work. 

This, in the days of limited expenditure on Armaments, was tantamount to 
dropping the subject completely, and Ranken's B .I.B., undoubtedly better 
than anything else of its kind, but virtually untried in war-and from a modern 
view point, very inefficient- remained the standard R.A.F. incendiary bomb 
for many more years, despite tbe very high percentage of bomb failures owing 
to oblique strikes, due to bad ballistics with its unp.redictable trajectory, 
accentuated by the jostling of the bombs as they left the container. 

Viewed in the light of present experience its most serious defect was its 
trajectory; it weighed only S ounces, its terminal velocity was a few hundred 
feet per seconc;I, and accurate aim was impossible. The only development work 
during the following years was the constant effort to improve its ballistics by 
alternately adding more weight to the nose, or more fin surface to the tail. As 
late as l 934 efforts were still being made to improve the bomb, but with no 
success. It is importan t to note that although by then the Design Department 
was experimenting with a 20 lb. bomb the B.I.B. was still the only incendiary 
bomb in service. 

Strategic employment 
The use of incendiary bombs as part load of our bomber force in the Second 

World War was at all times directly linked with the strategical employment of 
that force. The latter, with the ever changing situation of the war in Europe, 
varied from time to time according to the importance attached to each particular 
objective. Incendiary bombs were mainly used in area attacks on large­
industrial towns. 

At the beginning of the war the High Explosive Bomb was looked upon as 
the primary weapon for our bomber force, the Incendiary Bomb being regarded 
as a harassing weapon to be used in relatively small numbers.1 In 1940, the 
policy was that IS per cent. of the total load should be incendiary bombs.z 
The proportion used was approximately 6 per cent.-almost all 4 lb. bombs­
the difference being mainly due to conservative use to build up reserves, and 
varying stowage capacity in the different aircraft empfoyed. In D ecember 
1940, Bomber Command, after practical experience, suggested the proportion 
should be raised to 25 per cent. After careful consideration as to production 
capacity, reserves, growing supplies of aircraft, etc., the Air Staff agreed to 
this jn January 1941. 

By June 1941. the supply of 4 lb. bombs seemed likely to be curtailed owing 
to a shortage of magnesium, so it was arranged that 50 per cent. of the quota 
of 25/40 lb. bombs should be covered by 30-pounder production, to create a 
reserve against possible shortage. 3 The production of 4-pounders improved by­
August 1941, and in that month an improved system of packing enabled them 
to be carried 90 per Small Bomb Container (S.B.C.) ; this increased the load. 
carrying capacity by about 50 per cent. 

In the following month the principle of the main bombing offensive was 
reviewed by the Air Staff and it was decided to go for the area attack of industrial 
towns as soon as possible. From careful study of the results of our raids on 

1 B.C. File BC/S/23746 B. Ops. (26) 1865. 
2 A.M. File S. 4953/ 1. 
3 The 25/40 lb. bomb was in any case falling into disrepute, and tb.e- 30 lb, liquid-filled' 

bomb seemed lil<ely to be the most efficient substitute. 
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Germany and those of the Luftwaffe on this coun try, it was evident that though 
these raids were on about the same scale there was much mote destruction in 
our industrial towns than in theirs ; mainly caused by incendiaries. 

There was also conclusive evidence that the Germans were using as much a~ 
60 per cent. incendiaries with an average of 30 per cent., whereas our highest 
proportion had been .30 per cent. with an average of IS pet cent. Furthermore, 
the enemy practice was to use a first wave of aircraft carrying all incendiaries 
then an attack of all high. explosive, followed by H .E./Incendiary. Our 
practice was to dispose the incendiary load among all aircraft. Another point 
was that it was the number of small incendiary" bombs, dropped initially and 
in the shortest pbssible time, that produced the greatest damage irrespective 
of th~ percentage relationship to the total load. In short, it was apparent that 
the enemy's policy of incencliarism was by far the most effective. 

Accordingly, in October 1941 , the Air Staff issued a directive to Bomber 
Command, the gist of which was that as soon as the weather, and supplies of 
aircraft , permitted, the policy of large scale incendiary raids and the employ· 
ment of the technique mentioned should be carried out. Emphasis was laid on 
the use of the right number of bombs, in the shortest possible time, rather 
than the proportion of the total load : this was e5tin'lated at the time to be 
25,000 to 30,000 rising if possible to 1,000,000. 1 As the weight of our attacks 
increased so did the proportion of incendiaries; between March and August 
1942, the average was 42 ·S per cent. Naturally the enemy improved &is 
defences to combat this, and in September 1942 the Air Staff decided that for 
area attack on primary targets two.thirds of the total load should be incendiary 
bombs. 

During 1943, our own production ·efforts plus American aid managed to 
support th is policy with devastating effect -and on such cities as Hamburg, 
Bremen, Cologne, Lubeck and the main centres of the Ruhr. 2 Such bombing 
was kept up until the end of the war, but one other important development 
should be mentioned; that of the introduction of jncendiary bomb clusters . 

. I~ May 1943, photo-15raphic interpretation showed tl.1.a_t ~h_e spead of inc~n­
d1anes from S.B.C.s was generally far too great, thus minim1smg the satura.twn · 
of the main target area. This led to the development of aimable cluster 
projectiles which were first used in November that year. The value of these 
was twofold; they not only improved the concentration of the attack, but, 
because their size, shape and weight compared favourably with H .E. bombs, 
no loss of load was incurred with a high percentage of incendiaries. 

The. 25-40 lb. bomb 
Jn 1931, following ballistic trials of the B.LB. at Orfordness, F lying 

Operations suggested the development of a heavier incendiary bomb and the 
Assistant Director of Research and Development (Arm.) stated the requirements 
of the new bomb to be :-

(a) Trajectory similar to that of the practice bomb. 
(b) Capable of being released from any height. 
(c) To be carried on existing carriers. 
(d) To be heavier and more reliable than the B.I.B. 

1 B.C. File BC/S/23746. 
-2 For a detailed account of the fire damage, in particular that caused in Baml:)urg, July­

August 1943, see Reportl.O.(T) 45 Home Office (Civil Defeoce) January l946, a translation 
of a report by th Police President of Hamburg . 
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The problem of weight, composition and design was put to the Ordnance 
Committee, who, after consultation with the Chief Superintendent of Research 
and Development decided to proceed with the design of a bomb weighing about 
20 lb. with a thermite filling and stable flight, which in operation was to eject 

l l½ LB. SMOKE BOMB AND 25t LB. INCENDIARY BOMB 

a number of incendiary stars or 'fire-pots.' A.D.R.D.(Arm.) added further 
details to his requirement :1 a terminal velocity Ol' not less than 850 f.p.s. ; 
penetration of roofs of warehouses and similar buildings, and oil storage tanks. 2 

Alternative fuzes for direct action or delay were also asked for and the Com­
mittee agreed to produce six bombs, three of one design and three of another. · 

· 1 O.C. Memos. B. 24099 and B. 24265. 
2 The standard of penetration was a quarter inch mild steel plate from 5,000 feet. 
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By 1933 the de~gn had not been successfully completed, and in that year, 
because of the many references in intelligence reports to the use of electron in 
other countries, particularly Germany, A.D.R.D,(Arm.) suggested that the new 
bombs might be made, in part, of this alloy. 1 It happened that experiments 
with electron were then in progress but its use in the new bomb was deferred 
until the design was complete. By February 1934 trials of electron seem to 
have been unsuccessful for in that month C.S.R.D. decided against its use, 
being in favour of magnesium. 2 The bomb as then designed consisted of a steel 
cylinder with a steel nose filled with thermite. The cylinder contained seven 
thermite-filled units of about 2 lb. each, with propelling charges between them. 
On impact these units were thrown out a distance of 10 to 15 yards. 

Preliminary static trials of the new bombs at Shoeburynesss gave promising 
results and ten more were ordered from the ordnance factory for air trials, it 
being anticipated that these would be ready by the end of 1934. It was how­
ever to be June 1935 before the¥ were available for air trials, and in that month 
six bombs of two types were dropped, one ejecting its incendiary units simul­
taneously and the other at intervals. Drops were made from 1,000 feet and 
SOO feet on grassland and shingle and all were successful, but the safety devices 
were considered unsatisfactory. 8 

When development was still far from being complete, the need for an efficient 
incendiary bomb sudden! y resulted in a hurried order by Air Staff for production 
of these bombs. In September 1935 the Air Member for Research and Develop­
ment (Air Vice-Marshal Dowding) wrote to the Chief of Ai.F Staff' ... We have 
no stock of incendiary bombs except the Baby Incendiary which is practically 
useless as it has no baUistics, no penetrative power and very little incendiary 
effect in comparison with what is possible nowadays. We have now produced 
in conjunction with Woolwich a bomb of about 20 lb .... which contains a 
number of fire-pots which are ejected from the case after penetration of the 
objective ... I suggest we should at once place an order for several thousand 
' fire-pots ' bombs so that we may have something to use.' 

lt was decided to order some thousands of the 20 lb. incendiary bomb as an 
interim measure in the replacement of the B.T.B. although this bomb had 
neither been developed nor tried out as fully as desirable. 

S. of D. was then asked to prepare detailed drawings' within one week' and 
Air Ministry declared itself ready to pay for overtime and night work so that 
these designs could be ready in time. The weight of the bomb was finally 
settled at 25 lb. and was known henceforth as the · 25 lb. incen<liary bomb.' 

So great was the urgency to have an available stock of the new bombs at the 
time of the Abyssinian war, that purchase of two thousand Bofors magnesium 
incendiary bombs for immediate delivery was made in Sweden in November 
1935, and as soon as the drawings were received and the manufacture specifica­
tion prepared for the 25 lb. bomb, arrangements were made for representatives of 
Messrs. Imperial Chemical Industries Ltd. to meet officials of the Design Depart­
ment and Air Ministry to discuss production. A second meeting was held at the 
I.C.I. factory at Roslin in February 1936 between the firm;; representatives and 
A.M. Design and Inspection Departments at which various points of manufac­
ture were discussed-the bakelite moulding of the bomb body, the percentage of 

1 A.M. File S. 30686. 
2 A.M. File S. 32591. 
3 O.C. Memo. B. 29504. 
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aluminium in the thermite filling, and the construction of the magnesium con­
tainer (fire-pots) . The first 80 bombs were to be ready in three months, after 
which it was estimated that production could be at the rate of two hundred 
and fifty per week. 1 

F ive thousand bombs were ordered in September 1935 and the design drawings 
were completed by Woolwich within ten days. The specification was completed 
-a few days latec before the end of September, but three months were spent by 
the firn1 (I.C.I.) in 'preliminary investigations' and another three months 
passed before the various parts of the first hundred bombs could be produced. 
Full production at two hundred and fifty per week was likely to commence in 
August 1936 nearly a year after the Air Staff decision, with no real guarantee 
even then that the bombs would be satisfactory. 
· In spite of manufacturing difficulties and constant correspondence, often on 
minor points, and numerous alterations to the original specification, the fust 
trial bombs were dropped at Martlesham Heath on 24 June 1936. Their per­
formance was generally satisfactory : trajectory appeared good and the fire­
pots were well ejected. No test was made for incendiary effect, indeed no 
suitable target was available for such a test. 

The trials did however suggest various small modifications which after 
approval by S. of D. were communicated to l.C.1. Ltd. and by July 1936 a 
further twenty bombs were ready for test at RosUn. These, apart from minor 
fai lures, were successfully tested on the 16th of that month, but by that time the 
inevitable demand for more modifications had begun. The bomb as then 
shaped was suitahle for carriage on the light series carrier but not in the newly 
designed 250 lb. small bomb container (S.B.C.). A new filling for the firepots 
was required by A.M.R.D. occasioning large quantities of magnesium and 
barium nitrate, supply of which was uncertain, and in any case the new mixture 
presented additional safety and storage problems. The bomb shape was there­
fore re-designed and it was decided that future orders should be of the new shape, 
with the original thermite filling. 2 The order for five thousand was to stand. 

In October 1936 ballistic trials at Orfordness with dummy bombs carried in 
S.B.C.s confirmed that the new shape was suitable. By February 1937 sub­
contracts for various bomb parts had been placed with seven engineering firms, 
and in March three hundred completed bombs had been sent for trial at Martle­
sbam by I.C.I. 

The bomb was introduced into the Service as the 25 lb. Mark I in August 
1937 and by the end of that year full production had commenced, though not 
without difficulty, for in November filling by Messrs. I.C.t. had been stopped, 
owing to the discovery of faulty welding between the nose and the central tube 
of the bomb, and some cracking of the firepot casings during trials at ·Martlesham 
Heath. The welding difficulties were solved by more careful manufacture, and 
the split firepot problem was put to the Ordnance Committee. After consulta­
tion with the Aeronautical Inspection Department it was decided that split 
containers would not seriously affect the operation of the bomb, and they might 
be used provided the split was not more than o~e inch long, and the attention 
of the firm was drawn to the defect. 

During the first months of 1938, extensive ballistic trials of the production 
bomb were carried out at A. & A.E.E. where the bombs were released singly and 

1 A.l'J. File S. 30686. 
z A.M. File S. 30686/2. 
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in salvo. Forty-eight bombs were dropped from heights of 10,000 feet to 2,500 
feet at an airspeed of 190 f.p .s. : the single releases were satisfactory, salvoes o{ 
four bombs each had a 'straggler' which feU wide of the others, but generally the 
bombs were considered satisfactory for both kinds of release. 

In May 1938 following successful trials at the I.C.I. factory, a new magnesium 
alloy for the .fuepot cases was adopted for future use. D uring the first half of 
that year some concern was felt by the Director of Armament Development at 
the results of the proof of production bombs, as djfferences in burning qualities 
of the magnesium casings made by various firms had been observed. Accordingly 
a very thorough investigation was made by C.S.R.D. who concluded that 'all 
the magnesium alloys which have been employed for the manufacture of bombs 
-will give a good incendiary effl'!ct.'J. 

The bomb was rushed into production in 1936 and .its consequent history is 
one long series of small manufacturing difficulties, too numerous to be given in 
detail. The remarkable feature in a complicated story is that the bomb was 
tested for every quality except its ability to start a fire. Its ballis tics were 
calculated, its penetrative power was measured, endless con-espondence passed 
between the Air Ministry, Ordnance Committee, Woolwich , Messrs. I.C.I. Ltd., 
and a dozen contractors, on small comparatively unimportant details such as the 
right material for sticking brown paper to the central tube, and the presence of a 
minute quantity of calcium in the alloy case, but no bomb was dropped on a 
house, factory, or oil storage area. 

Eventually i.n April 1939 the bomb was tested against a disused filling factory 
and power station near Gretna Green. A full report is contained in the refer­
ence quoted but the section dealing with 25 lb. 2 incendiai;y bombs may be 
reproduced here :-

' One hundred and fifty-six of these were dropped from between 3,000 
and 6,000 feet at a true ai.n;peed of 140 m .p.h. Of three hits obtained on 
the power-house only one was on the roof. It penetrated this, and a 4-inch 
concrete floor, broke up and failed to ignite. Of thirty-two bombs released 
from 250 feet, six hit the roof of the annexe, broke pp and failed ; the 
seventh stuck in the outer wall and burnt correctly.' 

The resulting recommendation of the Ordnance Board was that the bomb 
could not be regarded as suitable for a land target from any height. 3 

.A5 a result of this unfortunate and belated discovery the Director of 
Operational Requirements (D .O. R.) wrote on 26 July 1939 to D.Arm.D. :-4 

' Possible modifications to improve the bomb were discussed with 
members of D.Arm.D.'s staff and modifications are being put in hand 
immediately to try and obtain a better performance. If this is successful, 
existing stocks will be modified. It is clear, lrowever, that no modification 
will make this bomb entirely satisfactory, and a new type of 25 lb. incendiary 
bomb will be required.' 

The existing stock numbered some half mDlion. Des-ign work on the new 
bomb was to begin a t once and its requirements were :-

(n.) It need not be of the multiple unit type; m fact, a single unit would 
probably be preferable. 

1 O.C. Memo. 63/38. 
2 O.B. Report No. 2/39 (Gretna G,een Trials) . 
~The.Ordnance 'Committee · became the 'Board' on I January 1939. 
• A.M. F ile S. 1633. 
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(b) It must penetrate a light roof and 4 inches of concrete from 6,000 feet. 
{c) It must be capable of carriage in S.B.C.s. 
(d) The T.V. must be at least 850 f.p.s. 

D.O.R. recommended the work to have P.X. priority. 
At this time there was a deficiency in the total to meet Air Staff requirements 

of some 229,000, but D .0.R.'s first action was to suspend all further production 
of the bomb until some suitable modification had been designed to strengthen 
the bomb. Immediate efforts were made to achieve this, particularly at the 
tai.l. the weakness there having been revealed on land target trials at Gretna 
and Porton. The Design Department prepared plans of a suggestion to 
reinforce the tail with a metal ring. Fifty modifi.ed bombs were quickly pro­
duced and tested at Gretna in July 1939, but with no success. The problem 
was therefore to dispose of in the most economical way the 660,000 bombs which 
had been manufactured. ' 

Since the beginning of 1939, a requirement for an incendiary bomb to start 
forest fires had existed, and had been met, with limited success, by the employ­
ment of the 25 lb. bomb with a parachute. A maximum of 25,000 of these 
bombs was required by March 1940, and that number of obsolete 25 lb. bombs 
was thus usefully absorbed.1 

Two further efforts were -then made to utilise the valuable material locked up 
in the remaining bombs. The first was in strengthening the bomb by adding a 
heavy steel nose which brought the weight up to 40 lb. ; the second was a 
modification without adding to the weight, in the fitting of an ' all-ways ' nose 
pistol and a light snap-on tail. 

Designs for the 25/40 lb. bomb were hurried through by C.S.R.D, and a 
small number manufactured at short notice. Unsuccessful trials were held-at 
Porton in September 1939, and after -further modifications somewhat more 
success was obtained in the following month, although still far from being 
completely satisfactory. Still further strengthening was applied bringing the 
weight up to 41½ lb., a.nd a final test against a bri,ck building target at Faversha.m 
(Kent) gave very satisfactory results. · 

As a result the Ordnance Board recommended the adoption of the modified 
bomb and orders for 500,000 were placed. Special machinery was set up by 
I.C.t., Ltd., to recover the magnesium firepots from the now discarded 25 lb. 
bombs. Meanwhile the second of the experiments to embody a more simple and 
less expensive modification in the 25 lb. bomb had been made, resulting in a 
Mark II pattern, 2 the later history of which type will be taken up again elsewhere 
in this chapter; it is necessary now to turn to another incendiary bomb which 
had meanwhile been developed . . 

Dev.elopment of the 4 1b. incendiary bomb 
In August 1934, the Director of Technical Development in dealing with the 

shortcomings of the B.I.B. wrote to the Operational Requirements (O.R.) 
branch of the Air Ministry :- 3 

· Do you agree that we sh.ould design a.l lq.. or 2 lb. incendiary bomb of 
Electron ? The 5 oz. bomb seems too small to sta.rt fires unless the con­
ditions are very favourable. Trials might well show that the 2 lb. bomb is 

1 The problem of creating forest. fires is discussed later in this ohapter. A.M. F ile S. 48336. 
2 A.M. File S. 55110. 
3 A.M. File S. 32591. 
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large enough for many conditions, and if this is so, ten 2 lb. bombs might 
well be a more dangerous weapon than the one 20 lb. bomb we are develop­
ing, which is complicated and likely to be difficult to make in quantities.' 1 
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4 LB. INCENDIARY BOMB, MARK V 

Tentative designs were prepared by the incendiary bomb branch of 
A.D.R.D.(Arm.) in conjunction with the Armament Department of the Royal 
Aircraft Establishment, but little progress was made up to May 1935 when 

1 The 25 lb. bomb already described. (Prophetic words I) 
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drawings of these designs were sent to R.A.E. for ballistic tests of m9dels. 
These early drawings show a rough s treamline shape with pointed or hemi­
spherical nose, and in one instance a drum type tail. 1 From wind tunnel 
experiments R.A.E. finally suggested a cylindrical bomb with a bluff nose for 
greatest stability. In September 1935, however, A.D.R.D.(Arm.) suggested 
that a hexagonal, sq,uare, or triangular shape might be best for economical 
stowage. Subsequent tests at R.A.E. in December showed the hexagonal to 
be the best shape and to give the highest terminal velocity. 

Even so, there was, at the beginning of 1936, som~ doubt in the mind of 
A.D.R.D.(Arm.) about incendiary requjrements, and he prepared a summary of 
of the position for comment by 0. R. For the purpose of this account only the 
paragraph relating to a new sma.U incendiary bomb need be quoted :-

' Should a small penetrative bomb be developed? If so , a bomb of 3 lb., 
made largely of magnesium alloy and filled with thermite, cylindrical in 
shape with pointed nose, terminal velocity of about 800f.p.s., was suggested.' 

O.R.'s answer to this was' Yes, at the earliest possible moment.' 
S. of D . was approached about the design of the new bomb, 'on high priority,' 

and was asked to consider a bomb of about 3½ lb., with a cylindrical or hexagonal 
body, lead nose, tinned plate t ail, the body of magnesium with a filling to be 
decided on after consultation with C.S.R.D. S. of D. was told of the R.A.E. 
recommendation. for a hexagonal body and asked to submit designs for this 
shape and for a circular bomb. At the same time R.A.E. was il1formed of the 
new dimensions and asked to consirler a means of increasing bomb scatter by 
having various nose shapes to alter the drag. 

Electron 
At this point a digression must be made to consider the choice of material 

for the new bomb. In 1923, C.S.R.D. completed an analysis of a German 
incendiary bomb and reported that it was made of electron, an alloy of 
magnesium and zinc, with traces of copper, iron and aluminium. 2 Ten years 
later the incident was recalled and in December 1933 a demonstration of 
various types of incen<liary bombs given by C.S.R.D. inclLlded an electron 
' bomb ' : a tube filled with compressed thermitc. At the same t ime a general 
interest in the manufacture and supply of magnesium was awakened both ln 
the Air Ministry and Admiralty. an experimental production plant was set up 
at R ai.nham, and an examination made of deposits of Dolomite, from which 
magnesium is derived, in Derbyshire. Electron was found to have what was 
described as · remarkable incendiary power.' not easily extinguished ; it did 
not bum steadily but at intervals threw out showers of burn.ing particles. 
C.S.R.D. recommended that the 3½ lb. bomb should be largely constructed of 
this metal. 

By July l936, ballistic trials of various shapes recommended by S. of D. had 
been completed with model bombs at Orfordness, with the conclusion that a 
1 bluff ' (flat-nosed) bomb o f hexagon section was the truly satisfactory model. 
Its T.V. was calculated at 400 f.p.s. and the w~ight at about 4 lb., and in 
August that year an experimental order for 200 was p laced with. I.C.I., Ltd. 
In this early design the safety device was clumsy and unsatisfactory, as a plunger 
had to be removed by hand from each bomb before loading. An improvement 

1 A.M. File S . 32591. 
'A type which was used in the 1914-!918 war. 
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consisting of a horizontal spring-loaded plunger, retained in each bomb by its 
neighbour in the bw1dle, and which came out-thus arming the bomb-when 
the bombs separated in release, was included_ in a batch of bombs tested at 
Orfordness in September 1936.1 

In this trial, which was very successful, experimental bombs differing in 
construction and filling were dropped from heights of l0,000 feet to 500 feet 
on to concrete, grassland and shingle, singly and in batches from a container. 
Ballistics were satisfactory and all bombs burnt, a film of the bombs leaving the 
container showed that they did not jostle; row after row felt evenly. 

Some small amendments to the design were suggested, and another experi­
mental order for 200 bombs was made. It is of interest that as well as the air 
trials static trials were done by I.CJ., Ltd., during which the effect of the final 
bomb position on combustion was noted. Those finishing upright burned right 
out; for those tilted nose down the chances were good, but with nose up, 
rnuch less. 2 

On 20 October 1936, an order for 4-½ million bombs was placed, and, by the 
beginning of November a provisional specification had been prepared. Much 
latitude was given to the manufacturers; the bodies might be either die-cast 
or extruded, and the fillings either pressed in or inserted in the form of pellets. 
The new bomb was to be called' Bomb, Incendiary, Aircraft, 4 lb., Mark I.' 

Containers 
Mention of t he containers for these bombs is necessary at this stage. For 

ease and rapid ity of loading they were packed in a tinned plate box- twenty 
per box.-with a tear-off lid. The box, p laced in a compartment of the small 
bomb container, then had ihe lid ripped off and the bombs were secured in 
position. by a drop bar. Being hexagonal the bombs could not fill the whole of 
the box, and packing p ieces had to be used. Trials at Orfordness in January 
19.37, showed that the bomb scatter was far better with fixed packing pieces as 
compared with loose ones, and this method of box construction was permanently 
adopted. 

4 lb. bomb development (continued) 
As might be expected wilh a bomb whose conception and development had 

occupied so short a time, various manufactming difficulties were met with in 
tl1e early stages of production, and the method of dealing with these is worthy 
of note. Representa.tives of the manufacturers concerned were called together 
at the Air Ministry, and the various points discussed with the Director of 
Aircraft Production and a representative of A.1 .D. Most of the points raised 
required only small tolerance concessions, and solutions to the problems seem 
to have presented few difficulties. No major ' hold up ' in production occurred, 
and by the end of March 1937 the first 220 production bombs had been sent to 
Martlesham Heath for test. 

Included in this first batch of bombs were two lots of twenty each, for special 
test. Their fillings were experimental, containing respectively fine and coarse 
aluminium powder in the order of 50/50 a nd 40/60. - These ingredients, used 
in the fi lling of the incendiary pellets, were on trial because the normal 
100 per cent. fine grade powder added to the time of manufacture and was 
suspected of being somewhat dangerous to ,1se. Before the trials commenced 

1 A.M. Fi!e S. 32591. 
2 A.M. f'ile S. 3887 L 
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a further twenty experimental bombs were added to those already at 
Martlesham. t These had been produced as a result of comparison tests 
between the British 4 lb. bomb and the Swedish 'Bofors ' incendiary bomb of 
similar weight with greater magnesium content. This latest experimental 
4 lb. type had its electron case bored out to the maximum limit allowed to 
permit the introduction of more magnesium. 

All two 1iundred a.nd forty bombs were dropped between 15 April and 5 May, 
with only one faiitu·e, and no noticeable difference was observed between ~he 
bombs of various filllngs (it should be noted here that all bombs appeared to 
be the same ; no actual incendiary tests were made). BaJlistic inaccuracy was 
noted ; with each batch released a practice bomb was dropped, the mean 
point of impact varied considerably with that of the practice bomb, and one 
of the conclusions of the tdal was :-:1. 

'Any accurate aiming of these bombs at heights of 10,000 feet or above 
is impossible without a special sight, and even then it is doubted if 
consistent results could be obtained.' 

By the beginning of June 1937, four thousand bombs had been produced. 
and Jillecl, of which total twenty per thousand were sent to A. & A.E.E. for 
uropping tests for operation and spread. These tests revealed a fault in the 
bomb resulting in a number of explosions, and this failure was referred to 
C.S.R.D. for investigation. Various other modifications were recommended and 
samples prepared for test, and as a result a new filling procedure was drawn up. 3 

Some 20,000 bombs with the original filling were by then in stock, and, 
being under suspicion, they were allotted for training purposes, except 2,000 
which were sent for operational use in India. In September 1937, the bomb 
was officia!Jy introduced into the Service. Having got this important bomb 
into service the Air Staff began to enqt1ire into its capabilities. Although no 
conclusive trials of its incendiary value had been staged, the question of its 
penetrative powers was first raised in a consulta tion with the Ordnance Com­
mittee. The Committee naturally recommended dropping trials on represen­
tative targets, but no such targets were available so substitute trials were made 
in which shot , weighted and modelled similar to the bomb, was :fired at 
400 J.p.s. striking velocity at representative roof targets. From these investi­
gations the Committee formed the opinion that the bomb wouJd penetrate 
ordinary roofs, reach. tlte top floor and probably two or three .floors below. 4 

Th.e Air Staff accepted this view and ruled that no further trials were necessary. 
1n July 1940, General Von Schroeder, President of the Reich A.R.P. Services, 

wrote in Deutsche Algcmeime Zeitung :- ' It has been observed that the incendi­
ary bombs used by the English have a greater power of penetration than is 
usually presumed. Experience has taught that one must reckon that the 
bombs penetrate, not only to the floor below the roof but even cause fires in 
flats below the attics.' 

The 4 lb. bomb, Type I E ' 
The first important modification to the new bomb was the inclusion of an 

explosive pellet lo deter approach during burning. In ]937, the Ordnance 
Committee investigated the a lternative suggestions by A.D.RD.(Ann.) of a 

1 A. & A.E.E. Report M/Arm. 486/1. 
'A. & A.E . .E. Report M/Arm. 475/6, 11 May 1937. 
a O.C. Memos. B. 32591 and B. 35075. 
'0.C. Memos. B. 33752 and B. 34447. 
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small bursting charge or a pellet to produce tear or sneezing gas. 1 The chemical 
suggestion was eventually ruled out as being insnfftcient and trials with ex­
plosive charges were put in hand, the principle being to give the explosion late 
in the burning time of the bomb am! after its first intensive inctndiary 
out.burst was expended. 

Jn March 1938, D.O.R. agreed to the inclusion of an explosive pe llet, pro­
viding it did not interfere with the production of Mark I bombs, and after 
some delay the meth.od of jnserting the charge-Hl grammes o"f gunpowder in 
a paper container-was setUed as being in the bomh body near th nose and 
one hnndred bombs were ordered for trial. 2 

Fo llowing promising trials at Porten on 3 January 1939 ,jnstructions were 
issued to the firm to go ahead with their preparations for m,tking th pellets, 
and for the con.version of 20 per cent. of the Mark I bombs already .filled or 
being filled. The total number to be thus converted amounted to approximately 
500,000, the letter ' E ' being used to describe the bomb thus modified. By tlil" 
end o{ 1939 the production of both types amounted to 60,000 per week, of 
which 10,000 were of the' E' type. Stocks of these were three million Mark l 
nnd two million mixed Marks I and IE. In the Gretna Green trials of April 
19'.l9 the Mark IE bomb was very successful. 3 The only failure of a burning 
bomb to explode was in one that came to rest so that the molten magnesium 
ran away from the nos of the bomb ; a state of affairs likely to be rare. The 
explosions in successful bombs occurre<l from 2 to 10 minutes after impact. 
As a result of this trial the Ordnance Board concluded that no further exp ri ~ 
ment was necessary. 

The Mark I bomb (conclusion) 
We now return to the story of this bomb which by the latter part of 1937 

was in full production. In December o( tl1at year, D.Arm.D. decided that 
storage and rough usage trials were necessary and asked the Ordnance Bonrd 
to un<lertuke them. 4 During various trials it had been noticeable that bomb 
bodies from four different firms had displayed differences in burning, and the 
Board were asked to test specimens from each manufacturer. The tests were 
completed by July 1938, bombs from all the manufacturers being provt'd 
satisfactory.5 In the same month C.S.R.D. completed hi examination of the 
various magnesium castings usetl for the bomb bodies and found that all gave 
satisfactoty results. He recomm~nded fina lly an alloy consisting of :;-6 

Aluminium 
Zinc 
Manganese 

Calcium 

not more than 5 per cent. 
not more than 0·5 per cent. 

not more than () · 3 per cent. 

nil. 

the remainder magnesium, with not more than O ·S pt"r cent. of impurities. 

' O.C. Memos. B . 33752 and B. 857:39. 
• A.i\f , File S. 37546. 
'O.B. Report 2/39. 
~ The trial involved placing the bombs in a machine and jolting t l, em for six hours­

two hours ear.Ji on end , side, anti bottom; the jolts were si ty a minute through If inches. 
After jolting the usual procedt,rc was to fry half the bombs by ignition , and to break d(lwn 
the remainder for examination. 

• 0 ,"B . Memo, B. 36252/37. 
' O.B. Memo. 631. 
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No other .important modification was made to this J1ighly successful bomb, 
Other Marks of 4 Jb. bombs were yet to appear, but these were in the main 
necessary because of a shortage of magnesium , and will be men tiolled later. 
As far as the period under review is concerned (1931- 39), this account ends 
with the Royal Air f orce being in a far bet ter position regarding incendiary 
bombs than had seemed probable n few years before, thanks to the efficient 
and willing co-operallon in design and production between tlte service depart­
me1its and civilian firms concerned. 

The 25/40 lb. bomb, Mark ll 
Earlier in this account we ba<l left the history of this type at the s tage (1939) 

when efforts were being made to improve upon the unsatisfactory Mark I bomb. 
It has already been related how the weight of the strengthene<l 25 lb. bomb 
had been increased to about 40 lb. a nd half a million of these had been ordered. 
Let us now consider the Mark II type. 

The objects of the modifications in this mark were to improve the efficiency 
of the bomb by s trengthening its construction, and by fitting a ' 3-ways' 
pistol designed at Woolwich. T his pistol was intended to increase the safety 
of the aircraft and crew, and of the armourers handling the bomb. Original 
safety had depended entirely on a shear wire which broke after a foll of only 
3 feet on to con crete ; the new pistol was fitted with an air-arming device 
requiring a faU of some 50 feet before becoming ' live '. T his new bomb was 
tested on the ha rd target at Portor'! in August 1940 and gave modera tely 
satisfactory results ; approximately SO per cent. of the bombs were successful. ' 

By that time one million of tl1e 40 lb. bombs had been ordered and production 
was ex pected to begin in December 1940-difficulties in obtaining the necessary 
steel had been met- and at least a further month would elapse before filling 
could commence. On the other hand the Mark JI bombs could probab ly be in 
service within a mo11th of orders being placed. The question therefore arose, 
which of these two it would be best to accept; if tile Mark II, then orders to 
cancel production of the largei- bomb would have to b e given immed iately. A 
meeting of representati~es of D.Arm.D., D.Arm.P., and D .O.R. discussed this 
question at the Ministry of Aircraft Production in October 1940. 

There were now three suggester! ways in which the 660,000 useless original 
25 lb. bombs might be used up:-

(a) They could be co1werted to the 40 lb. type with 3-way pistol ; this 
would m ean a large consumption of steel, a good deal of machinery, 
and a reduction in the number of bombs which could be carried ; 
about 80 per cent. success might be expected. 

(b) They could be modified by the inclusion of a 3-way pistol, air-armed, 
and a spring-on-tail. This required little labour or materia l, and 
more could be carried. About 70 per cent. success could be expected. 

(c) The bomb could be fi tt ed with a parachute and used against t argets 
not requi,ring penetration (forests and soft targets generally). 

Apart from questions of efficiency the meetin"g discussed the time which 
wou ld elapse before any of the various bombs were produced. With modifica­
tion (a.) fuze production could not be expected before March 1941 ; components 
for (/J) could be ready in a few weeks, and production of the complete bomb - - - -

1 M.A.P. F ileS.B. 11411. 
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could then commence.1 On these and economic grounds the meeting decided 
to recommend to D.O.R. that the 4-0 lb. order should be cancelled in favou r of 
modifications (b) and (c). The matter was then referred to the Assistant Chief 
of Air Staff (T. R.) who ruled that the order for a hundred thousand 40 lb. 
bombs must proceed, and that tlw remaining stock of obsolete 25 lb. bombs 
should be converted to the Mark TI and parachu te patterns. 

l3y June 1941, however, A.C.A.S.(T) had authorised the ;_1bandonment of the 
40 lb. bomb on the advice of various departments who considered it both 
inefficient and uneconomical. One opinion was :-2 ' [t seems to be a very ba<l 
business to carry all the way to Germany 35 Jb. of good steel in order to deliver 
5 lb. of magnesium. Apart from the steel which is presented to the Germans 
the fabrication of the bomb is obviously a lengthy and expensive business.' lt 
should be borne in mind that the 40 lb. type was really never more. than a stop­
gap to meet Air Staff requirements for a penetrative incendiary bomb, and to 
use up sorne of th e existing fire.pots from the useless 25 .lb. type. 

Regarding the second attempt to save waste of incendiary material and supply 
a more efficient bomb, i.e. the 25 lb. Mark IT, this was too, a fter many more 
trials, -abandoned. 3 Jt was unsuitable for anything but low height attacks 
against non-resistant targets ; against other targets from high-level it broke up 
and wou ld not ignite, and was withdrawn from service early in 1942. Approxi­
mately 20,000 of these bombs had been used in operations by Bomber Command, 
and the remainder (approximately 400.000)-except for a few Mark I's retained 
for use as parachute-bombs-were collected rrnd reduced to scrap. The labour 
involved was immense, and no attempt could be made to recover the fill ing , so 
the bombs were fired anri only steeJ bodies and tails saved,4 The third alterna­
tive for using up the Mark I bombs suffered a like fate. 1n 1942 all furth ~r work 
on 25 lb. parachute bombs was abandoned, 

The 4 lb. bomb, Marks II, Ill and IV 
To return to the story of thjs successful bomb; a Mark TT pattern was intro­

duced at the beginning of 1940, which differed from the Mark I only in having a 
sfightly shortened tail to enable tJ1e bomb to fit a different size S.B.C. container 
lining. 

In 1941 the supply of magnesium became increasingly difficult while the 
demand for incendiary bombs was ever on the increase, and it became n ecessary 
to effect some economy. Jn consequence a Mark III design was produced in 
which the bore of the magnesium body was increased from seven-eighth inch to 
one inc11, resulting in a saving o( two and a half ounces of magnesium per bomb, 
with, however, a corresponding decL"ease in the bomb's efficiency. During 
1941 a series of trials at the Forest Products R esearch Laboratory, Princes 
Risborough, had established that the efficiency of the bomb was proportional 
to the quantity of magnesium in it. Thus the original Mark I with its 1 lb. 9toz. 
of that a lloy was the most efficient of the whole series. It was, however, quite 
impossible to meet Air Staff' s requirements without modification and eventually 
the Mark JV bomb was designed, to give a saving of 8·J· oz. of magnesium 

1 M.A.P. File S.B. 2379. 
e A.M. File S. 4953/ 1. 
• M.A.P. File S.B . 1411/4. 
• A.M. F ile S. 66241. 
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compared with the Mark I. The trials at Princes Risborough had led to the 
conclusion that the minimum amount which could be accepted for efficiency 
was 1 lb. ; tl1e Mark 1 V bomb contained 1 lb. l oz .1 

The additional saving thus made was effected by a Tedesign of the tail. In 
the original design the striker mechanism was contained in the tail and was 
surrounded by magnesium. (In fact this often failed to ignite and was wasted.) 
In the new design the striker mechanism was transferred to the bomb body, 
having a tail of tinned iron sheet screwed to the body. At the sa1ne time the 
whole striker device was simplified and made entirely of steel so that introduc­
tion could be accelerated. 

Trials of the new bomb at the I.C.I. Ltd. factory and A. & A.E.E. in July and 
August 1941 were very successiul and proved the bomb to be satisfactory fo r 
service use. the only criticism being that the safety slte.ar wire gave insufficient 
safety in loading. To overcome this a thin cruciform brass washer was employed 
in place of the shear wire and found satisfactory. 

On 28 August 1941 A.C.A.S.(T) approved the introduction of the Mark IV 
bomb into service, remarking2 - ' I think however that with this mark o( 4 lh. 
bomb we have reached the limit to which we can go in reducing the magnesium 
content of the bomb, and l think this must now be recognised by the Ministry 
of Supply.' 

This decision was regarded as final, and although D.Arm.P. wrote urgently to 
D.Arm.D. that a furtl1er saving of magnesium was necessary, the latter, sup­
·po·rted by Air Staff refused any farther concession, and no more major altera­
t ions were done to the Mark IV pattern . By September 1942 the bomb was in 
-full production and trials of product ion bombs bad been successfully completed 
by A. & A.E.E .3 ; in particular for stability in salvo release from sma!I bomb 
containers and for safety after dropping a shor t d istance (e.g. accidentty while 
loading). 

A point of great interest arose during the latter part of 1942, by which time the 
4 lb. bomb was being manufactured and filled in the U.S.A. For the latter 
process the Americans had designed a rotary .filling machine. The use of such 
a machine jn this country was suggested, and a full clescription of it was obtained 
from tbe makers by the Btitish Air Commission in Washington.'1 D .Arrn.D. 
and D.Arm.P. together with I.C .l., Ltd ., considered the question carefully and 
decided not to adopt the machine method. 

The decision received apparent justification later, in April 1943, when 
one l1unclred and eighty Bri.tish made and one hundred and eighty American 
made bombs were tested uncle•, s imi lar conditions on the Brajtl Felt target . One 
hunclre<i and eleven Ame1ican bombs failed as against nineteen British. 

The 4 lb. ' X ' bomb 
It will be remembered that early in the history of the 4 lb. bomb an' E' type 

was succe sfully produced in which a small gunpowder pellet caused a mild 
explosion as a deterrent to enthusiastic ii.re-fighters. By the end of 1940, 
however, it was doubted whether this had sufficient deterrent effect to offset t he 
disadvantage that the explosion would often d-estroy the incendiary value of the 
bomb, and even extinguish a fire already started . 

1 O.B . Proc. 13630. 
~ A.M. File C.S. l0!o8. 
" . 8 , !?roe. 15402/42. 
0 b•f.A .P. File S.B . 19848. 
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The problem then was, whether to abolish the smaU explosion entirely, or to 
increase it by -the substitution of H.E. for gunpowder, to lethal proportions. 
After discussions between representatives of Air Staff and M.A.P. and authori­
ties of the London Fire Force a lethal explosive charge was decided on. Accord­
ingly in December 1940, D.Arm.D. requested the Ordnance Board to examine 
tl1e filling and burning problem, but not the design of the bomb ; this was to 
be done by D .Arm.D. 's staff in conjunction with a manufacturer. 1 In February 
1941 D.Arm.D .. on the advice of C.S.R.D., indicated in a letter to the Board 
that t he s ubstitution of H.E. for gunpowder would be unsatisfactory ; the 
amount would be insignificant and production difficult. 2 An entirely new 
design-based on trials with the German I kilo bomb- was suggested, in which 
a nose fuze would be fitted and the H.E. contained in a steel gaine screwed to 
the tail. 

Progress on the new design was slow, C.S.D. having g(eat trouble with the 
nose fuze.. At a meeting at M.A,P. in August 1941 , every possible reason for not 
proceeding with development of the I X ' bomb was put forward, including a 
possible shortage of composition explosive (Tetryl). At this meeting the Vice 
President (Air) Ordnance Board was in the chair, and D.Arm.D., D.O.R. and 
C.S.D. were represented. After the meeting the members paid a visi.t to H.Q. 
London Fire Force where they were told that explosive in inceniliary bombs was 
no deterrent to determined fire-fighters. 

Under pressure from the Air Staff, however, an entirely new design being 
quickly produced by C.S.R.D.3 and the Chief Superintendent of Armament 
Design, 4 and by 20 February a development order of 2,4-00 bombs had been 
manufactured -and successfully tested on the Braid Fell target. 

Outwardly the new bomb resembled the standa rd 4 lb. bomb but part of the 
igniting composition near the nose was replaced by delay pellets (delays of two 
minutes and four minutes were available). A steel nose containing a detonator 
and a small charge of Tetryl was fitted. On ignition, and after the requisite 
delay, the s teel nose was shattered, scattering fragments which were lethal at 
short d istances. Further successful trials were completed on 12 March and 
shortly a(ter this arrangements were made to put the bombs into production. 
For this, I.C.T. Ltd. required extensive new buildings and plants, which, if 
provided quickly, would pcnnit full scale filling to commence within six months: 
meanwhile production could continue at the rate of from 2,000 to 3,000 per 
month. 

Having been designed and brought into service in remarkably short time t he 
bomb was capable of improvement at .leisure. Tests by C.S.RD. had shown 
that fragmentation was coarse with poor penetration, and could be improved by 
a re~design of the explosive charge, both in size and substance.0 The use of 
T.N.T. or Pentolite instead of C.E. was suggested. 

Further troubles developed during proof of the first production bombs, the 
worst of which was the refusal of the C.E:. charge to detonate.6 Research by 
C.S.R.D. Jed to discovery tha t beat conducted along the nose from the in­
cendiary part of the bomb ignited t he C.E. prematu~ely, after which it burned 

1 M .A.1'. FUe S.B, 4183. 
: 0 .8. Proc. 10551 /41. 
~ O.B. lj roc. 16320. 
• C.S A.:0., form.erly C.S.D., Q 1ief Superintendent of DesJgn. 
'C.S R ,D. Exp. H.eport 115/42. 
6 O.B . P roc. 18510. 
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quietly w.ithout detonation. Another trouble observed in proof was partial 
detonation, attributed by 1.C.I. Ltd. to pressure- generated in burning­
displacing the dela,y and }I.E. pellets. C.S.R.D. therefore recommended the 
development of a bomb, designed to eliminate if possible these troubles, mainly 
by .,the insulation oi the charge from premature heating. 

On 30 May 1942, the 41b. 'X' bomb had been extensively used on a raid on 
Cologne, .apparently with great success, but the Germans too were using a I kilo 
e~plosive incendiary bomb which appeared to be more efficient. A comparative 
test of the two types was to follow, leading to increase in the H.E. content of 
the British bomb and many other improvements, but meanwhile other types 
of incendiary bombs were being developed and so for the time being we will 
leave the 4 lb. 'X '. 

The 30 lb. liquid filled incendiary bomb, Marks I, U, Ill and IV 
Between 1937 and 1940, the need for a liquid fill~d incendiary bomb, chiefly 

for the ignition of oil from burst storage tanks, had led to experiments with the 
case of the 30 lb. L.C. bomb designed for a chemical filling. These efforts were 
largely abortive, but in November 1940, three factors decided the serious 
_development of such a bomb :-

(a) The growing shortage of magnesium. 
(b) The failure of the 25 lb. bomb. 
(c) The existence of some quarter million 30 lb. cases not required for 

chemical filling. 
The bomb-case was available but the choice of the most suitable filling 

called for milch research and experiment, and this was done by C.S.R.D's. 
department in conjunction with Messr . Albright and Wilson, Ltd. , 
Birmingham. 

Previous experience had shown that petrol or benzol alone was useless as a 
filling ; the ideal incendiary liquid must be slow burning- most targets need 
contact of some duration before being well ignited-and moderately viscous so 
that 1oss by spray and evaporation is reduced. A solution of crude rubber and 
benzol in the proportion of 55 grrns of rubber per litre of b nzol proved effective, 
except that when used with the standard gunpowder burster full ignition could 
not be obtained. 

Accordingly some experimental fillings were devised which in the main 
concerned the use of pho phorus as an aid to ignition . In each case a quantity of 
phosphorus was filled fo the nose of the bomb, around the burster, before the 
benzol-rubber solution. One other expedient, the use of magnesium powder 
as weU as gunpowder in the burster- was proposed, and four t rial fillings ·were 
made up as follows : 1 

(a) I½ lb. ' liquid phosphorus.' 
6 lb. rubber solution. 

(b) 1 ½ lb. white phosphorus. 
6½ lb. rubber solution. 

(c) 15 grammes magnesium, grade 3. -
6¾ lb. rubber solution. 

(d) 1 lb. Red phosphorus. 
5 lb. rubber solution, 

1 A.M. File C.S. 13263. 
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These fillings were first tested 29 November 1940, at Messrs. Albright and 
Wi lson's factory at Kidderminster and were very successfuJ. Several bombs o[ 
each type were .fired s tatically , the ' liquid phosphorus ' being best, white 
phosphorus second best, and not much to choose between the other two. The 
various experts present at the trial decided to go ahead with dropping trials 
o! the first two types and D.O.R., who was represented, soon arranged with 

_D. Arm, D . for development to go ahead on .high priority. 

On 23 December 1940, forty-eight bombs were dropped on hard an.d soft 
targets by A. and A.E.E. and twenty others were fired at rest. 1 These ti:ials 
proved the bomb to be a reliable fire producer and that white phosphorus was 
superior to the liquid type. T he A, and A.E.E. report was very favourable 
indeed, and three days later a realist ic trial in a damaged small house in Barnes, 
stacked with. wood, hessian rags, etc., to represent furniture, proved even more 
lhe incendiary value of the bomb. 

Early in January 1941, the 30 lb. bomb was put forward for Air Staff approvaJ, 
and after considerable discussion on H.E./Incendiary policy, and whether the 
25/40 lb. magnesium bomb was yet likely to prove its worth , D.C.A.S. agreed to 
a token order [or 10,000 bombs; any further production was to be delayed 
until it was definitely establisned that the 25/40 lb . bomb was unsatisfactory, 
or that magnesjum upplies would not permit its production in addition to the 
4 lb. size. 2 

The -abandonment of the latter bomb in June 1941 , and other reasons, e.g., 
magnesium supplies, and production facilities for 30 lb. L.C. (chemical war­
fare) bombs, led to a production order for 400,000 incendiary 30 lb, bombs, and 
by July of that year production was at the rate of 4,000-5,000 per week. 3 

The Mark I employed the same fuze (No. 38) as the 30 lb. L.C. bomb, except 
that the delay pellet was removed and replaced by gunpowder. It wa5 a 
penetrative bomb -intended for u e against m,ird targets where th,e best possible 
aiming was i;-eguired, and was carried in the smaU bomb contai ner (8 per S.B.C.). 
On impact the fuze ignited a burster, blowing off the tail and tail plate, ejecting 
and igniting the charge , which dispersed over an area of some 60 by 40 yards. 

During early production a change in filling materials was made, liquid 
phosphorus being used until plant for rapid filling with white phosphorus couJd 
be installed, and petrol substituted for benzol. Benzol had a serious tox ic effect 
on the fi ll ing stafi and a re.p lacement was necessary, althottgh the change over 
meant the use of ratl1er more rubber to give the same viscosity. By the end of 
1941, the Mark I was in full production, in use by l;lomber Command, and 
declared obsolescent in favour of a Mark II design. 

Early in 1941, while the Mark J bomb was in course of development, i l was 
evident that if quantity production was eventually required some simplifica­
tion in construction was desirable. In fact before the first production order for 
Mark I bombs was given, desigr:i work for a different bomb body was being done 
by the incendiary bomb branch of M.A.P. in conjunct1on with Messrs. Luxfer 
Ltd. , Harlesden . Between them they produced a design of much simpler 
manufacture ; several machined parts being replaced by pressings, which 

1 A.M. File C.S. 13263. 
~ A.M. File S. 49531. 
3 It should be noted that 30 lb . bombs were at that time sti ll a requirement, and /illin,.; 

of the cases wit)1 incepdiary composi tioo was not to affect adve(sely the former require01ent. 
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ihcluded-a rounded nose-g1vmg extra room for filling-and a more simple 
fuze (No . 846). The main body of the Mark II remained, like the Mark 1, ol 
sol id drawn steel tube., but several methods of fabricating bodies from. welded 
sheet steel were developed at the same time in case of a future shortage of the 
former. 

After satisfactory static trials by C.S.R.D., 6Hed bombs of the new design 
were tried out by A. and A.E.E. on 23 May 1941. 1 1t should be noted here that, 
these bombs were filled in the method originally proposed for the bomb, that is 
using· solid white phosphorus. Of twenty bombs dropped on targets of wood 
and concrete, all behaved satisfactorily except one, whose failure was traced 
to a wrnngly assembled fuze. 

Two alternative schemes for the fitti ng of the No. 846 fuze were proposed and 
tried at A. an<l A.E.E. the following day . In one, the fuze was delivered 
separately in a water-tight tin · in the second it was fitted in position in the 
filling factory. A and A.E.E. recommended the latter method, which was 
later approved wit~ the concurrence. of the Ordnance Board. 2 

Thus the new bomb seemed to offer three advantages over the Mark I :­

(a) Easier manufacture. 

(b) Less handling at the ai rcraft. 

(c) Increased filling capacity, 

and soon after its triaJs, D.Arm.D. requested Air Staff approval for the new 
design . In June , the manufacturer's experimental design · was converted to 
C.S.D.'s D.D.L. series and the bomb approved for use by A.C.A.S.(T). In the 
same month, future supplies of phosphorus began to be in doubt , and C.S.R.D. 
was asked to co-operate with Messrs. Albright and Wilson in experiments to 
reduce the amount used jn tbe bomb (l ½ lb.) . Static trials showed little promise, 
and the use of the full amount continued. 

Meanwhile the question oi the design of tube had been pursued, and by 
the end of l94t , the principle of longitudinally welded tube was accepted by 
D.Ai:m.D. It was hoped that lease- lend orders for 3,000.000 solid drawn 
tubes from the U.S.A. might be cancelled, and Messrs. Fisher, Ludlow, Ltd., 
working to the specifications of the welding advisory servic , were commissioned 
to investigate the best methods of welding. 

Some experimental welded bombs were made, and were dropped on the special 
target at Braid Fell to see if they would give the same penetration as the 
Mark I (4-inch reinforced concrete) before breaking up. Tlus proved to be so. 
although the bomb tended to open along the seam and not eject its contents 
through the tail. This was in a way an ad vantage, as the amount of phos­
phorus necessary for complete ignition could be reduced by half a pound. 
In general , the trial was most satisfactory, the bomb being considered superior 
to the Mark 1 and in December 1941, the investigations for the supply of drawn 
tube from America were suspended and arrangements made for manufacture 
of welded tube bombs ; to be known as Mark IIf'."3 

1 A. & A,E.E. A.T.OIJ.10. 
't O.B. Proc. 12529 and A.M. File C.S. 13263. 
s A.M. File C,S. 13263. 
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Thus by the encl of 1941 three types of :~o lb. incendiary bomb were in 
existence :-

Mark 1.-In use until the original order was completed and used (Fuze 
No. 38). 

Mv,rk II.-A simplified pattern Wuze No. 846). 

Mark II I.- Sim ilar to Mark II except that the body was welded and 
contained phosphorus. 

So far, little has been said on their incendiary effect, in fact few trials appear 
to have been done to assess this. However, of interest at th is stage is a German 
circular published in April 1942, which shows that special precautions were 
necessary to deal with this type of bomb, its penetration of houses was reported 
as gooct and its incendiary effect considerable. 1 

A final edition (Mark IV) was yet to appear, and :i.Jthough other forms of 
incendiary bombs were in service or being developed prior to t he advent of 
this Mark, it is thought worthwhile to complete the account Qf the 30 lb. series 
before going on to the others. -This bomb was designed to meet-

(a) the acute shortage of steel in 1943, and 

(b) the still more acute shortage of rubber due to Japanese occupation of 
the chief sources of supply. 

The steel shortage was met by reducing the thickness of the bomb body from 
one-eighth inch to one- tenth inch, and nin eteen bomb thus made were dropped 
at Braid Fell from heights of 6,000 to 70 feet. The results compared very weJI 
with the normal bomb, and in the same month a meeting was held at M.A.P. 
~t which representatives of the manufacturers and the Advisory Service on 
Welding (Ministry of Supp ly) discussed t he change. The internal diameter of 
the bomb remai ned the same so no modificcition of t he tai l plate was necessary, 
but some alterations in the welding method were required. 

The change in incendiary fil ling presented many difficuJties and called for 
much research to discover an adequate substitute. (The problem had arisen 
before the advent of the Mark IV bomb, and indeed a certain number of Mark II! 
models had been charged with a substitute filling.) A substanc available in 
scrap fom1 which proved to be suitable was P erspex ; it was soluble in benzene, 
and experiments showed that a 5 per cen,t. solution was satisfactory. Some 
bombs were filled with. the new charge during the latter part of 1942, but 
because t he sttpply of scrap perspex could not be expected to meet more than a 
six months' demand, other substitutes were tried, among them celluJose acetate 
pJus cresytic acid dissolved in benzene, and a solution of ethyl ceJJulose in 
petrol ,:ind benz~ne. The final choice was the former , and by Apri l 1943, it was 
the standard filling for 30 lb. bombs. It may be noted that with this mixture 
it was necessary to isolate the phosphorus from the solution, and in bombs so 
filled the phosphorus was contained in a separate pocket. 2 By June 1944 , 
operational use of the bomb had indicated that its efficiency as a n incendiary 
weapon was much less than that of t he 4 lb. magnesium bomb. 

1 Foreign Publications Summary, Germany, W/701650/83. 
J For an interesting series of trials with various fillings , duriog which bombs were fired 

from a. mortar, see Armamenl Research Department. Report No. J 22/43, dated April 
1943, by R . F . Phillips and C. 0. Thomas. 
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In that month the merits of the two bombs in area attack was examined by 
the Incendiary Bombs Test Panel with, as evidence, interpretations of opera­
tional results (including that of a raid on Darmstadt when the only incendiaries 
used were 30 lb.), and information from intelligence sources, The conclusion 
of the panel was as follows ;- 1 

' The 30 lb. incendiary bomb was originally introduced to meet an urgent 
requirement for an incendiary which does not" contain magnesium. If 4 lb. 
incendiaries are now available in sufficient quantity large scale use of the 
30 lb. is now no longer imperative. It i.s considered that in so far as its 
incendiary effect is concerned, its continued use in area attack is no longer 
justified. Its use against industrial targets is a separate question ~hich 
requires detailed analysis of such targets before recommendations can be 
made.' 

This report was revi.ewed, with other evidence, by the Air Mi.l\istry lncendiary 
Panel, who considered that weight for weight the 30 lb. bomb was four times less 
efficient than the 4 lb., 2 and that an additional disadvantage was the large 
column of smoke it created wh ich tended to obscure the target and hinder 
following aircraft. With the supply of 4 lb. bombs b eing adequate, the recom­
mendations of the Panel led to the stopping of manufacture and use of the 
30 lb. bomb in the autumn of 1944, by which time just over three mill ion had been 
used by Bomber Command. 3 

The 4-lb. ' X ' bomb (conclusion) 
Meanwhile, in August 1942, a trial was staged by the Road Research 

Laboratory (M.O.H.S.) to determine the explosive efficiency compared with the 
German 2 kilo bomb. The method-to test the degree of fragmentation and 
penetration- was to measure the effect of the fragments against old telephone 
directories, and showed the German bomb (96 gm. T.N.T .) to be far superior to 
the Bri.tish (18 gm. Tetryl). 

As a result, C.S.R.D. was urged to accelerate his research intq the increase 
of the H.E. charge, and.some experimental bombs containing 38 grammes were 
tested by the Road Research Laboratory in the same manner on 23 September. t 
Although naturally an improvement on the 18 gramme charge, the results 
showed fragmentation still to be too coarse and generally in(erior (comparative) 
to the German bomb. 

Research and experiment continued and by November 1942 a much more 
successful bomb with a 38 gramme charge had been developed and tested in 
dropping trials, and was considered suitable for production. Its introduction 
was, however, postponed by Air Staff owing to the enormous demand by 
Bomber Comrmmd for the existing Mark I ' X I bomb, production o{ which had 
been planned to be 6 per cent. rising to 10 per cent., of the whole 4 lb. bomb 
production, but which in fact had at that time only just begun to rise above 
1 per cent. Production of the new 'X' bomb would still further retard that 
of the old as new machinery was required. 

The position was further complicated by a demand from Air Staff for bombs 
with a longer delay before detonation- up to 10 minutes- which it was found 
could readily be done with the new type, not with. the old, as the explosive 

1 A.M. File C.S. 13263. 
• Post-war surveys nave since proved t~is opinion wrong. 
~ A.M. File S. 4953. 
• A.M. File C.S. 11078. 
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cl1arge in the latter was not insulated. 1 C.S.A.R. was therefore asked to try 
the effect of increasing the size of the explosive charge container in the Mark I 
'X ' bomb so that a shellaced cardboard container might be fitted around the 
H.E. pellet. 

It should be noted at this stage, lest confusion should arise over the names 
of the various types of bomb, that the original type (Mark I ' X ') was a modified 
4 lb. Mark III bomb. By the end of l942 production of Mark III 's was being 
modi6ed to become ' ' incendiary bombs Which were known as Mark II ' X.' 
The proposed new bomb with increased explosive charge had not then been 
adopted , and therefore had no service number.. r n the end, with the require­
ments for nonnal explosive charge but longer delay predominating, production 
of the 38 gramme charge bomb was dropped. After trials at the Road Research 
Laboratory and Braid Fell the drilled"out Mark I ' X ' bomb was proved 
satisfactory for longer delay, and it was decided to adopt this type for all future 
production , to be known as Mark III ' X.' 

Meanwhile the Mark I · X ' type continued to be used in all operational 
incendiary loads, in varying proportions, and there was plenty of evidence from 
German sources that the explosive incendiary bomb had created a very difficult 
problem in fire-fighting; among other things the German people were warned 
to treat every incendiary bomb as if it contained an explosi ve charge.z From 
numerous enemy A.RP. reports and the like it was clear that increased delays 
would be of advantage to our incendiary bombing effort, and in April 1943 the 
Air Staff became increasingly anxious to have these as soon as possible. By 
July C.S.A. R. bad produced a delay composition theoretically meeting this 
requirement, but unfortunately the pressing o( it into pellets created manu­
facturing diffi.culties. 3 Howeve,, some experimental bombs were made up and 
dropped at Braid Fell in the following October, with very poor results. 4 Of 
142 explosions recorded these were the approximate delays : 30 seconds to 
3 minutes, 7 · 1 per cent. ; 3 to 6 minutes, 71 · l per cent. ; 6 to 10 minutes, 
5 ·6 per ce11t. ; the rernainder between I O and 14 minutes. 

lt did not seem as tllough these -figures could be improved upon, as it was 
found th at the position of the bomb at rest considerably affected the length of 
delay/' and D.Arm.D. recommended that all ' X' type bombs should have this 
new composition, which, at any rate, was better than anytl\ing before, and 
wouJd at least give a percentage of surpdse long delays. To this D.O.R. agreed, 
provided it did not interfere wit~ outpu t , and C.S.A .R. was requested to do 
further research into the delay problem. 

Experiments to produce a more reliable long delay were difficult and pro­
tracted, and it was to be November 1944 before a reasonably successful com­
position was evo'lved containing sucrose instead of lactose.° From the final 
trials it was calculated that the majority of bombs would detonate between 
4 and 8 minutes, and about 10 per cent. between 8 and 14 minutes, and by the 
end of 1944, complete change-over to this composition was· made. 

1 M.A.P. F ile S.B, 13337. 
• A.M. File CS . 11078. 
~ 35 per cent . unwaxed lactose. 65 per cent. Barium Nitrate. 
• A.M. File C.S. 11078. 
• e.g., Whether the molten magnesium flowed away (rom , or towa~d~. the H.E. pellet. 

For a detai led report on the problem su C.S.A.R./T.P./4121, 30 October 1943. A.M. F ile 
C.S . 11078. 

• M.A.P. File S.B. )3337/7. 
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The 4 lb. bomb may be considered as one of the most successful incendiaries 
produced. lts design and production went forward with little delay, and the 
<lnly major modification was imposed by economic or tactical necessity. It 
remained the standard incendiary bomb throughout the war. That there were 
failures on operations cannot be-denied though reports of these may have been 
exaggerated, but such failures were due mostly to the very simplicity of t he 
bomb design, Its ballistic-shape was not such as would ensure stability at low 
heights, and du.ring the later stages of the war, when ' cluster ' release became 
predominant, interference between bombs during the initial part of the fall may 
have accowited for failures of the bomb to reach the target in the best attitude 
of impact. On the other hand, simplicity of design made it possjble for the 
boro.b to be produced in the vast quantities required by the Air Staff, and this 
reason alone justifies the acceptance of a small percentage of failures. 

The production and expenditure of 4 lb. incendiary bombs may be measured 
from the following table which shows the total dropped by Bomber Command 
during the war : -

Year. 
1940 
l941 
1942 
1943 
1944 
1945 

From S .B.C.s. 
508,993 

2,082,669 
8,010,926 

27,37l,900 (including 1,469,853' X,' 3,750' E ') 
l9,890,800 (including 1,498,723' X ') 
7,452,067 (including 690,423 'X ') 

In Various 
Clu,Sters. 

7,127,286 

7,204,414 

This huge total of nearly 80 million bombs. was proba.bly some 80 per cent. of 
the number produced. 

The 30 lb. ' J ' bomb 
In the preceding account 0£ the 30 lb. liquid filled bomb, mention was made of 

how the shortage of rubber from 1942 onwards cansed production difficulties 
and much research into alternative fillings for that bomb, in itself a temporary 
substitute for a percentage of 4 lb. bombs, due to a shortage of magnesium and 
steel. 

ln June 1942, Air Staff published a memorandum dealing with the problem 
of raw materials for incendiary bombs and stating the requirements for a bomb 
which would, in manufacture. be largely independent of the materials in short 
supply. Jn brief, they required an alternative of some viscous liquid :filling, 
to function by some ejection principle,. to be strong enough to be operative 
after release up to 15,000 feet and penetration of the roof and top floor of a 
typical German dwelling house. Carriage in aircraft was to permit the greatest 
possible number of bombs-preferably in clusters-and size and weight to be as 
small as possible, consistent wtth a high charge/weight ratio. The usual con­
ditions for simple fuzing, safety, and ease of manufacture, were stipulated. 1 

These requirements, borne of economic necessity, were to lead to the eventual 
production of the ' J ' (jet) type incendiary bombs. 

The 'J • (jet) type incendiary bomb had its origin in the autumn of 1942 in 
the laboratories of Leeds University, where the Ministry of Home Security had 
established a research station under Professor D. T. A. Townend. During in­
vestigation of problems concerned with defence against incendiary bombs, it 

1 A.M. File C.S. 15591. 
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was discovered that what appeared to be an extremely efficient incendiary 
agent could be constructed by burning a liquid hydrocarbon at the end of an 
osciUating jet which could sweep inflammable surfaces within its range. In 
the early experiments the hydro-carbon Butane was used, contained in a 
cylinder under pressure. It was evident that although this procedure was 
simple e11ough on the ground, it was another matter to produce a bomb which 
might be carried safety in an aircraft and released, probably from a great height, 
so that it would have to be robust enough to withstand impact with the ground. 
after which it must automatically turn on its jet and ignite the issuing liquid. 

The idea was considered in the autumn of 1942 by C.S.R.D. , who decided that 
it was too complicated and declined to underta ke tts development. The 
Ministry of Home Security was, however, more optimistic, being convinced that 
the idea had practical possibilities, and continued to sponsor research. 

Jn October 1942 it was decided that the jet flame bomb had advanced' from 
the demonstration of a principle to the designing of a bomb to fit particular 
stowages and to meet Air Staff requirements.' and that therefore future develop­
ment should be taken over by the incendiary bomb branch of D .Arn1.D. 1 

It was arranged that continued help should be given by the Ministry of Horne 
Security scientists at Leeds. The bomb designed and produced was a cylindrical 
steel casing containing a solution of methane in petrol, under pressure. On 
impact a thermite charge in the central tube was ignited, heating the petrol 
methane mixture. At the correct temperature a metal disc of low melting point 
was fused, and the mixture issued through a flexible tube in the form of a flaming 
jet some 15 feet in length. The bomb weighed 30 lb. and contained l ·3 gallons. 
of methane-petrol. 

Between January and March 1943 static firing trials to determine its incen­
diary and penetrative effect against representative German. dwellings ancl the 
best method of igniting the petrol streams, best size of jet and so forth, indicated 
that with simplification the bomb might become the most efficient incendiary 
weapon yet designed. 2 No air trials had so far been done, and before these 
were carried out the bomb was tested to discover the effect of smaU anns fire 
on aircraft. This tesl at Orfordness in February 1943 showed that the bomb, 
was safe when struck by A.P. ammunition but was ignited by A.P. incendiary. 
Even then, though a jet of flame appeared, it lasted for five seconds only and did 
no structural damage lo the aircraft. 

At this stage of development (March 1943) it was estimated that given high. 
priority and an absence of serious complications, manufacture could commence 
within six months. A demonstration was staged when comparative trial.s of 
the 4 lb., the normal 30 Jb. and the new ' J I bomb, were made .in some con­
demned houses in Hammersmith. In this the jet bomb was oustanding. The 
4 lb. incendiary in unfavourable positions did nothing, and in favourable posi­
tions only started a slow growing fire. The 30 lb. bomb behaved similarly, but 
the ' J ' bomb raised a fire that was beyond the control of ' ni:e--watchers ' in 
less than one minute. 

Members of the Air Staff and Ordnance Board who witnessed the demonstra­
tion were greatly impressed,A.C.A.S.(T.R.) immediately informing the Controller 
of Research and Development (M.A.P.) that he wished development and pro­
duction to go ahead on the highest priority. A.C.A.S. (Ops.) was of the opinion 

1 M.A.P. File S.B. 43268/2. 
2 A.M. File C.S. 15591/ L, 
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that if it could be made operationally practicable it would-if incendiarism was 
to be the main weapon of bomber attack-eliminate the whole of the fire-watch­
ing organisation in Germany, seriously disorganise the second line of fire defence 
(fire brigades), and virtually double or treble the effect of the bomber force. 

The Ordnance Board in summing up the trials was equally impressed as the 
following extract from their report will con.firm :-

, The Board are sufficiently impressed with the performance of the ' J ' 
bomb to recommend that once the supply position for these bombs is clear 
there is no cogent technical reason for continuing the production of any 
other type of incendiary bomb.' 1 

This high promise was unfortunately not to be fulfilled; the question of the 
bomb being made operationally practicable should here be borne in mind, but 
as far as this outstanding trial is concerned the result was a revision of Air Staff 
requirements to fit in with current development, and an order for production at 
the earliest possible date of 25,000 per week rising to 250,000.2 It was recog­
nised that with such a design, failures would be inevitable, but the Air Staff was 
prepared to accept SO per cent. of such to be begin with, Meanwhile two more 
points in development had been made clear; the bomb was to be in clusters, 
and it would need a parachute, to function when the cluster broke, to reduce the 
b omb T.V. to about 180 feet per second in order to give optimum penetration of 
buildings. 3 

The first air trials took place on 26 March 1943 when sixteen bombs were 
released singly from 2,000 feet on to concrete. This trial was only moderately 
successful, failures occurring with parachutes, ignition systems and bombs 
breaking up, but at that stage of development was considered satisfactory, as 
work on the parachute was stiJl going on and the target was not representative 
-Of German buildings. Development went ahead on the cluster, parachute, and 
ignition system, and by the end of April when Bomber Command were becoming 
interested in the progress, it was reported that designs were clear for production, 
except those of the cluster and parachute, and that an order for 1,000,000 bombs 
had been placed. 

In the following August it was hoped to carry out final acceptance trials 
against a small village called Shingle Street, near Orfordness, but this project 
was abandoned as the buildings-mainly small bungalows-were not repre­
sentative of German targets, so more dropping trials of clusters had to be done 
at Parton, which, although proving the operation of clusters and parachute to be 
satisfactory, gave no indication of the incendiary effect of the bombs from the 
air. 

By the end of August L G.I. Ltd. estimated their production of filled bombs 
t o be 1,000 per week, rising, but cluster production was likely to be behind that 
of the bombs for some -time. Despite the early promises and hopes for large 
production, however, innumerable difficulties began to crop up to hinder any 
1arge scale manufacture. These in the main concerned the flexible tube and size 
-0f jet, the the1mite in the central tube, and the methane-petrol mixture. 

Towards the end of the year doubts began to arise as to whether the bomb was 
going to be an operational success, even if the various production problems could 
be solved. Penetration trials of inert bombs against some houses at Leysdown, 

' O.B. Proc. Q. 1093. 
2 M,.A.P. File SB. 42368/3 . 
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lsle of Sheppcy, had been disappointing; a number of bombs being deflected on 
impact; clusters had poor ballistics and the bomb spread was too close ; and, 
from stowage trials done in Lancaster aircraft, Bomber Command considered 
the clusters uneconomical compared with the existing bomb load.1 

In December 1943 the Director of Armament RequiTements, writing to 
A.C.A.S.(T.R.), said he was unhappy about the' J' bomb position. The only 
way to test tile bomb was in a series of operational attacks, using, say, at least 
40,000 bombs per raid, before any valuable comparison with the 4 lb. and 30 lb. 
incendiary bombs could be made. Bomber Command had suggested a minimum 
of 25,000 bombs for such an operational trial and with the total available being 
only 20,000 by the end oJ the year, Air Ministry asked the Command to assist 
development by doing high altitude trials on one of its ranges: the usual bomb 
testing ranges being seriously overloaded with trials. Although a large pro­
gramme was p lanned and agreed upon, bad weather and operational commit­
ments caused these trials to be only 'nibbled, at, a few clusters being dropped at 
Wainfleet aud Rushford ranges early in January 1944 with inconclusive results. 

So came February 1944, and the position that the' J ' bomb was still far from 
past its ' teething troubles ' ; development was still incomplete for reasons of 
manufacture and outstanding trials, and there were not sufficient approved 
bombs for an operational trial. In that month I.CJ. Ltd. pointed out that up 
till then 50,000 filled bombs had been produced of which only 6,000 were accept­
able for operational trials. The remainder were suspected as being unsuitable 
for the following reasons :-

(a) Parachute cords under suspicion 
(b) Central tubes filled with unreliable composition 
(c) Reasons (a) and (b) 
{d) Waiting re-inspection 

13,000 
21,000 

5,000 
5,000 

44,000 

A great numbci: of these bombs were unsuitable as a result of trials held sub­
sequent to manufacture, which were few and far between, with the res\llt that 
manufacture went on and stocks of useless bombs accumulated. The firm 
could only do static trials which could not cover other possible causes of failure 
which were :-

(a) Failure of barometric fuze. 
(b) Failure of cluster to open. 

(c) Failure of parachutes. 
(d) Faihire of bomb strike. 

and it was pointed out that only comprehensive hjgh altitude trials could really 
clear up the matter. Finally it was suggested that if sufficient importance w.as 
still attached to the large scale production of ' J ' bombs, one or two aircraft 
and pilots for whole time tests was not too b ig a price to pay, to achieve that. 

This summary of the situation, representing- as it did, the manufacturers' 
point of view, was investigated by Air Staff and the Ministry o{ Aircraft P ro­
duction, who, although agreeing in the main, did not agree that delay in com­
p leting development was chjefly due to the shortage of air trials. While it was 

1 A.M. File C.S. 15591/ 1. 
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true that there was a serious shortage of aircraft available for these trials, and 
there was only one testing range really suitable for this type of clustered in­
cencliary, most of the troubles hampering development had occurred before air 
trials were due, and were caused by bad manufacture, bad assembly and faulty 
inspection. 

Although a further supply of bombs Was allocated for high level trials at 
Wainfleet, no more bad been dropped by May 1944 when, with some of the 
production difficulties having been overcome, enough improved 'bombs were 
ready for the first operational trial. 

It had been the intention to use them, if possible on a virgin target, in order 
to get the best idea of their effectiveness.1 This however was n·ot practicable 
for various reasons, and the target attacked was Brunswick on the night of 
22/23 April, when the whole incendiary load-some 432 tons- was of 30 lb. 
']' bombs. This long awaited operation was almost useless as a comparative 
test, for almost all of the bombs fell in the open-spaced south-east outskirts of 
the town, thus providing no real opportunity for a large conflagration. What 
analysis and assessment was possible di.d however tend to indicate that weight 
for weight the T bomb was very inferior to the 4 lb. bomb. 

In the. absence of any conclusive evidence as to merit of the bomb a further 
order for 1,000,000 was placed in July, it being the intention to r eview t his 
order after further operational use. From then until October T bombs were 
used as part incendiary load in attacks on Kiel on 2-3 July, Stuttgart on 24, 
25 and 28 July, Stettin on 16 August and Konigsberg on 29 August ; again 
with inconclusive results. All the targets had been previously attacked, though 
Stettin and Konigsberg were more or less virgin targets from the point of view 
of incendiary attack. However, the loads carried were mixed and the method 
of attacking half of each town with T bombs and the other half with ordinary 
incendiary bombs, did not prevent a certain amount of overlapping. Thus 
the earlier hopes that several operations might establish the efficiency of 'J' 
bombs or otherwise were unfulfilled. 2 

Certainly the bomb had fallen into disrepute in Bomber Command, for on 
6 October the C.-in-C. reported to Air .Ministry that, according to the Opera­
tional Research Section of fhe Command, an investigation of the results of 'r 
bomb raids to date showed the 4 lb. clustered bombs to be twice as effective as. 
the jet bomb. He regarded as deplorable the fact that so much time, energy. 
and misguided enthusiasm had been spent on such an unpromising weapon, to 
the detriment of the clustered 4 lb. incendiary, and recommended that pro­
duction of the jet bomb should cease. 

To this Air Ministry did not agree, pointing our that the Incencliary Panel -
on which Bomber Command were represented- had fully examined the results 
of the raids, as well as the O.R.S. Teport, and they were of the opinion that the 
full potentialities of the T bomb might well not have been assessed. Therefore 
before condemning the weapon, Bomber Command were invited to use it again, 
with once more the suggestion that it be used against targets that had not been 
heavily attacked before. 

To return to development progress for a moment, the bomb had by then 
certainly been much simplified. Between April 1944 and October the whole 
trend of development had been to simplify the construction of this vastly 

1 A.M. File C.S. 15591. 
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over-complicated bomb ; in particular t he c}ection valve, parachute box, and 
firing had been irnproved.1 However, with another type of T bomb (20 lb.) 
on the way , production of the existing bomb was cut down from 40,000 to 
30,000 per week, and all further developmcn t ceased by the end o{ October. 

By the end of ovember, the question of the usefulness of the bombs had 
again been reviewed, following their use in mixed loads against Kaiserlauten 
on 27 September and Nuremberg on 19 October, and it was the opinion of the 
Air Staff that t here was still insufficient evidence to justify the C.-in-C. Bomber 
Command' recommendat ion. The latter, however, was in no uncertain mind 
as to the value of the 'J' bomb. In the raid on Kaiserlauten only 420 were used, 
and, according to a prisoner of war who had been engaged in salvage work after 
the raid, a great number of these had failed ; either the clu ter had not opened, 
or jndividual bombs were found intact. Whilst this inteuogation report was 
being st udied for technical information, th C.-in-C. obtained ' fortuitously ' as 
he put it, a report of what the prisoner had alleged. In 1944, Bomber Command 
had put in terrific efforts against oil targets, with very considerable succe s, 
and when the C.-in-C. heard that the German were picking up all our dud T 
bombs, knocking a hole in them and tipping the content into the petrol tanks 
of their M.i. vehicles, the atmosphere in his office got somewhat tense. 

He then wrote to the Air Ministry an indictment of the T bomb, which 
he described as an expensive failure, and vastly less effective than the clustered 
4 lb. magnesium incendiary. His chief complaint was that although he had 
continuously asked for increased supplies of cluster containers for 4 lb. bombs 
in vrun, because, it was alleged, materials and labour were inadequate , such 
containers had been produced readily for 'j' bombs. 2 Development had, in 
fact, occupied the experts for over eighteen months, and when furt her work 
ceased, in April 1944, the bomb was still far from being technically sound. 3 

The lack of suitable operational trials did not , in the opinion of Air Staff, 
give M.A.P. or the Incendiary Panel sufficient evidence to evaluate the 
effectiveness of the bomb, and no satisfactory assessment of the bomb ever 
was, or has been made.4 A total of 413,165 was dropped in the raids previously 
referred to, and this was the total operational use of the bomb. Arrangements 
were made with the U.S.A. Air Force to u e them in Europe early in 1945, 
but did not materialise. Production on a reduced s ale continued though, 
and work in the latter part of 1944 and the first half of 1945 was direc ted to 
making the bomb suitable for st0wage and u.se in the Far East, but agrun no 
bombs were used. 

The 20 lb. ' J ' bomb 
Even h.ad the 30 lb. bomb proved an outstanding success as a fire-raiser, it 

had one serious disadvantage which would always have reduced its value, the 
liquid filling gave constant difficulty. Special machines l,.ad been devised to 
fill the bombs, but these were still complicated and extravagant, somewhat 
dangerous, and trouble with leakage in storage was a lways present. This 
difficulty, together with a great deal of the simplification of component parts, 
seemed to have been surmounted in a rival bomb of similar design which 
originated in the W ar Office (D.M.D.) in 1943. ~ 

J.M.A.P. File S.B . 42368/2!. 
• A.M. File C.S. 15591 /2. 
3 M.A.P, File S.B- 42368. 
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This was a jet-bomb originally weighing 10 lb. but in its final design about 
23 lb. ; having a solid naphthalene filling cast round a heater element which, 
on burning, vaporis.ed the naphthalene and forced it from the bomb in the 
form of a jet. Early models were found to be unstable, but in later types a 
cylindrical metal tail (spring loaded) was fitted which collapsed over the bomb 
body during carriage in a cluster, but on release sprang out. 

The solid filling had many advantages over the liquid. It gave the bomb 
extra strength to withstand impact, and in penetration tests, fi red from a 
mortar, the smaller bomb proved superior to the 30 lb. 'J' against conci:ete 
and typical German domestic buildings. 1 As a fire- raiser it promised to be at 
least e()ual to the larger bomb, and both M.A.P. and the Air Staff were 
impressed by its performance against derelict houses at Hammersmith. The 
bomb then required no parachute, another point greatly in its favour, and 
9.000 were ordered for development trials. 

With the approach of the end o-f the war in Europe, more and more thought 
was naturally given to weapons for the attack of Japanese structures and it 
was considered that the 20 lb. bomb would be the more suitable in size. 2 This 
advantage, added to ease of manufacture, filling, and reduced cost, led to the 
development of the bomb as the jet incendiary for war in the Far East. 

Difficulties in obtaining a suitable cordite to heat the main filling prevented 
any early large production of the bomb. Whilst this delay was going on, t he 
need for?- parachute ar:ose because the T.V. of the bomb was too high for that 
required against Japanese targets. The time taken up in finding a suitable 
cordite was therefore utilised for the design of a parachute : an unfortunate 
necessity, for parachute bombs have always been difficult to design, fit and 
use. However, by March 194S the parachute type had been successfully tried 
and in July the 30 .lb. T bomb ceased to be a requirement. 3 The smaller 
bomb only was contemplated for use in the Far East, but the sudden ending 
of the war prevented its use. 

The foregoing account concludes the history of the small to medium incendiary 
bombs and .in fact covers the main types used during 1939-1945. Other large 
incendiary bombs were developed and used in minor quantities, as were one or 
two special weapons for use against forests, and these will now be briefly 
discussed. 

Large incendiary bombs 
Of these there were three sizes, 250 lb. , 400 lb., and 2,700 lb., all of which 

can be briefly dealt with, as for various circumstances they were rarely used; 

250 lb. bomb. 

This was the standard L.C. bomb case _fiJle<l with a mixture of paraffin and 
rags, using an instantaneous iuze. and ejection charge. Introduced in 1940 for 
use against forests it was little used as such and was not very successful.4 1n 
l 941 it was considered for the attack of such targets as industrial works, docks, 
and warehouses, and trials with a rubber/benzole fi ll ing were successful. In 
practice however it was never more than a 'make-weight ' bomb, its size in 
any case being unsuitable, for by mid 1941 the superiority of large numbers 

1 M.A. P. File S.B. 42368. 
~ O.B. Proc. Q. 2719. 
"O.B. Proc. Q. 3586. 
• A.M. File S. 6909. 
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of small bombs was all too evident. Production too was always likely to be 
limited by chemical warfare requirements. In all some 18,000 were thus 
converted, of which Bomber Command used about 7,000, the remainder being 
re-converted to target indicator bombs after ceasing to be an incendiary 
requirement in July 1942. 

250 LB. MARK 1 INCENDIARY BOMB 

400 lb. petrol /gel. bomb. 
This was specially designed and developed in 1944 for the attack of small 

craft in harbours in the Far East. It was a drum-type· bomb in two portions, 
the front and main part being filled with petrol, a smaller rear portion contained 
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a cellulose/acetate mixture and was ignited by a detonatot- and bur:ster 
charge. Development trials in this country were successfol and 500 bombs 
were sent to South East Asia Command in December 1944 1 for operation.al 
trials, but it is not known wheth.er these were ever held. The abrupt ending 
of the war in that theatre stopped any production for operational use. 

2,700 lb. bomb. 
This was sometimes termed a 'four thou and pounder' because it was a 

standard 4,000 lb. H.C. bomb case adapted for incendiary filling and as such 
it was approximately the weight q1.1oted. A few were used by Bomber Com~and 
in 1942 and 1943 as marker bombs but were not suitable and the Idea was 
dropped. Early in 1944 , the bomb was re-developed as a low attack incendiary 
weapon against fortified enemy positions fo Europe. 2 This time a fi lling of 
perspex/gel and liquid phosphorous was used. Progress with the bomb did 
not go beyond the development trial stage and by July 1944, it was no longer 
required for operational use. 

S pecial weapons for creating forest fires 
Many types of incendiary bomb have from time to time been tested to find 

the most effective weapon for this particular attack. A study of various 
reports on these experiments seems to suggest that the problem, of attacking 
forests 'is not so much the choice of weapon as the r,ight forest conditions. 
Given these; for example thick dry undergrowth, low humidity, light wind, 
almost any type of non-penetrative incendiary will start a £re, but no bomb 
will ignite a forest which is green and wet. 

60 lb. bomb. 
In July 1941, some trials were held in a wood near Burford, Surrey, under 

almost ideal conditions. All the incendiary bombs in service at that time were 
tested, a well as a specially made up 65 lb. L.C. bomb case filled with rubber­
benzole-phosphorus. This latter was simply a square tin originally intended 
for chemical warfare, the phosphorus content giving self ignition when the tin 
burst on impact. Filled with incendiary composition the bomb weighed 50 lb. , 
by which name it came to be known. 

In the t rials this type gave the most promising re:;ults and 10,000 were 
ordered and were ready by the middle of Allgust; it being intended to use 
them in that month or September. 3 For varjous reasons the plan was never 
put into operation, but about half the quantity were used by Bomber Command 
later in that year as' part load in area attacks. The forest fire plans were 
<lrnpped in the autumn of 1941 and the bomb withdrawn from service. 

' Razzl~ ' and ' D ecker ' 
These were code names for celluloid strips joined together with a phosphorus 

pellet in between them. The idea wa.s first developecl in 194.0 for attacks against 
crops, in particular corn, the intent ion beb-1g to store them in tins of five 
hundred in water and alcohol and to drop the~ by pouring out of the tin 
down the flare chute. 

1 A..M. File C.S. 22295. 
• A.M. File C.S. 23225. 
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The -first type known as ' Razzle ' was rushed into production in the summer 
of 1940, various static and air trials having established that they would ignite 
satisfactorily, but whether they would ig11ite crops remain~d to be seen. In 
this matter they were soon proved to be useless, tests in a field of dry ready-to­
cut corn in August of that year being a failure. Conditions were as near perfect 
as would ever be obtained in Europe, eve11 with paraffin sprayed on the corn, 
the pellets failed to ignite it. After many attempts the only conclusion that 
could be reached was that even under the most favourable conditions it was 
almost impossible to damage standing crops in Europe by incendiarism. 

The project was therefore abandoned, but in the autumn of 1940 large 
numb rs were dropped over Germany to create a general nuisaoce. 1 No very 
convincing reports of extensive damage either to crops or forests were received, 
and there was little evidence that the Germans took any special precautions to 
deal with them, beyond warning the populace o{ their delayed incendiary effect. 

Decker •i was designed as an alternative form of incendiary leaf for possible 
use against forests and was really a ' sandwich' of celluloid and rubber strips 
with a phosphorus pellet, and might at least have provided a. means of using 
up some of the millions of ' Razzle ' units left on hand. Like tl1e original, 
however, ' Decker ' was never used Jn a special operation against forests ; some 
were used for nuisance values and the whole idea was dropped in 1941. 3 

Conclusion 
The following i's a summary of the eff ecti.veness of incendiary bombs generally 

and where possible by type and size, based on tb.e findings of the Weapons 
Effectiveness Panel of the British Bombing Survey Unit .4 

(a) Industrial buildings . 
It is shown that incendiary bombs were considerably more effective than 

high explosives against light engineering targets and that t here was no 
marked difference between the efficiency of the 4 lb. and 30 lb. Mark IV , 
the bombs in major use. There is evidence that incendiaries generally were. 
not as effective a.c; medium H.E. bombs against iron and steel works, oil 
Tefineries, and synthetic oil plants. 

The 30 lb. 1 J ' bomb is not assessed as it was so little used. 

(b) 4 lb. bombs agai"nst housing. 

This assessment is ba.sed on data from surveys o[ three German towns in 
which the effects of incendiaries r1ad not been obliterated by simultaneous 
or subsequent at.tacks with high explo ives, and presents a clear case for 
the superiority of this type of bomb against area targets. 

The probability of a 4 lb. bomb causing serious fire damage to a domestic 
building is shown to be in the order of 20 per cent. Of 560 bombs located 
by the survey team in two towns the probability of penetration and ignition 
was about 99 per cent. The positions at which these bombs came to rest 
when dropped in clusters were 31 · 9 per cent. above top floor ; 52 · 3 per 
cent. on top floor and 15 ·8 per cent. below top floor. H dropped from small 
bomb containers the corresponding figui:es wot!l.d be 24 · 6 per cent., 39 ·3 per 
cent., and 36 · l per cent. respectively. 

1 A.M. File S. 48336 and O . .B. Proc. Q. 3J /40. 
~ A.M. File S. 48336. 
3 M.A.P. File S.B. 6\02. 
1 D.G. Atrn . W.E./S. 3507. 
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(c) Damage to machine tools. 
No data were available to present a firm estimate of incendiary values 

against machine tools, but a study of the results of H.E./Incendiary attacks 
on nine German factories suggests there was no marked difference in 
effect iveness per ton of the two kinds of bomb. 

U.S.A. strategic bombing survey 
A large series of reports similar to those quoted above have been prepared by 

the United States.1. A few extracts from those concerning R.A.F. incendiary 
attacks may be of interest. 

(a) Damage to oiti:es. 
The cities of Hamburg, Kassel, Darmstadt and Wuppertal were surveyed 

and it was estimated that 70-80 per cent. of the damage was caused by 
fire . 

Research by the Ministry of Home Security on thirty-five raids on 
fifteen cities shows that incendiaric's caused approi,;imately five times more 
damage (ton for ton) than H .E. A high density of incendiary bombs can 
cause almost 100 per cent. destruction. 

The use of phosphorus in th,e 30 lb. bomb was most effective ; not only 
were fire guards afraid of phosphorus but smoke obscured the bomb and 
made it difficuJt to extinguish. 

(b) The effectiveness of mixed H.E. /lncend£ary attacks. 

It was emphasised that the maximum effect of incendiarism was best 
produced by mixture of H.E./lncendiary bombs because of the deterrent 
effect of H.E. on iirefighters and the disruptiona1 effect on .fire-fighting 
services, e.g., water mains. No conclusive data are avai lable to estimate 
firmly the ideal proportions in mixed loads, but it was suggested that 
50/50 was probably best. Above tha,t figure for incendiaries tended to 
show that the effectiveness o[ the attack diminished. 

(c) Comparative values of 4 lb. and 30 lb. bombs. 

As with. the British surveys, these two types of bomb only are reported 
on in detail. The general opinion, based on fie ld surveys and interrogation 
of fire-chiefs and other officials in German cities, was that the- two bombs 
w re ton for ton about equal in e-ffect. Each bomb had advantages and 
disadvantages peculiar to its type, the four pounder being superior in 
numbers carried , but was more easily extinguished or removed, wltilst the 
thirty pounder had greater fire-raising qualities, was harder to extinguish, 
but, of course, was less in. numbers per ton. 1n addition, it had greater 
penetrative power than the 4 Jb. bomb. 

(d) 4 lb. I ncendiary (X) bombs. 

It appears these had a certain nuisance value, but were of little effect in 
deterring fire-guards, who, although. instructed to wait at least five minutes 
before tackling 4 lb. bombs, usually ignored those instructions. It was 
the high explosive bombs dropped with incendiaries that prevented fire­
fighters from promptly combating fires. 

1 U.S. Strategic Bombing Survey. Physical Damage Division Report No. 61, Octobe( 1945. 
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CHAPTER 7 

LIGHT CASE (CHEMICAL FILLED) BOMBS 
Legality of gas weapons 

The following extract is taken from the confidential supplement to Air Power 
and War Rights by J. M. Spaight :-

Policy with regard lo the poss•ible use of Gas as a Retaliatory Measure in War 
C.I.D. (Committee of Imperial Defence}-Extract from memorandum by Chief 

of Staff Sub-Committee, June 1936 :-1 

' Recent events, in our opinion, make it impossible to be sure that gas 
will not be used against us ia war, indeed, the probabilities are in the .other 
direction. We therefore consider that steps. should be taken to provide 
stocks of the latest and most potent forms of gas, so that, if necessary, we 
may be able effectively to retaliate without a day's delay .. To produce 
these stocks and to form a nucleus for production on a war scale, a factory 
will have to be set up an<l possibly some enlargement of existing experi­
mental establishments will be required.' 

Extract from memorandum prepared by the War Office and the Air Ministry, 
submitted to C.LD. oo. 26 July 1938 :-2 

The Manufacture of Toxic Gas for itse in War 
Para. 30. Conclusions. 

' (i) There is no doubt that Germany is making very thorough arrangements 
for the provision of gas and its employment in the war. She is well 
ahead of this count! y and consequently it is necessary that measures 
should be initiated at once to enable1 us to retaliate should gas be used 
against us in war. 

(ii) Gas is not alternative to, but complementary to, the high explosive 
bomb, and jf used in conjunction with them will hasten the work of 
dislocating and disorganising the national life and demoralising the 
commu nity. 

(iii) The employment of gas, as well as high explosive and incendiary bombs, 
would augment the effectiveness of an air offensive to a degree 
unattainable by other means. 

(vi) Kernet factory should be developed to g ive an output oJ 300 tons a 
montll. 

(ix) The knowledge that we possess gas for retaliation will have a reassuring 
effect at home and be a strong deterrent to its employment by 
potential enemies abroad. ' 

The use of poison gas in war3 
A letter dated 12 November 1938 from the Fo~eign Office to the C.I.D: 

suggested that an attempt be made, on the outbreak of war, to obtain from the 
enemy government, even though a signatory of the Geneva Gas Protocol of 

1 C.l.D. )237B. 
~ C.l.D. 1465B. 
3 C.1.D. 1480B. 
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1925, an assurance that they will abide by the terms of that instrument. The 
undertaking would be of considerable propaganda va lue if the enemy did violate 
the Gas Protocol later. (An assurance was asked for by our Minister in Berlin 
when requesting his passports on 3 September 1939, and was given by the 
German Government.) 

White phosphorus 
The question of the use of white phosphorus arose in 1943, and again in 1944. 

It is prim arily a smoke producing chemical, but its property of igniting spon­
taneously and burning vigorously when exposed to the air, make it one of the 
finest materials produced for incendiary purposes. (The Germans usually 
referred to our 4 lb. incendiary bombs as 'Phosphorus Canisters.') In contact 
with the human body it produces burns which are slow and difficult to heal 
It was consi.dered by the Foreign Office to come within the prohibition contained 
in the Geneva Gas Protocol, and the Chiefs of Staff agreed that it should not be 
used as a casuaJity producing agent against troops in the open. The Chiefs of 
Staff considered, however, that there was no objection to its use as a thermal 
inceridiazy weapon, and in October 1944 agreed to a proposal by the Second 
Tact ical Air Force that rocket proj ectiles with heads iilled with white, Jiqoid 
phosphorus, or thickening fuel , could be used to dislodge the enemy from strong­
points too heavily defended by 'flak' to permit low level bombing and too strong 
to be destroyed by the 60 lb. rocket projectile. 1 

EarJy history 
After the first world war the British Government, having had some experience 

of the ease witl1 which. signed agreements are broken during hostilities, added a 
rider to the Gas Protocol of 1925 which , whilst re-affirming their intention to 
regard chemical warfare as illegal, reserved the right to adopt t his form of war­
fare should it be u ·ed by any other power. It should be noted that by these 
agreements, only the use of gas weapons was outlawed and not their production 
and development. On this ruling it was decided that development of such 
weapons and invest igation~ into methods of protection from their use, was 
essential to a state of preparedness of the nation. 

This chapter briefly summarises the effort made in that direction by the 
British Government between the two world wars, and to avoid confusion, each 
missile is dealt with as a separate item and not in the chronological order of their 
development. For this reason the reader is asked to bear in mind that, in 
common with the majority of weapons, improvements and consequent altera­
tions in design, are of ten dependent upon the trials and tests carried out over 
the whole range of sirnilar weapons. 

Early in the post 1914/18 war period it was realised that a convenient means 
of attack with, and retaliation to 'chemical ' operations, was available in the 
carriage by aircraft of a chemically filled missile. For this, and economic 
reasons, initial development was confined to the adaption of ex isting stocks of 
high explosive bomb bodies, which, although rmt by any means ideal for the 
purpose, offered a means of justifying expenditure on the design and develop­
ment of the thin-cased bomb having the high charge/weight ratio necessary 
for this type of warfare. 

1 C.O,S. (~4) 339th Meeting. 
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Attempts to convert the available bomb bodies into chemical containers 
failed for many reasons, not the least of which was the seemingly impossible task 
of sealing completely the many body joints. In 1925, the Air Staff decided 
iherefore to cancel the conversion work and authorise the design of a special 
light-cased gas bomb weighing approximately SO lb.1 

The 50 lb. L.C. bomb 
The :fi rst two 50 lb. L.C. bombs, differfog in wall thickness, successfully com­

pleted their internal pressure, rough usage and functional tests at the experi­
mental tation at Parton in November 1925, and early in vebruary of the next 
year, a further bomb with an even thinner case (0·08 inches) was ordered. 2 

Twelve bombs of this type were ready for trials in ovember )926 and four 
months later had successfully passed all initial tests. 

Progress up to this stage had been s iow but increasi11gly successful and the 
remainder of 1927 was occupied with testing a variety of sizes of burster charges 
and exploders. T he experimental station at Porton, where the majority of the 
trials and tests took p1ace, had, in a report on the SO lb. bomb, suggested that 
althot1gh successful in the tests, it was wasteful in filling and distribution, and 
that this migh t be avoided, without detriment to casualty effectiveness, by a 
smal\e-r bomb of similar design weighing about 20 lb. 3 

The Air Staff decided to follow the Porton rncommendatton, and requested 
that the designs of the SO lb. L.C. b€ completecl for approval and sealing. To 
this latter action Parton was not in agreement, since up to that time, all trials 
and conclusions were based on bombs charged with the mustard gas substitute , 
and many further trials with the operational filling were desirable before the 
design was finally in a fit state for approval. Accordingly approval and sealing 
was postponed and in ovember 1927 a further twenty experimental SO lb. 
bombs were ordered, 

Their trials involving fiJling methods, gasproof sealing and live dropping, wern 
carried out at intervals during 1928, and in February of the next year the design 
and specification was approved pending storage trials. It was not until March 
1933 that the storage or' keeping' trials, after many internal modifications t o 
the bomb, proved .finally successful and the much amended specification was 
given its final Air Staff approval. 

The 50 lb. L.C. bomb, having taken some eight years to develop was never 
advanced beyond that stage; for when full scale production was requested in 
June 1936, aircraft design, speeds and carrying capacity, had so changed that the 
Afr Staff had decided to replace it with a larger bomb later to be known as the 
250 lb. L.C.4 

The 20 lb. L.C. bomb 
The 20 lb . L.C. bomb proposed by Porton, was designed for a fiUing of liquid 

mustard (H.S.) and was evolved to fake the place of the 50 lb. type and over­
come the faults discovered in its trials. Principal among these was poor dis­
tribution of the liquid gas, particularly over soft targets, and to rectify this it 
was decided to incorporate a method of ejection of the fi lling by means of 
a small charge and Juze. 

1 A.M. File S . 22603. 
z Assessment of bomb vallle was obtained by measuring the splash area from a filling o( 

Methyl Salicylate in substitution for fluid Mustard gas. 
• A.M. File S. 2$222. 
• A.M. Fue S.25511/2. 
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The proposed bomb, streamlined io. form. was to be carried in 'Small Bomb 
Containers' and employed against troops in the open, docks, aerodromes and 
oth.er open and thinly protected targets. The Deputy Chief o{ Air Staff 
(D.C.A,..S.) approved the recommendations and in April 1936 the Chief Super­
intendent of the Chemical Defence Research Department was authorised to 
proceed. 1 

Difficulties arose once again with conversion and .finances , and bec~use of the 
high priority which the project was allotted , the Assistant Director of rmament 
Research and Development decided to reduce costs and speed manufacture 
by using an unstreamlined cylindrical ·hape. The adoption of this shape and 
consequent increase in filling content, increased the overall weight to approxi­
mately 30 lb. and involved deletion of the 20 lb. bomb on which all further 
development cea~ed. 

The 30 lb. L.C. bomb 
Before development had really commenced, the Air Staff increased the per­

formance requirement to include efficiency of contamination of both hard and 
soft targets up to release altitudes of 15,000 feet and a minimum terminal 
velocity (T.V.) of 850 feet per second (f.p.s.) . The initial trials of.the 30 lb, L.C. 
indicated the improbability of its ever satisfying these conditions. 

Firstly in wind tunnel tests at the Royal Aircraft Establishment (R.A.E.), at 
Farnborough it was found that the T.V. was only 535 f.p .s. and nose-fairings 
had to be adapted to bring this above the required minimum of 850 f.p.s. 
Secondly, contradictory results were obtained on dropping tests, erratic ballistics 
seemed still to result no matter what modifications were made to the carriage 
and fuze attachment and , to further complicate matters, the bombs behaved 
differently when released singly or in salvo. 

At a meeting ai the Air Ministry in October 1936 the Parton representative 
stated that : ' as long as the fuze worked correctly the tail ejection design was 
satisfactory for dropping on soft targets, such as grass land up to 5,000 ft.' 2 

This was far below the specified height but it was reasonable to assume that a 
bomb which could stand up to impact with a hard target from lS,000 feet would 
not only need strengthening, with the consequent reduction of the charge/ 
weight ratio by about 50 per cent., but also when dropped on soft targets would 
penetrate too deeply for efficient iunctioning, and this in turn was contrary 
to Afr Staff requirements. 

Between late 1936 and early 1938, numerous attempts, made to arrive at a 
satisfactory compromise, culminated in a series of trials during March of the 
same year witlt a fully modified bomb released from heights between 5,000 and 
10,000 feet. The results showed 110 improvement for the years effort, and 
because of the urgency now associated with production, it was decided to 
complete the design using the tail ejection principal only. 3 

The design having been decided, a number of essential tests still remained, 
Some of these , notably' climatic ' and 'keeping' trials, were llecessarily of Jong 
duration, and in March 1938 apart from the produotion orders, a further order of 
five hundred ' experimental · bombs was placed. 

1 A.M. File S . 37S10/ L 
~ A.M. File S. 22603/2. 
3 A .M . File 5. 37570/2. 
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The 250 lb. L.C. bomb 

It is convenient, and advisable from the point of view of clarity, to leave the 
30 lb. L.C. at this juncture in the process of manufacture, and to review the 
larger bomb. 

Although some thought and attention to the production of a larger L.C. bomb 
had been given prior to 1935, it was not until October of that year that it became 
an Air Staff requirernent. 1 Its conception was heralded by the introduction 
into the service of new and faster aircraft capable of carrying larger and heavier 
bomb loads a muchgreater di tance than hitherto. In 1935 also, the commence­
ment of the R.A.F. expansion enabled those cor,cerned with L.C. bomb develop­
ment lo go ahead with ideas engendered by earlie trials with the 50 lb. bomb. 

Tail ejection, with a view to overcoming the ' soft target ' difficulties was 
again specified, but, as was to be expected, had its limitations. Experiments 
at Parton, with regard to soft targets, showed that i{ the bomb was aHowed to 
come to rest before the blowing charge was ignited, the liquid gas was ejected 
through the bomb crater causing gross contamination over a considerable area 
with large drops, but wasting a quantity of the liquid within the crater itself, 
whereas, when instantaneous or short delay action was used, the- liquid was 
dispersed in such fine drops as to be useless. It was also found -that when 
dropped on semi-soft targets, such as shingle, the bomb broke up and con­
tamination was by splac;h only. 2 

Trials during 1936 showed that the requirement to operate between 250 and 
15,000 feet on hard or soft targets, in hot or cold conditions, with a minimum 
terminal velocity o{ 750 f.p.s . could never be met with the present 250 lb. design. 
Accordingly at an informal meeting between the Director of Armament Develop­
ment (D.Arm.D.), the Chemical Defence Experimental Station, Porton 
(C.D.E.S.), and the Design Department at Woolwich in October 1936, it was 
decided to proceed with a new design to satisfy the ot'iginal conditions and 
additional Air Staff requirements-dive bombing from 6,000 feet with release at 
2,000, an increased minimum terminal velocity- of 850 f.p.s. , no predetermined 
level bombing release height, a detachable tail unit, and the ability to per­
forate the half-an-inch mild steel deck plates of Merchant ships.3 

Initial dive bombing trials, cai:ried out with the original bomb, now termed 
the Ma.i:k I, against a concrete slab at Porton , were inconclusive due to the 
smallness of the target and the consequent few hits obtained. At the end of 
1936, probably when predsion became urgent, the Assistant Director of 
Research and Armament Development, on the assumption that an inefficient' 
bomb was better than no bomb at aJl , ordered the production of 11 ,000 of the 
Mark I design. 

Efforts to en large the Parton concrete target to twice its original area met 
the usual financial stumbling block, and it was not until June 1937 that 
sanction was given and further trials commenced. The standard Mark I, and 
a special bomb having a flat nose, were tested in single-release dive bombing 
from 6,000 to 2,000 feet, and although both types., broke up on striking with a 
S. V. of 500 f.p.s ., an area of between 200 to 300 square yards was contamjnated 

1 A.l'vL File S. 35558. 
• A.M . File S. 36720/ 1. 
3 A.M. File S. 40390/ l. 
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in each case. Strikes on the Stt1Tounding grass land with the flat nosed bomb, 
showed a marked improvement over the standard Mark I , its' penetration 
being some 40 per cent. less. 1 

June 1937 saw the first deliveries of the 11 ,000 empty bomb order, and it 
was realised t hat manufacturing concessions, given without reference to 
Porton, were responsible for the production of a bomb much weaker in con­
struction than those on which experimental work was proceeding. This caused 
considerable delay and to enable trials to continue, twenty-four round-nosed, 
and twelve flat-nosed bombs, were ordered from one contractor to be made 
exactly according to the instructions issued previously for the experimental 
bomb. Trials commenced at Porton in January 1938 with the specially ordered 
bombs released from 10,000 feet. From the resuJts it was estimated that, with 
a different method of welding to prevent the main weld splitting on impacl, 
good contamination could be expected on soft targets in approximately 
SO percent. of cases, and a useful degree of contamination from the remainder. 2 

Meanwhile the proposed 250 lb. bomb, Mark II, had been held up pending 
recommendations from development experience wjth the 30 lb. and the 250 lb. 
Mark I. Tentative desjgns had been produced in early l937 and in July of 
the same year, considerable assistance resulted from an Air Staff decision to 
delete perforation of half-inch plate from a new list of requirements. 3 Before 
final designs were produced, it was decided to await the results of numerous 
modifications being tested on the 30 lb. bomb, and these were still outstanding 
when, in April 1938, it was decided to base the new 30 lb. design, and the 
250 lb. Mark II on the tail ejection principle. 

As the trials proceeded the urgency for production grew, and in January 
1939, at a meeting of the R.A.F. Gas Development Committee, it was agreed 
that the Mark II bomb should be similar to the Mark I, except for a number 
of structural modifications, and would not incorporate any new principles. 4 

Thus after a comparatively short development life, th e design was decided; 
approval followed in March and two months later production orders were 
placed. 5 

During this manufacturing period, it was decided that some indication of 
performance against a more representative target was desirable. A suitable 
target was found in the disused Power House at Gretna Green ; a three storied 
building having a 9 inch ground floor, a 6 inch intermediate, and a 4 inch top 
floor, all constructed in concrete, Its roof was made of wood and slate and 
apart from the small danger area available, which limited the maximum 
bombing height to 6,000 feet, was eminently suitable for the purpose. 

Trials against this target commenced in April 1939, with bombs charged 
wi th the Mustard substitute- Methyl SaJicylate. Bad weatber unfortunately 
prevented release from all but tbe lower heights, so although satisfactory, 
confirmation was desired from a higher altitude, and in July of the same year 
a further series of full scale trials took place. On their report on the first 
series of trials, the Ordnance Board gave the bomb as functioning well under 
aJl the conditions tried against the target : penetration and subsequent 

1 A.M. File S. 39102. 
0 A.M. File S. 36720/3, 
3 O.C. Memo. B. 34750. 
~ A.M. File S. 40390. 
5 A.M, Fi.le S. 40390/2, 
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fu nction ing was good and the resultant contamination heavy. Tt was probable, 
the report concluded, that rooms receiving the cont nts of the bombs would be 
uninhabitable to unprotected persons for some weeks or even mo11ths unless. 
extensiv repairs were undertaken ; vapour would probably render the building 
uninhabitable unless those parts affected could be isolated .·1 

The conclusions from th July trials from 6,000 feet not only confinned 
these probabilities, but added t hat penetration of slate and timber roofs was 
easily accomplished and that, although no direct hits on the 4 inch concrete 
upper floor had been obtained, it appeared that this a lso would be penetrated . 2 

Little now remains to be recorded of eit her th 250 lb. or 30 lb. development : 
the worsening of the political situation during I 939 naturally hastened th~ir 
final development. Briefly to summa rise this period : a new Air Staff require­
ment for functioning from 50 feet did not materially afiect the 250 lb. bomb, 
but showed that the fuze with which the 30 lb. was fitted was not sufficiently 
.ensitive, and, pending a modified design, 60,900 bombs of th is weight were 
ordered in June with first deliveries anticipated in July, Thus by November 
1939 stocks were building up but as yet no fuze was available.3 1n the absence 
of a sui table foze , the 30 lb. L,C. was accepted as a I break-up · bomb and 
charged missiles were cleared for sending overseas. 

By May 1940, the fuze situation had improved, but in the meantime the 
Air taff had acceptt:!d the old type and ensured its functioning by in~reasing 
the minimum dropping Ii.eight to 250 feet. 4 Thus tl1e on ly apparent problem 
remaining in 1940 was the old one of preventing excessive penetration of soft 
targets. Delay action parachute and drogues were suggested but fot many 
reasons proved only partjally successful. 

The Air Staff decided in June 1941 that the rn ustard H.S. fi lling should be 
replaced with phosgene, and all production above the p.hosgene requ irement 
(30,000 to 40;000 per quarter), be filled with an incendjary mixture of rubber, 
phosphorus and Benzol. 5 In tne same month, Porton reported that lru·ge 
cale t rials had conclusively proved that, above a release altitude of 1,000 feet 

on to soft targe ts, tail ejection was unreliable and suggested that this cou ld be 
rectified by adaption of an H .E. exploding system which Md given a reliab le 
and reasonable performance from aJI heights.6 

The situation was finally cleared by the Air Staff in October 1941 with the 
decision that a ll charged 250 lb. LC. bombs be reserved for use again t hard 
targets where accuracy of aim was required , and that a ll other requirements 
would be filled by the introduction of the new 65 lb. L.C. bomb. 7 The 30 lb. 
bomb fared a little better~ by August 1940 the Royal Aircraft Establishment 
at Farnborough had evolved a new type of nose cap and retard ing plate to 
restrict penetration, which, on tests during the next month, gave considerable 
satisfact ion in that, apart from a small sacrifice in accuracy, it allowed releases 
from high altitudes into soft targets and increased the area of contamination.8 

Pendi ng performance figu res against a well constructed roof, 50 per cent. of 

l Ord , Board Report No. 2/39. 
~ Porton Departmental Report No. 81. 
' A.M. File S. 37570/5. 
' A.M. File S. 37570/8. 
' A.M. File S, 40390/6. 
1 Porton Report No. 2277. 
'A.M. File S. 40390/8 and llf.A.P. File S.B. 19500. 
8 A,M, File S. 37570/9. 
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the · 30 lb. order was modified to include the Farnborough attachment, and 
before the end of 1940, orders totalling 75,500 Mark I, 30 lb. L.C .. and 26,000 
Mark II 250 lb. L.C. had been placed with a number of manufacturers. 1 

Thus Air Staff requirements had eventually been 'met · by compromise, 
and it is interesting to note that the problem of soft target penetration was 
eventually solved by a reduction in terminal velocity, with an acceptance of 
a degree of inaccuracy, and that increased T.V., to simplify aiming and 
consequent accuracy, was proved impracticable. 

The 65 lb. L.C. bomb 
.The 65 lb. L.C. bomb was evolved by the Chemical Defence Experimental 

Station at Porton during the time when delays were occurring in the develop­
ment of the 250 I b. L. C. due to structural weaknesses. It was a cheap tin~plated 
bomb, based in design Hpon the square 4 gallon petrol can. With a small flag 
a.ttached , to act as a stabiliser. the terminal velocity approximated to 300 feet 
per second, and dropping trials on hard, semi-hard and soft targets. as well as 
showing satisfaction, had produced an area of contamination at least equal ,to 
that of the 250 lb. bomb. 

The realisation that a bomb of this type would be far short of the Air Staff 
requirement, particularly as regards ' service life '. penetration and accuracy 
of aim, did not deter the Director of Armament Development (D.Arm.D.), 
from asking the Air Staff in May 1941 to approve its in troduction into the 
service for use against targets other than modern buildings. 2 

By July of the same year, after a method of strengthening the 'can ' had 
been devised and loading and handling trials ca-rried out, the design was 
approved and provisioning commenced. Porton, in ant icipation of its immediate 
approval, had already ordered 5,000 to be manufactured and calculated its life 
to be only nine months when a filling of a form of mustard known as mustard H.T. 
was employed. 

Difficulties arose towards the end of J 94J when it was discovered that the 
bomb was totally unsatisfactory on soft ta.rgets when its contents were frozen 
solid. Several methods were proposed to deal with this difficulty, but the 
majority proved either impracticable or too costly, and in November of the 
same year, e;,,.-perience in manufacture, charging and handling, in addition to 
the desirabi lity of including a s imple burster charge to overcome the freezing , 
problem, necessitated the preparation of a Mark II design . 3 

Basically the Mark 11 was ~imilar to the Mark I. In form the only difference 
to be seen was the deletion of raised panels on each side o{ the bomb thereby 
preventing the development of very fine cracks at their edges which, because 
of the continual movement of the fluid contents and uneven stresses on the' can· 
during transit, were apt to occur in the Mark I. A third handle was added to 
facilitate ease of handling, and a centraiised filling hole, plus a redesigned filler 
cap with a fixed tornmy-bar and extra washers were provided to ensure positive 
tightening and prevention of leaks in storage. The new type of filler cap 

. allowed for a simple burster to be screwed in its- place if required. 
During January, February and March 1942 it was decided to increase the 

storage life of the bomb by internal varnishing; this of course involved removal 
1 A.M. Files S. 37570/8 and S. 40390/ 1. 
• M.A.P. File S .B. 18341/1 . 
3 M.A.P. Files S.B. 18341 /4 and S.B. 33572/ l. 
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of !he internal tin pfating, but it -was estimated that the whole process· would 
fncrease the storage life of the bomb by about thirty-six weeks in the tropics , 
and from m1e to one and a half years in temperate climates.' 

The design of the Mark 11 bomb was sealed in May 1942, 2 and a month later 
Bomber Command reported that from their investigations, the only practical 
method,of obtaining reasonable accuracy of aim was that used when incendiaries 
were required to be dropped on the same target as high explosive. 3 Analysis 
of trial results, using this method, produced a ' mean point of impact ' error 
in the order of 200 to 300 yards on releases at altitudes of between 1,000 and 
10,000 feet. 4 

Development of the 65 lb, L.C. bomb after this stage, was mainly concerned 
with further trials on cooled and semi-cooled fillings and their respective con ­
tamination efficiency, and with 'weathering' the exterior to improve their 
storage life. These trials were naturally of long duration and continued until 
July 1944 when development of light-ca5e bombs for the Royal Air Force 
virtually ceased_ 

The 500 lb. L.C. bomb 
Although Air Staff had decided in 1937 that for many reasons liquid mustard 

gas was the only practical filling for light-cased aircraft bombs, the way had been 
left open for i.nvestigations into the a lternative use of phosgene for retaliative 
purposes, should such a gas be used against us in a future war.5 The Chemical 
Defence Experimental Station at Porton had th.erefore undertaken a series of 
tests and trials using the Mark 1 250 lb. L.C. bomb charged with phosgene, and 
thus, by the time such a bomb came to be seriously considered by the Air Staft, 
a large quantity of information on the condition of use, possibil ities. of active 
employment, densities of contamination and lethality had accumulated. 

In February 1941 the Air Staff asked the Director o.f Armament Development 
to ma"ke preliminary investigations into the quantity of phosgeue which could 
be contained in a bomb capable of stowage on a standard 500 lb. bomb carrier.6 

Toward the end of the month, a preliminary design having been produced , the 
project was discussed in detail and the decisions and recommendations resulting 
were reported to the Air Staff. 

The requlrement .consequent upon this report was fo rmulated in April of the 
same year and a suitable design to meet these requirements was produced. One 
hundred bomb bodies were already on order by September 1941 when the mini­
mum release height for functioning was reduced to SO feet. 7 This brought for­
ward t he serious problem of danger to the dropping aircraft by ricochet, and 
other suggested methods having been shown as impracticable, D.Arm.D. 
arranged for the incorporation oi delay detonator which could be selected before 
take-off. Despite this set-back, outline sketches of a suggested design were sent 
to contractors having had previous. experience with this type of work, towards 

1 M.A.P. Files S.B. 33572/1 and S.B. 35053. 
2 M.A."P. File S.B. 33572/2. 
' To allow for excessive ground lag the bomb aimer took aim"at the target with his bomb­

sight set for the release of a normal bomb of known ballistic ~erformance. At a calcL1lated 
time a(ter release oi the normal bomb wot1ld have occurred the gas bombs were dropped. 

• M.A.P. File S.B . 33572/4. 
• M.A.P , File S. 45638/ l. 
• M.A.P. Fite S.B. 15993/1. 
1 M.A.P. File S.B. 15993/1 and A.M. File C.S. 8912. 
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the end of November 1941, 1 and an urgent order was placed with one of the firms 
for ten unmodified bomb bodies for methods of fusing trials. Later in the same 
month a further one hundred bomb bodies were ordered from another firm to 
include a minor modification which they had suggested. 

The trials in February 1942 of the first ten bombs ordered were inconclusive,. 
and in March a list of tests was prepared which it was necessary for the phosgene 
bomb to pass befor being recommended to the Air Staff for approval . C.D. E ... 
Porton having carried out these and many other trials, including free release from 
altitudes ranging from 50 to 15,000 feet, gave a 'completely satisfactory' report, 
and Jn June 1942. th e bomb1 now known a.s th,e SOO lb. L.C. Mark J2 was accepted 
by the Air Staff for introduction into the service. 3 

Full ballistic trials followed its acceptance, and by October of the same year it 
had been established that the bomb had good and consit-tent ballistics and a 
terminal velocity of l,29 feet per second. Apart frorn some minor modification 
to allow for stowage in American aircraft, this concluded the very rapid develop­
ment of this particular bomb and although it was never used for its designed 
purpose operationally, the work and research carried out ou it, and in fact the 
whole series of gas bombs, was by no means wasted for it proved equally useful 
in incendiary and fire bomb developmen,t. 4 

1 MA.P. File S .B. 15993/1 . 
' ' Maril I ' was designated ih order to avoid co11fusion when it was found that stowage 

dimensions limited the weight to a little under 400 lb. 
3 M.A.P. File S.B. 15993/2 . 
• See Chapter 6. 
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CHAPTER 8 

ARMOUR PIERCING AND SEMI-ARMOUR PIERCING 
BOMBS 

Early history 
Before a study can be made of the history of the ' piercing 'type of bomb, it is 

necessary to review the background under which such a requirement became 
appa1:ent. 

Followi ng the First World Wa1:, investigations into the res\1lts of bombardment 
of enemy ships and 'armoured' land targets wi th armour piercing projectiles, 
showed the need in future conflicts for an .aerial missile capable of piercing the 
protective covering of possible targets and exploding after penetration. 1 lt 
was with this view in mind that the Design Department produced in 1921, a 
proposed design of an armour p iercing bomb 11 inches in diameter and 
weighing approximately 750 lb. The design was based on an assumed release 
height of between 6,000 and 8,000 feet from which height it was calculated that 
it would penetrate a 3 inch hardened steel plate with a striking velocity 
between 700 and 750 feet per second (f.p.s.). Copies of this design were sent to 
a number o'( firms experienced iri the design and manufacture of A.P. projectiles 
inviting comments . drawings, specifications and quotations for an A.I. bomb on 
the lines indicated in the sketc!L 2 

Development 1922 to 1930 
By February 1922 four designs had been submitted and these, together with a 

modified Air Ministry design, were discussed at a meeting called by the Ordnance 
Coll}mittee on 13 March 1922 to investigate R.A.F. requirements for A.P. 
bombs. At the meeting the Deputy Director of Armament Research envisaged 
th probabihty of limiting the maximum weight of an individual bomb to SOO lb., 
and on O1-is assumption, the uperintendent of Design Naval Ordnance 
(S.D,N.O.). was requested 1:o prepare cop ies of the designs of the 11 i1,1ch bomb 
proportionally reduced to weigl1 approximately 435 lb., and adapted for fu-ing 
from a 9 · 2 inch gun, in order that bombs could be ordered for recovery, plating 
and fragmentation trials.J 

In the April of the same year lhe Cl1ief of Air Staff agreed to the proposals4 

and three designs of bomb wit h varying explosive capacitites of 6 per cent ., 
13 per cent. and 19 per cent. were forwarded to the Ordnance Committee. The 
first represented a bomb of the smallest acceptable capacity , the second a bomb 
of the maximumprac.t ica.1 capacity , and the third, prepared only for compari&on, 

1 There was produced for th e Royal Naval. Air Service towards the end o{ the First World 
War an alleged armour piercing bomb o f 180 lb , weight. A few of these weapons WW'e 
dropped against the Goeben in the Dardanelles in 1918, but d'cedless to say without any 
effect The bomb was pear shaped and made of cast steel, a nd perhaps its most interesting 
feature was that it was fitted with a form of penetrating cap oi fairly soft metal , which wa~ 
alleged to ' lubdcate ' the passage of the bomb th.ro\lgh 'll rmou.r. 

• A.M, File S. 19081. 
l O.C. Memo. B . 4861. 
'A.M . File S. 17413, 
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a bomb of the ma;,simum theoret ical ·capacity.1 The bombs were shown fitted 
with a driving band to obti;tin rotation on firing , and for alternative use when 
rotation was not required, a design for a 'gascheck' band was included. 

The Superintendent of Design (S. of D.) was immediately asked to manu­
facture six 13 per cent. capacity bombs (three with driving bands and three witfi 
gascheck , bands) for recovery trials · to test the suitability of the design for 
subsequent plate penetration trials; eight 6 per cent. capacity and eight of 
13 per cent. capacity, for fragmentation trials to ascertain the velocity and 
armour piercing qualities of the fragme11ts produced by detonation at rest . in 
air and under water. 

In the recovery trials, commenced in December 1922 af the Experimental 
Establishment at Shoeburyness, the bomb was fired so as to pass through ' jump' 
cards placed at intervals of 10 yards from 20 to 100 yards from the muzzle of 
the gun, and by this means an appreciation of the trajectory and steadiness in 
flight, angle of strike and size of hole was obtained. 2 The recovered bombs, 
apparently undamaged, were sent to S. of D. for examination, re-hardening and 
re-banding in preparation for tiring at hardened steel plate. 3 

In the meantime the fragmentation trials were proceeding with the remaining 
sixteen bombs. Th.ese were fillerl with an explosive mixture of 80/20 shellite, 
and SO per cent. of each capacity were detonated at rest in air and the remainder 
at rest under water. The results were forwarded to the Ordnance Committee 
in May 192~i, and showed that despite the fact that the 6 per cent. bomb con­
tained a greater weight of metal, the fragments of the 13 per cent. capaci ty bomb 
were in fact larger , more numerous, and , -for penetration and velocity, far more 
effective. 4 

The tirst plating trials (penetration of hardened steel plate) took place at 
Shoeburyness on 7 May 1923.0 The bomb, mie of 13 per cent. capacity, originally 
used for the recovery tests, was fired against a 3 inch nickel-chrome plate at 
normal with a striking velocity (S.V .) of approximately 700 f.p.s. 6· Penetrati.on 
was achieved anrl the bomb was recovered apparently undamaged. The 
success of this one bomb, prompted a request to the Superintendent of Experi­
ments (S. of E.) for a repetition of the trial with the remaining bomb, at a 
S.V. of 1,000 f.p.s . lt was calcu lated that this speed would roughly correspond 
to a free release from 20,000 feet, and would give valuable data for future trials 
against concrete targets, 

In a minute to D.D.R.(Arm.) referring to the trials, D.N.O. raised the question 
of the suitability of retaining shellite as the explosive fiUing, he pointed out that 
medical restrictions during manufacture, caused considerable complication and 
expense and suggested that T.N.T. , with its many advantages, was worthy of 
consideration. Mainly as a result of th is, further trials were suspended until 
the whole development programme had been discussed and re-organised. 

1 O.C. Memo. B. 4944 , 
2 o·.c. Memo , B. 5618. 
3 O.C. Memo. B. 5663 . 
• O.C. Memo. B. 6046. 
b O.C. Memo. B . 6108. 
~A t an a.ngle of 90" to the ground, or such that the axis of the bomb wa.s at right-angles 

to the p late at the moment of imj)act. 
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A meeting for this purpose was called at t he Admiral ty on 2 J uly and the 
following trials agreed :-1 

(a) Plating trials against 3 inch plate at 20° to normal to be repeated at 
S.V,s of 700 f.p.s. and 1,000 f.p.s. , and, if successiul, repeated at the 
same striking velocities but with two ¾ inch plates at intervals of 
8 feet before the 3 inch plate to represent the upper and main decks 
of a capital ship. 

(b) Concrete targets to be constructed, but the trials against them deferred 
until it was possible to use filled and fused bombs. 

/\s regards the filling, it was decided that of the three explosivt>.s considered­
shellite, T.N.T. and amatol-T.N.T. was the most promising, and for the fuze 
a tail detonating type with a delay of 30 feet after penetration of t inch plate 
was required. Financial approval for the trials and manufacture of six bombs 
was obtained by 27 August 1923, and the trials themselves were carried out on 
4 December 1923 with complete success. 2 

' It was decided therefore to repeat the trials against 4 inch plate, 3 and, in 
addition, to .fire one bomb at 3 inch plate with a S.V. of 600 f.p.s. representing 
a free release from 61000 feet, from which height an increased percentage of hits 
was possible. a The trials, which were completed during July and August 1924 
showed that at S. V.s of 700 f.p.s. against 4 inch plate and 600 f.p.s. against 
3 incl1 plate the bomb penetrated tbe ' upper deck ' but rebounded whole off 
the ' main deck,' whereas at 1,000 f.p.s. penetration of upper and main 4 inch 
decks was achieved, but on passage through the 4 inch plate the tail end con­
taining tbe adaptor broke completely away from main body of the bomb.4 

These results· established the limits of the penetrative powers of the bomb in 
given conditions of height of release, speed and angle of strike, and amount and 
thickness of armour, and, moreover, brought into prominence an hitherto 
unknown weakness in that portion of the bomb designed to contain the means 
of initiahng detonation. 

Thus the first and major phase in the design and development of an A.P . 
bomb, its power of penetration and fragmentation, was complete, but it has no 
doubt been realised that throughout the trials the bomb as a missile to be 
dropped from an aircraft, was virtually non-existent. 

The evolution of the air missile, however, had not been forgotten. The 
Royal Aircraft Establish ment at Farnborough (R.A.E.) had for some time been 
experimenting with model bombs in a wind tunnel to d1Scover the best ballistic 
shape; D.D.R (Arm.) had received, rejected, a1tered or modifiei:l a number of 
tail unit designs, aod tested a much larger number of proposed fuzes ; investiga­
tion had been made into methods of attachment and release from aircraft until 
finally only full ballistic dropping tests and the trials, previously arranged 
against concrete targets. were awaited. 5 

Considerable thought and energy had to be devoted to this final stage in 
design with the result that. in November 1925 after satisfactory ballistic trials, 
it was agreed, on the recommendation'> of D.D.R. (Arm.) and D.N.O., to cancel 

1 O.C. Memo B . 6265. 
~ A.M. File S. 19081 and O.C. Memo, B. 6759. 
3 O.C. Memo. B. 6848. 
' O.C. Memos. B. 7664 aod B, 7799, rand 11. 
• The 9 · 2 inch bomb as fired from a gun, was tilted with a tail adaptor which combine<l 

with a driving or a gascheck band was to be equal in weight to their air missile replace­
ments-a fuse and tail unit.. 
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all further proposed plate trials and accept the bomb into the service.1 S. of D. 
prepared the designs which were sealed under the title of 'Bomb, A.P., 450 lb., 
Mark I '.2 

The series of trials against reinforced concrete planned to test depth of 
penetration an<l sensitivity of explosive contents and the various methods of 
filling, did not in fact proceed farther than the initial penetration trials. On 
these, which took place ove, the period from October 1925 to January 1926, 
the bomb proved satisfactory, a nd in view of future projected development of 
a 450 lb. Mark II and a 1,500 lb. A.J>. bomb. acceptance was g iven with a 
T.N.T . .filling, the sensitivity and best method of JiUing of which was already 
well known. 3 

This and the sealing o(design did not, however, decide the ultimate form of 
the bomb, and it was not until 28 August 1928 that the bomb specification 
actually appeared. Sm all orders had been given to various private firms in 
order that they might gain some experience in its manufacture, and that some 
es timation of time and cost of manufacture might be gained should an urgent 
requirement arise.4 The bombs thus produced were subjected to radiological 
examination and tested for method and efficiency of manufacture in another 
series of plate t rials. A ' tear-off ' base5 replacing the driving band enabled a 
true estimat ion of the strength of the tail portion and the modification necessary 
to prevent loosening, or squeezing out of the tail adaptor during penetration. 

The Mark 1 bomb made its final appearance in Naval trials between September 
and November 1930 to test the efficiency of new strengthened deck armour 
and fragmentation effectiveness in between-decks detonation. 6 

The story of the 450 lb. Mark I bomb has been written in some detail in order 
to illustrate the various stages necessary in the development of an A.P. missile, 
but the reader must realise that each stage in the evolution of both the bomb 
itself and its constituent parts entailed thought and experimentation of far 
too wide a nature to be adequately covered in this narrative. 

Other armour piercing bombs and the semi-A.P. series were developed in 
similar fashion, and the remainder of this account will deal in t he main with a 
br ief chronological record of changing requirements and salient points in the 
evolution of these bombs. 

Mention must first be made, however, of the Mark II 450 lb. A.P. bomb; it 
was in fact a modified Mark 1 evolved in order to overcome the weakness inherent 
in the tail portion. Designs were in hand in 1928, but low priority was given 
to sealing and manufacture until September 1930, when it was considered by 
the Assistant Director of Armament Research and D evelopment, previously 
D.D.R. (Arm.) , that existing stocks oi the Mark l design would be unsuitable 
(or proposed ship trials against H . .M.S. Mariborou.gh. 

From the point of view of the 450 lb. Mark TI bomb, the trials proved of 
little value. Admiralty fears of a negative result due to the possibility of the 
bomb sinking the ship, prevented a' live drop, ' and only one Mark II was used , 

1 A.M. File S. \9081. 
' The nQminal increase in weig,ht frorn 439 to 450 lb. givi:,n in the t it.le, involved 11 0 actual 

change in weight bl.lt was given in order." to a llow a. safety margin, and to facilitate ease in 
calculation o f maximum aircraft loads. 

~ O.C. Memos. B . 9491 a nd B. 10156. 
• A.M. F ile S . 25078/ I. 
• The · tear-off ' base was designed to be torn off during penetration of the first plate 

thereby removing a possible extra cause of weakness in the tail portion. 
G O.C. Memos. B. 20127, B. 2)316, B. 21414 i;i,ijd B 2\574. · 
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and that detonated at rest in an unfavourable situation between decks. 1 The 
design and method of filling was finally approved by A.D.R.D. (Arm.) in March 
1932 ,2 but "in the fo llowing J uly the Air Staff agreed t hat the requirement lor 
this bomb had ceased to exist and the whole 450 lb. A.P. series was abandoned.3 

The 1,500 lb. A.P. bomb 
With the alterations which were taking place in battleship deck construction, 

it became obvious during the trials of the 450 Jb. A.P. bomb that a more powerful; 
weapon would soon be required. and as ear4' as 1924- models of larger bom bs, 
were constructed and underwent a series of ballistic tests. Thus when a Naval 
requirement was forrnulated for a bomb capable oJ perforating 7 inch hardened 
steel plate at 10 degrees to normal, designs based on model baUist ics were soon 
prepared for a bomb weighing 1,500 lb, which, it was calculated, would achieve 
the necessary penetrating ve)ocjty of 750 f.p,s. on a free release from l 01000 feet. 

The initial order for four weighted bomb bodies was placed with the Royal 
Ordnance Factory at Woolwich in November 1926 and followed, early in 1927, 
by s imilar orders with th finn of Firth and Hadfields Ud .4 The bombs were 
adapted for firing from a 15 inch ' Breech-Loading' gun and trials against 
7 inch nickel-chrome plate, with t he first two bombs, were held at Shoeburyness 
on 27 and 29 J uly 1927. The re ults wer unsatisfactory in that alth-ough the 
bombs penetrated the pla te, they fa.ilecl to perforate it and rebounded whol .5 

The manufacturers o{ these two bombs, in a letter to the Ordnance Committee. 
suggested that out of four alternatives which they listed, the only feasible 
method of obtaining perfom1ation wiU1 a bomb of l ,500 lb. weight in th e given. 
conditions, was to red 11ce t he djameter from 15 inches to 12 inches and make 
up t he lost weight by increasing the length of the bomb. They attached two, 
sketches of a proposed design and later, on request, a futther design for a 
15 inch diameter bomb weigh ing approximately 2,000 lb, 

The plate tests of the first two bombs had shown quite plainly that alt11ough 
the strength of the bomb was adeqt1ate, it could not perform the task for which 
it was designed, and after considerable inter-departmental correspondence and 
discussion, a meeting was called to discuss future A.P. bomb policy. At this 
meeting, held at the Admi ralty on 18 January 1928, it was decided to redesign 
the bomb to weigh 2,000 lb.6 Trials with the J,500 lb. size would continue to• 
determine its act ual plate performance and thereby coJlect data of val ue for 
the new design. S. of D . was asked to prepare, for future use, two 2,000 lb, bomb 
designs of 8 per cen t. and 10 per cent. explosive capacity and with differing 
degrees of · sharpness ' of nose. 

Trials during 1928 established that the 1,500 lb. bomb would perforate 
6 inch N.C. plate set at 10 degrees to normal at a S.V. of 814 f.p.s. ; 20 degrees 
to normal at a S.V. of 850 f.p .s. , and 3 inch .C. plate (main-deck thickness of 
the majority of battleships at that time), at 20 degrees to normal with -a S.V. 
of 561 f.p .s., representing a free release from 5,000 feet. Although this dld 

1 A.M, File S. 31270, 
• A.M'. File S. 3046. 
3 A .. M. Fi le S. 17413. 
·• A.M. Fi le S. 24988/ J. 
• O.C. Memo. B. 13557. 
8 O.C. Memo. B. 14768. 
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not meet the original requirement, it was decided at the Annual Bomb Con• 
ference of 24 July to seal the design in preparation for the manufacture of a 
reserve of bombs pending the 2,000 lb. development ; plate and fragmentation 
trials were howev.er to con tinue. 1 

Two bombs filled with T.N.T., by two different methods, were employed in 
successful under-water fragmentation trials at Shoeburyness in J une 1929, and 
in forther plate trials in the same year, it was established that the bomb when 
dropped from 3,000 feet could be expected to defeat 3 inch N .C. plate, From 
model ballistics and experience gained on the 450 lb. project, it was concluded 
that provided the centre of gravity was kept with.in known limits a good air 
performance was assured, and for this reason, actual dropping ballistic trials 
were not considered necessary. 

Although shape and penetration had been satisfactorily proved this did not 
mean the end of trials, and the remainder of 1929 , the whole of 1930 and most 
of 1931, was taken up with further plate trials, an unsuccessful insensitivity 
trial, designing, testing and approving minor modifications and numerous other 
items such as-the form and material of the tail unit, the fuze, the exploder 
container, adjustment to fit 'carrier ' bomb hoists, type of bomb carrier and 
methods of bomb attachment and release from aircraft, rough usage trials, 
and even methods of packing for transportation were investigated. 2 

ovember 1931 saw the cancellation of the previously sealed design and 
production of another with all the amendments and modifications incorporated ; 
only a design to cover the method and type of filling was still outstanding and 
in this condition the ' empty ' design of ' Bomb Aircraft Armour Piercing 
1,500 lb. Mark I ' was approved and sealed. 3 

Nothi ng further was heard of this bomb until June J94l when the Admiralty 
suddenly requested that twenty bombs should be man ufactured for trial 
purposes. At this stage during the Second World War, manufacture of 
J ,500 lb. bomb would have seriously interfered with the 2,000 lb. production 
programme, and in August that year the Admiralty withdrew the request but 
asked that the design might be cleared for production at a later date. In 
consequence a series of meetings was held at the Ordnance Board (O.B.),4. and 
arrangements made for clearing the design for manufacture and trials, fn 
October 1942, however, the Naval Staff stated that their requirement would 
be met by either the 2,000 lb. A.P. or the American L,600 lb. A.P. and the 
1,500 lb. development item was deleted from the programme. 

The 2,000 lb. A.P. bomb 

The failure of the 1,500 lb. bomb to fulfil the Naval Staff requirement involv­
ing perforation of 7 inch N.C. plate, resulted, it wi ll be remembered, in a 
conference at the Admiralty on 18 January 1928 at which it was decided to 
ask S. of D. to design a bomb to weigh approximately 2,000 lb. and thereby 
to obtain perforation by means of this added weight, 5 

1 O.C. Memo. B . 18623 . 
2 A.M. File S. 24988/2. 
3 A.M. File S. 24988/3 . 

.. 

• O.B. Proc. No. 20321. Name changed from' Committee' to • Board ·-January 1939. 
s O,C. Memo. B . 14768, 
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Four designs of such a bomb, differing only in explosive capacity and the 
degree of · sharpness ' of the nose (C.r.h.). 1 were forwarded to the Ordnance 
Committee in March of the same year and it was recommended that, in view 
of experience gained in the past, bombs of 2, 3 and 4 C.r.h. be manufactured 
for trials against 7 inch and 3 inch p lates at angles to normal of 10 to 20 degrees, 
and at striking velocities of 800 and 520 f.p.s. respectively, 2 also that S. of D. 
be asked to prepare additional designs for a simi lar bomb of 2½ C.r.h . 3 These 
latter designs were soon forthcoming and, in January 1929, the contracts 
already placed for two bombs of each. type were amended to include a further 
two bombs of 2½ C.r.h. 

Due to the mu ltiplicity of the trials at varying S. V.s; angles and thickness 
of plate and constant comparative repetition with differing nose construction 
and· manufacture, it was not until December 1929, with the .initial deliveries 
still awaited, that the performance of the bomb was thought promising enough 
to consider the tai l unit and complete bomb ballist ics. 4 Briefly, these trials 
held during the months of August, September and October 1929, established 
th.at the most promising nose construction was that of 2~ C.r.h., with a critical 
perforation S.V. o[ 727 f.p.s. 5 

It was es timated that in order to complete outstanding trials necessary 
hefore the bomb could be accepted. into the service, twelve more bombs, in 
addi tion to those previously ordered, would be required, and to this end 
orders for four bombs each of 2-! C.r.h. were placed early in 1930. 

The first two bombs of the original order were delivered ancl used in manu­
facture c-omparison trials in January and February 1930. Both these bombs, 
a 2 C.r.h. and a 2½ C.r.h., confim1ed previous satisfaction by successfully 
defeating 7 inch plate at a speed of approximately 730 f.p.s. and, in view of 
this confirmation, it was decided to accept theoretical plate performances from 
higher altitudes of 10,000, 12,000, and 16,000 feet, and investigate the minimum 
height for perforation of 4 inch N.C. plate.6 

Deliveries of the 2½ C.r.h. orders started to arrive in September 1930 but in 
the intervening months a decision to use a steel exploder container instead of 
one made of paper, adversely affected the total weight oi the bomb and made 
redesign to counteract this necessary. This involved more ballistic trials with 
scale models of the bomb and resulted in a different shape. and size of tail unit. 
Attachment to the aircraft bomb carried was to be accomplished by means of 
steel straps, b ut a lifting-eyebolt to provide a satisfactory means of handling 
the bomb had to be introduced. Finally, the unsatisfactory insensitivity 
results of both methods of T.N.T. filling used in the 1,500 lb. bomb prompted 
the decision to use a shellite as a temporary filling for t he 2,000 lb. series and 
arrangements were made for an insensitivity trial with one of Hadfield's 
original 3 C.r.h. bombs shellite fiUecl. 7 This trial against 7 inch plate did in 
fact take place on 27 March, and was completely successful. 8 

1 C.r .h ., 'Calibre Radius Head '-the radii of arcs struck from points perpendicular to 
the axis of the bomb at the commencement of the nose curvature, e.g., 2 C.r.h . signifies a 
nose sl,ape formed by arcs equal ii\ radius to twice the diameler (calibre) of the bomb. 

2 O.C. Memo. B. 15178. 
a A.M. File S . 27029/1. 
• O,C. Memo. B. 19123. 
• O.C. Memos. B. 18737, B . 18949 and A.M. File S. 27029/ 1. 
6 O.C. Memo. B. 20178. 
7 O.C. Memo, B , 20754 , 
a O.C. Memo. B . 22468. 
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2,000 LB. A.P. BOMB. MARK IV 
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In the six months ending October 1931 all the outstanding trials of the 
Vickers Armstrong bombs and the 2½ C.r.h. tri als against four inch plate, which 
ascertained a limiting penetration velocity of 470 f.p.s., were completed and in 
May 1932 the complete designs of the empty 2,000 lb. A.P. bomb were approved.1 

Partly as a result of the trials against H.M.S. Marlborcmgh previously men• 
ti.oned and in vew of future bomb policy, an Air Staff decision of July 1932 to. 
limit the weight of all individual aircraft bombs to a maximum of 500 lb. caused 
the abandonment of all I\.P. bomb development. 2 It was not until four years 
later, with the improvements in aircraft and ship construction and development 
of new type bombsights, that the Air Staff became definitely interested in 
heavier piercing bombs, and on 31 May 1936 C.A.S. approved further develop­
ment.3 In the following month this was augmented by the decision to adopt 
the 2,000 lb. size as the heavy piercing bomb. 4 

From that date even ts proceeded with increasing speed, the Ordnance Com­
mittee was requested to initiate final development of the existing design to 
enable early production, and were faced with a formidable array of investiga­
tions which were essential before this stage could be reached:' Progress was 
impeded at an early date by tne expression of serious doubt as to the bomb's 
ballistics and persisted un,til April 1937, when exhaustive trials on a half scale 
model at the Aeroplane and Armament Experimental Establishment (A. & 
A.E.E.), at Martlesham Heath, established sat isfaction i11 this respect. -Two 
months later a contract for a limited supply was placed, and in Ma,ch 1938 
ballistic satisfaction was confirmed in full scale tests with an inert bomb.ll 

Although 50/50 shelhte was originally an emergency fi!Ling, it was d~cided to 
accept this as the standard subject to satisfactory fragmen,tation trials. One 
bomb detonated at rest on 23 September 1939 was sufficient to prove complete 
satisfaction both for blast and fragmentation. 7 The next two years brought 
forth a mass of suggestions and counter-suggestions. Aluminium became 
scarce and caused redesign of the tail unit which advanced the design to Mark H. 
Production of the No. 37 fuze became difficult and a simple pistol and deton.ator 
was adopted. By the time redesign was complete, the iuze situation had 
improved and the No. 37 was re-adopted. Later in 1941 large scale production 
was ordered with a reversion to pistol/detonator fuzing, and in February 1942, 
after static detonation and dropping trials had hown the superiority of this 
type of fuzing, the Mark II bomb was introduced into the ~ervice.8 

Further plate trials in June 1942, against a composite· target repi;esenting the 
top and main decks of the German battleship Tirpitz, confirmed calculation 
that the bomb was capable of defeating such a target at a speed representative 
of a release from 4,000 feet. 9 

The final form of the bomb to be introduced into the service during October 
1943, knowu as· Bomb H.E. Aircraft 2,000 lb. Mark III·, differed only from the 
Mark II in internal contour and a modified base adaptor. It had a filling of 

1 O.C. Memos. B. 23274. B. 23435 a.nd A.M. F ile S. 27029/2. 
• A.M.. FiJe S. 17413. 
'A.M. File S. 38401 . 
1 A.M . File 5. 27029(2. 
• O.C. Memo. B . 23573. 
G A.M . File S. 27029. 
7 0 ,B . Proc. 3779. 
11- A .111. File S. 27029/3 and O.B. Proc . 17736. 
~ A.M. File S. 27029/3. -
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70/30 shellite in place of the 50/50 previously. A Mark IV bomb was designed 
but due to its late arrival never came into service. There is no doubt that the 
2,000 lb. A.P. bomb was, as a piercing weapon, a very fine technical achievement, 
and given a reliable fuzing system may have proved itself a very useful weapon. 

250 LB. S.A.P . BOMB. MARK V 

500 LB. S.A.P BOMB. MARK V 

By July 1944 however, due mainly to its poor charge/weight ratio and the intro­
duction of the large medium capacity and rocket assisted bombs further pro­
duction was cancelled. 1 

1 A.M. File S. 27029/4. 
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Semi-armour piercing bombs 
To write in full the history from lnception of the .A.P. series, would be an 

almost -verbatim repetition of the former A.P. account; sufficient to state there­
fore, that precisely s imilar trials and difficulties ~ccurred and the only practical 
difference was the purpose for which the bombs were designed and the trials 
results. The req ui.rement became apparent during the development of the 
450lb. A.P. bomb, when at a conference held at the Admiralty on 17 July 1924 
the Air Ministry agreed to produce a new design for a' general purpose bomb ' 
with a solid nose capable of perforating one-and-a-half-inch plate. 1 

Subsequently it was decided to develop two new types of bomb- a 250 lb. 
and a 500 lb. for use against submarines and two of similar weight with solid 
noses for use against the decl< of capital ships. 2 Tli.e Design Department was 
asked to, prepare designs for the latter type which was to be of the general con­
tour of the G.P. bombs already under development, and to be capable of per-
forating one-and-a-ha!E-inch deck. plates without breaking up. The bomb 
were to be filled with grade I T.N .T. and fuzed to detonate at an average clifitance 
of four feet after -perforating the. first deck of one inch. or greater thickness. A 
short. exploder was to replace the central tube if the efficiency of man ufacture 
did not suffer thereby. Sketch_ designs were forwarded to. and accepted by the 
Ordnance Committee on 20 February 1925 and after minor internal modifications 
to th,~ design, six 250 lb. bombs, now termed semi-armour Rterc-ing (S .A.P.). were 
ordered for experimental firing trials.~ 

During, June 1926, four bombs were fired from a 9 · 2 inch gun at one-and-a­
half-inch plate with striki11g velocities corresponding to speeds obtained on free 
release from heights of 4,000 and 10,000 feet. The plates were at angl s to 
normal of 10° and 20° and in all cases perforation was obtai ned. The success 
of these trials, coup.led with the fact that the calculated velocities used were 
found to be slower than actual velocities by approxirn~-1. tely 100 Lp.s., prompted 
further trials but this time against two-and-a-half-i nch plate. 4 With the plate at 
10° and a S.V. of 705 f.p.s . successful perforation was achieved· at 558 f.p .s. 
however, the bomb broke up on the surface of the plale and at both speeds with 
the plate -at 20° penetration and rebound resul.ted. 5 T he lim its of plate per­
foration were thus established and late in the same year, 1927, after satisfactory 
insensitivity trials, the designs for both the 250 lb. and the 500 lb. were approved 
and sealed. 0 

It may be noted that the 500 lb. bomb did not figure in any of the above 
tr.ials, it be\ng reasonably concluded t lw.t the performance ot th,e 250 lb. bomb 
would be at least equalled if not bettered by one of greater weight. The partial 
failure against two-and-a-half-inch plate however, brought with it a reason 
for testing t he larger bomb in similar circumstances, and four 500 lb. bombs 
were ordered in March 1927 for the purpose. 

These trials which took place at Shoeburyness in December of t he same year 
against two-and-a-half-inch plate at 10° to normal, gave very similar results to 

1 A_M. F iJe S. 23219/ !. 
• O.C. Memo. B . 6873. See Chapter 3. 
3 0 C. Memo. B . 8481 and A.M. file$ . 23955/1. 
• O.C. Memo. B. 11045 , Two and a half inch was considered to be t he thickest deck pro­

tection of any foreig n cru iser. 
5 O,C. Memo. B 11966. 
0 A. M. F ile S. 23955/1. (Approval given by Director of Artillery at the War Office, 

who was at that time the only authori ty.) 
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those obtained with the 250 lb. bomb, jn that perforation was achieved at 682 
_ f.p.s., and penetration and rebound at 505 f.p.s. Satisfaction was expressed 

however, in that failure to defeiJ.t two"and-a-half-i nch plate was no det riment to a 
bomb designed to perforate one-and-a-half-inch plate. 

This virtua-lly concluded the experimental development programme and from 
1928 onwa:rds trials were of a more con firmatory nature concerned with effec­
tiveness and the production aspect. The S.A.P. series suffered from the same 
periodical considerations and difficulties which were affecting the A.P. project, 
so that i.n December 1927 owing to the possible shortage of forging capacity 
in time of war, a cast steel bomb was proposed and "five bombs of each weight 
ordered for trials.1 Later, in February 1928, orders were placed for cast steel 
and forged steel bombs. · 

The S.A.P. series was designed in the .first instance to include a 'screw-in' 
type of fuze , but early in 1928 the Admi ralty requested a 'fit-in' foze which had 
a fixed position in relation to the bomb suspension lug. The modification en­
tailed alteration of the tail unit , so, to lessen the total empty weigbt and thereby 
allow for an increase in weight of explosive, the tail unit was redesigned in 
duralumin. This of course altered the position of the centre o{ gravity and, to 
avoid changing the position of the suspension lug, which would have upset 
bomb carrier anangements, the whole bomb was redesigned as the Mark 11 
with internal weight added to bring the c. of g. within the limits, and thus pre­
venting any increase in explosive capacity. 

During 1928 and 1929 difficulties arose With. the r:nethod of firing the bomb 
and much. time was spent in test ing various designs of centeri.ng rings, base 
adaptors, ' tear-off ' and ' spring-off' bases, and Urn final proof of the bomb before 
introduction into the service was greatly delayed on this account. In June 1929 
however. after many minor modifications the bomb was approved for manu­
facture, 2 and in the same mon th static detonation and fragmentation trials with 
the Mark I proved the suitability of either of the two methods of T.N.T. filling. 3 

Subsequent pe11ctration trials with cast steel bombs proved them as efficient 
as those 01 forged steel, and with the success of both types and weights having 
exceeded t he original r equirement, i.t was decided that, provided the penetrative 
qualities did not fall below the one and a half inch requirement, a Mark Ill 
should be produced with an increased explosive capacity.~ At this stage the 
proposed fi ll ing for Mark II bombs had not been tested for insensitivity, but 
the Admiralty's need for these bombs was urgent and D.N.O. agreed to accept 
them on previous T.N.T. filling experience. ln March 1931 therefore, the 
Marks I and II of both weights, with fine grain T.N.T. fillings, were introdi,ced 
into the service and production orders p laced . 

Between 193l and 1933 insensitivity trials were almost continuous and 
rest1lted in the Ordnance Committee recommending that the 250 lb. S.A.P. be 
fi lled with a mixture of T.N ,T. and a small quantity (7 per ceot.) of beeswax oJ· 
paraffin wax, and the 500 lb. S.A~P. with ' bisGuit' or fine grain T.N.T. 5 

~ O.C. Memo. B. 14.413 . 
• A .M. File S. 23955/2. 
3 O.C. Memo. B , l 85!!3. 
• A.M. File 845071/2$. 
" ' Biscu.il '-T.N .T. cast in square blocks about two inch by one inch and introduced 

foto the bomb with T .N.T. warmed to tJ1e con,;istency of treacle . A.M. File S . 17413. 
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In spite of the time and labour spent in the development of this series of 
bombs, it was not until November 1934, ten years after its original conception, 
that service loading trials in H.M.S. Courageous revealed a weakness in the 
duralumin ta il unit. This defect, and some uncertainty regarding supplies of 
aluminium in time of war, caused the Mark lll to be designed with a steel tail 
unit, an increased explosive capacity, an improv.ed exploder system, and a 
suspensio11 lug strengthened to withstand the stresses of catapulting was also 
included. Its introduction in to the service in February 1926 was rapidly 
followed by the M:ark IV, which differed only in having a 'snap-on' tail u nit 
instead of the fitted and fixed type. 

With the exception of a small number of bombs used in initial ballis tic trials, 
the first occasion ' on which S.A. P. bombs were dropped from aircraft was in 
the trials against H .M:.S. Marlborough in February 1932.1 Both weights of the 
Mark II were dropped with very gratifying results, and after a second series of 
successful trials against the 'Chatham Floating Target' (J ob 74), no further 
level bombing t rials were considered necessary. 

The Admiralty, however, wished to study the effect against a typical ship 
target in diving attacks, and in September 1935, when an a ircraft capable of 
diving with a 500 lb. bomb had been developed, trials with inert bombs were 
comme!)ced . Success was once again achieved a nd in October 1937 level and 
dive-bombing trials with live bombs, to test deck and structural damage, were 
ordered. 

By August 1938, 'Job 74 • was withdrawn for repairs, which it was estimated 
would extend until early 1940, and on the declaration of war in 1939 the Air 
Ministry's proposed trials with the R esearch Development Explosive (R.D.X.) 
filling were abandoned. 

The ultimate stage in S.A. P . development was reached in 1939, with the 
introduction of the Mark V S.A.P., which reverted to the simple pistol and 
detonator fuzing and an improved method of clipping on the tail unit. 

Conclusion 
Despite the time and labour spent in the development of t he bombs reviewed 

in this chapter, it cannot be said that they were the success originally hoped for. 
They suffered from one serious defect-the weight of actual explosive compared 
with. the weight of metal required to defeat the target. 

Having achieved perforation, their blast and fragmentation effect was only 
sufficient to cause purely localised damage, it being doubtful whether a heavily 
armoured vessel could be sunk by one such bomb. U nless the ship was in fa.et 
sunk or damaged beyond 1·epair, its 'out of action ' period did not permit 
deployment of forces to other theatres of war. 

Viewing this in the light of the difficulties of obtaining a direct hit in wartime 
conditions, the fact that a broadside hit was unlikely to perforate, and that a 
near miss, unless it was within a very (ew feet of the ship's side, w as unlikely 
to do any damage at a ll, it will be realised that the proposition was far from 
economic. Even allowing for the possibility of a direct hit, investigation into 
German battleship construction revealed tha t the v?!lnerable area had been 
substantially reduced due to increase in t hickness and extent of armour pro­
tection surround ing the main armament. Agains t land fort ifications and multi­
storied buildings, perforation was possible in many cases, but actual destruction 

1 A.M. F ile S. 31270. 
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was problematic due once again to. the pooi: blast effect on ,detonation. Thus 
the A.P. and S.A.P. series of bombs played only a minor part in the Second 
World War and in the majority of cases were used to supplement si1pplies of 
the larger and more powerful bombs.1 For example ~in the table shown below, 
comparison is drawn between the use of the 500 lb. S.A.P. and the 500 lb. M.C. 
bomb. The 250 lb. S.A.P . . was used even less because by 1941, apart from its 
inefficiency, Air Staff policy had ruled out that particular size of bomb as being 
uneconomic. 

The active limitations of the 2,000 lb. A.P. have already been discussed, and 
it is significant to observe that they did only slight damage to the German 
battleship Tirpitz , which was finally destroyed by tne larger 12,000 lb . M.C. 
bomb(' TaJJboy '), 

Numbers of Botnbs dropped-in the Second WorJd War 

S.A.P. 500. M.C. 500. 

1939 87 
1940 160 

. 1941 8,348 
1942 2,830 636 
1943 170 32,519 
1944 17 238,3(32 
1945 131,235 

Total 1939/45 11,612 402,752 
--

1 See Chapters 10 and 13. 
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CHAPTER 9 

THE CAPITAL SHIP (C.S.) BOMBS 

On 16 January 1942, at the instance of Lord Cherwell, Scientific Adviser to 
the War Cabinet, a meeting under the Chairmansh ip of D.N.O. took place at 
the Admiralty to discuss a proposal that the Shaped Charge Principle shoutd 
be applied to the ,attack of capital ships. 1 The main reason for the proposal 
was that i t was thought the principle might be applied to thin-cased bombs 
for use against ships from low altitudes, thereby greatly increasing the chance 
of a hit. This principle was by no means a new one. Experiments in its use 
for demolit ion had been made as early as 1889, but it had been revived just 
before and during the early years of the war oi 1939. Briefly, there were at 
that time three Lines of development of the shaped charge for bombs, the Plastic 
nose, Disc or Disc-ring, and Hollow charge. 

The plastic nose 
In this type of bomb the charge was contained in a conical shaped light casing 

in the nose of the bomb. On impact with any heavy plate the nose flattened, 
and on detonation cut out a disc of the plate material, driving it like a projectile 
into the space behind the target plate. This would usually be part of the 
armour of a ship, and the disc would in this case be propelled through the ship, 
and, it ·was hoped, through the bottom, It was essenHal for success that the 
first object struck by the bomb was a steel plate at least l ½ jnches in thickness ; 
any impact before this on lightly armoured superstructure would largely destroy 
the projectile effect. It was estimated that a bomb of 36 inches diameter, 
weighing some 3,000 lb., would drive a plug of steel right through a capital ship 
at a velocity oi from 4,000 to 5,000 feet per second, provided always that it 
struck first at least I½ inches of deck armour. · 

The ruse or disc-ring charge 
It was unlikely that a bomb would in every instance find as its fust point of 

impact a plate of the necessary thickness, and quite probable that some light 
superstructure would be hit first. In this case it was necessary to provide the 
bomb with its own projectile, which took the form of a steel disc either plain or 
strengthened by a ring round its edge, in front of the explosive. Without the 
ring there was the chance that the disc would be shattered into fragments too 
small to have any driving effect. It was estimated (from small scale experiments) 
that to defeat a capital ship of the Tirpitz class, a bomb would have to have a 
diameter of 60 inches and a weight of about 7,000 lb. for the disc type, and of 
36 inches and a weight of 5,000 lb. for the disc-ring type. 

The hollow charge 
This form of charge employed the 'Munroe jet' efiect.2 A hoUow portion 

was left in the nose of the bomb in the form of a truncated cone. Its effect 
w~s. in <!- sense, to focus the energy of detonation on a point opposite the hollow 

> A.M. File C.S. 13747. 
2 Discovered by Dr. Charles Munroe, \889. 
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in the form of a jet. Small scale trials had shown this type to be better than 
the soft nose, but inferior to the disc or disc-ring form. The advantage to be 
gained from any of these forms of sha-ped charge was that of ability to achieve 
results from low heights, with greater chances of hitting. The orthodox air 
weapon for the attack of ships was the armour-piercing bomb, but to achieve 
tbe necessary striking velocity on whkh rhe value of the bomb depended, it was 
essential to bomb from as great a height as possible, when the problems of 
accurate aim became greater. In actual fact, however, the choice was by no 
means as simple as this. With lessened height of release, the angle of the bomb 
with the vertical became greater ; but there was a l!miting angle for the shaped 
charge to produce its maximum efficiency, and this could not be obtained with 
very low heights of release. To overcome this difficulty experiments with 
parachutes were tried but proved a failure. Small scale trials against models 
of ship plate structure, completed by the end of January 1942, indicated that 
complete penetration from deck to bottom could be 'obtained against the most 
heavily armoured capital ship if 11it by a soft-nosed bomb weighing approxi­
mately one ton and containing 75 per cent. of explosive. These trial$ impressed 
the Ordnance Board, who recommended that trials on a larger scale should be 
undertaken at Shoeburyness, using an arrangement of armour and other plates 
of suitable thickness to represent various ship sections. 

On 13 March a meeting was held under the Chairmanship 6f the President 
of the Ordnance Board to discuss the trials so far concluded, those to be 
organised at Shoeburyness, and air trials. 1 Lord Chervvell was again present, 
with representatives of all interested Departments of the Admiralty, War Office, 
Air Ministry and M.A.P. D.O.R. stated a requirement by the Air Staff for a 
bomb of this kind' to bridge the gap between attacks by airborne torpedoes and 
high altitude A.P. bombs.' Attacks from between 10,000 and 1,500 feet with 
the shaped charge bomb were visualised. Any risk in attacking a ship from 
I ,SOO feet was to be accepted., One-quarter scale trials were agreed on against 
model plate arrangements representing Tirpitz and H.M:.S. Kirzg George V. The 
plate structures were to be closed laterally so that the effects of blast might he 
measured, with \1-11 angle of attack ot 30°, using the soft-nosed and disc-ring 
types of bomb. The service design of bomb and foze and the problem of stowage 
in aircraft were to be examined by C.S.A.D., D.Arm.D. and M.D.J. 

On 28 March a further meeting assembJed at Thames House with the Vice­
President (Air) of the Ordnance Board in th.e Chair, to discuss tlte design of 
the disc-ring bomb. 2 Representatives from M.D.l (tne designers), D.Arm.D., 
D.O.R., C.S.A.D., and C.S.R.D., attended. 

The requirements which had by this time been drawn up by the Air Staff 
were given by D.O.R. They were:-

(a) The bomb must be capable of being accurately aimed. 
(b) Dropping heights were to range from 1,500 to l 0,000 feet. 
(c) The bomb must be capable of being dropped safe if possible. 

The size of the proposed bomb was then discussed. The original diameter 
required by M.D.1 to give the necessary perforafion and blast was 45 inches. 
The only aircraft capable of carrying such a bomb was the Lancaster, and 
then only with the bomb doors sixteen inches open. A reduction of seven 

1 A.M, File C.S, 13747. 
1 M.A.P. File S.B, 36452. 
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inches would give the bomb the same diameter as the 8,000 lb. H ,C. bomb and 
allow it to be carried in a Halifax, which would accommodate two such bombs, 
as well as in a Lancaster, which would take one . It was accordingly agreed that 
bombs of both 45 and ~~8 inches should be constructed, and the filling was to be 
R.D .X./T.N.T. Static and ballisti trials were arranged at Shoeburyness, 
static trials against 'Job 74 ', the Naval representative plate target, and live 
drops were arranged. For the initial trials, a simple percussion fuze was to 
be used, but a more elaborate fu1.e to operate on water would eventually be 
required should the bomb finally come into service. The bomb was to be 
known officially as 'Bomb C.S. type D.R. ' , C.S. denoting Capital Ship and 
D.R. disc-ring. 

Full scale trials commenced on 14 April, at Shoeburyness with the 45 inch 
bomb. The total weight of the bomb was 4,890 lb., the weight of R.D.X./T.N.T. 
being 2,121 lb. The targ~t plates were J inch mi ld steel, and 2 and 3½ inch 
Nickel Chrome steel, all being inclined back at 15 degrees, in the order : 
¾ M.S., 2 inch N.C. , } M.S., 3½ inch N.C., and represented a section through 
Tirpitz, lhe German battleship, the p.lates being spaced 8 feet apart. At 
detonation the target was completely demolished,, the 3½ inch N.C. plate having 
a hole about 5 feet by 5 feet. D.N.C. gave as his opinion that, had the Tirp£tz 
been struck by such a bomb, directed towards its magazine, it would have been 
blown up. 1n any other direction, damage would have been so great that at 
least a year would have been required to repair it, should the ship have .got 
back to her base. His report concluded with the words :-

, If such a bomb is operationally practicable, it is, in my opinion, the 
most effective anti-ship weapon yet seen.' 

Further full scale trials were comple_ted on 8 May, with a 45 inch bomb, on a 
modified target. 1. 1he plate target in this trjal consisted of four flat parallel 
plates, of thickness i inch M.S., 2 inch N.C., J inch M.S. and 6 inch N.C., 
spaced 8 feet 6 inches apart , On detonation the 45 inch bomb ·demolished the 
target, but the 6 inch plate received superficia l damage on ly, remaining almost 
in its original position . D.N.C. found as a result that 'the bomb is incapable 
of penetrating six inch N.C. armour disposed in the structure similar to that of 
the Tirpitz. The dissipation of the forces and fragments on one single 6 inch 
deck would however do extensive damage to structure and fittings over a 
large area in the vicinity, and the extent of the damage might we]) put a ship 
out of action for several months ·. On the same day a 38 inch bomb was 
fired against a target consisting of plates ¾ inch M.S., 2 inch N.C., finch M.S., 
3½ inch N.C., but the angle of a ttack was at 35 degrees. The bomb contained 
approximately the same wejght of explosive as th.e 45 inch bomb, but had a 
disc only on the nose , with no ring. In this trial the 3½ inch plate was split 
and hol ed : the total area of destruction being about 3 feet by 4 feet. 

As a result of Lhese full scale experiments the Ordnance Board gave as their 
opinion that th.e C.S. disc or disc-ri ng bomb · has great possibilities for the 
attack of armoured ships. 130th the 45 and 38 inch bombs are capable of 
defeating at a striking angle up to 35 degrees a .. representative ship target 
embodying total thickness of approximately 6 inches of armour '. It was 
noted however that such armour was not representative of the best protection 
carried by modern enemy ships. They recommended further trials against 
mo.re representative targets, and the development of a 30 inch bomb. 

' O.B. Proc. Q. 600. 
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The trials recommended by the Board were completed with model bombs at 
Shoeburyness by the middle of 1942. On 22 April two disc ring model bombs 
were fixed in position against a quarter scale model of deck thickness and 
disposition thought to exist in the Tirpitz. The bombs were quarter scale 
representations of the proposed C.S. bombs of 45 or 88 inches diameter. An 
elaborate illustrated report was published by the Ordnance Board and should 
be consuJted for comple te details. 1 

The first bomb was a model of t he 45 inch disc-ring type and was placed on 
the superstructure deck , inclined at 15 degrees to the vertical and clfrec.ted so 
tha t the j et would hit t he transve rse bulkhead at a bout midway between the 
middJe deck and the inner bottom. Although penetrat ion and blast were 
Jess than would be expected from a fu ll scale experiment, the outer bottom 
was perforated in at least one place, and it ~as calcula ted that in the actual 
ship, at least three main compartments would have been fl ooded. Cordite 
placed in the relative position of tJ1e Tirpitz magazine was completely burnt. 

The second bomb, similar to the first, was placed on the superstructure 
deck of a model section of deck thickness and c\i,spositions in H .M.S. King 
George V, and inclined at 30 degrees to the vertical. Results were similar, 
pene tration was considered adequate but blast disappointing. D .N.C. in his 
report on these initial trials, concluded that the results were promising and 
tha_t resulting damage wo\tld probably be greater than the models indicated. 

Similar tria ls with models of the 8 inch disc ring and plastic bombs were 
made on 30 May with similar results. In their summing up of the trials, the 
Ordnance Board concurred with D.N .C's. remarks on Bombs 1 and 2. They 
found it difficult to assess the relative merits of disc-ring and plastic bombs in 
trials 3 and 4 : on the whole evidence favoured the plastic type which with 
about hall tJ1e weight of the disc-ring type, did a similar amou nt of damage. 

While these damage tria ls had been proceeding under the supervisjon of the 
Ordnance Board, install ation and ball istic trials were completed at Bascombe 
Down and Porton, by A. & A.E.E. 2 For installation tests a Lancaster had 
been modified by the fitting of larger bomb doors. The report was favourable, 
fuzi ng and hoisting were satisfactory, and a bomb di:opped from 4,000 feet 
was stable in flight. 

By August 1942 it was evident that although both disc-ring and plastic 
nosed bombs were efficient weapons, provided they could be placed in the 
correct position in the ship , and a t the right angle of altitude-i.e., a t 35 degrees 
or Jess to the vertical- it was sti ll difficult to decide which was the more efficient . 
The Air Staff accordingly decided that a soft (plastic) nosed bomb should be 
developed, so that the relative merits of the two types could be decided by 
operational use when the opportunity occ;urred. 3 

o far little doubt about the value of th C. , bomb of one type 01 another 
seemed to have been fe lt. By Seplembe.r 1942, however, it was becoming clear 
that evere lim itat ions in the use of the bomb must a rise. 4 By t ha t date, 
model experiments with both 45, 38 an d 30 in ch bombs had shown that to 
defeat a total of 8 inches of armour, the striking angle of the bomb must not 

1 O.B. Proc. Q. 622, Appenrlices A, Band C. 
• M.A.P . File S.B. 36452. 
3 0.B. Proc . Q. 670. 
• O.B. P roc. Q. 729. 
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be more than 15 degrees to the vertical. To obtain such an angle, the bomb 
would have to be released from a height of at least 20,000 feet unless it-were 
fitted with some form of drogue, in either case accurate aim would be extremely 
difficult. To defeat this amount of armour, it was calculated that a 2,000 lb. 
A.P. bomb from 101000 feet would be sufficient, and thus it appeared that the 
C.S. bomb compared unfavourably with the A.P. Even should the performance 
of the C.S. bomb be improved so that effective damage from lowe r heights 
could be obtained, the chance of a hit, would still be in favour of the A.P. 
homb because, four, six or even seven of these could be carried in the space 
occupied by one or possibly two C.S. bombs. 

These considerations of the Ordnance Boar(! were sharp ly criticised by 
Lord Cherwell who had sponsored the C.S. bomb from the beginning.1 He 
argued that they took no account of the velocity with which the C.S. bomb 
struck the target, and that in any case there was nothing against the use of 
a drogue which would give the necessary striking angle of 15 degrees from as 
low a height as 1,500 feet. He regarded any argument that the employment 
of drogues decreased bombing accuracy as fallacjous, and maintained that the 
use of the C.S. bomb from low heights- for instance on conditions of bad 
visibility-was its greatest asset. Finally he pointed out that the A.P. bomb 
makes a small hole in superstructure or armout, while the C.S. bomb destroys 
a great part, wrecking range finding and other equipment on at least half the 
ship, and that a near miss with an A. P. bomb is value'less., while a near miss 
with a C.S. bomb is probably damaging. The Ordnance Board while agreeing 
with some of these arguments, pointed out that these figures had been approxi­
mate, gave more accurate ones, and maintained that their original contention 
remained substantially unaltered. Making all allowances for t he increased 
damage expected from the C.S. bomb, they showed that, by virtue of the 
increased load of A.P. bombs, the relatjve chance of damage from either 
direct hit' or near miss was 2 -7 to 1 in the Lancaster and l •8 to 1 in the 
Halifax, in favour of the A.P. type. 

The tactical use of the bomb from low altitudes was very unfavourable to 
success in the opinion of the squadron commander, and some of the pilots, of 
the bomber squadron earmarked to use the bomb. They had by then received 
instruction in the use of the Low Level Bombsight for aiming the C.S. bomb 
and had witnessed the most recent trials in July 1'942. This opinion as to th e 
use of the bomb was supported by the C.-in-C. Bomber Command , who was of 
the firm opinion t hat dropping from low altitudes was not a practical war 
operation and this was confirmed by the Air Staff in October when A.C.A.S.(T) 
informed th.e• Controller of Research and Development (M.A .P .) that the 
9fficial requirement for minimum height of release was 5,000 ieet. 2 

By November 1942, the design of the 38 inch bomb recommended by the 
Ordnance Board was completed by M.D. l and the manufacture of bombs for 
the operational tests suggested by t he Air Staff had begun. 3 Work on the 
design of the 30 in ch bomb l1ad been commenced by C.E .A.D. and was the 
subject of a discu sion at a meeting of the Ordnance Board, on 22 December 
l942 .4 Lord Cherwell and explosive experts of the ~esearch Department were 

1 0.B , Proc. Q. 777. 
~ A.M. File C.S. 13747 . 
3 O.B, P(OC, Q. 847. 
• O.B. Proc. Q. 891. 
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present, as well as Air Ministry and aval representatives. It was agreed thnl 
the bomb should be fitted wjth a parachute (or drogue) and its ballistics caJcu. 
lated so that sighting figures might be produced. The filling was to be Torpex, 
and angles of imp;:J.ct up to 35 degrees were to be used in tests. (It was sub• 
sequently found t hat no Torpex was avai lable for trial, and the filling was 
changed to RDX/TNT) . Before the design of a su itable parachute could be 
commenced, a suitable terminal velocity figure was required. In January 1943, 
it was agreed that the T.V. should be adjusted so that the striking angle should 
not exceed approximately 40 degrees when the bomb was dropped from a 
minimum height of SOO feet at a maximum speed of 250 m.p.h . The des ign of 
the parachute was then undertaken by D.RA.E. 

The plate trials of the 30 inch bomb were completed at Shoeburyness on 
27 March1 against a series of plates, set at an angle of 15 degrees in th.e following 
order:-

4 inch M.S. 
3 inch .C. 
J inch M.S. 
3½ .inch N.C. 
l inch M.S. 
I inch M.$. 
I inch M.S . 
1 inch M.S. 

They showed that the bomb was just able to defeat this target without the 
additiona.l power obtained from striking velocity, which was of course absent 
in the trials. As a result D.Ann .D . ordered a number of 30 inch bombs for 
operational use. 

There were now three types of C.S. bomb, 45 inch. 38 inch and 30 inch , of 
which small quantities had been manufactured for operational trial . Ir.i addition 
to these, C.S.A.R. had proposed a ' follow.through ' bomb-that is to say a 
light case hollow,charge bomb which would blow a hole in armour or concrete, 
with, behind it , a heavy projecti le which by its momentum wou ld follow through 
the op ning made by the initiating nose . 2 As proposals for a 4,000 lb. A.P. 
bomb, and for the redesign of the existing 2,000 lb. A.P. bomb were also under 
discussion during the first half of ·l943, it seemed to the Ordnance Board that 
a meeting at which representatives of the Board, Air Ministry, Admiralty and 
War Office could discuss these various projects for the attack of capi tal ships 
was advisable. a · 

The meeting was held at M.A.P. on 24 June 1.943 with the Vice-President 
(Air) of the Board in the Cluur. The view of the Air Staff on the C.S. bomb 
as then designed was given first of all by D.O.R.'s representative who stressed 
the great disadvantage of all types of existing C.S. bombs. The 45 inch original 
bomb had required considerable modification to the Lancaster. The 38 and 
30 inch bombs could be carried without modification ~o the aircraft but only 
singly. The Air Staff considered that while improvements in the performance 
of the 30 inch bomb would be acceptable, what was really req uired was a bomb 
which could be carried in satisfactory numbers. The ideal sought was an 
18 inch bomb capable of dealing with the heaviest enemy capital ship. 

1 0.B. Proc. Q. ll99. 
~ O.B. Proc. Q, r188. 
• 0.B. Proc. Q. )355. 
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Afte1' discussion the meeting agreed that there was then no hope of meeting 
this requirement. The same arguments were applied to the proposed 4,000 lb. 
A.P. bomb. No a ircraft could carry more than one, and the chance of a hit 
with one bomb was small. In any case D.Arm.D. couid not promise the pro­
duction of such a bomb within two years. The meeting agreed that there was 
no immediate requirement for such a bomb. The ' follow through ' bomb was 
then discussed and, because of its complication and the fact that it too could 
only be carried singly, the meeting decided that there was no requirement for it. 
The.only positive decision made was to increase the effectiveness of the 2,000 lb. 
A.P. bomb by an increase in explosive capacity. 

Finally it was agreed that none of the bombs discussed could be used 
effectively for the attack of concrete submarine pens, a target which assumed 
greater and greater importance as the war went on. It was not until December 
1943 that proposals from the Admi.ralty for the design of a special rocket assisted 
concrete piercing bomb were received by D.Arm.D. and passed to the Ordnance 
Board for consideration. These Jed to the development of the 4,500 lb. ' Disney' 
bomb, used by the 8th American Air Force during the latter months of the war. 

At a meeting held by the Secretary of State for Air on 19 J uly 1943, to 
consider the. ' development a.nd production of items of Scientific equipment·, 
A.C.A.S. Ops., rnled that there was no further operational requirement for the 
C.S. bomb; and no further orders were to be placed. In all fifty of each size 
had been made, .although not all had been filled with high explosive. By the 
middle of 1944 there remained only six 45 inch, twenty-four 38 inch and forty-five 
30 inch with odd numbers of components, these were late, reduced to scrap. 

No C.S.- bombs were used in serious bomber operations. A few 38 inch 
bombs were dropped on ships in Gdynia harbour in 1942 with unknown results. 
There is however no reason to doubt the opinion of the Director of Naval 
Construction, quoted earlier, that the bomb was the most effective anti-ship 
weapon yet seen. D.N.C. did, however, qualify his statement with the words 
' .if it is operationally practicable,' which in fact was not the case. To obtain 
a direct hit with single bombs is no easy task, and the bomb demanded not only 
a direct hit, but one in the right place and in the right a ttitude. 
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CHAPTER 10 

TIIE MEDIUM CAPACITY SERIES BOMBS 

On 6 December 1940, a somewhat belated meeting under the chainnanship 
of the Deputy Chief of Air Staff was held to decide whether British G.P. bombs 
were good enough. 1 Intelligence information appeared to show that British 
bombing had been to some extent ineffective, that many bombs did not 
detonate, and that the damage by those which did, particularly to electricity, 
gas and water mains, was not so great as that caused by German bombs in this 
country. One obvious reason for the final statement was that while the 
charge/w ight ratio of G.P. bombs was only some 27 per ce11t. that of the 
correspcincling enemy bomb was in the neighbourhood of SO per cent. 

The general conclusions of the meeting were :-
(a) That SOO lb. bombs were generally more effective for a given tonnage 

than 250 lb. bombs on most targets. 
(b) That the very high charge weight ratio of blast (H.C.) bombs has only 

a limited application. 
(c) That investigation should commence at ollc€ into the design o{ a bomb 

to replace the 500 Jb. G.P. bomb : the new bomb was to be roughly 
of German design, with parallel sides and a relatively heavy nose : 
the charge weight/ratio was to be raised, without undue sacrifice of 
case st rength. 

The meeting went on to dise11ss suitable lengths of delay, the minut~s recording 
that there was ' considerable discussion as to what represents the ideal delay '. 
It may be considered that a fam opinion on such an important point ought to 
have been formed some time before the date of this meeting which took place 

year and three months after the commencement of the war. 

As a result of these ftnding , D.O.R prepared a dra(t requirement for a new 
bomb. It was to resemble the German S.C. 2 bomb which had been found 
particularly effective against certain targets, and was to be carried in any 
position designed for the 500 lb. G.P. bomb. The charge/weight ratio was not 
to be less than 40 per cent. and the body might be cylindrical provided it had 
reasonably good ballistics and would stand up to impact stresses. The bomb 
must be able to penetrate modern muJ ti~storied buildings, and metalled roads, 
coming to rest in a state to give complete detonation from 2,000 feet and above. 
Fuzing was to be limited in the .first place to N.D.T. and 0·12 second tail 
fuzing only.8 The fi lling was to be the best obtainable, preferably R.D.X. and 
the usual safety requirements were added. The bombs must be of o. construction 
suitable for mass production -and have reasonably high ballistic qualities. 

1 Vice Chie( of Air Staff; Director of A rmament Pnil:luctioo, Director of Armament 
Development. Assistan t Chief o { Air S taff (Technical) , and representatives of th e Directorate 
of E>(ans, Directorate of Operational Req_uirements, a nd the Ministry of Home Security 
attended. The Ministry of Home Security wa-s represented by P rofessor Bernal. A.M. 
File C.S. 7557. 

• S,priog Cylindrisch , 
3 Non-delay tail : estimated at about 1/400 sees. 
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The SOO lb, bomb 
These requirements were put to th Ordnance Board on 30 December 1940, 

and the Chief Superintendent of Design, at once started on the design of a 
bomb case. A sketch design was produced by the end of January, and the 
new bomb was given the name ' Bomb H.E, 500 lb.- M.C. (medium capacity)' . 
The method by which the new bomb was to be manufactured was at .first the 
subject of a great deal of argument and discussion. Four methods were 
avai lable : the bomb cou ld be forged in one piece : the cylindrical body could 
be drawn, and a heavy nose welded to it : the body could be made of welded 
sheet , or a process known as centrifugal casti ng could be employed. A filling 
of Amatol had to be accepted at the beginning as no R.D.X. was availflble. 

Eventually the proposed methods were red11ced to two : forging, which 
would be very slow, and welded shee t stee], the most productive method should 
it prove strong enough. It is interesting to note that the corresponding German 
bombs had orig inally been made in this way, but later forged bombs in one 
piec had appeared. By February 1941, D.Arm.D. had raised a technical 
requisition for ten bombs from each of five manufacturing firms , These were 
to be manu factured by one or other of the methods outlined above, and 
were to have comparative tests against a hard target. Tbe contractors were 
instructed to conform to the outline and wall thickness scheme in C.S.D.'s 
sketch design, but otherwisf', were to employ their own method of construction. 
Later, contractors were asked to produce ten bombs from drawn tube. 

Eight inert filled bombs were tested at A. & A.E.E . on 4 April 1941.l These 
were of sheet p late welded longitudinally, the nose being in turn welded to the 
resulting cylinder. Trials against the Porton hard target from 2,000 feet were 
fairly satisfactory, but from 4,000 and 6,000 feet the bombs suffered severe 
damage. Five of these bombs were reconditioned and dropped on the Parton 
hard target on 21 April 1941, again with unsatisfactory results. It was clear 
that bombs of this construction were unsuitable and further work by that firm 
was cancelled. 

On 26 and 27 May 1941 , bombs were dropped at A. & A.E.E. for impact trials. 
iwo types were tried: one with a solid and one with a p lugged nose. In trials 
from 2,000 feet aU withstood impact satisfactori ly. The choice 11ad therefore 
to be made by consideration of the ease of manufac ture. While the solid drawn 
method was probably the more satisfactory, the pressed steel method lent itself 
more readily to rapid bulk manufacture. After discussion with the Ordnance 
Board, D.Arm.D. therefore. decided in June 1941 to place a development order 
for one thousand bombs of the latter type. 

So far the design of bodies only has been discussed, but concurrent arrange­
ments were made by D.Arm.D. for the manufacture of tail units, similar to those 
used jn tbe G.P. 6omb Mai:"k IV and designed by C.S.D. The plugged nose had 
shown itself in trial to be as strong on impact as the solid nose, and the new bomb 
was t heteforc designed to have a recessed nose. for an exploder system, which 
resembled agai.n that of the G.P. bomb. 2 

In August 1941 , i t was evident that the progres5,of this contract for bomb 
bodies man ufactured in one piece would be slow, and the urgency for the bomb 
to replace the G.P. type - whose shortcomings were becoming more and more 

1 A .M. File C.S. 7557. 
tM.A .P . File S.13 . 13798. 
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evident- was already great. Accordingly it was agreed that further experi­
ments with welded construction must go forward. By the end of October 1941, 
various trials of both types of bomb, with inert and H.E. fillings, had been 
completed .. lnert filled bombs, both one-piece and welded, had been dropped 
on the hard target at Porten, and both types had given satisfactory results. 
The solid wall type had a lso been dropped on the special target at Braid Fell, 
again satisfactorily. On 25 October , nine H.E. filled bombs were tested hy 
A. & A.E.E. at Ashley Walk. 

In the live trials various types of fuzing were tested : three bombs were 
dropped with nose instantaneous, three with tail instantaneous, and three with 
tail delay of O · 12 second. All were satisfactory from 4,000 and 2,000 feet. 
These bombs were filled 50/50 amatol , The original intention had been to use 
R.D.X./T.N.T., but supplies of R.D.X. were stilJ very limited. The bomb was, 
however, placed first on the prio1;jty list for R.D.X , filling. Trjals with this 
:filling were completed in November 1941, at Crichel Down and Ashley Walk: 
three bombs were dropped on chalk and three on wet clay, from heights similar 
to those used for the amatol fill ed bombs. A comparison of the craters Jeft no 
doubt that the R.D.X. bombs were much superior t.o those fill ed with amatol. 
Arrangements were therefore made for all bomhs under manufacture, still 
unfilled, to have an R.D.X./T.N.T. filling , the number being some four hundred. 
ln the same month the 'solid wall ' type bomb was approved for service use, 
the first four hundred were to be equally allocated to B9mber Command and 
Coastal Command for attacks on enemy merchant shipping.1 

In October 1941 , a report was received from the Inspector-General of the 
R.A.F. on a visit to Eritrea emphasising the ineffectiveness of G.P . bombs, an 
opinion confirmed in a r eport from the Middle East on the examination of bomb 
damage in Syria. 2 • 

These reports made it evident that an immediate replacement for these bombs 
was urgent ancl that no delay in the production of the M.C. bomb could be 
tolerated. So far only solid-drawn bodies had been tested and approved, but 
various firms were engaged with development orders for welded bombs, as yet 
untried. The only source available of the former type was the Chesterfield 
Tube Co., whose maximum output could not exceed 1,000 per month without 
lengthy and extensive additions to their plant. Trials of the welded bombs on 
the hard target at Braid Fell had been arranged in December 1941, but pro­
duction delays through war damage had arisen and there. seemed little prospect 
of the trials commencing before 1942. 

The supply position at the end of ovember 1941 was that only the original 
development order of 1,000 solid drawn bombs was in hand, there was no 
planned production , but D .Arm. P. was investigating the possibility of a monthly 
output of 20,000 bombs- which would include 3 ,000 of the solid drawn type­
at the expense of 500 lb. and 1,000 lb. G.P. production. On 4 December 1941, 
a meeting was held by D.B. Ops. at Air Ministry to discuss the production 
position, and it was decided to go ahead with all possible pcoduction of both the 
solid drawn and welded bombs with every effort being ma.de to produce as many 
of the former as possible until the latter had been proved in the Braid Fell trials. 
1f necessary this increased production of M.C. bombs was to be effected at the 
expense of the SOO lb. S.A .P. type. 

'A.M. File C.S. 7557 . 
" A.C.A.S.(T) 4320, 25 October 1941 and D .B. Ops. '21'26, 23 November 1941. 
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By February 1942, however, it was apparent that very little progress was 
being made, for in that month a forecast of empty 500 lb. M.C. bomb production 
for 1942 made by D.Arm.P. showed the following:-

May June July Aug. Sept. Oct. 
150 SOO 1.000 2,000 3,000 4,000 

Nov. 
5,000 

Dec. 

6,000 
These figures represented oo,ly 0·5 per cent., 4·3 per cent. and 8·5 per cent. 
of the tot.al requirements for SOO lb. bombs- G. P. or M.C.-for the 2nd, 3rd and 
4th quarters of that year. Shortly after this estimate was given an unsuccessful 
effort was made to have production increased by manufacture in the U .S.A. or 
Canada. All capacity in those countries was needed for bombs of standard 
American design, but there was a possibility that a similar American bomb­
the A.N.M..43--could be supplied empty to this country, and the technical 
aspects o( tilling and carriage on British aircraft were being considered by 
D.Arm.D. 

So serious was the prospective supply poshion that on 25 March I 942 the 
Chief of the Air Staff took the matter up personally with D.B. Ops, whom he 
instructed to examine the production of M.C. bombs on the highest priority. 
The same day D.B. Ops. con,sultecl D.O.R. and D ,Arm.P., the latter providing 
the following informatiort. 

Anticipated production had risen to these figures :-
May Jime July Aug. Sept. Oct. Nov. Dec. 
150 600 1,500 3,000 5,000 6,000 8,000 10,000 

cumulative, and this was the maximum possible with the existing methods of 
production. Any material increase could only be obtained by setting up new 
factory and plant at a cost of about £165.000 and with a delay of some 18 months. 
As an alternative, D.Arm.P. suggested that a cast steel bomb could be made. 
The disadvantages would be a possible reduction in strength and a certain 
reduction in charge/weight ratio as the case would have to be increased in 
thickness from 0·3 inch to 0·4 or 0·5 inch. The resulting charge/weight 
ratio would be in the regions of 43 per cent. - 46 per cent. On the other hand, 
the factories producing G.P. bombs could readily turn over to this production 
with very little loss of time., or capital expenditure. 

So attractive did this proposal seem that it was agreed D.Arm.P. should 
immediately inform D.Arm.D. , and that together they should approach the 
Control!er of Research and Development for authority to get out production 
plans. 

Meanwhile important trials, both by static detonation and a ir dropping at 
Crichel Down, had been taking place in order to ascertain the best filling for 
M.C. bombs. The recommendation made by the Static Detonation Committee 
on these trials was as follows ;-' After reviewing th.e results on trials on 
500 lb. M.C. bombs filled (a) R.D.X./T.N.T. 60/40, (b) A.matex, ~.e., R.D.X./ 
T.N.T. 60/40-lS parts; Amato! 60/40-·85 parts, (c) Amatol 50/50, the Com­
mittee concluded that for general demolition purposes against buildings, 
J\matex 611ing (b) is as efficient as R.D.X:. /T.~.T. 60l40 for SOO lb. M.C. bombs, 
and sh.ould be used to conserve R.D.X.' This recommendation was sttbse­
quently approved by D.O.R. 

No time was lost in the development of the cast steel bomb, and, by 2 April 
1942, twelve of this type had been produced -and were awaiting hard target 
trials. This method of increasing production sounded so attractive to the 
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Air Staff that V.C.A.S. was inclined to give M . .A.P. carte-blanche to go into 
production forthwith, with only factory hammer tests , although it was realised 
that the strength of the bomb would possibly be much less than that of the 
solid drawn type. This proposal was strongly resisted by D .O.R., who insisted 
on full scale dropping trials at Braid Fell before acceptance, and sharply depre­
cated 'a policy which gives the Production Department of M.A.P. a blank 
cheque to produce quantity without regard to quality. On the other hand 
A.C.A .S.(T) wished to avoid at all cost a long series of trials which would delay 
the introduction of the new bomb indefinitely. C.R.D. agreed with D.O.R. 
that hammer tests could not be Tegarded as a safe substitute for dropping tests 
against a resistant target, and undertook to arrange speedy trials before 
recommending acceptance d the new design . 

On 31 May 1942 the first cast M.C. bombs were tested by A. & A.E.E. at 
Ashley Walk and Parton. At the former range bombs were released from 
100 ft. at 200 m.p.h. against concrete wall targets whilst at Porton they were 
dropped from 2,000 feet at 200 m.p.h. against the hard target. The results 
showed that although the bombs were capable of resisting direct impact against 
concrete structures at 300 feet per second they would not stand side impact at 
that velocity, and were therefore only suitable for instantaneous fuzing. 

In view of the. extreme urgency of increasing production D.Arm.D. agreed 
to accepting the O ·4 inch thickness bomb providing it withstood the test 
conditions imposed by him, and that such manufacture should only be under­
taken by firms specified by D.Arm.P . He also recommended the manufacture 
of O · 5 inch case bombs by a 1ew selected firms, subject to test. A comparison 
of the two types of bomb showed that the O ·4 inch would weigh 470 lb. with a 
charge/weight of 46 per cent., the 0 -5 inch being 490 lb. and 43 per cent. 1 

In July 1942, trials on the Braid Fell target with fabricated (welded) bombs 
were completed. Bombs were dropped from 70, 2,000, 8,000 and 10,000 feet. 
Those released from 7 feet showed no damage to welds, but those from greater 
heights which struck girders or stanchions were damaged , some very extensively. 
This conclusion was confirmed by further trials on production bombs in Sept­
ember. .From heights above 7,000 feet the bombs were liable to fracture on 
encounter with a resistant target . D .Arm.P. was requested to examine the 
welding processes employed by the manufacturing firms and make every effort 
to improve them. H e pointed out that up-to-date hand welding had been 
necessary as no automatic plant was availabl - nor would it become available 
before April 1943. F urther, that not only trade experts of the Welding 
Institute, but also the Ministry of Supply Advisory Service on Welding, were 
giving thought to welding improvement. Meanwhile as the urgency for bombs 
was greater than ever, the only possible solution was to reserve the solid 
drawn bombs- of which very limited supplies were avai lable-for special 
targets, and to use the welded, and later if approved, the cast bomb, for 1ess 
resistant. targets. 

In vest:igation into the jmprovement of welding methods con tinued throughout 
1943 but li ttle progress was made. In Januiry a series of tests was made at 
A.I.D. Test House, Harefield by a representative of the Minist ry of Supply 
Advisory Service on Welding. Samples of welds by various fi.rms were tested 
by breaking in a vice by hammer blows. Samples from three firms were well 
below th standard needed. 

1 A.M. File C.S. 7557. 
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In February a meeting was held at M.A.P. under the chairmanship of 
D,Arm.P. to ' discuss defects and variations in welding which are causing an 
excessive percentage of failures during tests and operations of 500 lb. M.C. 
bombs and to make decisions to effect improvemen t '. Apart from represent­
atives of D.J\rm.D., D.Arm.P., and the Ministry of Supply, Wor~s Managers 
and representatives of thirteen contracting firms were in attendance. After a 
discussion on technical faiJures and methods, the contracting firms formed 
themselves into a Committee and all contractors agreed to co-operate, to 
exchange information, and to take every possible action to improve welding 
practice. 

Unfortunately in spite of aU efforts it was found impossible to produce by 
this method bombs capable of withstanding the same impact forces as forged 
bombs, or even the cast steel bombs. As late as August 1943, extensive failures 
during tests on the Braid Fell concrete target were still encountered. Mr. Wilson 
Ben.net, the chairman of the Contractors' Committee referred to above, was 
asked to vlsit Braid f.ell to examine the bombsJ At an .i,nformal meeting 
with D.Arm.P. before the vi\it, Mr. Bennet expressed the opinion that it 
was impracticable to contemplate that bombs of fabricated construction could 
be produced with existing facilities ' . 

It may be of assistance at this stage to tabulate the various marks of 500 lb. 
bombs in exis tence or under development at the end of 1942 :-

Mark I. The welded or so called 'fabricated' bomb; sides made of 
rolled steel plate to which the ends were welded. T his bomb was strong 
enough from low heights but liable to fracture from high altitudes against 
strong targets. 

Mark II. Drawn from a solid steel block or forged from a billet; it 
was the most reliable bomb, but manufacturing was slow and somewhat 
extravagant in steel. Owing to the superiority of this type over all others 
the Air Staff had in mind the segregation of Mark II bombs for selected 
targets. 

Mark I I I. Made of cast steel- the simplest and most productive of all 
methods of manufacture- but up till then not approved for service use as 

-its ability to withstand impact on strong targets had not been proved. 
Mark IV. Also cast-steel, produced in October 1942, as a special 

version suitable for quick production and as a result of D.Arm.P's. investi­
gations into many schemes to increase production of M.C. bombs. This 
bomb was five inches shorter than the standard M.C. type, weighed 440 lb. 
with a charge/weight ratio of 40 per cent. and was satisfactory in Brnid 
Fell target trials in November 1942. 2. 

Despite its smaller size and lower charge/weight ratio ; its capabilities 
and ease of production warranted its approval for service use in 
December 1942. 

The 500 lb. ' Cast ' bombs, Marks Ill and IV 
Between December 1942 and April 1943, Mark III bo,nbs from three different 

firms were tested at Braid Fell. 3 These trials were reasonably satisfactory a11d 

D.Arm.D. recommended the approval of the Mark for Service issue, subject to 
1 M".A.P. File S.B. 13798, 
• A.M. File C.S. 7557. 
• M.A.P. F ile S.B. 25455. 
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satisfactory detonation trials. On 7 March 1943 a trial of M.C. bombs against 
vehicles at Crichel Down bombing range was completed, and was very successful. 
Mark Ill bombs were tried (among others) and as a result A.C.A.S. (T.R.) gave 
unqualified approval for their introduction. 1 

One other point in connection with the introduction o f the cast bomb-and 
another Mark-deserves mention, particularly as it illustrated the difficulties 
in the production of bombs, by various firms inexperienced in such manufacture, 
as did the serious difficulties met-and never completely solved- in the welding 
of the so-called 'fabricated ' bomb. 

I t was found that some six thousand bombs, from various manufacturers, had 
their centre of gravity outside the limit imposed in the specification. To avoid the 
extravagance of scrapping this valuable material D.Arm.D. agreed to accept 
these bombs providing they were segregated for use with long tail units and by 
the allotment of a new Mark number. They were accordingly designated 
Mark v.i 

In August 1943, following an arrangement with the United States that 
certain bombs under production could be fitted with supplementary American 
lugs, steps were taken to include all Marks of 500 1 b. M.C. bomb. 3 This entailed 
the aUotment of new Mark num bers to the modified bombs and Marks I to IV 
became, when fitted with American suspension lugs, Marks VI to lX 
respectively.~ 

Bomber Command tria]s with 500 lb. M.C. bombs 
lt is inevitable that all types of bomb, but particularly those used in large 

numbers, should from time to time fall under the suspicion o( their users. 
Reports and stoTies of bomb failures have always been rife, and are, in war 
time, extremely difficult either to confirm or refute. The 500 Jb. M.C. bomb 
was no ei<ception and in July l943, the C.-in-C. Bomber Command wrote to 
the Air Ministry (D.O.R.) for confirmation that the cast bomb could be used 
against all targets and from all operat ional heights, with delay fuzing. The 
Command questioned the value of impact trials on the Braid Fell concrete 
target on the ground that the inert filling used did not give a fair indication o( 
the ability of a bomb filled with H.E. to withstand impact before detonation.5 

About the same time reports were received by Air Ministry throwing some 
doubt on the reliability of the M.C. bomb. 6 Bombs dropped accidentally over 
Switzerland were reported to have failed : in July a report from the Political 
Intelligence Department of the Foreign Office suggested that in bombing raids 
over Belgium, 30 to 40 per cent. of bombs failed to detonate. 7 

These criticisms of the bomb led to an exposition by D.Arm.D. describing 
exactly what the bomb was capable of achieving, and its known limitations, 
all of which information had been readily available to Operational Commands. 
The bomb was primarily a substitute for the older G.P. bomb from which it 
differed, essentiaJly, only in its increased H.E. capacity. It was not stronger 
than the G.P. bomb, and was never intended for severe impact, particularly 

1 M'.A.P File S.B. 3S485. 
~ M.A.P. File S.B . 44250. 
3 Otllers were the 1,000 lb. and 4,000 lb. M.C. and the 600 lb. A.S, bombs, 
• M.A. P. File S.B. 35455/2. 
6 B.C. File BC/S/28522. 
0 M.A.P. File S.B. 51)78. 
7 P .LD. (H.S.) 539, 19 July 1943. 
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side impact, on resistant structures.1 As bas been already described, the high 
demand and production difficulti~s made it necessary to resort to welding and 
casting methods, with a consequent diminution of stiength. D.Arm.D. pointed 
out that neither tbe corresponding American nor German bombs were better 
able to withstand severe impact. 

His conclusions by way of reply to Bomber Command were, that welded or 
cast bombs could be relied on against resistant targets (modern multi-storied 
buildings, factories and power houses) with instantaneous fuzes or at the most 
0 ·025 seconds delay, from any operational height. Against less resistant 
targets (roads, dwell ing houses and older types of multi-storied buildings) any 
form of delay fuzing would be satisfactory. Th.e same principles applied to 
low 1evel attack with fast aircraft : with a striking velocity of 400 feet per second 
or more, impact against resistant targets would probably destroy the bomb 
before detonation if delays were used. · 

For longer delays against resistant targets. the forged bomb must be used, 
but even that bomb was liabl~ to failure on severe side impact. For low height 
high speed attack against heavy machinery or similar targets, the M.C. bomb 
was unsuitable, and that the S.A.P. was the correct weapon. Finally he 
pointed out tha.t the type of H.E. substitute filling was unlikely to prejudice 
trial results. 

D.O.R. in replying to the C.-in-C. Bo~ber Command, suggested trials 
arranged by the Command, using both l\'I.C. and G.P. bombs, and both inert 
and H.E. fillings-the latter with no exploder or detonator, so that difference 
in behaviour on impact could be observed. 

These trials were organised by Bomber Command; their intention was 
stated to be ;-

, To drop a numbei: of 500 lb. G.P. and M.C. and 1,000 lb. M.C. bombs 
from operatio;nal heights against the Braid Fell building target, to register 
hits on various parts of the target and to obtain evidence of their 
performance. ' 2 

Bombs were to be selected from various Station. boml:i stores, M.C. bombs 
manufactured by seventeen different contractors were to be chosen, of forged, 
welded and cast construction. 

The trials commenced in October 1943, and were completed by April 1944. 
They had by then included low altitude attacks aga inst a concrete wall at 
Ashley Walk. Reports on the progress of the trials were made from time to 
time; it is sufficient to give an analysis of the general conclusions regarding 
500 lb. bombs. 3 These were :-

(a) T he medium capacity bomb, whether forged, cast or' fabricated', was 
sufficiently strong to withstand direct impacts on all normal building 
targets. 

(b) For 'girder' targets-that is those containing heavy steel girders in 
their construction~only the Mark II (forged) bomb was satisfactory. 

(c) The forged type was definitely stronger than the cast type, and strong 
enough against any target when fuzed witJ1 delay action, except 
where penetration into rnore than three feet of concrete, or the 
equivalent thickness of armour plate, was required. 

'M.A.P. File S.B. 5126'1 . 
• M,A.P , File S.S. 51178. 
3 O.B. Proc. 27309. 
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(d) The Mark Ill (standard) cast bomb was strong enough for normal 
impacts with any fuzing provided no girders were encountered. 
The Mark IV cast bomb was satisfactory on all targets when given 
not more than 1 /10 sec. delay, and 70 per cent. may be expected to 
withstand similar targets, with longer delay. 

(e) The Mark I (' fabricated ') bomb was the weakest of all, and should 
only be given instantaneous fuzing. 

(/) Premature detonation was liable to occur with delay fuzed bombs, 
having an exploder system in the nose. 

These conclusions contained little new information : the most valuable 
contribution they made to the development oi the bomb, was the discovery­
which was however also predictable-that for delay fuzed bombs, nose exploder 
systems should be omitted .1 A design of forged bomb later assigned Mark X 
with a solid nose was therefore evolved, and production commenced at the 
beginning of 1944 . It was quite natural that the immediate outcome of the 
trials should be a repetition of the demand by Bomber Command for more and 
more forg d bombs. But the Tactical Air Force had also a strong claim, and 
Bomber Command had to be content with an allocation of 50 per ci:;nt. of the 
output of Mark II bombs. 2 This allocation of only half the oi.1tpot was not so 
sedous as might be imagined, for, as the figures supplied by the Ministry of 
Home Security showed, the proportion of steel and concrete multi-storied 
buildings in Gennany was remarkably small- less than 1 per cent. of all buildings 
in the country. This meant that the probability of a h it on such a bnilding in 
a densely built-up area was less than O ·2 per cent. , thus the proportion of 
M.C. bombs fuzed long delay which might be expeded to fail was relatively 
smalJ.3 

The 500 lb. M.C. bomb tail 

The rather complicated story of the development of the 500 lb . lVLC. bomb 
J1as so far been confined to the body structure. In conformance with a principle 
Long established, this was provided with a clip on tail. The de ign for the new 
tail was produced by .S.D., and production of the part was undertaken by 
a civilian contractor, for a small quantity for development purposes. 4 

By June 1941, production of the 500 lb. M.C. bomb had commenced, and a 
production order for the tail was placed with Messrs. Fisher Ludlow, who were 
already the contractors for the G.P. bomb tail, a number of whose components 
wer used in the M.C.6 The design was recommended for approval by the 
Ordnance Board in the following month.6 By November 1941, dropping trials 
had shown the bomb to be quite stable, and in this month its acceptance for 
service use was recommended by D.Arm.D. one but very minor modifications 
were made to the original tait which received the serVice title of No. 25 Mark IA 
atld which continued to be used in the majority of 500 lb. M.C. bombs throughout 
the war. 

1 O.B. Proc. 27234. 
2 A.M. F ile C.S. 4.73 /D.Ops.Tac. 
31'vf.A.P. Fi le S.B. :51264. 
• D_D.(L) l2073. 
o M.A.P. F ile S.B. 13798. 
• O.B. Proc. 13192. 
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Towards the end of 1941 however, the need arose for the carriage of M.C. 
bombs in Mosquito aircraft, and the space available did not allow the orthodox 
tail.to be fitted. A short drum type tail was specially designed for this aircraft, 
and a series of trials made at Orfordness to test its ballistics. These trfals were 
combined with ballistic trials of the bomb with a standard tail, and showed 
that when fitted it had good ballistic consistency with a terminal velocity of 
1,460 feet per second. The effect of fitting the special drum tai l was to reduce 
the te rminal velocity by 70 feet per second and to increase the ballistic errors 
in range by 70 feet . This shortened tail was given the designating Number, 28. 1 

Bombs with short tails were in fact very near the· Jimit of stability, and the 
A.O.C.-in~C., A.E .A.F. reported to the Air Ministry in June 1944 that this 
instability was the probable cause of bomb failures. This instability was most 
noticeable in bombs carried externally on fighter-bombers: and was ascribed 
to some extent to weakness jn structure. Accordingly a stronger type of tail 
was designed for external use in fighter-bombers, and numbered 77. 2 

The 500 lb. M.C. bomb, H.E. fi lling 
The original requirement for the bomb had included a H .E. filling to give 

maximum possible blast, consistent with safety in handling and carriage. 
R.D.X. was obviously the best choice but was not readily available in 1941 i11 
large quantities. Jn April of that year D.Atm.D. agreed to an Amato! filling 
until snpplies of R.D.X. became more generous, and asked the Ordnance Board 
to arrange wit h C.S.D. for the fiUing of experimental bombs with 50/50 Amatol 
and60/40 R.D.X./T.N.T. for comparative trial . Later60/40 and 80/20 Amatols 
were added as alternatives. Meanwhile the bomb was placed as' fi rst priority ' 
for R.D .X./T.N.T. filling, but since Amato! fillings gave satisfactory results in 
dropping and static trials, the standard fi lling was decided at 50/50 Amatol.3 

Trials by A. and A.E.E. with R.D.X. /T.N.T. filli ng jn November 1941, 
showed that this was definitely superior to Amatol, and arrangements were at 
once made with the Ministry of Supply to fill aJI empty production bombs­
some four hundred- with RD.X ./T.N.T .4. The A. and A.E.E. results were 
only partially confirmed by a series of sta t ic trials in December 1941 by the 
Research Department, Woolwich, and further trials were recommended.5 

The A. and A.E.E. conclusions were however amply confirmed by trials at 
Gretna where R.D.X ./T.N .T. filled bombs were detonated in disused explosives 
factory buildings, and gave 30 per cent. better results, in general structural 
damage, than those filled with Amatol.6 

A further ser ies of static trials was undertaken by the Static Detonation 
Committee in June 1942, when R.D.,X./T.N .T. 60/40, Amatex 15/85,7 and 
Amato! 50/50 were compared, the Committee concluded that 'for general 
demolition purposes against bu ild ings, Arnatex filling is as efficient as R.D.X ./ 
T.N.T. 60/40 for 500 lb. M.C. bombs, and should be used to conserve R.D.X.' 

1 0 .R.S. Reports :B.T., 4 November 194t E.T., 12 Ju ly 194'1., B .T ., 19 October 1942. 
2 A.M. Fi le C.M.S. 577. 
3 0.B. Procs . 1175, 12552, 14241 and 14902. 
• A. and.~ .E .E , Report A .T .O. G.35, 29 N'overnber 194 1, and M,A,.P. F ile S.B. l3798 . 
& R.A .C. 2453/41 a nd 0.B. Proc. 14241. 
e M.A.P. File S.B. 34635 and 0 .B . Report 2/39 Proc. No . 1959. 
7 M.A,.P. File. Amatex is a mi;x.ture of R.D.X./TN.T . and Amato! : in this case the 

rni..xt ure consisted of 15 parts o{ the former and 85 of the latter. -
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Unfortunately the production of 500 lb. M.C. bombs had then begun to reach 
figures beyond the capacity of R.D.X. available, particulady as both the 
8,000 lb. H.C. and the l,000 lb. M.C. bornbs demanded this filling. In January 
1943, eight thousand 500 lb. M .. bombs only coidd be filled with Amatex 
monthly.1 

In September l943 D.Arm.D. asked for trials with 500 lb. M.C. bombs filled 
Torpex. These were completed by A . .and A.E.E. in November .and showed the 
superiority of a Torpex filling over either R.D.X. /T .. T . or Amatol. 2 Later 
Minol was used and eventuaUy became the standard filling. 

Three features in the development of the 500 lb. M.C. bomb are of special 
historical interest :-

(a) Its design was based not on pre-war thought and experiment, but on 
observations of the results achieved by ,enemy bombs. It thus 
became a substitute for the standard pre~war ~ritish Bomb- the 
General Purpose Bomb- almost at the outset of war, and certainly 
at the outset of H.E. bombing of enemy and enemy-occupied territory 
on a big scale. 

{b) Its immense popularity, and the constant cry for more and more 
bombs by Bomber Command, and later by overseas Air Forces, 
placed too heavy a strain on the productive capacity of the country, 
with a corresponding deterioration of design . The forged bomb was 
undoubtedly completely satisfactory for all purposes for which it 
was intended; the welded bomb far less so ; and finally the cast 
bomb, in its early stages still less un iversal, but later to take second 
place in order of merit. The failure of the united efforts of the best 
welding firms in the country to produce a satisfactory ' fabricated' 
body, is of peculiar interest , and a vivid pointer to future designers. 

(o) As a result of (b) , the bomb appeared in an unprecedented number of 
variations(' Marks'). Fourteen of these were in use, and a Mark XV 
was being developed for under-water use. An appendix is added 
giving a list of these and a brief comparative description of each. 3 

During tlie war a greater number of 500 lb. M.C. bombs was released against 
the enemy than of any other type of bomb, except its counterpart, the 500 lb. 
G.P., and that only because it could not be substituted for this unsatisfactory 
bomb in large enough quantities. The enormous demand for SOO lb. M.C. 
bombs against tactir;al targets, particularly oil targets, made by the operation 
' Overlord,' the liberation of Euwpe, and the final defeat of Germany, imposed 
an intolerable strain on the bomb supply resources of the count ry, a situation 
which was only saved by the existence of large stocks of obsolete G.P. bombs, 
all relegated to the scrap heap, but brought back into service to meet the need 
of the moment. Even with this temporary addition, D.C.A.S. found it necessary 
to warn th C.-in- ., Bomber Command, in u_gust 1944 of the need for the 
strictest economy in the use of 500 lb. bombs in the strategical bombing of 
German towns, and the substitution of incel}(].iary bombs for H.E. to the 
maximum.q 

~ A.M. Fi"le S,71783. 
"A. and A.E .E. Report G.35. 
3 See Appendix No. 4. 
• A.M. File C.S. 22930. 
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The 1,000 lb. M.C. bomb 
On 24 April 1942 D.Arm.D. informed the Ordnance Board that the uncertainty 

of relying on supplies of bombs of the U.S.A. ' M.44 ' type as a large M.C. bomb 
has been under consideration, a requirement has been received from the Air 
Staff that the manufacture of a similar bomb in this country should be 

1,000 LB. M.C. BOMB WITH SHORT TAIL 
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investigated. The bomb is required to be interchangeable with the M.44 bomb 
when fitted with drum type units and a lso with the l 000 lb. G.P. bomb when 
fitted with a shortened tail unit.1 

This information was also sent to C.S.A.D , and went on to say that D.Arm.P. 
had by then investigated the problem of manufacturing such a bomb by two 
methods : longitudinal pressings or casting. The latter had appeared most 
promising and C .. A.D. was requested to design a bomb for casting, which should 
as far as possible use standard l ,000 lb. G.P. components. 

By 5 :May 1942 C.S.A.D. had produc;ed a design (D.D.(L)14458) which 
provided for the use of G.P. Mark II suspension lugs, detonator holders, and tail 
cone (with some modification:) . The thickness of the body wall was to be 
0 · 55 inch, with a 50/50 amatol filling. The total weight was estimated at 
1,058 lb., and the charge weight ratio 46 per cent. (The 1,000 lb. G.P. bomb 
had a wall thickness of 0·77 inch a.nd a charge/weight ratio of 33 per cent.) 
Immediate arrangements were made for the manufacture of thirty development 
bombs, and the manufacture of the experimental tail unit for the new bomb 
was put in hand. 2 

By the end of June successful drop hammer tests of the castings had been 
comp1eted at Scunthorpe, and arrangements were made for dropping trials by 
A. & A.E.E. For these, four inert filled bombs were to be dropped against 
the wall target at Parton from JOO feet at 200 m..p.h., and four on the concrete 
apron from 2,000 feet . Simi lar tri.als from 8,000 fee t against the Braid Fell 
target were also arranged. 

The A. & A.E.E. trials were completed on 9 July 1942 and showed t:hat the 
bomb was capable of withstanding impact with hard targets at low striking 
velocities without appreciable damage. The more rigorous trials at Braid Fell 
were completed by the end of July, when eight bombs were dropped froin 
heights of 80 to 8,000 feet on the building target. Five hits were obtained with 
no serious damage to the bombs. As a rernlt, the adoption of the bomb for 
service use was recommended by D.Arm.D. in August and approved by the 
Air Staff in September. 

Further triaJs were completed a t Braid Fell in September, this time with 
bomb cases slightly thinner than those of the original bombs (0-58 inch as 
compared with O ·65 iuch). E.xcept foi: one bomb which was dropped twice­
once from 80 feet and again from 7,000 feet, and which was fractw·ed-all were 
satisfactory. 

Arrangements were now made for ballistic trials by the Orfordness Research 
Station , aJthough recommendation for service use had already been made. 
A further batch of bombs was to be used for detonation trials with R.D.X./T.N.T. 
amatex and amatol fillings. As the bomb, however, was already in production, 
amatex was chosen as a prov isional standard filling, until the results of these 
trials could be published. · 

1n November the Orfordness Research Station issued its report on ballistic 
trials carried out with bombs fitted with standard 1,000 lb. G.P. shortened tails. 
Although the G.P. tail had a diameter less Oran that of the bomb body the 
advantage of using a component a lready in production was great. The trials 
showed, however, that consistent ballistics could not be obtained with this type 

l M.A.P. File S.B. 37149. 
2 M.A.P. File S.B. 37149 and Rcs. /Arm. 2785. 
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o[ tail. Further trials were therefore necessary with the tail specially designed 
for the bomb (No. 37). These did not take place until March 1943, when 
ten bombs were dropped from 10,000 feet. The stability ancl ballistic con­
sistency of the bomb with its own tail were found completely satisfactory. 

In January1943 the firstlive trials of thebombwerecompletedby A. & A.E.E., 
when five bombs filled with amatex were released from 4,000 feet at an air speed 
of 150 m.p.h. One was fuzed nose instantaneous, two tail instantaneous and 
two 0·12seconds tail delay. The trial showed the bomb to be suitable, detona­
tion was describ d as sa tisfactory, and blast was felt at a distance of one mile. 

By February 1943 the production of the 1,000 lb. M.C. bomb bad reached 
considerable proportions, no less than nineteen casting firms were producing 
bomb bodies at a rate rapidly building up to some 18,000 per month. 1 D.Arm.D. 
therefore felt that it was undesirable to place complete reliance on the products 
of alJ manufactures on the evidence of the single test at Braid Fell carried out 
in the previous July. Drop hammer tests were indeed carried out on samples 
from all producers, but D.Arm.D. felt that he could not trust this workshop 
test entirely. 

Arrangements were accordingly made· with D.Arm.P. for the air test of a 
proportion of the output of the principal makers. Twelve bombs from each of 
nine contractors were inert filled and sent for trial to Braid Fel l. These tests 
continued at intervals throughout the year, at first from both low and high 
altitudes, later from 8,000 and 12,000 to 15,000 feet. 

So far only the original design of bomb has been mentioned. The decision 
to manufacture this bomb by casting rather than forging or welding ha..d been 
taken because forging capacity was not available, and that employed on the 
production of 1,000 lb. G.P. bom.bs not suitable without long and expensive 
conversion; nor was the special steel required available. 2 Weldfog processes 
were not reliable and bombs produced by this method were suitable only for 
in tanta.neous fuzing. By September 1942, however, the demand for the cast 
bomb had begun to exceed the supply, and D.Arm.P. felt the necessity of 
turning to other manufacturing methods, and the Director of War Production 
asked for suggestions on the manufacture of 1,000 lb. bombs by welding 
methods. 3 The idea was to make up the body in two semi-cylindrical pressing·s 
and to weld these by two horizontal seams. 

The first bomb, ready in November, was approved on visual inspection by 
D.Arm.D., and by the beginning of December ten inert filled bombs were sent 
to A. & A.E,E. for initial supply test at Ashley Walk, where a wall and 'a_pron' 
were available {or impact tests. At the same time arrangements were made 
for the despatch of fifteen bombs to Braid Fell for a foU scale impact test. It 
was expected that the new design would compare favourably with the American 
M.44, on which the design of the 1,000 lb. M.C. bomb had been founded. Trials 
of the American bornb were staged at the same time for comparison. 4' 

The Ashley Walk trials were completed in January 1943 and showed that 
the welding was satisfactory, although the base plates were torn a way by side 
impact.6 1t was therefore necessary to modify the metflod of attaching these 

1 M.A,P . .file S.B . 37149/2. 
e A.M. File S. 8012. 
3M. of S./D.G,W.P., 22 September 1942. 
• M.A.P. File S.B. 42295. 
• A. & A.E.E. Report A.T,O.G. 56, 4 February 1943. 
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before the Braid Fell trials could be undertaken. ome disto rtion of the nose 
was also evident, and strengthening here was thought advisable by means of 
st rengthening welts. T he attachment of the base plate was strengthened by · 
securing with eight-½- inch bolts. Dropping trials with bombs thus modified 
were completed on the Braid Fell ta.rget by the encl of May 1943. Ten bombs 
were released from 7,000 feet at 150 m.p.h. , of which eight struck the concrete 
building. The noses were severely damaged and the base plates of fo ur bombs 
were broken away. It was not considered that any bomb would, if fuzed with 
ta il delay, have detonated. lt was decided therefore th.at no further useful 
purpose ould be served in continuing investigation into this method of 
manufacture : born bs remaining from the original fiity were reduced to produce. 

It was unfortunate t hat research into welding methods for the bomb was 
th.us abandoned, for a crisis once more arose at the beginning of 1945 when it 
became imperative that such methods m ust be accepted to in1prove the supply 
of 1,000 Jb. bombs, Accordingly the welded bomb was cushed into production 
on simila r lines to the Mark I 500 lb. bomb. So great was the urgency that 
development tests of bombs as they came off production were put in hand. 1 

It was however ensured that t he welded bomb should be of t he best possible 
construction, in the light of modern welding experience and research, by ad­
h erence to the same rigid instructions which had been laid down by the Advisory 
Council on Welding, set up in 1943, when problems of 500 lb. M.C. manufacture 
had become acute. 2 

The 1,000 lb. M.C. bomb-forged type. 
In July 1943 the C.-in-C. Bomber Command wrote to the Air Ministry ex- ' 

pr ssing doubts about the efficiency of cast M.C. bombs fuzed for delay action. 3 

As a result, the Command was asked to undertake a series of trials at Braid 
Fell, mainly for the .purpose of testing the various Marks of the 500 lb. M.C. 
bomb. Jnc.luded in the syJlab11s of tria ls was, however, th.e 1,000 lb. M.C. bomb, 
which had only been produced in cast form .4 

These trials lasted spasmodically u ntil the end of 1944, but by April of that 
year sufficien t re ults had been. oblained to enable a summary to b prepared. 5 

o far as the 1,000 lb. M.C. bomb is concerned the following ex.tracts from the 
conclusions of the Ordnance .Board will s uffice. 

(a.) The results show t hat the origi nal M.C. 500 Jb. Mar)< I (welded) and 
Marks JI [ and IV (cast) are incapable o( standing up to severe 
impact condit ions. 

(b) The M.C. 1,000 lb. bomb, of cast steel, appeared to have performed 
better than the M.C. 500 lb. of similar construction . 

(c) It is clear that for the attack of very robust structures, M.C. cast 
bombs unless fuzed extremely short delay, may break up. 

(d) A bomb wh ich is liable to break up precludes the free choice of fuzi11g. 
(e) The result with the M.C. SOO lb. Mark U (forged) indicated that the 

body strength is satisfactory ... : the Board have little doubt that 
other factories concerned in the forgi ng nf tl1e M.C. SOO and 1,000 lb. 
bombs can reach a similar stand ard. 

1 M .A.P. File S. B. 42295. 
• Specification RD. Arm. 196. 
3 B.C. File BC/S/28522. 
~ :M.A.P File S.B. 51178. 
• O.B. Proc. 27309, 
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These results, although published in summary form in April, had been 
eviden t much earlier, for on 24 January 1944 the C.-in-C. Bomber Command 
had asked for a forged 1,000 lb. bomb for his Lancaster and Halifax aircraft.t 

D.Arm.R. , willing to accede, asked D.Ann.D. to organise without delay the 
preparation of designs and production of such a bomb, and discussion between 
members of the Ordnance Board, with D.N.O., D .Arm.R. , D.Ann.P ., C.E.A. D., 
and D.Arm.D. took place on 5 February 1944.2 These led to the proposal to 
Air taf{ of two alternatives ~- · 

(a) the forging of a 1,000 lb. M;C, born b with similar design to the existing 
cast bomb ; 

(b) a modification to the 1,000 lb. G.P. bomb-a forged bornb-by reducing 
wall thickness so as t o give a charge weight ratio of about 40 per cent. 
-an increase of 7 per cent . (The forged M.C. bornb- (a.)-was 
calculated to have a charge/weight ratio of some 43 per cent.), 

D .A rm .R. dec ided in favour of (b) : a point in its favour being the avoidance 
of further ballistic trials. Filling was to be Mino! , or R.D.X,/T.N.T. : the 
maximum permissible weigh t 1,150 lb. with dimensions not exceeding those of 
the present 1,000 lb. M.C. bomb. 3 

By the beginning of March 1944, C.E.A.D. had prepared a preliminary 
design.1 This showed a bomb on the lines of the 1,000 lb. G.P. with a solid nose 
and a mt;an wall thickness of 0 6 inch. About t his time production of the 
2,0 0 lb. A.P . bomb at the Royal Ordnance Factory, Cardonald ceased, and it 
ivu.s hoped that the forging facilities thus released might be used for the new 
M.C. bomb. The project was exarntned by the Superintendent of the Factory,. 
who cOJlcluded that he would be able to undertake the work, although one hun­
dred bombs per week was the maximum possible ou tput. lt was theretor~ 
necessary to approach civilian fi rms who might be abJe to produce the bomb, 
and D.Arm.P. after invest igation was able to report to the Ordnance Board 
that the fi rm could produce between them fifty-five bombs each week, making 
a total of one hundred and fifty-five. 

This total was quite inadequate particularly as the Admitalty had stated a 
requirement for the bomb.:> There seemed no immediate solution except the 
standard one of 'fabrication ', C.E.A.D . suggested a forged cylindrical body 
with a nose welded by what was known as the Union weld method. 6 The 
Advisory Service on Welding had reported that four machines were available 
for this method and C.E.A.D. recommended to the Board that a trial of th.e 
method was at least worth whil fl . ' 

The Ordnance Board received this suggestion with some indignation and 
expressed the hope that it would not be necessary to' stoop to its acceptance' . 7 

They insisted on the bomb in its origina l design , an.cl in some ways this was not 
surprising, for welding methods in t he production of the 500 Jb . bomb had 
been s ingularly unsuccessful. They recommended immediate commencement 

' B.C. File BC/S/30507. 
• A.M. l'ile C.S. )9955. 
, M.A.P . . i'ile S.B. 5S855 a.nci O.B . Proc. 2654 2/44 . 
'O.B. Proc. 26760 and D.D(L) 18587. 
1 D .N ,O. to Sec. O.B., 11 April 19~4. 
s M.A.P. File S.B. 55855. 
7 O.B. Proc. No. 28358. 
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of the limited production so far arranged. With this D.Arm.D. and D.Arm.R. 
agreed but were in accord with C.E.A.D. in pressing for an investigation into 
the proposed welding construction. 1 

C.E.A.D. found himself in entire disagreement with the views of the Bqard 
and ' regretted that the Board should wish to discourage a new application of 
approved technique which offers a possible means of removing some of the 
bottle-necks associated with the production of bombs which must withstand 
severe impacts'. H e wcht on to suggest that it was only possible ' to accept 
the advice of those best qualified to give it ', and argued that the unsatisfactory 
results of previous efforts at we1ding should not condemn this new line of 
approach without a trial.2 He viewed the action of the Board with concern, 
and suggested that at least they might agree to give the. new method a trial. 

After some discussion the Board agreed however to a. trial of the new method 
of welding, so long as it did not interfere with the production of one-piece 
forged bombs. This opinion was endorsed by the Director of Naval Ordnance. 
-who, however, thought that the new welding method was sufficiently promising 
to justify a full investigation. 3 Accordingly six steel bodies were earmarked 
from the first production bombs from R.O,F. Cardonald specially cut to be 
plain cylinders to receive the welded nose , and arrangements made to carry 
out the welding, under the supervision of the Advisory Service on Welding. 
By 1 ovember 1944 six bombs to which welded noses had been fitted were 
ready for trial. '1 • 

Meanwhile production · and trial of the original forged bombs had gone 
steadily forward, and the bomb had been given the designation Mark III. 
The original arrangement had been that the Royal Ordnance Factory at Car­
<lonald should prepare JOO development bombs for trial. By September 1944, 
.it appeared that this method was a source of delay in production, ancj. D.Arm.D. 
proposed that all trials should be deferred to allow the Factory to go immediately 
foto production. To these propo al the Ordnance Board agreed. The speci­
fication for manufacture was numbered R.D.Arm. 189 and dated September 
1944.6 By that time ten development bombs had been completed at Cardonald: 
of these six were used for the welding experiment discussed earlier, and four 
p repared with firing bands for test from a gun at Shoeburyness. TtLe trials in 
fact did not commence until June 1945, when the :first bomb was fired against 
the ' labyrinth ' target, and were stjl[ in satisfactory progress at the end of 
hostilities in Europe.6 The development of the bomb then ceased. 

Filling.- The original Mark I bombs were filled with 60/40 Amato!, although 
a number, marked for special operations, were fiUed with R.D.X./T.N.T. 7 

A few early bombs were filled with Amatex, but by the middle of 1943 this 
-filling was abandoned. By far the greater majority were, however, charged 
with Mino! 2. 

1 A.M. F'ile c_s, 8012. 
2 O.B . Proc. No . 28753. 
• Admiralty No. 8999/44. 
' M.A.P. File S.B. 55855. 
• O.B. Proc. 28358/44 . 
o This was an arrangement of armour plates, one facing the gun but at au angle to the 

line of flight of the projectile, with a second thicker plate behind and at an angle to the 
first. The projectile penetl'ated the first or entry plate and struck the second a glancing 
or side blow. It was then arrested by sandbags. The plate thicknesses were varied 
according to the requirements of the trial. O.B . Proc. 30800/45. 

' M.A.P. File S.B . 37149, 
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Siepply.- Tbe 1,000 lb. M.C. bomb proved to be one of the most ' popular ' 
bombs produced during the war: it may in fact be described as the 'standard 
bomb ' . Of the heavy class, that is to say bombs weighing 1,000 Jb. and 
upwards, it had the heaviest consumption. In 1943, the year of its development, 
Bomber Cornmand dropped 17,500. This figure was increased to 203,000 in 
1944. In 1945, 36,000 were released by that Command alone. This eno1mous 
consumption of bombs, to which must be added some 30,000 used by the 
2nd Tactical Air Force, gave rise to a serious production problem. Air Staff 
requirements for 1944 rose from 132,000 in November 1943 to 161,000 in January 
1944, and to 388,000 jn April 1944. With the ever increasing demand, M.A.P. 
was required to keep in step by home production and an_ always uncertain 
supply from America. 

In July 1944 Sir Stafford Cripps, Minister of Aircraft Production wrote to 
the Secretary of State for Air :-

, A very serious position had arisen as regards your bomb requirements ... 
The difficulty arises from the very great and sudden variation in your 
demands to us and in addition the sudden complete cessation of U.S.A. 
supplies.'1 · 

The Minister went on to give Jigures for production and requirements. 
The output of 1,000 lb. bombs jn this country was l8,000 each month, with 
little prospect of increase. (At this time :flying bombs had reduced the output 
in the London area by 20 per cent. and in this area some 40 per cent. of output 
was concentrated.) The requirements for the bomb were estimated at 129,000. 

The Secretary of State, in his reply, apologised for the ever changing Air 
Staff demands, due to alterations in the operational role of Bomber Command 
and a gradual change from the strategic to the tactical role coupled with a 
tendency to attack precise targets with aimable bombs. 

The change from a strategic to a tactical role was, of course, the result of 
operation 'Overlord,' the invasion of Europe in June 1944. The previous 
strategic bombing of German cities had called mainly for incendiary and High 
Capacity Bombs ; but since ' D Day ' there had been an enormous demand for 
M.C. bombs ior use against tactical targets-oil targets, railway and transport 
centres and so forth. So great was the demand that jt was only by the use of 
l.arge stocks of obsolete G.P. bombs, ready for salvage, that the bombing effort 
could be maintained ; but the real solution was an increase in the bombs supplied 
by America. 2 · 

Meanwhile the Minister of Production put forward a suggestion to increase 
the output of M.C. bombs by a reduction in that of Target Indicator bombs and 
hooded flares. A.M.S.O. was not agreeable to this because,' in his words,' ii we 
deprive ourselves of pyrotechnics in order to get more H.E. bombs, the value of 
the H.E. bombs themselves would be impaired.' 3 There was, however, one 
oth.er method of improving the situation, and that was to persuade Bomber 
Command to use less H.E. bombs and moi:e incendiaries. D.C.A.S. wrote to 
the Commander-in-Chief accordingly, dep1oring the ' abnormally high propor­
tion of H.E. bombs used in attacks on Kiel, Stuttgart and Hamburg,' and 
pointing out that 'in the light of the known shortage"of 1,000 lb. bombs, the 
high proportion of these bombs consumed has been noted with grave concern.' 

1 M A.P. to S. of S., 6 July 1944. 
1 A,M . . File C.S. 22930. 
3 A.M.S.O. 126/4, 4 August 1944. 
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He then called for ' the most rigid economy in the employment of 500 lb. and 
1,000 lb. bombs, and for the increased use of incendiary bombs in area attacks.' 
further, economy in the attack on Flying Bomb sites must also be observed. 
• Experience bas shown that the use of large forces against these t argets is 
uneconomical and results in a scale of expenditure of 500 lb. and 1,000 lb. bombs 
which we can i 11 afford.' 1 

By J anuary 1945 there had been a little improvement in the situation. No 
bombs had been assigned from America during October to January, the 
Americans ai-guing that 'American requirements as compared·With. British are 
directly proportionate to the comparntive production of each country.' The 
C.-in-C., Bomber Command, wrote at the same time to D .C.A.S. that at the 
present ni.te of expenditure he would have exl1austed the available stocks of 
1,000 lb. bombs by the end of March 1945. From a ll sources the total available 
by that date was expected to be 103,000, while the estimated expenditure was 
180,000.2 

C.A.S. replied at the end of January 1945 with the proposal that the shortages 
of 1,000 lb. bombs might be made up to some extent by an unexpected increase 
in the quantity of SOO lb. bombs available, although some total reduction in 
bomb weight carried was inevitable as two SOO lb. bombs could not always be 
carried in place of one 1.000 lb. The position a fter April was likely to become 
worse : American allocations were unlikeJy, none had been made for April and 
the subsequent months; moreover. American operations would probably be 
intensified in the spring and ' the extent to which we can count on them is 
therefore problematicaJ.' 8 1,000 lb. and 500 lb. bombs must therefore be 
reserved for the demand for direct support to the Army expected in spring and 
summer, and reserves for t his purpose must be found at the expense of H.E. 
used in attacks on communications and the Ru11r area targets. C.A.S. again 
emphasised the need for the substitution of incendiary for H.E. in area attacks. 

These decisions were communicated at the same time to the Deputy Supreme 
Commander, S.H.A.E.F., who was jnformed that it might become necessary for 
Bomber Command's role to be modified to the extent that ' outside the com­
m·:nication area immediately related to the land battle, communication centres 
w ill have to be dealt with by area attack rather than by attacking the marshal­
ling yards, junctions, etc., associated with them.' 4 

In spjte, bowever, of economies by Bomber Commi.l.nd, and every effort to 
increase production at home, Air Ministry was obliged to signal to the R.A.F. 
Delegation in Washington on 17 March 1945 that' the joint R.A.F./U.S.A..A..F. 
500/ 1,000 lb. M.C. bomb supply is critical in the extreme. Spaatz has made 
the strongest personal representations for R.A.F. assistance which is being given 
to the limit. Eisenhower has signalled Marshall emphasising gravity of U .S. 
Forces bomb supply situation.5 By the end of the month (March) Royal Air 
Force stocks in the United Kingdom will be only 23 days' expenditure ; holdings. 
will be less than those required at Bomber Command Stations alone. Vital that 
maximum tonnage of these born bs be shipped to the European Theatre forthwith.' 

1 A.M. File C.S. 22930 . 
. , ' A.M. File S. 91365. 

3 C.A.S. 390. 27 ] anuary l94S. As a result of an appeal by General Eisenhower, 
production had been increased in the U.S.A. but even then the American Naval and Army 
requirements could scarcely be met. By February, Wash.ington tentatively assigned 
10,000 bombs. 

• V.C.A.S. to Deputy Supreme Commander, 2 February 1945. 
3 Webber W. 2S05, 17 March 1945 and A.M. File S.95113. 
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The reply to the signal from which extracts have been quoted was not 
optimistic. It was to the effect that the American factories could do no more 
than was already being done and that General Eisenhower must make the best 
use he could of transfers within his theatre of operations. The quantities 
which could be shipped from April production were estimated at one hundred 
and eighty thousand 500 lb. and thirty-seven thousand 1,000 lb. bombs, and the 
Supreme Commander was asked to state what proportion of these. he wished to 
assign to the Royal Air Force. 1 The complete change in the war situation in 
May 1945 relieve<l the general anxiety about supply. 

The 4,000 lb. M.C. bomb 
On 12 May 1942 the C.-in-C., Bomber Command, wrote to the Air Ministry 

and stated his need for 'a large bornb with a high blast performance which can 
safely be dropped from as low a height as 100 feet. ' 2' The targets for which the 
bomb was required were primarily light and heavy industrial plants, aircraft 
and engineering factories arid shipbuilding yards. 

The C.-in-C. acknowledged the existence of both the 4,000 lb, G.P. and H.C. 
bombs which were avai lable for his purpose, but poirited out that the charge/ 
weight ratio of the former was too low, while the latter would probably break up 
even from very low heights. He ended his letter by requesting that this urgent 
requirement may be met by the production of a 4,000 lb . M.C. bomb accom­
modating the normal range of G.P. fuzirig and capable of fitting into the 
existing 4,000 lb. B.C. stowage of all the aircraft concerned. 

D.O.R. acknowledged both the need for such a bomb and the inadequacy of 
the two possible substitutes mentioned, and after preliminary discussions with 
representatives of D.Arm.D. decided not to recommend the development of a 
new bomb until the use of four 1,000 lb. M.C. bombs to serve the same purpose 
had been fully examined : Bomber Command, however, pressed for the 
immediate development of the 4,000 lb. M.C. bomb as a definite requirement for 
the attack of shipyards, expressing doubt about the relative efficiency of four 
1,000 lb. bombs. 3 

The shipyard target was a new argument and A.C.A.S.(T) consented to ask 
C.R.D. to authorise the manufacture of two hundred bomb to a sketch prepared 
by D.Arm.D. The charge/weight ratio aim,ed at was 50 per cent. The trials 
of the bomb were to be operational, and C.R.D. promised at least some of the 
two hundred by the en,d of the year. Production of the development bombs 
was not, however, all plain sailing, as a conflict on priority arose between the 
new bomb and the ' J. W.', 4 a bomb which the C.-in-C. , Bomber Command, was 
also anxious to have. The two bombs were beirig produced by the same firm. 
T he C.-in-C., Born ber Command, after protest at what he thought an unnecessary 
conflict of priority, agreed to the production of 500 J.W. bombs at the expense 
of the new M.C. bomb. 

The 4,000 lb. M.C. body was' fabricated' and was similar in construction to 
the 500 lb. M.C. Mark I. The wall was of ¾ inch steel plate welded into a 
cylinder, with nose and tail sections welded into pos-ition. A special tail was 

1 Marcus 2574 , 3) March 1945. 
~ A.M. File C.S. 14772. 
J B.C. rile BC/S/26920. 
• ' Johnnie Walker ' , a bomb designed to rise and fall in harbours, for the destrnction of 

shipping. A.M. File C.S. 14772. 
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similar in design to that of the 4,000 lb. G.P. bomb. In the original b<lmb, 
fozing at both nose and tail was provided. The bomb was of such size as to be 
~apable of fitting into the 4,000 lb. H.C. stowage position. 

By the end of September 1942 a prototype bomb and tail were completed and 
sent to A. & A.E.E. for installation trials in the' Halifax, and at the same time 
D.Arm.D. asked the Ordnance Board for their views on detonation and other 
trials, and on .filling and explodering. 1 The first trials of the bomb, manu­
facture of which proceeded without difficulty, were completed on 24 October, 
when four inert filled bombs were released from 70 and l ,000 feet against the 
concrete apron and walls at Porton. Live detonators were placed in the tail 
and the noses were plugged. 2 o bomb was damaged, but one failed to arm, 
and A. & A.E.E. suggested as well as modification to the taj] pistol, the provision 
of additional fuzing positions on the tail. Ballistic qualities were good. The 
bomb was thus proved to be reliable against concrete. 

By the beginning of December, C.E.A.D. had prepared a method of filling 
design. 3 Particular attention was to be paid to the interior of the 11ose, which 
was strengthened by internal webbing : smoothness of all contours was essential. 
For early detonation trials the bombs were filled Amatex. 

By the middle of January 1943 D.O.R. was able to inform Bomber Command 
that fifty bombs were ready for despatch to Maintenance Units for operational 
use. The trials already completed had been against concrete only ; and there 
had been no time for more rigorous tests, even if suitable experimental targets 
could be found. The Command was therefore asked to obtain all possible 
information from photographs and assessm·ents of damage so that a decision 
could be made about future production. Meanwhile, two important trials had 
been made by A. and A.E.E. In December 1942, two bombs fil led with. Amatex 
were released from 4,000 feet with short delay (0 · 12 sec. and O · 25 sec.). 
One unfortunately foiled to detonate because of a-broken fuzing latch on the 
carrier : the second made a large crater in blue clay' and marsh of 70 feet dia­
meter and 40 feet depth. The bombs were exceptionally stable in flight. 
A second trial was made in J anuary 1943 to test various kinds of wire for 
American type fuz.ing. Twelve inert bombs were released, six after fught with 
the bomb doors open. The trials showed that American wire and clips were 
superior to the British. They further showed that the bomb remained ' safe ' 
in the air-Craft with American fuzing : that four arming vanes were necessary 
for effective arming from heights of 100 to 500 feet: moreover from lOO feet 
the bomb failed -to ' detonate • with impact on a horizontal surface whereas 
at Soo· feet detonation was achieved. As a result, arrangements were made 
for the manufacture of wire and clips to the American design and for the fitting 
of four vane pistols to all 4,000 lb. M.C. bombs. 4 

By the end of February the operational report on the bombs was not available 
as none had then been used . The reason for this was that carriage was limited 
to Lancaster C.S. aircraft which were then-owing to their small numbers­
engaged on carrying 8,000 lb. H.C. bombs, The 4,000 lb. M.C. bomb could not 

1 M.A.P. File S.B. 39566. 
z A.M. File C.S . 14772. 
3 A. & A.E.E . Report A.T.O./04, 9 November 1942, D.D .(L) 15478 and O.B. Proc. 

Q.845/42. 
• A.M. File C.S. 14772, Fuzing by means of Aexible wire from the pistol to a central 

point on the bomb and then up into the carrier. The wire is attached by a clip to the 
arming vane. 
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be carried in the standard Lancaster untH that aircraft had been suitably 
modified. By June 1943, a small number had been used by Bomber Command, 
but the original requirement for the bomb had apparently been forgotten, nor 
had any test such as D.0 .R. had asked for, been made. They had ln (act been 
used as H.C. bombs from high altitudes in area attacks and no determination 
of their effect had been possible. In that month a request for t rials to show 
the effect of the bombs on roads, and especia lly on buried water and gas pipes 
and electrical cables, was made to t he Ministry of Ai rcra ft Production by the 
Command, who offered to p rovide the aircraft if M.A.P. could find a suitable 
target. The new requirement was supported by D.O.R. who advocated the 
testing of the bomb as a rival to the 4,000 lb. H .C. bomb; for deto11atior1, after 
deep penetration, in the general bombardment of towns, not only of roads.J. 

The difficulty was to find a suitable target, but even if this had been found 
the expenditure of very many bombs would probably h ave been necessary 
before a satisfactory hit was obtained . The best that could be done was to 
choose the hardest natural target avai lable on an established bombing range 
and to drop bombs on it from a comparatively low height. This was in fact 
done on a gravel-flint por tion of Ashley Walk range, when A. & A.E.E. dropped 
two bombs from 5,000 feet in J uly 1943. One bomb had a tail delay of O ·025 
second, and the other tai l in ·tantaneous fuzing. Both detonations were­
satisfactory, giving craters of 54 feet wide by 14 feet deep and 36 fee t by 10 fee t 
respectively. 

There was, of course, the possibility of an enemy target, such as one likely to 
be overru n at some reasonably later date, for subsequent examination or drop ­
ping a bomb ' inert ' on to an already captured target. Twelve bombs were 
accordingly sent to the Mediterranean in t he hope that a suitable target might 
be found there . 

This proposal was readily accepted by Medi terranean Command who promised 
to give every assistance in assessing damage and performance against resistant 
targets, but unfortunately the high hopes were not fulfilled. In February 1944, 
the Deputy Air Commander-in-Chief was obliged to inform the Air Ministry 
lhat no trials had been possible as no suitable target }),ad yet been available. 
The twelve bombs were eventually dropped on operations but no detailed 
report of their effect was made as it Wc\S found to be indistinguishable from that 
of other bombs released at the same time. 2 There was no alternative t herefore, 
if a proper estimate of the fficacy of the bomb was to be made, but to drop 
them inert on the Bra.id Fell ta rget, although this gave proof only of the ability 
of the case to stand up to punishment. Samples were therefore included in the 
long series of trials on this target undertaken by Bomber Command between 
October 1943 and October 1944. 

The 4,000 lb . bomb was tested at Braid Fell between 6 and 22 April 1944 
when three hits were obtained on the building from 100 feet at 275 m.p.h. 
The trials proved t hat the bomb was capable of resisting the gi rder and concrete 
structure of the target, except for the base plate which tended to be torn away. 
D.Ann.D. consulted the Chief Engineer of Armament Design who prepared a 

1 It was at this time tbat the possibil ity of ' earthquake effect • came to be discussed by 
Mr. Wallis, Chief Designer of Messrs. Vickers, leading eventually to the production of 
Wallis designed bombs of enormous size a nd capable o( extremely deep penetration, to be 
described later under the picturesque names of• Tallboy' and ' Grand Slam'. A.M. File 
c.s. 14772. 

: A.M. :File C.S. 14772, 
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strengthening design with additional holding down bolts. At the same time 
other modifications to the bomb were t h.ought advisable, particulady the 
d'esign _ of the nose and the method of welding the various components of the 
bomb body. 

The original nose had been made up in ogival form in two parts, welded 
t ogether, the whole being then welded to the cylindrical part of the bomb. 
It was ;now proposed that the nose should be formed from a single steel plate, 
the shape being reached by spinning. With the adoption of the one-piece nose, 
nose fuzing arrangements in the new design were abandoned and a special plug 
was provided to close permanently the nose. The bomb with these various 
modifications was given the distinguishing name of Mark 11. The design was 
formally introduced into service in eptember 1944. 

Bomb Filting.-The original filling of the 4,000 lb. M.C. bomb was Amatex 
(ammonium nitrate SO per cent., T .. T. 41 per cent., R.D.X. 9 per cent.), but 
far the greater number were eventually filled with. Mino) 2. 1 

Quantities.- During the war over twenty-one thousand 4,000 lb. M.C. bombs 
were dropped by Bomber Command, of which thirteen thousand were used in 
1944. The large cliscr~pancy between these figures, and those of Brit ish 
production already mentioned, was accounted for by American manufacture. 

A Summary of M.C. bomb efficiency 

Post-war investigation jnto the rela tive value of M.C. bombs up to 1,000 lb . 
a nd H .C. bombs ~gainst towns, heavy and light industrial targets, oil targets 
and marshalling yards resulted jn the follow ing conclusions :-2 

M.C. bombs against domestic buildings 
Variations in bomb effectiveness from incident to incident, in the quality of 

air photographs, and the relationship between categories of damage established 
from air photographs and from ground surveys, made measurements of weapon 
effectiveness against houses, from air photographs, rather unreliable, 

Insufficient ground surveys of the effects of British and American bombs 
against German housing are available to enable any conclusions to be drawn 
from them. They are sufficient however, to confirm the considerable superiority 
(shown in blasts tests and in the effects of German bombs on t his country) 
of large H.C. bombs over the smaUer M.C. types. 

M.C. bombs against industrial buildings 
From data 011 German bombs on British buildings, from air photographs and 

ground surveys fo Germany and France, it was apparent that against single-storey 
industrial bui ldings 500 lb. and 1,000 lb. M.C. bombs are very inferior per ton 
to the large H.C. bombs. The data on multi~storey industrial buildings was not 
so complete but suggested that there was l itth!' to choose per ton between 
M.C. bombs and the larger H.C. types.3 

1 M, A.P. File S.B. 39923. 
2 B.B.S. U. Weapons Effectiveness Panel. D .G.Arm. W,E/S. 3507. 
3 See Chapter 11. 
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M.C. bombs against bridges 
Against steel bridges it is concluded that the 500 lb. bomb was, per ton, 

the most efficient for causing traffic delay. On the other hand for complete 
destruction of at least one span there was little to choose between the 1,000 lb. 
and 12,000 Jb. bomb, botl1 of which were considerably more effective than the 
other sizes of bomb used. 

For brick and m asonry and bridges jt was concluded that the 12,000 lb. 
bomb was considerably more efficient per ton for causing traffic delay, and that 
there was little to choose, per ton, between the 1,000 lb., 2 ,000 lb. and 12,000 Jb_ 
size for causing the destruction of at least one span. 

M.C. bomb against machlne tools 
Although a study of the report showed that generally tJ1ere w as no marked 

difference in the effectiveness per ton of H.E. and incendiary bombs, a few 
points of interest regarding M.C. bombs are noted. 

It was shown that for bombs 500 ]b. to 2,000 lb. with an explosive content 
of 30 per cent. to 55 per cent., i.e., M.C. category, direct hits on machine shops 
with bombs _which had their fuze initiated on the roof and then detonated above 
Roor level (air burst) were about three times as ef-fective as bombs which fonned 
craters on the floor. 

There was no significant difference i11 effectiveness peT ton for bombs between 
SOO lb. and 2,000 lb. Insufficient data was available for any conclusions to be 
drawn on larger bombs. 

Effects against oil targets 
The effectiveness of the different sizes of bomb used for causing physi'cal 

damage decreased with increasing bomb size. The lightest bombs used 
(250 lb.) were nearly twice as effective per ton as t he heaviest (1,000 lb.)_ 
It was emphasised that production loss, rather than damage, was the object 
of air attack, and that unforhmately the data and time available did not 
permit of a production loss analysis being made. It was thought possible that 
the larger bombs would show up more favourably as to production loss, due 
to their tendency to destroy a large proportion of one process rather than 
smaller proportions of several processes. 
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CHAPTER 11 

THE HIGH CAPACITY (H.C.) SERIES 

The bombing of London and other British towns which commenced on what 
was then considered a large scale in the winter of 1940 provided the best measure 
yet available of the effect of H.E. bombs on structures. From the results 
obtained, particularly against domestic and Jow factory buildings, it was 
evjdent that the effect of bJas.t was far greater than had been anticipated. 
The low single storey factory with roof spans generally not exceeding 60 feet, 
and gantry cranes, is probably the commonest type of industrial building in 
E ngland, and is used for all types o( light and general engineering. In such 
buildings confined blast proved to be the only really efficient means of pro­
ducing widespread damage. The German S.C. 1 bombs and particularly the 
parachu te mine, so often erroneously described as a 'land-mine', which were 
used almost exclusively, left no doubt about the type of bomb for maximum 
damage to structures unless heavily reinforced and strongly subdivided. 

British development of blast bombs had been confined almost entirely to 
bombs for under-water attack. The whole G.P. range was an unfortunate 
compromise betweei1 strength of case and weight of explosive. 1940 saw the 
beginning of a long range of blast producing bombs from 2,000 to 12,000 lb. 
The idea was not however, an entirely new one in British bomb development. 
In 1918 two blast bombs were designed, weighing 1,700 lb. and 3,300 lb., for 
the bombing of Germa11 industrial centres by the Independent Air Force. 2 

These were true blast bombs, having a light cylindrical case and charge weight 
ratio of SO per cent. The smaller bomb was used with. some effect against 
targets in Germany particularly airship works at Kaiserslautern; the Jarger 
bomb was never used, and after the war, the blast bomb, except for under-water 
use was abandoned in favour of the G.P. 

The development of the blast bomb began in the autumn of 1940, the lirst 
siz:e to be considered being the 4.,000 Jb. bomb, although this was followed 
almost jmmediately by a 2,000 lb. bomb. It will therefore be convenient to 
deal with this series in order of the four sizes which were eventually brought 
into service- 2,000 Jb., 4,000 lb., 8,000 lb., and 12,000 lb. As the 4,000 lb. 
bomb and its successors involved an entirely new principle in bomb design- the 
building up of a bomb in sections- the series has special interest. 

The 2,000 lb. B..C. bomb, Mark I 
In October 1940 the Director General of Research and Development ruled 

that development of a 'blast· bomb should commence immediately. The 
requirements for the new bomb were that it should be cylindrical in shape and 
have the highest possible weight of charge. As the case must be of the lightest 
possible structure, impact on bard targets must be red~1ced to prevent premature 
breaking up, and, to keep the striking velocity low 250 feet per second was 
aimed at- a parachute or drogue was required. The diameter was to be similar 
to that of the 1,900 lb. G.P. bomb (18·7 inches) and the length to be such that 

1 Spring Cylindrisch. 
• The so-cal\ed ' S.N.' bombs, for th~ bombing of Essen. 
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the final weight should not be less than 2,000 lb.1 Stowage on all aircraft 
capable of carrying the 1,900 lb. G.P. bomb was required without modification 
-to the aircraft. Fuzing in the first place was to be confined to direct action, 
but, as in the 4,000 lb. bomb whose design had commenced a month earlier, 
provision was to be made for alternative delays, and for special long delay and 
anti-disturbance fuzes. 

These requirements were sent to the Ordnance Board in October 1940 
by the Director of Armament Development, who decided that the bomb case 
design should be undertaken by Messrs. Vickers Armstrong Ltd. and that of 
the paracnute attachment by the Royal Aircraft Establishment. 2 Both Vickers 
and R.A.E. were asked to collaborate with the Chief Superintendent of Design 
who was designing the 4,000 lb. blast bomb. The new bombs were given the 
name 'High Capacity', abbreviated to 'H.C.' 

By the beginning of November C.S.D. had produced a sketch design, and 
on the 22nd of that month the Director of Operational Requirements was 
informed ot the development, and immediately an experimental order was 
placed for fifty bombs for fragmentation, blast pressure and dropping trials. 3 

By the end of November the new bomb was formally made an Air Staff 
Requirement, and the proposed uses to which the bomb was to be put were 
formulated. 4 These were :-

(a) The attack of shipping in basins, docks and anchorages. 
(b) The attack of aqueducts and canals. 
{c) The damage of suitable land targets by blast. 

From this list it will be seen that the bomb was regarded at the outset as a 
mine, and that its use against targets was a subsid iary one. 

The Air Staff imposed somewhat more stringent conditions for the fuzing of 
the bomb. Hs case was td be sufficiently strong to give complete detonation 
from heights of 500 feet and upwards with D.A. fuzing, without a parachute.5 

For delay detonation a parachute was permitted, the delays suggested being 
O · S seconds, 30 seconds and 30 minutes, with acceptable tolerances on the 
latter two times of 33 per cent. and 50 per cent. respectively. 

The possible need for alternative delays had been anticipated, and the early 
model of the bomb was equipped with a nose fuzing position to accommodate 
a D.A. pistol, and four side pockets or explode tubes at tb.e rear to accommodate 
alternative delay components or any other special fuzing device which Air 
Staff might require. In later marks these complications disappeared. rhe 
Mark II bomb had three fuzing positions in the nose so that the direct action 
pistol and detonator could be triplicated, and the possibility of a blind througl, 
faulty initiation reduced ; in the Mark III bomb the construction was similar, 
but the two outside pockets were permanently plugged, and a single pistol and 
detonator used. 

In December a schedule of proposed trials for the new bomb, and its com­
panion the 4,000 lb. size, was drawn up by D.Arm.D. and approved by the 
,Ordnance Board. Twelve bombs were required; .,eight inert filled for tests of 

1 This length \vas limited to 122 inches for stowage on Stirling, Hal ifax, Hampden and 
Manchester. 

'M.A.P, File S .B. 12297/ 1. 
3 M.A.P. File S.B. 12297. 
• A.M. File S. 7282. 
• Direct Action. 
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body strength and para.chute opening by the Aircraft and Armament Experi­
mental Establishment, four H.E. bombs for static detonation and live drops, 
by C.S.R.D. and A. & A.E.E., and a space model for stowage trials at A. &A.E.E. 
By the beginning of that month R.A.E. had completed the design and drawings 
of the parachute containers to be attached to the tail of the bomb. The Chief 
Superintendent was asked to provide ten complete parachute assemblies for 
the trials. By the middle of December 1940 the first three empty bombs 
were ready, and by the beginning of J anuary twenty-three were completed 
and H.E. filling at the Royal Ordnance Factory, Hereford, had commenced.1 

Eady in January 1941 dropping trials of six inert filled bombs were com­
pleted, for the testing of drogues and parachutes. Two bombs fitted with 
parachutes proved to be unstable from 800 and 2,000 feet. The other four 
were fitted with drogues of various sizes with shroud lines of various lengths 
and these were more successful, a stable trajectory being achieved with a 
3 feet 6 inch diameter drogue attached by 4 feet 6 jnch Jines. 2 More trials wei:e, 
however, considered necessary before the design could be approved, particularly 
as stowage difficulties in the Hampden had been met by A. & A.E.E. and some 
modification either to the bomb doors or to the bomb would be necessary, a11d 
no detonation or other live trials had yet been attempted. In spite of thfa the 
Vice Chief of Air Staff decided that orders both for this bomb and the 4,000 lb. 
size must be placed for service use. 

Further stability trials with drogues and parachutes were completed at 
J>orton early in February, during which a small ballistic cap was fitted to the 
nose of the bomb, to extend its cylindrical shape to its full length. They proved 
the parachute to give greater stability than the drogue, especially when the 
lines were attached to the extreme rear of the bomb, also to reduce the striking 
velocity sufficient to prevent breaking up on impact with a soft target. On 
19 February. further trials with a S feet 6 inch parachute were completed, 
including one live drop from 4,000 feet, at A.shley Walk range. The bomb 
detonated on .impact giving a crater of 20 .feet by 4 feet and a clear swept area 
of 10 yards djameter. 

By the eud of February D.At:rn.D. had decided that with some small 
modifications to the parachute attachment and improvements in the quick 
attachment ot the parachute container, the bomb should go into production, 
and the Director of Annament Production was asked to place a preliminary 
order for 4,500. 

Tn April, trials of the bomb fitted with 'Spoiler rings' were concluded by 
A. & A.E.E. These rings, designed by R.A.E. for both the 4,000 and 2,000 lb. 
bombs, were intended to increase the drag of the bomb in conjunction with the 
parachute, in order to limit the sti:iking velocity. Two sizes of ring, one pro­
jecting 3 inches and the other S inches beyond the junction of body and nose, 
were tried with equal success, the bombs falling with. a steady oscillation 
through 10°. By that time the 4,000 lb. bomb had been successfully fitted with 
a drum type tail, and D.Arm.D. commenced an investigation into the possibility 
of a similar tail for the 2,000 lb. size, which would eliminate the comp1icated 
parachute. In any case the parachute used with the bomb was still not com­
pletely satisfactory both as regards attachment and material, and R.A.E. were 
constantly engaged in experiments to improve both. The fi tting of the para­
chute container to the bomb particularly gave great trouble, and was the cause 

1 M.A.P. F ile S.B. 12297. 
• A drogue is an open sleeve either cylindrical or conical. 
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of numerous complaints from those operational Bomber Stations to which the 
early bombs were sent. Units were compelled t o spend several hours on each 
bomb in modifying the fitting, and conditions were so bad that a representative 
of D.Arrn.D. was sent to Bomber Command to carry out a special investigation. 
Bad manufacture and finish were the immediate causes, coupled with indifferent 
inspection. A re-inspection· of all bombs at the filling factory Hereford, at 
Maintenance Units and at Bomber Command Stations was ordered. At the 
latter it was found that 115 bombs needed modification and quick arrangements 
for the work to be done by a local firm were made.1 

These manufacturing troubles, and the undesirability of using a large bomb 
with a parachute attachment, which made accurate aim impossible, revived the 
need for a ballistic tail of orthodox design. The possibility of fitting such a tail 
had already been examined by D.Arm.D. in April 1941, when the dimensions 
of the bomb were governed by those of the 1,900 lb. G.P. bomb, to which the 
.2,000 lb. H.C. bomb was regarded as an alternative. These allowed for a drum 
tail of only 20 inches long, while the ballistic experts considered that a 50 inch 
tail would be the minimum necessary for stability. The matter was allowed 
to rest there, and the 2,000 lb. bomb was introduced into the service in January 
1942, with parachute attachment only. 2 By that time the original require­
ments for the fuzing of the bomb had been modified. Bomber Command no 
longer required any delay action in the bomb, and the side pockets which had 
been designed in the tail end of the body became unnecessary. In December 
1941, the contractors were informed that these pockets need no longer be fitted. 

With the disappearance of the requirement for delay went the necessity for a 
very low striking velocity, and the way was then clear for the fitting of an 
orthodox tail to the bomb in place of the parachute. A drum tail was designed 
during the -early months of 1942 by the Armament Department of A. & A.E.E., , 
and ballistic trials gave satisfactory results. 3 The tail was attached to the bomb 
by a fitting similar to that which had been used for the parachute. The tails 
were sufficiently rigid for ordinary handling, and the attachment simple and 
satisfactory. A terminal velocity of 830 feet per second was calculated from 
comparative drops with 500 lb. G.P. bombs, the nose spoiler r ing being retained. 

Meanwhile a redesign o{ the botnb was under consideration, the welding of 
the original bomb had been a source of trouble and it seemed, with the dis­
appearance of the parachute and no requirement for delay action, that there 
was a need for a simplified Mark II design. By the middle of 1943 the Mark I 
bomb had been declared obsolete, and its place taken by the Mark II design. 

The 2,000 lb. H.C. bomb, Mark J[ 

The abandonment of the parachute tail in the original 2,000 lb. H.<:. bomb 
had increased its operational value greatly, but there were several details of 
design which needed improvement. WeldJng had been difficult, as some of it 
had had to be done inside the bomb, requiring the services of welders of s~nall 
stature. The method of attaching the tail unit had been unsatisfactory as an 
effort had been made to use the original parachute attachment. A more 
satisfactory attachment had been designed for , he 4,000 lb. H.C. bomb. 
Accordingly, in July 1942, D.Arm.D. requested the Ordnance Board to have 
drawings prepared of a new design which would eliminate the difficulties already 

'M.,'\, P. File S.B. 12297/2. 
1 Res. Arm. 1653, 20 January 1942. 
• A. & A.E.E. Report A.7.J0.G.28, 28 June 1942. 
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mentioned, and of an outline which would improve the bomb for stowage in 
aircraft, 1 

Briefly, the main differences between the new bomb and the Mark I design 
were:-

Reduced length. (The length of the Mark I bomb with tail was 161 ,S 
inches : the length of the Mark II was 130 • 4 inches.) The inclusion of 
three exploder pockets in the nose. This arrangement had been used in 
the 4,000 lb. bomb, and was designed to eliminate the possibility of failure 
through faulty detonation. The a ttachment of the tail by means of bolts 
to a locking ring instead of by bayonet joints. 

The ballistic trials were completed in November when four bombs were 
released singly from a Balifax, each simultaneously with a 250 lb. G.P. bomb, 
from approximately 5,000 feet, 2 In loading, prior to these trials, difficulty 
was found in .fitting the bomb-tails, due to faulty experimental manufacture, 
but the ballistics of the bombs appeared good. The terminal velocity was 
calculated at about 800 feet per second. As a result, arrangements for 
production were put in hand immediately by D.Arm.D. 3 

By February 1943, a quantity of the new Mark was ready for filling. 
Unfortunately it was found that the arrangement of three pockets in the nose 
of the bomb-one central, and two at an angle to the length of the bomb­
created serious filling difficulties. To avoid delay, therefore, the two radial 
exploder pockets were sealed off, and instructions sent to users that the bombs 
were to be fitted with a single, central exploder system only. 

It was indeed very doubtful whether the fitting of three fuzing systems was 
justified.4 The Mark I bomb had had a single nose pistol. By the end of 1941 
Bomber Command had dropped two hundred and twenty-six 4,000 lb. H.C. 
Mark I bombs, which also had a single nose pistol, and ninety-seven 2,000 lb . 
H.C. Mark 1, and the few recorded failures were either doubtful or put down to 
other causes than a detonator failure. It thus appeared that the multiplication 
-0f fuzing system, with its extravagant expend iture of pistols, exploders and 
detonators, and its complication of manufacture, could scarcely be justified. 

This view was not, however, shared by D.Arm.D., and immediate steps were 
taken to modify the construction of the exploder pockets so that fitting and 
sealing could be carried out effectively. The concession to blank off the two 
outside exploder pockets was limited to some l ,200 bombs. 5 The modified bomb 
was known as Mark III, identical witlJ Mark II except that three fuzing 
positions were used. 11 The manufacture of the bomb went ahead smoothly 
enough, although not entirely free from the usual small difficulties of welding, 
tolerance and alignments."' Both Marks II and III were formally irttroduced 
into the service in June 1943. 

1 O.B, P(OC. 18773/42. 
a A. & A.E .E. 'Report A.T.O, G.28, 6 December 1942. 
~ O.B. Proc. 21094/43. 
: O.B. P~ocs. 21327/43, 21813/43 and Q, 310/41. 

A.M. File H.S. 67080. 
6 See Method of Fitting, D.D.(L) 15363A. Modified by Sketch AO/896, M.A.P. File 

S.B. 38735. ., 
7 A good deal of welding was necessary. A steel block was welded to the inside of the 

bomb at the suspension point: a T section ring was welded round the inside of the bombs 
and two channel section beams w~re welded lortgitudinaJly to the inside, all for stiffening 
purposes. The conical nose was welded to the cyl.indrical body, and into this was welded 
an exploder container. An angle ring was welded to the inner wall o{ the cylinder close to 
its rear end to which a closing plate cm1 ld be bolted. There were various other small items 
welded to the outside of the bomb. 
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The Mark III bomb was fitted with three exploder and pistol pockets in the 
dome shaped nose, although only the centre position was used in the Mark II 
bomb, and this led to some complication in fuzing control. Each pistol had 
to be connected by a fuzing link to a fuzing box on the bomb carrier, so that the 
bomb might be released either in a safe or a live condition. Only one such box 
was provided on the standard carrier, while three pistols had to be connected 
to it. 

Trials of a system of three flexible wires, all joined to a single short :flexible 
link, running to the fuzing box on the carrier, were completed at A. & A.E.E. 
in June and August 1943.1 These trials showed that the most satisfactory 
arrangement was one in which all fuzi.ng links were flexible , and all the same 
length. They also proved that in any case the bomb could not be dropped 
' safe ' from greater heights than 700 feet ou hard ground, as. the impact was 
sufficient to shear the safety fork. 

The filling of the bomb calls for no ,ipecial remark; 60/40 or 50/50 amatol 
was used throughout, and C.E. exploders were fitted. The 2,000 lb. H.C. bomb, 
the smallest of the ' blast bombs,' was used extensively throughout the years 
1942 to 1945. In all, 28,633 were released over enemy territory, nearly 15,000 
of these being released in 1944. As to the r-ffectiveness of this size of H.C. bomb. 
the reports by the British Bombing Survey Unit issued in 1947 do not include 
the 2,000 lb. bomb, but some interesting extracts concerning the larger sizes 
is to be foun.d at the end of this chapter. 

The 2,000 lb. bomb marked a definite, but temporary, departure from what 
may be described as orthodox bomb design. It was cylindrical in shape, and 
had no taiJ fins. Its ballistics were thus poor, and. the fitting of a' spoiler ring ' 
round the nose was an attempt to stabilise the flight of Hie bomb. Another 
innovation associated with this and successive H.C. bombs was the use of 
protecting rings: these were rings of ' 0 ' or tubular section, made in two 
halves, which were clamped round the bomb near the nose and tail and which 
served as a protectiou during storage and transit, when the extremely th.in case 
(½ inch) was liable to damage. 

The 4,000 lb. H.C. bomb 
The 4,000 lb. H .C. bomb was the first of the large blast bombs to be design_ed, 

alt110ugh its requirements were formulated only some weeks earlier than those 
for the 2,000 lb. bomb. It was also the first of the really large bombs to be 
used, although again, it was •Eollowed quickly by the 4,.000 lb. G.P. bomb and 
was the largest bomb which had ever been released by the British Air Force 
at that time. 

In September 1940 D.Ann.D. wrote to the Ordnance Board to announce the 
Air Staff requirement for a new ' mine-bomb' to weigh some 4,000 lb. , and to 
invite representatives to a meeting at M.A.P . to discuss design and manufacture. 
The requirements were :-

" (a) Carriage in Wellington aircraft with a modified bomb bay ; also in the 
Stirling and Halifax, but the latter was not to prejudice design or 
early completion. 

1 A . & A.E .E. Report A.T .O. G.28, 25 August 1943. 
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(b) Attacks against-
(i) Shipping in docks and anchorage. 

(ii) Aqueducts and canals. 
(iii) Suitable land targets, e.g., oil plants. 

(c) Of sufficient strength to permit dropping from heights up to I ,500 feet 
at 200 m.p.h. with.out breaking up. 

(d) Variable fuzing, either Instantaneous, Delays of 5 seconds, 30 seconds, 
or 30 minutes, or Magnetic. (Tolerances for the delays were as for 
the 2,000 lb. bomb.) 

The meeting took place on 18 September 1940, with representatives from the 
Admiralty, Air Staff, M.A.P., C.S.D., and the Ordnance Board. 1 

The Director of Torpedoes and Mines (D.T.M.) (Admiralty) considered the 
bomb extravagantly large for the attack of surface ships, and certainly too large 
for Fleet Air Arm aircraft. lt was therefore decided that the mine and bomb 
development should be entirely separate, C.S.D. to design the bomb and D.T.M. 
the mine, if the Admiralty should decide that such a mine was required. The 
Ordnance Board was to be responsible for the filling and detonation systems. 
The filling of the bomb was discussed, and it was agreed that amatol would have 
to be used, although, particularly for the mine, T.N.T. or R.D.X . would have 
been preferable. At that time, however, the supply of either of these in 
quantity was doubtful. 

Primary attention was to be given to the installation of the bomb in the 
Wellington. The project was taken up enthusiastically by Mr. B. N. Wallis, 
the chief designer of Messrs. Vickers Armstrong Ltd., who, since 1938, had been 
the advocate of larger bombs arid aircraft. a The name of Wallis will appear 
later in bomb history in connection not Only with large bombs, but with special 
,bombs used for the destruction of German dams. Wallis was approached by 
the Deputy Director of Research and Development (Arm) in July I 940, on the 
question of the 4,000 lb. bomb in the Wellington, and gave the opinion that the 
modification could be completed jn six weeks. s- Meetings were held at 
Messrs. Vickers Armstrong works at Weybridge to discuss the carriage of the 
proposed new bomb on 9 and 14 October, when various details of installation 
and hoisting were discussed , and a week later after this timid approach, D.G.R.D. 
ruled that all Mer1in Welliogtons ' not in too advanced a state of manufacture' 
should be modified to carry the new bomb. 

As with the 2;000 lb. H.C. bomb, R.A.E. were asked to design a suitable 
parachute, and at a meeting held by O.Arm.D. in October 1940 to discuss the 
details of the bomb, C.S.D. produced a sketch design of the proposed bomb body. 
It was then decided that it would not be possible to include provision for a 
magnetic firing system, a decision with which D.T.M. had already agreed in 
preliminary discussioo.4 

The Air Staff's very complicated requirements for fuzing were discussed at 
lengtb, and it was decided that a direct action nose pistol was to be provided in 
the nose, but the striking velocity of the bomb waos to be such that this pistol 
(a No. 27) would operate on land but not on water. 

1 M.A .P. File S.B . 11217/1. 
• A.lVL File C.S. 8640. 
3 M.A.P. File S . .B. 11664. 
• M.A.P . File S.B , 1)217. 
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For the delay requirements-, four axial exploder pockets were to be provided. 
These would be fitted with :-

(a) A 0·5 second 'AU-ways' pistol.1 This already existed and was used 
in incendiary born bs. 

(b) A 30 seconds delay pistol which would have to be designed. 
(c) A 30 minutes delay pistol which again would have to be designed, 

although a similar type was in existence. 
(d) A non-disturbance or very long delay pistol (designs for both these were 

then under investigation). 
In later designs these complicated requirements were abandoned in favour 

of a simple nose pistol ; yet another example of the' importance o-f simplicity of 
design, for efficiency and speed of production. The meeting finally decided that 
R.A.E. must also investigate the effects o-f fitting a ballistic tail instead of a 
parachute when the bomb was used for D.A. blast purposes, as the use of a 

parachute put any possibility of accurate aim out of the question, and C.S.D. 
was to design a suitable tail. 

Arrangements were made for the construction of the first bombs, commencing 
with a ' space model ' of light metal, on 6 November, and nine days later the 
first was ready, with numbers 2 and 3 all but ready, and bomb No. I was sent 
to Messrs. Vickers for installation trials on 24 November. 2 

Jn parallel with body manufacture, R.A.E. went ahead with the production 
of parachute trays (con tainers) and ballistic tails. Immediate arrangements in 
anticjpation of production had been made by D.Arm.D. \vith the Ordnance 
Board for trials : static detonation, proof of body strength, testing of parachute 
and live drop. 

Parachute manufacture did not proceed without difficulty. Little knowledge 
was available about the best material to use for a bomb of 4,000 lb. weight, 
although useful lessons were learned from an examination of the materials used 
by the Germans for their mine parachutes. A rayon material ' Penasco ' (a 
production similar to the German material) and cotton fabric covers were tried. 
and specimen parachutes of each were produced. 

By the beginning of December two empty bomb bodies had gone to Woolwich 
for filling ; bakelite tubes for exploders were ready; s ix parachutes had been 
manufactured, and the conversion of the Wellington by Messrs. Vickers was 
approaching completion. 3 

The first installation trial took place at Weybridge on 9 December, and was 
not entirely successful. No bomb trolley capable of carrying such a bomb 
was then available, and the bomb had to be manreuvred under the aircraft on 
a skate specially constructed at R.A.E. After a good deal of manhandling the 
bomb was eventually hoisted by two Handley Page winches, and attached to the 
release slip. It was then found that the front winch cable could not be dis­
connected, and it was obvious that a g·ood deal of modification both to aircraft 
and loading devices was needed. 

By the middle of February 1941 five bombs had been dropped by A. & A.E.E. 
Two inert filled bombs from 2,000 feet oscillated badly : an increase in the 
diameter of the p.arachute from S feet 6 inches to 7 feet 6 inches made matters 

1 No. 54. See Chapter 15. 
~TooesignNo. D.D. (L) 11555B. M.A.P. FilcS.B.1 1217/ 1. 
3 M.A.P. File S.B. 11217/ l. 
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worse, and the bomb struck tail first and broke up. A drop with the smaUei; 
parachute from 6,000 feet again showed oo improvement, but a second H.E. 
:filled bomb dropped (rorn this height detonated in soft clay, and gave a crater 
similar to that of the 1,900 lb. G.P. bomb. These initial trials were thus not 
encouraging, and showed that the bomb was far from suitable as a service 
weapon. 

On 20, 24 and 28 February 1941 detonation trials of both the 2,000 and 
4,000 lb. H.C. bombs were completed at Shoeburyness. 1 Blast pressures were 
measured. By this time there was, however, such an urgency for the bomb that 
some experimental models were offered to Bomber Command fo.r operational 
use, and preliminary orde rs for 1,000 bombs were placed. 

Meanwhile, efforts at A. & A.E.E. to improve ball istics met with some success 
jn trials on 14 February. A ' nose spoiler' was fittedi a band round the nose 
projecting beyond the body and forming a hollow. This nose attachment 
henceforth formed a standard fitting for all H.C. bombs. 

By the beginning of March bombs from the experimental order, and equip­
ment, began to be available for operational use. R.A.F . Station, Ma.rham, in 
Bomber Cornmartd, was chosen as the testing place. Bombs, parachute 
assemblies, 'nose spoilers ' and hoisting winches were all assernbled, and two 
Wellingtons, modified for the bomb, were ready by 8 March 1941-unfortunately 
without release slips. Special aiming instructions were prepared and issued to 
the station showing a range of false settings for the cour!ie-setting sight. Bombs 
in any case could only be dropped down wind if any attempt at a im was to be 
possible. 

The ini ial loading trials at Marham on 10 March revealed an undue number 
of difficulties. The bomb had still to be transported to the aircraft on a ' skate · 
as no trolley was available. This primitive apparatus, a low transporting 
platform on castors, proved inadequate an.d broke down after two journeys from 
the bomb dump to the aircraft. 2 No arrangement had been made for attaching 
the parachute opening cord; the parachute assembly proved difficult to fit, and 
the hoisting arrangements were primitive and unsatisfactory ; and the bomb 
carrier, after the bomb was in position, was inaccessible.3 Two days Tater, two 
bombs fell off a iTcraft engaged in flight trials. As a result, Messrs. Vickers 
were obliged to mod ify the carrier and release arrangements exi:ensively. 
Further trials of this kind, unsuitable for an operational station, were completed 
at A. & A.E.E. 

Fortunately by 16 March other trials with a drum tail had been completed 
on the bombing range at Ashley Walk. Two bombs were dropped and fell 
steadily. One of these was filled B.E. and detonated successfully ; t he other, 
inert filled, tell on gravel and clay and did not break up, indicating that the 
complications of a parachute were probably quite unnecessary. In August 1941 
the Air Staff came to this conclusion, and from that date parachutes were no 
longer used. So far, although the Air Staff had asked for 1,000 of these bombs, 
the initial experimental order by D.Arm.D. for 100 was st ill incomplete, and, 
as in the case of t he 2,000 lb. H.C. bomb, this ~xperirnental order was followed 
by a second for a iurther hundred bombs, so that there should be no break 

1 O.B. Proc. Q. 233/41. 
'M.A.P. FileS.B. 11217/2. 
9 Mr. Wallis, Vickers' Chief Designer, writiflg to D.Arm.D. on this in.cident. remarked, 

· I was horrified when I saw how compl.etely inaccessible the crutches we(e ·. 
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between its completion and the start of the production order. In April the 
initial productjon order for l,000 was followed by an order for 360 bombs 
monthly. During the same month, photographic interpretation showed that 
the blast effect damage caused by two 4,000 lb. H .. bombs in a raid on Emden 
on 5 August was severe. · 

By the end of May 1941 a number of 4,000 Jb. bombs had been used by 
Bomber Command in operat ions, and in every case instantaneous fuzing had 
been used. In that month, D.Arm.D. called a meeting to discuss the delay 
requirement, with, representatives from the Air Staf-f, the Ordnance Board and 
Design Department. 1 It was then confo,med that although direct action 
(instantaneous) fuzing was the main requirement, delay, one to two minutes 
and one to thirty minutes, was still requ ired in a limited number of bombs for 
low level attacks on canals. 

Trials, to test delay arrangements, took place during June and Ju ly 1941. 
An adaptation of the o. 37 (long delay) pisto l was used, ·fitted in the side 
and armed by a length of cord coiled round a pulley on the a~ming spindle of 
the pistol , and secured to the aircraft. 2 Delay of 30 minutes was obtained by 
acetone and celluloid, and of 90 seconds by acid on metal. Both 2.000 lb. 
and 4,000 lb. bombs were u ea, all with parachutes from 2,000 feet. 
The 4,000 lb. bombs cartwheeled : the base plates broke away on impact, 
and most of the explosive content was lost. This is described in the Report 
as ' unsatisfactory '. 

The rather primitive system of rotating the arming spind le by an unwinding 
cord was a failuI'e : and as the bombs tended to finish their flight with the 
side fuzes downwards, the acid in the 90 second delay pistol did not run into 
contact with the meta]. The celluloid-acetone system for the longer delay was 
rather m(:)l;-e hopeful, as the celluloid could be dissolved by vapour as well as 
by liquid. The trial was cont inued on 13 July. by which time the base plates 
of the 4,000 lb. bombs had been strengthened, and the cord of the pistol replaced 
by copper wire. Only 30 minute delay pistols were used, two in each bomb. 
Four bombs were released from 300 ieet, and although all bounced and one 
cartwheeled seven of th eight p istols armed correctly and gave delays of 
25 to SJ minutes. This trial was followed by a live drop (fuzed 30 minutes) 
over Lyme Bay on 30 July, from 650 feet into water approximately 20 feet 
deep, and complete detonation occurred after 23½ min utes. 

T he 4,000 lb. H.C. bomb was formally introduced into the service in January 
1942, as Mark l, by which time it had been successfully used in operations.3 

By September 1941, 226 had been dropped with no proved fa-ilures. Reports 
on damage showed that the bomb was satisfactory and ' created a tremendous 
impression on the population '. 4 Bombs on Emden, Berlin, Kiel,Wilhelmshaven, 
Cologne, Hamburg, Essen and Norderney all cau ed extensive damage. This 
question of damage wul be further discussed when the remaining marks of tl'te 
4,000 lb . bomb have been described. 

Manufacture of the bomb and its parts presented few difficu lties, probably 
becau&e the design was one of extreme simplicity particularly after the 
disappearance of the parachute. It is worth mentioning that during a visit 

1 M ,P. File S.B . 11217/3 . 
2 See No. 47 Plstol, Cha.ptel 16. 
3 M,A.P. File S.B. 11 217. 
• A,M.W,15, Nos. 84 and 87. M.A .P . File S .B . 112 17/4. 
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to England by General Arnold , of the American Army, he was so impressed 
by the bomb that on bis return to U.S.A. he requested the American Ordnance 
Departmen t to produce a 4,000 lb. bomb of similar design. Full particulars 
of the British bomb were cabled to the British Air Commission at Washington.1 

The 8,000 lb. H.C. bomb 
The design of a high capacity bomb of 8 ,000 lb. presented several new and 

interest ing problems in the development of a suitable case, and its handling, 
carriage and release, and in the effective detonation of a large mass of explosive. 
ln this particular bomb, handling and filling were to some extent simplified 
by the construction o{ the bomb in sections ; a new and interesting experiment 
which was later still further developed in the des:ign of the 12,000 lb. H .C. 
bomb. The problem of detonation was not so simple and was eventually solved 
by a change in th~ comp~sition of the main charge. 

With the advent of large bombs, their carriage in aircraft became a major 
problem. As long as the weight of a bomb was confined to 500 lb., a state of 
affairs which had continued right up to the outbreak of war, the problem of 
transport, and attachment to aircraft presented few problems. A place could 
usually be fow1d somewhere in the aircraft for small bombs and elementary 
methods of hoisting them into position were sufficient. Consequently little 
progress in the development of means of handling, transporting, and hoisting 
very large bombs had been made, and it was necessary to give far more 
consideration in the design of aircraft, to the accommodation of the larger and 
larger bombs which made their appearance between. 1940 and 1942. 

All these questions had arisen with the introduction of the 4,000 lb. H .C. 
bomb, but with the doubling of this size they threatened to become really 
serious. Originally, in January 1941, the 8,000 lb. bomb was intended ,for 
carriage in a modified troop~cauying glider, as part of a special programme for 
the development of such aircraft, the final stages of which were the production 
of a pilotless bomb-carrying glider and finally a' winged bomb'. For this type 
of carrier, a diameter of 48 inches was allowable, and sketch designs for a bomb 
of this size were prepared by C.S.D. ' 

The Air Staff requirements for the new bomb were forwarded by D.Arm.D. 
to the Ordnance Board in March 1941 , and were as follows :-

(a) To weigh approximately 4 tons and to give maximum blast effect 
over the greatest possible area. 

(b) Required primarily for instantaneous fuzing with a drogue and ballistic 
tail, but also for delay action with a parachute. In the first instance 
however, direct action alone would be acceptable to avoid delay 
in production. 

(c) To have sufficient stabi lity to give reasonable aiming accuracy, and 
angle of impact to ensure satisfactory instantaneous detonation from 
heights upward of 5,000 feet. When £itted with a parachute to be 
strong enough on impact with hard targets to give complete 
detonation from any height between 500 and 20,000 feet. ' 

(d) Carriage in the type of aircraft previously mentioned. 

1 B .A.C.W. Cable. Briny 5505, 21 May 1941. M.A.P. File S. B. 11217. 
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The Minister of Aircraft Production asked for an investigation into the 
possibilities of putting the new bomb into the heavy bombers then under 
development. The Warwick was first considered, but it was evident that the 
maximum diameter whic:h this aircraft could accommodate was 30 inches. 
To keep the weight up to 8,000 lb., the bomb, as then envisaged, would have to 
be increased in length, and manufacturing, filling and transport difficulties 
would ari e. It was therefore proposed by C.S.D. that the bomb be made in 
sections, each weighing approximately 2,000 lb., which could be bolted together. 
Th is, it was argued, would simplify handling, up to the point where the sections 
were joined, and would make manufacture and filling easier. 1 

This idea or a composite bomb was new and untried, and the difficulties were 
obvious; simultaneous detonation in particular appeared doubtful ven if the 
air spaces between the sections were reduced to a minimum. The greatest 
disadvantage of such a bomb was its extreme length compared with its diameter. 
C.S.R.D. hacl calculated that any bomb the ratio of whose length to it diameter 
was greater than 3, would be inefficient, and the 30 inch 8,000 Jb. bomb had 
a ratio of considerably in excess of that figme . 

There were thus two projects afoot : a 48 inch diameter efficient bomb 
which could be carried in a glider, but not in a bomber, and a 30 .inch bomb of 
doubtful efficiency, which would fit the modern heavy bomber. Fortunately it 
came to light that an error had been made in the examination of the Warwick 
and that the aircraft would accommodate a 3 inch bomb. Such a diameter 
gave a more satisfactory L/D ratio, and the obvious decision was made by 
D.Ann.D. in consultation with D.O.R. and C.S,R.D. that a 38 inch bomb 
would satisfactorily meet both requirements. Work on a 48 and a 30 inch 
bomb was therefore abandoned, and the Ordnance Board was asked to go 
ahead wjth the design of a bomb of the new dimen~ions. In the meantime 
R.A.E. took steps to design a suitable parachute, and commenced experiments 
with German parachutes removed from mines. 2 

By the beginning of June C.S.D. had completed preliminary designs for the 
new bomb.3 The principle of making the bomb in sections had been retained 
but the division into four 2,000 lb. parts had been thought extravagantly 
small, an<l the new design showed two 4,000 lb. sections, with a tail unit. The 
sections were joined by means of flanged rings welded to the body, through 
which bolts could be secured. Arrangements were at once made for the 
manufacture of two hundred bombs ; manufacture was temporarily to cease at 
twelve untiJ preliminary trials should have verified the feasibility of the scheme. 

By August, three bombs had been completed, fi lled with inert material, and 
sent to A. & A.E.E. for handling and installation trials. Two further bombs 
were filled with H.E. and sent to Sboeburyness for detonation trials. 4 Another 
inert lilied bomb was sent to a Maintenance Unit so that experience in the 
handling of such a large bomb could be obtained. The initial handling trials 
at A. & A.E.E. early in September revealed various smaJl manufacturing faults, 
due to the speed at which the contractor had produced the first models, and 
some difficulties in jojning the sections, but none was serious. By that time 
a Lancaster h.ad been modified to carry the bomb, and arrangements made for 
it to be flown to A. & A.E.E. for loading and ballistic trials. 

t There was oo filling factory capable of lifting and handling more than 4,000 lb. 
~ M.A.P . File C.S.B . 15204 . 
• D.D.(L) 12484. 
• M.A.P. File C.S.6 . 15204/2. 
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During October the static detonation trials were completed at Snoeburyness 
in co!Jaboration with the Di:rector of th Road Research Laboratory, who 
issued .a separate report. The trials were of the greatest importance as they 
revealed a very serious deficiency in the blast .effect of the bomb compared 
with the 4,000 lb. size. 1'his deficiency occurred in what was described as the 
' pressure pulse duration ' ; blast pressure and fragmentation were reasonably 
satisfactory, but although the former came up to expectation in intensity it 
ieU short of it by SO per cent. in duration. Two bombs were detonated and 
neither in this respect was as effective as a single 4,000 lb. bomb. Trials with 
separate sections of the 8,000 lb, bomb gave less satisfactory results than the 
single 4,000 bomb. The filling in each case was Amato!. 

The Shoeburynes experiments were confirmed to some extent by visual and 
photographic ()bservations which had been made at A. & A.E.E. where a live 
bomb had been dropped from 6,000 feet. The result was by no means 
'spectacular'. Blast and fragment damage was confined to two angles, 
diametrically opposed, of about 45 degrees. The trial had however 1ittle 
scientHic value as no instrumental measurements were made. rarious theories 
were proposed by C.S.R.D, to account for the failure~ the position of the origin 
of detonation in the nose of the bomb, the thickness of the case, the type of 
explosive, the sect ional construction.J Trials to confirm these were arranged 
11nder the supeTvision of Dr. Rotter of C.S.R.D.'s department, with the 
collaboration of the Design Department. 

In December an important decision was made by the Air Staff that the 
8,000 lb. bomb need not be provided with delay mechanism. This not only 
simplified manufacture in dispensing with special side pockets for delay fuzes, 
but a lso made the use of a parachute, with all its complications, unnecessary. 

Meanwhile the investigati<>ns into the efficiency of the bomb went forward. 
Both a 4,000 and an 8,000 lb. bomb were speciall nlled R.D.X ./T.N.T ., and 
the superintendent of experiments at Shoe bury made arrangements to test these. 
together with a bomb of new wall thickness, wi thout delay. By the middle of 
January 1942 all trials ha~I been completed. A bomb with central initiation 
showed no improvement : the bombs with. spec ia l case thicknesses were , if 
anything, less satisfactory than the originaJ. On the other band, a bomb filled 
with R.D.X./T. .T. gave the results which would be expected by comparison 
with the 4 000 lb. bomb. The Ordnance Board as a result, recommended , on 
8 January 1942, that until a more satisfactory system ofjni.tiation of the Amato! 
could be found, the bomb, except for a few filled with R.b.X.- then too rare 
for general use-should be abandoned. 

Meanwhile a newly appointed Committee had been formed on 30 December 
194 I , in U1e Ministry of Supply, known as the' Static Detonation Committee', 
to study questions of this character. 2 The trouble with the bomb was indeed 
the main reason for the s·etting up of the Committee and its first recommendai.ion, 
after considering all the facts was the filling of the bomb wiU1 Amalol, 85 parts, 

1 O.B. Proc. Q. 537/41. 
~ Tbe Committee, under t he Chairmanship or Dr. Guy, F.R.S., included representat ives 

of the Ordnance Board and D . Arm .D. lts terms of reference \vere :-· To study the 
scientific and tech nical aspects of the technique o! static; detonation of bombs and shells : 
to interpret exeerlmental results and consider their application lo development·. 
O.B. Proc. 15947/42. 
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plus R.D.X./T.N.T. 15 parts.. Trials with this filling at once gave satisfactory 
results, and the Committee concluded that such a filling was at least 90 per cent. 
as effeclive as a complete RD.X./T.N.T. filling.1 

The solution of this problem cannot be said to have been completely satis­
factory; it was in fact to some extent a recogn\tion of defeat, lt did, however, 
produce a large blast bomb at a time when speed of production was paramount. t 

The Air Staff in April 1942 approved the introduction of the bomb into the 
service, and arrangements were made for the completion of the experimental 
order for two hundre<l with the new approved filling. 3 No major change in 
the design of the original bomb was found necessary for the change over from 
experimental to general prodttction. A number of minor modifi.cations were, 
however, introduced. The side exploder pockets were no longer required ; the 
attachment of the tail unit was simplified by reduction in the number ofholding 
bolts. The bomb with these minor modifications was given the pattern number 
Ma,rk I. 

About the middle of 1942, however, a Mark II design was introduced. This 
differed from the original in two ways only : the joint rings used to bolt the 
two sections of the bomb together were built up of forged steel, whereas castings 
had been used in the Mark I bomb ; and some slight alterations to the filling of 
the central tube were made. The new fabricated joint ring'1 was designed and 
made by the manufacturers of the bomb on a suggestion by Deputy Director. of 
Armament Production (D.D.Arm,P.). the object being to save the labour and ' 
expense of casting, and was put to a very severe test,6 in the presence of an 
A.I.D. Inspector, to which it stood up perfectly. By the end of August, the 
Mark II bomb was approved for service use, and the .first 8,000 lb. bombs made 
on a general production order were of that design. 

Although by the end of 1942 twenty-eight 8,000 lb. H.C. bombs had been 
dropped by Bomber Command on enemy occupied targets, no ballistic trials 
of the bomb had been made and dropping was t herefore largely haphazard. 
The position was the same for the 4,000 lb. bomb, and at the beginning of 
December 1943, Bomber Command asked for an accurate determination of the 
terminal velocity of both bombs. Arrangements were accordingly made with 
the contractors in December for twelve bombs of each size to be filled accurately 
with inert material and for the C. of G. to be marked on each ; the exact weight 
of each bomb was also required. The trials were concluded by April 1944 ; 
eleven bombs were released from 10,000 feet and one from 4 ,000 feet at an 
air speed of 200 miles per hour. AU fell consistently W\th slight oscillation at 
first, except the bomb from 4,000 feet, which, at 1,000 feet turned intoahorizontal 
position aTid struck the ground in that attitude. It was concluded, in spite of 
this. that the bomb was ballistically consistent, with a terminal velocity of 
910fcet per seco.nd.6 

The development of the 8,000 lb. H.C. bomb presented no particular difficulty 
and proceeded with no undue delays, except for the unfortunate failure of the 
standard amatol filling. Nor did the novel method of construction, applicable 

1 M.A.P. File C.S B. 15204/2. 
1 Appendix No. 5 gives a summary of the various detonation trials which led to the 

final decisions. 
s M.A.P. File C.S.B. 15204/2 and O.B, Proc. Q. 571 /42. 
• M.A.P. File C.S.B. 15204/3. 
6 A load of 308 ton/inch for five minutes. 
e M.A.P. File C.S.B. 15204/4. 
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only to a cylindrical bomb, create any abnormal difficulty either in manufacture 
or detonation, while it undoubtedly simplified filling and haodling. The method 
was successfully repeated in the design of the 12,000 lb. H.C. bomb. 

Some mention must be made of carrying and loading problems, which were 
inevitable with the introduction of a bomb of this size. It has been already 
stated that the original intention was to carry the bomb in a glider, and its 
dimensions were based on this intention. These, however, prevented the bomb 
from being stowed in my of the heavy bombers then under development­
Warwic·k, Halifax and Lancaster- and the diameter was tJ1erefore reduced to 
38 inches. The glider project did not .materialise and the Wanvick aircraft 
was not developed. Arrangements had therefore to be made for accommoda­
tion in the Halifax and Lancaster. Owing to the divided strnctw:-e of its bomb 
compartment, the Stirling could not be considered. This meant the provision 
of hoi!iting lugs in the correct position on the bomb, hoisting winches, either 
power or hand driven, and special release slips. 

The Lancaster bad originally been designed to carry only one large (4,000 lb.) 
bomb in its bomb load, and in May 1941, because of the alterations necessary 
to enable carriage of the larger bomb, it was decided to forego this in the 
Lancaster. In September of that year, however, the Air Staff decided that the 
aircraft should be modified to carry the bomb as soon as possible without 1nter­
fering with current production. Although Messrs. A. V. Roe, Ltd., soon 
re-designed the Lancaster-new bomb doors giving a fuselage bulge were 
necessary~ the preparation of assembly jigs, tools, etc. , and then the fitting 
:into the production schedule was quite a different proposition ; in fact, by 
May 1942 the most the frrrn could promise was one modification a week until 
the end of the year, when it would go into the assembly line proper.1 Later it 
was discovered that the introduction of these doors interfered with the instal­
latio~1 of certain radar equipment, 2 an.d, as this was regarded by Bomber 
Command to be of paramount importance, Air Staff decided in D cember to 
modify only 10 per cent. of Lancasters to take the 8,000 lb. bomb. By that 
time the firm had made extensive arrangements, and had ordered large quantities 
of material for the new doors . A further compromise was made, strengthened 
by the discovery that the radar equipment in question was not available i.u 
such large quantity as had been es timated, although the supply was rapidly 
improving. 

l'he position in the Halifax was very simila ·, except that the modification 
to the bomb doors was not so extensive. In fact, it was at the outset unneces­
sary, as with some strengthening the aircraft could be flown with the doots 
slightly open. At the same time sets 0£ modified doors were manufactured 
and an arrangement made that they should be fitted to aircraft on Stations. 
This proved to be imptacticable except in very small numbers. fo any case 
the fitting of H.2.S precluded the use of modified doors, and it was finally agreed 
with Bomber Command that this must take precedence, and that 8,000 lb. 
bombs could not therefore be carried. 

The whole problem was simplified later with the inkoduction of new Marks of 
Lancaster and Halifax aircraft, but tbe situation has been very briefly outlined 
to show the difficulty of introducing new and unorthodox equipment whose 

1 M.A.P. F ile S.B. 17908, 
2 .H :2.S. 
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production had not been foreseen. As may be expected from the size of the 
bomb and the limited number of aircraft capable of carrying it, comparatively 
few 8,000 lb. bombs were released over enemy territory. The number rose 
from 28 in 1942 to 550 in 1944, falling to 119 in 1945. Altogether a total of 
1,088 was expended. ' · 

The 4,000 lb. H.C. bomb, Mark 11 
In April 1941 D.Arm.D., at the request of the Air Staff, commenced an 

investigation as to the suitability of a new pattern 4,000 lb. bomb to be known 
as Mark II. Although the new design by C.S.O. embodied some manufacturing 
changes, such as the strengthening of the attachment and the end plate and taili 
a major change whereby three nose pistols instead of one were provided, appears. 
to have had little justification. The fitting of these involved a re-design of the 
nose, which became a flat dome instead of a truncated cone in the Mark I 
pattern. The tail unit remained unchanged and the side exploder pockets were 
retained, although up till that time the 4,000 lb. H .C. type had never been used 
for delay action. It was not until December of that year that the Air Staff 
finally decided that, with the exception of a few bombs held for special opera­
tions, delay fuzing in H .C. bombs was not needed.i 

The production of the Mark II bomb calls for no special remark. The trial 
of dummies was completed on 16 May. Installation in a Wellington was 
satisfactory, although there were minor faults in the dimensions of the hoisting 
and suspension lugs. As a trial method of connecting up the pistols witb the 
carrier fuzing mechanism, a flexible link was connected to the central pistol and 
to the single fuzing box ; shorter flexible links were connected to the outside 
pistols and the central link. This method proved satisfactory in a drop, 
although it could not be conceived as entirely satisfactory. The whole a11d 
rather extravagant reason of providing three pistols was to prevent any possible 
failure : but a failure of the s ingle fuzing box on the carrier would have placed 
all three pistols out of action. Accordingly, A. and A.E.E. recommended the 
fitting of two additional fu.zing boxes-a further complication. 

1'he bomb dropped in a satisfactory manner" with almost vertical impact 
when fitted with the nose attachment (spoiler) which had proved necessary ip. 
the Mark I bomb. A further trial on 31 May in which a bomb was dropped 
without the nose attacbmept from 4,000 feet , showed that it was /Ompletely 
unstable in this condition. B'.enceforth all Marks of H .C. bomb were fitted with 
this attachment. With some small modifications the new design was approved 
and production arranged in July 1941. 

The 4,000 lb. H .C. bomb, Mark III 
The Mark II bomb was quickly followed by a Mark III pattern, which, while 

retaining the three nose pistols, was without side exploder pockets. This was 
in accordance with the Air Staff decision made in December 1941 and recorded 
above, that delay action would not be required in any H.C. bomb. A proviso, 
however, was made in the case of the 4,000 lbi. bomb only that, should this 
requirement be revived, bombs with s ide exploder pockets could be brought 
back into production in four to six weeks. The Mark III bomb embodied 
several other minor modifications, the chief of which was the provision of 
transit bases ; built up metal rings of greater diameter than the bomb, which 

1 M.A.P. File S.B. 17521/ 1. 
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could be attached at the nose and tail of the bomb by screws to protect the body 
and facilitate rolling. 1 These were in fact the successors of the hollow transit 
rings bolted to the 2,0001b. bomb. 

In May 1'942 some doubt arose about the efficiency of the outer nose pistols. 
Air Staff, in spite of the contrary opinion of the Ordnance Board. had continued 
to insist on multiple nose pistols. During live trials at A. and A.E.E. parts of 
nose pistols which should have become detached in the a ir were found in craters. 
Wind tunnel trials were made at R.A.E. to investigate the problem, and these 
confirmed that while the central pistol armed in air s peeds up to 165 feet per 
second, the side pistols did not, du<, to the direction of air flow near the periphery 
of the nose. 2 In this trial No. 27 pistols-the pistol regularly used in the 
bomb- were fitted. A similar trial with No. 32 fuzes-the anti-submarine 
bomb fuze-proved successful for all pistol positions. Suspicion thus rested 
on the No. 27 pistol rather than on the bomb, a nd no furtJ1er action was taken 
by D.Arm.D. other than to promise that the point would be remembered in the 
design of future pistols. 

In June 1942 a proposal was made that the 4,000 lb. bomb might be a suitable 
weapon for the attack of capital ships. For that purpose a short delay after , 
impact was required and this could be provided by the No. 32 anti-submarine 
bomb fuze. It had already been shown that this fuze would arm satisfactorily 
dudng the R.A.E. nose pistol trials, and it was now necessary to discover what 
depth of detonation could be expected with a setting of O · 5 and 1 · 0 seconds. 

This trial was entrusted to M.A.E.E, at Helensburgh. The attack of shipping 
must be accurate, and the best chance of a hit with a bomb of not..:1,bly poor 
ballistics was to come down low. It was therefore necessary to know what the 
lowest safe height for such a bomb-fuzed instantaneously-would be (the No. 32 
fuze had D. A. action on striking a hard surface). This investigation was to be 
undertaken by A. and A,E.E. in collaboration with C.S.R.D. _ 

The trial of the bomb fitted with a No. 32 fuze was unsuccessful, the bomb 
fai ling to detonate. It was therefore decided to try a combination of fuzes in 
the nose of the bomb to give.instantaneous detonation on a hard target or delay 
on water. For this purpose a three-part trial was arranged with bomb fuzing 
as follows :-

(a) Outside. exploder pockets plugged, centre pocket fitted No. 27 pistol 
(with sharp striker) and a I-second delay detonator. 

(b) If (a) was satisfactory a second bomb with centre pockets plugged and 
outside pockets fitted standard No. 27 pistols and instantaneous 
detonators, to be dropped ' safe.' 

(c) A confirmatory trial with all three pockets fuzed as (a) and (b), the 
two outers fuzed ' safe.' 

The trial was completed on 29 July 1942 in deep water in Lyme Bay and was 
unsuccessful, as even on water the No, 27 pistol operated although set ' safe.' 
It showed, however, that a 4,000 lb. H.C. bomb fitted with a sensitive nose 
pistol would detonate with delay, on water. 

The trials to determine the lowest safe height for dropping the bomb were 
completed at M:illersford on Sand 6 July.3 The gen~al plan was to detonate 
a charge of Amato! on the ground as the aircraft flew over, and in the relative 
position at which a bomb would have s truck the ground. As the ar:ea was 

1 O.B. Proc. Q. 405/42. 
• M.A.P. File S.B. 17521/ 1. 
3 A special testing range used by C.S.RD. 

179 



restricted, the full charge of 3,000 lb. corresponding to the 4,000 lb. bomb filling 
was not used. Instead, a charge of 1,850 lb. T.N.T. with 100 lb. C.E. was used 
and the results' scaled up.' The pilot flew at various heights, getting gradually 
lower, until, in his opinion, any further descent would be dangerous. At 
935 feet the crew were thrown out of their seats and the instruments 'considerably 
disturbed,' and this was judged to be the min,imum safe height for that particular 
charge. C.S.R.D. calculated that for the full charge of 3,000 lb. Amato) the 
minimum safe .height would be 1,200 feet, and this the Air Staff amended to 
1,500 feet to be on the safe side. ' 

The 4,000 lb. H.C. bomb, Mark IV 
ln October 1942 a Mark IV design was introduced. This differed from 

Mark Ill in that the stiffening beam which had been welded to the inside of 
the bomb to strengthen the hoisting and suspension lugs was omitted. The 
fitting of this beam had impeded production considerably. rStressing trials on a 
bomb without the beam had been completed at R.A.E. in September.1 Loads 
of up to 6,000 lb. were applied to the bomb on its car6er, in various directions, 
without undue deflection, and it was concluded that the bomb was· safe without 
the beam, and contractors were immediately instructed by D.Arm.P. to leave 
out the superfluous beam as soon as they conveniently could. The bomb in 
its new form became Mark IV. 

Two other interesting events in the history of the 4,000 lb. bom,b occurred in 
1944. The first was its use as a large incendiary bomb, with a filling of perspex­
benzene gel, and is described in the chapter on Incendiary Bombs. The second 
was the investigation of safe dropping; the bomb was at that time being carried 
in Mosq,uito aircraft and it was essential, with this aircraft, that the bomb could 
be jettisoned immediately in any .flying failure. The pilot had thus no time to 
choose a dropping place where detonation would be harmless, and with the 
ordinary pistol the release of the bomb with the pistol set ' safe ' was no 
guarantee that the bomb would not detonate on impact. 

A suggestion from Bomber Command in June 1944, that the bomb might be 
fitted with a parachute, which could be used in emergency only, was not ~om1d 
acceptable, and a solution was eventually reached by the use of a special pistol, 
No. 55. Trials at A. & A.E.E. with inert filled bombs and live detonators were 
completed in July from 3,000 feet and proved successful. 2 

Two further marks of the 4,000 lb. H.C. bomb were introduced, Marks V and 
V 1. These were of American manufacture and were similar to the British 
Mark IV bomb, exeept for the fitting of American suspension lugs. 

Operational use 
Nearly sixty-eight thousand 4,000 lb. H.C. bombs were released over enemy 

territory during the years 1941 to 1945. lhe figures rose from 402 in 1941 to 
2,979 in 1942; 23,185 were released in 1943 and a similar quantity in 1944. 
With the dropping of mixed loads, and the impossibility of -ascertaining the 
effect of bombing, other than by photographs, the assessment of relative damage 
by one type of bomb or another is difficult. Ho1vyever, it was considered by the 
Ministry of Home Security that H ,C. bombs were found to be about l ·4 times 
as effective weight for weight as M.C. bombs for causing structural damage.3 

1 M.A.P. File S.B. l 7521/1. 
1tM.A.P. File S.B. 17521/2. 
3 M.O.B.S. Report R.E.N. 434-' Weapon analysis of British 4,000 and 8,000 H,C. 

bombs against industrial targets: 
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The 12,000 lb. H.C. bomb 

Mention has already been made of the Static Detonation Committee formed 
at the end of 1941 to study the effects of detonation under the Chairmanship of 
Dr. H. L. Guy, Chairman of the ln~titute of Mechanical Engineers. In July 
1942 the Committee was approached by D.Arm.D. to give an opinion on the 
probable efficiency of a 12,000 lb. blast bomb, that is to say, an 8,000 lb. H.C. 
bomb with an additional 4,000 lb. section. 1 

The Committee gave their opinion as follows :-

, Having received the data available on the blast performance of the 
large H.C. bombs and the limitations on the carrying capacity of the aircraft 
concerned, the Committee conclude that by using a 12,000 lb. H.C. bomb 
a greater damage performance can be obtained than if the 8,000 lb. and 
4,000 lb. are alone available; provided that as complete detonation can 
be achieved in the 121000 lb, bomb as with the 8,000 lb. bomb. Tf the 
Air Staff decide to proceed with the development of the 12,000 lb. bomb a 
static detonation test sh,ould be made by building up the three 4,000 lb. 
sections filled with Amatex (Arnatol and R.D.X.).' 

The proposed development of the bomb was discussed with D.O.R. and 
A.C.A.S.(T), and it was decided to proceed with the design , provided it could 
be carried in the Lancaster and provided the detonation trials were convincing. 
For the trials the Static Detonation Committee asked for three bomb cases, so 
that different explodering. systems might be compared. Accordingly, the 
manufacturers of the 8,000 lb. bomb were instructed to prepare six additional 
4,000 lb . rear sections, with some small modifications, and arrangements were 
made with Woolwich for two complete 12,000 lb. composite bombs to be filled 
with amatex, and two to be weighted with inert material. The initial loading 
test by the manufacturers of a complete weighted bomb was successful, the 
bomb showing no distortion or deflection when hung from its suspe-nsion lug 
and weighted. 

Meanwhile the problem of carrying the bomb in the Lancaster had -been 
examined by Messrs. A. V. Roe, and it was found that the bomb could be fitted 
to aircraft modified for the 8,000 lb. H.C. bomb, provided the length was reduced 
by five inches at the tail , although the final design of Lancaster would accom­
modate the bomb with its original length of 193 inche . 

By January 1943 successful detonation trials had been completed at 
Shoeburyness, and arrangements were made for ballistic trials with inert 
bombs, and for a live dropping test at A. and A.E.E. These trials were also to 
include hand ling and loading, for which a special design of chain hoisting 
winch bad been designed. 

By May 1943 transpoiting, loading and dropping trials had been completed. 
For transporting, an ' E' type bomb trolley was used, the sections being loaded 
separately and bolted together on the trolley. Tl1e loaded trolley was then 
towed over uneven ground, and the bomb finally installed in a Lancaster. 
These operat ions were successful , but prepara tion was a lengthy proceeding. 
The time for four men to load the trolley and bolt the sections together was 
two hours fifteen minutes. Transporting the bomb across rough ground 

1 M.A.P. F ile S.B. 39082. 
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required care as the ground clearance was only 4½ inches, and there was some 
end movement of the bomb. Loading to the aircraft took 35 minutes, and the 
bomb doors closed satisfactory. There were several minor difficulties during 
the loading operation but on the whole it was satisfactory. 

The first ballistic tests were unfortunately not so successful and it was 
obvious that the short cylindrical tail was inadequate to give the bomb a steady 
consistent path. The problem of designing a more satisfactory tail was given 
to R.A.E . Models with cone shaped tails tenninating in a tail drum (that is 
to say, the orthodox type of bomb tail) were dropped, and it was found that 
a 46 inch cone with a 15 inch drum gave stability but dangerously near the 
limit. No nose spoiler was used. Models with a 64 inch tail gave much more 
promising results, and although this length was suitable for the Lancaster it 
was unsuitable for any other available aircraft. These model trials were followed 
by full scale trials at A. and A.E.E. These proved that the shorter cone tail was 
unsatisfactory ; further trials with 64 inch tails were, however, successful, and 
production with this tail was recommended. 1 

This was followed by a trial with a Jive bomb. On 25 September 1943 a bomb 
was released from a Lancaster at l0,000 feet on gravel-clay downland. The 
result was satisfactory : a crater 40 feet in diameter and 10 feet deep was 
formed, with fragment craters in an area of 150 feet diameter, but there was a 
suggestion that two detonation reports were h eard, indicating that the rear 
section may have broken away. The pistol used in this trial was a No. 42, 
an orthodox type of D.A. impact pistol. There was, however, always some 
doubt in bombs of this size about wh ther impact break up of any part of the 
bomb might not diminish the chance of complete detonation. Accordingly, 
trials with another type of pistol ( o. 44) of sensitive diaphragm design were 
necessary, first to prove that the pistol would help to give more positive 
detonation and , equally important, that built-up air pressure would not operate 
the pistol before impact. 

TriaJs with the No. 44 pistol in October were inconclusive, owing to the Jack 
of suitable recording apparatus, but it was evident that the bomb, dropped 
from 20,000 feet over the sea, detonated, if not on impact, at any rate very 
close to the surface of the water. It was therefore decided that this pistol 
might safely be used in the central position, while the standard No. 42 was 
fitted in the outside positions. 

On 30 October 1943 D.Arm.D. asked the Air Staff for formal approval to 
introduce the 12,000 lb. H .C. bomb into the service, but this was not immediately 
given . In a Report on detonation by A. and A.E.E. dated 9 October some 
doubt, it may be remembered, was raised about whether all sections of the 
bomb detonated simultaneously. The Air Staff were therefore not satisfied 
that the bomb was reliable enough to justify general production although by 
that time some thirty bombs had been released by Bomber Command, from the 
original development order. Air ' Staff's final approval therefore depended on 
further detonation trials but by tile middle of Decembe,r D.Arrn.D. recommended 
a provisional order for fHty bombs, to meet the immediate requirements of 
Bomber Command, until the trials should be completed. 

l l\lf.A.P. F ile S.B. 39082. 
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The reluctance of the Air Staff to give approval for full production gave rise 
to a certain amount of confusion. i The position was that Bomber Command 
were urgently asking for twenty-four bombs for a special operation. D.O.R. 
replied saying that the bomb was still under some suspicion with. its original 
filling of Amatex, but that number would be filled specially with Torpex to 
meet the Command's immediate requirement. If as a resu1t of further trials 
it could be shown that this filling was satisfactory and would be three times as 
effective as the 4,000 lb. bomb, the Command was then invited to submit their 
requirements fhrnugb the Bomb Provisioning Committee. Air Staff approval 
was limited to this number. 2 As a result the Command asked M.A.P. for 
six hundred bombs, and arrangements were in hand to produce these. 
M.A.P. were thus in a dilemma : Air Staff had not approved the bomb, and 
would not do so until the best filling was decided on·: the Command were 
asking for bombs, and M.A.P. were producing them. 

The staging of convincing trials proved to be a prolonged business, and in 
February l944 D.Arm.D. wrote that, owing to the difficulty in getting pressure 
recording a pparatus, it was unlikely that the trials could be completed witl'lin 
the next twelve months. There was, however, by Lhat time considerable evi­
dence of the effects of the bomb, and an interesting Report was prepared by 
the Ministry of Rome Security on the assessment of damage by five 12,000 lb. 
bombs dropped at Agage. The results compared weJl with those theoretically 
expected , for example beach mines were detonated by the bomb up to a 
distance of 230 feet. 

The predicted distance for such a bomb being 220 feet , D.Arm.D. considered 
t11at the evidence in the Report showed that detonation was complete-a point 
which was never fully established in development trials, and that the bomb 
was superior, in area of demolition, to three 4,000 lb. bombs of s imilar type. 3 

This information, as well as that from other similar Repo;rts, led to the 
approval of the bomb i11 March 1944. 

Limited use of the bomb by Bomber Command continued throughout 1944 
when sixty-seven were dropped and 1945 when eighty-two were dropped. 
The labour and time involved in loading up these.bombs, the limitation of other 
loads which was involved, and the use of only one type of aircraft all made it 
necessary to reserve them for special precision targets, as may be gathered 
from the fact that a total of one hundred -and eighty-six only was dropped. 
during the war, on operations. Apart from preparation and loading, the use 
of the bomb presented no special difficulty. 

Late in 1944, with the attack of Japanese occupied harbours in view, the 
Air Staff asked for an investigation into the effect of a 12,000 lb. H.G. bomb­
with a sbort delay fuze, dropped in water. 4 The trials were given to M.A.E.E. 
B:elensburgh and to A. & A.E.E., the task of the former establishment being 
to investigate a means- of measuring detonation by observing and analysing 
the· dome ' created by under-water detonation . It had been observed that the 
first effect of such a detonation was the creation of a solid dome of water, 

1 A.M. File C.S. 15995. 
~ A.M. File S. 96290 , 
a 12,000 sq . yds.; the area for a 4,000 lb. H .C. bomb was 3,200 sq. yds. 
• A.M. File C.S. 9769 and M.A.P. File S.B. 39082/2. 
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quickli followed by a violent eruption of the surface. The height of tbis 
preliminary dome was regarded as a measure of the violence of detonation. 
M.A.E.E. were satisfied that this meth.od was possible and arranged experiments 
with delays of 0 ·05 and 0 · 1 second , which, from 20,000 feet , were calculated 
to give detonation at 35 to 55 feet. 

Dropping trials were organised by A . & A.E,E., fast running cinematograph 
cameras being used to record results. The trials took place on 19 aRd 
28 October 1944 in Lyme Bay, two bombs being dropped with 0 ·05 second 
and one with 0 · 14 second delay. The resulting film records were analysed 
by M.A.E.E. and by the Admiralty . They indicated that a cavity was caused 
by the passage of the bomb through the water which reduced the detonation 
shock wave to insignificance. There was evidence too that the bombs broke 
up near the surface and that detonation was incomplete. In the opinion of 
the Admiralty and M.A.E.E. , therefore, the bomb was unsuitable for attack of 
harbours. 

The 4,000 lb. H.C. bomb with increased charge/weight ratio 
In March 1944 the Static Detonation Committee investigated a proposal to 

increase the blast performance of the 4,000 lb. H .C. bomb by using a very 
thin steel or aluminium case, and their reports were very favourable. 1 In the 
matter of weight saving and increased performance it was estimated that the 
two alternatives woultl compare with the standard fs· inch case as follows :-

(a) ¼ inch steel case .. 

(b) ¼ inch aluminium 

Weight saved. 

400-500 lb. 

600 lb. 

Increase in area 
of demolition. 

25 per cent. 

30 per cent. 

As a result of these estimates, development o( both types was commenced in 
April but a decision regarding Air Staff requirements was deferred until static 
detonation and strength trials had been held. Suitable designs were prepared 
by C.E.A.D .. that for the steel case estimated to weigh 450 lb. with a charge/ 
weight ratio of 86 per cent., the aluminium case being 320 lb., charge/weight 
89 per cent., compared wit h the normal bomb of 887 lb. and 74 per cent. 2 

Experimental orders for twe lve aluminium and nine steel cases were placed. 

The doubtful factor in both types was the casing strength, and stringent trials 
were necessary. The testing equipment was held at R.A.E., at which establish­
ment the first test bomb (¼ inch steel) arrived by the end of June. The thin 
case was strengthened by a ¼ inch beam running the length of the bomb under 
the suspension lug and a central T-section ring, both welded inside the casing. 
This sample was tested on 6 July 1944, and the results showed that t11e casing 
was strong enough to comply with Lancaster flight factors. 

Similar trials with the first aluminium casing wer~ successful, but a further 
test under double loading (considered necessary on the cast portion) resulted 
in a fracture at the suspension lug, and re-design was necessary. Meanwhile 

1 A.M. File C.S. 22548. 
2 M.A.P . File S,B. 58981. 
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static detonation trials had been completed at Shoeburyness in September, and 
the results, analysed by the Static Detonation Committee, amply justified 
previous estimates as the following table shows :-1 

Weight, C/W Mean 
I Empty Lb. Ratio, Damage 

Case. Filling. per cent. Area. 
Ratio. 

-
Standard 

T.N.T. 
4,000 lb, H.C. Bomb R.D.X./ 880 3,000 78 100 

•Standard 4,000lb. H .C. Bomb, Mino! 2 . . 114• 

•standard 4,000 lb. H .C. Bomb, Amato! 59"' 
60/40. 

¼ inch steel case, R.D .X ./T.N.T, . . .. 476 3,091 87 124 

¼ i.ach steel case, Mino! 2 .. . . 3,099 87 140 

16i inch aluminium, R.D.X ./T.N.T. .. 322 3,050 90 145 

f, inch aluminiu m, Mino! 2 .. . . 3,057 90 l58 

These figures-were obtained using standard 4,000 lb. H.C. R.D.X./T.N.T. bombs 
as controls, the figures at * are mean results from previous trials. Such 
promise of improved performance led to an official Air Staff requirement early 
in October. 2 

The performance of the aluminium bomb was undoubtedly superior to that 
of the steel bomb-by some 12 to 16 per cent . Nevertheless, the prospects of 
production of the latter were at that time much more hopeful than of the former. 
Both were awaiting handling, rough usage and ballistic trials, but much more 
work in the development of the aluminium bomb was predicted : the cast parts 
had proved unsatisfactory and had to be replaced by others of different manu­
facture; the position of the centre of gravity was likely to be different from that 
of the steel bomb, and special weighting was probably required. Both bombs 
were to have been tested for American suspension,a but D.Ann.R. ru led that 
American type lugs were not a requirement. This ruling brought a protest 
from . D.Arm.D., who pointed out that by reciprocal arrangements made with 
U.S.A. in 1942 all bombs should have alternative American lugs, and the 
decision was amended : only bombs manufactured in America were to have 
twin lugs, and no further test would be necessary to assess the strength of the 
American lugs. 

By November handling trials had been completed at No. 21 Maintenance 
Unit. They indicated that protective fittings would be required for the 
aluminium but not for the steel bomb. It was by that time fairly obvious that 
·the development of a steel bomb would be completed. much earlier than the 
alwninium type, and, in a review of the position by D.Arm,D. it was decided 
that With Air Staff approval the steel bomb should be adopted immediately 
for manufacture both in the United Kingdom and the U.S.A., and that the 

1 A.R.D. Explosives Report No. 121 / '\4. 
ZM. A.P . File S.B. 58981. 
• The American practice was to suspend bombs from two points. 

186 



development of the aluminium bomb should continue wit11 a view to future 
introduction, which was unlikely to begin within the following six months. 
To these proposals D.Arm.R agreed . t 

From this point it will be convenient to follow the foi:tunes of the two types 
separately. I 

The l /8 inch steel case 
The dev lopment position oi the thin steel case bomb, distinguished as 

.Mark Vll , in December 1944 was that deformation trials at R.A.E. had been 
satisfactory : rough handling trials at Fauld had been completed, and no major 
manufacturing d ifficulty had been met; on the other hand, no ballistic trials 
had been completed, and the design of a suitable tail cone was st ill outstanding. 
It therefore seemed clear, assum ing that no ballistic difficulties would be met, 
to go ahead with arrangements for the change over from Mark 1V, the service 
t11ick case bomb, to Mark VU, the thin steel case bomh. 

The Equipment Branch, however, were reluctant to ask D.Arm.P. to organise 
an immediate change over, as the design of so many ancillary items was still 
outstanding. The product ion of Mark IV 4,000 lb. bombs was already 
insufficient to meet Bomber Command demands, and any break in production 
must be avoided. For instance the total production of Mark IV 4,000 lb . 
bombs in October and November from British and American sources had been 
eight thousand, whereas the expenditure had been twelve tb ousi nd. 2 

A meeting to discuss the change over took place at M.A.P. on '28 December 
1944 with the President of the Air Armament Board in the Chair , and on 
6 January 1945, D.Arm.P. was formally requested to arrange for the production 
of Mark 1V bombs to be changed over to Mark VII. 3 Three weeks later. 
D.Arm.P. had received the necessary drawings from C.E.A.D. (late C.S.D.) and 
passed them to the Contractors, but pointed out tti.at manufacture of the new 
bomb would not be so simple as that of the old. 4 

This opinion was confirmed by a report from A. & A.E.E. on the flying trials 
of an inert filled bomb. A bomb had been carried in a Lancaster for 8-1, hours, 
during which thn:e landings were made. 5 Examination revealed dent; at the 
carrier steady positions, accentuated by an air gap between the filling and the 
casing near these points. There were also some longitudinal distortion and it 
was recommended that interior strengthening plates should be fitted. C.E.A.D. 
was accordingly asked to amend the design, and at the ~ame time to include 
severaJ other manufacturing modifications which .had been suggested by the 
manufacturing firms. The new design was in fact never put into production. 

For some time there had been doubts about the strength of the bomb to 
withstand transit in goods trains, on ships and over rough roads. The U.S. 
authorities in fact declined to manufacture the bomb, as conditions of travel in 
America were stated to be much more severe than in Britain. The danger 
was said to be greater with a filling comprising alununium such as Minol. 
A like view was taken by the D irector of F illing Factories in the Ministry of 
Supply, who had urged stringent endurance and handlin11; tests and had reported 

1 M.A .P . File S.B. 58981, 
2 A.M. [,ile C.S. 22548. 
a M.A.P. File Res. Arm. 6l4l. 
1 A.M. File C.S, 22549 
5 A. & ,A. .E .E. Report A.T.O. G.27, 26 January 1945. 
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hfa views to the Ordnance Boal'd. 1 The Board asked D.Arm.D. for a full report 
on a1l stre~gth trials completed. A list of all trials was prepared, and a Confer­
ence arranged by D.Arm.D. at whi.ch the Ordnance Board, the Director of 
Filling Factories and various other Departments were reprnsented. 2 The stress 
trials completed by R.A.E . had been severe, flying trials mentioned above had 
revealed a weakness which could easily be remedied, stacking and handling 
trials with an empty bomb had revealed no seri()US weakness, and it appeared 
that the bomb could be accepted for use if it did not involve overseas shipment, 
for which protecting rings were recornrnended. 

At a Conference held on 5 April 1945 C.S.A.R. pointed out that although 
deformation of such a bomb might not be dangerous, a pointed object driven 
through the case might be so. It was agreed therefore that protective fittings 
would be necessary for all bombs for transit from the Contractor to the Opera­
tional Unit. This was accepted by D.F.F., who pointed out, however, that 
more labour in handling would be involved. The Ordnance Board undertook 
to complete still further rough handling trials. 

The discussion then went on to the Aluminium Bomb; it will be remembered 
that originally it had seemed that the production of a steel bomb would be a 
comparatively simple matter, whil a bomb 'in aluminium would be a lengthie r 
project. It now appeared that this premise was likely to be false and in view 
of the fact that the alu mini um bomb was more efficient, and that its production 
was not likely to be mote than two or three months behind that of the teel 
bomb, the meeting decided to recommend that work on the latter should be 
abandoned. The recommendation was forwarded to D.Arm.R ,, and on 16 May 
it was ag.reed by Air Staff (D.B. Ops.) that work on the steel bomb might cease 
in favou r of the aluminium bomb, now known as Mark VllI.3 

The aluminium bomb, Mark VIIl 
Twelve prototype alumill illm bombs had been constructed in June 1944; 

six were fired to test performance, and showed an improvement over the 
standard bomb of some 45 per cent. , 

By December C.E.A.D. had produced designs for the new bomb, and these 
were examined and discussed by representatives of all the manufacturing firms 
who made various proposals for their simplification. The 1'evised designs were 
forwarded to the makers in that month and by the end of January 1945 
C.E.A.D. had prepared notes on the assembly and testing of the p rototype bombs 
made by each of the manufacturing firms.4 The tests were principally con­
cerned with airtightness. There were, however, several other details which, in 
a new bomb case medium, such as aluminium, required special tests. Some 
method of assessing the mechanical efficiency of a bomb produced by any 
part icular maker was required : specifications to govern the acceptance of bombs 
had to be drawn up, the effects of age-hardening on the welds had to be 
examined. 

By July A.I.D. had completed a ser ies of tensile and bend tests, fo llowed by 
micrographic and X -ray examination of bombs fro'in each of the manufacturing 

1 N ote G.D.F.F, to Sec. O.B., 10 February 1945. 
~ O.B. Proc. 29571/45. 
3 A.M. File C.S. 22548. 
4 M.A.P. File Res. Arm. 6130. 
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finn:i, and had submitted a series of comprehensive reports. 1 These all revealed 
some faults in welding, which in some instances was described as of low standard. 
It wa.s, however, quite obvious that the technique of aluminium welding was 
far from established and that much research and investigation were still required. 
By the beginning of April C.E.A.D .. in conjunction with the manufacturing 
firms, had produced a draft specification for welding procedure. As in fact the 
bomb had not gone into general production, and in view of the need for further 
research into we)ding methods no final specification was drawn up. T he bomb 
was in fad still at the prototype stage at the end of the war. 

The effects of Jarge H.C. bombs against industrial buildings 
The following is a summary of the effectiveness of 4,000 lb., S,000 lb. aad 

12,000 lb. bombs against industrial buildings, being extracts from a Report 
by the Weapon Effectiveness Panel of the British Bombing Survey Unit. 2 

The full report covers a study of the effects of German bombs on British 
industrial buildings and ot British and American bombs on French and German 
industrial buildings. It re lat s to structura l damage, that is damage to roof 
trnsses, lattice girders and the like, suffic iently severe to cause the main structu re 
to be taken down for repairs or abandoned as unsafe. 

Data for the report are ob tained from three main sources. 3 Ministry of 
Home Security Research and Experiments Department, British Bombing 
Research Mission and United States Strategic Bombing urvey (Physical 
Damage Division). Mention is; made of two factors which. make it exceedingly 
difficult to obtain satisfactory measurement of weapon effectiveness against 
.industrial buildings, the first being variations in performance due to varying 
positions of bomb-hit. This has been borne in mind in the assessments by basing 
the results on the average of a large number of incidents over which the' lucky' 
and ' un lucky ' hits should balance. The second factor is the large variation 
in building construction, and, with this in mind, the report has sub-divided 
the types of buildings studied into five main classifications in an attempt to 
give a reasonably accurate assessment. 

It was concluded that against such targets the Mean Area of Effectiveness 
(M.A.E.) of large H.C. bombs is about 0-67 acre/short ton , with insufficient 
data to show any significant variation of M.A.E. against single storey buildings 
of differing constrnc tion. Corresponding figures for 500 lb. and 1,000 lb. bombs 
are 0 ·38 an.d 0 ·49 against re inforced concrete single storey buildings, and 
O · 20 and O -26 against all other types of single storey buildings. Large H.C. 
bombs are thus from 1 ·8 to 3·4 times and l ·4 to 2 ·6 times as effective per ton 
as 500 lb. and 1,000 lb. bombs respectively. 

The data on multi-storey buildings are not so complete as for single-storey 
buildings, b ut they suggest there is litt le difference per ton between H.C. bombs, 
which cause damage chiefly by blast from near misses, and SOO lb. and 1,000 lb. 
bombs which cause damage by confi ned blast from direct hits. The M.A.E. 
for both types of bombs in structural damage to multi-storey or reil1forced 
concrete framed bui ldings was about 0 · l.O acre/sl10rt t n. Whereas reinforced 
concrete construction behaves rather worse than ot l;!.er forms in single-storey 
jndustrial buildings, the reverse is the case with multi-storey framed 
cons truction . 

1 A.I.D. Test Reports Nos. C. 20129, C. 20130, C. 20320, C. 22529 and C. 20019. 
• B'.B.S.U. Report D.G . Arm. W.£.S./3507. 
3 See, Appendix 6 to D.G. Arm. W.E.S,/3507. 
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Scatter bombing 

CHAPTER 12 

CLUSTER PROJECTILES 

The possibility of bombing enemy aircraft in flight had been envisaged for 
many years, but no effort was made , in this country, to determine its efficacy. 
The Committee for the Scientific Survey of Air Defence, early in I 936, discussed 
the problems involved, the sighting problems were investigated and experimental 
work for the development and production o·f a small bomb was cornmenced. 1 

The bomb was to deto11ate on impact, and had a fuze, incorporated in the design, 
for ensuring detonation before the bomb reached the ground. The possibility 
of using a large bomb was also discussed, together with m ethods of detonating 
such a bomb approximately in the horizontal plane containing the enemy 
aircraft. Experiments on an acoustical method were being conducted at the 
Air Defence Experimental EstabJishment (A.D.E .E.). 

Early in 1937 the committee stated that no early application to the Royal 
Ail: Force could be expected, largely because the problem was more diffi.cult 
than anticipated, The design of bomb, fuze, bomb installation and bomb­
sighting were individually, solvable problems; the major complications arose 
from the choice of the type {)f aircraft to be used and from operational 
considerations. At that time tbe Royal Aircraft Establ ishment (R.A.E.) were 
considering a method of releasing a ' parcel ' of about ooe hundred 1 lb. bombs 
from an aircraft and of providing for arming and scatter when at a safe distance 
below the aircraft. The desig(l of a suitable bomb of about l lb. in weight 
which 'fOuld perforate a metal wing coverjog and also detonate inside, was 
being investigated. 

Development proceeded during the next year and early in 1939 the scatter 
bomb- known as the 'S ' bomb was in production. The bombs were made 
up into bundles of seventy-five- the bundJe opened five or six seconds after 
release and the bombs were made live at the sawe time. The self-destruction 
fuze operated after approximately seventeen seconds and it was hoped to be 
able to alter the delay times without necessjtating re-design after fuze. 2 

Development 1939- 1945 
During the early part of the Second Wo(]d War, development of this 'parcel 

of bombs' scheme continued, not with a view to bombing aircraft .in flight, 
but to make an aim.able weapon of the various types of explosives which had 
poor ballistics. Small bombs, such as small incendiary bombs, light case 
bombs, smoke bombs and numerous types of anti-personnel an<l fragmentation 
bombs were carried in the aircraft in the Small Bomb Container (S.B.C.) . 
This was a metal box into which the bombs could be loaded and released from 
the aircraft when reguired. The S.B.C. remained ~n the aircraft, and could 
be re-filled for further use. When the ntLmber of 4 lb. incendiary bombs used 
in 1943 was 30 million, it will be realised how much labour was involved in 
reload,ing the S.B.C.s, 

1 See Chapter 19 , 
• Bombing Sub-Committee Paper No. 13 oi March 1939. 
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The 'cluster projectile•, essentially the same as the R.A.E. ' bundle of 
bombs·, was developed as an improved method for the carriage of all types of 
small bombs. The bombs were made up into a single cluster using various 
metal components so that the cluster was approximately similar in shape to a 
round bomb of a bout the same weight. It was fitted with a fuze and tail, and 
was carried on a bom.b carrier in the usual way. When released, i t fell as a 
single bomb until, at some predetermined height above the ground, the operation 
of the fuze caused the release mechanism to operate, and the whole cluster 
disintegrated and the individual bombs fell freely. 

The advantages of the cluster projectile over the S.B.C. were stated as:-

(a) Greater accuracy of aim was possible with the cluster which had a high 
terminal velpcity, in most cases greater than that of the inclividual 
small bombs. T his was of great importance when it was necessary 
to drop P1ixed loads, such as H.E. and incencliary, on the same target. 

(b) Small bombs left the S.B.C. in a shower, and there was a danger that 
aircraft flying at a lower level may be hit. As a cluster, a large 
number of bombs were dropped as a single unit until well clear of 
other aircraft. 

(c) Bombs from a cluster scattered over a smaller ground area t han t110se 
dropped from the S.B.C. when released from the same height. 

(d) Clusters could be carried externally on high speed fighter-bomber 
aircraft. This applied particularly to clusters of anti-personnel 
bombs which were released from Typhoon aircraft in dive-bombing 
attacks. 

(e) The making up of clusters was carried out a t the filling factory, therefore 
saving a great deal of time and effor t on the operational station, 
where formerly t he armament personnel carried out the filling and 
maintenance of the S.B.C. 

Two types of clusters were cleveloped. Tl1e first referred to as the ' bundled ' 
type was later superseded by the ' nose ejection · type. Both were designed 
in 350 lb., 500 lb., and 1,000 lb. s izes so that it was possible to build up maximum 
loads on clifferent types of aircraft. 

The ' bundled ' cluster 
The small bombs were bound together to form a cluster which was approxi­

mately cylindrical in shape, the dimensions depended on numerous factors, 
!\UCh as shape, size and quantity of individual bombs; the available stowage • space and the ballistic qualities of the finished product. A number of metal 
components were used to give rigidity and strength to the cluster and provided 
a means of disintegration at the pre-determined height above the ground. 
Essentially these components comprised the top and bottom beams, front and 
rear end plates, a number of thin metal straps and the release mechanism, 
The top beam carried the suspension lugs, crutch pads and part of the release 
mechanism the rest of which was locat~d on the rear e~d plate. The bombs 
and cluster 1;omponents were held together by a number of circumferen tial 
metal straps, attached to the top beam by the quick release mechanism, and 
provided with small springs which ensured that they flew clear on disintegration 
of the cluster. T he straps were provided with tensioning bolts. 
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A bluff nose and a tail were normally fitted to each cluster. In addition 
some clusters were fitted with a number of fairings which improved the ballistics 
and gave some protection to the bombs inside. 'vVhen required for external 
carriage on fighter-bombers, the bluff nose was easily removed and replaced by 
a streamlined nose fairing. A fuze of the barometric or pyrotechnic type was 
used to determine the height at which the cluster disintegrated . . \i\1hen released_ 
from the aircraft the cluster fell as a single bomb until the fuze functioned, 
the height at which this took place being determined by the initial s~tting of 
the barometric Juze or the type of capsule used jn the pyrotechnic fuze. In both 
cases the explosion of the magazine depressed a piston in the fuze holder, which 
withdrew the release rod from the buckles on the straps, so allowing th,e latter 
to spring off and the whole cluster disintegrate. The small bombs then fell 
individually, their own fuzes arming on release or in flight, and functioning on 
impact. 

The ' nose ejection ' cluster 
This cluster was considered to be a dis tinct improvement on the bundled type. 

It was more robust, and could therefore be handled with greater ease, whilst 
at the same time. provided greater protection to the bombs which it contained. 
Its ballistic proper ties were improved by being cleaner in design and the smaller 
number of components made manufacture and assembly easier. Also within 
certain limits, one set of components could accommodate different types of 
small bombs which gave greater measure of interchangeability than with the 
bundled type. 

The nose ejection cluster consisted oi a steel cylinder which was closed at 
one end by an end plate welded into position. ~his pl,ate incorporated a fuze 
hoJder and a pocket for a burster charge. The small bombs were packed into 
this cylinder between two circular steel plates and a number of steel rods or 
·channel members were provided to act as distance pieces between these plates. 
A heavy cast-iron nose closed the cylinder, bejng held in place by means of a 
number of shear bolts. 

Normally the small bombs could be packed jnto the cylinder without the use 
of retaining straps, but when clustering the 4 lb. incendiary bomb, where it 
was necessary to ensure that the safety plungers were depressed, the bombs 
were bound together by a number of thin metal bands. A knife attachment 
was then provided to sever these bands as the cluster disintegrated. Suspension 
lugs were welded on fo the cylinder to enable the. cluster to be carried on either 
British or American aircraft. A tail unit was provided, which could be quickly 
attached when the burster charge and fuze had been inserted in the fuze pocket,. 

When released from the aircraft, the cluster fell as a single bomb until the 
fuze operated. The burster charge then exerted a force on the rear circular 
plate-referred to as the pressure plate-which was transmitted by the distance 
rods to the front plate and then to the nose cap. The nose cap retaining bolts 
were sheared and since the nose cap was free the contents were ejected at the 
the nose end, the thin metal band retaining th~ 4 lb. incendiary ·bombs being 
cut as the contents were eject'ed. As in the case of the bundled cluster, the 
individual bombs fell freely, their fuzes arming on release on in flight, and 
functioned on impact. The clustering programme was a large one : towards 
the end of the war thirty-four classes of clusters were envisaged, 
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CHAPTER 13 

THE WALLIS BOl\18S 

12,000 lb. (' TALLBOY') 
22,000 lb. (' GRAND SLAM ') 

The original conception of large deep penet,:ation bombs 
Between July 1940 and March 1941 Mr. B. N. Wallis of Messrs. Vickers 

Armstrong Ltd. (Aircraft) wrote a paper which he called ' A Note on a Method 
of Attacking the Axis Powers '. This paper, comprising some SO pages with a 
further 50 pages of Appendices, was the work of a mathematician, and, to quote 
the author, was com piled 'in view of the large number of objections to a bomb 
of this size which have been raised by many of the people to whom I have 
described the idea, it seemed to me essential that I should do enough work on 
the bomb side of the propo$al either :-

(a) to convince myself that I had been m istaken ~n my original conception, 
or 

(b) to show that the idea had sound foundations.' 
The ' original conception ' referred to was a very large bomb- of the order of 
ten tons, and a suitable long-range aircraft to carry it, as the answer to ' the 
terrible • stalemate of modem warfare. 

At first he was only concerned with the design of a very large aircraft for 
such a bomb, then, writing to Air Marshal Tedder at the Ministry of Aircraft 
Production on 4 October 1940, the quoted passage regarding objections occurred, 
and the letter went on to report on progress then made with the design of a 
ten ton bomb, and the scope of his investigations into the matter. Briefly, he 
had consulted various authorities both in Industry and in Government depart­
ments on the following :-

(a) The design, mahufacture, and filling of the bomb casing. 
(b) The destructive power of bombs in general, and with particular reference 

to special targets. 
(c) The baUistics of high altitude bombing. 

Mr. Wallis and his helpers carried on with the investigation without further 
reference to the Air Ministry or M.A.P. until the work was completed and a 
copy of the paper sent to A.C.A.S. (TR) on 13 March 1941.1 

Mr. Wallis' theory was founded on three axioms:-
(a) Modem warfare is entirely dependent on industry. 
(b) Industry is dependent on adequate supplies of power. 
(c) Power is dependent upon the availability of natural stores of energy 

such as coal, oil and water. 
By logical argument, based on a mathematical foundation and substantiated 

by practical observation, Mr. Wallis was led to the conclusion that the destruc­
tion of the targets enumerated in his third axiom demanded a new technique 

1 Thls paper is a classic of its kind and a very brief precis of the main arguments is at 
Appendix No. 7. 

193 



jn bomb attack; involving two departures from th,e nom1al practice. These 
were, in short, the employment of far larger bombs than had hitherto been 
contemplated and the utilization of the pressure wave set up by the detonation 
in the surrounding medium to destroy the target, instead of relying on surface 
destruction by a direct hit. 

As the great targets which demand attack were, fortunately, all situated on 
U1e earth, buried under the earth, or in intimate contact with water, Wallis 
could formulate his 'new theory of bombing:-

, To attack these targets successfully it is necessary to inject the largest 
possible charge to the greatest possible depth in the medium (earth or 
water) that surrounds or is in contact with the target.' 

Careful and reasoned argument then led the author to the practical conclusion 
that a bomb of ten tons and with sound ballistic properties, released from 
40,000 feet would fulfil his requirements. The word practical has been delib­
erately used for although no bomb of this weight had then been designed, 
nor had any aircraft capable of carrying it to this height, and with a. range to 
reach targets in Germany, been produced or even contemplated, there was no 
practical reason why such a born band such an aircraft should not be constructed. 
In the outcome the bomb did indeed materialise but not the aircraft. The 
Wallis theory was never put into practice and although his earth shock bombs 
proved effective as ordinary bombs capable of moderate penetration into most 
materials, the eventual height limitation of 18,000 feet prevented their use in 
the specialised role for which they were designed, 

Moreover, one of the specific targets. in Mr. Wallis' catalogue was the modern 
gravity dam, such as is used for the conservation of vast water power in 
Germany, particularly the Mobne Dam, whose destruction in 1943 was to stir 
the world. Although this destruction was wrought not by the original ten ton 
bomb, but by a weapon specially designed for the purpose, the Wallis theory 
was equally applicable, and indeed a great part of Mr. Wallis' paper is devoted 
to the destruction of various fonns of dam. In the result this paper also led 
t o the developmen.t of bombs known as ' Tallb9y' and ' Grand Slam ' which 
were destined to play an all-important part in the destruction of U-boat shelters 
and concrete emplacements for the launching of flying bomb.sand rockets. 

Mr. Wallis' paper was considered by a special Committee under the 
Chairmanship of Sir Henry Tizard, Scientific Adviser to the Chief of Air Staff. 
This Committee of scientists and Tepresentatives of both the Air Council and 
M.A.P. concluded that there was 'something in the idea', and accepted the 
theory of deep penetration followed by earth shock as a disruptive of enormous 
power, as sound. The subject was referred to C.R.D. (Air Marshal Linnell) for 
consideration who in turn asked for opinions from D.S.R. (Dr. Pye). His con­
sidered view was that there was: 'no case on scientific grounds in favour of 
a bomb larger than could be carried on existing aeroplanes. Even if it cannot 
be established that a ten ton bomb would be l~ss effective than an equal load 
of, say, two ton bombs, there is at any rate no case for embarking upon the 
large amount of effort involved in order to make possible a form of attack of 
which the effectiveness, 011 present estimates, will be less than that with weights 
of.bombs which can be caffied '. This opinion, allied to the fact there was no 
a ircraft capable of carrying such a bomb, led to the recommendation by C.R.D. 
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to the Air Staff that no development of the 10 ton bomb should take place, 
and the project so far as the Air Ministry was concerned was for the time being, 
abandoned. 

In 1943 the attack and destruction of certain large concrete targets became 
increasingly important. No effective bomb existed for this task and as a result 
Mr. Wallis' deep penetration theory came up for reconsideration in that year. 

Tallboy and Grand-Slam. Development and production 
Before taking up the story of bow these ·bombs were eventually produced 

and used it is necessary to emphasise one or two facts concerning the ' deep 
penetration • bombs generally :-

(a) Three sizes were produced: 22,000 lb., 12,000 lb. and 4,000 Lb. , but 
· the smallest was only a functioning and ballistic trial model, it was 

never intended for operational use. 
(b) Although the 12,000 lb. size preceded thw 22,000 lb. bomb in use, it 

was not the forerunner in design of the larger bomb, but in fact a 
scaled-down version of it. 

(c) The original' deep penetration ' bomb in invention and design remained 
the 22,000 lb. or 10 ton bomb originally advocated by Mr. Wallis. 
The use of the 12,000 lb. size before the larger arose because of a 
special operational requirement in 1943 when there was still no 
aircraft capable of taking the 22,000 lb. bomb. 

At a meeting of the Air Staff held at Air M:inistry on 8 June 1943 to discuss 
certain operations, a request was made by the A.O.C. No. 5 Group, Bomber 
Command, that the possibilities of the deep penetration bomb suggested by 
Mr. Wallis should be investigated. Mr. Wallis-also present- agreed to 
produce a report on the estimated penetration and effect of the bomb if released 
from 22,000 feet, and the Director of Bomber Operations (D.B. Ops.) undertook 
to investigate the possibilities of the weapon on receipt of Mr. Wallis' report 1 

One of the targets for future operations was the Rothensee Ship-Lift, a 
massive structure in Western Germany forming a vital junction between river 
and canal transport services. Mr. Wallis' report, sent to D.B. Ops. on 26 June 
1943, gave an exposition of the possibilities of penetration bombing on such 
targets, and he suggested a 12,000 lb. bomb-probably because he knew there 
was no airci:a!t capable of carrying a larger size. z He added that Messrs. Vickers 
then had a casjng for a 4,000 lb. bomb at Weybridge. D.B. Ops. felt that 
the chances of obtaining a hit or sufficiently near miss to obtain the effect 
estimated by Mr. Wallis were slight, but nevertheless thought there was j ustifi.ca­
tion for further examining the project, and he took tfie ma:tter lip with the 
Assistant Chief of Air Staff (T.R.) and the Ministry of Aircraft Production. 

On 30 June Bomber Command informed Air Ministry (A.C.A.S. (Ops.) ) that 
after consuttation with Mr. Wallis they were of the opinion that neither the 
proposed bomb nor the heavy bombs then in service wou.ld produce a satis­
factory result in an attack on the Rothensee Ship-Lift. The letter went on to 
describe the Command's version of a practical way oi neutralising that target, 
chiefly by the use of special deep penetration bombs dropped from 22,000 feet 
and falling within an area of 195 yards by 140 yards ol any one ?f the main 

1 A.M. File C.M.S. 80. 
2 See Appendix No. 8. 
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shafts carrying the lift mechanism. In support oi these conclusions the 
Command requested immediate Air Staff authority for the design and production 
of such a bomb. 

Following this request a meeting was held by D.B. Ops. on l July, a-t which 
it was agreed that Air Staff approval should be given for the production of 
twelve 4,000 lb. models for ballistic and detonation trials a11d the development 
of the 12,000 lb. bomb. 1 Mr. Wallis estimated that if adequate priority was 
given production of the latter would be achieved py the following September 
at the rate of some 40 bombs per week. 

The official requirement for the models and sixty I 2,000 lb bombs was given 
by A.C.A.S.(T.R.) on 18 Jt.1\y to the Controller of Research and Development 
M.A.P., and mentioned that the bombs were primarily required for the attack 
and destruction of the Ship-Lift target within the next two months ot' so, but 
would also be considered for other objectives later on. 2 The immediate result 
of this authority was an order from M.A.P. to Messrs. Vickers, Ltd., not only 
for the trial models but for one hundred 12,000 lb. and 22,000 lb. bombs. This 
decision was mado by the Chief Executive M.A.P., Sir Wilfred Freeman, and 
had the support of the Minister, Sir Stafford Cripps, and the fact that it involved 
production of the larger bomb should be remembered later in this account. The 
code name 'Tallboy ' was allotted as a preliminary for all sizes of bomb. 3 

By the end of July the opposing interests of Air Staff and M.A. P. for the two 
operational sizes of bomb was ,causing confusion. Messrs. Vickers, Ltd., were 
making the twelve models (known as Tallboy (S) ) , the English Steel Corporation, 
Sheffield, were engaged on production .of the 22,000 lb. bomb (Tallboy (L) ) 
already designed by Mr. Wallis, but design work only was being done on the 
12,000 lb. bomb (Tallboy (M) ). This was certainly not in accordance with 
Air Staff requirements, and the Deputy Director of Armament Development 
(Bombs) requested C.R.D. to obtain a ruling as to the priority for p.roduction 
of either of the two types of operational bomb. In the reference quoted he 
wrote, 'The Bomber Command requirement for a 12,000 lb. deep penetration 
bomb will very seriously affect the development and production of the 22,000 lb. 
bomb which has been %rreed upon at Minjsteria.l level but about which the 
Air Staff appear to know very little.' D.D.Arm.D.(B) went on to say that he 
had consulted Mr. Wallis about the Sheffield Steel Corporation producing both 
sizes of bomb, who gave the emphatic opinion that de;velopment of the one would 
seriously affect that of the other, and in fact the two could not be produced at 
the same time with the resoutces then available. 

However, the matter of either or both types being produced was taken up 
between Air Staff and M;.A.P., figures quoted by the latter on 2 September being 
as follows :-

((') Tallboy (M) only-a total of thirty•two bombs by the end of December 
1943, and thereafter at the rate of nine per week. 

(b) Tallboy (L) on,ly..:._as above. 

(c) Both types-sixteen of each by the same,. time and thereafter at the 
rate of four and a haJf per week. 

1, l).M. File C.M.S. 80. 
2 A.M. File C. 26698. 
3 M. of S. File S.B. 50904. 
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The Deputy Chief of Air Staff considered the M.A.P. reports on production, 
and on 25 September he recommended to the Chief of Air Staff that there was 
no justification for proceeding with the larger bomb. 1 The reasons were briefly 
as follows :-

(a) To carry Tallboy (L) a specialised aircraft was required which would 
not be of use for other purposes as it would only have an operational 
range of about 140 miles. The aircraft ceiling was likely to be below 
20,000 feet ; this would prevent full bomb penetration being obtained. 

(b) It was proposed that the bomb should be used against the concrete 
emplacements in the Pas de Calais. 2 There was no precise info:rmation 
about such targets at this time, and in fact there was no evidence to 
suggest ·that · Tallboy ' bombs of any sort were required for the 
attack of such targets. 

(c} There was no other target likely to be within the range of a specialised 
aircraft which would require attack by such a bomb. 

(d) As the scaled down model Tallboy (S) had not been tried, there was no 
practical information as to the results to be expected from Tallboy (M). 
T his bomb could, however, be carried on a standard Lancaster 
without much modification, and should it be found effective it would 
be far .more economical to use a l~rge number of that size against the 
concrete emplacements mentioned. 

(e) In view of the large production effort needed for ' Tallboy ' which could 
only be obtained at the ex.pense of other urgent requirements it 
seemed logical to go for the {M) size, which might produce ttie result 
required, and then later, if the need arose, to order the larger bomb. 

These recommendations were supported by C.A.S., who in tum received the 
approval of the Prime Minister, and the decision to stop work on Tallboy (L) 
was communicated to the Chief Executive M .A..P. on 30 September.3 This 
shelving of the development of the large bomb proved to be only temporary, 
but until its re-introduction as ' Grand Slam' this account will deal only with 
the progress made with Tallboy (M). 

Development of Tallboy (M) to meet Air Staff requirements 
While the policy of Tallboy (L) or ,(M) was being discussed, Sir Wilfred Freeman 

had been in touch with Sir Richard Fairey on the British Air Commission in 
America concerning the manufacture of Tallboy (M) in that country. The 
outcome was that early -in September Sir Richard Fairey signalled that he had 
found productioo capacity at the rate of two per day. 4 Because of the known 
small facilities in this country the Chief Executive immediately placed an order 
for 100 and requested V.C.A.S. to obtain on hig11 level all the priority the U.S.A. 
could possibly give for manufacture. This help was readily promised by 
Genera,l Arnold in the U.S.A. following a request by C.A.S. through General 
Eaker, Commanding the 8th U.S. Air Force in this country. On 23 October 
1943 the order was increased to 125 bombs, and thi!! too was accepted by the 
U.S.A. authorities on the same priority. 

1 A.M. File C. 26698. 
~ ' V • Weapon Site. 
" A.C.A.S.(T.R.) Folder B.4/4; 30 September 1943, and M. of S. File S.B. 50904. 
• D.C.A.S. Folder R/4A, 14 September 1943, and 5 October 1943. . 
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By the beginning of October 1943 the number of Tallboy (M) bombs on 
order was 325; this included the 125 from U.S.A.1 and 200 in this country, the 
latter .figures being that originally ordered by M.A.P. except that the contract 
for Tallboy (L) was cancelled and the production capacity thus released was 
turned over to the same quantity of the smaller bomb. 

Meanwhile trials wjth 2 inoh models sup'piied by Messrs. Vickers were being 
made by the Home Office Department of Scientific and Industrial Research. 
The first series was completed in August, the investigation being made to 
examine depth of penetration into natural chalk at a striking velocity of 
1,100 feet per second, and the damage to the bomb. The ' bombs ' were of 
high tensile steel filled with n,apthalene to represent H.E. and were fired from a 
2 inch mortar. The results showed that the maximum theoretical penetration 
to be ei,.,-pected from a 12,000 lb. bomb was 75 feet, and that little or no damage 
to the bomb case might be expected. In practice, of course, such a depth 
would not be achieved as the path of a bomb through earth or chalk is seldom 
a continuation of its air path~ it may indeed have a large horizontal travel. 

A secolld report was issued in October giving details of penetration into clay . 
It showed that a depth of 150 feet could in theory be expected for the actuar 
bomb, with some less depth in practice, and again no serious damage to bomb 
cases was recorded. 2 

A third report appeared in March 1944 and described experiments for firing 
small scale models at slabs of concrete representing an actual thickness of 
1,3 feet and 20 feet of both plain and reinforced concrete. Inert models 
perforated the 13 foot plain slab. but just failed to do so in the reinforced 
concrete ; neither of the 20 foot slabs were perforated, no damage resulted to 
cases. H .E. models were then, detonated in the positions they had reached in 
the 20 foot slabs, the charge representing a full scale -filling of 5,000 lb., and in 
this case perforated the plain concrete but only bulged the reinforced. From 
these experiments it was argued that if the model law could be assumed to 
hold over such a wide scale the 12,000 lb. Tallboy striking at 1,070 feet per se~ond 
at normal angle would perforate. a 13 foot slab of plain concrete, but not one of 
that thickness with top reinforcement : it would not perforate 20 feet of any 
concrete. 

These model experiments, carried out with great care by the D epartment of 
Scientific and Industrial Research , although of great value could only serve to 
indicate what might be expected from the full size bomb; more convincing 
information was to be expected from tests with the 4,000 lb. model. A limited 
n1,1mber· of this larger model (Tallboy (S) ) were constructed in forged steel, 
although some later bombs were cast, so as to be truly representative of the 
full size bomb. It was the intention to use Tallboy (S) for installation and 
ballistic tests, for detonation trials, and for aiming- practice. 

Installation, flight, and preliminary dropping trials of the 'S' bomb were 
completed by 8 November 1943 and were generally successful; the dropping 
he1ght was 5,000 feet and the bombs appeared to be stable. Early ballistic 
trials were unfortunately not so successful. An attempt was made on 
8 November to release two bombs from 22,000 feet,"but one fell after a delay of 
S.-seconds and the other after a delay of 5 minutes. The failures were attributed 
to icing, as conditions were severe and the release slips fully exposed. In later 

1 M. of S. File S.B. 50904. 
: A.M. File C. 26698. 
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trials the slips were enclosed in canvas bags and great care taken to prevent any 
distortion: during loading. Two further releases on 4 December were successful, 
hut the recording camera failed. Much trouble was experienced with loading 
winches, and a complete new set was made by Messrs. Vickers. There was 
still no evidence other than visual .to prove that the bomb was stable, and 
further releases wer:e made from heights of 20,000 and 22,000 feet at Crichel 
Down Range which gave definite signs of instability. In one instance a tail 
was fractured in the air and was found at a distance of some 500 yards from the 
point of impact of the bomb. It was thus evident that the bomb in its present 
form would be useless for the accurate bombing which the Wallis theory 
demanded. 1 

On 28 January 1944 a meeting was held with D.D.Arm,D(B) in the chair and 
Mr. Wallis and various ballistic experts from M.A.P. in attendance. Examina­
tion of the bombs had shown surface frregularities which might have caused 
instability, and various suggested remedies were discussed, among them the 
addition of a drum tail, and off-setting the tail vanes to cause the bomb to spin. 
Wind tunnel tests with model bombs were arranged, and in February Mr. Wallis 
visited the Aerodynamics Department of the National Physical Laboratory and 
discussed the aerodynamics of Tallboy at length with members of that depart­
ment. It was concluded that there was nothing wrong with the design of the 
bomb in its present form, and that the instability was probably due to its 
velocity which approached that of sound, a condition known to cause instability 
in projectiles. It was agreed that spinning was probably the most hopeful 
remedy, and that the most profitable experiment would be one made with a 
fu ll size spinning bomb. 2 

Meanwhile a second investigation was set in train to discover if possible the 
reason why bombs released from 22,000 feet had broken on impact during the 
A. and A.E.E. dropping tests. Two theories to account for the failure were 
advanced at a second meeting at Messrs. Vickers Armstrong on 13 February. 
which was attended by Mr. Early, an explosives expert of the Research Depart­
ment, Woolwich :-

(a) The effect of movement of the filling on impact or on any violent turning 
motion which might be imparted to the bomb during its travel 
through the earth ; and 

(6) Faults in casting or heat treatment, or in the composition of the steel. 
It was noted fhat a forged bomb, dropped on the initial Orfordness 
trials, had not fractured. 

Mr. Early suggested that a shock absorber or buffer of elastic material such 
as woodmeal and wax should be added to the filling at the base of the bomb ; 
the director of Machine Tools at the Ministry of Production proposed the casting 
of six bombs in Hykro8 for tests comparative with the bomb already produced in 
pearlitic manganese steel. These castings were completed by the end of 
February and to hasten test results, Mr. Wallis arranged for the construction of 
a catapult for the trial of both modifications. 

While experiments with the 'S · type were going. on. development of the 
' M ' bomb had not been delayed. The ' S ' trials had given some valuable 
ballistic information and had shown the necessity for spin to maintain stability, 

1 M'. of$. File S.B. 50904/2. 
~ )VI. of S. File S.B. 50904/3. 
3 Three per cent. chrortie molybdenum steel. 
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and for modification to the filling by the addition of a woodmeal shoe~· absorber. 
Before commencing on the details of the type ' M' development, it is necessary 
to summarise the general position in the autumn of 1943 so far as the metal­
lurgical problem was concerned. 

The organisation behind the development 0£ the bomb is of the greatest 
interest and may well serve as a model for the quick and efficient production of 
an important weapon. At such a time, the particular type and personality of 
individuals concerned not only with the actual production of the bomb, but also 
with the negotiations for its production between the Air Staff who require it, 
the Ministry of ,Aircraft Production, who arc responsible for obtaining it, the 
designer, and the various firms who do the actual work, are of the greatest 
influence in furthering or delaying the progress of -production. In the case of 
the Wallis bombs the 'team ' behind its development and manufacture was 
happily chosen. There was, first of all, Sir Wilfred Freeman, Chief Executive of 
the Ministry of Aircraft Production, in a position to make decisions of far 
reaching importance without long and tedious negotiation with 'higher 
authority'; then the designer, Mr. Wa1Jis, who had the untiring support of his 
chief, Sir Charles Craven, head of Vickers Armstrong, Ltd., and Mr. H. H. Burton, 
of the English Steel Corporation, a metallurgist of repute. In the Ministry of 
Aircraft Production were Mr. A. H. Hird, Director of Machine Tools, an official 
of Messrs. Vickers Armstrong who had been lent to the Ministry, and as 
D.D.Arm.D. (Bombs), Group Captain Wynter Morgan, an officer of wide 
armament experience, able not only to mix well with the various members of 
civilian firms involved, but also to express and maintain the Service point of 
view when necessary. With such a body of men, among whom decision could 
be taken as a result of a telephone call or a short meeting, without much of the 
slow-moving routine of government business, the development of these and . 
other bombs of Wallis design was smooth and rapid. In the words of one 
member : ' It would be true to say that the whole negotiations were carried 
out much in the same way as would occur in industry among a group of 
individuals who trusted one another.' 

Due largely to Sir Wilfred Freeman, Mr. Hird was given a free hand 
in the development of both Tallboy and later Grand Slam (th.e ten ton bomb), 
and with his own personal knowledge of industrial problems, and the easy 
accessibility of the designer (Wallis) and the metallurgical expert (Burton), he 
was able to carry through the whole project with l ittle friction and few 
unnecessary formalities. The first problem which faced Mr. Hird was the lack 
of forging and machining facilities for- a bomb of this size. There was in fact 
no capacity in the country at that time to produce such bombs in co.nsiderable 
numbers. without undue interference with other and often equally important 
war products. To produce the best bomb casing it was advisable to use the 
forging method known as' piercing and drawing,' in which, briefly, a plunger is 
forced into the back of the ingot to produce the cavity in rough shape ; the 
body is then drawn out either by pushing the bomb and plunger through a 
series of dies, or by hollow forging. Both these methods required large presses, 
and such presses for the first method did not even exist, and for the second were 
already fully employed. The forging method had thus to be abandoned and 
the bombs made as castings. This was only the beginning of manufacturing 
diluculties, the next being the heat treatment of the casting to give it the 
necessary hardness and toughness to withstand impact without fracture or 
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collapse. The most satisfactory method of heat treatment was by oil hardening 
and tempering, but only one or two finns in the country had the necessary plant, 
which even then would have to be modiiied for bombs of such a size; this 
method had perforce to be abandoned in favour of the simpler process of air 
hardening and tempering. 

The composition of the steel used was also a problem in itself. One of the 
firms engaged in the work was unable to make bomb castings in fully alloyed 
steel, but had much experience in the making of pearlitic manganese steel, 
which they used successfully for the manufacture of normal G.P. bombs. This 
was not, however, in the opinion of an informal committee, the best type of 
alloy steel to suffer the heat treatment ava ilable. This Committee, set up at 
the instigation of Mr. Hird, drew its members from Messrs. Firth Brown, the 
English Steel Corporation, Clyde Alloys, David Brown, and Hadfields. The 
last named -firm was already folly occupied with Admiralty work, but in view of 
their great experience in the manufacture of projectiles, were invited, and 
consented, to take part in the discussions and give their advice. The Chairman 
of the Committee, which was in fact an informal body, was Mr. Burton, and it 
was he who from his long experience as a metallurgist, laid down the composition 
limits and methods of heat treatment for the guidance of the firms engaged 
in the work. 

As has been explained, two types of steel were used : pearlitic manganese 
steel by Messrs. Firth Brown and 3 per cent. chrome molybdenum steel 1 by the 
remaining firms. The main difference between these steels was that the latter 
had a much higher yield point, and this reduced the tendency of the bomb to 
fold up on impact. Tests made by Mr. Wallis, by catapulting models against 
concrete targets showed the bomb with the high yield point to be superior 
against a resistant target. On the other hand the demand for output was so 
great that, to eliminate Messrs. Firth Brown' s product would have meant an 
impossible sacrifice : accordingly both types of bomb cont inued to be ma.nu­
factured throughout the war, although the chrome molybdenum type was in 
the majority.2 

The position of Tallboy (M) casings by the end of 1943 was as follows :-
Of the total order fo r 325 (200 U.K., 125 U.S.A.) abou t ten were completed 

in this country and were being machined ready for filling ; production of 
the total being estimated for completion by May 1944, with a machining 
capacity for fifty per month. 3 1n the U.S.A . manufacture was well in 
hand with an estimated rate of production of one finished machined cast ing 
per day. 

Although finished bombs began to be available for filling in January 1944, 
unsuccessful trials with the (S) type model (described earlier in this chapter) 
had shown that fracture on impact was probable, and that an improvement in 
stability was necessary. The possible remedies for these troubles had been 
suggested at roeetio.gs held at the firm 's works on 28 January and 13 February, 
and the problem was again discussed at a meet ing convened by D.D.Arm.D. (B.) 
on 2 March 1944, at which it was explained that µreduction filling could not 
proceed until the nature of the buffer had been decided upon . D.D.Arm.D. (B.) 

1 'Hykro' . 
• The foregoing unreferenced account o( early development is derived from information 

supplied by Mr. B urton. 
~ M. oi S. File S.B. 50904/3. 
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mentioned that operatiooal use of Tallboy (M.) was envjsaged for the following 
month and a programme of trials at the Aircraft and Armament Experimental 
Establishment was planned to commence as soon as filled bombs, including the 
suggested improvements, were ready. 

By the end of March successful installation trials of a Tallboy · M ' in a 
Lancaster had been concluded, and a tentative set of loading instructions 
prepared by A. & A.E.E. Following this, an inert filled bomb with off-set fins 
was successfully released from 16,000 feet and although there was visual 
evidence of instability, this was not nearly so marked as that ah:eady observed 
in the 4,000 lb. model with non-spin .fins. Although no time had been lost in 
the production of the bombs, the original hope of Bomber Command and the 
Air Staff, that some would be ready for operations in January had been un­
fulfilled, and seemed likely to remain so until the problem of stability had been 
solved. On the other hand to provide Bomber Command with any other than 
a s table bomb would have been folly; the larger the bomb, the greater the need 
for accuracy of bombing. It was therefore necessary to establish at once the 
success of the off-set fin , and to this end urgent trials were organised at the 
Ballistic r ange at Orfordness using five ' S ' type bombs with fins set to impart 
a spin ; to the exclusion of all other current ballistic work. y the middle 
of April, these trials had not been completed , trouble having been experienced 
.in releasing the bombs from the aircraft. The need for the bomb in operations 
was then becoming imperative, and in view of the comparative success of the 
single full-scale bomb released from 16,000 feet at Crichel Down by A. & A.E.E., 
and subsequently recovered intact, D.Arm.D. decided that live trials with the 
operational bomb coutd no longer be delayed, and should not await the 
Orfordness ballistic results. Accordingly in April two live bombs wer dropped 
by. A. & A.E.E. at the Ashley Walk bombing range in the New Forest wi•th 
highly satisfactory results. 1 

For this trial three tail pistols No. 58 were fitted in each bomb, these being 
modified standard No. 30 pistols. 2 The modification consisted principally in 
removing the air arming device and substituting a star washer which held the 
striker from the detonator until impact. The striker and detonator were of 
the sensitive type-a sharp striker piercing a fulminate cap-now almost 
invariably used in modem bombs. The delay was 11 seconds, obtained from a 
standard No. 55 detonator, the filling was Torpex, height of release 18,000 feet 
and the airspeed 169 m.p.h. Each was :fitted with a modified tail with off-set 
vanes to cause spinn ing. Both bombs were stable U1roughout their fall­
approximately 36 · 5 seconds. 

With the conclusion of U1is trial, the development of the bomb could be 
considered as complete, although more ballistic trials with the small 4,000 lb. 
model were st ill outstanding, and tests of the full size bomb against the Ministry 
of Home Security building target at Ashley Walk were thought advisable. 
It will be observed that the bombs so far released had not substantiated the 
' earth shock ' theory of Mr. Wallis : the craters though relatively shallow 
were not negligible : moreover the restriction in height to LS,000 feet imposed 
by the performance of the Lancaster prevented the full depth of penetration 
required by Mr. Wallis to support his theory. On the other hand the theoi:y 
was by no means disproved, for none of the conditions of size and height of 
release required by the inventor had been fulfilled. 

1 M. of S. File S.B. 50904/4. 
2 See Chapter 15. 
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The Ashley Walk trials were concluded towards the end of April. Six bombs 
were dropped from 18,000 feet but in this case short delays of O ·05 and O ·025 
seconds were used. The average depth of crater with- the first delay was 
14 feet and with the second 19 feet. For a bomb of this siz.e, these craters 
appeared unduly small and the results were discussed at M.A.P. by Group 
Captain Wynter Morgan D.D.Arm.D. (B), and the designer, Mr. Wallis, with 
the assistance of representatives from the Directorate of Machine Tools, and 
C.S.A .R., who had been responsible for the filling and detonating systems. 1 

The question at issue was whether detonations in the recent trials had been 
as far as could be judged, complete, and if so, how the efficiency of the bomb 
could be improved. Mr. Early, C.S.A.R.'s represen tative was satisfied that the 
system of initiating detonation and the exploder system were satisfactory and 
could suggest no modification which would improve them. Mr. Wallis reviewed 
the possibility of breaking 1,1p1 and from his knowledge of the strength of the 
case, and the evidence of the earlier inert and live drops, concluded that the 
bombs had probably remained intact. The only remaining probable cause of 
the apparent failure was that depth of detonation was much more than would 
be expected from delays of 0-25 and 0 ·5 second . The meeting decided that 
deep penetration was the most likely solution, and that this was most probably 
due to delay in the operation of the inertia pistol. 

Further trials were therefore considered necessary with instantaneous and 
extremely short delay detonators of 0·01 and 0· 12 second. As there was 
just the possibility that partial premature detonation might have occurred, 
Mr. Early suggested that additional trials with modified fillings might be made. 
So far the Torpex· used in Tallboy had been desensitized :2 that is to say its 
sensitivity had been reduced, to lessen the risk of instantaneous detonation on 
impact. It was now proposed that four bombs sh.ouJd be filled with normal 
Torpex and that two of these should have sUghtly modified exploder systems 
with thinner encl walls. 1t was known that single charges of Torpex of tb.is 
composition, and in sim ilar quantities would de tonate completely, and there 
was no reason to suppose that it would behave otherwise in the Tallboy bomb. 
The thin ended exploder container was calculated to increase to some ex tent 
the efficiency of the exploder system. 3 

The .first of these two seri~ of trjals- that involving instantaneous and short 
delay detonators- was completed by A. & A.E.E. late in April and gave no 
decisive results. The remain ing trials were completed by the end of May, and 
gave no indication that Torpex withont a desensitizing agent caused any 
improvement in crater size. It did not appear therefore that any 
improvement in the performance of TalJboy (M) could be expected, and as the 
ballistic trials of the 4,000 lb. model bomb had by that time been. satisfactorily 
completed at Odordness, so that accurate sighting data could be calculated, 
the Air Staff decided that the bomb should go immediately into operation} 
Development and trial had occupied less than a year, and this included the 
design of hoisting and carrying systems in the Lancaster, .special transporting 
trollies and numerous smalle r items which go with the introduction of a bomb 
of unorthodox proportion, 

J M. of S. File S.B. 50904. 
t By the addition of Beeswax. 
'M. 0f S. F ile S.B. 509011 /4. 
' A.M. File C. :7.669R. 
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The new bomb was first used in operations in air attack on a railway tunnel 
near Saumur in June 1944; the attack was entirely successful, and although 
the target was not such as to test fully the special qualities- deep penetration 
and rupture of strong buildings by earth shock effect-the results impressed the 
Air Staff, who decided that they had ' every justification for anticipating in­
creased operational use of the bomb, and for requesting an increase in 
production '. 

So far, all production except the original small development order had been 
authorised solely by the Chief Executive, M.A.P. (Sir Wilfred Freeman), but 
in June the Air Staff increased the existing order for 325 Tallboys to 2,000 and 
the C.E. made immediate arrangements for 1,000 of these to be made in U.S.A. 
At that time, only one squadron was equipped with Lancasters suitably modified 
to carry the bomb, but concurrent with the demand for increased production, 
the Air Staff authorised the preparation of a second squadron, anticipating an 
expenditure by the two squadrons of 240 bombs each month. 1 Later in 
the year, three more squadrons were equipped with modified aircraft. 

The immediate success of Tallboy (M} prompted the C.-in-C. Bomber Com­
mand to press for increased supplies and many more targets would have been 
dealt with had this been possible. At one period two weeks elapsed before a 
sufficient number could be accumulated to bomb the Tirpitz. 

As Jagging supplies became available, however, the bomb was used against 
an ever increasing variety of targets, particularly launching sites for pilotless 
aircraft and rocket projectiles in Northern France, and U-boat pens on the 
coasts of France. Holland, and Norway, and in the North German ports. 
An estimation value against these targets is given later in the Chapter. Having 
reached the stage where Tallboy (M) was in operational use, it· is convenient 
now to leave the account of that bomb for the time being and tum to the 
re-introduction of the larger edition. 

Development and pl'oduction of Tallboy (L) (Gl'aod SJam) 
By ] uly 1944 there had been opportunities to inspect some of the German­

built structures in the Cherbourg peninsula. Examination of these, and the 
experience gained from dropping the 12,000 lb. Tallboy made it clear that that 
bomb was too small to destroy those kind of targets particularly with the 
18,000 feet limit of operational height and arrangements were begun to produce 
the 22,000 lb. or 'Ten-Ton ' bomb. Writing to C.A.S. on 14 July 1944 the 
Chief Executive stated that the C.-in-C. Bomber Command was pressing him 
to produce Tallboys (L) at the expense of the 'M ' type. He reviewed the 
production prospects and estimated that it might even be possible to· make 
50 per month without interfering with the production of Tallboy (M), provided 
this could be fitted in with Admiralty work on which the industrial firms con­
cerned were engaged. 2 C.A.S. took the matter up at a Chiefs of Staff's meeting 
the following <lay, pointing out that if the Tallboy (L) was to be of any use 
production ought to be at least 50 per month. Admiralty co-operation was 
soon obtained and on 24 July the Chief Executive,.informed C.A.S. that he had 
been able to arrange casting facilities for the required number of bombs- without 
interference with Tallboy (M)-commencing about January 1945.3 This 

1 D.C.A.S. Folder R4/A. 30 June 1944. 
2 A.C.A.S.(T.R.) Folder B. 4/ 4. 15 July 1944. 
~ A.C.A.S.(T.R.) Folder B. 4/4. 24 JuJy 1944 and 3 September 19'14. 
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forecast was based on U.K. production only, for which the initial order was 
for 400 ; there was a further order for 200 from U.S.A. Along with this order 
for bombs went the necessary authority from Air Staff for the conversion of 
fifty Lancaster aircraft to carry the bombs. 

Immediately afterwards howevier, the Air Staff reconsidered the whole matter, 
and with a forecast by the War Cabinet that 3 1 ,December would see the end 
of the European war, decided to cancel all bomb production and the modification 
to aircraft. 1 This decision, including as it did the cancellat ion of the American 
order, raised a strong protest from the British Air Commission in Washington, 
who considered it would have' unfortunate repercussions'. This was a natural 
point of view, for a great deal of pressure had been brought to bear on the U.S. 
authorities to speed the production of Tallboy (M) and to undertake the manu­
facture of the larger bomb. It was feared that any future efforts to obtain 
increased output of urgently needed equipment would be prejudiced. 2 The 
British Air Commission urged the Air Staff to change their view a nd find some 
use for the bomb, suggesting that an order for say fifty might alleviate the 
position. If the decision was.irrevocable B.A.C. requested full reasons for this 
la test change compared with previous urgency, 'so that we may endeavour to 
make our peace with the U.S.' C.A.S. again took the matter up with D.B. Ops. 
and Bomber Command, and it was tentatively .agreed that 50 bombs (U.S.A.) 
and four aircraft only should be provided as soon as possible. Bomber Command 
agreement to this was given by the Deputy C.-in-C. in the absence of the C.-in-C., 
but on his return the latter requested Air Staff to increase the number of 
aircraft to ten and for. them to be available by the end of November 1944. 3 

Thus the picture was changing once more, and the number of ta,gets likeJy 
to be vuJnerable to Tallboy (L) was increasing so rapidly that Sir Wj!fred Free­
man again took the initiative and arranged for manufacture in America to 
be resumed on its original scale. Writing to Sir Charles Portal (C.A.S.} on 
17 October 1944 he said ' I have not waited for any official indication from the 
Air Ministry that Tallboy (Large) is now wanted, and I have instructed Fairey 
to approach the Americans asking them to resume manufacture at the old rate : 
I am taking action in this country.'4 He went on to ask should he put original 
number of aircraft into conversion again. Replying the followi'ng day, C.A.S. 
confirmed the Chief Executive's action regarding the bombs and also asked for 
the full number of aircraft to be converted.6 

Actual production was not this time to be long delayed. The design had 
existed prior to Tallboy (M), and nine bombs had been a lmost completed before 
the Air Staff cancelJation had occurred in the previous month, and had been 
allowed to go forward for development and installation trials. There had been 
one likely hindrance, that being the inability of the manufacturers to produce 
the bombs in steel of higher tensile strength than that used for Tallboy (M). 
From experience gained with operational use of the latter bomb, Mr. Wallis 
was certain that the steel should be of the order of 50-55 tons per square inch, 
to obtain the strength necessary for penetration of heavy concrete targets. 
To help in this respect the bomb cases were increased in thickness from I ·S to 
1 ·75 inches, but even so Mr. Wallis suggested an impfovement in the quality 

1 A.C.A.S.(T.R.) Folder B. 4/4. 25 September 1944, 
• D.C.A.S. Folder R. 4/A. 29 September 1944. 
3 A.C.A.S.(T.R.) Folder .B4/4. 
• Sir Richard Fairey, head of the British Air Commission in Washl11gton. 
• A.C.A.S.(T.R.) Folder. 18 October 1944. 
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of th,e steel was necessary. The matter was discussed in det;iil at a meeting,_ 
on 10 August 1944, at which Mr. Burton e;><plained that in order to obtain the 
quality of steel quoted, oil hardening would be necessary, and only one furnace 
and bath existed for such large castings, e.g., at the Sheffield Steel Corporation 
works. Either a small num her ot born bs might be Urns produced- and segregated 
for special targets-the remainder being produced with a special air hardening 
process, or, all the bombs to be of the latter method giving a tensile strength 
in the region of 48-53 tons per square inch. It was therefore agreed that firms 
which could do oil hardening should do so, others would use the special air 
hardening. 

Between August and October, development work on the original nine bombs 
had been going on, as well as the modification of one aircraft and the provision 
of hoisting gear, etc. 

By the .last week of October, the first large Tallboy (inert filled) had arrived 
at A. & A.E.E. for test. Hand.ling and installation tests went on at A. & A.E.E. 
<luring November and by the end of that month the first air dropping trial 
had been completed. The release was from 20,000 feet ; observation was 
difficult owing to cloud but there appeared to be a turning rate of 2 to 3 revolu­
tions per second with slight oscillation. During the fall of the bomb the tail 
fairing became detached from the tail, but impact was vertical, nose down, and 
as far as could be seen the bomb remained intact. The aircraft had been fitted 
with a chronograph timing apparatus to test the special release slip, and a 
delay of 40 · 5 milli-seconds was recorded. Rectification of this and the tail 
fairing defect as well as various small modifications to hojsting and loading 
gear went on at A. & A.E.E. until the end of February 1945.1 Meanwhile the 
line production of empty bombs was reviewed by M.A.P. in January to be 
as follows :-

December 1944 
January 1945 
F ebrnary 1945 
March 1945 

3 
9 

25 
so 

and thereafter at the rate of 50 per month until the contracts (U.K. and U.S.A.) 
for 600 bombs were completed. Filling capacity was weU able to cope with 
this rate of empties, and production of anciUary equipment was on a level with 
that of the bombs. All seemed set therefore, subject to a successful Jive drop 
trial-for the eventual use of· Grand Slam' in operations. 

On 13 March 1945 the first high explosive filled 'Grand Slam' was released 
at the Ashley Walk range from an A. & A.E.E. aircraft flying at approximately 
16,000 feet, the fi.Jling being Torpex D.1. Rotation began immediately after 
release and ballistics were generally good. Detonation was muffled and no 
earth tremors were felt at 2,000 yards ; a crater of 124 feet diameter and 30 feet 
deep was formed. Mr. Wallis and the various Air Ministry and M.A.P. experts 
present were completely satisfied with this trial. 

The following day the first 'Grand Slam ' bomb was used by Bomber 
Command in operations against the Bielefeld Viaducts in Germany. Thirteen 
Tallboys (M) and one · Grand Slam' were dropped in this attack, but photo­
graphic interpretation failed to distinguish the results of individual bombs. As 
to actual result, six arches of one viaduct and seven oi the other were totally 

1 M. of S. File S.B, 60643. 
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destroyed by three bombs------all near misses- some 20,000 tons of con.crete and 
·masonry being destroyed, and it seemed probable that 'Grand Slam' was 
responsible for a great deal of this damage. 

ln April 'Grand Slam' was formally approved and introduced as a service 
store, its name being later changed to the less picturesque one I Bomb H.E. 
M.C. 22,000 ]b.,' the British bomb being Mark I, the American M,ark 11,1. Some 
defails of the operationaJ use of the bomb will follow, but it is appropriate to 
return now to the story of the smaller version-Tallboy (.M). 

Tallboy (M) (continued) 
Following the successfu l operation against the Saurnur Tunnel in June 1944, 

the production order was increased by 2,000 ( t,000 U.S.A., 1,000 U.K.). and in 
connection with the former the American authorities gave all possible assistance 
in speeding up this further order. In response to appea1s from the Chief of 
Air Staff and the Chief Executive (.M.A.P.), the U .. General Commanding Army 
Service of Supply (Gen. Somervill) arranged top priorities for this production. z 
The Chief of U.S. Bureau of Ordnance (Admiral Hussey) also made special 
arra11gements for the filling of these bombs with Torpex because facilities in 
this country were inadequate to cope with the increased flow of empties. 

From this country materials such as explodering components, desensitizing 
agents and gauges, were flown to the U .S.A. as weU as full instructions for filling, 
and an explosive expert travelled with them to advise the U.S. Navy on the filling 
processes. 3 The result of their efforts was that between thirty and forty Tallboys 
were made ready for filling in July, with the promise of a further 100 in August 
;J.nd 150 in each subsequent month. 

At home the new order for 1,000 bad been allocated, and the Director of 
Machine Too1s, consulted, saw no great difficulty in casting and machining these 
quantities, provided the appro.priate priority was given, but commented that 
the :filling rate (then 15 bombs per week) would have to be improved upon. 
Accordingly the Director General of F ill ing Factories was approached by 
D.Arm.D. and asked how best the .filling rate could be improved.4. 

This filling problem was soon overcome witl:L the issue on 29 June of the 
official Air Ministry requirements for Tallboy at the rate of 120 per month rising 
to 240 as soon as possible, this resulting in the provision of the necessary extra 
fi!Ung capacity. 

By the end of August, forty . two bombs had been delivered to Bomber 
Command and the anticipated delivery rate of filled bombs was as follows :-5 

September 
October 
November 
December .. 

Total 

British. American. Total. 
50 60 110 
70 60 130 
80 110 190 
95 150 245 

295 380 675 

rn actual fact, by the end of the year, a total of 900 ,finished bomb cases had 
been produced. · 

1 A.M. File C. 26699. 
2 1\..C.A.$. (T.R) Folder B. 4/4 10 July 1944. 
• M. of S. Fi le S.B. 60642 . 
• M. of S. File S.B. 50904/4 
5 M . of S. File S.B. 50904/5. 
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Little more need be said on the matter of production which went through as 
efficiently and smoothly as could be expected in view of the difficulties involved 
in the choice and availability o'f raw material, particularly steel alloys , and in 
the finding of casting, forging, and machining capacity in a country whose 
production faci lities were already strained. The strongest cr iticism which can 
justly be made is, not that Bomber Command did not receive sufficient of these 
bombs, but that they did not receive them early enough. 

Difficulties in production did occur, but were a ll met. Badly fitting tails 
were a source of legitimate annoyance to the user~; in some instances bombs fro;n 
America were found to be incapable of ta.king the standard exploder container, 
and arrangements had to be made for the manufacture of special containers for 
them. This involved not only extra work in the factory, but also in th 
maintenance units storing the bombs, as segJegation of t he defective cases was 
necessary. Such difficulties, particularly in that of a large bomb manu­
factu red in two count ries, were inevitable, and are remarked upon only for tlrnir 
comparative rarity. 

Operational use of the Wallis bombs 
Tallboy.-Between June 1944 and the end of the war in E1,1rope 854 Tallboys 

were dropped by Born ber Command against s uch targets as shipping, V-weapon 
sites, supm,arine pens, bridges., dams, aqueducts and viaducts, and oil preparation 
and storage plants.1 More detailed reports of the perfonnance of the bomb 
against a variety of heavy reinforced concrete targets, including those at 
Hamburg, Heligoland, and Hitler's mountain residence at Berchtesgaden, are 
contained in the B .B .S.U. Weapon Effectiveness Panel Report issued in 
November 1947.i 

from a study of the B.B.S.U. Report it will be noticed that the majority of 
targets attacked with this bomb were of protective concrete. 3 Although this 
was not the object behind the design of the bomb, its quality and strength of 
construction were such that it was able to inflict considerable damage in spite 
of the excessive shock encou ntered against such target s. 

Jn support o[ the I arth shock ' theory behind the design of bomb however, 
the B.B.S.U. analysis shows that near m isses up to 40 feet were more damaging 
to heavy reinforced concrete than direct hits. This damage in the main 
tesulted from the effect of earth hock on the fo undations, causing collapse of 
portions of the structure, and was most pronounced in tbat of brick and 
masonry bridges and viaducts. Against steel lattice girder br idges, near 
misses were equally effective, but the damage was attributed to blast 
effect (and crater debris) lifting the spans, rather than earth shock affecting the 
piers. 

Following tlte formal introduction of Tallboy as Bomb H.E. 12,000 lb. D .P.4 

in September 1.944, Bomber Command pointed out that the letters' D .P.' had 
long been accepted in the fighting services as an abbreviation .of ' Drill .Purposes '. 
The Command mentioned that fuzings used with the bomb had varied from 
tail instantaneous to 30 minutes delay ; thus deep penett"ation was sometimes 

1 Results of some of these attacks are given in Appendix 10, the observations in the last 
colu mn being those of the Operations Research Section of Bomber Command. 

'Report Ne . W. l D.G.Arm. (W.F .S./3507). 
a See also Appendix: 10. 
• Deep penetration , 
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precluded, and asked, ~ in view of the regard with which this weapon is held 1 

could such an · unimaginative and inexact title ' be changed to 'M.C.' This 
change in title was agreed to and remains the official name of the bomb, which 
places it in its correct category.. Its charge/weight ratio (a.bout 50 per cent.) 
places it in the medium capacity class ; it is not, and was never claimed to be, 
an armour-piercing born b. 

'Orand Slam.'- Forty-one of these bombs were dropped by Bomber Com­
mand, all in 1945, dttring the closing months of the European War. As with the 
Tallboy the performance of this bomb has been analysed and reported on by the 
B.B.S.U. in the report previously referred to , and the conclusions agree in the 
main with those conceniing the Tallboy. 'Grand Slam' caused the most 
effective damage from n ar mrsses, and its penetration from 16,000-18,000 feet 
was est imated to be: into sand and chalk, 60- 75 feet ; into clay, 90- 100 feet, 
this being about one and a half times that of Tallboy. 

The height quoted must be borne in mind a it was a limiting factor in the 
use oi the bomb and was less than half of that visualised by Mr. Wallis when hi 
formulated his theory on deep penetration and earth shock. Without belittling 
the merits of ' Grand .Slam '-it was undoubtedly the best bomb used against 
heavy concrete structures-the B.B.S.U. Report suggests that for direct hit 
purposes a bomb of similar explosive capacity, capable of complete pr.rforation 
without break-up or premature detonation, would have been about fifteen times 
as effective. It should be emphasised that this bomb. like Tallboy, was never 
designed for penetration of hard targets. 

Conclusion 
This account may be suitably concluded by an extract from a despatch on 

War Operations by Marshal of the Royal Air Force Sir Arthur Harris:-
' Small supplies of the I 2,000 lb. bomb· became available in the early 

summer of 1944, and the first attacks with these weapons met with instant 
success. A variety of targets was attacked including a number for which 
the bomb had never been designed-for instance, reinforced concrete 
structures. Although these bombs did not destroy these targets, they did 
considerable damage and forced the enemy to increase still further the 
heavy protection already provided against air attack. During the summer 
of 1944, t he supply of these weapons was of a hand to mouth nature, and 
many targets would have been effectively dealt with had more bombs been 
available. In the autumn of 1944 three attackswere made with these bombs 
on the Tirpitz : the attack at Alten Fiord so damaged her bows that she 
crept into cover at Tromso at a speed of only 8 knots , and the third attack 
sank her.\ As a result of the success of the 12,000 lb. bomb, production 
of the 22,000 lb. type was started. The first one was dropped against and 
wrecked the Bielefeld viaducts in the spring of 1945. Further bombs were 
used succe sfully against U-boat shelters in North-West Germany.' 

1 This is according to Bomber Command's visual observations. Post-war interrogation 
. of German officers intimately concerned at that per,od . state1 however, that this second raid 

on 29 October was successfully repulsed , and that such severe damage was done to the -ship 
jn the lirsl attack on 15 September, that it was decided that it would be impossible to get 
the ship back to Germany for docl<ing and ma.jor repairs . On t his second raid accurate 
observation was rendered difficult by very efficient smoke screening. 
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CHAPTER 14 

THE 'DAM BUSTER' 

In the previous chapter mention is made of a paper pre-pai·ed in l940 by 
Mr. B. N. Wallis, a la rge proportion of which was devoted to the arr attack of 
hydro-electr.ic dams. In particular the author wen t in to much detail concerning 
the destruction of the Mohne Dam in Germany enclosing the valley of the rivers 
Mcihne and Heve and the probability of destroying it by earth shock wave 
using a 10 ton bom b. 

On 16 May 1943 this dam was successfully attacked by a special squadron 
of Lancaster aircraft armed with a weapon designed by Mr. Wallis. It differed 
fundamentally from the deep penetration bomb o[ the designer's original paper, 
and the object of this chapter is to describe briefly t he events leading to the 
design of t his unique weapon. · 

The events of 1940 and 1941 which led to the tem porary abandonment of 
the deep penetration bombs project are related in the previous chapter, but 
Mr. Wallis' theory rega_rding the attack of dams attracted the attention of the 
Director of Scientific Research (D.g_'R,) in October 1940, and ultimately led 
to the design of this special mine. 

Early experiments 
In October 1940 Mr. Wallis visited D .S.R. (Dr. Pye) and, in exposition of 

his theory on the destruction of enemy dams, suggested that its practicabi.l ity 
might be experimented on with models. 1 This was agreed to and D.S.R. 
arranged for a series of experiments to be carried out by the Road Research 
Laboratory2 under the supervision of the Chief of the Branch, Dr. W. H. 
Glanville. Early tests using polar gelignite in the vicinity of concrete pipes 
moulded as arches, seemed to bear out Mr. Wallis' calculatfons regarding multiple 
arch dams, indicating that one ton of explosive would be likely to damage such 
a structure 4 feet thick if fired 62 feet away from it at a depth of 75 feet; 
whilst for an eight ton charge the corresponding figures would be 8 feet, 150 feet, 
and 125 feet respectively. 

Later tests ;:igainst plain and reinforced concrete models of m ultiple arch 
darns gave a whole series of figures for tracking and destruction by various 
charges against both types of concrete.~ These showed sufficient promise to 
warrant further experiments against models of g ravity type dams, a far more 
difficult problem, and an informal committee of the ' Air Attack on Dams 
Committee ' was set up early in 1941 with D.S.R. as Chairman . 

In November 1940 Mr. Wallis had been given access to a report prepared for 
the Air Ministry in 1939, on the construction of the Jvloh_ne Dam. 4 The repor t 
contained no very detailed descr iption of the const ruction of the dam but 

l M.A.P. File S.B. 12409. 
• A branch of the Department of ScientiJic and Jndustrlal Research (Ministry of Home 

Security). 
3 Details of the numerous experiments, almost aU with models, are contained in a sedes 

of reports- 'Road Research Laboratory Reports A,R.C, Nos. 1--89. November 1940-
September 1943. 

• Prepared by Sir William Halcrow, a Member oi the Institt1te of Civil Engineers, 
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research by Wallis jnto German technical papers, prepared at the time ol 
building, and obtained frorn the library of the Institute of Civil Engineers, 
gave him the information h e needed for th e construction of a series of models. 
These, and others prepared by the Road Research Laboratory after similar 
research, played an important part in the experiments about to begin . 

Before further reference to these experiments it may be as we.II to describe 
briefly the theory Wallis had expounded. The attack to be successful must 
be made at the water face of the dam : a charge, the size of wh ich remained 
to be determined, was to be placed at some maxin1urn distance below the water 
level and at some minimum distance from the base o'f the dam. A great pro­
portion of the energy of the detonation wave would in those conditions be 
transmitted to the masonry and no t reflected, whereas at the air face there 
would be practically 100 per cent. reflection. T hese transmitted waves should, 
if powerful enough, breach the dam. 1 

The experiments, practically all made with concrete models, were carried out 
by the staff of the Road ReseaTch Laboratory, and their story is an epic o{ the 
history of weapon design. Following the early experiment on model arch 
dams, tests had to be made witl1 I /50 scale models of a gravity darn of triangular 
section. These were 2 feet 9 inches high and 2 feet wide at the base, being 
made of poor quality concrete to represent rubble masonry, and were mounted 
in steel lined pits wjth water on one side up to 2 inches of the crest. The air 
face side was lightly covered with plaster of paris to make any cracking more 
easily visible. Charges of pol<;!,r gelignite w re fixed at the bottom of the pit 
at various distances from the water face , and the results recorded irrdicated 
that, on the ful l scale, 15,600 lb. of explosive at 150 feet from the base of the 
dam would produce severe damage. 2 

These results indicated in practical effect that it would be necessary to place 
a charge of eight tons in close proximity to the water face of a gravity dam, 
a most discou-raging prospect.· There were however, two points arjsing irom 
the experiments to date (December 1940) :-

(a) The true scale or va)11e of the 2 oz. model charge. 

(b) The full scale effect of hydrostatic pressure available in a gravity dam. 3 

These matters were re ferred to the Road Research Laboratory by Sir H enry 
Tizard, 4 and a meeting of experts was held on 24 December l 940, which 
Mr. Wallis attended. The conclusions reached regarding gravity dams were 
that it was necessary to check the validity of small model tests by a large scale 
test, if a suitable dam could be -found. It was decided to carry on laboratory 
tests on models which could be la ter utilized for large scale tests; one of the 
members present (Dr. Stradling) having mentioned a disused dam at 
Nant-y-Gro, in Wales. 

The problem was of great jnterest to the Ministry of Home Security concerning 
. the defence of our own water storage and supplies, and within a few days per­
mission had been obtained from the Birmingham City Corporation to use the 

., 
1 See 'A Note on N1e Method of Attackjng against the Axis Power', B . N. Wallis, in .JXI , 

File C.S. 8640. 
2 Road Research Laboratory Report No_ A.R.C. 5-
a This, it was thougnt, would considerably assist in increasing the damage caused by 

jnjtjal disruption o( the dam {ace by explosives, and it could not be reprod uced for model 
experiments. 

4 Scientific- Adviser to the Chief of the Air Staff. 
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dam for destruction tests, and the site had been inspected by several experts 
who were at the meeting. Drawings and details of constructions were provided 
and the Road Research Laboratory arranged for models to be made. Writi.ng 
to Henry Tizard at the Ministry of Aircraft Production on 3 J anuary I 941, 
Dr. Stradling outlined the latest proposals and asked for the backing of that 
Ministry. 1 This was given and with M.A.P. now officially interested in develop-
ments plans went ahead for the Nant-y-Gro dam experiments. · 

In February 1941 [urther tests were made against a I /50th scale model of 
the l\ifohne dam ; arrangements for these having been made some months 
previously. These tests confirmed the earlier deduction-as matters then 
stood-a large quantity of explosive being necessary if any serious damage was 
to be caused, but it is of interest here to digress on the construction of the 
model dams. 2 

The Mohne dam was formed of rubble masonry laid in cement mortar and in 
the model every known detail was faithfu lly represented. This entailed the 
making of hundreds of cement blocks measuring O · 4 by O · 3 by O · Z inch and 
laying them in courses of fi ne cement mortar with a thin coat of rendering over 
the whole: The building of this accurate model, and indeed of all the models 
used in the long series of experiments, was the work of the Building Research 
Station at Watford, to designs resulting from the collaboration of the Road 
Research Laboratory and Mr. Wallis. Such then was the position when the 
newly formed Air Attack on Dams Committee (A .A.D.) held its first meeting 
under the chairmanship of D.S.R. on 10 March 1941 and discussed in great 
detail the experiments to date ; in par.ticular as to what ftn-ther model 
experiments were necessary and to make arrangements fo r foll scale experiments. 
Between that date and July 1942 a period of constant research. and experiment 
on the part of experts in the Ministries of Aircraft Production and Home 
Security and Mr. Wallis, which included a full scale test against the Naut-y-Gro 
Dam, numerous tests were made to try and establish the theory of the gravity 
dam destruction and the practicability of designing a missile for that purpose. 3 

To attempt even a brief description of these experiments and the studies o{ 
the A.A.D. Committee up to July 1942, each a monument of careful and efficient 
observation, is beyond the scope of this account, and it is sufficient to note, 
that the full scale tests against the Nant-y-Gro Dam, in addition to confirming 
the indications of model tests, established the operational impracticability of 
destroying the Mohne Dam with the weapons available. Furthermore, the 
ultimate destruction of the Mohne Dam was wrought , not by the very large 
bomb originally envisaged by Mr. 'v\Tallis , but by a special weapon invented 
by him on rea lising that the limitations of bomb size, aircraft capacity and 
bomb aiming, precluded the practical operation of gravity dam destruction 
shown to be possible by experiments. 

In July 1942 some tjme after th e third meeting of the A.A.D. Committee, 
the general opinion of that body was that a dam of the size contemplated could 
not be expected to be completely destroyed by a charge of less than about 
30,000 lb. weight of explosive placed upstream froni U1e dam at not Jess than 
50 feet from it . It was obvious that a charge of such weight was impossible to 
carry in a bomb or to transport in any known or contemplated aircraft, let 

' M.A.P. File S.B. 12409. 
• Road Research Laboratory Report No. A.R.C. 5, February 1941. 
'M.A.P. File S.B. 12409 and Road Research Laboratory Reports M.A.P./A.R.C. L--89. 
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alone to be dropped with such accuracy at night and in the face of enemy fighter 
attack and ground A.A. fire, and among the conclusions of the A.A.D. 
Committee at the time the following occurs:-

' Thete seems to be no doubt that attack on the Moh.ne Dam is 
impracticable with existing weapons Wlless a multiple charge technique 
can be develop_ed.1 This would undoubtedly be .a long and difficult business 
and I think we can safely say that the gravity dam is a hopeless 
proposition.' 

There is no doubt that witb the knowledge available to the Committee this 
opinion was justified, but Mr. Wallis fe.lt that this could not be the final word in 
a matter of such vast importance. Indeed it seems that he had already then 
given considerable thought to an alternative idea of placing a charge actuaJly 
in contact with the water face of the dam. The idea was still predominant 
with Mr. Wallis, to quote D.S.R. 

' .. . . 1 know the idea of the dam attack is very near to his heart .... ' 
as indeed it was, in fact ten months later, in May 1943, the Mohne Dam was 
breached by a weapon designed by Mr. Wallis with the results well known to the 
world. 2 

The events briefly related up to now have been recorded to give some idea 
of the early experimen ts and the immense amo11r1.t of careful patient research 
undettaken by all concerned .in the Ministry of Aircraft Production (M.A.P.), 
the Ministry of Home Security (M.O.H.S .), and others too numerous to mention, 
in their efforts to obtain practical use of Mr. Wallis' theory on dam- destruction. 
All the work involved was far from wasted, for with this new line of thought 
on the part of the inventor, the data already available could be usefully applied 
to experiments as to what reasonable amount of charge would be needed if 
placed in contact with the dam face. 

So, with on the one hand the impracticability of the scheme, needing a huge 
weight of explosive- in orthodox bomb form- to be dropped with superlative 
accuracy, and. on the other hand, this latest turn of thought of the inventor, 
we must turn to the special mine designed by Mr. Wallis. It is a tribute to 
D.S.R.'s open-minded and generQUS treatment of Mr. WaU.is that he should in 
the circumstances have agreed to the latter's request for further experiment in 
the face of the evidence against the project. 

The ' Dam Buster ' 
This weapon, r ferred to at various stages in its development by a variety 

of names, was the invention of Mr. Wallis. The idea behind the weapon was 
a simple one and, in April 1942, Mr. Wallis produced a short paper describing 
his special mine. This paper examined the properties of the mine from the 
point of view of carriage in aircraft, explode.ring, •air ballistics and unde(water 
path, and showed that while the mine was unsuitable for penetration bombing 
it was ideal for underwater action. Other points put forward in favour of the 
mine were : ease of explodering compared with hc1mbs of extreme size : uni-

1 The multiple charge technique was employed to obtain detonation of bombs in the air 
by t he use of speciall y sensitive fozes . Bombs are dropped in rapid succession and the blast 
from one initiates the detonation o( that following. Simi lar results might possibly be 
obtai ned under water: t he scheme has been discussed for some t ime but no experiments had 
been made. 

• M.A.P . .File S,B. I 2409. 
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formity in distribution of pressure and en.ergy in the surrounding medium after 
detonation : insuscept ibili ty to initial disturbance by the under-body turbulence 
of the carrying aircraft at the moment of release. 

Wallis then considered the problem mathematically wi th reference to experi­
ments carried out in Germany by Ramsauer, and then shov,ed by experiments 
of his own that the cross-sectional density of the mine played an important 
part.1- He had for some time foreseen the probability of the decision referred 
to earl ier as to the impracticability of the size of charge, and it was this 
realisation that set him on the problem of how to get a much smaller charge 
right up against t he dam face, and these early experiments of his a re of particular 
interest. 

While these and other experiments by Mr. Wallis were going on, the work 
of the Road Research. Lab<)ratory had heen progressing towards finding the 
maximum charge necessary for worth-while damage from a contact explosion 
with the dam face. In t he earlier months of 1942 this work had seemed 
likely to be caUed off, but following a r port by D.S.R. to A.C.A .S.(T) in 
January 1942 the latter had agreed that it might proceed at low priority. 2 

From the Air Staff point of view it was not at that time established that dams 
were in fact a profitable target,- ' The project is not considered practicable at 
the present stage of the war. It might be con,,;idered later but then, as now 
however, it is likely that our bombing effort could be di rected against targets 
of more jmm<"diat value.' 

While this ' repriev ' of his scheme was put into effect and the inventor had 
persuaded the A. .A.D. Committee to authorise further experiments without 
disclosing the idea in th.e back o{ his mind, Wallis had completed his initial 
experiments and, in his own words ' ... felt so anxious as to the possibilities of 
th is extraordinary weapon on which I seem to have put my finger that , having 
great con fi dence in the inte llectual power iu m.y friend Professor P. S. Blackett 
I disclosed my new idea to h.im ... '.3 

To return to that document for a moment, Walli had calculated 11ot only the 
functional considerations of the mine but a lso the tactics of the aircraft which 
was to release it ; and finally a suggested method of construct ion which would 
enable the mine's density to be varied and obtain the best results. 

Immediately fo llowing the receipt of i\fr. Wallis ' paper Professor Blackett11 

passed it on to Sir Henry Tizard who , within two days made arrangements for 
the use of a large experimental tank a t the National Physical Laboratory, 
Teddington, and thereafter gave the new scheme hts full support as did D .S.R. 
as soon as he was acquainted with it. A letter from D.S.R. to the Director, 
Natjonal Physical Laboratory (N .P.L.) on 22 May 1942 put the arrangements 
on a fir m · ervice' basis; the N. P .L. co-operated immediately in arranging, 
at high pt'iority, certain experiment in a large ship-testing tank at T ddington, 5 

and henceforward communications between Wall is and the Laboratory were 
direct 

1 Weight per unit of cross-sectional area. 
'M.A .P. fileS.B . 12469 . 
• from Mr. Wallis' hel_pfµl criticism of the draft of tb.is account. lt was due to Professor 

Blacket t 's confidence in. and approval of, the new idea that Mr. Wallis prepared his original 
paper Of\ the weapon in April l942. 

• The Scien tific Adviser to the Boa d o( Aclmii:alty, 
• rvf.A.P. File S.B. 37960. 
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1::-or the experiments about to begin Wal lis had made some two-inch model 
mines of varying density and an ingenious device for launching the mine in 
order to follow the calculated projectory. 1 Before exposing his theories to the 
experts of the N .P.L., Wallis conducted a number of trials at Vickers Armstrong 's 
Works at Weybridge to convince himself that his theories were sound and, by 
the middle of June 1942, the launching apparatus was installed at Teddington, 
with, as target , a model dam of simple design built in conc1ete. For observation 
of the behaviour of the mine a searchlight and cinematograph camera were 
mounted in a water-tight transparent chamber in the tank so that the final 
under:-water path of impact could be observed. This was, of course, the crux 
of the idea, for , in order that a charge capable of being carried in an aircraft 
snou.ld be effective, the early experiments oJ the Road Research Laboratory 
had shown that it must be in contact with, or at very short distance from, the 
face of the dam at the moment of detonation. 

The initial experiments showed high promise, so much so, that following a 
demonstration on 21 June 1942, witnessed by several officials of M.A.P., the 
Controller of Research and Development ( .RD.) wrote to D.S.R. :-

, I consider that the model experiments have establi hed a clear case for 
an air test using full scale missi les. I therefore authorise the institution 
of such trial. and agree to the allocation of a Wellington aircraft fitted for 
the carriage of 4,000 lb. H.C. bombs. I understand that the s tructural 
modifications to the aircr:aft are relatively small , in that they are concerned 
only with the modification of th e bomb bay fairing.' 

There followed, however, considerable discussions and an anxiety at the full 
scale size o{ the weapon Mr. Wallis had designed. This anxiety was under­
standable in consideration of the maximum permissible stowage within a 
Wellington aircraft. C.R.D , was responsible to the Air Staff for the adequate 
production of aircraft and weapons to maintain the maximum war effort, and 
any interference in the programme for standard or replacement bombers by 
modifications needed to carry missiles of an unorthodox shape and size had to 
be watched very carefully. 2 

The questi.on of size was, however, decided by a visit of Members of the 
Directorate of Armament. Developm nt (D.Arm.D. ) staff to Messrs. Vickers 
Works at Burhill where they found that Mr. Wallis' design , despite needing a 
speciar installation, involved modifications which were no more than those 
needed to convert the Wellington for the 4,000 lb. H.C. bomb: Good progress 
was made in the construction of ground testing rig which. would assimilate the 
carrying of a number of missiles in a Wellington for full scale trials. Test-rig 
trials and installation tests on a Wellington aircraft went forward at great speed 
while Messrs: Vicker received a contract for such experimental work including 
the manufacture of inert missiles, and by 25 August 1942 such questions as 
mine density, a site for the forthcoming air trials, speed and altitude of release 
had been effectively settled. A strip of water some twelve miles long off 
Chesil Beach, West of Portland , was chosen for the trials, the target date for 
which was the last week in September 1942. 

1 This wor)c was done under the encouragement oj Sit H:enry Tizard with the kind per­
mission of the Director of Vickers Armstrong Limited (from the inventor's review of th is 
account). 

• M.A.P. File S.B. 37960. 

216 



By the middle of September 1942 the fitst experimental empty mines had 
been made at Messrs. Vickers Armstrong's Works and eleven more were under 
construction. Arrangements for the Chesil Beach trials were completed by· 
I October 1942, but the date of commencement was likely to be delayed until a 
satisfactory substitute filling of the calculated density could be decided. On 
that date D.S.R. reported to C.R.D. that the experiments on models and on the 
full scale dam in Wales were largely completed and from these it was shown 
that in all probability a much smaller amount of explosive in contact with the 
water face of the dam would breach it to a depth of 50 feet. The report went 
on to suggest that the required conditions might be met by the special weapon 
about to be tested and also gave a rough estimate of the size of the mine and 
its probable weight . D.S.R. also mentioned a suggestion by Sir H enry Tizard 
that Mr. Wallis should be requested to submit an opinion on the possibility of the 
mine being fitted to Stirling or Lancaster aircraft. 

The reply of C.R.D. on 5 October is well worth quoting in some detail as it 
will serve as a summary to the main developments and leads to the position 
regarding the aircraft at that time. t Any aircra(t survey was to be done on a 
Lancaster, C.R.D. having arranged for Mr. Wallis to have full dimensional 
particulars : foll scale trials on the Wellington were to be concluded prior to 
any further work on aircraft. The probability of successful detonation of the 
explosive in its under-water position was to be examined a t once, and C.R. D. 
was personally taking up with the Chiefs of Air Staff the broader operational 
aspects of the scheme. 

By 24 November 1942 t he experiments on successful detmrntion had been. 
completed, but the Wellington trials had not taken place. Although a suitable, 
inert filling had been approved, it would be necessary finally to do trials with\ 
an H.E. filling to see if the balance would be upset by the suggested tactical 
attack. Commenting upon the progress C.R.D. did not agree wi.th D .S.R. 
that the Air Staff had come in as matters then stood as he had discussed the 
position fully with C.A.S. who was well aware of the aim behind the research 
and dev lopments then going on. 

By 3 December 1942 all was ready and the first trial bombs were dropped and 
photographed. Unfortunately, the peculiar construction of U1e mine proved 
too weak for the shock of impact, but even in their shattered condition the 
mines gave promise of future success. Further trials on 15 December with 
strengthened mines gave similar results, but several interesting features were 
revealed by the camera during t he trials and gave further confirmation of 
Mr. Wallis' theories. As a final trial, dummy mines of solid wood were used 
in January 1943, and gave highly successful results. 2 The Chesil Beach trials 
had thus proved the mine to be no scientist's dream, but a practical weapon, 
and it only remained to decide to what use it could best be p.ut. 

The matter was officially referred to the Air Staff in a memorandum from 
C.R.D. to A.C.A.S.(T.R.) on 12 February, in which he analysed the technical 
possibilities of having the larger mine ready for an attack in the following 
April-Mr. Wallis' estimated opportune period- and which C.R.D. considered 
impossible. He was in favour of deferring the dam project until after similac 
mine experiments with Mosqui.to aircraft, considering in any case that it was a 

1 M.A.P . File S.B, '12)86. 
• M.A.P. File S.B. 37960. 
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,dear issue of priority as between Vickers aircraft programme and the mine 
<levelopment. After full discussion between various members of the Air Staff 
jt was agreed by C.A.S. on 19 February that tlie great potentialities of the mine 
justified pressing on with the development as soon as possible. Arrangements 
were made foi; three Lancast.ers to be modified for min e carriage, and sufficient 
modification sets for two squadrons were to be made,. and manufacture of 
100 mines. 

On -26 February an important conference at high level was held at M.A. P., 
C.A.S. having given instruct ions that every endeavour was to be made to 
-complete the aircraft and bombs for them to be used in the spring of 1943. 
The immediate requirement was for three L-ancaste.rs to be got ready for full 
scale trials. This was to be followed by conversion sets to complete 30 aircraft, 
and the requirement for mines had been rnised to 150. All this work was to 
take precedence over other requirements at the firms concerned ; such was the 
jmportance the darn project had now assumed. 1 

The responsibility of the two firms was then detailed. Messrs. A. V. Roe 
were to make the mechanism for attachment and release in the bomb cells, while 
Messrs. Vickers were to be responsible for the mines. All the work would be 
<lone at Weybridge, where a. detachment of craftsmen from Messrs. A. V. Roe 
would be sent at once. Mr. \lVallis promised drawings for aircraft conversion 
in three weeks, for the mines within ten days, and a close liaison would be kept 
between himself and Mr. Chadwick 2 (A . V. Roe) on the many points of detail 
still outstanding and undecided. 

The latest date the operation could take place in 1943 was 26 May, and it 
was decided that 1 May would be the target date for the mines to be ready, thus 
leaving only about eleven weeks, of Which the last three were for final trials and 
-crew training. 3 On the day following the conference there began a period of 
intense eflort on the part of the designers and the aircraft firm.s concerned. 
The attitude of the latter was expressed in a :letter from Mr. Chad·wick to C.R.D. 
-0n 4 March, ' I should like to t ake the opportunity of saying t hat this project 
appears to be of such terdfic possibilities that everything humanly possible will 
be done by us to make our part of the show successful.' · 

Investigations showed that the task was even greater than had been visuafoied 
at the prelimi11ary conference ; the conversion of the Lancasters proved to be 
110 easy matter of just fitting a; conversion set 'into an aircraft. The changes 
were so great that they had to be built into the aircraft on the production line, 
and such aircraft had, therefore, to be segregated for the coming operation. 
-C.R.D. was naturally pessimistic about producing either aircraft or mines in 
time, and said so in a report to the .Air Staff on 6 March, but they accepted the 
segregation and agreed to a reduction of aircraft to twenty, 

On 12 March C.R.D. decided to form a' Co-ordination Commi'ttee' of various 
Head of Departments in M.A.P. and Air Staff, among its terms of reference 
being ~ to co-ordinate the various development and construction programmes for 

1 M.A.P. F ile S.B. 42186. 
2 The late Sir Roy Chadwick, Chief Designer, Messrs. A. V. Roe. 
3 The month of April and May saw the greatest volume of water in the German catch­

ments, a period when rivers and canals were generally independent ·oi t he reserves held by 
-the dams. 
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which M.A.P. is responsible and to ensure that the complete article arrives 
at the place and by the date required by the Air Staff.' The Committee was 
to meet at least once a week, and the -first meeting took place on the following 
day. Here, estimates were given that the first aircraft would be ready by 
I April and the remaining twenty-two by the end of that month, while seventy­
five filled mines would be available by that time. The Air Staff was asked to 
decide the squadron selected for the task and the aerodrome from which they 
would operate. 

The importance of the project was reflected in a minute from the Minister of 
Aircraft Production to C.R.D. three days later when he wrote, 'there must be 
no falling down in this programme, which must be regarded as of vital importance.' 
C.R.D., in reply, assured the Minister that every one concerned was taking all 
possible steps to ensure success, but he pointed out that the whole project was a 
gamble based very largely on small scale experiments for which there was no 
sound technical data as a guarantee of success. 

It was only by taking extreme measures that the hope of having aircraft, 
mines and crews ready for May was maintained, and on 17 March C.R.D. wrote 
to the Controller General of Production that it would be necessary for the firms 
to work 24 hours a day for seven days a week to achieve the programme. 

While the a ircraft firms worked night and day to produce the aircraft and 
mines, A.C,A.S. (Ops.) went ahead with tl1e necessary arrangements for choice 
of squadron, bases for trials and final operations, training and all the necessary 
administrative details. 1 The object of this chapter is to describe briefly the 
development of the weapon and not to give an account of the operational plans ; 
it is sufficient therefore to record that No. 617 Squadron, Bomber Comm.and, 
under the command of Wing Commander Guy Gibson, was formed to carry out 
the operation. Both training site and training base were selected, and arrange­
ments for the preliminary trials placed under the Officer Commanding the 
MarLne Aircraft Experimental Establishment. 

At the end o[ March 1943 the position regarding development was that 
sixty-seven mines were made (forty were being inert filled, twenty-seven H.E. 
filled), and there was every hope that the trial and operational aircraft would 
be rea<ly in time ; tentative delivery dates being then estimated that for the 
former 15 April and for the latter 8 ·1\ifay. 2 The period between 16 April and 
12 May was one of intense activity by the development and trials staff. and 
the squadron crews. As well as the tactical training for the aircrews, trials 
were made w:ith H.E. mines to test the impact, insensitivity and functional 
efficiency under operational conditions, all of which were successful. 

On 12 May 1943 the Air Staff intimated in a report to the Chiefs of Staff 
ommittee that the weapon was proved on trials, that the aircraft crews had 

been trained to an adequate standard of efficiency, and that for various opera­
tional reasons the time was rjpe for the attack to be made. This was reported 
by the Vice C.O.S. Committee to the Chiefs of Staff, then attending 'Trident ' 
conference in Washington, who immediately sanctioned the operation for attack 
on German dams with the special mine. 

1 M.A.P . File C.S. 8586/ A.C.A.S.(Ops.). 
2 M.A.P. File S.B. 42186. 
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On 15 May a signal was sent by A.C.A S (Ops.) to Bomber Command, 
'Operation " Chastise "-immediate attack on targets "X," "Y" and " Z" 
approved. Execute at first suitable opportunity.' The first suitable oppor­
tunity occurred the following night with the results now known to all the world: 
Mr Wallis' long years of research and labour were rewarded, his theories proved 
beyond all doubt . 2 

In this short narrative it has been possible to describe only a small fraction of 
the thought and effort which led to the perfection of this weapon which differed 
essentially from all others not ouly in design, but also in the fact that its use 
was limited to one objective. 

i Moline, Eder and Serpe dams respectively, A.M. File C.M.S. 33. 
• H is not proposed to give a detailed accou nt of the operation, but rather to tnclude, as 

Appendix 1G to this volume, a translation of two reports by tlte President of Provincial 
Government of Arnsberg, Westphalia, on the Ml:ihne Dam attack and the havoc it caused. 



SUMMARY 

It is proposed to end this Part with a brief summary of the effectiveness of 
the weapons reviewed and to make mention of a few points which may have 
become lost within the general framework. 

Firstly, explosive fill ings ; since they are mentioned in the chapter integral 
with the bomb, or series of bombs, are not dealt with separately. Their 
development up to 1939 was negligible and at that time, consisted basically of 
80/20 Amato! and T.N.T. as used in the previous war. It is true that 
'cyclonite · (afterwards known as R.D.X.), was in an advanced state of 
development, but unfortunately was not available in sufficient quantities in 
1939. During the Second World War comprehensive research and experiments 
with bomb fillings we.re made resulting in the production or consideration, of 
many new and more powerful explosives such as Pentolite, Mino!, Torpex and 
numerous others the majority of which contained a percentage of T.N .T. 

It is not completely true to say that the General Purpose series of bombs was 
a failure although war experience soon showed that weights up to 500 lb., 
containing approximately 28 per cent. of a comparatively inefficient high 
explosive, were inefficient against many targets selected for attack. As a 
generalisation, General Purpose bombs had insufficient strength to obtain 
complete perforation of the target in a fit state to detonate, and insufficient 
explosive to do effective damage. The years spent in their development and 
trials had, however, established a number of fundamental facts, not the least of 
whicn was the most efficient shape, and the wealth of information so gathered 
was of immeasurable assistance in the design of the ' bigger and better ' bombs 
which followed during the war. 

An almost similar ' effectiveness construction · can be applied to the armour 
piercing and semi-armour piercing series which were produced in conj unction 
with the G.P. The success story for which both the ' piercing' and G.P. types 
of bomb must take part credit is of co\irse in the eminently successful M.C. 
and H.C. Series. 

The' B' and 'W' bombs were to a large extent a waste of time and money 
and are examples of missiles which were technically sound, but operationaJly 
inappropriate. Effectiveness of Capital Ship bombs is still in the realms of the 
unknown and conditions of ' strike' appear to rule out its operational 
possibilities, it is perhaps significant that the development of this weapon was 
stopped whilst the Tirpitz was still afloat. 

The Depth Charge, with its long record of success speaks for itself, but although 
the Anti-Submarine bomb, in the state in which it finished its war-time career, 
may be a dequately described as abortive, some adaptation of such a weapon will 
no doubt supersede the D.C. in view o f the great strides made in submarine 
development in recent years, and thus the effort expeneled may prove eventually 
to be other than wasted. 

Of the development of incendiary bombs, little can be added to the exhaustive 
survey given in Chapter 6 except perhaps, to remind the reader that in the 
general opinion of the enemy tl'!'ere was little to choose between the fire-raising 
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qualities of the 4 lb. and 30 lb. bombs. Both could be extinguished, removed or 
isolated by the pTornpt action oi fire fighters, and their real value lay in their 
tactical employment with other weapons. · 

It is a matter of personal opinion whether it is a good or a bad thing that the 
effectiveness of chemical filled bombs cannot be accurately assessed ; sufficient 
to state that both chemical and bacteriological weapons were avai1able should 
their employment have become necessary. 

A special weapon developed for attacks against concrete protected targets 
and not revjewed in this narrative was the 4,500 lb. Rocket Assisted Bomb. 
It was designed solely to obtain a greater striking velocity for a given· weight 
at reduced range. The small high explosive content of 500 lb. was not likely to 
prove effective against the type of target for which it was designed. The 
fuzing problem of igniting the rocket plus the variation in burning time of the 
rocket composition left little doubt that the weapon would be highly inaccurate. 
Untold effort was expended in designing, developing and manufactt~ring large 
numbers of this weapon, wbich was, however, used in limited quantities against 
U-boat pens towards the end of the war, but not with any marked success. 

Among special weapons, the ' Dam Buster ' must take pride of place. ln 
conception and design the work of Mr. B. N. Wallis, this missile was employed 
solely in the famous raid on the Mohne, Eder and Sorpe dams in May 1943. 
Of ingenious des:ign and highly successfol in operation, this bomb was produced 
in remarkably short time and the story of its development and production is an 
epic in the history of aerial bombs. 
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PART II 

PISTOLS AND FUZES 
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INTRODUCTION 

Part I of this volume has dealt with the mai~ types of bomb used in the Royal 
Air Force and their development from the time wh.en service aircraft changed 
their r6le from that of pure observation to the more aggressive use as a weapon 
of war. In the fol lowing chapters it is proposed to enlarge a little on the bomb 
story and give a brief outline of those integral components of bombs and 
numerous other missiles of an explosive or semi-explosive nature, the release of 
which_ has formed a major duty of flying branches of the services. 1 

The components referred to are those two main items the names of which 
comprise the tjtJe of this part of Volume I. Pistols and fuzes are used to .initiate 
the main fillings of a variety of airborne missiles ; the main 'difference between 
them being that whereas a pistol is purely mechanical, a fuze does, within itself 
contain some explosive in addition to the mechanical part. 

The explosive or pyrotechnic composition which forms the main fi lling of 
bombs and flares must be ' stable '- that is to say safe to hahdle by people who• 
.fill, transport and load the missiles. It must be capable of withstanding very 
rough hand1ing and severe blows, and it must be possible to release the missile 
from high altitude without functioning on contact with the ground. This 
requirement is included to allow the missiles to be released, in an emergency. 
over friendly territory, and for delay action purposes. 

The pistols and fuzes are fitt~d with a safety deviGe which ensures that the 
missile does not become ' live ' until -it is some distance below the aircraft ; also,. 
if accidentally dropped during loading, it wiJl not become dangerous to handle. 
This safety device normally consists of a number of radial vanes attached to a:. 
spindle, which screws out of, or into, the pistol or fuze to make the component 
' live.' These ' arming vanes ' rotate due to air pressure as the missile falls 
through the air. 

The pistol is a simple device compared with the fuze, and it is, to a large 
extent, ·the type of operation for which th.e 1nissileis required that decides which: 
method is used. When an explosion on impact, or one occur.ring alter a fixed 
period of time is required, a pistol is nom1ally used ; whereas when variation. 
of delay, with the possibility of pre-setting, or explosion before impact, is 
required, the fuze in the majority of cases answers the purpose. Both pistol 
and fuze can be produced to incorporate anti-handling devices to prevent 
missile immobilisation. 

1 The early types of pistol are adequately covered in Appendix 12. 
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CHAPTER 15 

NOSE AND TAIL PISTOLS 

Development 1919- 1939 
In the inter-war pyriod, bomb pistol development was almost negligible due 

generally to Air Staff policy and the lack of funds for the furtherance of 
armament. The progress which was made was mainly in modifications to 
j mprove the performance of old type pistols and to assist in their manufacture. 
The basic principles of both the nose and t?il types, despite the occasional 
-production of different pistols to fit new bombs, such as the G.P. s-eries in 1925, 
-remained unchanged for many years. 

The ' Mark ' system was not generally employed and each altered or modified 
pistol was given a new number. Thus the No. 19 was a converted No. 81 its 
only difference being that it sometimes was manufactured with a cast iron 
body instead of brass. At the same time its use was extended to the 250 lb, 
G.P. Marks I, II and III bombs. It remained in use until stocks were finally 
t!xhausted in the early years of the second world war. A replacement pistol 
]mown as. the No. 25 was designed in 1936 but, due to the cost of manufacture, 
-was. never put into product.ion.1 Similarly the No. 20 was in fact a converted 
No. 9 with the body sometimes made from cast iron but no other difference : 
i t also remained in use until none of the stocks of the old type R.L. bombs 
remained. Its suggested replacement the No. 26 was not produced for the same 
reasons as No. 25. The No. 16 suffered no alterations and finally disappeared 
-from use in the early days of the Second World War. 

The design of the General Purpose Bomb Mark IV marked a new departure 
in bomb fuzing methods. P rior to its introduction, bombs had been fuzed by 
the 'central tube ' method : in this, a metal tube ran centrally through the 
bomb from nose to tail and into it were inserted separate intermediary exploders. 
The complete operations of fuzing was in consequence somewhat lengthy. In 
Mark IV, however, the bomb was manufactured complete with nose and tail 
-exploders, and fuzing was reduced to the insertion of relevant detonators and 
,screwing in the nose and tail pistols. This new method called for a new design 
of pistol and the No. 27 introduced in 1938 bore the distinction of being the 
first nose pistol to be manufactured to the new design and for a specific new 
type of. bomb. 2 Its function and mode of operation followed the rwrmal method 
hut it was fitted with a locldng device which secured it to the bomb. 

Anti-personnel bombs, the 20 lb. 'F '3 a nd the 40 lb. G.P. also required a 
new type of pistol, and No, 29 was specially designed and produced shortly 
after No. 27. The bombs instead of being carried singly on a carrier, were 
dropped in 'salvo' from a Small Bomb Container (S.B.C.). Because their 
main use was to be against enemy troops the consequent low height of release 
made it necessary for them to be ready to function immediately after release. 
In order to achieve this, the No. 29 pistol dispensed with arming vanes and 

1 A.M. FileS. 387ll . 
i A.M. File S. 398284. 
8 A-,M. File S, 398284,. ' F · denoted fragmentation, the bomb replacing the 20 lb. 

'Cooper·. 
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instead had a spring loaded dome ; this dome, held in position by a partition 
in the S.B.C., sprung off and the pistol became 'armed' (ready to operate), 
immediately the bombs were released. In order to meet the safety requirements 
the pistol was fitted with a phosphor-bronze shear wire which ensured that it 
would not function if accidentally dropped onto concrete during loading 
operations. 

A very similar story pertains to the tail pistols; No. 5 remained in use until 
old stocks of bombs were either used up or obsolete for operations. 1 The 
introduction of G.P. bombs in 1925 resulted in certain stocks of tail pistol SB 
becoming modified to be known as No. 22. Another tail pistol, the No. 23, 
similar to No. SB but having an aluminium body was produced in 1929 for use 
in a smoke bomb. 2 The bomb was a special one used as a navigational aid 
over water; but the pistol was of normal operation and, except for ·minor 
modifications, remained in use in its original form throughout the war. 

"t'AANSIT SPRING TO eF. REMOVED WHEN mTOL IS 
TAKEN fROH BOX. WHEN 5HOK£ -FL0 .,_T d CARIUID 
ON LIGHT• SHIH CAR.RiER TYPE M T>t.E VANE IS 
SCI\EWEO DOWN TO ,RH POSiTION AGAINST BODY. 
WHEN USt:0 WITH CAfl.RllR TYPE IM INSTfAO OF 
VANE BEING SCIUWED DOWN TO FRtl , oslTlON IT 
15 TO BE SCREWED UP THE SPfNDLE UNTIL THEA£ 

IS JUST ENOUGH llOOH JOA THE. SPAING CLIP 
or CA.RRIEfl ATTACHHINT TO 8£ INSU,TlD. 

IF THE SMOK f.-FlOAT IS NOT OR<>mO, IIIPLACE 
THE SAFETY PIN IN TH! HOU HARJ<EO RED 
BEFORE REMOVING THE SHOK.E•fLOAT flt.OM OR.OPPtNG 

GEA• TRANSIT SPRING TO IE •fPlACEO llfOU 

P1STOL IS RETt.n.N,o TO ff ORI. , 

No. 23 PISTOL, MARK I 

After a series of trials in 1937 a new tail pistol was introduced in January 
1938 for use in 250 lb. and 500 lb. G.P. Mark IV bombs. This pistol, the No. 28, 
marked an innovation in tail pistol design in that it was the first to be used 
without arming vanes. 3 The reason was that, as ,.previously mentioned, the 

1 Old type 520 lb. and 550 lb. R.A.F. bombs were still in existence as late as 1940, but 
were not used operationally during the war. It was arranged for· their use as demolition 
charges for valuable installations in Bomber Command should the necessity arise. B.C. 
File S. 24388. 

2 A.M. File 896259/29. 
3 A.M. F ile 398375/35. 
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Mark I Vs were produced complete with nose and tail exploders and as a cqnse­
quence had no tail and did not conform to the best streamlined shape. A metal 
cone and tail were clipped to the main bomb to make the complete missile, 
thus hiding the tail pistol and preventing the usual air action on the arming 
vanes. Instead therefore, the pistol was fitted with an ' arming fork ' which, 
when the tail was assembled, connected with a similar fork attached to a rod 
which passed through the bomb tail drum and had arming vanes at its rear end. 
Thus, whilst the bomb was falling, the arming ranes and rod rotated, unscrewing 
the arming fork on the pistol, and leaving the striker spindle free for normal 
inertia action on impact. 

Development of sharp striker pistols 
Prior to 1938 all bomb pistols, with the exception of No. 16 used -in the 20 lb. 

'Cooper,' 1 had blunt pointed strikers and were used with 'Anvil/Cap' de­
tonators. i As is obvious, the lower the height of release, the smaller is the 
striking force on impact and the ' slower ' the operation of both nose and tail 
pistols. The adoption in 1938 of low-Jevel bombing with larger and heavier 
bombs, both over land and sea, indicated that their pistol/detonator combination 
was not sufficiently sensitive and, for this reason, allowed partial break-up of 
the bomb before its complete detonation. Also in the case of larger G.P. bombs, 
fuzed ' tail only' with a short delay detonator, a considerable loss in blast 
effect was observed due to the bombs being buried too deeply before exploding. 
The same eflect was noted with both nose and tail ' instantaneous• when 
dropped on soft targets. Thus, while satisfactory from high altitudes, the use 
of pistols, 21, 28 and 29 from low heights caused concern. 

In October i938 successful trials were completed with anti-submarine 
bombs fuzed with No. 28 pistols and sensitive detonators, and in the following 
month the Ordnance Committee. in answer to a minute from the Director of 
Ar~ament Development (D.Arm.D.) agreed that sharp striker pistols, which 
required less force, wouJd improve the efficiency of high explosive bombs. 3 

January 1939 saw the approval of a new pistol for Anti-Submarine bombs. 
This pistol, the No. 30, was, except for a sharp pointed striker, identical with 
No. 28. With its introduction the 'Mark' system was utilised to differentiate 
between the modified No. 28 (No. 30 Mark I), and another of new manufacture, 
the 30 Mark II.4 

Thus only two notable steps had been taken forward by the end of 1938, 
the arming fork method- to keep in step with the somewhat belated production 
of ' better ballistics '-and 'sharp pointed strikers' which was to prove its 
worth immeasurably in improving the reliability of high explosive bombs. 

Development 1939-1945 
Nose pistols 

The failure rate of the No. 29 Pistol in 20 lb. and 40 lb. bombs when dropped 
on soft muddy ground was considered excessive; th.is was thought to be partly 
due to air pressure preventing the spring loaBed cap from flying off and excessive 

1 A.M. File S. 398284. 
• The initial flash was obtained by the force of the blunt pointed striker crushing the cap 

composition against another blunt point-the 'Anvil', within the detonator itself, 
a O.C. Memos. 1527 and 1863. ' 
• A.M. File 756870/38. 
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strength of the shear wir,e. 1 Modifications to the spring off cap were incorporated, 
and on 22 November 1939, representatives of the Ordnance Board,2 Director 
of Operational Requirements (D.0.R.), various other Air Ministry departments 
and Bomber Command, met to discuss remedial action. After much discussion 
it was agreed to hold trials of the No. 29 using an aluminium shear wire instead 
of the phosphor bronze type theJ1 in use. 3 

The trials showed a marked increase in the reliability of t he pistol thus 
modified, when dropped on soft ground from low heights, but it was thought 
that the modification would make it somewhat dangerous if accidentally dropped 
or if one bomb struck another on release.4 D.0.R. considered a new pistol or 
foze was the only answer to the trouble,0 but despite these objections it was 
agreed to modify a proportion of the stocks by fitting the aluminium wire and 
only to use these pistols when the nature of the operations necessitated the risk. 

While the improvement of the No. 29 Pistol was being considered, an urgent 
operational requirement arose for some form of parachute to be attached to 
20 lb. and 40 Jb. bombs to reduce the burying of the bomb, assist them to fall 
nose down and thereby give the pistol a better chance of operating and producing 
greater fragmentation. In November 1939 a new design of pistol , to be known 
as the No. 331 was approved and, after successful trials, was introduced into the 
Service in March 1940. 6 It used a thin copper washer instead of the normal 
shear wire and was of the spring operated dome type, similar to the No. 29. 
The dome, however, could not be forced off to arm the pistol until air resistance 
on the faUing bomb had opened the parachute and the tug on the s hroud lines 
bad freed the spring clip from the dome. 

No. 34 pistol 
All modified No. 29 Pistols were renamed No. 34 and were generally used in 

bombing attacks below 500 feet ; above that height the original No. 29 was 
used. In use the No. 34 proved to be extremely dangerons, for although more 
positive in action, its safety had been impaired and, as a result of a fatal accident 
in August J 941, when four 20 lb. and four 40 lb. bombs were accidentaU y released 
from a standing aircraft, Bomber Command recommended to Air Ministry 
that :-

(a) Use of the No. 34 Pistol should be discontinued except for special 
operations. 

(b) 90 per cent. of the No. 34s then in stock should be converted back to 
No. 29s and manufacture of both types should be stopped. 

(c) While stocks of No. 29s still existed they should be used only for high 
altitude bombing, and the No. 38 (then in limited supply), should 
be used for low level attacks. 7 

While these recommendations were under consideration, another fatal 
accident occurred. In November 1941 an aircraft of the Aeroplane and 
Armament Experimental Establishment (A. & A.E.E.) exploded in the air due 

j A.M. File B- 37656/38. 
2 'Committee' altered to ' Board' in Jannary 1939. 
3 A shear wire is used in all nose pistols as a safety device to prevent the striker being 

driven by other than a heavy blow. 
• Bombs fitted with this pistol were usually dropped in salvo from containers. 
6 See Pistol No. 38. 
• A,M, File B. 37656/39. 
7 A.M. File B. 152264/40. 
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to premature explos.ion of a salvo of 20 lb. bombs fitted with No. 34 Pistols. 
On 7 December I 94 l , therefore, D.0.R. suspended the use of the pistol except 
for imperative operations against land targets below 1,000 feet or water targets 
from below 2,500 feet. Three days later the Assistant Chief of Air Staff (Tech­
nical) (A.C.A.S. (T) ) confirmed this ruling. 

No. 38 pistol 
The No. 38 Pistol was the third to be used in small bombs for low level bombing 

and promised to overcome the troubles of the previous two. Numerous reports 
and recommendatjons had been made by Bomber Command to Air Ministry 
and aJJ indicated the need for a new type pistol in 20 lb. and 40 lb. bombs. 1 

In February 1940 the Director of Armament Development (D .Arm.D.) 
informed the Ordnance Board that, pending the development of a blast-operated 
pistol, modification to impn;ive the safety of No. 29 and No. 34 pistols by vane 
arming should be investigated. He pointed out that it was believed the Chief 
Superintendent of Design (C.S.D.) had under consideration a design similar 
to the No. 29 in which the dome had vanes and rotated on a threaded spindle.. z 
1n addition to arming vanes, the new design had a split metal collar fitted under 
the dome which would spring off the pistol after the dome had spun off. 

In March 1940 C.S.D. sent a completed design to the Ordnance Board who 
recommended that fifty No. 34 pistols should be thus modified and tested. 
Very thorough trials were completed by July 1940 at A. & A.E.E. and the next 
month D .Arm.D. informed the Board that the trials had been successful a.ud 
that it was desired to go ahead with production3 using aluminium shear wires. 

The Ordnance Board arranged for manufacture of the new pistol made of 
'Mazak ', a zinc alloy, and the only major difference to the No. 34 was the 
.fitting of arming vanes (the split col lar referred to earlier was not included). 4 

Limited quantities were issued for operational use in September 1941 and soon 
afterwards adverse reports concerning their safety were being submitted , It 
was found that when used in 20 lb. 'F' bombs and can- ied in Small Bomb 
Containers (S.B.C.) , the arming vanes rotated sufficiently during flight to make 
the pistol dangerous on release, also it was liable to operate if accidentally 
dcopped from stationary a ircraft.5 The Ministry of Aircraft Production 
(M.A.P.) were informed and immediately commenced a farther series of trials.6 

In November 1941 D. Arm. D. reported to the Ordnance Board as follows:-
' In view of the unsatisfactory reports from the Service reg_arding the 

safety of the No. 38 Pistol, a series of investigations and trials have been 
carried out by A. & A.E.E. T he principle defect reported was a tendency 
for the arming vanes to unscrew before releqse when carried in S.B.C. 's; 
although this feature had been t sted in development trials. ' 

These recent trials had caused the following recommendations to be made to 
Air Staff :-

(a) Wedge :£.ttings should be fitted to all No. 38 Pistols in service. 
(b) Pistols with wedge fittings should only be carried in aircraft when the 

S.B.C. 's were not more than 6 feet f;rom the ground, 
1 B,C. File 40793, Pts. I to lV. 
~ O.B. Proc. 4783. 
~ O.B. Procs. 5645 and 8174. 
'O.B. Proc·. 8915. 
6 B.C. File 40193/4 . 
6 B.C. File 40783. 
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(c) Any wedge-fitted pistols that must be carried in S.B.C.'s .more than 
6 feet from the ground should have steel dome caps. (No. 38 made 
of zinc alloy.) 

The Ordnance Board agreed with these proposals and on 25 January 1942 
D. Ann. D. reported that all existing No. _38 Pistols had been fitted with wedges, 
but that the general design would remain, in view of the development of a 
'blast-operated' pistoJ.1 Meanwhile D.Arm.D. considered it advisable to 
have an interim sharp-striker design 2 as it would take some time to complete 
development trials of the ' blast-operated' type. 

The adoption of sharp pointed pistols and sensitive detonators as standard fuzing 
for H.E. bombs 

On 30 October 1941, at the request of Air Staff, an important meeting was 
held at M.A.P. to discuss the adoption of sensitive pistol and detonator fuzing 
as the standard method for H.E. bombs. 3 A full report of the proceedings is 
contained in the reference quoted and it is sufficient to say here that, after much 
technical discussion, it was agreed that a complete change over was to be made 
when supply permitted. 

No. 42 pistol 

This was the first nose pistol to be fitted with a sharp striker. It was 
introduced in September 1942 for use in the Mark IV G.P. and in M.C. bombs. 
and, apart from improved safety and the sharp striker, was very similar to the 
original Mark IV G.P. pistol-the No. 27. Its official life was rather short, 
for in the nex·t month its replacement-the No. 44 which was operated by blast, 
was introduced into the service. 

The ' Blast Operated ' series 
Although the use of sensitive fuzing had considerably improved the reliability 

of H .E. bombs, it became apparent in 1942 that there was room for even greater 
improvement particularly with fragmentation bombs. This need for improve­
ment produced an important development in nose pistol functional design_:__ 
the blast operated, or diaphragm type of pistol. Briefly the pistol was equipped 
with a ' needle ' striker attached to a thin convex brass diaphragm which on 
impact, reversed its curvature and drove the needle into the detonator. The 
action was so rapid and sensitive that, when bombs were dropped in salvo, the 
blast wave of a nearby bomb was often sufficient to operate the pistol, and it 
was thought that, in some instances, increased pressure near the ground would 
also be adequate. There were difficulties but, they were mainly due to the 
design of bombs, and in general the system was highly satisfactory. 

No. 44 and No. 45 pistols 
Of these two pistols the No. 45 was actually the first to be approved and 

brought into service. It was designed in January 1942 by the Chief Super­
intendent of Armament Design (C.S.A.D.) 4 and after very successful develop­
ment trials at A. & A.E.E. was approved in August of that year, to replace 
N os. 29, 34 and 38pistols. 5 The No. 44 was desi~ned and developed in parallel 

1 O.B. Proc. 16131. 
2 See No. 42 Pistol. No. 38 was eventually replaced by No. 44 and No. 45. 
3 O.B. Proc. 14825. 
4 Late C.S.D. 
6 M.A.P. Files S.B. 34828 and S.B. 39236. 
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No. 44 D .A. PISTOL, MARK III 

No. 45 D.A. PxsToL, MARK I . 
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with No. 45. It was a larger pistol, identical in principle, for use in G.P. and 
M.C. boinbs up to 1,000 lb. weight , and replaced the No. 27 and No. 42 pistols. 
Like the No. 45 its trials were crowned with success and approval for use was 
_given in October 1942.1 

Two further types of the No. 44, Marks II and III, to fit M.C. bombs of up 
to 4,000 lb. weight differed very slightly from the original. They were fitted 
with a more sensitive diaphragm which gave more reliable air-bursting parti­
cularly in ' space-salvo ' or ' short-stick ' bombing. Of the pistols so far 
mentioned the Nos. 44 and 45 were the only ones to confirm, both in safety and 
reliability, their trials results, being highly successful in operations. 

No. 52 pistol 

The American bomb fuzing system was so different from our own that in 
order to fit their G.P. bombs with our pistol/detonator system, a shortened 
No. 44 Mark II pistol was used with a special small exploder tube known as a 
booster adaptor. The pistol was numbered 52 and after successful trials with 
100 lb., 500 lb. and 1,000 lb. American G.P. bombs at A. & A.E.E. in November 
1943, static detonation tests, and British aircraft bomb carriage suitability 
trials, production of No. 52, which later gave such operational satisfaction, 
{:Ommenced in March 1944. 2 

No. 52 D.A. PrsrnL, MARK II 

No. 55 pistol p 

The introduction early in 1942 of the 4,000 lb. Marks II and III High Capacity 
bombs, brought with it pistol trouble. Three No. 27 pistols were initially 
fitted to the large, blunt and almost flat nose which, in order to give it a better 

1 M.A.P. File S.B. 39873. 
; M.A.P. File S.B. 52331/L 
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trajectory, carried an attachment known as a ' poiler '. The pjstols were 
positioned in a straight line on the nose with one in the centre, and the ' ·spoiler ' 
although improving the bombs trajecto,y had a detrimental effect on the two 
outer pistols. Wind tunnel tests at the Royal Aircraft Establishment (R.A.E.) 
jn August 1942 showed that up to speeds of 112 m.p.h. none of the three pistols 
had their arming vanes rotated. 

rur trials using the No. 44 pistol in September produced a resu lt almost as 
negative for only the centre pistol armed in flight. It was co11cluded that this 
was due to the clisturbed air flow over the bomb's nose and R.A.E. commenced 
a series of experiments in an attempt to eliminate the fault. By December a 
form of extended arming vanes carrying hemispherical cups~seemed the most 
likely to succeed, but despite successful wind tunnel tests completed by 
July 1943 with these anemometer type vanes, air trials were almost a complete 
failure. Apart from failure to arm in flight the pistol diaphragms were in fact 
operated by earth being forced, on impact, through the safety-pin holes in the 
dome cap indicating the p1obability of bombs detonating when jettisoned 
'safe '. 1 

Many more methods were tried, including cutting small slots in the spoiler 
ring opposite the pistols, but it was not unti l December 1943 that marked 
imp.rovement was obtained by turning the anemometer vanes through 45 degrees 
in the vertical plane and using a special safety pin which did not require holes 
in the dome cap and thus eliminated the previous ' earth detonating I action. 

By March 1944 air trials with 4,000 lb. and 12,000 lb. H .C. bombs had been 
completely successful, and although some doubt with regard to safety on 
jettison still remained, this was outweighed by the pistols reliability to operate 
in all three nose positions. Trials with the 8,000 lb. H.C. bomb were incomplete 
by this date, but confirmation of the good results obtained with the other bombs 
were confidently anticipated, and the much modified o. 44 pistol, renamed the 
No. 55, was subsequently proved to be very reliable in operations and remained 
in its final form as the standard nose pistol for the High Capacity series of bombs. 

Tail pistols 

No. 30 Mar/is III , IV, V and VI 
lt will be remembered that the No. 30 was the first tail pistol to use the sharp 

pointed striker and to make use of the 'Mark ' system to differentiate between 
the modified No. 28 (Mark I) and those of new manufacture (Mark II). 
Mark III, which embraced a modification to permit easy removal of the striker 
for cleaning and drying, followed Later in 1939 when the drenching tliat anti­
submarine bombs received during ta.xying made tb.is necessary. 2 

Further trouble arose when an alarming failure rate appeared in January 
1940, and trials at Lee-on-Solent established the fact that pistol faults bad 

, accounted for the majority of failures. From the details of the trials which 
were sent by the Director of Naval Ordnance (D.N.O.), to the Director of 
Armament Development (D.Arm.D.), the chief trouble seemed to be that either 
the arming fork did not completely unscrew. the striker spindle nut or that the 
latter, even if unscrewed, fouled the striker and prevented its movement on 
impact.3 

1 M.A.P. File R /A 4219. . 
2 A.M. File 756870/38 and O.B. Proc. 717. 
3 A.M. File 756870/38. 
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It was decided in April 19401 after further trials and experiments, that the 
main trouble was due lo friction on the striker caused by trnnsmission of tor:que 
from the revolving arming nut.1 After very thorough trials, pisfols with the 
plain portion of the 'striker spindle removed proved successful, and aD No. 30 
pistols were so modified, becoming Mark III, while those of new manufacture 
became Mark lV,1! These modified pistols proved quite re1iable in service, and 
although an identica.l pistol, but made in pla ties-the Mark V- was produced, 
it, like the other plastic pistols, was -a failure, and was withdrawn soon after its 
introduction. 

In Nov mber 1943, Coastal Command reported two unaccountable accidents 
occurring during flight when an explosion occurred just below the aircraft. 
Their own investigations led th.em to susp et thal the anning nut being jammed 
by the arming fork soon after release was the probable cause .. 3 A conference 
held at the Air Ministry on 18 January 1944 b tween M.A.P., the Directorate of 
Servicing and Maintenance (D.S.M.) and Coastal Command, disclosed that 
three accid nts in which the pistol was suspect had occurred. The experts 
pres nt agreed that if Ule arming nut were jammed there would be sufficient 
striker protrusion to fire the detonator although it was difficult to see how the 
explosion could occur in operational use. 

During the subsequent investigations of all tail units and pistol , another 
similar accident occurred, and in July 194-4, D.Arm.D. suggested shortening the 
threaded end of the striker to ensure that, even if jammed, there was insufficie.nt 
protrusion to fire the det9nator. D.Arm.D. ; proposal was agreed to in the 
following month, and the Mark lV pistols, with the modification incorporated, 
became the last of the No. 30 series~the Mark V1. 

A point of interest was the method used to ascertain the distance th.e bomb 
fell below the aircraft before the pistol became armed, A pistol was wired lo 
complete a circuit when fully armed and ignite two flash bulbs attached to the 
bomb. Three cameras, two in the aircraft and one on the ground, produced 
photographs from which it was estimated that the pistol became fully armed 
after a fall of 7 feet. Apart from the few accidents reported and early troubles 
with the striker failing to operate, the No. 30 was a good standard tail pistol 
for many types of bomb, and the last and best of the series, the No. 30 Mark VI. 
remained in service in G.P., M.C., S.A.P. and A.S. bombs until the end of the war. 

No. 49 Tail Pistol 
During the development of the Capital Ship {C.S.) Bomb early in 1942, a 

requirement arose for a hydrostatic pistol for a parachute . . bomb. Toe 
very low striking velocity of the bomb was insufficient to operate the normal 
tail pistol, and in order to meet the requirement a No. 44 nose pistol was modified 
for t ai l use with rubber bellows above the diaphragm and the head vented to 
allow water pre!>sure to operate it. Between 1942 and 1943 the pistol was tested 
ii) various static and air dropping trials and in the latest recorded, A. & A.E.E. 
recommended that, as air trials were not satisfactor~, further investigation 

1 O.B, .Proc. 5716, Alter the arming fork had unscrewed tl')e arming nut, tl:ie latter was 
supposed to revolve harmlessly around a non-threaded {>Ortion of the striker spind le. 

i A.M. File 756870/38. 
• M.A.P. Fi le R/A 2841. 
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should commence into the effect of the parachute tail on pistol operation. This 
was, however, in August 1943, by which time the bomb itself had been abandoned 
and nothing more was heard of the No. 49. 

No. 54 'Multi-Ways' Tail Pistol 

An Air Staff requirement for a pistol which would function should the bomb 
land sideways was formed in October 1939, and by January of the next year 
such a pistol, designed by C.S.D., had been approved by the Ordnance Board . 

.. 
No. 54 TAIL PISTOL, MARK I 

A number of experimental pistols were tried during 1940, but in August of that 
year, due to its complicated construction and excessive cost of production, the 
design was abandoned. 
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Little more was heard of a multi-ways pistol until July 1943, 'when D.Arm.D .• 
perturbed by failures of G.P. and M.C. bombs armed with No. 28 and 30 pistols 
and released below SOO feet, wrote to the Ordnance Board and the Chief 
Engineer of Annament Design (C.E.A.D.) requesting an ' Allways ' pistol 
design. C.E.A.D. rapidly produced a converted 30 Mark IV design, and b:y 
August 1943 a quantity of pistols had been converted. 1 

Unsatisfactory trials held at A. & A.E.E. between August and November led 
to its eventual abandonment in favour of an entirely new design, for in the 
words of the Ordnance Board, ' it is usually far better in the long run to start off 
with a new design rather than to try to make an already successful mechanism 
function equally well under different conditions.' 

The new desigri, although operating on the same principle, that of a chamfered 
edged inertia ring, did not incorporate any of the existing parts and was com­
pletely successful 1n it trials during the last two months of 1943. Production 
at high priority was ordered in February 1944 after fort her success in high speed, 
low level trials from Typhoon aircraft, and the first production supp1ies for low 
level attack became available in May. 

No. 58 Tait Pistot 
The size and de.sign of the tail unit of the Wallis bombs, ' Tallboy ' and 

' Grand Slam', for which this pi tol was required, would not permit the normal 
air arming, and it was intended to use a clockwork pistol for the purpose, 
Probable de lay in production, however, caused the reversion to a simple pistol 
based on o. 30 Mark IV. For the first time in a tail pistol a copper shear 
wire was used if!Stead of the usual arming nut and nut spring, but it was found, 
in the trials of experimental models which were ready by 16 December 1943, 
that the strength of the shear wire preven ted operation from 20,000 feet and 
instead a thin brass spider washer was fitted to the head of the striker. i 

A production order was placed after successful trials with the new design in 
January 1944, and the pistol numbered 58 Mark I. There was a r,isk of 
failure if dropped from low level, but the size of the Wallis bombs for which it was 
intended, and its restriction of use to high altitudes only, precluded that 
possibility. 

No. 60 Tail Astol 
The pistol, except for a modified arming nut to suit a special arming fork, 

was identical with the No. 54 1 AU ways' pistol. It was des igned and developed 
for use with a limited number of 400 lb. incendiary bombs required for special 
operations in the Far East, but was never used. 

No. 65 Tail Pistol 
In 1944, it will be recalled, t he No. 30 Mark VI was introduced to overcome 

the danger of prematures present in earlier types ; these became more apparent 
when Bomber Command commenced intensive daylight bombing, and i t 
appears that in February 1945 Bomber Com.ma11d was-not sure of Mark VI 
for the same reason. In the folJowing month design details and a sample 
pistol, considered an improvement on the No, 30, were sent to D.Arm.D. for 

I M.A.P. File S.B. 865. 
t M.A.P. File S.B . 60331. 
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consideration. The new design, which provided for the •arming nut to be 
attached to an arming screw so that on .rotation both were completely with­
drawn. from the striker, was thought most promising, and, to test thoroughly 
the lightened striker, tri als chiefly from 1,900 feet at the slowest possible speed 
over bog land and water, were completed successfully in March 1945. Approval 
and introduction in.to the Service of this new pistol (numbered 65) followed in 
June, and after the majority of the initial production order had been completed, 
modification of existing No . 30 pistols to No. 65 , which became the standard 
direct action tai l pistol for M.C. and G.P. bombs, commenced. 

The use of plastic materials for bomb pistol bodies 
With the declaration of war in September 1939, the expected increase in 

demand for metal, and its possible shortage, had to be envisaged, and in 
January 1940, when the possible shortages, partic11larly of brass, became 
probabilities, urgent consideration was given to the production of pistol and 
fuze bodies in plastic materials instead of the customary brass. A plastic 
design for the smoke-float pistol, the No. 23, had already been approved, but 
despite suggestions, and in fact decisi.ons to produce, first the No. 27 pistol, and 
then the ·o . 41 fuze in 'Nestorite ', little positive progress seems to have ·been 
made t ilJ June of 1940.1 

In that month it was recommended that the firm of Spearex Limited of 
London, with. the assistance of the Ch ief Super intendent of Design (C .S.D.), 
should make twelve No. 28 tail pistol bodies for trial. This small order was 
rapidly executed a nd by July the twelve pistols, eight of ' Nestorite' and four 
of 'Rockite ', had been so successfully tested in both ground and air trials at 
A. & A.E.E. that it was decided that in future the bodies of both Nos. 28 and 
30 pist.oJs should be of a plastic material with metal body threads. 2 

By October 1940, No. 28's and No . 30's were being manufactured but were 
not yet in operational use, and plastic models of the No. 27 were stilt in the 
experimental stage. Quantity issues of Nos. 28 and 30 were made to the service 
in the early days of 1941 but, as was the case with so rnany other types of bomb 
pistol, the plastic ones, despite their exhaustive development trials, did not 
give satisfaction in opera tional use. 

Bomber Comm.and in a report to the Ministry of Aircraft Production (M.A.P.) 
in March 1942, on the failure of No. 28 pistols both in operations and when 
jettiso.oed' safe' over this country, requested that more robust materials should 
be used si nee, in their opinion, plastics were too fragile to withstand the force 
of boo1b impact. :i Further tests and trials did not disprove this opinion ano 
in July 1942, on the recommendation of D.Arm.D., the use of plastic pistols 
was restricted to 250 lb. G.P., SOO lb. G.P. and all M.C. bombs until such time 
as the supply position permitted their replacement in brass. 

1 O.B. Procs. 4(20, 4566. 4661 , 5856 and 6775. 
i O.B. Procs. 7208, 7567, 7983 and 9657, 
• M.A.P. File R/A 2941. 
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CHAPTER 16 

LONG DELAY PISTOLS 

Tpe reason for ' delay action,' mentioned in many previous chapters in this 
Volume, has, by virtue of the need for initial penetration, been sufficiently 
obvious in itself to warrant no specific definition. This, however, does not 
necessarily apply to 'long delay,' and it must be stated, therefore, that in the 
majority of cases the main object was to deny the enemy the use and habitation 
of the area in which the bomb fell, until either detonation had occurred or the 
pistol responsible for the delay had been irnmobiJjsed. 

Many types of long delay pistols have been designed, but comparatively few 
have been used in service, due largely to exacting and , in some cases, imprac­
ticable requirements. For various reasons the theory that, if the pistols could 
not be. disturbed or removed without instant detonation, any unexploded bomb 
would be suspected of being fuzed 'fong delay ' and would lead to evacuation 
of the area, dislocate the enemy's effort, and affect morale, was not always 
fulfilled. 

Development 1919- 1939 
The original long delay pistol known as' Fuze, Long Delay, McAlpine 1 Type' 

was used for special operations during the latter part of the 1914- 1918 war, 
and is known to have provided delays of 6, 12 and 24 hours. 2 The word fuze 
in its title was somewhat misleading for it contained no explosive and was used 
in conjunction with the No. SB tail pistol. On impact the pistol striker crashed 
an ampoule of acetone, w11ich ' ate ' through a cel luloid washer, the thickness of 
which decided the delay. fo 1922, therefore, its name was changed to 
'Attachment/Long Delay No. 17,' and in late 1923, at the conclusion of 
suitability and safety trial , was approved for general use. 3 

This second designation did not last a great time, for numerous modifications 
in feasible delays, materials, and an eventual complete redesign, which included 
an arming device , changed its role for an 'attachment' to a complete pistol, 
and in 1925 it received its final name' Pistol, Long Delay, N'o. 17 '. 4 The pistol 
remained the only one of its type in service for a considerable period, for despite 
the general opinion that it was too costly, unreliable, and had a comparatively 
short life in the tropics, a suitable substitute could not be found .s Several 
alternative types were air tested but, apart from other difficulties, they all had 
the fault of protruding from the bomb tail and usually eit her broke away on 
impact, or could be cut off by the enemy.6 

1n Aprll 1937 the Deputy Director of Operations (D.D.Ops.) suggested that 
it was of the greatest importance that up to SO per cent. of the bomb pistols 
should be ' long delay ' with varying delay perio~. He emphasised the 

' Desigued by Mr. G. McAlpine, of Messrs. J. J. Griffin, Instrument Makers, London. 
2 O.C. Memo. 4535 . 
3 O.C. Memos. 4691 and 5140 . 
., A.M. File 517434. 
~ O.C. Memos. B. 25161. B. 25871 and B . 26299. 
0 A.M. File S. 31998/33. 
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uselessness of the No. 17 in the latest G.P. bomb, th~ Mark lV, t h,e unsatis­
factory service which this pistol had given otherwise, and the urgent need for a 
:replacement incorporating, if p0ssible, an anti-handling device. As a result 
the Deputy Chief of Air Staff (D.C.A.S.) issued a directive which, because of th.e 
already complex operational , requirement, deleted the anti-hand ling device 
and altered the quantity to 25 per cent. 1 

The promised pistol did not however materialise until early in the Second 
World War and, when in October 1938, it was forecast that a new pistol could 
not be produced before 1940, the already periodicallyamendedsupplypercentage 
of No. 17 pistols, once again underwent an adjustment which entailed, as a 
consequence, firstly the reserving of earlier types of G.P. bombs, which, were 
the only type which could utilise the No. 17, and finally the production of 
ano ther centrally-tubed G.P. bomb-the Mark V, in order to keep pace with 
operational demands which could not be met by the later types of long delay 
pistols designed for Mark IV G.P. and similarly fuzed bombs. 2 

Early in 1939 Air Staff requirements, while still calling for a replacement 
with delays of 12 to 168 J10urs in steps of l 2 hours, required in add ition an 
anti-handling device and a means of exploding the bomb should any attempt 
to move it be made. Suggested designs were considered by the Ordnance 
Board at a conference on 30 March 1939 and it was decided that the most 
promising design, that by the Chief Superintendent of Design (C.S.D.), which 
was ultimately adopted, should have priority in development over both 
clockwork and osmosis3 types suggested by R.A.E. 

A number of designs were being investigated at the Royal Aircraft Establish­
ment at Farnborough but none of these materialised, and at the outbreak of 
war in 1939, the No. 17 was still the only long delay pistol in use. Fortunately 
the tempo of t he bombing offensive did not increase as it might well have done 
and the reserved stocks of old type G.F. bombs enabled the bomb load policy 
of 25 to 50 per cent. long delay fuzed, to be met until the replacement pistol for 
No. 17 was introduced. ~ 

Development during Second Wor}d War 

No. 37 and 47 Pistols 
The ultimate successor to the No. 17 was a product of the Design Department 

at Woolwich and was of the celluloid/acetone type. The first models of this 
pistol-the No . 37, could be adapted for delays of 6, 36, 72 or 144 hours and the 
possibility of failure was, to some extent, reduced by causing the ampoule of 
acetone to be broken by, and during the process of air arming. 4 

The first experimental models produced in April 1940, were successful in 
wind tunnel tests at R.A.E. in May, and, with the exception of the an ti-hand ling 
device, gave fairly promising results on the air trials completed in July 1940, 
with inert and live G.P. Mark lV bombs. Requirements of any an ti-handling 
device are to a large extent explained in the tit le, but No. 37 proved unreliable 
and dangerous for our own personnel tg remQve, should the aircraft return 

1 A.M. File S. 243:lS. 
2 A.M. F ile S. 24335 and B.C. File BC/S/22188/2. 
• The ' osmotic. ' pr inciple was that of completing a n electr ical circuit by causing rubber 

to swell under the action of Toluene. 
~ O.B. Proc. 5380. 
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with the bombs.1,. Unfortunately urgent operational requirements late in 
l940, caused tl1e Air Staff to accept this none too satisfactory device, and 
pending its improvement, the No. 37 was produced in two types- Mark I 
without any anti-handling device, and Mark II for which many safety 
precautions were issued, the main one being that on no account was removal to 
be attempted from a bomb thus fnzed. 2 

No. 37 Mark III appeared in August 1941, when a much improved anti­
handling device had been successfully tested. It was n,ot long however, before 
this also revealed defects and an urgent need for modification. Bearing in 
mind the function of the anti-handling device, a serious danger to aircraft and 
crews was represented by the tendency of the complete pistol, or its head, to 
unscrew after release.3 This defect was also apparent in the previous marks and, 
in January 1942, after a temporaTy remedy of an extra locking clip, approval 
was obtained for the reversal o( the vane blades and arming spindle thread. 
Pistols thus modified were known ~s Mark l V. 

In these early months of 1942, it became apparent that the enemy were not 
only aware of the function of the No. 37 pistols, but had discovered a method 
which presented little danger in theit removal. To counter this, it was intended 
to replace the pistol with the No. 845 nose fuze, then under development, which 
was very sensitive to bomb movement, and, in March 1942, it was advised that 
the use oi No. 37 Marks II, III and IV be restricted to urgent operations.4 It 
transpired however that No. 37 's were used throughout the whole of 1942 and 
long delay fozing, when required, utilised No. 17 pistols in G-.P. Mark V bombs. 

Early in 1941, special low level attacks against canals and locks w.ith high 
capacity (H.C.) bombs were envisaged, and, in order to alJow the attacking 
aircraft to get clear before detonation, a delay fuzing of 'JO minutes was required. 
For these operations nose delay fuzing was-not practicable and in H.C. bombs 
there was no provision for tail initiatio~1.6 The problem was discussed between 
representatives of the Air Ministry, Minishy of Aircraft Production, Design 
Department, Woolwich, and Ordnance Board on 22 May 1941, and it was 
decided to fulfil the requirement by a modified design of o. 37 pistols fitted in 
the ' side pockets' of the bombs. 

The action of this modified pistol was similar to No. 37, but , because of its 
positioning on the bomb, normal air anning was not possible and instead the 
arming spindle was fitted with a pull ey around which was wound a length of 
cord with the free end attached to the aircraft. Two main troubles accrued in 
air trials at A. & A.E.E. in June ; firstly the arming spindle failed to rotate and 
crush the acetone ampoule due to the cord snapping on release, and secondly 
the bombs, the 4,000 lb , M.C. with parachute, cartwhe led and broke up on 
impact. 

Trials in July with strengthened inert bombs and pistols fitted with a copper 
wire instead of cord, gave indication of eventual success, and after a special 
method of setting the spindle, prior to release and thereby minimising the 
possibility of failure, was adopted,6 success was achieved late in July 1941 
with a live 4,000 lb. bomb dropped into the sea from a l.9w level. 

I O.B. Procs. 6666, 7002, 7274, 7721 and 8207. 
~ A M. File S. 24335. 
5 M.A.P. F ile S.B. 5790/3. 
• M.A,P. File S.B. 5790/2. 
5 M.A.P. File S.B. 15186. 
~ M.A.P. File S.B. 30391. 
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A limited number of these ' Special Operations Pistols' were issued to 
Bomber Command by August of the same year and when it was decided soon 
afterwards, that they would be required for general service use, their title was 
changed to No. 47. Although the pistol seemed to satisfy operational require­
ments, they were apparently not used for the special operations and, in March 
1942, further attempts to improve it commenced. 1 

The new design, proposed by the Directorate of Aeronautical Inspection 
(D.A.I.), differed chiefly from No. 47 in that the striker, instead of being 
anchored by a screw head in the celluloid washer, was retained in the safe 
position by steel balls. In addition a standard celluloid washer instead of a 
special one, and a solvent of 50/50 acetone/alcohol provided the time delay. 
Future production was to this design, but, as with the original No. 47, was not 
used in H .C. bombs for the 'Special Operations' ; later however, in 1944, it 
was used with 'Tallboy' bombs. 

No. 37 TAIL PISTOL MARK V WITH BAKELITE CovER 

1943 saw the No. 37 pistol once again in use but by this time the suspicion 
and mistrust, with which it was viewed by the Service, had considerably 
increased. The Director of Servicing and Maintenance (D.S.M.), commenting 
on several accidents attributed to the pistdl., considered that a new method of 
handling should be introduced. 

Despite an order, by Air Ministry in July 1943, that all pistols if accidentally 
dropped from standing aircraft or bomb trolleys were to be considered as 

1 M.A.P. File S.B. 61222. 
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'anned,' reports on the unreliability and accidents attributed to the pistol 
mounted , In reply to a lengthy report and urgent request for modification or 
replacement from Bomber Command, the Director of Operational Requirements 
(D.O.R.), stated that a replacement had had the highest priority request for 
some time but in the present stage of replacement development, to say 'how 
long' was impossible. . 

Fighter Command -also requested investigations to produce a No, 37 pistol 
for special operations with G.P, Mark IV bombs, to give differeJJt delay times., 
but instead, these were obtained by combining the Nos. 47 and 37 -pistols and 
varying the chemical strength of the acetone and the thickness of the celluloid 
washer. A modificatjon, to give visual indication of the pistol's condition, was 
made by cutting three slots in the striker spindle and fitting a white blotting 
paper in the head of the pistol. Disc9loured paper in these pistols, known as 
Mark V. detected a broken ampoule and the bombs thus affected could be 
segregated and destroyed. 1 

Interminable correspondence throughout 1943 and in the early months of 
1944 brought to light the fact that our Bomb Disposal Service, who had found 
a means of removing the pistol with little danger, had discovered that misfires 
were occurring due to uneven dissolving of the celluloid washer. The generally 
unsatisfactory state of affairs was referred to in J uoe 1944, by tbe Directorate 
of Armament Requirements (D.Arm.R.), who suggested that, operational 
necessity should be weighed against the accident casua1 ty rate, and ' tl1e 
discontinuation of use of No . 37 pistols shou ld be serio usly considered.' 2 

The percentage of accidents due to the No. 37, was however estimated at 
J ·3 per cent. and t hus by July 1944, four variations of the original pistol were 
in use. Each varinnt was consider d sufficiently important to warrant an 
advance in Mark (I to V) and to improve its safety and reliability. All 
these concerned the same principles but, despite innumerable conferences, 
investigations and modifications, the pistols were still unsatisfactory at the end 
of the war. 

The abandonment of the anti-removal device in November 1944, coincided 
w.ith fitting of a striker guide to overcome the difficulty of off-centre strikes by 
irregular solvent action on the celluloid washer. Ampoules made of hrass were 
recommended but production difficulties preven ted t hei r use before hostilities 
ended. 3 At the last war-time meeting u1 April 1945 however, it was recorded 
that another pistol was in development in which the safety did not depend on 
the absence of acetone leakage, but instead was so designed that if this did occur 
the pistol could not fire.,1, 

Instead of being used for the special operations with H.C. bombs for which it 
was de igned, the No. 47 pistol was further developed as an alternative fuzing 
for ' Tallboy ' bombs. Not long after the first attack with these weapons 
against canals and dykes in the summer of 1944, doubts as to the efficiency of 
the pistols for that type of bombing arose, and in October 1944 Bomber Com­
m.and, reporting on such attacks, quoted one instance where four Tallboys, 
each fused with three No. 47 p istols, failed to detonate under-water after 
twenty-four hours. 

1 M.A.P. File S.B. 5790/4. 
-2 M.A.P. File S.B. 5790/5. 
a M.A.P. F ile S.B. 5790/7. 
' M.A.P. File S.B . 5790/9. 
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Under-water tests however, seemed to establish fully the efficiency and 
reliability of the fu~ing in these conditions and by early 1945, production of the 
pistols having increased, they were being used both in ' Tallboy ' and 
'Grandslam' bombs against U-boat bases and underground storage tanks. 
Short delays of half an hour or one hour were used but premature detonation 
was reported by Bomber Command quoting one atta~ in which oi thirty-two 
bombs fuzed half an hour delay, seven had exploded on impact.1 

Investigation into the cause of premature explosion was still proceeding when 
in June 1945 the reason of a similar fault in a later pistol, the No. 53, was shown 
to be occasioned by the striker sleeve. Similarity in that design indicated the 
fault of the No. 47 which after suitable modification became part of the standard 
fuzing of' Tallboy ' and' Grandslam '.2 

No. 63 Series 

The No. 53 pi tol was not of completely new design but a combination of its 
predecessors the No. 37 and No. 47 and was originally produced in. the autumn 
of 1943 in response to Fighter Command's requirements for a short delay pistol 
for special operations.a The combination used the upper half of No. 37, and 
the lower of No. 47.4 Some test models were completed in September 1943, 
and having shown satisfaction on trials, a small quantity with half hour delays, 
were sent to Bomber Command also fo r Special Operations-the requirements 
of Fighter Command having lapsed. 

Although not fully satisfactory owing to the possibility of ampoule breakage 
in transit, the new pistols, chiefly because of the ball-retained striker, were 
thought to be a great improvement on earlier types. By March 1944, one 
hour delay pistols-the No. 53A, were also being produced and because of the 
short delays no anti-removal device was included in either pistols. 

The fai lure reports and consequent under-water tests, previously mentioned 
with the No. 47 pistols, were applicable also to No. 53's which were used for 
similar operations. The No. 47's only were used for the tests, as, except for the 
No. 53 sealing off of the ampoule after arming, they were internally identicat 
About the same time, October 1944, all the usual complaints common to previous 
long delay pistols were prevalent concerning o. 53; in addition, doubt was 
expressed on the value of the blotting paper indicator, and the unsuitability of 
the glass ampoule.5 

These defects caused considerable confusion among the pistol users, but, 
despite the g:reat promise showri by brass ampoules, difficulties with production 
and the means of providing an effective sealing, resulted in none being fitted in 
No. 53 pistols. Earlier, in July of 1944, investigation trials in North Africa 
into missfires, showed that the main defect was ofj centre strikes on the detonator 
and a striker guide sleeve was produced to try to overcome this fault. 6 

Success seemed to have been achieved unti l April 1945 when a series of 
alarming accidents, from premature explosions of bombs fuzed wit h No. 53 
pistols, occurred. Long and painstaking inv.estigations into the numerous 

1 M.A .P . Fi le S.B. 61222/2. 
11 M.A .P. File S.B. 61222/3. 
• M.A.P. File S.B. 15920/ 1. 
• M.A.P. File S.B . 61222/ 1. 
• M.A.P. File S.B. 15920/2. 
~ M.A.P. File S.B. 60759. 
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technical reasons which were advanced, led eventually to the discovery that 
the locking of the shiker sleeve was faulty. I t was found that vibration. 
unavoidable in aircraft, could cause the sleeve to rotate and that any rotation of 
more than a quarter of a turn was liable to operate the pistol. 1 Until modified 
to secure the striker sleeve, all No. 53 pistols were banned from use and this 
was the final modification to the No. 53 series. Although by no rneans fully 
satisfactory, the No. 53 long delay types did, after the final modification, give 
much more satisfaction and were comparatively less troublesome than other 
long delay pistols. 

The numerical sequence of long delay pistol development has been dis­
continued at this stage for two main reasons, firstly those already recorded 
were, as the reader has no doubt realised, fundamentally the same pistol 
adapted from time to time for varying operations, greater safety, reliability and 
simplicity. Secondly they were all of the celluloid/acetone type which embraced 
all long delay pistols used in operations di1ring the second world war. 

Between 1925 and 1940 however, several other types, such as electrolytic. 
clockwork, or a combination of these, underwent experiment, but in June 1940, 
the Ordnance Board recommended that in view of the progress then made with 
celluloid/acetone pistols, work on other types should be abandoned. 2 Shortly 
after this recommendation however, the Royal Aircraft Establishment received 
instructions direct from the Prime Minister's office to design a new long delay 
pistol. 3 Such a pistol had -in fact already been designed and eventually became 
known as No. 39. 

No. 39 Long Delay Pistol 
Although the requirement of this pistol was identical to the others already 

mentioned, its mode of operation differed ; it embodied the ' osmotic· principle 
by means of which the completion of an electrical circuit was delayed until 
soft rubber pellets were swollen by the chemical toluene. The swelling of the 
rubber caused a time delay ol about ten minutes before the pistol became 
operative, and after a further period, adjustable by means of a setting screw. 
completed an electrical circuit both to the anti-handling unit and the long delay 
initiation of the bomb. 

Briefly, the sequence of operation was that, on irelease, the pistol arming vane 
rotated a cutter which split open tb.e toluene capsule and started the swelling 
of the rnbber; on impact, iner.tlia caused a spring loaded electric cell to set 
forward a.ml make contact with an electric detonator ; about ten minutes afte•r 
release the rubber pellets had swollen sufficiently to complete a circuit to a 
mercury switch which, if the pistol was disturbed, fired the detonator, and 
finally, if not disturbed and after a pre-set delay period, the long delay unit's 
circuit was completed and the bomb detonated. 

Preliminary tests of the pistol showed such promise that all work on other 
types oi rubber expansion pistols was abandoned and effort concentrated on 
No. 39. Air trials at A. & A.E.E. 01.1 the first of July 1940. did not however 
confirm the promis ; on hard targets, except for the anti-handling device, the 
pistol operation was very faulty , and on soft targets, although the pistols 
operat d, pre-set delay times were at such variance as to be completely 
unreliable. 

t M.A.P. File S.B. 15920/2. 
i M.A,.P . File S.B . 46905. 
lM.A.P . File S.B. 7781/1. 
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Further trials with modified pistols on 16 July were also unsuccessful but did 
show that certain of tht:: modifications had improved the operation, and tpat 
the pistol was now strong- enough to withstand impacts greater than those 
which would cause breale-up of the bomb. It was appreciated that timing 
errors would be greater for the sho-cter delays and that, due to not incorporating 
certain refinements to ensure accurate delays, to assist rapid and easy production, 
it was not possible to give an accurate statement of probable timing errors. 

Further dropping trials with inert bombs were carried out in August 1940, 
and examination after the trials showed t hat of the eight bombs dropped, three 
would have exploded instantaneously, four on handling or after time delay, 
and one would have failed altogether. Although not entirely satisfactory, 1,000 
experimental pistols were ordered and by October 1940, after small difficulties 
of production had been solved, twenty pistols were ready for service trials. 1 

Fifteen live drops, with pistols without the anti-handling device, were held 
at A. & A.E .E. in September and apart from irregularity in delay times-three 
set for two hours operated on impact, and three, for thirty hours, six hours and 
two hours, had not operated after eight days, the results were more promising. 
The bombs were dropped from varying heights between one and ten thousand 
feet on soft targets, and in all cases initiation of the pistol itself was satisfactory. 
Erratic delays, provided an efficient anti-handling device was fitted, were not 
considered of vital importance, and exceptionally long delays, thought to be 
caused by bombs coming to rest horizontally and preventing saturation of the 
rubber pellets, could be corrected with a small modification. 

Modified pistols were tried in October and in the fifteen dropped, none 
functioned on impact, there was greater regularity in the operation of long 
delays, and only two failed to detonate. The following month six bombs were 
dropped to test the anti -handling device-all failed. After further modifi­
cations the six were again tested in December 1940 and this time two operated 
on impact , two failed to operate on TemovaJ, and two operated about two 
minutes after removal. ' 

Once again R.A.E. carried out modifications but this time in three groups of 
six, each group differing in modifi~ation f.rom the others. The trials carried 
out at Porton on 14 February 1941 with one of the groups, were .more successful 
and it was decided to drop tbe remaining twelve pistols, modified as the first 
six and including locked setting screws and specially inspected igniters. 2 The 
trials took place at the end of February, all wer released at 500 feet, four on 
to downland and the remainder on the concrete target. 

Trial results were :-
(a) Seven pistols, including the four dropped on downland, did not arm, 
(b) Three pistols fired at different intervals during or after disturbance. 
(c) One fired prematurely and one failed due to a damaged igniter. 

R.A.E. pointed out that, because of the danger of prematures, 1,000 feel 
had previously been agreed as the minimum height of release, and if the pistol 
was now desired to operate from 500 feet, the lack of usual deceleration caused 
by the flat trajectory from that height, indicated some form of ' All-ways ' 
pistol requirement.3 

~ M.A.P . FiJe S.B . 7781/1. 
2 During development of the pistol, the igniter, whioh fired the bomb detonator on 

operation of the pistol, had given continuous trouble. 
:1 M.A.P , FHe S . .B , 7781 /2. 

246 



A conference, to decide further progress of the pistol. and held at the Ministry 
of Aircraft Production on 13 March 1941, decided that:-

(a) Further low altitude trials unnecessary since such operational use 
improbable. 

(b) Provided anti-handling device was successful ; previous trials for long 
delay reliability being considered fairly satisfactory, pistol ready for 
introduction into the Service. 

(c) Necessary to test private factory production pistols. Trials of twenty 
pistols to be arrang d for testing separately the anti-disturbance, 
and lorlg delay units , the fonner from heights sufficient to prevent 
bomb ricochet, and the latter at 4,000 and 10,000 feet. 

(d) Special precautions to be taken to ensure that correctly produced 
igniters were available for the trials. 

Twenty pistols from factory production were tested at A. & A.E.E. between 
9 and 12 August 1941, faulty production of igniters and supply difficulties with 
main electric cells and mercury cells having be1d up production. Of eight 
tested for long delay, all functioned but again with erratic time delays ; of the · 
twelve tried for anti-disturbance, one broke up and another operated on impact ; 
six, of which two operated correctly, were deliberately disturbed after impact, 
and the remaining four operated on removal from the bomb. 

The erratic time delays were considered acceptable as a nuisance value, as 
was the anti-disturbance unit since it might operate either on disturbance or 
during removal. The pistol was recommended for introduction into the Service 
in September 1941 with rough usage and climatic trials still be t·o completed. 
Approval for introduction was given in tl,e same month but its use was 
restricted, until No. 845 (anti-disturbance) nose fuze was ready for issue. 
To assist supervision the fuzes were to be issued to one bomber group only. 

Further trials of this pistol, now known as No. 39 Mark I, were almost con­
tinuous during the next two years but efficient results were seldom obtained, 
and in late 1943, in view of the man hours required for the pistol's preparation 
under adequate supervision, and the limited number of special pistols of this 
J1ature which could be accepted, the Air Staff stated that No. 39 was no longer 
a requirement. 1 

1 O.B. Proc. No. 25564. 
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CHAPTER 17 

BOMB FUZES 

The last two chapters of this part of the volume are devoted to the design 
and development of fuzes, Chapter 17 to bomb fuzes, and Chapter 18 to 
pyrotechnic fuzes ; it is perhaps worthwhile before doing so, to outline very 
briefly the main difference between pistols and fuzes a11d to give a short 
explanation for the use of the latter. 

Firstly the pistol, which is normally used when a -fixed purpose can be 
employed in the detonation of a bomb, is, because it contains no explosive, 
of a simpler design, safer in storage, and easier to transport. The fuze, however, 
has directly opposite properties to those of the pistol and js invariably used 
when, t he operational requirements are too complex to be met by a pistol/ 
detonator combination, the missile is required to burst in the air ; the expl.oder 
system of a bomb does not permit the pistol/detonator system of initiation, 
and when a variation of delay, which can be pre-set, is required. 

The first initiating device for aerial bombs ~vas :in fact a fuze ; known as 
Fuze D.A. No. 1, the number being given to differentiate it from numerous 
Naval and Army shell fuzes then in use, it was a direct action nose fuze used 
in 65 lb., 100 lb., and 1I2 lb. H.E. bombs during 1915 and 1916.1 The fuze was 
replaced by a pistol in 1916, and from then until the end of the First World War, 
requirements for bomb fuzes having ceased, no further development occurred. 

The earliest traceable reference to fuze development after 1918 is found in a 
list of' Fuzes for Use with Aerial Bombs 'in progress in 1923. The list comprised 
two nose and two tail fuzes, three of which were, years afterwards, produced 
for Service use, and t hose initial four fuzes were the only R.A.F. items on the 
Ordnance Committee's development list. 2 

No. 32 Anti-Submarine Bomb Fuze 
The Air Staff programme for revised bomb design in 1922 included the anti­

submarine bomb, for which a fuze was the stated requirement. Development 
of the fuze, the No. 32, commenced in 1923,:S but exacting and impracticable 
operational requirements led eventually to its abandonment, during the 
Second World War, in favour of a simple tail pistol. 

In its original design the fuze , fitted in the bomb nose, protmded for the 
greater part of its length ; it was air armed and a reduction gearing ensured a fall 
of 200 feet before becoming · live '. Provision was made for instantaneous 
action shouJd the bomb strike a surfaced submarine or for delay action should 
the vessel be submerged. In order to meet the complex Air Staff and Naval 
requirements, watertightness, simplicity, and variable depth settings for delay 
were attempted.4 

The very nature of its requirements, however, made simplicity impossible and 
this, the most complicated fuze ever designed, possessed, due to its protrusion, 
a completely unpredicatable trajectory •and was never watertight. After 
twelve years of slow but continuous research and development, little real 

1 Ordnance Board Annual Report 1915, p. 159. 
i O.B. Annual Report 1923, p. 294. 
3 A ,M. File S. 22761/1. . 
• O.C. Memo. B. 6729. 
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progress had been made and in August 1935, trials with model A.S. bombs at 
Farnborough, proved that even if the fuze could be made fairly reliable a bomb 
so fitted would, due to its hopelessly irregular underwater path, be almost 
completely useless. 

A't an Air Ministry conference on 16 August 1935, representatives of the 
Admiralty accepted a proposal to relax the requirement to one of fixed delay 
only, which could be met with a simple tail pistol. Unfortunately this was not 
acceptable to Air Staff, and so by 1936 a Mark II version of this most unsuccess­
ful fuze had been designed. Experiments proved that a satisfactory underwater 
path could be obtained either by redesign of the bomb to accommodate entirely 
the faze body, or enclosing the fuze with a ' bomb ballistic cap ' . The increasing 
urgency to produce at least some A/S bombs and fuzes, resulted in the adoption 
of the more rapid ' ballistic cap ' method, and trials of the redesigned Mark II 
continued throughout 1937.1 

A complete and detailed account of these trials is given in the reference quoted 
but results are sufficiently indicated by the fact that modification continued 
until February 1938 whr.11, although still far from satisfactory, quantity pro­
duction had been ·commenced. In September , production was stopped pending 
investigations into the latest type of waterproofing and check of the inertia 
pellet system. A complicated modification was recommended but fortunately 
the alternative to this modification, the fitting of a more sensitive detonator, 
was adopted in December 1938 and enabled production to be resumed in 
January 1939. 2 

( 

The .first confirmatory trials of production fuzes, commenced in February and 
Jasting till August 1939, merely added to the already long list of troubles 
producing yet further modifications. In September 1939 a t echnical leaflet 
gave instructions for a long and involved process for preparing and fitting the 
fuze to the bombs, but after sixteen years of development and trial, this most 
unreliable fuze was still the only fuzing arrangement for anti-submarine bombs. 

Progress after the outbreak of war was practically negligible for in November 
1939 all production ceased.3 Repor.ts from user operational commands fre­
quently mentioned failure of the fuze, and although in 1941 a Mark IV type was 
introduced, it did little towards functional im_provement, in fact, until 1942 
when an improved A.S. bomb wjth a hydrostatic fuze became available, the 
anti-submarine bomb was increasingly r~placed by the depth charge and thus 
the No. 32 Fuze was but little used. 

Nos. 30 and 31 fuzes for S .A.P. bombs 
When the development of the S.A.P. bombs commenced i n 1924 the fuzing 

requirements included a tail fuze as initiator. At that time there was a fuze 
under development for A.P. bombs and at an Air Ministry meeting in March 
1925,4 it was agreed that a similar fuze , suitably modified, might meet Air Staff 
requirements. Of these the main considerations were :-

(a) It must operate after passing through the first deck of I inch thickness, 
but must be sufficiently insensitive not to operate on light super­
structures. 

(b) It must operate after it has travelled an average of 4 feet after impact. 
1 A.M. File S. 22761/3 and O.C. Memo. B. 36006. 
• A.M. File S, 22761/4. 
3 A.M. FIie S. 22761/5. 
• O.C. Memo. B. 8132. 
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In November l925 a prototype design had been completed and models were 
to undergo trials. It was a base percussion fuze containing two strikered inertia 
pellets, which, after arming, were held off their detonators by a creep spring and 
shear wire respectively, the detonators being shielded by a shutter until arming 
was complete. 1 The spring-supported pellet was intended to operate if the 
bomb sti:uck water or other low resistant target and to detonate after a delay. 
The other pellet was intended to be 'blind ' on a ship's superstructure, but 
operate after striking I inch plate with a delay as short as possible. 

Development 
lt was eight years before the first type of fuze ( o. 30) was introduced for 

Service use. As it has long since been declared obsolete, only an outline of the 
main events will be given here. Early design improvements and static trials 
went on until autumn 1928, when it was thought that the fuze was suitable for 
air trials. These were, however, held up by the fire at Woolwich Arsenal, until 
April 1929, when it was discovered that the fuze was dangerous in thal it would 
arm and fire from as low as 20 feet. 2 This necessitated 'modifications, which 
were completed by March 1930, when, although 1he fuze was satisfactory as to 
safety height, it would not operate from 16,000 feet on water. More redesign 
and trials followed , and it was June 1932 before this fault was rectified . 

. In February 1932 fairly successful trials were completed against II.M.S. 
Marlborough , a trial ship of that period, and as an outcome the Air Staff require­
ment for a short delay was abandoned. it being concluded that a bomb was 
likely to be detonated by 'any robust obstruction ' above the deck. 3 In 
January 1933 the fuze was introduced into the Service : the No. 30 for 250 lb. 
S.A.P. bombs, the No. 31 for the 500 lb. size, the only difference being in the 
thickness of the shear wire. 4 Later in the year, at the annual Bombs and 
Torpedo Conference, it was decided that, in addition to the removal of the' short 
delay' mechanism, the shear wire would be replaced by a creep spring, and the 
delay would be standardised at 1/10 second, Thus fazes o. 30 and 31 became 
identical, and the latter number was abandoned, the modified No. 30 being 
known as the Mark II. 

By ovember 1935 supplies of the new fuze, although not entirely satis­
factory, had been issued to ov,erseas command. Experiments and trials to 
improve the waterproof sealing went on without much success until February 
1939, when a device was finaUy agreed and approved. 5 Very few No. 30 Iuzes 
were dropped in S.A.P. bombs in -the Second World War, for in April 1940 they 
had been replaced by tail pistols. & 

No. 34 and 37 fuzes for A.P. bombs 
Another early type from foe original Iuze development programme was the 

No. 34. This tail fuze was designed for the 450 lb. armour piercing bomb, the 
main requirement being that it should provide a delay of 50 feet after impact 
with ¾ inch plate at a stri.king velocity of 700 feet per second. 

1 A.M. F ile S . 24467/L 
0 A.M. File S. 24467. 
3 O.C. Memo. B. 24043. 
• A.M. File S. 24467/2. 
• A.JIil. File S. 24467/4. 
a A.M. File S. 756870. 
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Design work began in 1924, but was later suspended until redesign of the bomb 
tail l1ad been decided in February 1925. Experimental manufacture com­
menced in tl1e following April. From a brief description at that time, it was 
a tail fuze, vane armed, and the delay was provided by pyrotechnic means. 1 

Arming was affected by vane rotation freeing an arming spindle from an inertia 
pellet whjch allowed a small detonator to come in line with the pellet striker. 
On impact the pellet set forward, the :flash from the small detonator ignited 
the delay composition, and this, after a set time, ignited the ma.in detonator 
and magazine. 

It will be no ted there was no reduction gear in the early model, but in August 
1926, after various static and a ir dropping trials, it was decided to fit some form 
of gearing to ensure a safety fall of 50 ft. Development went on until February 
1930, when, after various failures and consequent redesign, the modified 
reduction gear was successful in tests at Martlesham Heath. Production should 
have commenced in June 1931 , but was postponed until December of that year 
to await the manufacture of the bomb. 2 

Very few fuzes were in fact manufactured, for by July 1932 production of the 
450 lb. armour piercing bomb had been cancelled.11 Compared with some other 
fozes, development of the No. 34 had been uneventful. Simple Air and aval 
Staff requirements had made design work easier , and, although no service trials 
were done in A.P. bombs, the fuze was apparen tly accepted as satisfactory by 
all concerned. 

With the introduction of the 2,000 lb. armour piercing bomb in· 1936 a foze 
similar to the No. 30, but larger; was produced and was known as the No. 37. 
Development and production was un eventful except for some trouble in p ro­
viding a pyrotechnic delay of 1/10 second. This, as was to be expected, was 
inclined to be erratic, but was accepted pending a change over to pistol/detonator 
fuzing. The o. 37 fuze remained unmodified as the standard f uze for the. 
2,000 lb. A.P. bombs Marks I-III, bu t was little used, for the later type of bomb, 
the Mark IV, was equipped with pistol/detonator fuzing."-

No. 36 fuze for light cased (L.C. bombs) 
Trials at Porten in December 1928 with chemical filled -aircraft bombs pointed 

to the necessity for a means of bursting the bomb above the surface of the 
ground in order to get the most efficient dispersiou of the fi lling. 5 A design 
for such a fuze was prepared, and placed before the Ordnance Committee6 ; but 
six years later, after further trials, it was ascertained that the bombs would have 
to be of the tail ejection type and a special fuze would be required, 7 with the 
explosive situated as far forward in the nose of the bomb as possible. If the 
fuze container projected into the bomb the liquid below the level of the con­
tainer remained in the bomb and was thus wasted. The best results were 
obtained wben the velocity of the bomb had been retarded and a delay of 
1½ seconds to 2 seconds wa'.s required. 

1 O,C. Memo. B. 7162. 
• A.M. File S. 22763. 
3 D.C.A.S. Min . S. 17413, 28 July J932. 
• A .M, File S . 38532, 
6 A.M. File S. 27209 , 
~ O.C. Memo. B . 17103. 
'The !uze was required to develop sufficient gas ·pressure to blow out the welded tail 

end of the bomb and its liquid content without igniting t he liquid. 
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Design of a suitable fuze was commenced early in 1935, and an order for 
experimental fuzes for the 250 lb. L.C. bomb was placed in October 1935. 
Difficulty was experienced in the provision of a suitable delay, and it was not 
until August 1936 that live bombs were dropped at Parton with satisfactory 
results (except for the magazine, which had insufficient power). Soon after­
wards, however, it appeared certain that the fuze wouJd need strengthening to 
be suitable for dropping on hard targets, and at a meeting of the Weapons 
Committee on 27 August 1936, it was agreed that this should be done. Towards 
the end of 1936 the delay required was altered to 0 · 5 second. 

Early in 1937, when the fuze had been redesigned and a larger magazine fitted, 
manufacture was commenced. Bomb and fuze trials were carried out at 
Leysdown on 8 June 1937, but the bombs broke up before the fuze Operated. 
By the end of 1937, a limited number of fuzes were ready for filling but, at proof 
tests, the delay was found to be well below the minimum required, and it was 
not until July that a satisfactory delay composition was found. 1 

Between 3,000 and 4,000 empty fuzes had been delivered to Woolwich by 
11 October 1938, and supply was settling down to 400 per week. Trials at 
Porton during November and December revealed that the fuze was too weak, 
and modifications were suggested. Trials of the modified fuze were successful. 
A design incorporating the modifications was finalised in March 1939 and was 
designated fuze No. 36 Mark U (N.D.). It was a fuze of similar design but 
without the delay, and was introduced into the service at the end of 194 I f9r 
use in incendiary bombs, where the delay was not required. 2 

o. 38 fuze for L.C. bombs 
In order to take full advantage of the carrying capacity of aircraft when small 

bombs were to be-used, the Ordnance Board was asked in June 1936 to design 
a bomb and fuze which was not air armed, suitable for loading into small bomb 
containers. a It was nearly a year before the shape of the bomb was finalised, 
and in April 1937 it was decided to use an inertia pellet type of noze foze which 
would incorporate a removable safety device for transit ,4 

The design of the fuze to be permanently carr ied in the bomb was finalised 
in April 1938 and incorporated -in its safety arrar._gements, a spring and a brass 
ferrule, designed to protect the detonator cap against being struck when tl1e 
bomb was dropped on to concrete from a height of 7 feet. In addition , the 
striker of the fuze was withdrawn as far as possible for transport and storage, 
and, so long as the striker was in this position, it was impossible for the cap of 
the detonator to come into contact with the point of the striker. Four hundred 
fuzes were ordered with the first fifty off production to be used for trials.:; 

Rough usage and dropping trials at -Woolwichproved the design to be success­
ful and it was expected that fuzes would be ready for tests at Parton by August. 
J nert fuze trials indica ted that the fuzes were satisfactory6 and two months 
later successful trials were canjed out with filled fuz.es. By this time the 
400 fuzes had been manufactured and were ready for filling. 7 

1 A.M. File S. 34778. 
• A.M. File S. 34778/2. 
'A .M. File S. 27209. 
• A.M. Flle S. 37570. 
~ A.M. File S. 37570/2. 
• A.M. File S. 37570/3. 
'A.M. File S, 37570/4. 
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Further trials at Parton jn November 1938 indicated that the fuze would 
need strengthening for use against hard targets. Trials carried out in May 1939 
gave satisfacbon and a large order to manufacture this modified fuze, known 
as the Mark II, was placed. t 1t was not until March I940 that the production 
fuzes were ready for tests against the hard target at Porton, for due to difficulty 
in obtaining t:he sp cified delay of one second, the specification was altered to a 
maximum delay of four seconds. 2 Ten bombs were dropped and their satis­
factory functioning having been proved, 3 resulted in the introduction of a fuze 
of similar design, but having a smaller magazine for ttse in the 120 lb. smoke 
bomb, and was known as the No, 864. 

The manufacture of the No. 38 Mark II fuze, was fou nd to be a bottle neck 
in getting the 30 lb. L.C. bomb .into the service and thus a fuze which was simple 
and easier to produce in large q_uan tit ies was designed. 4 This fuze was to be 
known as the No. 846. 

No. 846 and No. 879 fuzes for 30 lb. incendiary bomb (I.B.) 
The No. 846 fuze consisted of a cylindrical body drilled centrally to accom­

modate an inertia pellet containing a detonator. Its sharp pointed striker was 
rivetrd to the nose of the fuze and protruded into the central hole in which the 
inertia pellet was held away from the striker by a creep spring. Sa fety for 
carriage in aircraft was provided by a ferrule which was safe for a nine foot 
drop on to concrete, while a steel ball . protrnding into the central hole of the 
(uze and engaging in a cannelure in the inertia pellet, provided safety in transit. 
The steel ball was retained in position by a pin which was removed when the 
bomb ·was loaded into the container. The lower poTtion of the foze accom­
modated the bursting charge. TriaJs, at A. & A.E.E. in May 1941.5 indicated 
that the fuze was satisfactory against hard and sof,t targets, but further trials 
a month later, while confirming this, indicated that minor modifications were 
desirable and consequently information on the use of the No. 846 fuze in the 
30 lb. incendiary bomb was not circulated to the service until April 1942.6 

\Mith a view to saving brass, manufacturing time and cost, some experimental 
fuzes were made in bakelite, but trials showed that the material was unsatis­
factow and work was stopped in July 1942. Three montl1s later ninety-six 
fuzes in special strengthened bakelite had been manufactured but , from the 
result of trials at A. A.E.E.7 in January 1943, the bakelite fuz,e proved to be 
unsatisfactory, and manufacture of the fuze reverted to b1-ass. 

The 30 lb. incendiary bomb having a modified gel filling. required a different 
explosive in the burster, and the No. 846 fnze was modified in October 1943 
by the inclusion of coarse aluminium powder in the burster well in addition to 
the gunpowder. This fuze vvas known as the No. 879 and arrangements were 
made to have a large quantity of fuzes filled with the modified -filling, but it 
was found that the detonator was not reliable in jgniting the burster charge, 
and iTI March l 944 stocks were withdrawn from use. No furth er . o. 879 fuzes 
were to be filled for the time being and the development of the new .fill.ing for the 

1 A.M. File S. 37570/5. 
~ AM. File S. 37570/7. 
J A.M. File S. 37570/8. 
• A.M. File S. 37570/9 , 
5 M.A.P. File S.B. 16235. 
DM.A.P. Fi-le S.B. 16235/2. 
1 M.A. P. File S.B. 16235/3. 

253 



30 lb. incendiary bomb, for which the fuze was required, was stopped. At the 
end of 1944 the special fillings for incendiary bombs were no longer required 
and the fuze was declared obsolete. 

Hydrostatic luzes 
Early .in 1942 the Air Staff stated a requirement for a depth bomb with a 

higher explosive content than either existing a nti-submarin bombs or depth 
charges} and which did not possess the operational limitat ions of the depth 
charge .1 Fuzing was required to be hydrostatic and infinitely variable between 
20 feet and 150 feet depth, also a devke was to be incorporated, which could be 
operated by the pilot, to decrease automatically the basic depth setting. If it 
was considered U1at the above would unduly delay the design of the weapon, 
two alternative settings would be accepted. These settings were to be selected 
by the normal nose and tail fuzing system and be 25 feet and 50 feet respectively. 
In order to permit the weapon to be used as soon as t.he bomb was deigned, a 
hydrostatic fuze, designed to fire at a depth of 25 feet, would be considered 
suitable as an interim measure. The fuze was to function relfably after release 
from any height up to 1,500 feet at speeds up to 250 knots. These requirements 
were subsequently amended- the height limit rai ed to 5,000 feet, and the 
requirement for selective or variable fuzing could be postponed. 

o. 862 hydrostatic fuze 
Twelve hydrostatic fozes were ready for initial trials by July. They were of 

simple constru~tion designed as a nose fuze, but even tually used in the tail. 
When water reached the fuze, it passed through ent ry holes and filled a space 
above a rubber diaphragm in the top part of the fuze. The water pressure 
forced the rubber diaphragm down onto the striker head which was held up by 
spring loaded striker levers. When the water pressure was enough to force the 
striker levers down past dead centre, the striker snapped sharply over. The 
detonator was carried in a sliding shutter which was held in the safe position 
by a spring. Hydrostatic pressure (under a water head of about l 0 feet) 2 

operating on rubber bellows moved the detonator shutter into the armed position. 
Trials, which were carried out at the Marine Aircraft Experimental Establish­

ment (M.A.E.E.) in November 1942, showed that the No. 862 fuze functioned 
unreliably when dropped from heights above 750 feet ;8 was liable to cou nter­
mine, or sustain damage whlch w uld prevent functioning, even with " stick 
spacings' of 120 feet or more; and was liable to fire in the event of a dry hit. 4 

An .extended series of full scale static trials; reduced scale experiments ; 
consultations with experts; experiments to prove theories existing on behaviour 
of underwater shock devices; and the development of a new technique5 of 
carrying out countermining trials, led to the adoption of an anti-countermining 
chamber fitted with a quick acting valve. The design of this valve was the 
joint responsibj]ity of the Ch.ief Examiner Armament Design (C.E.A.D.) and 
the Royal Aircraft Establishment (R.A.E.) 6 

~ O,B , Proc. 555 _ 
2 M.A.P. File S.B. 39180/1. 
•M.A.P . File S.B . 375Sl /3. 
• M.A .P . File S .:B- 39180/2. 
• A bomb with reduced charge- of high explosiv was used to permit drops from the air, 

and thus attain realistic conditions without danger to the dropping aircraft should 
countennining occur. 

8 M.A.P. File S.B. 39180/4. 

254 



The chamber anti-couotermining was a cylindrical cast iron container which 
completely enclosed the hydrostatic portion of the fuze. A plunger type valve, 
incorporated in the top of the chamber, was designed to elii;ninate the effect oi 
the pressure waves built up by the first ahd subseguent explosions when a 
stick of bombs was dNpped . The fuze was located in fhe chamber by means 
of a locking screw which held it firmly in position. An automatic sealing valve 
was provided so that on withdrawal of the foze safety wire, no water could 
enter the chamber except by way of the valve oo top of the chamber. 

Whilst this work was in progress, trials with an improved version o{ the 
No, 862 iuze showed that satisfactory functioning could be obtained with a 
stick of four bombs released from heights up to 5,000 feet.1 A lower height 
limit of 500 feet was calculated to be safe in the event of a dry hit or counter­
m.injng near the surface. Extensive trials were carried out to test the anti-­
countermining chamber and over 200 bombs were di;opped to test this device. 
Further trials were carried out in attempts to prevent the fuze functioning in 
the event of a dry hit which was eventually prevented by the addi,tion of a 
detent, and the moclified version of the fuze was known as the No. 862 Mark II. 

No. 875 foze \ 
The hydrostatic fuze which has been described did not fully meet the Air 

Staff requirement. During the trials of the No. 862 fuze, the Royal Aircraft 
Establishment (R.A.E.) were d signing a fuze which would be nearer to the 
requirement, and in the early stages of development wa.s referred to as the 
R.A.E. Hydrostatic Fuze .2 By July 1943, twelve fuzes fitted to 100 lb. A.S. 
bombs had been dropped at Fairlie range with very satisfactory results, e'leven 
of the twelve bombs dropped functioned at a depth of 19 feet. Trials with the 
Juze fitted in 600 lb. A.S. bombs in September, gave very consistent results as 
to depth of functjoniog, but there were six failures out of the thirty dropped 
from heights of 100 feet and 250 feet. At this time there were three types of 
fuzes No. 875 for use in various sizes of A.S. bombs. The. fuzing caps were 
painted green, red or blue to indicate for use in 600 lb. A.S ., 100 lb. A.S. and 
250 lb. A.S. bombs respectively. Further trials in October 1943 from 300 feet 
and 1,000 feet resulted in one failure from 1,000 feet. These results were 
considered satisfactory and it was decided to proceed with trials to test 
countermining. 

Ten sticks of two bombs each were dropped in December with a spacing of 
120 feet ; in all sticks the second bomb either fai led or was countermined, but 
none ftred shallower than 20 feet. 3 Owing to the high failure rate the trials 
were suspended to investigate the cause of the failures. T hese were carried 
out by dropping sticks of two bombs, the first bomb being filled H.E. ; the 
second was a buoyant bomb fitted with one or more ' target ' fuzes. Five 
sticks were dropped, the buoyant bomb recovered and the fuzes examined ; 
all the live bombs had fired but half the target fazes failed, due to the striker 
having tired before the shutter could move across to th e fully armed position. 
To overcoo1e this trouble it was proposed to fit a duralumin sh1:1tter and a 
stronger shutter spring; at the same time R.A.E. proIJOsed a rotating shutter. 
Trials fo January 1944, with the lighter shutter and stronger spring gave 

1 M.A.P. File S.B. 37551/6. 
2 M .A.P. File S.Il. 6'2064. 
3 M.A.P. File S.B. 50710. 
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better results-one failure in ten drops. 1 In the same month seventy No. 875B 
fuzes were modified to include the rotary shutter and were known as the No. 875B 
Mark II. The modified fuze was later known as the No. 895B Mark I. 2 

DEPTH CHARGE PISTOL, MARK XX 

No. 895 fuzes 
The No. 895 fuze was similar in princip!e to the depth charge pistol, but on 

a smaller scale, and incorporated an inertia lock to confer immunity from shock 
operation. Water entered the fuze through small metering holes fitted with 
anti-countermining valves. The hydrostatic pressure was applied to rubber 

1 M.A.P. File S.B. 50710. 
2 M.A.P. File S.B. 56749/1. 
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bellows, which, opera ting via a ball catch, lifted the st riker and compressed the 
fu: ing spring. At the same t ime an extension on the striker assembly rotated 
the, cylindrical detonator shutter into t he firing position. When the firi ng 
spring was compressed the retaining balls fell out and th.e spring forced the 
striker clown on to the detonator. To prevent the fuze functioning by .inertia 
if the bomb hit fajJ first, t here was a light quick-acting inertia-operated sleeve 
which moved balls in front of the striker to prevent its motion. 

Preliminary trials, carried out by the Marine Aircraft Experimental Establish­
mi;,nt (M.A.E.E.) in May 1944, showed that the foze functioned very reliably 
and consistently in single drops from low heights wh en used in the 600 lb. A.S. 
bomb, the average depth of functioning being 32 feet. The next month eighteen 
bombs were dropped from 5,000 feet, but there were eight fuze failures.1 
Investigation of the faiJures was made in the same month by dropping buoyant 
bombs, eacl1 fitted with four target fuzes. 2 Twenty-eight fuzes were dropped 
and there were twenty-three failures. When the fuzes wer stripped and 
subjected to critical examination, it was found that there was an excessive 
amount of friction between the impact lock and t he striker, and it was con­
sidered t hat this was the cause of the high percentage of failures. F uzes in 
which this excessive friction had been eliminated were dropped in H. E. filled 
bombs in July 1944. There were six fai lures in the thirty bombs dropped, but 
the fir ing depth remained very consistent. The next month twenty fuzes 
which had the impact lock removed, we1·e dropped from 5,000 feet, there was 
only one failure. As it was not desirable from the safety aspect to remove the 
impact lock, the next trials were carried out with a stronger impact lock spring 
and eighteen bombs were dropped with no fai lu res. 

The couoterm ini ng tria ls which followed p roved disappoin ting; in s ticks of 
four bombs dropped by M.A.E.E. in October 1944, as ma11y as three bombs 
countermined, aJthough not at a dangerously shallow depth . The Royal 
Aircraft Establishment (R.A.E.) evolved a comparatively simple modification 
from suggestion of the Director of Armament Development (D.Arm.D ) and 
M.A .E.E. If the modification was successful , it was to be incorporated in a 
new de ign of the No. 895 fuze which would also includ e a centrifugal air arming 
device. Trials on the o. 895/30 Mark I were succes fully completed at the 
end of 1944, and Air Staff a pproval was requested fo r its use in the 600 lb. 
A,S. bomb in releases from 50 ft. to 5,000 feet and at all speeds up to 250 ktlOts. 3 

Towards the end of 1945, the 600 lb. A.S. bomb, for which the fuze was designed, 
was declared obsolete and production of the fuze was stopped. 4 

, 
o. 900 fuze for aircraft mines 
Towards the end of 1944, a delay type nose fuze for use in a ircraft mines 

was required. 5 The Ordnance Board were requested to instruct the Chief 
Engineer Armament Design (C.E.A.D. ) to proceed with the preparation of a 
design to meet the fol lowing main requirements :-

(a ) To cause detona tioJ1 of a mine laid from aircraft should it fall onto 
land, mud or into water of a depth less than that specified as a 
minimum in which the mine was to become act ive. ---- ---------' M.A.P. File S.B. 56749/ 1. 

• The bombs were made buoya nt and floated on the surface after being dropped ma.king 
recovery and examination of the :Cuzes possible. 

3 :'d.A .P. Pile S.B. 62604 . 
'M.A.P. File S.B. 56749. 
6 M.A.P. File S.B. 60873. 
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(b) A delay period of twelve seconds minimum between impact and detona­
tion to enable the fuze to be used in low level attack. 

(c) Tbe design must be such as to ensure complete safe ty to the laying 
aircraft under all cond itions. 

(d) Must be capable of being dropped I Safe'. 

The fuze developed caused the mjne to function as a bomb if it fell on land or 
into water of a depth of le s than six feet. It was ' cotton-reel ' armed and 
contained a clockwork delay mechanism while a shuttered detonator was 
operated by hydrostatic pressure. 1 The cotton reel method of arming was only 
to be incorporated in the design for use during trials to test other features of 
the design as, in the event of the mine fa!Jing off an aircraft with the fozing 
inadver tently set ' live· , it would certai nly detonate fifteen seconds after 
hitting the ground. 2 

Six 1,000 lb. Mines 'A ' Mark VII fitted with the foze were released into the wall 
target at the Aircraft and Armament Experimental Establishment (A. & A.E.E.), 
but the results were disappointing; only one bomb functioned correctly, but 
in all cases the cotton reel arming appeared to have functioned correctly. 
"\,\/hen the fuzes were examined , two possible causes of failure were present, and 
the design was modified and air arming incorporated. Twelve fuzes were pre- , 
pared, six having cotton reel arming to test the modifications made, and the 
other six to he new design with air arming. Trials of the fuzes with cotton 
reel arming were satisfactory when dropped against the wall target, but .in all 
cases the mine body completely disintegrated. 3 In these circumstances detona­
tion of the H.E. filling was unlikely to be obtained and there would be a possi­
bility oi premature ignition of the filling. 

In view of these results it was considered that the tests against the wall 
target were too severe and were not representative of the hard surfaces in the 
immediate vicinity of harbours and the like.4 The Director of Torpedoes and 
and Mining agreed with this view and that it would be sufficient if the fuze 
fired when it hit a target which did not wreck the whole mine. Trials of the 
air arming mechan ism were a,. failui·e; six mines were dropped, none of the fuzes 
armed and at the end of 1945 the requirement for the fuze was suspended. 
Trials to clear certain problems which had occurred during the development of 
the faze were to be carried out, but on low priority. 

1 In this design a static line attached to the aircraft was wound round a reel. When the 
bomb dropped the reel w.as rotated unscrewing the arming rod . 

• O.B. Proc. 02785. 
3 M.A.P. File S.B. 60873. 
1 O . .B. P.roc. Q. 3385. 
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Pyrotechnic delay fuzes 
No. 28 Nose F1ize 

CHAPTER 18 

FLARE FUZES 

The No. 28 Nose Fuze was designed and produced solely for use in R econ­
naissance Flares and Photo Flashes. lt would seem to have origjuated about 
1924- 1925 as a requirement for the 4-inch reconnaissance flare and initially, 
made use of a ' pull percussion ' igniter operated by means of a lanyard attached 
to the aircraft, and in this manner was both armed and fired on release. The 
igniter worked in conjunction with time-burning rings, similar to the old type 
used in the Army shell fuze, and this combination, after a pre-set delay, fired 
the magazine, ejected the parachute, and ignited the flare composition. 

The great disadvantage of this fuze was the danger that it could be accidentally 
fired whilst still on the carrier, and a replacement, which could be -air-armed 
was essential. Early references quote the modified No. 28 as being under 
development in 1927 ;1 it was probably first used in t he Service about 1930 
and incorporated many much needed modifications to the previous pull per­
cussion type. The main modification, to overcome inherent danger, was the 
incorporation of a firing-rod which, attached to a fuzing link, allowed the :foze 
and flare to be ' safe, on the carrier and also, by its removal or retention, 
selective dropping-' live ' or ' safe '. 

On ' live ' release the firing-rod was withdrawn and remained on the carrier 
allowing a spring-loaded pellet to carry a detonator on to its striker. The 
detonator ignited two delay composition rings, one above the other, each capable 
of being pre-set for a given burning time, thus, until the lower time ring had 
burned for the set time, the magazine could not be ignited, and only then after 
a valve had been lifted by the screwing out of a wind-operated arming spindle. 
Time settings ranged from zero to 22 seconds with a ' safe ' setting for s torage 
-and handling. In a mechanical sense this was a reasonably efficient fuze, but 
like any other pyrotechnic was liable to be affected by climatic conditions and 
cons-equently required very careful supervision in storage and use. 

Soon after its introduction in.to the Service the fuze was found liable· to fail 
from two main causes :-

(a) The arming spindle screwing right out and providing an opening for 
air to ente, and' kill ' the flash to the magazine. 

(b) Over short delay settings the flash to the magazine occurred before the 
arming vanes had had sufficient time to lift the valve. 

To remedy these faults, a Mark II version was produced in 1933 with the delay 
settings of O to 4 seconds, replaced by a minimum setting of ' 7 1 to obviate the 
risk of ' blinds ' occurring below that figure. 

An excessive failure rate of the No. 28 fuze, reported mainly by flying boat 
and sea-shore based squadrons, had by September 1934, been the subject of 
many investigations and trials, from which it was concluded that failures were 

1 O.B. Annual Repor t 1927, p. 75. 
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chiefly due to dampness entering the fuze mechanism and causing a corrosion of 
working parts, and/or deterioration of the explosive content. There were other 
suspected causes, including misuse by Service units, but generally the main 
troubles appeared to be climatic. In that month therefore the Deputy Chief of 
Air Staff 'ordered that the fuzes were to be expended in air exercises and that 
by ~e time these stocks were exhausted, a more satisfactory fuze would be 
available. The development of a replacement was jn hand as an ' urgent 
matter,' but, like most othei:- armament development of that period, was a long 
aud tedious affair, and the No, 28 continued in service for many years.1 

By April 1936 the fuz,e had been modified to improve its mechanical per­
formance, and it had become the practjce whenever possible to send all fuzes 
which bad been carried once on flying boats back to Woolwich for reiil.Hng. It 
had originally been intended to declare th,e No. 28 obsolete when its replacement 
(No. 35) had proved satisfactory, but protracted ,difficulties in development and 
production, as well as a: change of policy regarding the use of flares, led to the 
reinstatement of the No. 28 as a suitable fuze. By 1929 RAJ•. aircraft were, 
however, carrying flares internally, for launching through flare-chutes, and in 
consequence the poor waterproof qualities of the iuze ceased to be a major 
consideration. In fact, large numbers were then being ordered as the No. 35 
had proved unsafe for chute launching. 2 

The use of the fuze with Photographic Flashes during 1940 brought forth two 
improvements affecting both the pyrotechnic contents and the arming vane 
mechanism (reduced in diameter to prevent damage on leaving the launching 
chute). At the suggestion of Bomber Command, two further improvements 
had been completed by July 1941. These were both external a11d consisted o( 
a black and white setting scale, positioned over the normal engraved scale, and 
a srnall threaded positioning screw ; the new setting scale was graduated to 
indicate the height at which the fuze would operate and was an aid to easier 
reading. 3 The -second improvement overcame the necessity for using two fuze­
setting spanners, which could easily be lost in the aircraft.4 

In October 1941 the photofJash was required-for photographic reasons­
to ex-plode at 0·4H below the aircraft (H being the height of the aircraft) 
instead of O · SSH for which the new scale had been made. Research and 
_experiment up to 1942, to calibrate the new height scale setLing. culminated in 
February 1942 with a new scale, but it is perhaps worth while mentioning that 
in any event tJle practical result, due to the use of a pyrotechnic fuze, could 
only ever be approximate. From late 1942 production of the fuze had ceased, 
stocks were being rapidly used up, and the fuze was finally withdrawn from 
service on its replacement in March 1943 with the No. 848. 

No. 35 Fuze 
This fuze, already mentioned in the forgoing account, was in fact an alternative 

and not a replacement for the No. 28, as for reasons to be given later, it never 
entirely superseded that fuze. Development commenced in 1934 when the fuze 
was known as 'watertight time foze fo~ parachute flares.' At the outset it 

1 A.M. File 222026/32. 
2 A.M. File 585253/36, 
8 M.A.P. File B. 140128/40. 

· • By the latter part of 1941 almost all flares and photo flashes were launched from chutes. 
These were az:-med with the No. 28 fuze set ' safe ' on take-off~and reset for the required 
operational bursting height when near the target. -' ' 
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appeared to show great promise ; it was fitted with pyrotechnic delay of from 
4 to 17 seconds, but was not vane armed ; to ensure air and watertightness the 
whole of the working portion of the fuze was completely enclosed in a metal 
cover which was only removed for setting the required delay. 

Thus the safety factor provided by air arming was not included, but the 
Superintendent of Design considered that this was well provided for by a fixed 
delay of 4 seconds after release ; he also mentioned that a hang-up on the 
carrier, due to the firing mechanism remaining connected to the fuze, was most 
improbable. l On release, the fuzing wire withdrew a firing-rod fitted with 
steel balls to retain it to the striker and keep the latter in a ' safe ' position. 

The action of ' pull off ' compressed the striker pring to a degree which 
finally released the balls, allowing the striker to spring fotward an<l fire a 
detonator ;2 then followed the normal time-ring burning until expiration of the 
pre-set delay and, finally, ignition of the magazine. The usual safety devices 
for transit and handling were included, but it will be apparent that anything 
short of complete release (fuze · Live ') represented a serious danger to aircraft 
and crew. ' · 

Development and static tests, and the first air trials, held at Martlesham Heath 
in January 1936, although fairly successful , showed the need for several improve­
ments. 3 In the following June, therefore, ten improved fuzes were sent to the 
Marine Aircraft Experimental Establishment at Felixstowe, and were tested, 
between July and September, by long e, posures 011 flying boats to rain and salt 
water spray, both at moorings and in flight, before eventually dropping. 4 These 
trials and others in progress at Coastal Command Stations were noted as 
satisfactory by a Department of the Directorate of Armament Development. 5 

It was recorded that the new fuze was not as safe as the No. 28 due to the 
abandonment of the arming vanes which prevented the (uze being watertight. 
The possible danger of flare ignition should the nose drop from the carrier in 
flight was commented on, and was to be investigated by air trial when more 
experimental fuzes were available. Meanwhile it was recommended that 
production orders should go ahead. 

Service trials were successfully concluded at Mount Batten and Calshot 
between ovember 1936 and January 1937, and in the latter month production 
manufacture was arranged.6 By the following July, however, the launching of 
flares from chutes had become a necessity, and although at that time no fuzes 
had been issued to the Service, arrangements were made for a number from the 
:first batch to go to the Royal Aircraft Establishment at Farnborough for 
flare chute tests. 

Various small modifications were introduced from time to time, and in June 
1938 instructions for its use were issued; these included some very specific 
details as to rigidity on the carrier: and other safety measures necessitated by 
the manner in which the fuze was armed and fired. Considerable stocks existed 
by January 1939, when the important change to chute-launched flares was well 

1 Neverthel~ a dangerous possibility with a fuze armed at the moment of release. 
2 The 'pull off ' was abont 5 lb. with a small movement to "arm and fire the fuze which 

was . in fact. fired on release. 
~ P,. . & A.E .E. Report M/Arm/4551 / 1 jn A.M. File 318419/34. 
• M.A.E.E. Report F/Arm/35 in A.M. F ile 3184 19/34. 
• RD/Arm.2 then. in the Air Ministry, transferred in l940 to the Ministry of Aircraft 

:Production. 
s A.M. File 318419/34. 
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under way. 1 Apart from old type aircraft, and those of the Fleet Air Arm which 
could still carry flares e,._i:ernally, the o. 35 fuze was virtually out of the 
Service for two main reasons :-

(a) R eliability of firing from chutes was open to question ; and 
(b) Even if this was made satisfactory the fuze was too dangerous to be 

used from the aircraft's interior. 

In the period to August 1939 constant investigations and trials were carried 
out to perfect the various types of aircraft flare chutes, as well as a means of 
using the Jo. 35 fuze, an.cl although flare launching became very efficient only 
moderate success wjth an adaptor and lanyard system was achieved with the 
!uze. 2 So, except for limited use with the 4-5 inch flares in certa in aircraft, 
the fnze was but little used with flare chutes, and was almost exclusively used 
with carrier-borne flares. 

In January 1940 Coastal Command reported t wo accidents with the fuzes 
due to accidental release from carriers on stationary -aircraft. Whilst appre­
ciating the danger of the fozes , and commenting that the sti:ictest warnin,g had 
been given to personnel handling them, the Command considered that some 
extra safety device was necessary. The Directorate of Armament Development 
replied that it was not possible to provide this extra safety device, but trials of 
a reliable replacement · were taking place. Meanwhile, if the ex isting official 
instructions for use-augmented by Command orders- were adhered to , such 
accidents should not occur. 3 

In March 1940 A. & A.E.E. r,eported a similar accident, in this case due to a 
defective flare chute. At the same time they emphasised the constant· danger 
with the fuze if by any means they were accidentally fired. The final paragraph 
of lhe report recommended that ' Any form of flare fuze must be provided with 
an air vane device, and fuzes without such a device possessed an entirely 
inadequate margin of safety.' 

A replacement was still undergoing trials in June 1940 when the Mai;-k II 
ve,sion of the No. 35 Fuze was being manufactured and, on its introduction 
into the Service, the Mark I fuze was declared obsolete. This latter foze 
differed only from the Mark I in that the burning time was increased to 22 
seconds and the setting ri11g was graduated in thousands and hundreds of feet. 
By the following August photographic fl ash bombs carried on bomb carriers 
and fitted with the Mark II fuze were in use. Various accidents had been 
reported, and in that month, u.1 an effor t to prevent such occurrences, trials 
were held by A. & A.E.E. with t he lanyard adaptor (as used with the 4 •S-inch 
flares from chutes), on fuze release from carriers. 4 These trials were very 
successful and the opinion was given that the lanyard greatly increased the 
safety of the fuze on carrier release with the result that it was ordered to be 
generally used. 1i 

1 A.M. File 622983/37. 
1 v\lhe□ dropped from a carrier, the Iuze recei ~ed a direct pull to arm and fire. When 

launched througl1 a chute (tail dow1,1), this pull conl(I n~ be obtained without some con­
versio11 or aclaption o1 chute and/or fuze . 

3 M.A.P. File B. 69856/40 . 
'M.A.P. F ile B . 11.0116/40. 
6 By this method t he foze ti ring-rod was protected from acciden tal contacts, and on 

:release, allowed the flare to fall 6 feet before the fuie operated. 
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The supply situation in March 1941 was summarised by the Director of 
Armament Production in a minute to the Director of Equipment. The position 
was, that the No. 35 was the onl:y fuze then in quantity production for flares, 
and existing contracts with five firms would all terminate by the following July. 
It was impossible to forecast when the No. 41 would be ready for issue and 
another alternative (No. 42) could then only be produced at the 1·ate of 1,000 
per week. 

Further contracts were placed in the following month and manufacture 
continued until October 1941 when it was finally cancelled. By September 1942 
the fuze was out of service except for Fleet Air Ann use, and for the purpose 
of this account the development story ends.1 

As a replacement for the No. 28 it was not a success, its watertight qualities 
were rendered comparatively unnecessary by the advent of chute launching, 
though it was truly esser.tial for flares on external carriers. Its potential 
danger, not being vane armed, far outweighed its reliability to operate, so it 
was naturally viewed with mistrust by operational users, and, but for the delay 
in producing a suitable replacement, its service life would have been a great 
deal shorter. 

In August 1940 a sample fuze, designed a.nd produced by Messrs. Aladdin 
Industries of L<>nclon, had been seen by D.Arm.D.'s representative and the 
firm had agreed to prepare drawings and include some small modifications, 
following which one hundred experimental fuzes would be ordered for tdals. 2 

l t was then known as ' Emergency Flare Fu-z:e ', later the No. 42, 3 and offered 
great prospects in simplicity of design, ease of mannfacture, cheapness and 
reliability, and the fim1 were asked to _prepare for the production of 5,000 
fuzes after the experimentaJ trials. 

Briefly it was a fuze needing no pyrotechnic filling, delay being provided by 
Bickford Safety Faze. The base was made from a standard flare nose plug 
which became the container for a magazine of gunpowder, easy removal of the 
upper half of the foze from the base was made by a simple bayonet joint, the 
base oi the upper half being dome shaped to contain a brass delay capsule. 
Screwed into the dome was ,t tubular ' throat' containing a simple pull 
percussion mechanism, percussion cap, and a safet-y pin. 

Originally five different delay capsules were scheduled for supply with each 
fuze, each capsule containing a different length of Bickford fuze intended to 
give the correct delay for release heights of 3,000, 4,000, 6,000. 8,000 and 10,000 
feet. The fuze could be used with either internally stowed or carrier-borne 
flares ; wjth the former the required capsule could be fitted a short while before 
release, with the latter the delay would obviously have to be fitted before take­
of{. Pull percussion was effected by dropping when a spring-loaded striker was 
released from its locking-balls by the pull of the fuzing wire. The consequent 
flash from the percussion cap ignited the time fnze which, on completion of 
burning, fired the magazine. 

The considered advantages in design and production have already been 
mentioned, its probable operational disadvantages: (a) .not waterproof, (b) not 
continuously adjustable, (c) not air-armed. to quote the Director of Armament 

1 M.A.P. File B. 110116/40/2. 
~ M.A.P. File B. 141703/40. 
3 M.A.P. File E. 141951 /40. The intended replacement, the No. 41, was developed and 

produced in small quantities but n<;>t issued for service use. 
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Development (November 1940) , were to be tested in service tria ls of the first 
experimental models. In September 1940 a ground test, simulating chute 
launching from aircraft, was held and apart from some trouble with percussion 
caps1 the fuze was mechanically successful, deJay times being particularly 
satisfactory. T wo methods of fir ing the fuze were tried :-

(a) Direct lanyard attachment from fu zing link to striker. 
(b) An ' all-ways ' pull percussion mech3njsm. 

After discussion between the fi rm, the M.A.P. representative and the Chief 
Superintendent of Design, the latter method was adopted for each of manu­
fac ture and inspection. 

Following t his promising ground test air dropping trials were done a t 
Bascombe Down (A. & A.E.E.) later in the month, and in the meantime 
Messrs. Aladd in carried out an experiment to test the waterproof qualities of 
the fuze. Two were left exposed to wind and rain fo r 36 hours, one beiJ1g 
eventually su bmerged a bou t a q uar ter of an inch in water. Both fuzes fired 
on test and, whilst the conditions were not as severe as might be encountered 
on a bomb-carrier, it did seem another promising aspect of the fuze. The air 
trial however was not successful , a large percentage of failures occurring due 
to the ends of the safety fuze being varnished ; the obvious alteration rapidly 
followed and by the end of October 1940 further ground a nd air trials had 
proved the fuze satisfactory. 

The next step was to hold service trials in Bomber ommand; a number of 
experimental fuzes were sent to various stations to be can-ied in smaJJ quan tities 
additional to the normal operational flare load. To assist in obtaining in­
formation on fuze performance, it was suggested that the trial flares should be 
dropped over the sea with various delay capsules ; opportunity for <.:areful 
observation would be more easily available under those conditions than under 
those in the target area. 

By Decembe1 1940 the production policy for the first 5,000 fuzes had changed, 
for although being rnadc they would not be issued until the results of the 
Bomber Command trials were known . A detailed report was submitted by 
the Com mand on 22 December, a ll the points called for being favo ura bly 
mentioned, in fact there was considerable enthusiasm over the fuze and it was 
recommended for manufacture as an interim measure pending the production 
of t he No. 4!. Within a few days fur ther orders were placed, and. on the 
suggestion of the Directorate of Armament Development, a scheme to avoid 
waste of delay capsules was to be tried. This was to send out each foze with 
one capsule only and to produce them in proportion to probable service 
consumption. 

To cope with the increased orders, the fir.m slightl y re-designed the fuze for 
mass production, and in January 1941 , following the waiving of the Air Staff 
requirements for air-arming, the Mark I fuze was approved for service ·use. By 
that time arrangements were already in hand to produce a Mark II design 
which would include : several aids to waterproofing, a better locking device 
to screw the top half of the fuze to the bottom, and a spring-loaded shutter 
(moved aside when a capsule was fitted) (o prevent prematures if a flare was 
released without such a capsule being fi t ted. 2 

'At that time the firm were using caps extracted from 12-bore cartridges. T hese were 
too powerfol and arrangements were roade for LC.I. to supply some with a less violent 
composition. 

2 M.A.P. File B. 141703/40. 
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By mid-January 1941 the No. 4~ Mark I Fuze; 15.,000 oi which were 
in production, were being issued to the service and were very successful in 
operations. Meanwhile drawings of its successor, the Mark II, were in 
preparation and by 22 March 1941 a quantity was ready for trial, all the proposed 
improvements on the Mark I having been included. About this time Bomber 
Command requested that delay capsules for heights of 14,000, 16,000 and 
18,000 feet should be provided. Jn dealing with the flare. and fuze situation 
generally, the command requested that sufficient No. 42 fuzes be made available 
to meet the whole operational requirem,ent and thus abolish the use of the 
No. 35 fuze. 1 

Air trials of the Mark II, at A. & A.E.E. on 25 April 1941, were a complete 
success, twenty flares, ten from carriers and ~en from cK"utes, were dropped and 
all fired satisfactorily: The fuzes tested were not fitted with a safety shutter 
but all other modifications (the Mark II was virtually a modified Mark I) were 
suitable and it was tho.ught to be a great improvement on the earlier mark. 

The tri&ls were sufficient to warrant its introduction for service use with the 
provision of two delay capsules per fuze in the same total proportions as before. 
By September, the capsules for the increased heights were being produced and 
the Mark II fuze continued in service use in flares, not photo flashes, until early 
1942, when it was replaced by an .air .armed type (Mark III and IV), afterwards 
known as the No. 848. Apart from a Iew failures, the o. 42 Series gave good 
service and was an efficient and popular fuze. 

No. 848 Fim 
The only fuze considered safe for use jn photo flashes was the No. 28B, 

but owing to its complicated construction, could not be produced in anything 
like the required quantities. 2 Aladdin Industries Ltd. were asked to increase 
the safety of the No. 42 Fuze by the introduction of an air arming de"\tice. 
They were asked to produce a fuze which:-

(a) Would not ice up when carried externally. 

(b) Wou ld function at an air speed of between 50 and 60 m.p.h. to meet 
the requirements of the low speed aircraft used by the Fleet Air Arm. 

By the beginning of April 1941 they had developed a fuze with a small 
arming vane and a cap to prevent icing up, and, of the twenty tested at Bascombe 
Down,a there was only one failure; service trials, with 44 fnzes, were completely 
satisfactory. 

In the autumn of 1941 the number of flare fuzes required reached a figme 
of 20,000 a week and at the same time the No. 848 Mark I (new nomenclature 
of No. 42 Mark III designated in September) was introduced into the service 
for use in photographic flashes only. Trials carried out in November 1941 on 
redesigned cones to facilitate manufacture were satisfactory and production 
was commenced. The redesigned fuze was known as No. 848 Mark Ill. 4 

In the early months of 1942 flares fitted with the Iuze were failing to ignite, 
and a'fter extensive trials the reason was attributed to a supply of too violent 
firing caps. Closing three of the four holes in the striker socket, however, 
remedied this fault and a clip was provided for this }!urpose.5 The Iuze was 

1 M.A.P. File Res. Arm. 535. 
~ M.A .P. File Res. Arm , 726. 
3 O.C. Memo. B. 11842. 
4 M.A.P. File Res. Arm. 726/2 . 
·' M.A.:P. File Res. Arm. ?'l.6/3. 
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regarded with some suspicion by aircrews and cases were discovered where the 
flares and flashes were being dropped with safety pin in position. Investigation 
at one Group however, who were obtaining persistently good results, revealed 
that a double lanyard was used ; this allowed the safety pin to be left in position 
and withdrawn by the lanyard when clear of the launching chute or carrier.1 

This information was circulated to the service in December 1942. 2 

SPRING SHUTTER 

- RAOIUSEO LIP 

BAYONET SLOT 

No. 848 FuzE MARK V WITH T Y PICAL DELA y CAPSULE 

Further trials were carried out at A. & A.E.E. between 27 February and 
19 March 1943 to clear the latest mark of fuze (the Mark VA). 3 Forty-five fuzes 
were dropped, fifteen from each of the manufacturers, and there were four 
failures. From the results of the trial it was concluded that :-

' In view of the presumed necessity to use these fuzes in the Service to 
meet the present high demand, the modifications incorporated in current 

1 M.A.P . File Res. Arm. 726/5 . 
2 M.A .P. File Res. Arm. 726/6. 
3 M.A.P. File Res. Arm. 726/7. 
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production may be considered acceptable. They must be considered as 
a "stop gap II until alternative fuzes are available and the foze must not 
be treated or called " air armed ", and the removal of the safety pin must 
be considered as initiating the fuze.' 

At the end of 1943 the No. 848 fuze was declared obsolescent in favour of 
the No. 849. 

No. 849 Fitze 
A fuzc with an infinitely variable capsule was an urgent requirement for use 

in photograph ic flashes, and in August 1941 Aladdin lndustries had developed 
a fuze in which the adjustment of the delay was carried out by turning the body 
of the fuze. The air arming device was similar to the one used in the No. 848 
fuze which had already appeared for service use. 

Preliminary trials at the Royal Aircraft Establishment were disappointing, 
and, in order to speed up the trials, it was decided to carry out tests of the 
capsule only, in a f.uze with a pull percussion striker. Further trials at 
A. & A.E.E. on 10 September 1941 indicated that the fuze was unsatisfactory 
in its existing form and Messrs. I.C.I. Ltd. were asked to develop a lead covered 
fuze for use in the variable delay capsule. In October 1941 seven flashes were 
successfully dropped at A. & A.E.E. but t11e fuze was re-designed early in 
1942, with a view to simple production in the large numbers required. 

An arming mechanism, identical with that used with the No. 848 Mark III, 
was incorporated in the redesigned No. 849 but, although the requested lead 
covered delay was supplied, its mode of operation was varied. Briefly, the 
minimum time of delay was supplied by a short fixed length of fuze, the flame 
from. which ignited a further length wrapped round a wheel ; as this fuze burned, 
flame was ejected at right angles to t he circumference of the wheel and after 
a pre-set period, achieved by turning the wheel to the required position, ignited 
a powder pellet, housed in the base of the fuze, and this caused the magazine 
charge to be fired. 

Production of the redesigned fuze, which wa calibrated in aircraft height, 
soon followed and, of the eleven tested at A. & A.E.E. in August 1942, there 
was only one failure. 1 Service trials, using the double lanyard for launching, 
were entirely satisfactory and, in view of changing policy regarding the ignition 
height of photogt·aphic flashes, it was decided that the scale of the fuze be divided 
into 100 divisions2 and a fuze setting chart provided for use according to whether 
the fuze was fitted to a photographic flash, reconnaissance flare, or any other 
type. 

Early in 1943 an air arming mechanism was designed which it was hoped 
would increase the safe ty of the fuze. The arming vanes rotated an electric 
generator which produced current to fire a cap and delay fuze. Although the 
fuze was satisfactory it was found that the addition of an electric generator did 
nQ._t materially improve the safety of the fuze and development work stopped.a 
At a meeting in May 1943, to discuss pyrotechnic fuzes, it was agreed that, 
although the No. 849 met service requirements, no furtlfer modifications should 
be considered and that the design department should devote all its energies to 
an entirely new fuze. 

1 M.A.P. File S.B . 189!3. 
2 M.A.P. File S.B. 18913/2. 
3 M.A.P. File R.A. 3638. 
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Barometric f uzes 
The Ordnance Board was requested in October J 941 by the Director of 

Armament Development. to consider the development of a fuze which was 
barometrically controlled. 1 No requirements had been stated for a fuze to 
enable flares to be used from above 20,000 feet, but a future requirement was 
foreseen for a fuze for use in operations up to at least30,000 feet. The irregularity 
of combustion at low pressure, and t he possibility that flares of different 
ballistics might be introduced, made it doubtfu l whether modjfication of 
existing combust ion type time Juzes, such as the No. 848 or the No. 849, was 
the best way of meeting the requirement. 

The suggestion that a barometrically controlled electrically fired fuze might 
be developed, had been made in July 194 1 by the Design Department, but at 
that time the Air Staff decided that there was no requirement for such a fuze. 2 

. ome experiments had been made by Messrs. Aladdin lndustrie . on their own 
initiative, on the application of a barometric control to a mechanically fired 
fuze. The Director of Armament Development visited the firm , and with a 
comparatively crude experimental arrangement, both types functioned withi,n 
a time limit which would be equ ivalent to an accuracy of plus or minus 100 feet, 
and in some instances plus or minus 30 feet. The Ordnance Board considered 
it preferable that, since they differed fundamenta lly in principle, the two types 
of fuzes shou ld be developed independently. 

The fuze developed by Messrs. Aladdin Industries con isted of exhausted 
con-ugated copper bellows fit ted with a fixed s top at the lower end, and a fiat 
platform at the upper end on which the spindle of a No. 848 fuze arming vane 
rested. On release fro•m the aircraft, U1e arming vane unscrewed and allowed 
the bellows to contract at a regular rate, due to the increasing atmospheric 
pressure, and withdrew a taper pin from its position between three steel balls 
which were resting against a slightly con ical tapering sleeve. As soon as the 
taper pin had been sufficiently withdrawn from between the three balls, a cocked 
striker was released and fired a cap which in turn ignited the magazine. 

Early in 1942 the first fuze was co1npleted and set to operate at 4,000 feet. 
Two flares were prepared, one fitted with the barometric fuze and one with a 
No. 42 fuze , and, so far as could be assessed by the aircraft and ground observers, 
the two flares operated within 250 feet height of each other. This was believed 
to be the first barometric fuze to be dropped from an aircraft and from its 
success, trials were to be carried out. 

A trial was carried out, at A. & A.E.E. in February 1942 , in wh1ch two 250 lb. 
incendiary bombs, fitt ed with barometric fuzes, were dropped ; both functioned 
satisfactorily at about 2,000 feet above the sea. The fuze was submitted for 
approval in July 1942 and was known as the No. 860 Mark I. Further trials 
at A. & A.E.E. and in Bomber Command.were satisfacto1y and an experimental 
requisition for 1,500 was placed to meet immediate requirements. The first 
four production fuzes were tested at A. & A.E.E. early in August 1942 and all 
functioned satisfactorily. 

It was not until March 194.3 however, that the No. 860 fuze reached the 
quantity production stage. The initial dev,dopme.nt model was known as the 
Mark I, and had the body manufactur d in two diameters, whereas the pro­
duction model had a parallel sided body, and incorporated a spring loaded 
safety pin which flew out when the fuze was clear of the aircraft. 

1 M.A.P. File S.B. 32016. 
2 .M.A.P. Fi.le S.B. 33543. 
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Owing to the fact that a falling body sets up about itself areas of static pressure, 
according to its shape and speed of descent, it follows that a fuze constrncted 
on the barometric principle will not work equally accurately in weapons of 
different shape. For this reason the fuze bodies were colour banded so that the 
correct fuze would be used with a particular missile. 

It soon b ecame obvious that a fuze , workfog on the barometric principle, 
would have to be placed in the missile in such a position that the pressure around 
it would be independent of the speed. From wind tunnel tests, carried out at 
the Royal Aircraft Establishment, it was found that the most suitable 
position was jn the tail, and the No. 860 nose fuze was modified by removing 
the arnung vane and incorporating in its place a ' T' bar which engaged the 
arming fork on the standard tail unit. This modified fuze became known as 
the No. 867. 

The opei;ating height of the fuzes, set at the manufacturers, was not adjustable 
in the service and since the height of functioning was dependent upon the 
prevailing barometric pressure and the height of th.e target, it was decided to 
indicate the static height of functioning by the addition of a letter suffix to 
the Mark number. The letters of the alphabet from A to J were chosen to 
represent static heights of 1,000 feet to 10,000 ieet. Service persom1el noted 
the forecast barometric pressure at the target, together with the height of target 
above sea level, and selected the appropriate A.B.C. , etc. 1 

Both barometric f uzes in use at that time had the disadvantage U1at, if 
released below the height setting of the fuze, they would fire as soon as the 
arming vane had unscrewed, and this made them suitable for use only in 
missiles which would not damage the aircraft should premature functioning 
occur. The possibility of inserting a fixed deJay fo the magazine, thus making 
the fuz,e suitable for release at high or low altitudes, was discussed and resulted 
in producing a magazine, incorporating a one second delay, Jater increased to 
two seconds, to give the necessary safety factors. 2 The magazine incorporating 
this delay was slightly larger than the one fitted to the No. 867 fu.ze, and 
contracts for the new foze, known as the No. 885, were placed in February 1944. 

A fuze which could be set by the service, according to the circumstances 
prevailing1 ha:d always been a requirement and the possibility of providing· 
such a version of the barometric fuze was investigated. It was suggested that 
the fuze should be fitted with three setting screws instead of one, giving three 
alte rnative settings, and that the two setting screws not required, should be 
removed by the service immediately prior to fuzing. 

In order to increase the safety of the fuzes, a geared mechanism for release 
of the safety pin was incorporated, a friction type safety wire in the tail fuze, 
which having successfully passed trials at the A. & A.E.E. was introduced into 
the service, to replace the No. 867 Mark I and No. 885 Mark I in April 1945 
as the No. 886 Mark 1.3 

1 M.A.P . File S.B. 32016/0. 
2 M.A.P. file S.B. 50626. 
3 M.A.P. File S.B. 33543. 
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PART ill 

BOMBING INSTRUMENTS AND EQUIPMENT 
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INTRODUCTION 

The need for some means of assisting the pilot or bomb aimer to position his 
aircraft at a point in space which would ensure that a bomb when released, 
would fall on, or in close proximity to a pre-selected target, became apparent 
during the First World War, and initiated the development of s ighting devices 
for the aiming of bombs. 

It is proposed in this part to deal with those bomb sights which operate by 
,direct visual means, and in this respect it is probably no exaggeration to state 
that British visual bomb sight design ao.d development has generally been 
ahead of other nations. The term visual is used jn the sense that unless the 
actual target, or some reference point in relation to the target, can be seen and 
identified by the crew of the bombing a ircra(t with the naked eye, that target 
cannot be successfully attacked with this type of sight. Efforts to overcome 
the limitation imposed by unsuitable weather conditions, by means of the 
application of radar, reached a high state of perfection during the Second World 
War, nevertheless high altitude visual bombing was still superior in accuracy 
to any other fonn at the time of the surrender. 

The final accuracy of visual bombing was achieved by the use of three main 
types of sights :-

(a) The Mark XIV A-Stabilised Vector. 
(b) T he Stabilised Automatic- Tachometric. 

(c) The Low Level Bomb Sight Mark III-Angular Velocity. 

The last named was unique in that a new approach to bomb sighting problems­
that of angular velocity which was much less critical to height errors than other 
orthodox sighting systems. As far as is known, no other efficient low level 
sight, devised pat ticularly for attacking submarines, has been designed by any 
other nation. 

The history of bomb carriers and associated equipment has also be~n included 
in this part of Volume f. The means o'f securing bombs and similar equipment 
to aircraft, and the means of releasing them, simply and instantaneously, had 
been hastily devised to meet the growing requirements of the first Worl<l War. 
The earliest carriers were heavy and clumsy, but by the end of that war the 
carriers in general use were, for theix time, reasonably light, efficient and reliable. 
There were three main types at that time. The first was a somewhat heavy and 
clumsy design, consisting of a channel section of steel with downward adjustable 
extensions at the nose and tail to hold the bombs steady. The release hook 
was secured inside the channel member and outriggers were provided to secure 
the carrier to strong points in the aircraft wing. The second type was a lightened 
form of tubular steel, originally of Naval design, and the thirct was a light series 
pattern wl1ich consisted of a framework and four release hooks. The first two 
types were employed for the c,Hriage of larger bombs-65 lb. to 550 lb., and 
were made in two sizes; one for bombs up to 250 lb., and a stouter model for 
heavier bombs. The light series carrier was designed for bombs up to 40 lb. 
in weight. 
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From the end of the First World War until the outbreak of the Second, bomb 
development proceeded, as regards size and weight, at a slow pace, and then, 
as the possibility of war became a certainty, with ever increasing momentum 
to the ' bigger and better' bombs of the latter end of the Second World War. 

In the former war, bombs were rarely of such a size and weight, or the aircraft 
capable of carrying a load, such as to necessitate more than two men for the 
task of transporting them from the bomb dump and loading them on to the 
aircraft. The increased weight policy, even to the maximum of SOO lb. decided 
in 1922, indicated 11ot only the inadequacy of the man handling method, but 
also increasing the danger of such procedure, and some suitable means of rapid 
and convenient conveyance, together with some method of hoisting the bombs 
into position into the aircraft had to be decided. 
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Early bombsights 

CHAPTER 19 

BOMBSIGHTS 

Incorporated in the design of the early bombsights of the High Altitude 
Drift series, was a means of measuring the velocity of the wind prevalent at the 
.time when bombing was required, and in order to make this calculation, it was 
necessary to measure the ' drift ' of the aircraft over the ground ; for this 
reason these sights were known as · Drift Sights.' They consisted of a metal 
framework on which height and ground speed (a combination of air speed and 
wind speed) could be set ; their form was that1of a triangle similar to one which 
would be described by a vertical line dropped from the aircraft to the earth's 
surface, a horizontal line, from the point of intersection of this vertical line 
with the ground, to the target, and a sighting line from the operator's eye to the 
target. Allowance for wind effect was made by restricting bombing to up or 
down wind attack and converting the ' Indicated Air Speed ' to ' Ground 
Speed ' by subtracting or adding the wind speed. Even on these early sights 
provision was made for independent levelling of the sight, and attempts to 
stabilise it, and therefore to make it independent of small oscillations of the 
aircraft, were made in the High AJtitude Drift Sight Mark lII (Stabi lised) . 

The High Altitude Drift Sight Mark lA (H.A.D. Sight) was the first sight 
to be successfully installed and used in bombing aircraft. With this sight it 
was possible to bomb from altitudes of between 1,000 and 18,000 feet at air 
speeds varying from 60 to 130 miles per hour and in winds of up -to SO miles 
per hour. Due to the fact that a bomb, when dropped from a moving platform, 
1 lags ' behind the actual aircraft, variable adjustment for this' trail ', dependent 
on the ballistics of the types of bombs then used, became necessary and was 
incorporated. It would probably be more accurate to describe this type of 
sight as a ' Vector· sight, in that the three vector1 quantities-air speed, wind 
speed, and vertical speed of the bomb (interpreted in terms of height and 
adjusted for the bomb trai l angle), were set on the bomb sight on the assumption 
fb.at all of these quantities remained constant from release to strike of the bomb. 
Having established these three ' Vectors', a triangle was set up in the aircraft 
which was simi lar to the main 'imaginery ' triangle described above, and it 
was th,e task of the bomb aimer to arrange for the positioning of his aircraft 
so that the pre~determined sighting line of the bomb point of impact intercepted 
the target at the moment of release. 

It is convenient at this point to differentiate between the two major divisions 
in types of bombsight. The characteristic feature of the first type, or vector 
bombsight, is that the height, air speed, bomb ba.Uistic data and wind speed 
and direction are supplied to the calculating system of the sight. The bomb 
aimer is presented with a drift line representing the track of the aircraft (or of 
the trail point) calculated from these data, and with a release point sight which 
comes on to the target at the instant of release. 

1 Vector-a quantity having magnitude and direction, being capable of graphical 
representation by a straigl1t line. 
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NEGATIVE LENS · BOMBSIGHT 

PILOT'S 
SEAT 

SIGHT FIXED IN D. H. 4.,R.A.F., B.H.P.,FUSELAGE 

ENLARGEMENT OF '/J.: 

60001\.40 30 20 10 10 20 30 406000ft · 

276 



The second type-the Tachometric Bombsight-by observation of the 
movements of the target relative to azimuth and vertica~ datums in the aircraft, 
detennines the ground speed and drift angle, and enables the aircraft to be 
manreuvred onto an interception course. This information, together witrt tbe 
height and bomb ballistic data wh.ich is supplied to the computing mechanism, 
is used to compute the correct instant at which to release the bomb, 

To sum up : in vector methods of sighting, ground speed and drift angle are 
computed from the values assumed for the air and wind velocities and, in 
Tachometric methods, ground speed and drift are obtained by direct measure­
ments of apparent target movement. 

To return to the early history of sights: three other elementary vector 
sights, in use during the latter years of the First ·world War, need only brief 
mention :-(a) The Negative Lens sight which consisted of a rectangular 
concave lens fixed to the floor of the aircraft and arranged to give the pilot a 
reduced picture of the ground immediately below and ahead. Adjustable 
longitudinal and transverse wires, which served as sights and provided a means 
of estimating drift, enabled a correct up or down wjnd course to be steered; 
(b) The Central Flying School Trombone sight with which ground speed was 
determjned by a timing method using a stop-watch and auxiliary target (it 
thus, to some extent, used a minor Tachometric principle) ; (c) The Equal 
Distant sight which employed a rather more complicated timing method using 
a reversible stop-watch ; thus accurate timing of apparent target movement 
could be made, and the correct bomb release point meas,1red automatically. 

All these early sights had one common limitatior1 ; bombing was restricted to 
flight either up or down wind, but in 1916, the introduction of the Wimperis 
Course-Setting bombsight, brought the .first great advance in the science of 
bomb sighting. 

Bombsight development between 1916 and 1946 followed generally four 
main avenues:-

A. The unstabilised vector sight, of which the most important representative 
was the course-setting sight Marks I to X . 

B. The stabilised vector sight (Marks XI, XII, XIV, XV, XVI and XVII) . 
C. Tachometric sights: principally the automatic bombsights Marks I 

and II, and the stabilised automatic sights Marks I and II. 
D. Sights designed for special purposes, such as low altitud~e bombing, 

torpedo attack and attack of aircraft in flight. 

A. The course-setting bombsight (C.S.B.S.) 
The first really efficient bombsight was that designed by Mr. H. E. Wirnpe,ris, 

then the head of Air Ministry Laboratories, for attack on submarines. 
Briefly this famous course-setting sight, which by 1917 had begun to supersede 

all others, and which for twenty-two years was lo be the standard bombsight 
of the Royal Air Force (though with considerable structural and material 
modification). was virtua)ly a mechanical vector triangle. };\'hose three elements, 
air speed, wind speed and direction, and resulting grour1.d speed could be 
measured. The first two were calculated and set on the bombsight by the 
bomb aimer, and the thfrd was the resultant of their combination. The height 
bar, which carried a movabJe open back sight, was calibrated in aircraft 
height and was angularly adjusted (tilted) to allow for bomb ballistics. 
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Indication of the calculated point o[ bomb impact on the ground was 
continuously given by sighting through a back sight attached to the 'height 
bar ' , and a fore sight attached to the junction of wind speed and ground speed 
bars. Unfortunately two major difficul ties were inherent in the design.; in 
the first place the sight had to be level during ' run up· and release, and, 
although small spirit levels were provided, the smallest oscillation of the aircraft 
showed a much magnified error in indicated point of impact on the ground; 
and secondly. corrections in course, given by the bomb aimer to the pilot in order 
to ' t rack ' the aircraft direct ly over the target, involved an adjustment of all 
three sides of the vector triangle which, although semi-automatic through a 
system of gears, did involve continual re-orientation of the sight with the 
magnetic compass; or, in the well-known phrase of the bomb aimer- Keeping 
· Red on Red'. 

Due to the excessive djsplaccrnent of the indicated point of impact during the 
normal t urn, it was necessary for all alterations of course, during the bombing 
run, to be made with. ' fiat I tu rns, but by careful team work between bomb 
aimer and pilot, bombing accuracy, at any rate u nder peace-time condi tions, 
could be high, and by 1930 h ad reached a standard which has not since been 
generally exceeded. 1 In addition to its sighting accuracy, the C.S.B.S. provided 
a reasonably accurate method of measuring wind speed and direct ion and could, 
t herefore, also be used as a navigational instrument. 

Alth.ough between 1917 and 1939 fo urteen variMts of the original sight were 
p roduced, the on ly major changes in design occurred in 1937 with the 
introduction of the Mark IX sight. This, apart from an increase in the 
maximum air speed allowance to 240 m.p.h., differed essentially from all its 
predecessors in that a modification to allow for automatic vector orientation 
by means of a ' Distant Reading Compass' (D.R.C.) was subsequent ly proposed. 
It was, however, on ly produced in this ' complete ' for m in lim ited numbers 
and never used in operational service. 

At the beginning of the Second World War, the course-setting sight was still 
the standard inst rument in ge.neraJ use in Bomber Command and, of the five 
operational Groups then in ex istence, fou r were equipped with C.S.B.S. Mark IX, 
(Battles, Blenheims, Well ingtons and Whitleys), a nd the fifth, equipped with 
Hampden aircraft, had the automatic sight, development of which had 
commenced in 1933. 

Briefllistory of C.S.B.S. 
The orjginal Mark I C.S.B.S. , designed fo r the low l vet a ttack of submarines, 

allowed for bombing between 200 and 2,500 feet, at air speeds from 55 to 
100 knots, and in winds of 0-50 knots ; it was followed, in the years 1919 to 
1930 (the 'lean ' years of armament development), by a Mark II ver ion 
adapted for high alt itude bombing. Apart from two special 'low speed 1 

designs, Marks Ill and IV, introduced in 1920 for use in airships, the Mark II 
persisted , with. various modifications until 1930. T hese modifications were 
necessary in order to keep pace with the ever increasing performance of new 
aircraft and the improved ballist ics of bombs; they were, howeve r, not of a 
sufficiently major nature to alter the mark number, and instead the letters 
' A ' to ' K' were added to their Service nomenclature. Only two of these are 

1 Fi:om 10,000 feP..t at an a ir speed of 80 to 100 m.p.h. , 50 per cent. of errors were 50 yards 
or less. 
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worthy of special note- the 11 H produced jn alurru ni um jnstead o.f brass and 
thereby reducing the original weight by almost one ha lf, and III< whicb had 
levels and vector bar graduations i.lluminated for night use. 

The Mark VI, in an attempt to reduce total weight, was produced -io alum inium, 
but proved so fragile that within a year was replaced by- Mark VII which, 
apart from reverting to the original solid brass structure and remaining a 
general purpose bombsight, was equipp d in addition with a fourth vector 
mechanism, designed for use against ships. On this ·enemy speed could be set 
and automatically allowed for in the mechanical vector triangle previously 
mentioned. Three types, ' A,' 'B · and ' C, ' were produced, the latter two 
being specially calibrated in knots for F leet Air Arm and Coastal RAF. 
Squadron use, but apart from this they only differed if t he maximum and 
minimum limits of height and speed. The Mark VII was in many ways a great 
improvement on its predecessors, and aJI three· versions combined mo t of the 
modifications evolved by the Air Min istry Laboratory up to 1930. Principal 
among these were : -

(a) An improved alcohol-filled compass. 
(b) A target vector (0 to 40 knots). 
(c) Increased wind speed allowance up to 60 knots. 
(d) Interchangeable height scales representing more accu rately ballistics of 

individual bombs. 
(e) More exact variation of trai l angle with air speed setting. 1 

(f) Use of bette.r materials and enclosure of the mechanism to minimise 
possible troubles from dust and erosion. 

The Course Setting Bombsight was by now a highly efficient instrument, and 
with it, in practical hands, astonishingly accurate resu lts could be obtained. It 
has to be re,tlised, of course, that the majority of these were under I Practice 
Camp ' conditions, and were thus ofter1 artificial. Many attempts, such as the 
insistence that the bombing aircraft should be engaged on other types of flying 
exercise for at least an hour before actual bombing commenced, so that the crew 
might be to some extent t ired, were made in an effort to introduce some kind of 
' active service' reali ty, but the fact that the C.S.B.S . demanded a period of 
straight and level flying during the ' run-up.' and this , combined with the keen 
competition between bombing squadrons, tended to preserve the air of unreality. 
A comparison of errors is, however, worthy of mention : in 1940 average 
bombing errors of 50 yards from 10,000 feet were a normal achievement, whilst 
over Germany in 1943 errors of 200 to 300 ya rds were the common order. 

T he Air Ministry Laboratory was finally disbanded in 1932 after it had 
produced its last varient of the C . . B.S. , the Mark VllI, and thereafter new 
sight design was largely in the hands of t he Instrument Department of the 
Royal Aircraft Establishment at Farnborough (R.A.E.). 

The first great advances in vector bombsight design occurted in 1937 with 
the advent of he Mark IX C.S.B.S., designed by Mr. W. H. Coulthard of 
R.A.E. This sight, apart from increases in speed. and height units, made 
necessary by the development of fastei: aircraft, was capable of embodying an 
improvement of major importance- automatic orientation of the sight by 

1 In Mark VII and subsequent sights, the sett ing of ' frail -angle ' in degrees was replaced 
by a. bomb ' terminal velocity ' setting in ieet per second. 
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means of an electrically controlled ' Distant Reading Compass.' 1 Although this 
modification went into production, it was never used with the bombsight in 
practice, and despite the absence of any traceable reason, it is fairly safe to 
assume that the tactical limitat ions which all the marks of C.S.B.S. presented, 
was one of the main contributory factors. As with Mark VII, three variations 
of Mark IX were manufactured differing, as did the former, in miles per hour 
and knots calibrations. The trail angle setting had by this time been made 
easier by interpretation in terms of 'terminal velocity,' and the T.V. of each 
type of bomb being a known constant and permanently marked on the relevant 
height scale, led to increased rapidity of the 'setting' operation, and ultimately 
greater bombing accuracy. 

COURSE S ETTING BOMBSIGHT, MA RK IXC 

Tactical limitations of the C.S.B.S. have already been mentioned, but it is 
essential to realise what these limitations were in order to appreciate why this 
bombing instrument was far from ideal during active service. Briefly, by .. 

1 The ' Distant Reading Compass' was evolved to overcome the turning-errors inherent 
in the normal Magnetic Compass . Th e ' D.R.C.' has an electro-magnetic detector unit 
which can be situated in a part of the aircraft which is comparatively free from the 
deviation effects of the aircraft's magnetic field. The aircraft heading is transmitted 
electrically to repeater dials in the pilot' s, navigator's and bomb-aimer's stations, and in 
this case operated the mechanism for re-orientating the bombsight. 
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virtue of its design, the bombsight could not accurately predict the point of 
impact of a bomb unless maintained in a level position during the run up to 
the target. Th.is called for extremely accurate flying and intense concentration 
on the part of the pilot. The period from 'turning on' to 'bombs gone,' 
even on a perfectly judged run, was considerable, and during that period the 
aircraft became an easy target to the defenders. 

In the majority of cases, the perfect run was more a matter of luck than 
judgment, and frequent alterations of course were necessary in order to ' track • 
the aircraft over the target ; but the sighting line was fixed relative to the­
aircraft's axes, and since the desirable ' flat ' turn became increasingly more, 
difficult with the advent of the more aerodynamically efficient aircraft which 
started to appear in 1937, allowance for a ' banked' turn became imperative., 

A banked tum meant that the relation between the fixed sighting line and 
the target would be lost during the time taken to turn; and in consequence the 
amount of turn necessary had to be assessed before the turn was commenced. 
Add to this the training required for the bomb aimer to become compet_ent to­
judge the turn accurately on a normal magnetic compass, and remembering 
that the bombsight required manual re-orientation with the compass after the 
needle had settled, and it will be realised that length of ' run-up' to the target 
had to be considerably increased so that the aircraft could be accurately settled 
on its course early on ' target approach,' and the fatal last minu te corrections. 
avoided. One final point is worthy of mention : familiar to all use1·s of th_e 
C.S.B.S. was the almost inexplicable habit of the target having conven_iently 
'drifted ' down the drift wires, to ' wander-off ' at the last minute when correc­
tions were impossible and thereby ensuring a large ground error. This was 
invariably due to .incorrect drift being set on the sight, and not becoming 
apparent until too late in the ruo. 

One attempt to assist the bomb-aimer in his unenviable task was the' azimuth­
bracket.' The sight was mounted on this bracket, which, as its nalllJ! implies.,. 
could be rotated in azimuth, i.e., rotated about the vertical axis. Thus when_ 
a turn was required. the whole sight could be rotated, the amount of tum 
required electrically recorded in degrees on the pilot's instrument panels, and 
within a very small error, the sight manually adjusted to a position where it 
would be re-orientated when the compass needle had finally settled. The 
device soon Jost popularity in the early days of the Second World War; it could 
not be used unless the target could be easily and rapidly identified, and t his. 

1 
factor, except in isolated occasions, prohibited its use at night. As the war 
progressed it became increasingly difficult to identify the target even under 
ideal conditions, and the azimuth bracket rapidly fell into disuse. 

The course-setting bombsight, l,\.1ark X 
One final effort was made to prolong the life of -the rapidly dying course­

setting series- the design of an entirely new sight-the Mark X. This sight 
embodied automatic vector orientation by means of a distant-reading compass, 
but, like its predecessor, the ' complete ' Mark JX, dij. not come into service. 
Several improvements were incorporated in its design to ease the task of the 
bomb aimer, but the n ed for providing extended scales to accommodate the 
ever increasing ranges of height and speed of the modern bomber, and the vast 
range of height scales for bombs of varying ballistical qualities, was converting 
the C.S.B.S. into an instrument so unwieldy as to be operationally impracticable .. 
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A computor. separate from the sight . capable of coveri11g the widening ranges or 
height, airspeed, ancl tennina l velocity was provided, and a further much needed 
simplification was the use of · ~ndicated ' instead of ' true · settings on the sight. 
On al l previous marks of vector sight it had been necessary, by means of a hand 
compu to r, to convert the indicated (instrument) readings to the actual (true) 
readings for which the sight was calibrated. 

The days of the Course Setting Bombsight were, however, a lready numbered. 
It gave twenty-four years of useful service, and was in fact the bombsight in 
general use at the outbreak of th War, being the stand ard bombing instrument 
for four out of the five Operational Groups of Bomber Command at that time . 

.B. Stabilised vector sight 
In the previous description of the C.S.B.S., considerable s tress has been laid 

on the tactical limi tation which these types of sigh t entailed, and this, coupled 
with the compli ations introduced into the sight since Wimperis's first s imple 
model in 1917, and the ever increasing ranges of speed and height , jmposed morP. 
.and more tasks on the bomb aimer and heralded the sight's eventu al abandon­
ment. The factor, however, which under war-time condi tions seriously limited 
the successful use of the Course Setting Sigh t was the ab ence of tabi lisa tion . 
To understand this foll y requires n falrly sound knowl edge of the mathemalital 
theories underlying t he principles of bombsighting. 1 

The axes of rotation 
An ai r raft has th ree axes of rota tion-roll, pitch and yaw (az irnuth)-and 

•it is about these axes, or within these planes of motion , that the aircraf t, and in 
consequence tlle bombsight, may be said to move. As -will be realised la ter, 
ancl from the view of successful bomb-a iming, the rolling plane is the mo t 
important, closely followed by pitch. 

T he Rolling Plane.~ When an aircraft turns a bout the fore and a ft axjs, as 
it must do during a · banked· turn , the unstabi li sed sight wiJI cease to indicate 
th e line along which the bomb will stri ke, and it is not unt il the a ircraft has 
comp1eted the turn, and is once more s traigh t and level, that the correctness of 
the amount of tum completed can be judged. The azimuth bracket eased the 
problem, but, due to its limited application, did not provide the final answer. 

The Pitching Plane.-When a n aircraft turns about its pitching a.xi , as 
apparent during even the slightest movem nt to cl imb or dive, jt is necessary, 
in order to forecast the position in which the bomb will strike, to move the sight 
relative to th aircraft by an amount equal and opposite to the angle through 
which the ai rcraft pitches. and at the same time make aJ lowance for the 

onsequent change in vertical speed or time of fa ll of the bomb. 

The Yawing (Az-imidh) .Plane.- When an aircraft turns about its yawing axis 
;and ' crabs' relative to the surrounding ai r, the air speed and vertical speed 
vectors remain unchanged , but wind speed and enemy speed vectors need 
reorientating without which, a n entirely false position of s trike is forecast. 

J 1For su h an exposition consu lt ' T he Art o( Bombsighting'-a scientific and h istorica l 
monograph on aircraft bomb and torpedo a iming by ·w. H . Coulthard , B .Sc., published by 
the Min.is.try of Supply. 
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The answer to these problems .in vector s.ight development was stabilisation 
and this was accordingly attempted on those sights produced after the outbreak 
of the second world war the Marks rr, XJI, 'lII and XIV. Brief notes on 
these sights are given below in an attempt to enable the. reader to fo rm a mental 
picture unobstructed by technicalities. 

The Mark XI Sight.-Th is, the first sight to use any form of stabil.isation, 
was an attempt to overcome the tactical freedom bugbear of the C.S.B.S. series 
and for this reason, was only stabilised for the rolling plane. An existing 
gyroscope, t hat used in the 'Sperry Artificial Horizon' was utilised with a 
single drift wire and an open back sight mounted on the outer gimbal ring. 
Possibly the simplest method of outlining the working of the sight is to give 
the procedure required of the bomb aimer :-

{a) Level the sight. 
(b) Set wind speed and direction, estimated course of attack, and agreed 

indicated air speed during attack, on Course and Speed CaJcu!ator 
(C.S.C.). 

(c) Set indicated ground speed and bon:ibing heigh on circular computor 
and r ad off the computed bombing angle. 

(d) Set drift and bombing angles on sight. 

(e) Give pilot verbal instructions to bring sighting Ji ne onto the target. 

Since the sighting line maintains a fixed position in space unaffected by roJI 
it is not necessary for the target to track continuously down the drift wire and, 
provided the estimated settings agree with the actual at the instant of bomb 
release, the target may be approached in a series of correctly banked turns. 

The Mark XI sight certainly introduced limited stabilisation but at the 
expense of additional complications and the use of a hand manipulated 
tomputor. 1 

Generally the sight show d no marked advance on its predecessors. The 
increase in tactical freedom, so desirable, was so small that only a very limited 
number were produced and the sight soon went out of use. 

The Ma1'k X ! I Si'ght.-This sight showed a distinct advance in bombsighting 
technique-: it consisted of two units - the sighting head and the computor unit. 
The former resembled the previous sight except that the sett ing knobs for 
bombing and drift angles, were replaced by flexible drives which transmitted 
the required set tings from the computor unit which was situated in another 
part of the aircra(t, and the drift wires and open sight w re replaced by a 
'collimator' (tubular sight), which projected the image of a graticule on to a 
reflector plate coupled by a linkage to the outer gimba l ring of the gyroscope, 
and gave greater eye freedom to the bomb aimer. 

The computor unit was virtually a second instrument panel equipped with 
an airspeed indicator, an a ltimeter and an artificial horizon adapted, by means 
of a pointer recording over an angular scale, to indicate angles of pitch assumed 
by the aircraft. Adjacent to each instrument was a halldle controlling a needle 
indicator and coupled to a rnechaoism capable of computing th bombing angle 
and transmitting the result, by means of flexible drives, to the sighting unit. 
A means of offsetting the instrument readings to allow for target height and 

1 See 'The Art o( Bombsighting' by W. H . Coulthard, B.Sc. 
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the range component of the wind speed was provided, but although from the 
borpb aimer's point of view the sight was a great improvement ori afl which had 
preceded it, constant manipulation of the handles was necessary in order to 
keep the pointers coincident with the three instrument needles, this called for 
an additional member of the aircraft's crew known as the ' bomb-aimer's mate• 
and at the same time condemned it as a practical sight. 

The Mark XIII was never introduced into the service since it only showed 
constructional improvements of the Mark XII whilst maintaining its operational 
undesirability-the ' bomb-aimer's mate'. 

The Mark X l V Sight.-This famous sight, which owed much to the inspira­
tion of Professor Blackett and his separate units principle, was the work of 
Dr. H. J. J. Braddick of R.A.E. Like the Mark XII it consisted of two units­
Sighting Head and Computer, but with the essential difference that the latter 
was made automatic and in consequence a human bomb aimer's mate became 
unnecessary. Control knobs were provided for setting wind speed and direction, 
target height, sea level pressure and terminal velocity, and the' computor box' 
did the rest, height and air speed were measured and automatically compu ted, 
and from this, with the course fed in by the Distant Reading Compass (D.R.C.). 
continuous computations of the sighting and drift angles were fed into the 
sjghting unit , and maintained sight orientation. 1 

Eight variations of the Mark XIV sight were designed, Mark XIV, XIVA 
and B, TI, TIA and B, XV and XVII. The 'A• sights were fitted with a more 
accurate sighting angle mechanism and covered a greater range of height. 
Instrument position error and attitude correction cams were interchangeable, 
enabling the same computor unit to be used in any type of aircraft. The 'B' 
sights were similar to the 'A', except for gyroscopes which were driven 
electrically. 

The Mark XV was designed for low level operations against submarines and, 
because small errors in height ·settings at very low altitude produced large 
bombing errors, accuracy in setting was obtained by linking ,the servo height 
motor to a radio altimeter. The Mark XVII was a version of the Mark XV 
specially designed for use in Naval Mosquito aircraft. The air speed range 
was extended to 400 miles per hour, and because there was no bomb-aimer's 
position in this type of aircraft, an unstabilised sighting head was used. either 
the Mark XV nor the Mark XVII was, however, brought into service use. 

The 'T' series of sight were identical to the original Mark XIV and the only 
purpose in the difference in title was as a means of ready reference to those 
manufactured in the U.S.A. 

c. Tachometric bombsights 
The principle of the tachometric system-of bomb aiming has previously been 

mentioned as that of direct measurement oi apparent target movement 
The reason for its adoption was to eliminate the very difficult task of finding 
an accurate wi~dspeed ~nd direc~ion and thereby increase b_omb~9 _accur_acf. 
Before discussing the sights which employ the tachometnc pnnc1ple, it 1s 
necessary for the purpose of clarity to enlarge a little on this principle and thus 
give the reader some knowledge of how it has been employed in bombsight 
design and development. 

1 The highly complicated mechanism for computation prohibits a detailed descriptiou in a 
narrative of this nature. and the reader is once again referred to' The Art of Bombsighting• 
by W. H. Coulthard . 

284 



The previous writi11gs in this chapter on the vector sights have implied the 
solution of the range problem, as being the setting up in t he aircraft of a line 
of sight which is inclined at a.fixed angle to the vertical, and predicts the point 
of impact of a bomb if released at the .instant of observation along this sighting 
Jine. T he tachometric principle tackles this problem by allowing for the 
constant alteration 1n the tangent of the angle between the vertical and the 
line joi,.ning the target to the operator's eye as the target is approached. 

It will be realised that as the target is neared, the angle between the sight ing 
line and the vertical 1 decreases, and at the same time the apparent movement 
of th.e target (its angular veJoc.ity), increases : if then a line of sight which instead 
of having a fixed inclination, is maintained on the target during the approach, 
it wm vary its angular position as the sighting angle varies, and at a speed 
proportional to the target's angular velocity. Knowing the air speed, altitude, 
and the ' trail distance' of the bomb being dropped, ·t is obviously not an 
impossibility to drive the line of sight mechanism, so that at the correct dropping 
angle the bomb itself is automatically released. It was on this basis that the 
automatic bomb sights were developed. 

Development actually was commenced at the Ait- Ministry Laboratory 
concurrent with the vector course setting sight. Two sucb sights we,e designed 
w.hich, altJ10ugh they did not reach the service, provided the foundations upon 
which all subsequent sights were built. The first, provided with open sights, 
was automatic in range only, as descr\bed above, and required manual orienta­
tion in azimuth by direct observation of the target. The second had a telescopic 
sighting tube with automatic azimuth adjustmen't which, by means of a di rect 
coupling to the automatic pilot, steered the aircraft on a curve of pursuit to 
the correct point of _bomb release. Both of these early sights, and the Type' B' 
Marks I and II which followed, suffered from the same weakness as the early 
vector sights- they were unstabilrsed and were designed on the assumption that 
the aircraft was capable of making flat tums. 

It was soon realised that the only solut ion was to stabilise the sight and the 
first effort in this direction was made in t he summer of 1939. The sight (the 
Automatic Bombsight Mark II), was mounted on two brackets capable of sliding 
on vertical pillars with the position of the brackets controlled by Bowden 
cables led in from a specially mounted Mark IV Automatic Control Unit. 
There were so many mechanical -difficulties however with this arrangement , 
that the scheme was abandoned in December 1939, and work commenced on the 
prototype stabilised automatic sight which eventually developed into the 
Marks If and IIA sights used during the Second World War. 

This prototype sight was a self-contained unit in that both bombsight 
and stabilising unit were mounted on a common platform within a gimbal 
system, the pivots of the outer gimbal ring being carried on brackets secured 
to the aircraft. The stabilising unit consisted in the main of two air-driven 
gyroscopes, one in azimuth and one in the vertical plane, with a pendulum 
system for vertical erection , and a pneumatic servo system to provide the power 
for st-abilistng the main bombsight platform. The unit was so arranged that a 
combination of pendulum and gyroscope for roll erection, and tbe simple 
pendulum for pitch erection, enabled true vertical to be defined during a banked 
turo. 

1 The sighting angle. 
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This prototype sight was sent to the Aircraft and Armament Experimental 
Establishment (A. & A.E.E.) at Martlesham for exhaustive tests which, after the 
incorporation of several modifications, were completely successful. A pro­
duction order followed and delivery commenced in August 1940. Unfortunately 
the initial flight tests revealed several defects in manufacture, and it was 

AZIMUTH GYRO 

CHANGE- OVER 
SWITCH -----

STABILISED AUTOMATIC .,BOM BSI GHT, MARK IlA 

realised that before sighting accuracy could be hoped for, a much more rigid 
specification for various manufacturing processes was required. One of the 
principal sources of trouble was a relay valve sys tem by operation of which, 
diaphragms at low pressure controlled the movements of the servo motors. To 
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eliminate the fault of tnis system , designed by R.A.E., invo!ve<l practically a 
complete redesign, and it became evident that production of a new and more 
severe specification would be very difficult. 

By March 1941 however, after extensive investigations into other methods 
of stabilisation by R.A.E., the Admiralty, and several private firms, three new 
servo systems were evolved,- ' Electroflo ', ' Desoutter ' and R.A.E. The 
' Electroflo · system dispensed with the previous valve system, and servomotors 
were operated directly by hi:gh pressure air jets controlled by blades in the 
gyroscopes. This design was unsuccessful for two reasons: the maximum 
response rate of the servomotors was unduly small, and the performance of the 
jets feU oft at high altitudes. The Desoutter model also dispensed with relay 
valves and instead, used a leak-valve system with the valve pistons coupled 
direct to the gyroscopes. The R.A.E. morlel was a version of the original 
prototype with art improv~d relay valve system. 

Comparative trials of the three new systems showed the Desoutter design 
to be the best, with Electroflo a good second, and accordingly ten of each type 
were produced for air trials. Ey April 1941 the trials had resulted in the choice 
of the Desoutter model, and the remainder of the year was spent in 4. further 
series of trials and modifications particularly to the roll pendulum and the 
vertical gyro precession gear. The commencement of the new year !;aw the 
start of work on the new redesigned sight-the Stabilised Automatic Mark Il. 

1n the spring of 1942 the first issnes of the new sight were made to the service. 
some to Hampden aircraft for training purposes, and the remainder to 
Lancasters of Bomber Command for t rials under operational conditions. As a 
result, mainly of the latter, some minor modifications were found to be necessary 
and their embodiment produced the final Mark IIA Stabilised Automatic Bomb 
Sight (S.A.B.S.), which was used througbout the remainder of the war. 

An operational comparison of Vector, Mark XIV, and Ta~hometric (S.A.B.S.) 
sights 
A c9mparison of two such widely differing forms of bombsights jn a narrative 

of this description can only be given from the vje\vpoint of the operationa l 
efficiency of purpose of the separate sights. 

Firstly, the bngbea.r of the Course Setting Bombsight-tactical freedom. 
There was in fact very little difference in this respect between the two sights 
since in both it was desirable that the last twenty seconds before bomb release 
should be straight and level. Given this period t here is no doubt that the 
S.A.B.S., and corresponding s ights developed in the U.S.A.-the 'Sperry' and 
· Norden ', gave the more accurate results. If however the target was heavily 
defended, and manceuvre was necessary during the whole of lhe run-up, the 
accuracy of both sights fell away rapidly. The necessity for violent mance~vre 
in the final twenty seconds could however be minimised by high altitude attacks 
since for obvious rea~ons the higher the aircraft, the less was the time available 
for the enemy anti-aircraft gunners to predict, lay, and fire their guns to project 
a shell to detonate at the required altitude, On the other hand, provided that 
an aircraft equipped with a S.A.B.S. maintained et' constant height and air-speed 
during the required twenty seconds, accurate bombing i( not assu·red became 
highly probable. This unfortunately was not true with the stabilised vector 
for the following reasons :-the wind .velocity set on any sight sho~ld be that 
over the target at the moment of release, but the wind set on the Mark XIV 
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is normally that obtained by a series of navigational observations over a long 
period of flight, much of which was distant from the target. This might lead 
to an error in this most vital setting with a resultant bombing e.rror ; as the 
tachometric sight estimated the wind by observation of the actual target, t he 
possible error in estimation might be reduced by some 75 per cent. It was for 
this reason that, to the R.A.F., the Mark XIV was termed' the area sight ' and 
the S.A.B.S.' the precision sight·. 

As regards bomb aimer training, although that required for the S.A.B.S. 
m ight be said to be more skilful, there was in fact little difference in the time 
before a bomb a imer might be regarded as fully trained. The period of training 
however, which elapsed before an actual bomb was dropped from the air, was 
.greater in the case of the S.A.B.S .. , but once this stage was reached, practice was 
the only remaining requirement, whereas with the stabilised vector it was 
normal to allow active operation from the air quite early in the training period. 

During the Second World War, the use of the automatic sight was very Jjmited. 
The unstabilised version in use at the outbr.eak was completely ineffective and 
it was not until August 1943, when development of the stabilised version was 
completed, that a squadron was equipped with the S.A.B.S. and given training 
in its use. Comparable with the tonnage of bombs dropped by the remainder 
of Bomber Command equipped with tb.e Mark X IV, that of the S.A.B.S., with 
i ts rigorous maintenance and use mainly for special types of raid, is insignificant. 
Although the Mark XIV was the best sight so far designed for general use, its 
results at the beginning can only be described as disappointing; accuracy did 
of course improve towards the end of t he war but only as a result of an emphasis 
on training, and meticulous attention to sight maintenance. 

D , Sight for Special Purposes 

Lou; Level and Dive Bombing Sights 
At the outbreak 'of tbe Second World War, no official Low Level or Dive 

Bombing Sights were in existence in the Royal Air Force. This implies no 
criticism of the Instrument Department of R.A.E. who were responsible for all 
bombsight design after 1930, but merely evolves on the generally held ·theory 
that, in the case of low level attacks, practised bombing crews could bomb 
accurately between heights of 30 to 100 feet without any sight at all, 
this being borne out largely by the small average errors of 20 to 30 yards by 
many bombing squadrons, and in the case of dive bombing, by the fact that 
this form was never officially recognised, and that in any case it required a 
specially designed aircraft which had never become a requiremen t. 

Since at very low heights the events of a bombing run happen so quickly, 
t here is little time for the passing of instructions from bomb aimer to pilot, 
and although ' low level attachments' were produced for the Course Setting 
Sights from time to time, the majority of low level bombing attacks were made 
by the pilot. In 1939, however, development of low level sights did begin and 
the first to be introduced into the service took the form of a ' hand held · 
bomb-aimer's sight-the L.L. Mark I.1 This sight was really a modification of 
the Abney hand-held surveyor's level on which an angle can bese t and maintained 
by keeping the spirit-level bubble central. Numbers of the Mark I were 
a vailable in the early months of the war, but both sight and met hod were soon 
abandoned. When the p ilot bore the rt:sponsibility of tracking d irectly over a 

1 Air Publication 1730A, Volume 1, Chapter 7. 
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target , the bomb aimer divided his attention between holding his sight rigid 
and level, adjusting his sight settings to the correct true ground speed and true 
height, selecting and fuzing the bomb, and watching the target. The need 

CONTROL 
PANEL ,T'(PE .E. 

SICHTING / ,,.. 
COMPUTOR 

CABLt,L.T .. TRIM(T 4 

Low LEVEL BoMBSIGHT, MARK Ill 

for an efficient instrument for low height attacks on U-boats soon became 
apparent and the strongest representations for an efficient low level sight were 
made to the Air Ministry by the Commander-in-Chief, Coastal Command. The 
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firs't significan t result was the Mark II (0) (Observer's pattern), 1 which became. 
available in small numbers in 1940, designed by Professor Blackett on the 
" ·.two man' principle. 

'The sight consisted of two units, sighting head and computor box. The 
tomputor box operator, or ' bomb aimer's mate,' was responsible for obtaining 
the essential elements from a hand-operated computor and setting them upon 
the sight computor before the attack, and for maintaining the height pointer 
reading on the computor box, the same as the altimeter reading from commence­
ment of the bombing run till bomb release. From these settings the correct 
bombing angle au tomatically computed and fed into the sighting head by 
flexible drives. 

The sighting head consisted of a free gun reflector sight, the Mark IHA, 
mounted on an azimuth bracket. Both bracket and sight required some slight 
modification for incorporation as the sighting head the main d ifference being the 
replacement of the gunner's 'ring and head • by a graticu le showing a drift line 
and a short cross line indication of the point of release. The bomb aimer was 
required to turn the sighting head by hand so that the drift line was on the 
·.target, and releasing the bomb at the correct moment. 

The sight was rapidly followed by a modified version, the Mark II(O)A, 
<differing only in the computor box charts provided for different types of aircraft , 
:and an additional cross line on the graticule for harmonising purposes. The 
method of use was, however, precisely the same, and both had but limited 
:success due, in the main, to the high degree of co-operation required between 
.the pilot, who was once again responsible for tracking his aircraft over the 
target, the bomb aimer's mate, and the bomb aimer, and the difficulties which 
-obtained with the very low altitude attacks which anti.-subrnarine bombing 
<Clemandecl. 

o far the development of the low level sight had followed that of the high 
'level sight in t hat the release of the bomb was made when the angular position 
,of th.e predetermined sighting line and the target were coi ncident. At low 
.altitudes, however, the angle between the horizontal and the line joining the 
,oper.ator's eye to the target , even at short distance from the target, was extremely 
·small, and increased in size very rapidly as the target wa neared ; also the 
sligMest error in height estimation produced a large ground error and Tesulted 
in inaccurate bombing. 

A bombsight operating on a different principle was obviously needed, and 
(eaTJy in l942 investigations were proceeding into two proposed sights, the first 
a low level version of the Mark XIV with a rad io altimeter adaption, and the 
.second on a new pri nciple and known as the Angular Velocity Bombsight. 2 It 
_is with this latter sight, which eventually became known as Low L evel Bomb­
·sight Mark 1II, that it is now proposed to deal. 

Low Level Bombsight, Mark III 
In this sight the correct moment of release was established by measuring the 

angular velocity of the target, that is to say,_the rate at which the angle between 
the vertical and a Jine joining the aircraft to the target changed. By this 
means, errors in height estimation could be ignored and, when combined with a 
r adio altimeter, the sight achieved a hitherto unknown accuracy. 

, Ajr Publication 1730A, Volume I, Chapter 13. 
2 A.M. File C. 35637/1. 
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The Mark III sight was introduced for service trials in late 1942. The report 
on the trials contained the following recommendation :-

' For normal operational requirements it is considered that A.V.B.S. 
(Angular Velocity Bombsight) is by far the most efficient low level bomb­
sight available for Coastal Command, and also low level daylight bombing 
on small targets, for the following reasons :-

(a) It is simple in use and sighting. 
(b) No height setting is required for accurate stick bombing; thus, only 

one adjustment, namely, approximate ground speed, is required on 
the computor box . 

. ( c) Accurate bombing may be done in a climb or a dive, or following 
evasive action. 

(d) Late sighting is no deterrent.' 1 

U-BOAT IN GRATICULE OF Low LEVEL BoMBSIGHT, MARK III 

On 22 December 1942 the sight was officially introduced into the service, 2 and 
at the end of the month A.C.A.S.(T) stated an immediate minimum requirement 
of a hundred of these sights to be known as L.L.B.S. Mark III. 

The sight itself once again consisted .of two units, computor box and sighting 
head, but this time gyro stabilised in pitch. The method of depicting the 
moment of release was novel arid worthy of mention ; it was done by presenting 
a graticule which appeared to the bomb-aimer as an illuminated step ladder. 
This ladder moved down the graticule plate in accordante with the ground speed 
set on the computor box chart, thus when referred to a datum point on the 
terrain below, the aircraft, was in fact a measure of the angular velocity. The 

1 A .M. File C. 35637/1. 
2 A.M. File H.S. 71811. 
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normal datum point was, of course, the target which 'moved' down the over­
taking ladder getting faster and faster as its range decreased until that vital 
moment when the speed of ladder and target were the same, and in reference 
to the moving ladder, the target was motionless. This was the correct 
moment at which l.o release the bomb. 

Apart from a few minor modifications which became necessary on fitment to 
various types of aircraft, the Mark III soon became a standard item of bombing 
equipment for aircraH during the Second World War which employed this type 
of attack. 

Dive Bombsight 
As previously mentioned, there had beert virtually no development of dive 

bombing aircraft for the Royal Air Force, and consequently the need for a 
special sight had never become a requirement. During the war, however, 
various American. and German sights were tested, and some work on integrating 
accelerometers was commenced, but only experimental design.s were completed. 

The need for some form of sight for use in shallow dives (20 to 30 degrees) did 
become urgent with the introduction, of :rockets, but this need was met by a 
special method of usage of the pilot's gyro gunsight. With very little practice 
this gave extremely accurate results, and a similar method was in use for steep 
dive bombing training at Flying Training Schools. 

The Scatter bombsight 
In 19_36 and 1937 a scheme was afoot for attacks with bomhs against enemy 

formations in the air. Initial .flight tests, using rough sights, indicated that 
this method of attack might be effective from a position of some one to tbree 
thousand feet above the target formation. The sighting problem was by no 
means an easy one. The relative height of the target had to be obtained, which 
involved the incorporation of a rangefinder within the sight. and the relat ive 
speed, for which a 'timing bead ' method was advocated, had also to be 
established. 

R.A.E. was approached, and, because of the urgency with which the project 
was viewed at that time, August 1938, suggested as a temporary exped ient a 
method involving the use of the existing course setting bom.bsights Marks VII 
and IX. 1 Later in. the same year, a special sight which embodied the features 
noted above, Scatter Bornbsighi Mark I, was designed ; three such sights were 
ordered for expe-rimental purposes. 

So far the approach to the target had been in level flight. but it was soon found 
that this method was impracticable, and the contract for the sights was cancelled 
in the following year. A method by which the target was approached in a 
dive, followed by a short distance of level flight , seemed to be the answer, and 
asig.ht designed to meet this newmao<:Euvre, theExponent·ialBombsight, was soon 
produced and issued in small numbers. 

AU was not well, however, with the type of bomb to be used. Several types 
were advocated, among them a small impact-fired bomb-the 'S' (Scatter) 
Bomb-to be released in large numbers, or a larger bomb fired by accoustic or 
photo-electric means. Finally, the problem of designing an efficient bomb 
became insuperable and the whole project was in consequence abandoned in 
early 1940. 2 

1 M.A.P. File S. 45817. 
• A.M . .File S. 43610/3. 
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The Paratroop sight 
In 1942 when the training of paratroops began in earnest, difficulties were 

experienced in deciding the correct moment at which to order 'jump ' in order 
to bring the men into a chosen dropping zone. Some definite indication was 
obviously desirable and the need led to the development of a type of bomb 
aimer's sight to be used as a guide to the officer in charge of 'dropping.' The 
original design was made by a paratroop training station, while the final design 
of suitable scales and the mechanical details was undertaken by the Royal 
Aircraft Establishment at Farnborough. 

-~ ...... ------ 9 

PARATROOP SIGHT 

The problem of the normal bombsight is q~ite complicated, but the paratroops 
sight presented extreme difficulties; the initial fall, before the opening of the 
parachute, resembled that of a low T.V. bomb, but the final fall with parachute 
open, depended entirely on the prevailing wind speed and direction and the 
person's rate of descent, the latter averaging some 17½ feet per second. Further 
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complicatjons arose from the fact that it became a practice to ensure opening. 
by the use of a static line attached to the aircraft ; thus, although the first part 
of the fall only varied between narrow limits, the latter part varied widely with 
the height of the jump. 

This led to the requirement for a large range of height and speed scales and 
with it, the attempt to use the same sight for the release of the paratroop 
equipment containers which were to land within easy reach. The problem thus 
became so abstruse that the special sight, althou,gh designed, never came into 
service use. 
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Early history 

CHAPTER 20 

BOMB CARRIERS 

Towards the end of the 1914-18 war, when the carriage of bombs inside the 
aircraft began to be contemplated, special systems for individual aircraft were 
designed. Examples of these were the Handley Page and Gledhill types where 
the bombs were suspended in cells by their noses. But whatever the type all 
carriers had certain elements in common ; a release hook, known in the service 
as a release slip ; a framework, attached to some suitable part in the aircraft, 
which held the release slip; a wire cable from the release slip to the bomb 
aiming position in the aircraft, and a lever by which the cable could be pulled. 
The controls were often duplicated in aircraft which carr.ied an observer, so 
that either the pilot or observer coul<l release the bombs. 

In the tubular carrier a further complication had been added as a requirement 
for n<tval operations. It might be necessary to attack a submarine on the 
surface or under the water, and consequently a method was required to enable 
the bomb to be dropped so that it would explode on impact i( the submarine 
was surfaced, or alternatively after a short deJay if it was submerged. The 
choice of instantaneous or delay operation was given to the bomb aimer by 
fitting a direct action pistol in the nose of the bomb and a delayed action pistol 
in the tail. By means of a second system o(wires to the carrier, either the nose 
or both the nose and tail pistols could be made inoperative. The latter condition 
was valuable when bombs had to be released , in an emergency, over friendly 
territory, or if one fell accidt;ntalJy during loading. This system, known as 
selective fuzing, was first introduced jnto tubular carriers and., with many 
modifications, was still in use in 1945. ihe light series carrier was a simple 
means of avoiding the necessity of separate release cables for each small bomb 
carried, and enabled four bombs to be released, in series, by four pulls at a 
single cable. Selective fuzing, in this case was not required. 

For the relatively small bombs and small bomb loads carried in 1918,1 used 
in conjunction with the elementary and inaccurate bombsights of the time, 
these simple carriers sufficed : but their mechanical imperfections and uncertain 

·action, made accurate bombing impossible. The first essential of any bomb 
release system is that the bomb must leave the slip instantaneously at the 
moment the bomb aimer wishes it to do so-a necessity which increased with 
every extra mile per hour of aircraft speed. With the system of cables, often 
of great length and with many changes of direction, this was impossible. 
Here then wa~ ample room for the improvement of an efficient bomb release 
system. 

Development 1919 to 1939 
In a Jetter to the Ordnance Commit(ee on 29 March 1922 the Deputy 

Director of Research (Armament) (D.D.R./Ann.), discussing the need for a 
revised bomb programme, prepared a' schedule of requirements for embodiment 

1 The 'standard ' bomber of that day carried four 250 lh, bombs, a toad not greatly in­
creased for th.e next twenty years. 
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:in design of a new univer aJ carrier,' 1 which was circulated to fifteen civilian 
tirrns. who were asked to submit designs and quotations for consideration. 
Although bomb up to 4,000 lb. in weight were r~commended for development 
at this time, it was obvious that for many years lighter bombs would be in use. 
<ConsequenUy t he new carrier was to be made in two sizes: one for bombs 
from SO .lb. to 300 lb., and the second for bombs between 200 lb. and 600 )b. 

The carrier chosen for development was a combinat ion of the framework 
suggested by Messrs. Blackburn and the release slip by Messrs. Vickers. 
"The latter was of special interest as it included designs not only for an improved 
mechanical system, bi1t for hydraul ic, pneumatic and electric release, the hook 
employed being in the form of a double claw. Four experimental carriers were 
-0rdered from Messrs. Blackburn in October 1925, and arrangements :made to 
supply four of the new claw release slips to the firm for fitting to the carriers. 
The complete carriers were to be sent to A. & A.E.E. for test. The trials were 
beld up until July 1926 because the dummy bombs were not available, and it 
was found that most of the existing and projec ted bombs fitted the carrier 
satisfactorily. 2 

Tl1is early carrier was little more than a duplication of the old tubular carrier 
:and was unnecessarily bulky and complicated, it offered far more head resistance, 
and was in fact little improvement on the older types. Even its construction 
jn duralumin found little favour, -as corrosion became evident early in the 
trials. 3 During the following months the carrier went through a series of small 
modifications and the corrosion had been xamined and cured by the firm. 
It was unfortunate that the iirm chose the old tubpJar type can-ier as their 
model because, although admirable enough in its lightness and neat design, 
it was not rigid enough to stand prolonged wear and rough usage. The second 
design by Messrs. Blackburn, commenced in 1927, was based on the channel, 
section carrier, lightened and modified extensively, bul rigid e110ugh in itself 
to need no duplication of the horizontal members. The new design, known as 
the Mark II, became the fo rerunner of the modern bomb carriers, except for 
those in the largest bomber aircraft where problems of carrying weights up to 
10 tons required entirely new designs. 

Four of the Mark lI design were ready for trial jn May 1927. The tests which 
t ook place at A. & A.E.E. continued until July, and were reported as satis­
factory.11 Emphasis was placed on the omparative lightness of the carrier 
and the protective coating against weathering and corrosion appears to have 
been efficient. The new carrier had been designed originally to carry the new 
General Purpose bombs. but large quantities of the bombs, used in the First 
World War, remained and jn S ptember 1927, Messrs. Blackburn were asked 
to modify the carrier to accommodate them. Th.is meant fairly extensive 
alteration-lengthening the main channel frame ; strengthening the nose and 
tail steadies; reduction of the distance between the top of the canier and the 
aircraft wing, and modification to the claw release slip. 

Following static tests at the Aeroplane and Armament Experimental 
Establishment, it was decided, in November 1927 , that the carrier houJd be 
re-designed by Messrs. Blackbum. One carrier, ready for tests in April 1928, 

1 See Appendix No. 16. 
z A.M. P ile 540153/24. 
3 A.M. Fi.le 739340. 
• A. & A.E.E. Report Arm./178, 22 July 1927. A.i,rI. File 734009/26. 

297 



PO~lllON rop_ 
72,0oo LII. 

5TOR( 

r!: f 
MEC~•U,NICA L R(LEASC 
CABLt TO SC RUN O\ICR 
PULLEY IN AIIICAHT 

( \ 
V IEW LOOK ING AFT 

22 ,000 L8. STORE 

~ELEAS E UNIT ­
ElECTRICA L CABLE 

ICE. SH IELO 

BIG~T 

iq.:::.==""~HM-,ICA L 

MECHANICAL AClCAS( 
'IELEASE. CAB (. SPRING CABLC 

POSIT~ON fOR 
12.000 l& sTORE 

,'-_ E.M RELEASE 
UNIT ELtC.TP.IC,\t 
CA0L( TO 8,[ 

SEC.UREO AT 
INTERVALS BUT 
NOT TO 
MECHANICAL 
RELEASE CA8LE 

SUSPCNSION 
LINKS 

12.000 LB. STORE. 

SO SPENSlON' GEAR FOR 12,000 LB. AND 22,000 LB.~\ B OMBS 

was intended to accommodate all bombs from SO lb. to 550 lb. and was to 
replace the two universal carrjers previously manufactured. It embodied the 
same principles as the previous types, but detai led construction had been made 
more robust, and the direction of pull of both the release and fuzing controls 
could be altered. The main modification to the release slip was that the new 
one would cater for all bomb suspension lugs of the standard service and new 
pattern bombs. 1 

The next month the main carrier member was reduced in lengU1 to allow 
its occupying the minimum overall space in installation for accommodating 
the 120 lb. range of bombs. The shortened version of the carrier was to be 
provided with fittings to allow the detachM front and rear ends to be readily 
attached to make up a full length carrier to accommodate the 500 lb. range of 
bombs. The fuzing tube was to be treated in a similar manner. 

1 A.M. File 734009/26. 
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Carriers for large bombs 
The S.N. Minor bomb was used against targets in Germany in 1918 and a 

special carrier of the frame type with sling release was designed. One end of 
the sling was secured to the frame of the carrier and the other ended in a loop 
which was attached to the release hook. When the release hook was operated 
the sling swung clear allowing the bomb to drop. The S.N. Bomb was 
abandoned after the Armistice and the demand for a new and well designed 
carrier for large bombs did not arise. Effort was concentrated on the 50 lb. 
to 500 lb. General Purpose series of bombs resulting in the very efficient universal 
carrier already described. 

1,000 LB./2,500 LB. BOMB AND TORPEDO CARRIER, MARK II 

In 1930 the Royal Aircraft Establishment (R.A.E.) were asked to design 
a carrier to accommodate the proposed 1,000 lb. and 2,000 lb. General Purpose 
bomb; the newly designed' B' bomb (1,100 lb.); and the 1,500 lb. Armour 
Piercing bomb, but no carrier was made and the scheme appears to have been 
shelved until 1936, when there was a requirement to carry the 2,000 lb. Armour 
Piercing bomb in a Whitley. The design, produced by R.A.E., was ready in 
October and embodied a cartridge fired release slip and double sling. By this 
time the 1,000 lb. and 2,000 lb. G.P. bomb and the 1,500 lb. A.P. bomb were 
no longer an Air Staff requirement and the new carrier was designed solely for 
the 2,000 lb. A.P. bomb. 

At this period new designs of heavy aircraft were being prepared by the leading 
aircraft firms and bomb stowage was to be inside the aircraft in specially 
designed and sealed compartments. The Director of Op~rational Requirements 
(D.O.R.) was most anxious that the design of a large carrier to take loads up 
to 2,000 lb. should be standardised as far as possible, 1 and, realising that there 
might be certain aircraft into which such a carrier could not possibly be fitted, 

1 A.M. File S. 39545. 
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he advocated close co-operation between the Armament department of the 
Royal Aircraft Establishment and the aircraft firms, and that certain aircraft 
designers should design their own carriers. 

The design of the carrier continued at R.A.E. during 1936 and 1937, the 
delay being largely caused by numerous discussions with aircraft firms . By this 
time Messrs. A. V. Roe had designed their own carrier for the Manchester and 
had obtained permission fo r its installation . Mess,;s. B lackburn also were 
permitted to build t hei r own carrier for the Botha, and Bristol Aeroplane Co. 
their own design for the Beaufort. It should be noted that the R.A.E. design , 
by suitable adjustments, could take either a bomb or torpedo, and consisted 
of a single steel channel member with fixed nose and tail steadies. Jn the 
original de..<;ign two electro magnetic release slips were secured OM to each side 
of the chanuel and the bomb or torpedo was supported by two cable slings. 
A strainjng devic , consisting oi a worm and wheel gear, was incorporated in 
the release slip so that th.e bomb could be brought up tight against the nose 
and tail steadies and held rigid by t he slings. 1 

By December 1937 produc ion of the new carrier became a matter of urgency, 
and the Director of Armament Development (D .Ann.D.) insisted on the supply, 
w.ithout delay , of a complete s pecimen before large-scale production was put 
in hand . The Royal Aircraft Establishment were unable to meet the demand. 
and Messrs. Aerolex and Messrs. Avro Aircraft Co. were each commissioned to 
manufacture three models for experiment. 

Carrier for intema1ly stowed bombs 
Air Staff were confronted with the problem of bomb stowage in a number of 

new aircraft in 1937. The manufacturers had their own individual ideas on the 
subject, but it was obv ious that some standard form of carrier shou ld be adopted. 
Jn the past the externally fitted carriers on small aircraft had presented no 
loading problems ; they were near the ground in exposed positions where 
loading and adjustments to crutches and fuzing links could be made without 
difficulty. The disadvantages were, of course, the exposed position of the 
bomb load, and its effect on the performance of the aircraft. It was a natural 
step in the development of the new and larger aircraft, to provide jnternal 
stowage in the wings and fuselage. The size of these ' bomb bays ' was limited 
by the structure, and ace ssibility had to _be sacrificed in order to obtain the 
biggest bomb load. · 

The major problems were not only that of hoisting the bombs through 
greater heights into the bomb bay, but also engaging the bomb suspension 
lug on the release hook and adjusting the crutches and fuzing Jinks with 
ease and certainty in the confined space. The Air Staff were fully a lert to the 
problems of internal bomb stowage and their -first requirement was formulated 
in January 1937.2 

The problem of ' Bombing up · from all its aspects was dealt with by the 
Bombing Committee, und1cr the chairmanship of Air Commodore W. S. Douglas. 
There were three proposals as to Jww this should be done:-

(a) By lowering the bomb release slips''only. 

(b) By lowering tb.e complete carrier. 

(c) By having complete sets of duplicate carriers. 
1 A.M. File s_ 3026 l . 
• See Appendix .N'o. 17 and A .M . File. S. 40 l 75, 
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Bomber Command were in favour of {c) and were supported by the Assistant 
Director of Research and Development (Armament) (A.D.R.D.(Arm.) ). The 
Armament Group opposed both (b) and (c) and said that the group had given 
a great deal of consideration to this important question and the suggestions, 
although they might be considered revolutionary, had been carefully studied. 
Briefly they were covered by (a) with a simpler form of bomb carrier than the 
Universal type, and which would provide that all the principal elements of the 
carrier should be built in to the aircraft. 

After considerable discussion, the chairman, summing up, said that ' the 
general consensus of opinion in the committee was that until something drastic 
was done to simplify the design of bomb carrying apparatus, method (c)­
dupJicate carriers-was the most practicable o.ne from the operational point of 
view, and that for aircraft of the near future it would have to be adopted. 
Method (a) lowering the release slip-should be borne in mind when considering 
future design of bomb carrying installations. The recommendation of the 
committee would be that in future types of aircraft, a built-in system of carrying 
bombs, such as had been described by Armament Groups, should be attempted.' 

fhe bombing committee a lso discussed the problem of Bombing-up a squadron 
of heavy bombers, and although this has no direct bearing on the present subject, 
it is mentioned here to indicate the size of bomb load envisaged in the minds 
of the committee at that time, which·were quoted as follows: 

(a) A heavy bomber squadron of the near future-total load 160 by 250 lb. 
bombs. 

(b) A heavy bomber squadron of the more distant future-total load 
300 by 500 lb. bombs._ 

The minimum time available for bombing up on the landing of an air­
craft- that is the minimum time available for a ' turn-round ' of the 
aircraft-would be two hours. After discussion this was increased to four 
hours. 

By A_pril 1937 the aircraft firms had prepared designs of carriers. Messrs. 
Superrnarine favoured a separate carrier complete with steadies, but built into 
the wing structure with the release slip on a light bar which held the fuzing 
boxes and was lowered by a winch. These bars were fitted with light lype 
steadies so that bombs would not tend to swing, and so bend the foze setting 
control links, during hoisting. Messrs. A. V. Roe had devised a scheme of 
racks on transverse bars, Jowerable and detachable, the racks being movable 
on the bars to allow alternative stowage of 500 lb. or 250 lb. bombs. The 
suggested method was to Joad three or four bombs to each set of racks, con1plete 
the fuzing, an<l hoist as one unit. The transverse bars had a cone adjustment 
to the floor members', with either a snap catch or screwed locking device. 
Messrs. Handley Page had made 'general arrangement ' drawings of part 
fuselage and part wing stowage with separate racks for each bomb, to be 
lowerable complete by winch.1 

A representative of the aircraft firms attende.d a meeting in July 1937 to 
discuss further developments in the carrier designs and.)f possible, to reach 
agreement on a standard carrier, The three carriers were discussed and the 
fii:ms explained what would be entailed in attempting to instal carriers othe_r 
than their own, but it was confirmed that the design of carriers for internal 
stowage was closely related to the aircraft design, and when this had been 

1 A.M. File S. 40l75. 

301 



decided, with a view to taking a particular type of carrier, the installation of 
another carrier could not be made without serious structural alterations to the 
aircraft. A full examination and discussion of the features of various carriers 
which had been produced in the last year took place under the chairmanship 
of the Director of Armament Development (D.Arm:D.) in December 1937. 
In view of the defects and the improvements effected, and still possible, with 
the readily detachable type of carrier, it was recommended that further investi­
gations on the built-in type should cease. The Air Staff requirement was 
revised 1 and issued to firms interested in this work. A working' mock up' 
carrier was to be produced by I May 1938. 

Two of the interested firms had already produced practically what was 
wanted and it was known that several other firms were well advanced in designs 
which appeared to be promising. The object of competitive development was 
to obtain as large a selection of carriers as possible from which to choose. The 
development period was subsequently extended until 27 May 1938 and type 
designs were prepared by five aircraft companies, Messrs. Shorts, Handley Page, 
A. V. Roe, Armstrong Whitworth and Vickers. 

FUZING UNIT 

FRONT CRUTCH 
BRACKET 

FIVE-POLE 

PL'.JG 

REAR CRUTCH 
BRACKET 

UNIVERSAL BOMB CARRIER. MARK III 

A conference was held at the Royal Aircraft Establishment (R.A.E.) on 
27 June 1938, to reach a decision concerning the most suitable carrier for 
selection as the standard R.A.F. type. The operational properties as regards 
bombing up were demonstrated and it was unanimously agreed that the design 
of carrier producd by A. V. Roe & Co. Ltd., met the specification generally. 
The design submitted by Messrs. Shorts, however, had many good features ·and 
if the crutch adjusting mechanism could be re-designed, there would be little to 
choose between the two designs. 

Operational and strength tests of the A. V. Roe carrier were carried out at 
the Royal Aircraft Establishment and in their report it was considered that the 
carriers and housing were satisfactory from the operational point of view, and 
that the bomb carriers and housing were suitable for installation in new types 
of aircraft of any normal construction. 2 The carrier was introduced into the 
service on 16 June 1939. In general the carrier resembled the 250-500 lb. 
universal carrier and consisted of a' U ' shaped channel to which were attached 
the front and rear crutch lever brackets, the E.M. Release Unit and single hook 
release slip. 

1 A.M. File S. 43278. 
2 R.A.E. Report No. Arm. 35 and A.M. File S. 43278. 
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A swivelling bayonet fitting was provided for the winch cable. Lateral 
extensions were provided on the brackets to form a horizontal platform and 
served as reaction points when the bomb carrier was stabilised after being 
secured in the housing. The crutch levers were adjusted by means of a left­
and right-handed screwed shaft engaged in the crutch levers and operated by a 
handle. The fuzing arrangements were similar in principle to the Universal 
-carrier, being carried either in the channel or underneath on slides. The 
carrier housing which was built into the aircraft structure contained the carrier 
securing hook and stabilising mechanism. When the carrier was secured in 
the housing, it was stabilised by operating a handle incorporated in the bomb 
winch. This caused two levers to act on reaction points of the carrier thus 
holding the bomb and carrier steady. 

AvRo TYPE (STANDARD) 100/1,000 LB. BoMB CARRIER. MARK 1 A.N. 

The release slip 
So far attention has been concentrated on the framework of the carrier, but 

this was merely a framework to hold the boI)lb rigid and to accommodate the 
fuzing and release mechanisms. It is now necessary to trace the history of the 
release slip up to the year 1938. 

The methods of releasing bombs, up to the end of the 1914-18 war, had 
developed from the simple expedient of dropping the bomb overboard by hand, 
to the more or less satisfactory release hook operated by a length of wire. The 
design of a release mechanism presents two conflicting problems : it must retain 
the bomb securely under all conditions of flight, but must release it with 
certainty at the right moment. As the size and weight of bombs increased, 
these requirements became more and more exacting. 

To rr.ake the bomb more secure presented little difficulty, but the need for a 
mechanism which would release bombs with certainty and instantaneously, 
_grew with the progress of bomb sighting. It is not surprising, therefore, that 
even in 1945 the temporary or permanent ' hang up ' of a bomb might have 
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occurred, for although the need for security had become so great, the power 
available to operate the release had been reduced tremendously. In the place 
of a vigorous pull on a lever or toggle, which either released th e bomb or broke 
the equipment, was substituted th.e feeble pull of an electro magnet. 

Vickers claw release slip 
It is rather unfortunate that in the search for a safe yet sensitive release slip 

for the un iversal carrier, the early designers abandoned the well established . 
reliable and simple single hook, which had been in use for over ten years , and 
concentrated their effor ts on an elaborate double claw release. Instead of the 
single pivoted hook , two claws were locked together by a central plunger and 
two toggles. The weight of the bomb rested at the junction of the claws, which. 
were freed when the central plunger was depressed. Experiments with this 
type con tinued until 1933'. when it was generally -abandoned in favour of the 
single hook in a modified version of the release slip which had proved successful 
up to 1926. 

Cartridge firing device 
With the improvements of bomb sighting methods, which developed steadily 

from 1918 onwards, came the demand for a release which would operate 
instantaneously or as near so as cou ld be devised. This meant abandoning the 
hand-operated devices and using electric power. In the early stages of develop­
ment no efficien t mechanism could be found tooorivert the small current available 
into sufficient energy to release the comparatively h eavy bomb. Messr'> Vickers 
produced a cartridge firing device consisting of a small cordite charge electrically 
fired, which, on explosion, operated the release slip. Failures occurred for a 
variety of reasons, aod the history of the release showed a continuous series of 
modifications and improvements. The mechanism had to be frequently dis­
mantled and cleaned, and contact faces carefully stoned smooth as the . lightest 
burr o, trace of grit caused failure. The explosion chamber and the gas vents 
needed cleaning after eacli drop, and the electrical contacts continuously needed 
repairing. This was a violent, clumsy, rather d irty and generally unsatisfactory 
arrangement. Certain squadrons discontinued the use of this form of release 
and relied upon the emergency mechanical release only. It had but a sl1ort life, 
and needs no further mention.1 

Electro magneHc release 
Messrs. Vickers of Dartford designed and manufactured a release gear which 

was operated by electro-magnets. Preliminary trials were carried out at the 
Aircraft and Armament Experimental Establishment (A. & A.E.E.) in July 1931, 
and the unit functioned satisfactorily during rough taxying and heavy landing. 
There was, however, a slight delay in release during low temperature tests, which. 
was rectified by fitting a s tronger release spring. Early in 1932 Vickers were 
asked to fit the release to the skeleton tubular and light series carrier, and an 
indicator lamp switch was incorporated in the unit to enable the electro-magnetic 
unit to be interchangeable with the cartridge fired release. A number of carriers. 
were modified and were sent for trials in the service for comparison with carriers 
fitted with cartridge :fired release mechanisms which were undergoing trials at 
that time. 

1 A.M. File S. 30261, 
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The service trials revealed some minor defects, but the Electro Magnetic (E.M.) 
unit was more satisfactory than the cartridge fired type. After the defects had 
been corrected by the makers, the units were given an intensive trial at 
A. & A.E.E. covering a period of fourteen days at the end of 1932. The test 

PIIONT 

LIGHT SERIES BOMB CARRIER. MARK III 

LIGHT SERIES BOMB CARRIER WITH AUTOMATIC BOMB SELECTOR, INSTALLED 

IN MOSQUITO AIRCRAFT 
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was severe; five hundred bombs were dropped and ground trials included 
functioning tests after being subjected to an art ificial sand storm and also during 
and after immersion in water. The release functioned efficiently during these 
trials, but there were failu~es during the high altitude test after flying through 
snow clouds at a temperature of minus 38° C. The makers again modified the 
unit, this time mak ing the mechanism totally enclosed. 

A light carrier was designed by Vickers which incorporated a new form of 
release slip actuated by an E.M. unit which was similar to the one fitted to the 
larger carriers. Tests were carried out in April 1933, and the releases were 
actuated eight hundred times, failures again occuring under very low temperature 
conditions. Air tests were completed January 1934 and the carriers were sent 
for service trial at an Armament Training camp. During six months of use the 
releases operated successfully, and as the release units of light carrier were 
essentially the same as the heavy carrier, the trials ran concurrently. 

·coCKING AND . 
MiCH~Nl~AL RE!-E.ASE 

FRONT VIEW . 

ELECTRO MAGNETIC RELEASE UNlT. TYPE 'j ' 

During the next two years the release unit was modified several times. The 
clearances between the release levers in the mechanism were critical, and after 
continued use they were found to change. This was rectified, at first by fitting a 
magnet positioning plate, but later the body of the release was constructed in 
aluminium instead of bakelite. The light series carrier was sand-proofed by 
the addition of felt shields, and after further service trials the design · was 
approved for introduction into the service in Jarruary 1938. 

The E.M. release unit was fitted to the torpedo carrier in 1935, and after 
extensive trials at experimental establishments and in the service, the unit was 
approved for use with the single sling mechanism and single hook release on 
the 2,000 lb. carrier designed by the Royal Aircraft Establishment (R.A.E.). 
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\ -
ELECTRO MAGNETIC RELEASE UNIT. TYPE 'P' 

Electro magnetic fuzing 
The selective fuzing of bombs had been carried out by means of a cable 

running over pulleys, and, with the development of electrical release of bombs, 
it was an obvious step to operate the fuzing electrically. Messrs. Handley Page 
produced a number of electro magnetic fuze operating devices in April 1933 
which could be used in conjunction with either of the electrical bomb release 
systems undergoing trial at that time. The first design was not su'itable, but 
by October in the same year, the unit had been re-designed, tested and approved 
for use in the Heyford aircraft. After further tests fitted to universal carriers 
the units were given extended service trials in 1935. Three years later a design 
manufactured by Automatic Telephones and Electric Co. was tested and found 
superior to the existing type, due to simplified and more robust construction, 
and was cheaper to produce in quantity. 

Bomb Distributors 
As the design of aircraft advanced, giving a larger bomb load, the problem of 

how to use the bombs to best advantage was given much consideration. Early 
in 1931 the A.0.C.-in-C., Air Defence of Great Britain (A.D.G.B.), wrote to the 
Air Ministry suggesting that it would be advantageous ts> study the difforent 
method of bomb dropping by formations of aircraft.1" A fully trained bomber 
formation, composed of aircraft flying fixed distances apart and dropping bombs 
on a signal from the leader, should always result, theoretically, in a fixed pattern 
of bomb bursts. Also, if suitable electric bomb releases, variable for ground 

1 A.M. File S. 30216. 
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speed of aircraft, which allowed bombs to drop at stated distances apart were 
used, a single aircraft with a trained crew and carrying ten bombs should be able 
to ensure one hit on a narrow target such as a bridge or railway line. 

The method adopted ~as to eliminate the range error, to which the bombing 
crew were liable, by dropping the bombs from one or more 'machines at pre­
determined tune intervals, resulting in the spacing of the bombs within the 
target area. Similarly, line error was eliminated by extending the front of the 
attack by using a suitably arranged formation. To achieve this an accurate anq 
reliable gear for automatically distributing the bombs at predetermined time 
intervals was required. The bomb, release gear would have to be instantaneous 
in operation and reliable ; the failure or delay of one bomb of a ' stick ' to 
reJease would spoil the pattern and could result in missing the target. Accurate 
fonnation flying was also required to ensure correct spacing of the bombs. 

Early types 
The Royal Aircraft Establishment (R.A.E .) was given a free hand in the 

constiuction of a suitable bomb distributor, and the first instrument was 
completed in October 1931 . It was constructed of automatic telephone 
apparatus and had a speed range of one bomb in two seconds to eight bombs 
a second. 

Follo',\'ing -a demonstration of the distributor at Gosport in February 1932, 
Headquarters of the Air Defence of Great Britain (A.D.G.B.), requested that 
fourteen sets should be supplied to No 12 Squadron for service trials The 
instrument demonstrated was far from perfect in operation, and had to be 
extensively modified before it was suitable, and owing to the urgency, it was 
decided to ha~e the distributors manufactured by the trade1 to drawings 
prepared by the R.A .E . 

' The distributors were fitted to ' Hart ' aircraft of No 12 Squadron, and were 
used in conjunction with the cartridge fired release slips which had recently 
been produced for service trial The distributor consisted of a small box con­
taining a clockwork motor which moved an arm at constant speed across a series 
of contacts embedded in vulcru1ite Each contact was electrically connected to 
the release unit, and as the arm touched a contact the circuit to the bomb carrier 
was completed and the bomb released The contact strips were so positioned 
that by moving the contact on the operating arm the interval between the 
making of the circuits could be varied between one to three and a half seconds. 

During the trials at No. 2 Armament Training Camp at North Coates Fitties, 
a maximuQ'l variation between the calculated and actual spread of the bombs of 
1 yard plus to 60 yards minus, was recorded. These errors were due partly 

.to the distributor and partly to other causes, such as delay in operation of the 
cartridge fired release gear. Several modifications were suggested by A.D.G.B. 1 

but a distributor so modified did not arrive at the Training Camp until the end 
of the trials and was not tested. 2 After investigation by the makers it was 
found that it was impossible to modify the existing distributors to meet the 
requirements of A .D.G.B. , and a completely new design was prepared. 

1 A.M. File S. 30216. 
• A.M. File S. 32141. 
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Automatic bomb distributor, Type IV A 
The schedule of requirements of an automatic bomb distributor, drawn up 

in January 1934, contained several new ideas. It had to be operated by a 
push button release fitted to the control column, for operation by the pilot, 
and it had to be possible to drop the bombs in a stick by means of an automatic 
distributor, or to release all bombs together; or to release bombs singly as 
single shots. The interval between bombs }:lad to be easily adjustable and was 
to contain an adjustable delay action controlling the starting of the release. 
The interval between release of individual bombs, was to be variable to give 
spacings between 9 feet at a ground speed of 200 m.p.h. and 180 yards at a 
ground speed of 60 m.p.h. ; the delay action to be adjustable between 0 to 
60 seconds in intervals of 1/10 second. 1 

BOMB DISTRIBUTOR AND SELECTOR SWITCHES 

It was not until April 1935 'that a prototype was ready. The automatic 
bomb distributor and pilot's control panel, was demonstrated to members of a 
conference held at the Royal Aircraft Establishment, with the unit being 
connected to two light series carriers with electro-magnetic release units. 
The equipment satisfied the requirements to which it had been designed, but 
was too elaborate and bulky. 

In order to make the apparatus simpler and more compact it was agreed to 
modify the requirements to a speed range of 100 to 200 m.p.h. ; spacings of · 
20 to 360 feet ; and delay of 15 seconds. An accuracy of 5 per cent. was 
required. A modified version of the distributor used at the Training Camp 
known as the Type IV A was approved for introduction into the service in 
June 1935 for limited use pending the design of a distributor with delay setting. 

1 A.M. File S. 30216. 
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Type V distributor 
The manufacturers were informed of the new requirements in October 193-S; 

the distributor was to be constructed so that it could be moved from. one position 
to another, i.e., from the prone position to the air gunner's firing position. 1 

Nearly a year later the requirements were ampli fied arid, although the dis­
tdbutor need o.nly release eight bombs in a stick, it was necessary t:o release 
successive sticks of eight bombs up to a maximum of four sticks. This meant 
that the distributor would have to automatically set itself to the same setting 
after use, and incorporate a switching arrangement to connect the selected 
bombs to the distributor contacts. For aircraft carrying up to sixteen bombs, 
the se1ector switches were to be integral with the distributor. 

The first complete unit of the new type automatic bomb distributor was 
forwarded to the R.A.E . for examination in June '1937. The unit was driven 
by a series wound electric motor which moved the contact bar through spur 
gearing and two screwed shafts ; the angular setting of the contact bar deter­
mined the spacing of the bombs. A secon·d field winding provided the reverse 
running for re-setting, whilst a governor which moved the brushes was intended 
to control the forward speed . The accuracy of bomb spacing was very poor, 
in some cases the intervals were so irregular that two bombs could be dropped 
together or in the wrong order. The delay setting was inaccurate and unreliable 
due main1y to the very poor speed control of the type of motor used. 

Re-design of the distributor was discussed at a conference on 26 October 1937 
under the chairmanship of t he Deputy Director of Research and Development 
(Armament) D.D.R.D.(Arm.). At this meeting the Naval Staff stated their 
requirements which were for 16 bombs ; no delay, and accuracy of 15 per cent. 
To increase the accuracy a larger motor was suggested, and as this meant an 
increase in the size of the apparatus, it was agreed that the selector switches 
should be separated from the distributor. 

At that t ime it did seem not possible that one di tributor could be made to 
meet the requirements of the Aic and Naval Staff, but towards the end of 1937 
the requirements of the Admiralty and Air Ministry were drastically altered, 
and the only difference between the two types would be the marking of the 
setting dials. The Naval Staff required the. instrument calibrated in time 
between each bomb, whereas tl1e Air Ministry required calibration in terms of 
air speed and spacing. 2 The instrnment was required to run straight through 
from No. 1 to No. 16 without a stop, and also to run from 1 to 8 and from 9 to 
16 by two separate manipulations of t he firing switch. The change-over was 
to be contained in the instrument; interchangeable parts could not be 
accepted. 

By January 1938 drawings of a distributor which would meet the requirements 
had been prepared. It was similar to the Type IVA except that it had sixteen 
contact strips instead of eight. The selector switches were separate from the 
distributor proper and in t his way tJ1e switches could be fitted in the pilot's 
cockpit and the distributor placed in the bomb-aimer's position or anywhere 
convenient. A drnm switch was incorpo-rated in the selector switch box which 
had four posit ions-·• Safe,' ' Single and Salvo, · 'Distributor' and 'Container.' 
The requ irement for the two separate sticks of eight bombs each was, however, 

1 A.M. File S . 30216. 
2 A.M. File S. 36452. 
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cancelled in February after inspection of the new distributor, and bench tests 
of the prototype, carried out at the Royal Aircraft Establishment (R.A.E.) in 
May, revealed that several minor mod ifications were required before the 
appa ratus was suitable for type trial. 1 

Preliminary reports on the type trial indicated that the apparatus was 
·atisfactory and production was considered. It was considered, however, that 
the dist ributor was not susceptible to quantity production, and as an alternative 
a distributor on the automatic telephone pr inciple which could be easily pro­
duced and consist mainly of standard automatic telephone components was 
proposed. 2 

Type VI Distributor 
A prototype of the new design dist ributor was ready for trials in October 1938, 

and bench t rials were carried out at the Aeroplane and Armament Experimental 
Establishment (A. & A.E.E.) later in the same month. The instrument was 
found to be accurate , ea,y to manipulate and robt1st in construction, but 
modification was reguired to the var iable speed drive to prevent slipping.3 

The mechanical part of the i11st.rument was entirely different to previous. 
types, the princip le being a variation of the speed of the contact arm over 
fixed contacts, instead o( a constant speed arm moving over variable contacts. 
The driving mechanism consisted of a constant speed wheel to which was 
attached the contact arm, driven by a clockwork motor, and connected by 
means of an idle p innion roller to another wheel which d rove the speed governor. 
Var1ations in speed of the contact arm were obtained by moving the roller in 
relation to the axes of the two wheels by means of a rotatable disc graduated 
with the spacing scale. 

The distributor, known as the Type VI, and used jn conjunction with the 
selector switch box, was recommended for jntroduction into the ervice by the 
Aircraft Equ ipment Committee (A.E.C.) in November 193 .4 Thermostatically 
controlled heaters were fiti.ed to the mechanisms in May 1940, 5 to _prevent 
slowing up during ex,tr rne cold. In order that a stick of twenty-four bombs 
could be released from Stirling aircraf t, a distributor simi lar in design to the 
Type VI. but having thirty-two contacts, was developed a.nd known as the 
Type VlJ.6 

Type VJU Distributor 
Early in 1943 the Pathfinder Force req,1i red a special dist ributor for use in 

their ai rcraft in order to drop flares at time intervals of from two to eight 
seconds. The R oyal Aircraft Establishment (R.A.E .) modified a _piece of existing 
equipment, the Type 35 Camera control, which could be attached ,to a standard 
Type I distributor without modification to the aircraft. 7 The Type 35 
Camera control was designed to operate an aircraft camera at pre-determined 
interv,lis. H was driven by a compact elect ric motor which operated switches 

1 A .M. File S. 43893/1. 
1 A. i. File S . 4389:3/2. 
3 A,M. File S. 45555/ I. 
• AJl1. File S, 45555/2. 
• M.A.P. F ile R.A. 221 9/3. 
0 Aircraft Equipment Comm)ttee submission 919. 
7 M.A .P . File S.B. 4633G. 
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at the desired time intervals and these pulses were made to operate the normal 
bomb distributor: The equipment was approved for introduction in to the 
service in September 1943, to be fitted to aircraft of the Pathfinder Force. 

Pre-selector Unit 16 and 32 point 
Due to the complexity and variability of bomb loads being carried in new 

aircraft, the operation of selecting the bombs was rapidly becoming too compli­
cated to be carried out correctly in the different conditions which often e.xisted 
in the target area. Bombs had to be dropped in definite sequences, according 
to the load carried, for reasons connected with the centre of gravity of the 
aircraft. Each new bombing requirement necessitated a complete rewiring of 
the 'bomb release circuits, and at no time was the circuit readily adaptable to 
any other system. As an example , each Wellington aircraft required four 
special plug block to connect the releases to the distributor, and six plates 
to mask the selector switches leaving only those in use operable . 

A device was designed in June 1940, by a technical officer in the Research 
and Development (Armament) (RD.Arm.) branch of the Ministry of Supply, 
consisting of a number of rotary wheel switches making contact with a series 
of bars with which it was possible to connect any release slip to any selector 
switch. All the bomb aimer was required to do was to select all the switches 
(irrespective of tlie load carried) for stick bombing, or select switches in numerical 
order for precision bombing. 

The instrument was set on the ground when the machine was bombed up and 
did not need operation in flight; consequently it could be fitted in any position 
in the aircraft without modincation to the aircraft structure. The unit was 
approved for service use in October 1940, two sizes were made :-the sixteen 
point for aircraft carrying up to 16 borrtbs and the thirty-two point for larger 
aircraft. 1 

1 M.A.P. File S.B. 7064 , 
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CHAPTER 21 

BOMB TROLLEYS AND WINCHES 

.Bomb trolleys 
The initial method of loading bombs involved the use of a horse-shoe shaped 

frame on a two-wheeled Morris tra iler which was eq ui.pped with small winches 
to hoist the bomb into position, and could of course only carry one bomb. The 
Bombing Committee discussed at great length, in 1937 and 1938, suggested 
methods of 'Bombing Up' a heavy bomber squadron . Xn the main two 
systems- known as Method 'A' and Method' B ' were fuJly investigated. I n 
the former the bombs were unloaded on to the ground and the aircraft positioned 
over them, and in the latter, trailers loaded with bombs were manceuvred 
under the aircraft and loaded direct from the trailers. 

Arguments in favour of Method ' A' was that the bomb load cou ld be 
positioned on the ground either p rior to t ake-oft or in between sorties, and in 
view of there only being single bomb trailers, would eventually speed up t.he 
operation of bombing-up. Against t his the adh.erents to Method ' B ' decried 
the extra manpower and activity needed firstly to load the bomb on to the 
trailer ; secondly to unload it on to the ground ; thirdly to direct aircraft in 
correct position over the bombs, assuming they had been laid out correctly, 
and finally hoisting on to aircraft. Method' B' it was stated would completely 
avoid two of these operations and half of a third, and make actual load ing 
easier. Time wasted by using only one trailer could be avoided by the pro­
duction of a large number of trailers, t.he majority of which would carry more 
than one bomb. 1 

The _method finally adopted and used throughout the period under review, 
was tl1at of specially desigoed bomb trolleys. With one exception, tl1e type ' H 1 

for large M.C. bombs, all the trolleys were possessed of the same basic featu res : 
a low rectangular chassis, with adjustabJe chocks ' to locate the bombs, and 
small pneumatic ty,es. This equipment stood up weJl to arduous treatment 
dl1rlng the war years and serviceability was oaly affected by the stoppage of 
spares-notably tyres, tow bars, and 'brake gear. 

The normal met.hod of use was to load the trolley with its complement in the 
bomb dum_p by means o( rolling, crane or overhead gantry -fixtures; tow the 
loaded trolley to the fuzing shed, and when the f112ing operation was completed 
tow the trolley, or train of trolleys direct to lh e aircraH. Being very )ow 
structure the trolley could be manreuvrecl under the aircraft and the bombs 
hoisted, or ' offered up,' to the carriers direct from the trolley. • 

Prior to 1942, only one trolley- the type 'A I designed to carry a maxununi 
load of 500 1b. weight, was in general use. By the beginning of 1942, however, 
two other types were accepted as the standard trolleys ; tke type ' B ' capable 
of carrying fo ur 500 lb. bombs, and the type ' D ', which was specially designed 
for operation with Wellington, Lnncaster and Halifax air raft, for one 4,000 lb. 
bomb. 

1 Bombing Committee Papers No. 13. 
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The size and weight of bombs, and the maximum carrying capacity of tl1e 
operational aircraft, was however increasing and the Type ' B ' was gradually 
replaced by Type ' C' with a maximum load of 6,000 lb., and Type ' F' which 
took a greater load of 8,000 lb. weight. The two latter types were of' universal' 
application, that is to say, their load could consist of a number of missiles, 
governed by lineal dimensions, provided the total load did not exceed the stated 

BOMB TROLLEY, TYPE 'F'. 

BOMB TROLLEY, TYPE 'F', WITH 8,000 LB. BOMB. 

DETAIL OF BEARER ATTACHMENTS. 
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maximum. Type 'D ' was soon similarly adapted to be capable of carrying 
the following combinations of missiles.1 

(a) One 4,000 lb. bomb. 
(b) Two 2,000 lb. A.P. bombs. 
(c) Two 2,000 lb. H.C. bombs. 
(d) Two 1,900 lb. G.P. bombs. 
(e) Two 1,500 lb. Mines A, Marks land IV. 
(!) Two 1,000 lb. G.P. bombs. 
(g) Two 1,000 lb. Mines A, Mark V. 

It was also stated that accommodation would be extended for type ' D ' to 
carry smoke curtain installation (S.C. l.) apparatus of not less than 1,000 lb. 
weight. The trolleys, apart from the incorporation of minor modifications ancl 
production of new ' Marks ' from time to time, remained virtually the same 
until the end of the war. 2 

Suspended type winch for universal carriers 
Previous to July I 931, bombs had been loaded on to the carriers by ' man 

handling', but, as the later design of aircraft precluded this method, a winch 
was designed which was suspended from the carrier or from strong points in 
the wings. The early design was manufactured for use with the universal series 
of carriers and trials showed it to be satisfactory: both the 250 lb. and 500 lb. 
series of bombs were loaded easily on to carriers mounted in accessible positions 
on the wings or under the fuse.Iage, but was not suitable for loading internally 
fitted carriers where there was but little clearance between the bomb anct 
aircraft strncture. In October a free-wheel and brake attachment was in~ 
corporated and the name changed to Universal Bomb-Loading HoisL .By 
April 1932, the hoist. was adapted for use with skeleton tubular carriers and 
after successful trials at an Armament Training Camp was introduced into the 
service in January 1933. 

Hoist for torpedoes . 
Difficulties had been experienced in loading torpedos on to aircraft on cata­

pults owing to the height to which the torpedo was required to be lifted from the 
rleck. The instability of the high lift trolley when a torpedo was fully raised 
constituted a grave danger both to the torpedo and personnel. The torpedo 
section at R.A.F. Station, Gosport, were given instructions in January 1937 to 
investigate the possibility of loading, using hand-operated winches. 

Preliminary tests were carried out using four standard loadir1g )1ojsts in two 
pairs, but when using two hoists- the nonnal method for bomb 1oading- jt was 
found that the manual effort required was too great. A heavier pattern was. 
designed but this was found to be inadequate and insufficiently robust. The 
system developed was based on the principle of a manually operated light 
winch mounted on a frame, one end of which was readily attachable to a special 
fitting on the torpedo carrier. The cable from the winch drum passed over a 
pulley at U1e upper end of the frame, then down to the li.fting strop. Two 
winches were required, one each side of the carrier. 3 

Drawings for a modified winch were prepared ~ Gosport, and two were 
manufactured. A feature of this type was that the lower end of the frame 
was adjustable by means of a telescopic arrangement, and rested on the grow1d. 

1 A.M. File C.S. 9766/1. 
~ Sec Appendix No. 18. 
3 A.M. File S. 40055. 
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A stirrup was fitted at the lower end to accommodate the operator's foot and 
was intended to add to the. rigidity of the device when in u e. In the initial 
stages of the trial some difficulty was experienced in securing the carrying 
strops after the torpedo had been hoisted into position, owing to the fact that 
these came approximately on the centre o( gravity of the torpedo and conse­
quently fouled the lifting strop. This was overcome by producing a special 
lifting strop which permitted the suspension sling to be put into position without 
difficulty. 

Adjustment of the torpedo in the fore and aft line, so that the locating lug 
would register with the inertia plate, was affected by positioning the lifting 
strop on the torpedo, whilst it was found that the torpedo could be rolled to 
allow the inertia plate to register by operating one or ,other of the winches. 
As a result of th.e trial it was recommended, in May 1939, that a quantity of 
winclles be made. for service trial, a[ter the incorporation of minor modifications. 1 

Bomb winch for use with internally stowed bombs 
When the Air Staff laid down the requirement for a standard bomb carrier 

for internally stowed bombs, one of the special features to be incorporated was 
a means of hoisting the bomb and carrier into position into the aircraft. 2 

Originally it was intended to have a small winch over each bomb station , but 
this was found to be impracticable and the revised retJ_uirements called for a 
quick attachment fi.tting to the carrier to accommodate the hoisting cable. 

The specification for a standard winch, issued at the same time as the standard 
carrier specification, included the following requirements :-3 · 

(a) The winch was to be readily detachable from the installation and 
capable oI being placed over bomb carriers accommodated in 1:he wings 
or fuselage. 

(h) Tt should be compact, light and robust, and suitable for operation in a 
confined space such as under a navigator's or W /T operator's table, 

(c) Provision was to be made to accom modate sufficient cable on the 
winding drum for a hoist of 20 feet. 

(d) A safety factor of 5 wa to be provided when loaded with a SOO lb. bomb 
and carrier. 

(e) A safety mechanism was to be incorporated to prevent accidental run 
back of the load. 

(/) Provision was to be made on the winch for the attachment of an electric 
motor as an alternat ive to the manually opernted winching handle, 

(g) A clutch was also required to enable the cable to be quickly unwound 
from the drum prior to hoisting up the carriers. 

(h) The gear ratio was to be uch that one man could operat the winch 
and hoist a SOO lb. bomb as rapidly as possibl without undue fatigue. 

The prototype winches were ready for demonstration in June 1938, and at a 
meeting held towards the end of the month it-was agreed that the winch designed 
by Messrs. A. V. Roe was sat isfactory provided t hat it could be re-designed to 

' A.M. File S. 40055/2. 
• Su Appendix No. 17, para . l .V (iii) . 
~ A . .M . .fi le S . 43278. 
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accommodate 20 feet of cable and a.lso to make it su itable for electrical operation 
on a 24-volt supply. Several points on the Avro wincll still required attention 
in March 1939, and at a meeting held at the Roya.I Aircraft Establishment 
(R.A.E.) it was agreed to use the winch designed by Messrs. Handley Page as 
an alternative to the Avro type. 1 · 

Power hoisting for bomb winches 
A demonstration of bomb loading by means of the Handley Page bomb winch 

operated by electric motor was .held at th Royal Aircraft stablishment 
(R.A.E.) in July '1939. A 500 lb .. bomb was loaded on to an aircraft manually 
in 3! minutes. An electric motor was attached to the winch , an operation 
taking 15 seconds, and the bomb could then be loaded in 35 seconds. At this 
demonstration it was found that a motor reversing swi tch was i:eq ui red to lower 
the bomb by electric motor. Jn March 1940, the Director of Armament 
Development (D.Arm.D.) asked the R.A.E. to investigate the most suitable 
type of motor for use with the SOO lb. and 2,000 lb. bomb winches. 

Development proceeded at a very slow pace, and, in July 1941, Bomber 
Command asked for urgent action to supply the electrified winches for use -in 
the new type aircraft- Stirling, Manchester and Halifax. A prntotype motor , 
suitable for nse with the 500 lb., 2,000 lb. and 4,000 lb. winches, was manu­
factured , and tests carried out at Ule R.A.E. were completed in February 1942. 
The drive from the motor was transmitted to the gf'ared shaft of the winch 
through a worm and wheel reduction gtnr. The combined motor and reduction 
gear was designed to form a portable unit being capable of easy attachment and 
quick locking to the three studs provided on the winch cover. In one of the 
loading trials carried out, an 8,000 Jb. bomb was loaded into a Lancaster aircraft 
by means of two 4,000 lb. bomb winches. Manual opei:ation took 40 minutes 
and on ly 7 minutes by electric motor. Manual operation was extremely 
laborious due to the poor accessibility of the front winch. 

A contract for 3,600 motors and reduction gear was placed in November 1942, 
and in August 1943 tJ1e equipment was submitted for ,introduction into the 
service. 2 Considerable di.fficulty was experienced in obtaining the tools and 
materials for manufacture of the equipment. The design of the gear box had 
to be changed to replace certain ball bearings which were unobtainable, and 
a -further prototype had to be tested in order to prove the new design. 

In view of the delay that had occurred in the production of the electric drive , 
two other methods were evolve<l by Bomber Command. One method employed 
a relatively simple two-speed attachment for hand operation, and was stated to 
afford a saving of 35 per cent. bombing up time. The second, which was 
demonstrated at Dunholme Lodge in October 1943, utilised standard equipment 
and provided hydraulic drive in which the rate of bomb lifting could be varied 
at will showing the maximum lifting speed to be much greater than when using 
the electric drive unit. In view of the efficiency of the hydraulic drive unit, 
the contract for the electric units was reduced to 1,000, and the manufacture of 
a number of hydraulic drives was put in hancl. 3 

1 A.M. F ile S. 43278/2. 
• A.M. F lie C.S. 18049. 
"A .M. File C.S. 18097. 
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The outstanding advantage of the electrical system Jay in its lightness and 
extreme mobility. The hydraulic attacnment required a large hydraulic 
servicing trolley ; but to ful fi l t he Air Staff requ irement for power hoisting, the 
hydraulic equipment was introduced into the service in March 1944. 

FJare chutes 
Reconnaissance flares and similar types of pyrotechnics bad been carried 

externally on bomb carriers up to 1936, when due to the changing role of 
aircraft employment it became a requirement to be able to launch the pyro• 
technics from inside the aircraft . Eady types o( launching chute consisted of 
a tube fitted to t he floor or side of t he aircraft structure, the pyrotechnics being 
released through this t ube after being prepared for launching by the bomb aimer 
or ai r .gunner. 

The first chutes of thi<s type were manufactured early in 1936, and were 
satisfactory in air trials carried out later in the same year. Little progress was 
made in design for the next four yeai;s, and the fi r t prototype Lancaster aircraft 
wa fi.tted witJ1 this early type of chute. The design was such that the top 
portion was removable, being towed in the a ircraft until required for use, and 
all were circular in cross-section. 

Development of multi-cell launching chutes 
Towards the end of 1941, Bomber Command had designed a launching chute 

having three compartments in which three pyrotechnics could be loaded and 
released as required- if necessary in quick succession. This design was closely 
followed by a six-cell chute designed by Messrs. A. V. Roe, which consisted of 
two front side by side square cel ls with two pairs of slightly smaller cells in line 
to the rear of the large cells. The two rear compartments were protected by 
armour plat and were intended for use of photo flashes. Release was accom­
plished by means. of electro-magnetic release llnits. 

A demonstration with the chute mounted in a temporary stand was held in 
March 1942. 1 The equipment was satisfactory an d after minor modifications 
was tried in the air in June. In order that the chute could be c,onveniently 
fitted to other aircraft the designers were asked to prepare drawings of the 
multi-cell chute as a combination of two thr e-cell chutes ; each group of cells 
was to be capable of use as an independent chute for use in installations where 
there was insufficient room for the six-cell unit. This design wa!; known as the 
Tricell Launching Chute, a.nd was introduced into the s rvice in 1942. 

1 A.M. File S. 40733/3. 
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APPENDIX 1 

PROCEDURE LEADING UP TO THE APPROVAL OF DESIGNS OF I LIVE 
STORES ' SUCH AS BOMBS, BOMB COMPONENTS, PYROTECHNICS, 
ETC., AND THEIR INTRODUCTION INTO THE SERVICE, 1921-1939 

(A) Approval of designs 
In the years immediately following the 1914- 18 War, no definite forward policy 

in the design of bombs, etc., was possible until 1921, as the main consideration until 
then had been the quickest way of reducing the R.A. F. to a peace-time footing. 
During this period too there had been no Armament Officer on the Air Staff, and 
requiremen ts for new designs began to be formulated ln various ways. e.g. the 
Naval Ordnance Department, Admiralty, put forward proposals for a design of 
Armour-Piercing Bomb to the Ordnance Committee and t o the Deputy-Dirnctor of 
Research (Armament), Air Ministry, as the Royal Navy were interested in t his 
from both the bomb design and the ship design points of view. The Deputy-Director 
of Research (Armament)-(D.D.R. (Arm.)-during the same period also worked out 
a programme of possible requirements, and these were eventually put forward to 
the Ordnance Committee after discussion with the Air Staff. It was not until some 
years after 1921 that the initiative in framing bomb policy came from the Air Staff. 

Wl1en detail requirements for a new bomb or other store were finally agreed to 
by t he Air Staff, D.D.R . (Arm.) took action to have the necessary designs prepared. 
This was done in one of the two foUowlng ways :-

(1) A preliminary sketch was prepared in the small Armament Drawing Office 
at the Air Ministry, and this was· forwarded to the Design Department, 
Woolwich Arsena l, with a request for working drawings to be prepared, 
suitable for coveriJ1g experimental manufacture, 

(2) When the requirements were simplo enough to be explained entirely by a 
writt en minute, they were forwarded without any preliminary sketch to 
the Design Department at Woolwich, either direct or through t he 
Ordnance Committee, for the preparation o( working drawings. 

After these drawings had been criticised by D.D.R. (Arm.), an.d therefore probably 
amended at least once, experimental orders were placed for a small number oi 
bombs, etc., either at the Royal Ordnance Factories, Woolwich Arsenal, or with one 
or more private firms. (See details later about the ordering of experimental stores, 
under (B) .) After the bombs or other stores had been completed, they were 
subjected to various tria-ls, tests, etc.; and if the results of the latter were considered 
satisfactory, the Superintendent of Design, Woolwich Arsenal. was requested to 
prepare complete designs for · approval,· which were based on the previous 
experimental drawings. If the trials ox tests were not S$tisfactory, the drawings had 
to be modified after discussion, and a further num,ber of experimental stores ordered 
to the modified drawings for tria1. There was frequently a marked difference between 
test performance of stores at the final exporimental test and that of the same stores 
at t he ' proof ' of the first Production Order. 

For many years after the 1914~18 War, the p rocedure for obtaining 'approval' 
of designs was rather a complicated one for several reasons, as follows, which were 
partly caused by the lack of R.A.F. independence in these matters :-

(1) As there was no Armament 1nspection Department at the Air Ministry 
until 1931, inspection of R.A.F. ' live' stores to ( approved ' designs 
was done by Chief Inspector of Armaments (C.I.A.}, Woolwich Arsenal, 
which was a War Offi('e depart ment under the Dj rection of Artillery, and 
a ny Air Minjstry 'approval ' would not have been recognised by that 
department, i.e. C.l.A .. but only a War Office 'approval. ' l n a much 
lesser degree, inspection was done by the Inspector of Nava l Ordnance 
(l.N .O.), Woolwich An;enal, if the stores were to be carried in H.M. ships. 
(In the latter contingency, the Admiralty would not accept C.I.A.s 
iospection.) The I.N.O. at Woolwich was a n Admiralty Department 
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under the Chi.ef Inspector of Naval Ordnance (C.I.N.O.), who, apart from 
his Inspection Duties, was also an adviser to the Director of Naval 
Ordnance. 

(2) The C.I.A. at Woolwich held the · sealed ' drawings and ' negatives ' with 
all the attendant records, and also the bulk supply of speciiications. This 
was a great convenience, as the Air Ministry h::i.d no si.rnilar department 
at that time conversant with live stores. 1 C.I.A. was also responsible 
for making all modifications to the soaled drawing which jndicated each 
modification as it was' approved. ' 

(3) R.A .F . bombs, etc ., for many years continued to be stored in Army Depots, 
both at hon,e and oversea:., 

(4) Following on (I), (2) and (3), CJ.A. would not seal any design of store, 
either Army or R.A.F. , which had not been ap'Proved by the Director o( 
Artillery ; nor would lie inspect any stores on a production order which 
had not been made to a design approved by the Director of Arti ll~ry. 
In addition, R .A.F, live stores were not allowed in Army depots, magazines, 
etc., un less the designs to which they were made had been approved by the 
Director of Artillery, In all this, the Director of Artillery (D . of A.) used 
C.I.A. as his adviser. and would practicall1 always approve anything 
recommended by him. 

(5) If R.A.P. live stores were liable to be carried in H .M. ships, the designs had 
first to be concu rred in by the Director of ~ ·aval Ordnance (D.N.O. ) 
before approval could be given. At first this was taken on ly to apply to 
stores which would be used by the Fleet Air Arm ; but it was soo11 
realized that the ruling would have to be extended to cover practically all 
live stores, as the Royal Navy might be called upon to transport R.A.F. 
stores at sea in a·n emergency, and might also want to carry in Aircraft 
Carriers bombs. etc., for use in combined operations, etc., which had been 
designed in peace-time entirely for RA.F. use . The arrangement was 
therefore m.ade that all designs of live stores of Utis type should be 
submitted to D.N.O. for concurrence before being approved , e..xcept for a. 
ver'f_ few articles which could only be used on R.A.F. Home sta,tions, and 
designs of these were stamped 'Not to be issued to H.M. ships or R.N. 
depots.' Certain R .A.F. stores, such as Incendift.ty and Practice Bombs, 
could only be carried in H .M. ships not below decks, and these were 
lal:>el\ed accord ingly. 

Before approval by D . of A. could be obtained therefore, lhe following department.­
had to be brought into complete agreement ; <1,nd t.his generally required patience 
mixed with firmness over a l ong pe1·iod :-

D.D.R. (Arm,), Air Mir.istr_y. 
D.N.O., and C.I,N.O,. Admiralty , 
D . o! A., War Office. 
C.I.A., Woolwich Arsenal. 
Superintendent of Design (S. oi D.), Woolwich Arsenal. 

In addition, the Ordnance Committee at Woolwich acted as general advisers and as 
a liaison body, and frequently made recommendations for approvals ; and the 
Chief Superintendent, Research Department (C,S.R.D.) at Woolwich was nearly 
always asked to criticize any design from the 'Purely explosive or .filling point of 
view, although this was generally done before the designs were completed. 

In general, therefore, the procedure for obtaining approval of designs by D. of A., 
.after they had been prepared by S. of D. , was as follows :-

(1) S . .of D. forwarded deslgns to D.D.R. (Arm.) , through C.I.A. instead of to 
him direct. This saved transit, as both S . .of D, and CJ.A. were in the 
Arsenal ; and also D.D,R. (Arm.) was able to receive C.I.A.s criticisms 
with the designs themselves and cousider them both together. 

1 A ' negative' is a tracing on transparent cloth, from which prints are taken of the 
design . A ' sealed ' drawing is the master print on linen-backed white paper which has a 
seal placed on it after the design has been I approved,' 
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(2) D.D.R. (Arm.) migh.t or mlght not agree with the designs and/or C.I.A.s 
remarks on them ; and in general it was found quickest in the long run 
for D.D.R. (Arm's) representative to go to Woolwich and b.ave consul­
tations with both departments there at the same time.1 

(3) Agreement having been reached so far, the designs, thus amended, wei:e 
then forwarded to C.I.N.0. with a request' to obtain D.N.O.s concurrence 
if all clear.' C.I.N .0. frequently made criticisms from inspection, safety 
and design standpoints; and even if D.D.R. (Arm.) agreed with them, it 
was necessary for C.l.J\. to accept them also before tlie next step could be 
taken. This very often meant another visit to Woolwich to straighten 
things out. C.!.N.O. could not be included in the agreement referred to 
in footnote at the end of para. (2) above, as his department was in 
London, not at Woolwich. 

(4) Further agreeme nt having been reached, D.N.O.s concurrence would be 
giveo.z 

(5) The designs were forwarded for formal approval to the D. of A., who, seeing 
from the correspondence that agreernent had been reached, would 
complete the round game by a quick signature. 

When tbe design of any store was approved by D. of A., C.I.A. automatically made 
arrangements for details o{ the approval, and its circumstances, to be included in 
the War Office serial publication entitled · List of Changes in War Material,' as this 
included R.A.F. stores in those days as well 1,s Army ones. The individual items 
were known :,is L. of C., No. so-and-so, and C.LA. circulated a. copy oi the subject 
matter of these L. of C.s to D.D.R. (Ann.) before publication. This subject matter 
was aJso circulated in Admiralty Fleet Orders. 

In August 1928, D. of J\. , Wat Office,3 suggested that it should no longer be 
necessary for hixn to give formal approval for sealing designs of aircraft bombs, etc., 
and that tl1is approval c.::ould very well be given by the appropriate officer io the Air 
Ministry, who could communicate it to C.I.A. direct. D. of A. further stated that 
C.J.A. would act on his behalf as regards safety in storage, transport, ha11dling, etc. 
A,D. (R.D. Arm.) (Assistant-Director of Research Development Armament), 
formerly D.D.R. (Arm.), agreed at once to this in principle and made arrangements 
accordingly with C.i.A. Thus, after many years. one further saving in the game of 
passing papers was made. 

After A.D. (R.D. Arm.) had become the approving authority, C.l.A. forwarded to 
him for signature all specifications of live stores of thjs type which he had approved. 
C.I.A. still retained the sealed d rawings, the negat ives and the. bulk supply of 
specifications. 

When approval had been given to any design, and when it was quite clear that 
stores to that design would be ordered for use in the service, A.D. (RD. Arm.) gave 
a ll details and technical data to the Director of Equipment (1J. o.f E.), Air Ministry. 
D . of E. then prepared an Air Ministry Order (N) introducing the store into the 
service, the intention of this being to supersede the · List of Changes in War 
Material,' referred to above. Based on this, Research Technical Publications 
(R.T.P.), Air Ministry. prepared a chapter with illustrations and/or d iagra.ms for the 
Armament Manual, originally Air Publication No. A.P. 1243. 

(B) Experimental orders 

D uring the 1914-18 War, and {or some months afterwards fae Roya.l Ordnl)nCe 
Factories at Wolwich would start experimental work on any stores on receipt of a 
minute from the Admiralty, War Office, or Air Ministry, wltbout demanding any 
Requisition or Extract beforehand ; and i t was not necessary for the ordering 

1 Later, it was realized I.hat time could be saved if C.I.A. and S. of D. reached agreement 
first, before the latter forwarded the designs to D.D.R. (Arm.), and this was therefore done. 

2 D.N.O, would nearly always give his concnrnmce on C.I.N.O.s recommendation; and 
in any case C.I.N.O.s staff would have consulted with D.N.0.s staff as a rule before the 
!o,mer's criticisms were fo(warded to D.D.R. (Arm) at the earlier stage. 

• War Office File 70/Bombs/197. 
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authority (e.g. Director of Aircraft Armament, Ajr Ministry, etc.), to obtain finanaial 
sanctlon before sending the minute. This. had the great advantage of the work 
being st,uted almost simultaneously with the decision to do' it ; and, in many cases, 
orders were given verbaUy and confirmed afterwards in writing. The disadvantage 
was the difficulty of keeping any control over the financial liability incurred, 
costing, etc. 

After the 1914- 18 War, with its inevitable loosening of financia l control, it was 
decided by the War Office, alter the wfoding up of the Ministry of Munitions, to run 
the Royal Ordnar1ce Factories (R.O.F.) at Woolwich ' on business lines.· New 
systems were introduced, whereby orders could no longer by given verbally ; 
and not even urgent experimental work could be started without a Requisition or 
Extract. Even after the receipt o{ the Requisition at Woolwich, it was several 
days, and frequently weeks. before anything would be done in the Factories, owin_g 
to the elaborate method of transmitting the orders by the Administrative staff. In 
addition, to make progress even slower, practically no stoeks of materials were 
allowed to be held by R.O.F., so that for each experimental order small quantities 
of materials had first to be ordered from outside. In some instances, tenders were 
even put out for this, to make sure tbat the materials were bought at as low a price 
as possible, and this caused still more delay. Iu view of subsequent events, it rnay 
now seem difficult to believe that such a system could have been allowed to continue, 
but the War Office poLicy then, and for 10 to 12 years afterwards, as dictat"!d by the 
Cabinet, was based on the supposition:-' No major war for 10 years.' There was 
also for several years a great pllblic outcry for more control of. and cutting down of, 
public expenditure, particularly on Armaments, as e"xemplified by the' Geddes Axe.' 

As however, a large part of the experimental work had to be done by the R.0.F. 
rather than by Trade iirms, owing firstly, to their great experience, at that time in 
this type of work, secondly because of the useful liaison and advisory work of the 
Ordnance Committee in the Arseaa,l and thirdly because the orders were too small 
to interest most firms, these delays had to be accepted; but these very delays only 
stressed the irnportance of trying to save time 1n the placing of the orders at the 
Air .Mi.nistry end. 

Now at about the period 1920- 21, the only type of Req1,1,isition authocised in the 
A.M.S.,R. department for experimental work was that known as a ' Technical 
Requisitions ' ; and t1,e procedure laid down for using this, which did not make {or 
1:apid execution. was as follows:-

D.D.R. (Arm.), or any of the other Deputy-Directorates under the Director of 
Technical Development (D.T,D.), completed the Requisition, and then fon'l'arded it 
with a covering minute to D.T.D. for approval and sign.ature, if concurred in, and 
to the appropriate Finance Branch for financial approval. The file. specially opened 
for the purpose, was then sent back to D.D.R. (Arm.), who forwarded it to the 
Director· of Equipment (D. of E.) with the necessary drawings for contract action. 
(Sometimes the drawings had to follow later.) D. of E. then minuted the file to 
Director of Contracts (D. of C.) for action. Unless the Deputy-Dlrector in D.T.D. 
concerned could give some very good reason why the experimental contract should 
he placed with a certain firm or firms (or with tlle R ,O.F. at Woolwich), the D. of C. 
called for tenders from several firms, and placed the order with the firm submitted 
the lowest price, after sending the file first to D.D.H.. (Arm.) or other Deputy­
Director, to see the completed t ender forms . It would thus be several weeks after 
the completion of the original Requisition before any order could be placed. 

It was not possible for D.D.R. (Ann.) to n1odify this procedure, or type oI 
requisition, so far a.s private firms were concerned, as it was common to all the other 
experimental departments as well, i.e. it covered Aircraft, Engines and all 
accessories as well as Armament ; but it seemed possible that it might be short­
circuited in some way for work done at R.O.F.1 Woolwich, on bombs and other 
Jive stores. 

D.D.R. (Arm.) therefore devised the following' scheme in conjunction with the 
Woolwich departmer'fts concerned :-A simplified form of Requisition was produced, 
witll the suffix R.A.2, etc. {short for R.Arm.2, the section i11 the Deputy-Directorate 
dealing with bombs, etc.) . On completion of the Requisition, it was taken by hand 
by the clerk in the section concerned to the Fiaance Branch for financial concurrence, 
which was given on a typed Form accompanying the Requisition, a rough estimate 
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of the amount involved being included on the typed Form, 1 Copies of the 
Requisitions were then forwarded immediately by D. l).R. (Arm . to all the Woolwich, 
departments concerned, i.e. Ordnance Factories, Design Department, Inspection 
Department and Ordnance Committee. Io this way the requisitions were received 
for action 24 hours after being completed. 

(C) Production orders, inspection and proof 

Air Staff (Director of Operational Requirements) forwarded to the Director of 
Equipment (D. of E,) details of the quantities of the various types of stores required 
for equipping the Service squadrons and for the war reserve, and Director of Training 
(D. of T,) forwarded similar details of stores required for tra1niog. 

Based on these requirements, D. of E. prepared sketch estimates each year about 
September, for approval by Parliament the following March or April. After the 
estimates bad been approved by Parliament, requisitions to purchase could be 
raised against the appropriate Vote, although each requisitio11 bad to receive a 
separate financial approval from the responsible Air Ministry Finance Branch. 
Genera.Hy, supplementary estimates had. in addition, to be prepared later in the 
financia I year, as more money than visualised initially was practically always 
required before the twelve months were completed, and a reshuffle of allocations 
with.in the Parliamentary grant was necessitated. 

In order to place a requisition for bombs or similar stores, D. of E. filled in the 
appropriate requisition form based on detai led information received from the 
Armament section concerned, put it in a specially raised new file, and ent it to the 
finance branch concerned, for financial approval. On its return the file was sent 
to tlle Director of Contracts (D. of C.) for contract action. D, of C. sent out tenders 
to a number of firms which he knew were suitable for the pa.rticular work requi.red, 
and in normal <'ircumstances placed the order with the firm which submitted the 
lowest tender. 2 Copies of the contracts were checked by the appropriate armament 
section to ensure th,at the designs and specifications quoted were up to date. 

There was an exception to this procedure in the case of the Royal Ordnance 
Factories (R.O .F.) at Woolwich (now the Ministry of Supply). By agreement with 
the War Office aud In accordance witb the policy of the Government. a proportion 
o-f the production orders bad to be placed with the RO.F. in order to keep them 
going : and the Chief Superintendent of Ordnance Factorie.s {C.S,O.F.) forwarded 
a lJst to D. of E. each year grving details of the type and amount of work which could 
be done there. D . or E. placed an ' extract ' (a particular form of contract in vogue 
at \iVoolwich) direct oo. the R.O.F. for this work, as D. of C. was not concerned, no 
tender being required. A ma,-.,::imum price, however, was fixed. 

During manufacture, the stores were subjected to detail inspection for conformity 
to the design and specification, and in most cases, after completion, were also 
subjected to ' Proof.'3 Whether intended for warfare or for training, completed 
stores were separated into ' Lots.' the number constituting a 'Lot ' usu·ally varying 
inversely with the productive effort involved. Thus, tb,e number in a Lot of large. 
bombs is much smaller than. for instance, the number in a Lot of small incendiary 
bombs. Tlie percentage selected from the Lot, ho,,..ever, also varied in proportion, 
the object oi 'Latting' being to reduce to a minimum the extent of scrap resulting 
from failure and. therefore, rejection at Proof. A $eco,nd Proof, known as 'Double 
Re-Proof,' was. usually allowed, and in special circumstances a third re-proofing 
before the Lots involved were finally rejected. 

Some types of Proof, for example, that consisting of dropping stores from the air 
at the Aircraft and Armament Experimental Establishment, were supervised by the 
Director of Armament Development (D.Arrn..D.) and not by D.A.I. (Director of 
Aeronautical Inspection). the latter signing the Proof papers after they had already 
been certified by D.Arm.D. 

1 This should be compared wit)1 the procedure with private firms referred to above, where 
the cost depended on the results of the tenders. 

• On some occasions advertisements asking for tenders were put in the Press. 
3 ' Proof ' i~ th.e test of a sma.ll pei·ceJJtage of the completed stores under conditions 

simulating, as far as practicable, the way in which they would be used under Service 
conditions. 
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Proof done with the stores newly manufactured is known as ' Acceptance Proof,' 
but periodical examination and Proof has also to be done during the storage of live 
stores. 
. Reference has been made earlier to the Jrequet\t differences between the good 
pedormance of stores at the final experimental test which caused the design to be 
approved, and the poorer performance of stores made to the same design when 
· Acceptl'nce Proof ' of the early production orders was done. There were many 
reasons for this, some of which were:-

(1) The experimental stores had been IDade either at Woolwich or by firms who 
had had a I t of experience in the type of work involved, and estimates 
of cost were not rigidly enforced. 

(2) In production orders firms wer~ working to a fixed price, which tl~ey had 
made as low as possible in order to get the work. So long as they could 
get the stores through Proof, nothing else mattered. 

(3) Concessions were given by the Production and/or Inspection Department to 
the manufacturer so as to make some small features o1 the design more 
suitabfo for his plant and facilities . In these cases, reference was osually 
made to D.Arm.D. before giving agreement. Although it would appear 
at the time that the concessions gi veo could not possibly affect the correct 
worJdng of the s tore in Service use, it was frequent ly found out at 
· Acceptance Proof ' that such had been the case. 

Jn an attempt to overcome this serious type of setback, large experimental 
contracts, sometimes known as Development Contrn.cts, were placed with several 
firms before the designs of stores we,e approved, and, therefore, in advance of 
product ion orders. This gave time for some of the' teething' troubles of production 
to be overcome, including troubles between Contractor and Sub-Contractor ; and 
it was also a means of determining whether various modifications to the design 
required by each individua.J Contractor had any adver e effect on functioning. The 
poor performance obtained from some of the early production orders, however, was 
never entirely eliminated. 

At some of the la.rger firms' works D.A .L ·kept a Resident Iospector-in-Cll.arge, 
with a staff. of examiners ; and with some of these firms he usec\ the principle of 
· Approved lnspection,' which meant that suitable employees of the firms we,e 
trained to do the fospectlon themselves, both during tnanufacture and on completion , 
including gauging. This was naturally suhject to supervision by the D.A.I., including 
periodical checks, and did not dispense with, the necessity fo, Proof. 

For cootracts placed with the R.Q.F. at Woolwich D .A.1 , delegated the inspection 
to the War Office Inspection Department there, i .e. Chief Inspector of Armaments 
(C.I.A.). The latter's organisation was ve1y comprehensive and complete with 
examiners well trained in dealing with explosive stores ; and contractors for ratl1er 
similar stores , for example fuzes, exploders, detonators, etc., placed by bot.h War 
Office (o.ow done through the Ministry o:f Supply) and Air Ministry (now through 
M.A.P.) woulcl be frequent ly running in the same building. H stores being made in 
the R.0.F. were for the Fleet Air Arm, D.A.I. delegated the inspection to l nspector 
of Naval Ordnat\c,e, Woolwich (I.N ,O. (W) ). t 

After passing inspection a11d proof, completed stores from Woolwich or from 
private firms were delivered to the appropfrite Ammunition Depot (now called 
Ma,.intenance Unit). Training Units demanded st.ores, e.g. Practice Bombs, direct 
on the ammunition depot for trajning purposes, up to their allotted quantity, and 
these were' turned over, ' i .e. used up over a certain period, and then further demands 
made n the depot. For equipping Service Squadrons with live stores for war 
purposes, D. of E. arranged the numbers of tbc various types of stores to be provided 
by the depot in accordance with the programme dt·awn up by Director of OperationaI 
Requirernents. This was done as quickly as the bombs, etc., became .available and 
so soon as the necessary bomb stores, m,ag<1.zines, tc., could be constructed at the 
R .A,P . shi.tions concerned. 

1 For many years, D. of E . pla.oed orders for empty bombs, etc., for the Fleet Air Arm, 
under AdmirEtlty inspection, but the Admiralty arranged their own f\Hi,i,g' ot the bombs. 
Part of the reason for the latter was that the Admiralty often used a d ifferent main filling 
to the Air Ministry for the same type of bomb, e.g. T.N.T. instead of Amatol, and the 
Admiralty controlled their own stocks of T.N.T. 
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PROCEDURE GOVERNING DEVELOPMENT AND INTRODUCTION 
OF EXPLOSIVE STORES, ETC., FROM 1939 TO 1945 

The routine procedure detailed in the preceding pages was built up under peace 
conditions and with the commencement of the re-armament progra.mme the 
introduction of material changes became automatically necessary. 

The basic leatures which dictated the re-modelling of the procedure were as 
follows:-

(a) The scale of manufacture demanded was entireJy beyond the capabjlities 
of stereotyped production methods around which existing designs had been 
prepared. 

(b) As the ' temper ' of war deveJoped, the continual trend of changing fashions 
in air warfare resulted in continual additions to operational requirements . 

(t) Development progress had to be considered in terms of • weeks ' rather than 
of' years 'and the resultant pressure on design facilities made it imperative 
to co-opt the services of trade establishments both from the points of view 
of TTJaking efficient employment of available capacities and to exploring 
adoption of techojques not previously applied to armament manufacture. 

(tl) The transfer of development to the Ministry of Aircraft Production and the 
consequent continuous liaison with Production Directorates. Under these 
conditions the contrasting c la ims of efficiency a11d mass production had 
necessarily to be compromised. 

Under these changed conditions it is opportune to review the warti me machinery 
from the followng aspects :-

( i) Development hist-0ry of main H.E. weapons during the war period. 
(ii) The effect of war conditions on general development procedure. 

Regar~ing (i) above the main development progress, stated t1nder appropriate 
sub-headings is summarised below. 

G.P. Bombs No.1. It was anticipated that these bombs (developed during pre-war 
period) would form the basic bombing weapon under war conditions. Designed to 
be manufactured as forgings and thus to offer the maximum efficiency for resistance 
impacts, it was found even under peace manufacture that allocation of forging 
facilities was inadequate a.nd manufacture as steel castings with a few speclalist 
firms was permitted and reasonable efficiency was obtained. With the building up 
of war production programme, however, the resultant introduction of inexperienced 
foundry tonce.rns led to marked deterioration in the structural efficiency obtained 
and the limitations of forging facilities made it essential to allocate the bulk of such 
capacity to piercing weapons (i.e. i\.P. and S.A.P. types) with the result that 
intensive exploration of case manufacture became compu lsory. 

With a view to obtaining' the maximum values from this source of s upply the 
Steel Ca~ting Control undertook the formation of a Committee to co-ordinate 
experience and technique of 40 to .'iO foundries concerned. Competitive co-operation 
was encouraged and extensive research iuto ohemica.l analysis of grain control 
techniques carried out, with the result that output was improved to a standard 
which compared a:s closely as possible with forged construction. The standard 
reacbed was ultimately extended to the MC range of bombs (see below). 

H.C. Bombs. With the concentration of bombing on built-up areas in this 
country 1.he advantage of blast wea1)ons from the aspect of general bombing 
efficiency became apparent and requii-ements for bomhs of this type were stated. 
Th.is de\lelopment called for the ose of manufacturing methods not previously 
employed for weapon design (except in the case of the SN bom.b in the 19 14/18 war). 
After th.e preparation of basic design;;; indicati.ng stowage and detailing !imitations 
the detail methods of con~truction were vested in various fitfns specialising in heavy 
engineering fabrication . The co-operation received from such sources permitted the 
introduction of this class of weapon into the Service within a ve(y limited period 
and the co-operation continued throughout the range from 2,000 lb. to 12,000 lb. 
weapons. Considerable proportion of the Service production was vested in the 
individual concems who developed the constructive methods. 
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Nl.C. Bomb. Concurrently with the development of blast weapons referred to 
above, the advantages of increased charge capacities for the attack of general 
indn.strial targets became apparent and a. requirement was stated for bombs ou 
similar lines to the German SC bomb_ The 500 lb. size was the first jnstituted in 
this range and the design, as prepared, anticipated building up capacity Jor solid 
drawn manufacture as used to a great extent in both the German and American 
versions of similar weapons. 

Available capacity for such ma11uractiue was, however, almost negligible and 
adoption of other production methods, became essential to meet the mass 
requirements. T he follow ing '1.ltern.atives were explored :-

(a) Fabrication using general engineering facilities. 
(b) Steel castings using the co-operative machinery allea.dy set up for the 

GP bombs. 

As regards (a) th,e development was mainly centred a round t ube construction 
interests and develoJ?ed tests against resistant targets gave encouraging results. 
Adoption of this typ!.! for Service use showed, however, that the efficient weldlng 
technique developed by t he parent contractor could not be consistently applied by 
all sources 0f manufacture which were available, A Contractors' Com.mittee, 
representing all flrms employed on this type, was formed on the lines of that 
appointed for steel castings and this Committee gave valuable service in correlating 
the welding techniques employed. ' 

As regards {b) the adjustment of available technique to light wall castings formed 
the main problem o( development, bu.t with the continued collaboration of the 
Steel Casting Committee effective resvlts were obtained and in a comparatively short 
time the <":ast steel version became a mass prod11ction effort. The standard obta ined 
remained generally satisfactory and the stabiltty of type was ensured by the 
establishment of drop hammer test equipment. This eq1.1ipmcnt was used primarily 
to ensure a maximum standa,d for al l supplies, being continued during manufacture 
to maintain that standard. ' 

The 1,000 lb. version of this bomb was developed on a steel casting basis only, 
using the, mach1ncry then existing. In view of experience already available this 
particular application did not p resent any specific problems. 

The 4.000 lb. version of this bomb presented a more definite development 
investigation and, in collaboration with heavy engineering interests, a design to take 
advanl.a,ge of spinning and special welding lec.hniques was evolved. The strength 
.limitations of (abrication were again experienced in this instance and owi ng to 
enforced limitations to low level use tile bomb was not generally adopted. 

At a later stage of the war a limited forging capacity (ex 500 lb. S.A.P. and 
2,000 lb. A.P . bombs) became availab le and a fully forged version of the son lb. 
and 1,000 ll>, bombs was developed in conjunction with the individual facilities of 
the capacity concerned. T hese bombs were mainly segregated tor use as special 
ship attack weapons, 

Gene-Ya.I. There were many · special · weapons which were specifically developed 
within the planned limitations of individua l firms, Further, in mo.ny instances 
actual development of associated stores such as fuzes and detcinato rs has been vested 
in trade establishments with ve.ry satisfactory results_ The co-operative assistance 
obtained in this way was a valuable con~ribution to expeditious develop,ment 
clearance. 

Regarding (ii) above, the changed conditions of wartime development necessitated 
many diversions from the machinery set up in the pre-war period and these are 
briefly sum marised in the following notes. 

Experimental niamifaoture. All development manufacture was based on a quantity 
basis which justified the employment of production m1,thods. This arrangement 
facilitated progress in two ways ; :firstly by overcoming the inevitable delays which 
arise in obtaining conJpara.ble firms in both prototype and initial produ<'tion s upplies, 
and secondly t hat sufficient stoces would become available foe fully representative 
Servke trials to run concurrently. This arrangement was, of course, mainly 
permissible by the unlimited purse of war emergency a nd this factor would be to a 
great extent responsible for the ex_peditious introduction of stor~ into the Service, 
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The number of stores ordered under a development contract was normally 
' determined by desirability for production tooling rather than by anticipated trial 

requirements. The surplus stores available wh,en adoption was approved were 
transferred for Service use pending normal production. 

Design procedure. Owing to the ei<cessive load placed on design ·facili ties by 
extensive war requirements t he procedure set out in earlier chapters became, to a 
large extent, inoperative. Whilst every ende:i.vour has been made to correlate 
official design records with Service adoption, the urgency of production made it 
imperative to originate production to semi-official drawings prepared either within 
M.A.P. or by contractors. In certain cases full scale production was built up on 
such drawings, formal action to complete sealed designs being taken concurrently, 
all resultant production details being embodied to form a complete record of bnlk 
manufacture. 

Under these circumstances the formal sealing of designs became subsidiary to the 
development effort although co-ordination with the Ordna nce Hoard was maintained. 
Whilst the machinery set up to guide approval was respected in general principles, 
the detail method of application was dependent on prevailing circumstances. · 

Air and Naval Slaff approval for production. One aspect which has been appJied 
without relaxation during the war period is t.hat of obtaining the clear approval of 
Staffs concerned before initiating production. The routine to accomplish this, 
although determined long before the war, was not strictly followed until rapid 
introduction of new stores began. The actual procedure followed during the war 
years is outlined in the following paragraph. 

\.Yhen D.Arm.-:R.D. was satisfied with development a nd was prepared to recommend 
a<loption, a special file was raised to cover ' Introduction into the Service.' Copies 
of all relevant development and Service trial reports were included in this file and a 
summar.ised pro forma of a ll details. The formal recommendation for approval was 
thus made to A.C.A.S. through C.R.D. in an explanatory minute dealfng with all 
aspects. W.hen A.C.A.S. (or Naval Staff) approval was given the file was passed 
direct to D.G.E. (Equipment) who, on the authority of the approval, issued 
instructions for r,roduction. 

Elfoiination of proof tests. With the inc-reased pressure p laced on normal 
acceptance proof t ests by the increased war p rod\1ction, the general application of 
the test for all maLn H.E. and practice weapons was co11siderably relaxed and to a. 
certaio extent discontinued. The test with H.E. filled bombs completely o:ver-loaded 
establishments required to concentrate on development trials and the fact that such 
routine tests had been made for long periods without failures which could be 
directly attributable to bomb filling was accepted as justification for discontinuance. 
Proo-( testing of such subsidiary stores as detonators and fuzes and for pyrotechnic 
stores, the efficiency of which is mainly dependent on craftsmanship and individual 
effort, has been continued without relaxation. 

Provisioning procedure. The machinery detailed in earlier chapters a.s covering 
these aspects was completely modifi ed as a result of war organisation. 

Consequent on an approval of store$ for production the Equipment Directorate 
authorised manufacturing arrangements to proceed coocurrently with act ion with 
'flnance Branches. 

Development B ranches in the main were made responsible for notifying the 
Production Directorate (D.Arm.P.) of all manufacturing details and thereafter 
technical production problems were dealt with between the development and 
production organisations, In the direct liaison thus set up the interests of the 
inspection aspect were given full consideration and subseque11t to the placing of 
actual contracts, problems of concessions and relaxations of conditions were only 
reviewed at the instigation of the latter Department. 

Custody of sealed drawings. The machinery for custody of designs and specifi­
cations was complete ly reviewed at the outbreak oi war, in that all documents 
previousl)' held by CJ .A. came under the direct control of D.G.A.I. (D.D.I.Arm,). 
T he documents hav.e since been held in the custody of a special branch known as 
A.I.D./E.A.U. (Explosives and Ammunition Unit). The routine a nd responsibilities 
of' sealing 'as originally performed by C.r.A. has since been continued by that Unit. 
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P1~Mica.t-iD'lis. The procedure for advising th!l Services of the inb-9duction of new 
stores has also been essentially reviewed owing to general pressure on the publications 
branch (R.T.P.). 

Ou ring the latt.e•i: period of the war a scheme of issuing Advance Instructions was 
initiated under the control of the Servicing anct Maintenance Directorate (D.S.M..), 
Technical information to form the basis of these instructions, prepared in brief by 
the Technical Branch concerned, was supplemented as necessary by direct contact 
with D.S ,M . personnel with the actual stores, and the promulgation of essential 
information was effected with the minimum delay. The Advance Instructions issued 
became the basis of the complete technical instruction prepared by UTP for 
subsequent issue in armament manuals. 

APPENDIX 2 

AIRCRAFT DEPTH CHARGES1 

Early use of ship type depth charges 
At the beginning o'f the war, no work at all .I).ad been done by this Department on 

an anti-submarine weapon !or use ftom airCl'aft, but early in the war a better weapon 
than the 250 Lb. A/S Bomb existi11g at that time was called for and trials were 
carried out to ascertain if the Mark VII depth charge could be dropped from 
aircraft with satisfactory results. 

The depth cl1arge was fitted exactly as for shipborne use, except that a suspension 
band was clamped round it to -provide the necessary bomb-lug for attaching it to 
the aircraft, and a metal cap was :fitted over the end of the primer tube to prevent 
impact with the water forcing out primer and pistol if the depth cha(ge should 
strike primer first . The depth charge was fitted in the afrcraft so that it would 
strike the water pistol last, though trials were carried out with drops pistol first to 
ensure that no danger would ensue if thi!'i occurred. 

To reduce the air-resistance caused. by carry ing such large objects in external 
stowages, sheet metal fairings were designed by R.A.f'. for fitting to the depth 
charges. These fairings also improved the flight in air, but as they broke off on 
impact witl1 the water U1e underwater behaviour was the same whether fairings 
were ntted or not. 

Development of 200 lb, aircraft depth charge 
The size and weight of tl1e Mark VII depth charge prevented its use in some 

types of aircraft, and a requirement arose about the middle of 1940 for an airhorne 
anti-submarine weapon designed to be suitable for dropping fron, aircraft of oastal 
Command and having in particular an all-up weight lim it of 250 lb . To meet this, 
a design of depth charge was produced-known ltltimately as Mark VIII<- wbich 
retained the essential Jea tures of the 1ark V!I but was of greater length and smaller 
diameter. drum type tail was included to g ive the weapon adequate stability i.n 
the ail'. Acceptance trials on t he Mark VII [ depth charge were carried out 
satisfactorily in December 1940. 

In view of the long thin nature of the charge case (11 ·0 inch s diameter by 
38·0 inches long) a through primer tube was not practicable so a blind primer tube 
was adopted ,involving the iosertion of t11eprirner before the pistol. The primer was 
the standard Mark V1f Prime1 with handle and stopper removed , a nd ti1e threaded 
shank of the bung shortened : this form was known as Mark VUI depth charge 
Primer. 

About the same time, it was decided to fit aircraft flown from Aircraft Cauiers 
with deIJth charges, and in these circurnsta nces the then current practice of setting 
a dep h on the pistol before the aircraft took oft could not be accepted, as in the 
event of a crash or forced landing on the sea there was a. strong probabil ity of the 
depth charges being toni oft and expl.oding on reach ing their set dei;th. 

1 Notes compiled by the Superintendent of the Naval Mines. Department, Havant. 
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Modificatioo to ship depth charge pistol for aircraft use 
A modification to the Mark VlI pistol ,vas therefore introd11ced whernby the 

rotation of the orifice plate was obtained througl1 the medium a{ a pre-wound 
torsion spring, The orifice plate was retained in its ' safe · position against the 
torsion of t he spring by a clip which could be attached to the .fozing control unit 
of the aircraft through the medium 0£ a fuzing link. When dropped ' live,' the fazing 
link was retained by the aircraft, thereby causing the clip to be pulled off the pistol, 
the spring then being free to rotate the orifice plate to a previously determined 
setting : t hese set.tings were tI-ie three shallowest of the Mark VII Pistol, viz. : 
50, JOO aod 150 feet. The first 24 pistols-designated Mark X-were supplied to 
H.M.S. Tllustrious fo1· trial in Septemher 1940. followed by a further 24 to 
H.M.S. A irious. 

Early lack of trial facilities 
To understand the situatiQn at this stage (late 1940) it is necessary to realise that 

during the early pa1·t of the war, there were no trial facilities available to the 
Department Jor ascertaining the behaviour of depth charges and their components 
when dropped from aircraft. The only trials were caHied out by the Marine Aircraft 
Experimental Establishment of the M.A.P. situated a.t Helensburgh, and consisted 
in dropping live charges and observing whet her or not they exploded satisfactodly. 
On this basis, limiting heights and speeds for dropping which would give a reasonable 
certainty o( explosion were laid down, the limits for Mark VII depth charge be.ing 
100 feet ,tnd 100 knots. No facil iti.es were avai.lable for dropping inert tilled weapons 
for su hsequent recovery and laboratory examination, such as later were established 
r,t We.ston-su per-Mare. 

The resu lt was that U1e existence of design faults leading to unsatisfactory 
perform,111ce could only be ascertained on a statistical basis, and very little information 
could be obtained as to the cause of the failures. 'The difficulties were enhanced by 
the trial facilities being under the control of another Servi~ and at a place remcte 
from the Department. , 

Such was the position early in 1941, by which time material had been delivered to 
the Services in sufficient qu.i.ntities for some appraisal to be made of its reliability 
and usefulness. By March 1941, it had become apparent that the limitations of 
height and speed for the Mark VU depth charge were too restrictive, a.nd trials 
were carried out (on the statistical basis mentioned. above) to ascertain if they c-ould 
be n1.ised. These trials led to the ;realis-ation that the force of impact dislodged tbe 
cap fitted to protecl the primer, with the result that both primer and pistol were 
forced out. A much stronger bung was then introduced to remedy this defect. 

Requirements for improved designs 
By the middle of 1941, it began to be apparent that t lLe fi ring depth of both 

Mark VJl and Mark V IIJ depth charges was too deep for effective attack against 
surfaced submadnes. Moreover, pressure was continually being brought to bear to 
increase the limit for striking velocity to permit more freedom in the method of 
attack. In addition, t.he occurrence of occasional premature detonations (referred 
to later) led to an intensive search for possible causes and means of elimin;,iting tbem. 

From this time unt il the autumn of 1942 was a period of intense activity in 
pursuing these ends, a.ll three requirements reacting on the designs, as well, as the 
minor day-to-day troubles inevitably associated with development 

Although the development of the weapons to meet all requirements was 
proceeding simultaneously, it will be convenient for h is torical purposes to indicate 
sepa1·ately how each requirement was tackled. 

Reduction in firing depth 
To reduce the fi ring depth, the first and most obvious step was to fit a weaker 

firing spring in the pis tols. This step was not very successful, and it was then 
thought that owing to the high entry speed there was insufficient time for the 
necessary volume of water to have entered the primer tube by tile time the depth 
charge was at the firing depth, so the next step was to increase the number of 
water entry p (Ht S, Witll thjs pistol (l.rrangement (Mark XIII*), firing at 30-35 feet 
had been achieved in April 1942. 
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It was apparent by this time that some more fundamental change in design 'Yl!S 
necessary to achieve the firing depth of 15-20 feet which the Staff were demanding; 
so e."<petiments were put in hand to try the effect of a ' spoiler ' nose and a ' break­
off' tail. The objective was t.o cause the weapon to become unstable in its under­
water trajectory so that, instead of travelliog ttnderwater with its axis on trajectory, 
it would tend to turn broadside on thereby considerably retarding its motions and 
also bringing the after end (containing the pistol) into contact with the cavity walL 

Small scale trials carried out at the Admiralty Research Laboratory, Teddiogton, 
by firing 1 · O inch diameter models into a glass-sict·ed tank and photographing the 
resultant behaviour indicated that the idea was very promising, and fu ll scale 
material for depth-of-firing trials was put in hand. The 'spoiler' nose was 
obtained by reversing the existing nose plate of the depth charg·e so that it 
presented a concave instead of convex front ; the tail was made to break off on 
impact by securing it to its brackets with aluminium instead of steel rivets, and by 
halving the number of brackets. Under these conditions, it was found that the 
'set-fonvard' of the tail on impact was i;uffic,ient to cause the r ivets to shear, the 
tail thus becoming detached. To convert. existing Mark VIII depth c harges to 
have. the spoiler nose, a fitting was made which could be clamped on which converted 
their leading end into a concave surface. 

The new depth charge was known as Mark XI, and trials were so successful that 
by July 1942, all production of aircraft depth charges was concentrated on tbis 
type. By tbis time, ;_ilso, the use of Torpex as an H.E. filling had started, so the 
effect'iveness of the weapon was further increased by sortl.e 50 per cent. by the use 
of this explosive in lieu of Amato!. 

Increase in permissible striking velocity 
To increase the heights and speeds of release required the ascertainment of the 

causes of failure jf the conditions then permitted were exceeded. 
Towa1ds the end of 1941 , it was apparent that the principal cause was distortion 

of the orifice plate seating due to inertia forces, set up on impact. thus permitting 
pressure to obtain access to the ' back ' side of the diaphragm and so nullify the 
firing pressure. As a temporary expedient, the orifice plate was removed and a plug 
substituted ; the resultanl pistol had only one setting and no safety feature and 
was known as Mark XU. This pistol had only a very Limited existence, but it led 
the way to the next step-' safety by back flooding.' Up to this time, safety­
i .e. preventing the pistol firing on the application of pressure--had been obtained 
by mechanically resisting the forces set up on the firing system by the hydro~tatic 
pressure ; it was now seen, however, that if the above-mentioned plng were made 
removable at will. the pistol would be " safe " in its absence since then both sides 
of the diapluagm wO\lld be exposed to the same pressure. 

T he application of this development was facilitated by a decision to limit t.he 
number of firjng depths to one-the shallowest-since by this time it was realised 
that the ljkelil10od of an attack being successful was very remote unless there was <1 
visible target for the airci-aft. 

There was thus developed the Mark XVI pistol which was a standard pistol 
except for a weak firing spring (static calibration of about 22 feet of seawater), the 
elimination of the sa.fety rod. and the substitution of ,t spring loaded valve device 
for the orifice plate-. 

Improvement in inertia -proof qualities of pistol 
Further reference will be made to all the aspects of premature firing ; for the 

present purpose it is only necessary to say th,at a possible explanation of these 
accidents was that differential ' bounce ' of the two sleoves of the firing u1tit in the 
pistol might take place. On impa.ct, the lower sleeve sets forward thereby 
completing half the firing strol<e ; the upper sleeve is pressed on to the distance 
ring through the diaphragm. The theory required that while the lower sleeve was 
still set forward, the upper sleeve should rel)ound due to release of the energy 
stored in compressing the rubber of the diaphragm sufficiently to cause the pistol 
to fire. Many trials were carried out to ascertain exactly what movement qf the 
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sleeves did take place on impact, and in no case did the parting of the sleeves come 
near to the amount Mcessary to fire the pistol. Nevertheless, it was considered 
desirable to eliminate this possible cause, and the very neat solution was proposed 
of omitting the distance ring. This omission meant that on jmpact the two sleeves 
moved together as a unit and. no parting at all could take place. ,. 

Introduction of new aircraft depth charge pistol 
The stage was now set for the introduc.tion of a pistol specifically designed for use 

with aircraft depth charges instead of making modifications to the pistol designed 
and intended for ship use. The pistol-known when approved for service as 
Mark XIV- had the following features:-

(i) Adequate strength to resist inertia forces due to impact without distortion. 
(ii) Large internal volume to reduce back pressure and so fire shallow without 

further reduction in firing spring strength. 
(iii) Safety by ' back-flooding.' 
(iv) Inertia-proof firing mechanism of • float ing' type. 
M One (shallow) depth setting. 

The Mark XI Depth Charge with Mark xrv and XVI pistols was accepted for 
service in September 1942, and except for minor alterati.ons remained the standard 
combination for the rest of the war. In one small featu re, the pistol designs required 
improvement inasmuch as the depth charges would occasionally fire when 
jettisoned ' safe.• This was believed to be due to the safety clip being pulled off by 
the fuzing link becoming entangled with the tail when the latter broke off on impact 
and so (l small pellet, to be set forward by inertia., was inco.rporated in the safety clip 
so that it became impossible to p ull the clip o:ft, once the pellet had set forward. 
This modification proved a successful cure of the trouble, and was approved in 
January 1943, p istols incorporating it being termed Mark XIV* and XVI• 
respectively. 

Requirement for improved safety of carrier-home depth charges 
It will be convenient to break the narrative at this point to refer to a requirement 

raised in J anuary 1942, to improve the safety of car.rier-borne depth charges, It 
was felt that any arming device which depended fot"" its operation on the removal of 
an item was always liable to accidental operation, especially with carrier-borne 
aircraft \vhich might crash over the side with very serious consequences to the 
carrier if the depth charges then exploded. The desideratum was an arming device 
which depended on tb.e addition o{ something, and the proposal was made. to meet 
this by storing the energy to carry out the arming in the aircraft and not in the 
weapon, so tnat if the weapon was torn away the arming device became dissociated 
from its source of energy and the pistol therefore could not possibly fire. 

The detail of the method was to secure the safety clip to the pistol with a shear 
pin, and to provide a small explosive charge on the pistol to shear the pin and rem.ove 
the clip. This explosive charge was to be electrically fired from a battery on the 
aircraft , thE> circuit being under the control of the pilot so that-unless the pilot 
had made his switch-the depth charge would remain safe in all circumstances. 
The device was called the Explosive Safety Clip and could be fitted to Mark XIV 
and Mark XVI pistols ; it involved modification to the wiring or bomb carriers, 
and the provision or a socket on the latter to which the lead from the Clip could be 
plugged. Acceptance tdals in November 1942, were successflll and the device 
was released for service use. Unfortunately, it did not prove to be entirely reliable 
t hough the exact cause of failure has not been finally ascertained. 

It was further discredited when in one instance explosions followed after an 
aircraft had crashed into the sea, a possible explanation being that the circuits had 
be~n completed either by a sea-water path or by the pilot, in trying to f'.Sca.pe from 
the cockpit. Its use was finally discontinued in April 1945, when extended trials 
with air-arming (see later) bad proved this latter to provide adequate safety for 
carrier-borne depth charges. 
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Introduction of horizontal Cui:ing 
To resume the main narrative, the next requirement was to arrange for 

' horizontal fuzing.' The entry of the U .S,A;. into the war required that, as far as 
possible, weapons should be interchangeable between the aircraft of the t~vo countries, 
especially as American types of aircraft were being used increasingly by the R.A"F. 
and F.A.A., but there was a difficulty with a irborne weapons since the Americans 
employed horizontal fuzing as compared with the British vertical fuzing. The 
decision to s tandardise horizontal fuziilg for botb countries required that the 
depth charge be brought into line, and it was convenient to do this by utilising 
air-arming-a technique the adoption of which had been pressed for some time by 
M.A.P. on the gro1Jnds of improved safety. Air-arming requii-es the i.ndependeot 
flight of the weapon through the air to arm it, anr\ this ls usually achieved by fitting 
a n air vane to nose or tail which-by its rotation in the a ir stream-causes arming. 

Difficulties ha.d a lso been experienced in handling depth charges with ta ils since 
the tails with t heir weak a luminium rivets were liable to break off: du.rir1g handJing. 
A satisfactory design of bT'eak-off tail of the fin-and-dram type had already been 
developed by M.A.P. and it was consequently decided to adopt this type, which 
also lent itself to the a ir-arming technique. 

An alteration to the pistol was required to cause the valve to close by rotation 
instead of under spring action ; and this was a s imple matter, only involving a new 
cover to take a screwed valve spindle. Mark XIV pistols modified thus we.re termed 
Mark XX, and the new tail was Tail Mark lV. Minor modifications to make these 
more suitable for Fleet Air Arm use caused them to become Pistol Mark XX"' and 
Tail Mark IV• , and t hese are the current service designs. 

New depth charge for use from greater height 
In August 1943, the Air Staff decided to authorise the development of a 250 lb. 

A/S Bomb which was to meet a. comprehensive list of requirements. lt was realised 
that this could only be a long term development, and as it was necessary to have 
as quickly as possible an A/S weapon capable of being dropped from a. helght of 
of 1,500 feet or so to enable the attacking aircraft to avoid U-boat anti-aircraft 
fire. it was decided that as a short term policy a .new depth charge should be 
developed. This depth charge was to be similar to t he Mark x.r except that it 
was to be capable of being dropped from a height of 1.500 feet and it was to have 
a terminal velocity of at least 1,000 ft./sec ., s ince this was the minimum T.V. 
setting o f the bombslght then in use. 

The advice of RA.E. was sought in meeting this T. V. requirement, and the 
adoption of a radius on the nose of appr<>ximately 10 per cent. of t he diameter was 
recommended, t his being sufficient to reduce the drag to about 25 per cent. of its 
former value. The q uestion then arose as to what effect this radius would have on 
the underwater behaviour, and small-scale trials were put in.hand a.tA"RL. on models 
having a 1·adiused nose and a syuare-edgecl nose. the latler on the assumption that a 
fairing wjth the radiused nose necessary (or air flight had been removed on impact 
wlth the water. To avoid delay, full-scale models were put in hand simultaneously 
in the expectation that one type or the other would prove satisfactory. However, 
it t urned out that neither type would fire shallow, firing depths of 70 and 80 feet 
being obtained oo many occasions ; t his was µnexpected, and was ultimately shown 
to be due to t he large entry angle (to the horizontal) of the trajectory. T he early 
success with the Mark XI type was undoubtedly due· to the asymmetry of the force 
on the nose during the initial stages of impact at a low angle ; with increasing angle, 
the asymmetry is diminished, and the couple exerted is then not sufficient to initiate 
(at any ra.te every time) a broadsiding m otion. This gave the clue to correct per­
formance--the shape of t he weapon must provide the necessary asymmetry, as is 
done in Aircraft Mines ; an apgle o! 5° for t he face of the nose t o a plane transverse 
to the axis was, however, considered sufficient, as aJ arger angle might result in too 
great a scatter in a stick of depth charges. 

Small-scale and full-scale confirmatory trials were carried out with gratifying 
results, firing depths oi 15- 20 feet being obtained in drops frorn J,500 feet at speeds 
from 120 to 200 knots (maximum striking velocity 425 ft./sec. a nd maximum angle 
60° to horizontal). By the time this weapoa (designated Depth Charge Mark XIV 
was ready for service, the need for it had p assed but a new requirement had arisen 
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for a depth charge having two (selectable) firi ng depths, the second and deepe,r 
depth being to enable the aircraft to strike at U-boats at ' Sctmorkel ' depth. T he 
necessary modifications to design to enable two pistols to be used side-by-side were 
put in hand. and the Mark XV Depth Charge (fitted with Tail Mark V with twin air 
vanes) was evolved, but had not reached the stage of acceptance trials when 
hostilities ceased. 

Trials to ascertain how fa,: the requirement (or terminal velocity l1ad been met 
showed that the T.V. was of the order of 900 ft./sec., the failure to achieve the 
expected result (approximately J ,200 ft./sec.) being attributed to Jack of stability ; 
the weapon, however, was considered acceptable in this respect. This lack of 
stability was ultimately confirmed by R.A.E. by recordiug the oscillations of the 
weapon when d ropped, and also by wind tunnel experiments ; in the latter, various 
schemes to improve stability were tried but without much success. 

Investigation of pressure explosions on impact 
Having covered the J?rDgress of development more or less chronologically, it is 

necessary to return to the matter of premature explosions which has already been 
mentioned. The first accident of this nature occurred. during trials of Mark VIII 
depth charges by H .M,S. Vernon (M) in October 1941, and since th.at date about 
two dozen incidents of this nature have been reported involving every type of 
depth charge and pistol that has been used. Several of these incidents have been 
investigated at meetings and others at the air-stations concerned but no satisfactory 
explanation of their cause has been forthcoming. Although incidents have occurred 
at moderate or even low st rik ing velocities, it seemed reasonable to assume that they 
wo11ld be more likely to occur under the influence of the greater stresses and inertia 
forces set up due to high striking velocities but trial drops giving striking velocities 
well in excess of t he maximum pennitt ed in service have failed to yield any 
information, even when material k,nown to be inferior in certain respects has been 
employed. 

It is known that Torpex as a filling is liable to detonate if subject to the shock of 
a weapon striking a hard target at <1 high enough velocity, but tl1e shock on striking 
water is only a fraction of that experienced in such circumstances. It is also known 
that t he design of detonator is not such as wou ld be recommended for use when 
severe shocks are involved, but a perc.entage of each lot of detonators are subject 
to severe shock tests and no lot is accepted for service if a single fireoccnrsin that test. 

Trials have been carried out to ascertain if the fault could lie in the pistol, but 
while this is not impossible, no trial has given any indication that the pistol is a 
likely source of t he trouble. Despite extensive investigations, therefore, the matter 
has reluctantly had to be left in this inconclusive state, though if development of 
the weapon were to continue there would be a strong case for altering the design to 
keep the explosive t rain broken until th.e depth charge was subject to hydrostatic 
pressure, since with this arrangement firing of t he detonator on impact from a ny 
cause would result in a ' blind.' 
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APPENDIX 3 

THE EVALUATION AND TESTJNG OF INCJ.i:NDJARY BOMBS 

In March 1946, the lncendiary Bomb Tests Panel of the Directorate o f Scientific 
Research, M ,A_P, issued a valuable and detailed monograph on' A Study of Testing 
Methods (of incendiary bombs) used between 1935 and 1945.'1 

This monogrnpb is of such interest to evety student uf incendiary warfare that it 
is reproduced here in full , hut without some of the long appendices. 

Introduction 
Fire has always been the enemy as well as the friend o[ mankind. Time and time 

again it has destroyed the fruits or his labours, anu wiped whole cities from the face 
of the earth. On the night of the 3rd September, 1666, for example, a small fire 
broke out in a baker's shop near London Bridge, and, in Dickens' graphic words, 
' it spread a nd spread, and burned and burne<l, for three days. 2 The nights were 
lighter than the days. In the daytime th1;re was an immense cloud of smoke, and 
in the night-time there was a. great t ower of fire n\Ounting i1p into the sky, which 
lighted the whole cou1Jtry landscape for ten 1niles awund, Show~n; uf hot ashes 
rose into the air and fell on d3stant places; flying sparks carried the conflagration 
to great distances anrl kindled it in twenty new spots at a time ; church steeples fell 
down with tremendous crashes ; houses crumbled into cinders by the hundred and 
the thousand , The summer had been intensely hot and dry, the streets were very 
narrow, and the houses mostly built of wood a nd plaster. Nothing could stop the 
fire, but the want of more houses to burn ; nor dirt it s top until the whole way froin 
the Tower to Temple Bar was a desert, composed of the ashes of thirteen thousand 
houses and eighty-nine churches.' 

This historic tire evidently started 1n a small way. Lt probably started accidentally 
in the baker's kitchen, and grew unti l the whole room was 011 fire ; then tbe fim 
spread upstairs (or downstairs) and, involved other rooms ; eventually the whole 
house was ablaze. The fire then spread to adjacent houses, and to houses on the other 
side of the street. Very soon new centres of combustion were initiated hy flying 
brands in houses already heated uµ in preparation ; before long, these new tires 
joined together, kindled new ones, nnd swept over whole districts unti l there was 
rn,thing left to burn. · 

Now any attempt to rcprodneesuch a sequence of even ls deliberately must involve 
an exact knowledge of the mechanism of fire-growth and spread at each successive 
,;ta.ge, Only when such knowledge is available ca n full advantage be taken o! the 
undoubted possibility that a small Ii.re can grow inlo a conflagration under certain 
conditions. The fact i11at catastrophic fire-storms were only produced on a few 
(iccasions in Germany shows that, while they are still possible, we do not kn9w 
enough about the conditions whiah govern their development to be a,hle to guarantee 
results. The survey of incendiary bomb testing which has been attempted in this 
monograph will show that, while we have established fairly accurately the mechanism 
of fire-growth in a single room from a small primary fire, we still know vei:y little 
about the way in which it spreads through the house, and still less about the way 
in which it spreads t o neighbouring houses. A number of noteworthy attempts 
have been made to fiJI these gaps in our knowledge but the field for further 
investigation is a very wide one. 

The organisation of .incendiary bomb development and evaluation 
Tl1e responsibility for initiating the development of an incendiary bomb of a 

certain type was normally within the province of the Directo,r of Armament 
Requirements (D.Arm-R.), at the l\ir Ministry. This requil'Cme11t was passed to tne 
Director of Armament Development (D.Arm.D.) at the Miuistry of Aircraft 
Production (M.A.P,) , who then informed the Ordnance Board (O.B.). The Chief 

1 A monograph compiled by C. R. Stanbury, A . .R.C.S. , B.Sc., in collaboration with the 
Chairman and Mernbors of the Incendiary Bomb Test Panel. 

2 A Child's: History cf £?,gland. by Cnarles Dlckens. 
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Engineer and Superintendent of Armament Design (C.E.A.D.) was then asked to 
prepare a design in consvltation with the Chief Superintendent of Armament Research 
(C.S.A.R.) and the ball was set rolling. During the war this procecl ure was often 
modified considerably in the interests o( economy in time. Ma ny developments 
were carried th rough directly by D.Arm.D. in conjunction with the Trade, whose 
research iwd manufact uring experience was fully utilised. 

As the design progressed, a number of organisa tions with specialised knowledge 
and facilities were called in to help with va rious aspects of development and testing; 
thus ballistic problems were referred to the Royal Aircra.(t Establishment (R.A.E.), 
at Farnbvrough ; roo[ p enetration Lest.s were carried out at the Road Research 
Laboratory (R. R.L .) at Harmondswnrth ; and dropping trials ,~ere done by the 
Aircraft a nd Armaments E xperimental Establishment (A. & A.E.E.), at Boscotnbe 
Down. The evaluatiun of incendiary performance-with whlch this monograph is 
cbiefty concerned- was initially the Junction of the Pyrotechnics Branch of the 
Arrnament~ Research Department (A.RD.) a t Woolwich. 

For some years ptior to the war there wa'5 also considerable intere!!t in incendiary 
bombing from the defensive aspect, and experimental work was organised by the 
jncendiary Bombs Committee (l.B,C.), of the .Ai.r Raid Precautions (A.R.P.) 
Department of the Hume Office (H.O.), and was largely carried out at A.R.D., 
\.Voolwich . This work was extended when. t he war broke out, and some of it was 
taken over by the Hesea.n.;h and Experiments Dep,utrnent of the newly formed 
Ministry of Home Security (M.H.S.) . This Department had been divided into a 
nup1ber of D ivisions. two of which were specially inte rested in incendiary bombs. 
namely, F. Division, which was concerrwd with the study of all kinds of .fire problems, 
and R.E.f!, which carried nut the a nalysis and interpretation of 1Jhotogra-phic air 
r;iid cover, and was in direct liaison with the Air Minis try. By the beginning of 
194'.l, the LB,C. became an integral part of· f' Divis ion. and for some time was the 
only comml)n meeling ground for those concerned with the fire-raising aspect of 
incendiary bomb development. It had representatives from the H 0. , M .H .S., 
M .A.P., O.B. and A.RD. 

Jn :February 1942, the problem o f incendiary bomb evaluation became acute, antl 
the l.B,C. appointed a Proof Tests Panel to study the problem, and to design a 
standard proof test for small incendiary bomb$. The e,--perimen.ta l work invo lved 
was co-ordinated by F Division, and carried out for them .it the Fuel Department of 
Leeds U niversity, and at the Forest Products Research Laboratory (F.P.RL.). at 
Princes Risborough. As the work progressed, the Panel was expanded in member­
s l,i-p tn include representatives from M.H.S., Q. B., M.A.P. , A.RD., and F .P.R.L., 
an(! ln March 1943 it became an independent panel of F Division known as the 
Incendiary Bomb Test,; Panel (1.B.T.P.). 

It w.is recognised that many full sea.le tests would be required which would 
involve rapid rebuilding and reconditioning between tests. lt was decided, therefore. 
to make use of the facilities at tbe Building Ilesearch Station (B .RS.). at Garston . 
1'he fire test h ouse known as • I.B. Cottage• was built there, as well as Jive Gennart­
type attics and four s ingle-storeyed Japanese ho\lses. A further test house was 
erecled at T ondu. Glamorgan, to which p lace Lhe Pyrotechnics Branch of the A.RD. 
had been evacuated from Woolwich. This house was built so that bombs could be 
fired down into it from a mortar. The desjgns for a ll these houses were produced 
by tbe architects attached to the staff of R.E.8. 

The staff at B.R.S. also assisted in the many full-scale lesls which were held in 
bomb-damaged h ouses in Hammersmith and North Kensington. These houses 
were requisitioned for the purposes, and all t he necessary repair work was rarried 
o ut by H eavy Rescue Squads o-£ the Civ il Defence Services in the Boroughs concerned. 
Da maged furniture was supplied by a number of London Boroughs by arra.ngement 
withM.H.S. 

I n October 1944, the 1.B.T.P. was tra nsferred f.rom M.H.S. to the Directorate of 
::icientific Research of M.A.P. and was stlll further widened in its membership a nd 
fts scope. 

Representatives of the Chemiral Warfare Servic-e (C.W.S.), of t l1e U nited States 
.Army, and o[ the Office of Scie11tific Research a nd Deve)opment (O.S.R.D.), who 
were both concerned with incendiary bomb development and evaluation in America, 
continually served on the I.B.T.P. and kept us fully informed of their own progress. 

338 



This work was carried out at the H .Q. of the C. W .S . at Edgewood Arsena.1, Maryland. 
and by a number of private firms under contract from the National Defence Research 
Committee (N.D.R.C.) working under 0 .S.RJ). 

In 1944, a joint C.W.S./N.D.R.C. incendiary evaluation project was established 
at Edgewood, chiefly for the purpose of studying fire-raising jri industrial targets. 
A representative of the I.B.T.P. ¼Orked continuously with this group, and other 
representatives p'¼:id short visits from time to time. The project was closed down 
in October 1945. 

Incendiary bombing in World War 1 
The pu~sibilitics of fire-raising on an extensive scale with aircraft incendiary 

bombs were first realised in the latter part of World War I. 
In this country it was thought that a large number o( very small units would be 

more effective than a small nuniber of large units of the same tota.l weight, and 
the • Baby • incendiary bomb, weighing about 6 oz., was accor:diogly developed. 
It consisted of a tl1in alumiJ1ium tube 1illed with cendite, a mixture of thermite 
(aluminium and iron oxide) with barium nttrate, which was ejected from an outer 
tinplate cQntainer by a small e;-:plosion initiated by the impa.ct of the boo1b. 

Aircraft incendiary bombs used by the Gennans contained liquid hydrocarbon 
as the main incendiary, but late in the war they concentrated on the use of magnesium 
a)loys, and by 1918 were ready to go i.nt-o production un a Jarge scale with an 
incendiary bomb weighing l ki logramme, almost identical in design with that used 
with such effect in the early raids on this country in World War lL Specimens of it 
were examined in 1921 at Woolwich, and also by the fr:ench authorities at Bourges, 
who later adopted it as one uf their service incendiaries with some small modificationS 
of the filbng and fuze. 

At Woolwich many te.<;ts were made to compare the incendiary performance of the 
British and German bombs, and other possible incendiary agents such as phosphorus, 
oil, etc. were also studied. ln one typical test a number of incendiaries were 
compared when burning 

(a) On a sheet of iron 1/10th inch thick. 
(b) On a dry deal board / inch thick. 
(c) Under a wooden structure consisting of ¾ inch thick deal boanls previoui;ly 

dried. 
Phosphorus was found to be quite ineffective, and thermite, while capable of 

burning through the iron sheet, did not s tart a continuing fire in the wood owing 
to its rapid and highly localised act ion. A mock-up niagnesiurn bomb only burned 
a hole through the deal board, but it set fire to and comple,tely destroyed the 
wooden structure. The ·Baby ' jncendiary bomb unit only charred the wood 
slightly and had a very sma11 loca.lised action, 

The British 4 lb. magnesium botnb 
Owing to supply limitations in the early 1920s, Germany and the United States 

,~ere the only countries who could have produced mag11esium incendiaries on a. 
large sca'le, but by 1934 this position had changed, and limited supplies of magnesium 
were also available in this country, T he Ai, Ministry .• thecefore, p ressed for the 
development c,f an aircraft incendiary bomb containing 1- 2 lb. magnesium to take 
the place of the •Baby' incendiary bomb which the Woolwich tests had shown to 
be so ineffective. 

The experimenters at Woolwich had already recognised that fires would only 
be started by the small proportion of bombs which fourd a • favourable 'lodgement, 
and that a floor \"ith nothing else a,rounc1 was not a favourable lodgement. For 
this reason it was decided to make the British bomb heavier and in.ore penetrating 
than its German prototype, so as to insuce its arrival in a-furnished room. A total 
weight of 3 -4 lb. was envisaged. 

In tbe first design it was proposed to use 1 ·8 lb. of magnesium, whereas the 
German bomb contained only I · 3 lb. In another weapon which" was being 
considered at the time-the 25 lb. bomb which burst open on impact and ejected 
a number of separate incendiary units-thE: amount of magnesium i11 each individual 
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uuit was 11 oz . It was obvious that the optimum .amount of magnesium h.id not 
been established and at the very beginning of the development e;\.1)eriments were 
carried out to determine the smallest amount of magnesium that could be used witl1 
s uccess. 

These early tests were necessari.ly closely bound up with such factors as the 
burning properties of t he filling compo~ition, and the rati.o of filler to magnesium . 
If all the magnesium is to burn quietly and completely, the rate oi burning of the 
fillin"' must be carefully con trolled ; if it burns tuu quicldy, magne.<Jium is wasted b}' 
spluttering, and the residual pool rnay even solidify again when the composition 
is elshausted; if it burns too s lowly , the magnesium may not melt at all. The 
tests were therefore large ly designed so that observations could be made of 

(a) The time and manner of burning of the filling composition . 
(b) The time of :first appearance. of molten magnesium. 
(c) The rate of burning of the magnesium and the shape and size of the molten 

pool. 
(il) The total effective buraiJ1g time oI the tnolten magnesium .-

The tests were ca rried out on a Jlat board, 2 feet square, which merely served as 
a support :(or the homb and did not enable any est imation of fire-raisi ng ability to 
be made , 

At a later date an attempt was made to study the way :In which fires were actually 
started, using a wooden structure which became known as a ' what-not ', from its 
resemblance to the article of Victorian :furniture o! th.at m1.n1e. It cousisted of two 
vertical boarqs, 3 feet high. and 18 inches wide, set at right a ngle and supporting 
two hor.izontal } inch wooden shelves, 18 inche::; square, and 1 foot apart. It was 
placed so that a bomb on the upper shelf was p rotected from the wind. 

The results of some tests carried out a t \iVool.wich on 19 February 1936, are given 
in detail in Table No. l as a n exarn.ple o f the so~t of "bservation that was made, 
and the results that were obtained. 

Incendiary Unit. 

Mock-up magneslum 
bomb similar tu 
the German J kg. 
bomb_ 

Unit from the 25 lb. 
bomb {Fire-put). 

!2 lb. pellet of ther­
mite. 

I lb . pellet oJ therm­
alloy (a mixture 
of thermite with 
about a quarter 
of its weight of 
sulph.ur). 

Tabl11 No . 1 

Result uf Test. 

The molten magn,esi1Jm burned fo r 11 min. At 
5 min. flames appeared beneath the t1pper 
platform and a hole about 14 in . by Sin . was 
eventually bu rnc(l through. There was 
extensive chaning of the vertical boartls. but 
no continuing fire.. 

l•larnes appeared beneath tbe upper platlorm at 
4t min. and an im:g11larly shaped hole, about 
9 in. by 9 in., was finally burned through . 
The un it burned for 12 min . Tliere was only 
a light discoloration of the vertical boa.rds 
and no continui ng fire. 

The pelle.t burned fiercely and was exhausted in 
10 sec. ft had burned through the platform, 
and molten slag ran to one side and ignited 
one of the vertical boards which burned for 
6 min. and then weot out Slag which dropped 
to the lower platform cai1sed charring but no 
ignition. 

Tbe composition burned oti t in If sec. and hot 
ash burned through the i1pper platform in 
27 sec, making a small hole. The verti.cal 
boards were only slightly charred and t here 
was no continuing fire. The lower platform 
was pitted by drops of burning slag. 
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Reference to 
Photographs. 

No. JA . Start. 
No. !B. 5 min . 
No. JC. End 

(frGITI und!lr-
neal h) . 

. ' 

No. 2A . Start. 
No. 28. 5 min. 
No 2C. End 

(from 'Utlder-
neath). 

No. 3A. J min. 
No. 3A . 2 min . 
No. 3C. End 

(from u11der-
neath) . 

No. 4A. Start. 
No. 4B. Eod. 
No. 4C. End 

(from uoder-
l'\eatb). 



Since all four units failed to start fires which consumed the strncture, it might 
be concluded that they were all too small. Later experience showed, however, 
that the 'vertical boards would have been consumed if they had been thinner (less 
than ½ inch) : the conditions necessary for the establishment of continuing fires in 
thick timber were not chuified until some time later, 

The inadequacy of these early tests was i:eflected in the uncertainty of the 
recommen(laiions which resulted . Thus, after burning tests with bombs containing 
0·9, 0·66, and 0-38 lb. o( magnesium, it was reported on 13 August 1936 (D.Arm.D. 
file S. 32591/Part I) that' 0·66 lb. is good enough, althougl1 the 0 ·9 lb. is better, 
but not proportionately better'. It was then suggested it would be wise to use at 
least as much as was used in the German bomb, and it was finally decided to start 
making the first trial bombs with l ·8 lb., the amount first proposed. 

Testing methods used in the study of civil defence against incendiary bombing 
While the Service Departments were developing the British magnesium bomb, 

the Home Office was thinking of methods of combating the use of similar weapons 
by a n enemy. Early in 1935 the Air Raids Precautions Department was set up 
and a small group of people asked to study the prohlem of the probable scope of 
incendiary attack on this country and to suggest effective methods of deience. 
The I kg. magnesium bomb was ton~idered to be the chief menace, a nd trials were 
immediately arranged to determine the conditions under which. fires could be 
started and how they coDld best be attacked. As the work progressed it became 
apparent that it would be necessary to call on specialised advice from a number of 
sources and on 18 October 1935, the Home Office formally established the Ircendiary 
Bombs Committee with the following terms of reference :-

1. To ascertain the penetration powers of the lighter incendiary bombs (the 
heavier types beil'ig done at Shoeburyness) in regard to the roofs of 
dwelling houses, factory buildings, etc., and roofs o[ petrol and oil taoks. 

2. To test the means proposed for protecting the roofs oi explosives buildings 
and ot her b uildings containing vulnerable material. 

3. To ascertain any prac tical means of extinguishing or removfng burning 
incendiary bombs o{ different types by means that could be employed by 
householders, at factories and by fire b(igades, and means for coping 
with resultant fires. 

The results o{ the trials carried out for lhe Committee by the A.RD. Woolwich, 
are given in four very complete' Progress Reports on Methods of Defence against 
Inc'endiary Bombs- No. I- April 1936, No. 2-August 1936, No. 3-November 
1937, and No. 4- September 1939 ', to which the reader is referred for much useful 
inforll'lation. 

It was pointed out in the F irst Report that it would be difficult to ni m any of the 
small incendiary bombs with accuracy whatever droppfog methods were adopted, 
so that they would most likely be scattered broadcast on targets of considerable 
area which would of necessity include. a large proportion of residential property. 
This was a fundamE>ntal observation-and one which was confirmed in subsequent 
practice- since it delermined for a very long time the t.ype of structure whicl1 
could be used as a test target, i.e. the attic space or fornished room o( the ordinary 
domestic hOL1se. 

At first, t wo small test structures (sec First Report) were used, one identical with 
the ' what-not ' referred to previously, and the oth.er representing at inch attic 
floor , 3 feet square, mounted on joists with a lath and p laster ceiling underneath. 
Th is was adopted on the advice o f 'experts' to represent boar<led attics in this 
country, since it was considered that the space between the flooring and the ceiling 
underneath was a particularly vu lnera.ble one. 

The tests in which the bombs were bu rned on at inch fl oor board of the first type 
of test. structure showed, as before, that the thermite and thermalloy burned holes 
through the board but generally fai led to s tart continuing fires. A magnesium 
l>omb in some cases burned through the board and burned away the two vertical 
boards alongside, but in others was unable to start a continuing fire. An interesting 
obse rvation was tllat, even when a hole was burned through, only a li ttle magnesium 
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fell through t.hc hole; this was ascribed to the formation of a m.ore or less firm 
cake of slag over the hole. Oil and phosphorus ignited the wood but t he :fires did 
not continue a nd left the wood only charred. · 

The tests on the seconcl type of structure led to the concllls ion that a magnesium 
bornh 'm.i,y be expected to burn through flooring boards but not through the 
ceiling below. The fire produced in t he flooring boards would, under favou rable 
conditions, be expected to spread ' . 

These results lead t o an examination of floor coverings which would prevent t he 
bomb from burning its way through into the space between the flooring and the 
lath and plaster ceiling below, and a British Standards Specification (B.S.S./A. R. P.47) 
was produced to w11id1. all such coverings had to conform if they were to be approved. 
Practical considerat ion pn"vented the use of these protective coveri ngs on a ny 
appreciable scale, bnt in some cases t hey were m.istakenly applied to floors which 
had no lath a nd p laster ceili11g underneath, and, in others, to floors which were too 
thick for the bomb to burn through. 

ln the T hird Progress Report- a description is given of two further targets which 
were used. The first of t hese consisted of a 3 fee.t by 3 feet wooden floor, ¾ inch 
thick, suppoded on joists with a lath and plaster ceiling underneath, and with two 
vertical wooden walls meeting at an angle. lt was used mainly for testing the 
efficacy of boarded attic floor coverings. The second was a small triangular 
eaves-type structure, ('i feet high, 8 feet w ide and 8 feet deep, boarded on the 
underneath of the joists with ·i inch boards, and covered on the outside o f the 
rafters with } inch boards. One end was closed with. corrugated iron sheet. 
When a. magnesium bomb was l,urned on the floor of t his structure, the roof 
boards were rapid ly ignited a 11d a <lestructive fire was produced in a very short 
time; it was evident that the floor could be made to burn when the burning roof 
boards were radiat in.g heat down, and the enclosure was full oi flame. 

This idea was followed up by carrying ont tests in a small h ut, 10 feet by 10 feet 
by 8 feet 9 inches h'igh, furnished as a bedroom. Incendiary bombs of all types 
were placed on such places as a chair seat, table, or bed . and foes ,vere caused 
that might have heen destructive had they not been put out q uickly to save the 
room for further tests. Jt was realized even at t his stage, however. t hat fires 
which looked dangerous after two minutes might nnt necessarily spread and involve 
the whole room. Later experience showed that very few fires s tarted by small 
incendiary bombs got out of control in less than 15 minutes. 

Arrangements ,vere iincnediately made the,:efore for the erection o f a. m1)re 
elaborate fireproof building in which tests could be conducted repeated ly. T his 
building is described in the Second and Third Progress Reports. It wa.!; tlivided 
into two parts by an Incombustible partrtion, the part in front being used for the 
accommodation of observers. The rear part was fitted with a wooden floor, lath 
and plaster ceiling, a partly hoartletl attic space above, and a tiled roof in accordance 
with specit\cations given by BRS. As the con:-trnctional timber was unseasoned. 
the building was dried by means of a coke brazier to an average moisture content 
of 13} per cent. (based 011 t11e dry weight) before the tests were made. The room 
below t he attic was furnished as a bedroom. 

Tests were a lso carried ou t in two condemned houses in Mu llins Path, Barnes, 
on 4 Febrna ry 19:17, chiefly to ~est t he efficiertcy of untrained volunteer fire fighting 
crews. T he rooms were furnished and t he timber was rather clamper than in the 
test house but was considered dry enough to be comparable with timber in 
occupied -houses. 

The results of all these trials gave considerable support to the view that an 
incendiary attack with magnesium bombs on domestic houses cou ld be adequately 
dealt with by local fire pa trols o{ householders armed with such simple applia nces 
as sand containers and hand pumps, Supported by a smaller number of special 
pa.trols provided w ith larger pumps to deal with the more serious fires. As, however, 
the bombs were usually attacked before t he fires had become serious, nothing 
much was learned from these tests of the mechanism of fire-spread in rooms or 
attics, a nd the exact conditions under which an individual bomb would start a 
destructive fire were sti ll rath er in doubt. 
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Burning 1ests carried out at the Forest Products Research Laboratory 
ln 1941 the emphasis had again shifted to the offensive rather than the defensive 

aspect of incendiary bombing and, at the request of the. Ordnance Board, tests 
were carried out at FPRL with the object of comparing the fire-raising capacities 
of British ancl German magnesium bombs with the American steel-casetl thermate 
bomb · (thermate is a mixturf,! of 80 parL5 thermite with 15 parts barium nitrate 
and small amounts of -aluminium fla ke, sulphur, and castor oil). The results of 
these tests are described in four Progress Reports, No. 1- 6 January 1941, No. 2-
12 July 1941, No. 3- 1 J uly HN I, No. 4 - 20 Janunry 1942. 

1n the T-ir;;t Report a description is given o( the standard test structure adopted. 
In Pa.net Report No. 3 it was explained t hat in developing t his structure i t was 
assumed th;i,t the average target was that found in a medium-sized space oi; i:oom 
with a wooden floor and vertical woodwork in the shape of doors, panelling, 
furni t ure, packing cases, etc. ; it is the vertically <.) is-posed timber which is genernlly 
responsible for the rapid initial spread o( fi re in a building. In th.e test, therefore, 
the bomb was burned on a wooden base al a distance from some vertical panels of 
light wooclwork intended to represent, on ·the average, the vertically dispose<l 
combustible material in a room. The struct\.lre consisted of two slatted walls, 
2 feet apart and 4 feet nigh, ma.de of 2 inch s lat!> ! inch thick placed t ir1ch apart, 
rising from opposite s ides o{ a base) 2 !eet square, of ¾ inch planed Archangel 
redwc)od; the centre board o·f t he base was 10½ inches wide to ,l'Void a joint near 
the centre of the collapsed bomb, The bomb was burned in a. vertical position 
in the centre o f the base. The moisture content o'J the s tructure was estimated at 
12 per cent. ' The comparative value of the bomb was assessed o n (1) the time 
taken to burn through the floor and (2) the maximum distance at which the side 
panels were ignited sufficiently to continue burning, and therefore spread the fire.' 

The distance apart of the -panels was fo und to be critical, and would ha,ve required 
con!'iderable a lteration for bombs with much greater or much smaller fire starting 
efficiencies than those u~ed. It is interestin15 to note that this very property, 
i.e., the distance from an incendiary bomb at which a thin wood board can be 
ignited. was afterwards adopted as the best criterion of its fire-starting efficiency 
in domestic. targets. 

1n the Second .Report il was decided that the ver tica l position of the bomb was 
unsuitable and tests were conseri uently made with the homb horizontal, parallel 
to, and equi-d istant from the two side panels ; the structure with the bomb on 
it was weighed at intervals during the burning. In some of the tests the distance 
between the panels was varied : thu~ w it h either British or German magnesium 
bombs the panels were burned out if t hey were only 26 inches apart bL1t not if 
their spacing exceeded 28 inches. There was SQme dollbt as to whelher ignition 
was p roduced l>y radiation from the burning bombs oi: by spread of flame across 
lhe floor, and in later tests strips of the base, 2 inch or. 3 inch wide, nearest the 
panels were given one coat or silicate paint to p revent any s low surface spread of 
.flame across the base. 

The tests .Jescdlle<l in the Third :Report were made with the panels 26 inches 
apart. A German l kg. bomb and several different varieties o( the British 4 lb. 
bomb we!'e burnrd . As before, the results we!'e somewhat varied; sometimes 
both panels were burned out, sometimes only one, a nd sometimes neither. In 
two tests with the side panels only 24 inches apart no burning out occurred contrary 
to the .finding of the Second Report. 

The Fourth Report described further experiments on the burning o! American 
steel-cased thermate bombs and British magnesium bombs on lh.e standard test 
structure with panels 26 inches apart. Burning was less severe thaa in the previous 
tests of these bombs and it was rnggested this was probably due to t he low 
(winter) temperature at which t he tests were carried out (in the open), whereas the 
earlier tests had been made in the summer. 

Throughout the whole series of tests it wa-; apparent that the effect of chance 
variatio11s on the results was considerable. Apart from differences between 
individual test strncture:; which could not be avoi<led with a natural material 
like wood, the burning of al l these bombs had accidental features, particularly as 
to the details of th.e subsidence of the melting bomb a nd t he shape of t he resultant 
p ool, which affected the results. lt was obvious that a much larger number of 
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tests would be required to establish the existence of significant differences between 
the incendiary efficiencies of the various bombs, and that these would have to be 
done under very carefully controlled conditions. 

Early work of the Proof Tests Panel of the Incendiary Bombs Committee 
The tests at .F.P.R.L. had been witnessed by a number of people intereited in 

incendiary bomb development, and the results had been widely discussed (see 
OB Proc. 16,833) . By this time, h.owever. the Ordnance Board was interested 
not only in the intrinsic efficiencies of the different bombs tested, but also in their 
relative values in terms of the number of destructive fires which could be started 
in an operational attack with a given aircraft load. So far it had been impossible 
even to attempt an answer to the second part of the request, and the first part had 
only been answered indifferently and not very conclusively. It was felt that the 
method of test itself warranted much fuller study before it could be said with 
convicti.on that one bomb \/,!as superior to another in its fire-raising power. Acting, 
therefore, on the suggestion of the Chairman of the Incendiary Bombs Committee, 
a P r0<)f Tests Panel, was set up on 11 February l942 

' to develop a standard proof test for compa.ring. sniall bombs or small 
components of large incendiary bombs and to report to the Incendiary Bombs 
Corn.rnittee ·. 

A few months previous to this, F. Division had enlisted the help of the Fuel 
Department at Leeds University in thei( study of incendlarism, and <'lne o( their 
first investigations was a measurement of the radiation and convection isotherms 
round a burning German 1 kg. bomb. It was agreed that the results of this work 
should be i;eported to the Proof Tests Panel in due course. 

At the request of the Panel a number of possible tests were considered by FPRL 
and the results of these considerations were given in Panel Report No. 4. A 
description wa.s given of tests in which lrnown amounts of incendiary materials 
magnesium ancl benzene were h1m1ed on incombustible surfaces below a standard 
• crib' of sticl<.s of wood which was suspended from the arms of a balance so that 
the progressive loss in we.ight could be measured. Various fonns and !iizes of crih 
were used, and conditions of air flow, wood moisture content, elc., were all carefnlly 
controlled. This test suffered from the obvious limitations imposed by the 
differences in the manner of burning of liquid magnesium and beniene vapour 
and the difficulties of igniting small amounts of magnesium, and it was finally 
abandoned as it was ·felt that the results. Ct;uld not be related closely enough to 
practical conditions. The Ordnance Board representative on the Panel pressed 
strongly for the use of the actua l bomb in any other test which was tried. 

Shortly after this the results oi the measurements o{ the-radiation and convection 
isotherms of burning magnesium at Leeds became available and were given to the 
Pa11el in Report No. 2. The method used was as fol lows :-

50 gm. of magnesium was placed in a small cavity in a refractory insulating 
brick and n1elted as quicldy as possible with an oxy-acetylene blow-pipe flame. 
A period of appr.oximately one minute was allowed to elapse before measurements 
were made so that equilibri11m conditions could be reached. An arm rotating 
about an axis through the centre of the pool of liquid metal carried a linear 
thermopile and a small insulated frarne supporting a calibrated thermocoupfo. 
By varying the positions of the thermopile, and of the frame carrying the thermo­
couple, and by varying the a ngle of the rod with respect to the vertical axis through 
the pool, it was possible to make measurements at any poiot in the quadrant of a 
circle between the horizontal a n<l vertica I axes. 

At equal distances the radiation temperature immediately above the pool 
exceeded that in the horizontal plane of the pool. At 1 metre distance. for example, 
the measured radiation temperatures were I60Q C, (above), and 70° C. (to the side}; 
a radiation temperature of 300° C. was attaloed at 48 cm. above the pool and at 
22 cm. horizontally from its centre. Slightly higher radiation temperatures were 
found for a th.ermite bomb dudng its brief per.iod of burning. 

The temperature of the convecled gases had d,opped to 400° C. at 30 cm. -above 
the ceotre of the bomb pool and at 10,cm. h0Tizontally from the centre. At about 
l5 cm. above the pool the 'convection ' temperature was 800° C. 
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Similar results were obtained with tests with l kg. German bombs, and it was 
at once obvious that a pool of burning molten magnesfom is not an ideal incendiary 
agent since it has a more pronounced effect above than to the side, and the chances 
of such a bomb getting underneath furniture are small. Moceover. calculations 
based on the measured radi.ation and convection temperatures showed that not 
more than 20 per cent. o{ the total heat (l,vailab)e (about 20,00() B,Th.U .) i:; dissipated 
by radiation and convection to the surrounding atmosphere. The remai.ning 80 per 
cent. is conducted through the molten metal to tbe supporting floor in about 
10 minutes, a mechanism which can oe liliened to the action o.f a flat-iron. The 
actual rate of generation of heat is many times greater than the minimum which 
is known to be necessary for the ignition of wood, but the heat reaches the floor 
in the absence of air and at such a high temperature that the wood is merely 
charred; some combustion takes place at the edge of the pool, but the draught 
upwards from the heated pool tends to draw the flame away from the surroundi11g 
floor towards the centre. The net result is that the wood chars, and mav char 
right through if it is thin enough, but a continuing fire is very rarely started ; 
only occasionally does the floor collapse under th.e weight of the light ash, and if 
collapse does not occur the chance of a contiuuing fire depends on such imponderable 
factors as the presence of joints or cracks in the floors which may lead to destructive 
burning on the underneath. 

The study of the mechanism of starting fires 
In March 1942, it was known that continuing fires could not be started in isolated 

wooden floors unless (a) they were closed over with some combustible surface such 
as the roof boards of the eaves structure or (b) they were thin enough -for the 
magnesium to burn through and lodge in some confined space such as the space 
between a boarded attic floor and the lath an£1 plaster ceiling underneath. 
SmaU fires had been started in a numbe, of furnished rooms, but they ha.d 
usually been extinguished before they had growJl to appreciable propo.rtions. 
Nevertheless at this time we had already experienced extenstve raids in this 
country, and many destructive foes had been cat1sed by magnesium incendiary 
bomos. The question was-' what other conditions must be operative before a 
magnesium bomb burning on a wooden floor can start a continuing fire ? ' 

Tests carried 011t at Leeds showed that if the floor boards were dried down to 
2-3 per ce,:it, moisture content, tbe .floor would continue bt1rni.r1 g after the bomb 
was exha11sted. The lowest value one can hope to find in the -average furnished 
house is, however, about 8 per c.ent. 

On another occasion a magnesium bomb was igni.ted on a small section of 
boarding about 18 inches square, supported at the corners. on bricks st-anding on 
a wooden floor of normal moisture content· jt was then found that flarne penetrated 
to the underneath of the small section and ignited the fioor below, causing a fire 
whicb had to be extinguished before the whole floor was involved. This result 
was reminiscent of that obtained at Woolwich with the eaves struch1re, and it 
indicated that a floor ol normal moisture content could be made to burn if its 
combustion was aided by the abso1·ption of heat from ne~ghbouring burning 
material, 

In a11other experiment three bombs were placed, 3 ft. apart, in the same room; 
one on the open floor. one close against a vertical board ¾ in. thick, and one at a 
distance of l foot from a wooden structure 2 feet by 2 feet by 3 feet having a light 
vertical panel on the side towards the bomb. The bombs were fired simultaneously 
but only the third produced a continuing fire; the light panel was ignited and th.e 
heat thus produced supported the e'rowing fire in the rest of the structure and in 
the floor beneath. The t inch thick board burned while the bomb was burning and 
the lire then went. out. This suggested that a magnesium bomb is only capable 
of starting a continuing fire in thin limber and that without such a .fire it is 
impossible to build up the fire in the floor to the conti\}uous and destructive stage. 

With these experimenta.J results in rniod, some theoretical consideration was 
giver. in Panel Report No. 6 to the problem of the continued propagation of flame 
thtough an isolated piece of wood , This led to the conclusion that a con'tinuing 
tire could only be established 3n a wood panel if it was below a certain critical 
thickness. Of the heat evolved at the surface of a burning panel, only- about 
15 per cent. is passed inwards to the 1rnburnt material, the remainder being 

345 



dissipated by radiation and convection. Unless the amount of heat passed to the 
next interior layer is sufficient to evaporate the water and raise the temperature 
of the wood to the ignition point, no continuous propagation of flame can take place. 
The flow of heat inwards is dependent on the conductivity of the wood and the 
temperature gradient established. Although wood is a poor conductor of heat, it 
is nevertheless g·reatly superior to air ; with a t hick piece oi wood heat is conducted 
away from the burning surface too quickly for it to heat up the intervening layers 
to the ignition point ; with a thin pa nel the heat is soon held up at the far side since 
air is such a poor conductor, and the temperature rapidly rises to the ignition 
point. Using a . magnesium bomb as the source of radiiJ.tion on one side of a wood 
panel, it was found experimentally that the maximum thickness in which a self­
propagating fire could be produced was ½ inch. With vertical wooden furniture 
supports such as a chair leg, where the heat is not confined to one side, a. greater 
thickness is allowable, but it was shown in Panel Report No. 145 that for square 
sections of I¼ in. ru1d above, a continuing fire could not be started even wlrcn the 
bomb wa,<; touching. 

The conditions for the development of a fire in a wooden structure co.mposed of 
more than one piece of wood are more complex because the heat lost to the 
surroundings from one piece is affected by the heat liberated by the combustion 
of adjacent pieces. The general temperature level of the system is raised, and the 
temperature gradient through eac11 piece of wood modified to such an extent that 
it becomes possible to start continuing fires in wood of dimensions and water 
content greater than would have been possible i.D an isolated panel. An interesting 
example of this is seen in the building of a fire in an ordinary domestic hearth. 
The average ' chip ' is too l.:trge io cross-section for it to continue burning on its 
own when it has been ignited on the surface by the burning P'lper : but, when 
arrang_ed w.ith other chips in the traditional crib form so that full advantage can 
be taken of the mutual support which adjacent burning surfaces give to each other, 
a self-propagating fire hot enough to ignite the coal is soon established. 

This principle of mutual support can be demonstrated very simply by igniting a 
few ounces of incendiary gel between two vertical panels of wood, one¼ inch thick, 
and the other¾ inch thick, placed about 2 inches apart. The inside surfaces of both 
panels .readily infl.amc, and soon a ppear to be burning vigorously. H now the panels 
are separaterl to a distance of abo1,1t 6 inches or more, :ill Jlame on the inside surface 
of the ¾-inch board dies out, while the ¼-inch board continues to burn, and flames 
frequently break through to the back face. H the boards a re brought together 
again, the !-inch b oard will at once reinflame and the combustion of the ¼-inrh 
board is also accelerated. 

The conditions under which a small incendiary bomb can start a continuing 
fire may now he classified as follows : Th~ bomb must be burning within effeGtive 
ignition range of 

(a) wood thin enough of itself to give self-supportjng combustion, or 
(b) two or roore pieces of wood, too thick in themselves to give self-supporting 

combustion,, but situated closely enough together to permit of mutual 
support. 

Continuing the analogy of the fire in a domestic beart:h suggested, lt is clear that 
the bomb may be 1egarded as the 'match' and the 'paper,' which ig11ite the 
' kindling ' which can exist. either in form (a) or form (b) ; this, in turn, ignites the 
heavier timbers, or I bulk fuel' of tbe room. For this reason the small inceadiary 
bomb was often referred to as a · match ' bomb, and the light woodwork which it 
was capable oJ igniting directly as the · kindl.ing.' - 1t was clear then that the 
efficiency of any such ' match ' bomb could be rnea.sured by the chance it had of 
falling near enough to ' kindling ' to ignite .it. 

·The Leeds ' Panel ' test 
The ideas outlined were developed in a series of Panel Reports, Nos. 5, 6, 1 J, I 2, 

16 and 26a. In seeking something to represent · kindling ' it was obvious that 
(b) was not easy to reproduce, and it was decided to use a thin plywood panel for the 
purpose. The experimental wOl'k was carried out at Leeds and consisted in an 
exploration oi the maximum region round the bomb in which such a panel could be 
jgruted, and the test became known as the ' panel ' test, The panels used were made 
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of birch plywood, 1 foot square anrl t inch thick, and they were used in both 
horizontal and vertical positions. At a later date other plywoods·were experimented 
with and beech was used in a number of tests (see Panel Report No. 146). In 
applying the experimental results to a typical furnished room the following method 
w<1s used. 

First of all, on a plan of the room the location o{ all the · kindling ' was ·marke<;l, 
considering only wood within the vertical range of the bomb at rest ; for example, 
thin wood ln the sides of a small bookshelf hung on the wall was ignored if it was 
above the level at which it could be ignited by a bomb on the nearest horizontal 
shelf below. Similarly, horizont:).l wood wru, ignored if s ituated too high in the roqm. 
Some suitable method was adopted for distinguishing the vertical from .the 
horizontal • kindling.' 

The vulnerable areas were then marked in the following way. Where the effective 
regions weasured by the 'panel • test are clearly symmetrical about a vertical axis, 
as in the case of incendiary geJs, they may be replaced by cylinders of radius R aud 
height H (with suffix v or h ior vertical and horizontal panels). If the regions are 
ellipsoidal rather than cylindrical, as in the case of a magnesium bomb, the 
horizontal range may be taken approximately as tl1e geometric mean of the 
horizontal semi-axes, and the effective height by the vertical semi-axis. Thus, 
round the plan of each piece of thin vertical wood up to the height H®' the area 
lying within a distance R,, was marked ; similarly round the plan of each piece of 
thin horizontal wood up to the height H 11,, the area lying within a distance R11 was 
marked. Let the total a rea thus en:losed be denoted by A 1, and let A be the whole 
area of the l'Oom accesslble to the bomb. Then the chance that a bomb which enters 

the room will be in the vulnera..ble area A1 is ~ - . aJJd this is the probability that such, 

a bomb will start a continuing fire in the ·kindling• in the room. This was 
generally known as the ' static intrinsic efficiency ' or S.LE. of the bomb in the 
target concerned. 

In Panel Report No. 26a, this method was applied to a number of incendiary 
bombs, using a typical furnished German apartment, detai ls o-f which were furnished 
by RES. Report No. 26a was adopted by the Panel as a satisfactory answer to th.e 
original terms of reference, aud it was communicated to the Incendiary Bombs 
Committee by the·Chairman in July 1943. It was realised, however, that much more 
work on fi re-spread anrl incendiary bomb development and testing would have to be 
done, and for this reason the Panel was continued as 'The Incendiary Bomb Tests 
Panel.' 

Application of the 'Panel ' test to magnesium bombs of di.tfe,:ent weights 
While lhe • panel ' test was being developed at Leeds, the rapid expansion oi the 

incendiary bomb programme emphasised. the n,ecessity for conserving magnesium, 
and in October 1942, the Ordnance Board made a Iurther request that the I,B.T.P. 
should study the likely qualitative deterioration in effect in the incendiary efficiency 
of British magnesium bombs d ue to a reduction of the magnesium content to ¾ lb. 
(O.B. Proc. No. 19776,) 

A number of graded magnesium bombs were submitted to the · panel ' test, and 
the results given in Panel Report No. 11 in the form of a' figure of merit '-a method 
which had been suggested in Pa.net Report No. 6, but which was later discarded in 
.favour of the more exact method described in Panel Report No. 26a and outlined 
in the previous section, This · figure oi merit' was defined as 

K 1 V., + K 2 V,. + K 3 A 
where Vv = effective volume in which vertical panels can be ignited, 

v,. = effective volume in which horizontal panels can be ignited, 
A = area of charring of floor, 

and K10 K 2, and K 3 are weighting factors taken as 2, 1, and 0· 5 respectively. 
A summary of the results ,vas given in Panel Report No. 12a, and, in addition, 

an estimate was made of the probable number of destructive· fires which would be 
caused by one aircraft load of bombs of each weight. The analysis involved a 
certain amount of conjecture about the activities of fire-guards and the proportion 
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of fires which would grow to the destructive stage, but in the light of later e~peri­
mental work these conjectures were found to be reasonable. In the final discussion 
it was deduced that ' there is no gain and even a slight loss in subdividing a given 
quantity of magnesium into a greater number of bombs.' 

It was unfortunate that this conclusion was based on a method of using the 
experimental results which was so soon after to be abaQdoned , Ex.perience gaiued 
in the application of the method given in Panel Report No. 26a sh.owed lhat, for all 
practical purposes, the chance of starting a fire in a furnished room was a lmost 
directly proportional to the mean horizontal radius oi action Rv tor vertical panels, 
wh~reas the originally pro1>osed ' figure of merit' was roughly proportional to the 
cube o{ Ru. The figures based on both methods of assessment are as follows: --

Tahle No. 2 

1ncendiary 
Weight of Magnesium. effect relative to Mark II! 

Bomb. 
Relative Based 

In lb. to Marie III on ' Figure ol Based on Rv. 
Bomb. Merit.' 

Mark ill I · 25 1 1 l 
1-04 0·83 0·82 0·95 
0·94 0·75 0-72 0·86 
0·75 0·60 0·56 0·82 
0· 46 0-37 0·23 0·53 

Thus, on the old system, as the weight drops progressively from 1 to 0·37, the 
incendiary efficiency falls off at a greater ra.te. £rom 1 to O · 23 . On the more exact 
system the incendiary efficiency falls off much Jess rapidly than the reduction in 

weight, and the O · 46 lb. bomb is ~: ~~ = l · 43 times as efficient as the I · 25 lb. 

bomb. Contrary to the findings of Panel Report No, 12a, therefore, there is an 
ad vantage in further subdividing a given weight of magnesium into a greater number 
of individual bombs. 

The foll implications of th is -alteration in method of assessment are given in Panel 
Report No. 143. In actual fact, it is doubtful whether the erroneous conclusion of 
Panel Report No. 12a had much effect on war-time development of the 4 Jb. 
magnesium bomb. In the Mark IV bomb the weight of magnesium was reduced 
to I lb. 1 oz., but as this was accompUshed by increasing the bore and keeping the 
external dimensions the same, no increase in numbers carried res ulted . One 
advantageous result was that the magnesium rnelted more quickly (4- 5 minutes as 
against 10 minutes) and the chance of the bomb being found and attacked by 
fire-guards was reduced. Actually, this rapid burning resulted in a n increase in 
Rv from 10½ inches for the Mark III bomb to 14 inches for the Mark IV bomb. 

Possibilities of increasing the S.I.E. of a Match' bomb 
It is a necessary consequenco of the method of assessing the chance of fire-starting 

by a ' match ' bomb that the chance may be substantially focreased if the bomb 
includes a t1evice which transfers its action from the point where it falls to a place 
in the room where the proportion o . vulnerable to safe area is greater than for the 
average for the room . 

Such a device was developed for the 4 lb , rnagne$iUm bomb. This bomb has two 
main pa.rts, (a) the incendiary b dy, and (b) the steel..nosc which gives the bomb 
the necessary penetration. It was sugge$ted that a small explosive charge should be 
inserted between (a) and (b) which would operate some seconds after the bomb had 
come to rest, and drive the magnesium body- away from the steel nose and into 
contact with some vertical surface. In Panel Report N'o. 14 an analysis of the 
action of such a bomb in a lounge and bedroom showed that the S.I.E. could be 
increased by SO per cent. 
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There are other incidental advantages in a separating charge. In the ordinary 
way about 1 to 2 inches of the magnesium body nearest to the nose fails to burn 
owing to the cooling action of the steel; by separating the nose from the magnesium 
there is a g reater chance for all the magnesium to be consumed. If the nose is of 
the explosive type there are added advantages in sepa,ation. Firstly, the scattering 
of the burning magnesium by t he explosio11 is prevented. Secondly, the fire.guard 
will be ignorant of the location of the expl'osive nose in the room and will be more 
circtimspect and hesitant in carrying out his duties. 

The principle of the separating nose was incorporated into the German IBSEN 
bomb, but this was never used extensively enough to enable its effectiveness to be 
evaluated. Development of a British bomb on these lines was proceeding at the end 
of the war, and it may well be that this is the ideal small incendiary bomb, always 
providing its production can be made reasonably simple. 

The use of a target-seeking device was developed independently in the United 
States and resulted in the production of the AN- M69-6 lb. oil bomb which was 
used so successfully against Japan. The Standard Oil Development Co. of New 
Jersey had carried out extensive investigations for N.D.R.C. into the possible 
substitution of thickened gasoline gels for magnesium as -an incendiary agent. They 
used for their burning tests what was known as a ' half attic structure,' consisting 
of a floor section and a 45 degree sloping boarded roof, 6 feet high and 3 feet across. 
It was found that the nearer tbe gel was placed to the eaves line, the greater was the 
chance of producing a destructive fire irt the structure. Thus complete destruction 
was attained ~vith l lb. of gel at 2 feet 8 inches from the eaves, with 2 lb. of gel at 
3 feet 6 inches, with 3 lb. at 4 feet, and with 10 lb. at 6 feet. 1n each case the floor, 
as well as the roof, was set alight, and the mutual support of the two fires caused the 
build-up to destruction, as with the tests in similarly shaped structures at Woolwich.. 
If the amount of available gel is restricted to about 2 lb. it is obvious that, iu an 
attic cleared of furniture, the vulnerable area is confined to a strip about 2-3 feet 
wide along 'the eaves, light doors, and partitions (if any), and this is a small 
proportion of the total. A bomb was therefore devised which first came to rest on 
the attic floor, and then ejected its contents so as to propel them substantially in 
one piece towards the eaves. In this way the chance of starting a ftre was 
enormously increased. 

The advantage of such a system also operates in a furnished room, bat the M69 
bomb was not capable of penetrating the floor of the average Germar1 attic into the 
furnished rooms below. It was, however, ide;i.l for Japanese targets where a much 
lower 1)enet rating power was required. 

' I.l3. Cottage ' 
Panel Report No. 12a made one notable contribution to incendiary bomb testing 

and developmer)t in that it stressed the need for more detailed information on the 
way in which a fire grows from its early beginnings to the destructive stage when, the 
whole compa1"tment is involved. The effect of fire.guards on a fall of incendiaries 
ca,n only be assessed if, among other things, it is known how long the fire remains in 
L·he stage in which it can be easily extinguished by hand appliances. 

Arrangements were therefore made for t he construction of a test building in which 
it would be -possible to let the fires develop to complete destruction of the contents 
tf necessary. Jn September 1942, the fireproof incendiary building at Woolwich 
was transferred to B.U..S. for re-erection. This stnicture had been designed originally 
to accommodate a bedroom and roof space and was not high enough for two fall 
floors. As this was thought desirable. the st eel framework oi the structure was 
erected on top of a brick-walled building of the same external dimensions forming 
the ground floor. The steel framework was :fifled in with brick.work panels thus 
providing what was essentially a two-storeyed brick building with one room on 
each floor. A complete description of the building is giveO'in Panel Report No. 24 
and it was ready for use in January 1943, and it was christened ' I.B. Cottage.' The 
extension walls were provided to allow for additional rooms to be built on if 
required, but this was never carried out. 

Before the ' Cottage ' was used, a good deal of consideration was given to the 
problem of deciding how to idt>ntify, without any doubt, the critical point at wltich 
the fire got out of control oi the hand appliances. It was suggested that a continuous 
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measurement of the heat content of the gases escaping through a hole in the ceiling 
might provide the answer, ·and a 9-inch diameter hole, siroulating the hole made by 
the bomb on entry. was left in the ceiling for this purpose. It was a straightforward 
matter to measure the temperature of these hot gases at intervals, but not an easy 
one to measure the flow. As an alternative an attempt was made to measure the 
air-flow into the room through a 2 feet square hole a t floor level. The building 
however, did not lend itself to accurate measurements of this type ancl the project 
was abandoned after several attempts as unprofitable. In subsequent tests the air 
temperature at the centre of the room was always measured as an indication of the 
intensity of the fire, and occasionally the radiation intensity was measured through 
a window in the E wall. 

The 'Cottage ' had a boarded floor a nd a plaster-board ceiling whi.ch could be 
quickly replaced when damaged by fire. T here was a panelled door to give the 
same combustible contribution as the door in an ordinary living room, since the 
actual door was of steel, and the furniture consisted of a table. four small chairs, 
two easy chairs, and two cupboards with panelled fronts. Geuerally no ' tinder ' 
or hanging textiles were used since it was found in some early tests that they dicj. 
not materially assfst in the rate of growth oi fire from a · match ' boro b, and were 
difficult to standardise. The furniture was built to designs given in Panel Report 
No. 10. The flooring and the timber for the furniture was first cut to s ize and then 
sent to F .B.R.L. to be !din-dried and condi t ioned to 12 per c-ent. moisture content 
before it was assembled at B .R.S. The completed lots of furnitu re were stored in 
a dry room until they were required and only put in the' Cottage ' on.the day of the 
test. 

The 'Flash-Over ' 
Some pi-elimina.ry tests were made during which concHtions were adjusted and 

finally s tandardised. A number of tests with the standard small incendiary bombs 
were then made and the results found to be amazingly reproducible considering the 
nature of the tests : they immediately provided vitally useful inf.ormation on the 
mechanism of fire-growth in such a room. A. detailed description will be given of 
Test No. 5 which is recorded in Panel Report No. 30. as it illustrates exactly the 
conditions which were experienced r-epeatedly in subsequent tests with small 
·incendiary bombs, 

A British 4 lb. Mark JV magnesium bomb was p laced in the angle between the 
cupboard and the door, a nd close enough to be within the effective range of action 
(14 inches) or this bomb for igniting' kindling' . 

The plywood panels of the cupboa rd and door ignited within the first rninvte a nd 
flames spread up the panels causing a strong fire in this corner of the room. Dt1ring 
the first ten minutes, there was little tendency fo r the fire to spread away from the 
group of furn iture in this area. This locaLisation in the early stages was partly due 
to the d irective action of the convection currents ; as cold air was drawn in near 
the floor level towards the fire it was deflected upwards at the cupboard and the 
door, thus directing the flames on to the panels and ceiling and away from the other 
contents o[ the room. The time-temperature curve shows that the air temperature 
io the centre of the room rose to 200° C. in the first 10 minutes and to 400° C. in 
14 minutes. There were temporary rises at two stages during this period corres­
ponding with observed fluch1ations in the intensity of the fire. 

Meanwhile, the woodwork of the furniture and floor was gradually heate<l up 
mainly by radiation, and vapours could be seen distilling from the small chair 
nearest the fire. Later, the same effect was seen on the much heavier timbers of 
the table. . 

At 14 minutes the -framework of the burning cupboard collapsed. AJmost 
immediately there was a rapid increase in spread of fire over the floor and fornilure, 
and within a minute ttie whole conten ts o( the roo,sn were burning fiercely . The 
change was accompanied by an extremely rapid rise in the a ir temperature to 9S0° C. 
and this temperature was maintained for a further 7 minutes until the fire was 
extinguished. 

The temperature of the woodwork in the cupboard farthest fron1 the Jire was 
recorded by a thermocouple inserted in a small hole drilled jus t below the surface 
of the wood. At the time the fire began to spread rapidly this couple was registering 
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250°·- 300°C., a temperature at which wood decomposes exothermically. rt may
0

be 
assumed that most of the timber in the room had by then almost reached or passed 
this tempera.lure, and the sudden flash of the fire over the whole room corresponded 
with the almost simultaneous ignition of all the exposed comoustible surfaces and 
the evolution of a correspondingly large amount of heat. 

this point at which the fire suddenly in volves the whole room has been called 
the 'flash-over ' . 1t has been observed repeatedly in LB. Cottage and elsewhere 
and is probably an essential feature of most faes which start -from small beginnings 
and finally become destructive. ln a room which contained a high proportion of 
'kindljng •, it is possible that the fire would spread progressively from one piece 
of furniture to anoUter, and a ' flash-over ' would not take place. but such a room 
would be an exception. At the ' flash-over' all the combustible objects in the 
room not involved in the primary fire suddenly become heat producers instead of 
heat receivers, and there is always a sudden rise in temperature to approximately 
1,0009 c. 

The chief interest of this phenomeMn lfes in the fact that it provides a clear-cut 
line of demarcation between fires which can be dealt with by first-aid fire-guard 
parties using stirrup purups and similar equipment. and those which necessitate 
attack by high-powered jets s uch as are normally used by the regular fire brigades, 
and which can be operated at a distance from the fue. It has been demonstrated 
tl1at even after the ' flash-over · it is possible to extinguish such a fire with stirrup 
pump jets in the bands of skilled and experienced operators, but the task is a lmost 
impossible to the average inexperienced operator, the · flash-over ' may therefore 
very usefolly be taken as the dividing line between the two kinds o[ fire. 

With all tlte smaJI bombs it was found that the time to ' flash-over ' was rarely 
less than 15 minutes and was occasionally as much as SO minutes, depending on 
such factors as the intensity and size of the p1·imary fire started by the bomb, its 
pus.ition in relation to other combustibles in the room, the dryness of the contents . . 
the extent of aera,tion, the size of the room, etc. The size of the primary fire was 
specially important, and it was found that unless this involved at le.ast one major 
piece of furniture such as a cupboard or an easy chair. the heat evolved was not 
sufficient tn raise the rest of the room to the ignitio n point, and the fire would die 
out. The ignition of a single small chair for example, was generally found to be 
quite useless. · 

The long incubation period of the " match " bomb fires ma.de ·fire-guard inter~ 
ference a serious menace to the success of incendiary attack. To dete1 them a 
proportion o( the bombs had beeo fitted with ex1)1osive rnpsules containit1g gun­
powder, and in the first. l ,000-bomber raid on Cologne, a 4 lb. incendiary bomb 
containing a high explosive charge which detonated after a delay was bro11gnt into 
use. Moreover, the high ex-plosive bombs which formed the greater part of the 
weight of the attack drove many of the fire-guard parties to shelter. To defeat the 
fire-guards two modifications to the incendiary raid technique were proposed. 

(a) An increase in the bomb density so that the fues became too numerous for 
the fire-guards to extinguish before they got out of control. Improve­
ments in target finding methods enabled this to be achieved more and 
more as the war progressed, and in 1944 the attacks with the 4 lb. bomb 
had become very destructive. 

(bl The use of a larger bomb which would start fires which reached tbe ' flash­
over' so quickly that they were reasonably invulnerable to fire-guard 
a.ttaclc. The attempts to J>roduce such a weapon are described later in 
this monograph. 

The influence of linoleum on domestic fires 
The burning tests in T.B. Cottage and the ' panel ' tests at Leeds were normally 

carried out with t.he bomb bnrning on a plain wooden floor. Many furnished 
houses have linoleum-covered floors and tests were made to find out what effect a 
covel'ing of printed linoleum would have on thf' radius o.f action Rv of a British 4 lb. 
magnesium bomb. These tests are recorded in Panel Report No. 63. It was 
fo1,1nd that the range was slightly less than with tne boarded floor, and this was 
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attributed to the suppression of flames from the floor boards which normally assist 
the action oJ the bomb, while the linoleum itself ooes not burn very well in the 
early stages. 

When the American MSO bom.b was used, the blobs which were scattered in the 
first mioute or so of intense burning, gave small Jlames as they landed on the 
linoleum but the flames soon died out. No appreciable incendiary effect can be 
expected from this source. 

It was under»'tood that, in Germany, parquet floors and rugs were common, and 
that where linoleum was us('!d it had a bitumen backing. Although the lattfC 
would add to the general heat output when the fin: had passed the · flash-over ' 
it would ha.rdly affect the radius of action of tbe bomb. 

On 19 May 1944, some tests were carried out on a linoleum-covered floor a.t J.B. 
Cottage (see Panel Report No. 8 I). 1t ·,vas con finned that the radius of action was 
smaller in this case : however, once tl,e primary fire had become established the 
growth of fire to the' flash-over' was quicker than with the boarded floor, but as the 
room had been -partially heated by a p revious test it was not possible to say how far 
the linoleum contributed to the spreading. In. the t ests in bomb-damaged houses 
in Rackham St. and elsewhere which will be described later in this monograph. 
linoleum was invariably used. but it never seemed to make any appreciable difference 
until the room was ·well warmed up. 

A similar kind of effect was produced at L.B. Cottage on l March 1944, when a 
test was made using an oil-soaked floor which had been brought from a woollen 
mill in Yorkshire. The progress of the primary fire was the same as with the plam 
floor, but the 'flash-over I took place earlier and with much more violence. 

The British 30 lb. gel incendiary bomb 
The Germans, in their raids on this co11ntry, 1,1sed several large ince.ndiary bombs, 

one of the most popular being the SO kg. oil bomb. This bomb had a thin-waJfed 
steel case which contained a sticky rubbery gel and a sJnall amount of phosphorns. 
A fuze actuated by the first impact of the bomb, exploded a charge whid1 burst 
open the case and ejected the contents while the bomb was still io flight. 

A bomb similar in principle had been developed in this country early in the war 
to provide an alternative to the 4 Jb. bomb in view of the shortage of magnesium 
It weighed 30 lb., and contained 6 lb. of incendiary gel. Before the entry of Japan 
into the war, this gel consisted of benzole thickened with rubber. Scrap perspex 
was then used, and later a preparation of cellulose acetate. 

It was soon recognised that a bomb of this size might satisfy condition (b) and 
start very rapidly destructive fi.res, since it was capable of starting a number of 
sel?arate primary fires in the room at the same time. which. might join together to 
form a blaze. :For this reason in all the early reports, bombs of this size were al way; 
referred to as · blar.e' bombs. Later experience showed that the terms · match' 
and ' blaze' were more properly applied to the .fires caused by the bombs than to 
the bombs themselves. Thus a 4 lb. magnesium bomb burning in a room foll of 
dry wood sh'.l,vings m ight start a destructive fire in a fe,v mim1tes, while a. 30 lb, 
gel bomb might scatter its contents so that they all landed on incomhustible surface 
and burned out harmlessly. At the time, however, the distinction was a useful 
one. 

Three of these bombs were tried on 7 Joly 1942, in some condemned houses in 
Mall Road, Hammersmith, furnished to varying densities with damaged furniture 
made ava.ilable by M .H .S. 

At once it was apparent that i t wou Id be difficult to :fire the bomb statically jn any 
way which would satisfactorily reproduce ils manner of functioning when dropped 
from the air. A number o·f possibilities were con~dered and in t his first test the 
method used was as follows. The bomb was stood tai l downwards on the floor 
and anchored so that when it was fired it. rose 5 feet into the ai r and then ejected 
its contents downwards in a conical shower. This was achieved by attaching wire 
ropes to the born.b and passing them through holes in the ·floor and round a joist., 
with enough slack to allow the bomb to rise to a height of 5 feet before the slack 
was taken up. 
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One bomb did not function correctly and the resulting fire was easily dealt wit h . 
In the other two c,-ases the tires got out Of control althbugh they were attacked by 
sti1Tup pump parties within q. minute::; of the firing of the bomb. In both cases the 
fire spread to the floor upstairs. One of the fires was extinguished by the N.F.S. 
but the other was allowed to burn, and eventually t he whole house was gutted. 

It was concluded from these tests that the 30 lb. gel bomb could be classed as a 
' blaze' bomb, although many observers were of the opinion that the rooms had 
been far too heavily furnished with draperies etc. , and that the results should be 
discou nted somewhat as a result. 

An attempt was made on 5 March to test this bomb at I.E. Cottage. The bomb 
i1sed was a Mark III bomb with a 7 per cent. perspex benzole filling, and it was 
placed in a bracket in the corner of the room about 6 feet from the floor with its 
tail pointing downward at an angle of approximately 20 degrees, and with the seam 
underneath . Thus, although the bomb was apparently entering the room tail first 
it was hoped that the ejection of the gel would be similar to the forward ejection 
produced in an air drop, where the high arrival velocity of the bomb (about 800 feet 
per second) is suflicien t to swamp any ·backward velocity of the gel on ejection from 
the back end of the seam and the tail. However, when the bomb was fired , the seam 
did not split open, and the whole of the contents were ejected from the base and 
consumed io a flash-burn, which did considerable structural damage but caused no 
fire at all. 

Another trial was carried out with this bomb as one of a series which took place 
io "Bridge Road, Hammersmith on 8 March 1943. On this occasion the standard 
set of furniture designed for I.B. Cottage was used, and the bay windows were 
fitted with short net curtains and full length black-out curtains. The bomb was 
mounted in a similar manner to that used at LB. Cottage except that it was on a 
ledge instead of in a bracket. Unfortunately the test was again abortive as the 
case did not split longitudinally, a.nd the gel was ejected from the base. A large 
amount of t he fill ing was again consumed i n a flash-burn which caused considerable 
material destruction, but the few small fires which were started were easily 
extinguished. It was pointed out that, in any future test the bomb should be 
artifici~lly cooled before 1u;e to a temperature of about - 40° C. such as tl1ey would 
have in operational p ractice after a long flight from England, since th.is would 
materially affect tbe viscosity and conseq uently t he degre<" of break-up of the gel, 
and prevent its explosive dispersal. 

As the results of these trials showed that it W'\S probably impracticable to devise 
a means of functioning this bomb statically in a manuer adequately reproducive 
of its action ,,hen dropped from the air, it was agreed on the 18 March 1943, not 
to carry out any more tests with statically fired bombs, but to proceed with the 
erection of a mortar at some suitable place so that bombs could be fired downw;i,rds 
into a test building, and the correct distribution of gel reproduced. 

A test carried out a t I.B. Cottage with. cellulose acetate gel on 4 June 1943,, 
showed that 2 lb. was probably about the minimum amount which could be re!jed 
on to ignite the panels of the cupboard and set it on fire. T he target-seeking 
propensity of an individual gob of gel from a 30 lb. bomb is probably higher tha n 
that of a single m~nesium bomb owing to the sideways compone.nt of velocity 
prodilced by ejectio11 from the case, and it is possible that the chance of such a gob 
starting a· match' fire may be as high as 0·4. The arrival of three s uch gobs of 
gel in a1oom would make the starting of a' match ' fLre almost certain, but a' blaze· 
could only be started with such a dispersion of the gel ii all t)1ree gobs started primary 
fires together, and the chance oi this happening is small. The 6 lb. of gel from a 
30 lb. bomb may be distributed 10 such a way that small centres of combustion arc 
initiated which are not large enough individually to grow even into " match ' ' 
fires, but which are numerous enough and close enough together for mutual support 
to opera.te, and £or a rapidly destructive fire to ensue. 

On 18 October 1943, the first mortar-fired test with this bomb was made at 
Tondu. A full description of the set-up is g.iven in Panel Report No. 69 in which 
the results of the first 38 tests are recorded ; most of these were concerned with 
the investigation of {uze behaviour and gel d istribution. It was established that 
in operational use the bomb is most likely to function in the attic or in a room 
directly below this, and that the gel is scattered in fair-sized pieces, and very rarely 
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dispersed explosively. At a later date, when _the cellulose; acetate filling had been 
adopted for this bomb, burning tests were carried out using the standard set of 
furniture, although the arrangement was modified somewhat to allow a greater 
cooce,11trat10u in that part of the room into which the bornb was fired. These 
results are recorded in Panel Report No. 91. In three out of the five cases in which 
the bombs functioned correctly. 'blaze' fires were obtained, 'flash-over' times 
of 5½, 6¾, and 6½ minutes being recorded. There was a feeling in the Panel that 
these results were only achieved because of the unusually high concentration of 
iumiture in the path o{ the bomb. No other bombs were ever tried with such a 
high furniture concentration, a ncl it is possible that, if- they had, much shorter 
' flash-over ' times would have been obtained. The set-up used for these tests 
was p robably never satisfactory ; the furniture coosisted of ' k indling ' a.nd ' bulk 
fuel ' only, since it was designed originally to test the rate of fire growth with 
bombs which could only start fires by setting light to · kindling ' . For a bomb 
which is capable of producing a large number of centres of ignition it would seem 
only fair to provide all th.e possible sources of combustibility (such as curtai.ns, 
pictures, radios, book-racks, coal-boxes, pipe-racks, books, magazines, toys, etc., 
etc.) which would be found in practice. 

The 30 lb. petrol jet bomb 
The work at Leeds had shown that the magnesium bou1b is not aq ideal fire 

raiser since so little of its heat is transferred sideways where it cao be effective. 
It was natural to compare the short intense flames of burning magnesium with 
the larger but less intense, flames of hydro-carbons burning under natural conditions, 
and it was only a short step further to suggest that a horizontally directed jet 
flame might offer a very effective method of setting fire to combustible material. 
Weight for weight, most hydrocarbons have a greater heat output than magnesium, 
and a horizontally directed flame playing on the base of a vertical combu5tible 
surface is an ideal method of starting a fire ; a vigorous horizontal flow of fresh air 
is induced and directed towards the target and the floor itself is dried out a.nd 
heated up in preparation for spread of fire as soon as the primary nre has grown 
su fliciently. 

In the -first place a bomb fitted with a pre-heated jet and fi.lled with about 2 lb. 
of butane was built a t Leeds and gave quite promising rt'sults. Owing to the 
lack of availability of butane, however. this development was oot followed up, 
and attention was directed to the use of petrol. 

The first demonstration ol this principle was given in the lower rooms of some 
condemned cottages in Leeds on I October 1942, and the results a re given in Panel 
Report.No. 9. The rooms were very small (about 12 feet by 10 feet) and the street 
door opened directly into them, opposite the staircase. The windows were boarded 
up and each room had a cupboard built in beside the chimney-breast and was 
·furn ished with a mock-up sideboard, table, and upholstered arm chair or small 
settee, 1n soo::ie there was a !so a small wooden or upholstered chair, but there 
were no curtains or carpets. The floorboards were d istinctly damp. The ceilings 
were sound. A brick was removed from below the window to admit the petrol 
feed p ipe. 

Two tests were carried out using only a quart of petrol each time ; this was the 
maximum amount it would be feasible to use in a ' match ' bomb. In one case 
there was only superficial fi re damage, and iu the other a very slow fhe was started, 
which died out of its own accord after 28 minutes. Two further tests were carried 
out using 1 gallon of petrol in each case. The fuel was injected at high pressure 
though a jet at the end of ;3.bout 1 foot of fiexible metal tubing so that the jet 
oscillated from side to side. A bomb containing this amount of petrol would be 
heavy enough to be classed as a. ' blaze' bomb 011 the old system. In both cases, 
very rapidly destructive fires were caused. 

These results were so promising that it was dccid~d to build and test a number 
of mock-up bombs immediately. Each bomb consisted of a steel cylinder fitted 
with a central tube containing thermite, the burning of which raised the petrol to 
t he desired temperature and pressure to form a jet of combustible vapour which 
was ignited to form a horizontal jet flame about I 2 feet in length. The total weight 
of the bomb was about 30 lb, and .it held 1 gallon of petrol which burned !or about 
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two m.inuees. Pressure development wai, aided by dissolving methane in the 
petrol but this meant that the bombs were always under pressure. At a later 
stage a mixture of shale spirit and alcohol was used with similar results. 

One of these bombs was demonstrated along with others in the tests at Bridge 
Avenue, Hammersmith, which are described in Panel Report No. 17. Further tests 
were carried out with varjations in the jet arrangement in the same row of houses on 
23 March 1943, and these are described in Panel Report No. 17a. In each case the 
standard set of furniture was used, and some attempt was made to reproduce 
realistic atmosphere by covedng the floor with linoleum and .rugs, distributing 
books and magazines a.bout the place, and hanging up black-out curtains at the 
bay windows. Jn every case rapidly destrnctive fires were produced ; alm.ost 
as soon as the jet formed, the whole room was so enveloped in flame that it was 
difficult to distinguish any incubation _period prior to the ' flash-over,' and the fires 
built up steadily in a fow minutes to a stage at whLch they were quite beyond 
stirrup pump control. In five minutes the rooms were gutt ed. 

From this point the development of the bomb irLto a prac;tical weapon proceeded 
with very high priority, and during this stage numerous tests were carried out at 
l.B. Cottage and in furnished houses at Rackham Street. North Kensington. The 
tests carried out up to April 1944 were all separately repo,ted, but an excellent 
summary of them is given in Panel Report No. 66, Jrom which the following extract 
is taken. 

·The.first three performance tests on the " J " bomb were made on experimental 
models at the Hammersmith site. Both fingle-jet and triple-jet models produced 
1

• blaze '' fires. 
Six tests were made on production models (single jet) in LB. Cottage. In three 

of these where standard conditions were adopted, ·' blaze '' fires resulted (8, 8½, and 
9 minutes). ln a fourth, the bomb was aimed at the wall in a corner of the room 
and most of the flames were directed upwards. Although some upholstery near 
the bomb became ignited, no continuing fire resulted. As a result of this test, a, 
series of supplementary tests (described in Panel Report No. 60) was carried out 
to study the reflection of the bomb flame from the walls of the room when the bomb 
was placed in various positions. 

Two more tests were made using salvaged beclrooin furniture instead of the 
standard set. For the first the window was glazed and the door closed when the 
bomb was fired ; there was then insufficient air to support combustion for long 
and no fire resulted. 

After this, 16 tests were included in the first two series at Rackham Street with 
the bomb in vario,us positions and the ventilation and furnishing of the room also 
varied. In these, no fae resulted in ftve cases, a "match" fire in _five cases (31, 
26½, 17, and 60 minutes respect.ively) and a "blaze'' fire in six cases (S, 8½, 6, Si, 
and 4 minutes respectively).' 

Some dropping trials with inert bombs were carried out at Leysdown, Isle of 
Sheppey, during October and November 1943, for the pllrpose of testing, functioning, 
penetration, clusterperformauce, and so on. The results showed th.at the structural 
damage caused by the bomb on e ntry had not so far been sufficiently allowed for 
in static tests. In many oi these tests a large amount of • kindling I was produced 
by the break-up of furniture, and ceiling laths were exposed where the -plaster 
had been broken down. The same thing was noticed with the mortar-fired 30 lb. 
gel bombs at Tonda, and, although nothing was ever done to try and reproduce 
these effects, it was always realised that results in practice were bound to be slightly 
better than those of static tests. 

From the tests carried out with the ' J ' bomb it was possible to make a RUmber 
of broad generalisations about its performance, and about the conditions necessary 
for the production of • blaze ' fires. Of tbese, first and foremost was tbe question 
of a.eration. A large fire cannot develop and spread wj,thout an adequate supply 
of air; each I lb. of wQod requires about 7i lb, or 100 cubic feet of air for complete 
combustion. A primary fire in one piece of furniture which burns for 15 t0 30 
minutes is seldom short of air since fresh supplies are constantly being drawn into 
tbe room. A • blaze' ii.re, on th.e other hand, exhausts the air much more quickly 
than it can be replaced by normal leakage into the room, and if the supply is to be 
kept up something roust be done to break open windows or doors, I n Panel 
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Report No. 57 it was shown that if the density of an attack with high: explosive 
bombs is of the order of JOO tons per square_mile, then 95 per cent . of the houses 
in the area s uffer more than 50 per cent. of glass damage, and since each aircraft 
i.n the incendiary raids on Germany usually carried one 4,000 lb. blast bomb, it 
was thought that enough window damage would be caused to provide all the 
ventilation required. 

The extent to which even a. small slow-burning fire in a domestic room de;>ends 
on air drawn in from outside is not often realised. In Panel Report No. 36 1t wi:1s 
shown that when the oxygen content of air d rops from 21 per cent. to about 15 per 
cent. by volume, flaming combustion cannot continue, although glowing combustion 
can be maintained at much lower concentrations. For example, in a room of 
2,000 cubic feet capacity, the amount of air available for flaming combustion is 
only l-r of 2,000 = 570 cubic feet which weighs 3·6 lb.; this is only enough to 
burn ½ lb. wood completely. Thus, even for the continued burning of quite a 
small fire, fresh air must be constantly drawn into the room. Glowing combustion 
may proceed for a considerable time in a tightly closed room, and the heat produced 
may raise the temperature of the remaining combustible material so near to the 
ignition point, that any s udden inrush of air caused by opening a window or door 
will cause an almost immediate 'flash-over.' Cases are on record where an 
apparently slow smouldering fire confined to one room of a building has suddenly 
burst Into flame and consumed the whole building when windows or doors have 
been broken open. 

The tests with the ' J • bomb also s.howed that even with the large heat output 
from the bomb itself (200,000 B.Th.U.) the ignition of one major piece of furniture 
was not sufficient to cause a ' blaze ' fire except in a small room ; it was necessary 
to set fire to all the • kindling •· in at least two major p ieces of furniture or its 
equivalent during the active two minutes life of the bomb, The bo1nb was at its 
best in a well-furnished room with plenty of ' k.indli.ng • which could be ignited 
quickly so as to develop the heat required for :firing the thicker timbers. 

In Panel Reports Nos. 79 and 84, results were given of •panel' tests carried out 
with various -production models of the 30 lb. • J • bomb. W·ith this information 
and tbf' experience of all the various tests already enumerated, it wa$ possible to 
make a n estimate of the S.l.E. of the bomb in Panel Report No. 60. The results 
were as follows :-

(a) For 'blaze • fires . . 0 · 48 
(b) For I match ' fires . . 0· 36 

At a later date, the 'panel • tests were repeated using beech plywood, and other 
modifications of the bomb wern also examined : the results a re given in Panel 
Report No. 148. 

The e,qie.rimental 10 lb. petrol jet bomb 
An objection which was continually urged against both the 39 lb. ' blaze• bombs 

was that no increase in incendiary efficiency could ever make up for the smaller 
numbers which ;in aircraft could carfy. Although this point was hotly contested 
in some. quarters, it was nevertheless felt that some attention should be given to 
the design of a 'match' bomb which would produce a horizontally directed flame. 
This particular work was on a very low priority during th.e war, but its possibilities 
should not be overlooked. 

An experimental bomb was produced by the Ballistics Branch of A.RD. and 
tried at LB. Cottage on 17 February 1944. It contained a quart of petrol and 
could have heen developed into a 10 lb. size bomb. The .heating was provided 
by the burning of coated cordite a nd this was found to be very effective. A 9-foot 
long flame was produced which burned for about 2 minutes In the test the bomb 
was placed with the jet 6 feet from the corner group of furniture normally used as 
the target. The bomb set fire initially to more furniture than other small bombs 
but the du ration of the bomb flame was too short for it t,o establish a larger primary 
fire than usual. Consequently the fina I resu It was only a normal · match • :fire 
which ' flashed-over• in 18! minutes (see Panel Report No. 73). An approximate 
assessment of the S.l.E. of a bomb wit h a 9-foot flame in the standard German 
apartment gave a value oi over O · 8 compared with the value of O · 27 for the 4 lb. 
magnesium bomb (see Panel Report No, 26a) ; this difference more than cou nteracts 
the difference in weight. 
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The 22 lb. naphthaJene-6Jled jet bomb 
The 30 .lb. liquid-filled jet bomb was complicated to manufacture and it had a 

low charge-weight ratio. Several attempts were therefore made to substitute a 
solid.hydrocarbon or otber filling for the liquid fillings wh.ich had been used. The 
A.R.D. at Tondu produced an experimental bomb containing a solid pyrotechnic 
mixture which gave good results in tests at l .B. Cottage -and Rackham Street, but 
the development was not proceeded with. M.D.1 Ministry of Supply. produced a 
naphthalene-1'1Jled bomb which had gre'l.ter promise since, although it had a higher 
B.Th.U. content than lhe liquid-filled bomb, a much lighter case could be used, 
-and the weight was reduced first to 22 lb. aod later to 20 lb. A pyrotecbnic heater 
mixture dispersed through the filling was used to vaporise the naphthalene and 
eject it from the jet. The flame was not quite as loog as that produced by the petrol 
bomb, but it was much more intense and had a greater sideways range. In tests 
at LB. Cottage on 25 November 1943, <1nd IS December 1943, this bomb caused 
·blaze' fires (10}, and 8 minutes) and it was considered that the bomb ""as egua1 
in perfonnance to the 30 lb. ' J.' ' Panel ' tests with various adaptations of this 
bomb are described jn Panel Report No. 147. 

An interesting development from the testing point of v,iew was the incorporation 
i,1to this bomb of ,L window-breaking charge. In favourable circumstances, this 
bomb, like the 30 lb. 'J ', was capable of_ starting very rap.id fires which required 
a large volume of air, and in a new des~gn like this it was felt that it wot1ld be wiser 
to incorporate a small explosive cliarge that woulcl make certain that the windows 
were blown out, rather than rely oo the effect of 4,000 lb. blast bombs dropped 
i1l the neighbourhood. 

Some tests were c,1rried out at Rackham Street, North Kensington, on 18 October 
1944, in \~hich a direct comparison was made in rooms furnished with the standard 
set of furnitu re, of the 30 lb. · J · and the 22 lb. ' J ' fitted with a window-breaker 
which operated after about one minute. T he 22 lb. ' J · gave the best performance 
in a 'fav:ourable' position and also in two · less favourable' positions, giving fires 
which reached the ' flash-over ' in 2¾, 31 and 4 minutes- respectively. The 30 lb. 
' J ' bomb tested in two positions also caused large fires, but as it did not break 
the windows the fires developed rather slowly and the ' flash-over' was not reached 
until after 11 and 8 minutes respectively. The importance of ventilation control 
in any ·method of testing which involves the growth o{ rapid fires w11,s thus amply 
demonstrated. 

Starting fires in unoccul}ied German attics 
lt has been described how the United States had developed the M.69 bomb for 

starting fires in German attics. The early experiments with half-attic structures 
at the Standard Oil Development Laboratories at Bayway, New Jersey, were 
supplemented iu the spring of 1943 with tests on full scale structures of two types 
-the Rhineland type with slate-on-sheathing roofs, and the Central Germ.an type 
with tile-on-ba.tten roofs. Full details of these tests are given in S.0.D. Coy.'s 
Reports Nos. P.D.N. 1201 (IS April 19'\3) and P.D.N. 3800 (30 July 1945). 

The timber used for these structures was mostly Southern Loblolly pine which 
was force-dried to a moisture content of 7- 12 per cent. before erection. With both 
types of roof structure, a number of potentially destructive fires were produced by 
the M.69 bomb functioning in the attic, although the need for conserving the 
buildings for future tests made it necessary to stop the fires from reaching the 
destructive stage. It was found that the Rhineland structure was easier to· set 
afire than the Central German, owing to the presence of the extensive boarded roof 
surfaces which are so favourable for spread of flame and the establishment of mutual 
support between the floo r and the roof along the eaves line. 

While these tests were proceedi11g at Bayway, the N.D.R.C. and C.W.S. had 
decided to erect a number of German. houses of both types. as well as some Japanese 
houses, at Dugway Proving Ground on the Great Salt Lake desert in Utah, so that 
full-scale dropping tests could be carried out, and the efficiency of a number of 
incendiary weapons compared under realistic conditions. This scheme was pressed 
forward with amazing rapidity and the .first dropping tests were carried out in 
May 1943, with results h ighly favourable to the M.69 bomb. 
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In this country we were being pressed to use the 'M.69 bomb against Germany, 
although it did not satisfy an Air Staff requirement that small incendiary bombs 
must be capable of penetrating to the floor below the attic. On the basis of the tests 
at Bayway, however, it was claimed that the M.69 would cause destructive fires 
even in attics on account of its eaves-seeking device, and that such fues would 
spread downwards and involve the whole honse. All the experimental work in this 
country up to that time had produced the nrm impression that, while such a result 
might be possible in the Rhineland type of structure, it was hardly likely to occur 
in the much more common Central German type where the only combustible parts 
of the sloping roof were the tradit:iono.Jly heavy rafters and cross battens- well 
;i.bove the size in which self-propagation o( flame is possible. 

Some tests had been carried out at Bridge Avenue, Hammersmith, on 8 March 
1943, which gave support to this latter view. 1 n the first test the gel was fired into 
the eaves of an unboarded attic, the roof being of the common slate-on-batten 
English type. The sizes of all the timbers were appreciably smaller than those 
which were assumed to be common in Gennany, though, of course, there was no 
boarded floor or roof to help. As long as the gel was burning, surface flaming was 
maintained over several square yards of the joists, rafters, aud battens, but when 
the gel was consumed the fire died down and was easily extinguished with a little 
water from a stirrup pump aJter a period of 15 minutes. Some slates which had 
been blitzed off on the far side of the attic from wht>re tne gel was burning were not 
replaced as it -was feJt that they would represent the hole made by the bomb on 
entry. It was noticed that a large amount of heat escaped through this hole and 
was not u t ilised in raising the general temperature level in the attic. The primary 
fire was not large enough under these ronditions to produce a 'flash-over.' In the 
second test a wooden partition was erected between the floor and the ridge so as to 
confi.ne the heat and provide a large heat absorbing combustible surface opposite 
to the fire. The resu lt was what afterwards became to be recognised as a typical 
' match ' fire. The gel burned for about 20 minutes, but by th.is time the fire h.ad 
not only climbed up to the ridge but had preheated the partition to its ignition point, 
aod a ' flash-over ' followed. 

It was evident from a consideration of these preliminary tests that much more 
testing would be necessary in actual German-type attics, before the M.69 could be 
accepted for operational use. If had been intended originally to erect such an attic 
on the extension walls of I.B. Cottage, and plans were prepared for this purpose 
by the B.RS. in consultation with RE.8 and R.R.L. who had made a great number 
of bomb penetration tests in German-type roofs. On 16 April 1943, however, it 
was decided to defer construction pending receipt of inforn\ation on some proposed 
modifications of the M.69 bomb and also concerning the test structures then being 
ererted at Dug way. 

At the beginning oj June 1943 M.A.P. asked for the provision of a German 
attic in which to test tile 30 lb. 'J ' bomb and it was decided to erect this at B.R.S. 
on a separate site away from I .B. Cottage. The original plans were modified 
accordingly and fresh ones prepared by R.E.8 for a single-storeyed building to 
carry the attic. A complete description of it is given in Panel Report No. 61. lt 
was known as Q. l , 

By the enq of the sum_mer of 1943 the successful results with the M.69 bomb at 
Dugway had created such a stir in both countries, that it was decided to extend the 
British testing programme considerably, and in November, two pairs ofsemi-deta.ched 
houses were built, one pair having a common attic (Q.2) twice the size of Q. 1, and 
the other having separate attics (Q.3 and QA) each equal to Q. l. The timber used 
in Q. l was Dou.glas fir, kiln-dried and conditioned to 17 per cent. moisture content. 
That used in Q.2, 3, and 4 was a mixed consignment of old, seasoned material which 
did not require. special conditioning. 

The M.69 bombs were .fired so as to ejec.t the sock of gel into the eaves in the 
middle of one of the ' bays · between two adjacent r.af:ters. The actual caves line 
consisted of two courses of 4½-inrh brickwork which occupied the space betv..een the 
t op of the 9-inch walls at floor level, and the tiling battens. Consequently the gel, 
on ejection, came to rest mainly on the brickwork instead of on either floorboards 
or battens, and ln order that the bomb should not be at any disadvantage on this 
account it was decided (after the first two tests) to .fix a skirting board in ea.eh bay 
in front of the brick eaves filling, It was also found that the tail cup of the bomb 
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which was ejected with tbe gel t)n fo:ing broke the tiles just above tl1e eaves and 
allowed much of the flame and heat from the gel to escape. To prevent this, and so 
give the bomb eve1-y advantage, sandbags were placed on the outside o{ the roof in 
all subsequent tests, over the area where the tail cap wa.s likely to hit tbe tiles. 

The first three tests with the M,69 bomb were made in attic Q. 1 on 2 December 
lfl43. The bombs were placed 8-10 feet from the eaves filling a11d aimed at three 
different bays on the e~t side of the roof (furthest from the stair well). In none of 
these cases did tl1e gel produce a self--.supporting fi re. Most of the gel was duly 
deposited within the area intended and appeared to burn normally, but it did not 
set fire to more than two or three of the battens, and the floor became only slightly 
charred. Once the gel was exhausted, the flames on the woodwork diminished, and 
after 15 minutes there was little or no fire Jett. The introduction of a skirting board 
in the third test assisted the gel and caused more widespread flaming at first, but 
the final result was the same. 

Ne,.xt a British 4 lb. Mark lV magnesium bomb was placed on the floorboards in 
,;1nother bay, l foot from the skirting boa rd. The effect was much the same as in 
the tests with the M.69 and all flaming ceased after 12 minutes. 

Finally, a 30 lb. 'J 'bomb was placed 11 feet a.way from one of the bays previously 
used, where there was little fire damage. The flames from the bomb jet (wnich was 
in action for 3½ minutes) enveloped the whole of the east side of the roof and set fire, 
superficially. to much of the woodwork, but a.s soon as the jet ceased to function 
a ll the flames w'ent out. 

The above tests were carried out during a period 1>f cold, damp weath&. In view 
of the complete failure to set fire to the roof timbers it was decided to examine their 
moisture content ; although they had been conditioned to 17 per cent. before 
erection, and had been protected from rain throughout, the building itself was 
unheated and the tiles, no doubt, were wet. The results of these determinations 
showed that the moisture content of the roof tfrnbers ranged froni 17½ to 20 per 
c-ent. with an average of 19 per cent., and that of the· floor boards was about 
16 per cent. Before proceeding with a ny more tests, therefore, it was decided to 
dry out all the buildings thoroughly. Tb.e damaged areas o{ Q. J were repaired and 
braziers il'lstallcd in all the attics. 

After about a fortnight's drying it was fou nd that a lthough very little change had 
been produced in the floor boards, a reduction of about 4 per cent. had been achieved 
in tb.e roof timbers. Three more M.69 tests were therefore carried out, but although 
the woodwork appe:ired to be burning rather more strongly during the life of the 
gel than in the previous tests, the final result was the same and no continuing fires 
were produced. 

There was thus an apparent disparity between these results and those reported 
from Dugway. The full details of the Dugway tests were not, however, available in 
this country at the time, and it was not until a visit had been paid by a member of 
the B.R.S. staff to Dugway in March 1945 that it was realised that the only fast 
fires started in the German attlcs tl1ere were those io the boarded attics of the 
Rhineland type, which were not comparable with those at Garston_ At the time it 
was thought that the two most likely factors which might account for the difference 
in the results were 

(a) The construction of the test attics. 
(b) The moisture content of the timber and tiles as affected by the atmospheric 

conditions prevailing before and at the time of the tests. 
As regards (a), N.D,RC. representatives who witnessed most of the eadier tests 

agreed that the timbe1 construction in the Q attics was essentially the same as in 
the Dugway buildings, although they pointed out that in Q.1 the floor area was 
considerably smaller, and that this might have some effect on the rate of growth of 
the fire to destruction if appreciable areas of the roof took fire. In the actual testsi 
however, this contingency did oot arise a lthough provis10n was made against it by 
maki.ng the attic Q.2 (which was then being built) double the area of the others. 

As regard$ (b) the timber in the Dugway attics was stated to have been conditioned 
to l 4 per cent. whereas most -of the British tests had been carried out at higher 
moisture contents than this. At the time of the year that the U.S. tests were done. 
however, the Utah desert is one of th.e driest places on earth (see- meteorological 
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Jigures for Salt Lake City in Panel Report No. 59a) and the average equilibrium 
moist ure. content of timber is nearer 6 per ~ent. than 14 pet cent. The temperature 
was a lso much higher than t hat prevailing in this country in December, and although 
there were frequent falls of heavy rain, the sun soon evaporated all the moisture 
from the t iles and d ried them out again,. It is difficult to see how the surface 
moisture content of any of the timber at Dugway could ever l1ave been much above 
6 per cent. 

An attempt was n;iade therefore to dry out the Q attic stiU further, and-at the 
same time some p ilot tests :,vere initiated using eaves section which could be easily 
dned out. E:i.ch section represented one of the ' bays I in the attic to a. vertical 
height of 6 ieet. The floor was boarded as jn the Q building but not pugged. The 
sides were left open, and ins tead of a bricl<work eaves filling, plasterboard was used. 
One section was conditioned to 18 per cent. moisture content, and the other to 
12 pe:r cent. moisture cont ent before erection, a nd the tests were carried out as 
quickly as possible afterwards in a. large room free from draughts, and ventilated by 
means of extractor fans. 

As was expected, no continuing fire was produced with the 18 per cent. section. 
The other behaved quite differently; within two minutes flames reached the top 
of the strncture and four floor boards began to bum. Later, fire became firmly 
established in the battens near the base and from thence gradually spread to other 
battens until most of tberu were burning steadily. At 5-6 n1io.utes the inner faces 
of the rafters and posts took fire, but the flames on the posts later went out. The 
fire continued to burn steadily after most of the gel had burned away aud at 
19-20 minutes the battens began to collapse, and the test was soon after discontinued. 
It looked as though there would have been a good chance of such a fire, if it had been 
in part of a complete attic, being a desrructive one. 

In the mea ntime, braziers had been kept burning in Q. l and Q.:3 and tbe charred 
woodwork had• been carefully wire-brushed and scraped to ex:pose fresh surfaces. 
The weather during this period remained cold a nd very damp, but by 17 J a nuary 
1944 meter readings showed that the moisture content of the timbers had been 
reduced to 11- 13 per cent, An oven drying test on a batten gave a value of l 1 ·3 per 
cent . On 20 January thereafter a further test was rarried ou t with an M.69 bomb 
in Q.3. 

As soon as the homb was fired, flames from the gel spread over the :first six or 
seven battens and the wood began to crackle. The skirting board and the floor 
boards took fire, and the fire continued to burn stead ily fo r the first 9 mim1tes. At 
this stage it became apparent that some of the battens were beginning to bt1ro 
independently and the fire increase<l somewhat in volume and intensity. There 
was no large increase, however, until 24 minutes a nd little lateral spreading. At 
25½ minutes there was a ' flash-over · involving all the timbers in the bay up to the 
purl in and several of the floor boards beneath. this area.. The flames then died down 
somewhat, but a second seat of .fire h ad become established over the purlins. 

During the next half-hour the fire fluctuated but gradually increased and 
eventually reached the ridge 70 minutes after the s tart. At no time was the heat 
sufficient to make the attic untenable. As the fire approached the ridge, tiles and 
battens began to fall in ; this did not materially increase the fire but, rather, allowed 
the heat to escape. Only about four battens at the top of the west s lope of the 
roof became affected and after 80 minutes it was apparent that there would be 
lit tle further spread and the .fire was extinguished ~i.lith a hose. 

On the same day a. test was carried out with the 30 lb. 'J ' bomb in Q. J, the jet 
of the bomb beiog placed 10 feet from t he eaves lin,e. The flames from the bomb 
enveloped the whole of one side o { the roof, and very soon the roof and floor timbers 
took foe superficially. Most of the flames died out, however, when the bomb was 
exha usted and only a few battens here and there remained a light. The fi re was left 
undis turbed for 40 minutes, but little. further change took+>lace. A little smouldering 
continued in angles where adjacent timber surfaces afforded mutual support to the 
burning, but a little water from a stirrup pump was sufficient to extinguish these 
places. 

Evidently neither o{ the bombs tried was capable of prodncing a rapidly 
destructive fire in an attic similar to those used in the tests even when the moisture 
content of the timber was as iqw as 12 per cent. 
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One factor in these last two tests had assctmed greater importance t ha n was at 
first real ised, namely the wetness of the tiles, coup led with th.e high atm.ospheric 
humidity and low temperature at t.he time of the test. Tests on tiles removed from 
Q.2 and Q.4-gave values of 18·9 per cent. and 20 · l per cent. respectively. There 
were 483 such tiles on the East side of Q.3 rooi which therefore contained about 
440 In. of water a ltogether. The moisture in the tiles might be expected to retard 
the fire not only by absorbing heat but also by raising the moisture content of the 
surface layer of the battens in contact with the tiles. In one test, an actual film of 
water was observed on the underside of the tiles : this may have been due to 
condensation from t.he flames on a cold, saturated surface, or to exudation from the 
tiles themselves, but wh\l.tever the cause, the effect on t he battens which were in 
contact would be the same, 

After making the a llowance for the wetness of the tiles it was still felt tha.t the 
tests had justified the prediction of the Panel, based on fundamental considerations 
of flame propagation in relation to timber size and the effect of mutual support, 
that it was not. generally feasible to produce continuing fires in unoccupied German 
attics. This conclusion was approved at a Panel Meeting on 3 March. 1944 and was 
concurred in by the ll .S. representatives present : as a consequence, the M.69 
bomb was never used on Germany. 

On 2 June 1944, after four months of unusually dry weather terminating in a spell 
of hot weather, the tests were repeated, but with similar results. The timbers ignited 
fairly readily but did not continue to burn for long after the bomb was exhausted. 
Detail~ of these tests a re given in Panel Report No. 78 and again tli.e conclu$ion was 
reached that none of the bombs tested was capable of producing destructive fires in 
unoccupied German attics, assuming these to contain no lighter timbers than the 
2-! inches by I{ jnches, tiling battens which were used at Carston. 

T he v isit to Dugway mentioned previously was referred to in Appendix B of 
Panel Report No, 128. It was pointed out that the attics at B.R.S. were of the 
tile-on-batten or Central German type, and as such were only comparable with 
similar attics at Dugway. On the P11gway classification, the slow continuing fi.re 
produCe'd in Q.3 on 20 January with an M.69 bomb would be a' B 'fire. At D ugway 
the results with this type of roof were not strikingly different. Only three fires are 
recorded-two of which were class ' A.' One at least ot these is known to have 
occurred in a vulnerable situation not provided by Q.3, namely, in a small space 
enclosed between t he wall of the stair well (partly of wood) and the eaves. The 
location of the other ' A ' tire is 11.ot certain. The only photograph of a fire in this 
type o{ attic (No, 57 in T.D.M.R. No. 713) illustrat es a (presurnabJy 1ypical) 
' B · fi re, remarkably like the fire in Q,3, Five major fires, however, a re recorded 
as having been produced in th.e boarded lihineland attics, and it is only natural 
that such a target would be more {avourable than a tile-on·batten roof, since Jt 
provides such a large, continuous area of woodwork, and such excellent opportunities 
for mutual support between the floor and the sloping roof boards. 

The effect of moisture on the burning of wood 
The study of fire-raising in German attics emphasised the need for controlled 

wood moisture content in any tests involving the burning of wood. A good deal of 
consideration was given to this problem at different times, and the story is 110w 

fairly complete from a practical point of view, although there is still room for further 
investigation. 

Jn Panel Report No, 52 it was pointed out t hat the avera,ge gross calorific 
value .of wood at zero moisture content was approximately 9,-000 B.Th.U. 'per lb. 
Allowing for the heat required to raise the wood to its bu_m,ng temperature (say 
270° C.) and for the latent heat of the water formed ·during combustion, the heat 
avail'l.ble at 270° is about 8,300 B.Th.U. per lb. The quantity of water which this 
amount of heat will vaporil'e aod raise to 270° C, i.s about 6-½ lb. which corresponds 
to a moisture content of 650 -per cent. As the wettest wood can never approach 
this moisture content, then theoretically wood at any moisture content is capable 
of burning and liberating excess heat. 
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This argument does not take into account the fact that, when wood burns, a 
large proportion of the heat liberated is dissipated by radiation and convection, It 
is only a small fraction that is available for heating up the wood, evaporating the 
moisture, and maintaining r.ombustion. This fraction varies widely and is 
dependent on tile rate of comb L1stion and the external conditions under which the 
woor\ is burned. Obviously i( wood is burned under condjtions in which n,o heat 
is lost to the surrou ndings. as in a furnace, the wettest wood will burn and liberate 
heat ; on the other hand, as we have alteady seen, a single thick piece of wood will 
not continue to burn even at verv low 111oisture contents if con.ditions are such that 
the heat is dissipated faster tha."n it is li berated . Thus there is no single critical 
moisture content at which wood will not burn ; it varies with the dimensions and 
disposition of the wood , and the external cond1tions. · 

This is illustrated by the fallowing results of strip huming tests ()n samples of 
Ba!tio redwood a.nd Douglas fir 24 inches long and of cross section varying from 
! inch square -to ¼ inch sq uare, which 1V'ere conditioned to moisture contents of 
0, 7, 11 , 14 and \9 per cent. Each sample W<1s suspended vertically and the lower 
end ignited with a Bunsen flam,e : a note was made of whether or not the burning 
continue~ to the top of the stick. The -Fesu!ts are given ill Table No. 3. 

Species and Size. 

" { ¼ in. 
Baltic redwood ¾ in . 

{- in. 
--

-·{ tin . 
Douglas fir . . j in . 

½ in. 

Taole No. 3 

Number of sticks out of three which 
continued to burn. 

Moisture cont1:nt, per cent. _ __ _ 

0 I 7 I l l I 14 __ I _ 19 _ 

3 3 3 3 3 
3 3 2 1 I 
3 l l 0 0 

-
3 - 3 3 3 l 
3 2 2 I 0 
3 0 0 0 0 

With the ¾-inch sticks it is obvious tha.t moisture content has very little effect 
on the continuance of burning, while with the ½-inch sticks the flame is :1,lmost 
ccctain to die out unless the moisture content is much lower than is usually found in 
practice. 

This raises the further question-'' what is the moisture content of wood in 
practice ? ' A Hviog tree contains moisture derived from the soil (sap moisture) 
and moisture derived from the atmosphere. When the tree is cut and the sap 
moisture dried out the moisture from the atmosphere sti ll remains and reaches an 
equilibrium value depending on the partial pressure of the water vapour in the air 
with which the wood is in contact . This means that the relative humidity and 
temperature of the atmosphere are the controlling factors . This relationship was 
determined from experiments with $havings o{ six different pecies of wood and is 
only an average one, but the differences bet""een species are not very large. 

Changes in equilib1•ium rnoistu1 e content, however, always lag behind changes in 
relative humidity, and the actual molsture content of a piece of wood at any time 
is a (unction , a.mong other things, of the dfrection in whi.cb, the change has taken 
place, the diffusivity of the wood for moisture, a.nd the specifio sutface. Thin 
shavings of a high diilus.ivity wood like Sitka spruce respond so quickly to changes 
in relative humidity that they can almost be used as,.hygrometers ; Oil the other 
hand , heavy oak beams taken from old London buildings have still been found to 
contain sap moistu re after hundreds of years. Interesting data 011 this aspect of tbe 
problem is given in Part 2 of I.E.P. Report No. 6 . 

lt is obvious that the tasl< of estimating the moisture content of, for example, a 
window frame in Germany in December, is not just the simple one of looking up 
meteorological records a.nd then reading off the corresponding moisture content from 
the equilibrium curve. The diurnal variation of relative humidity alone is 
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considerable and must be taken into account. A vafue of 60 per cent. at midday 
can change to saturation at midnight producing a corresponding change in the 
moisture content of the surface layers from 11 to 31 per cent. However, while the 
moisture content o{ this surface layer is of grt:at importance, ,i,s will be seen, at 
the start of a fire, it is the bulk moisture content which becomes more jmportant as 
the fire grows and spreads, and the variation in this is very 1nuch smaller. 

The problem of interior woodwork ls even more complicated, since the relative 
humidity inside is dependent so largely on interior heating. Reference to any 
standard psychrometric chart shows that a rise in temperature of a given mass of 
moist air by 10° F . lowers the relative humidity by 20-25 per cent. and this is 
equivalent to a lowering of the equilibrium wood moisture content of approximately 
5 -per cent. Tn summer, when doors and windows are left open, the inside atmos­
pheric conditions tend to be similar to those outside, but even und,er the best system 
of vent.ilation the inside temperature is usually a few degrees higher than the outside. 

The importance o f th.iR aspect of moistL1re control a.gain became apparent in the 
summer of 1944 when the :first attempts were made in this country to start fires in 
simulated Japanese houses. The Japanese problem was fundamentally different 
from the German one ln several respects. Firstly, Japan has a. monsoon type of 
climate and the seasonal changes of humidity a.re the reverse of those in this country 
and in Germany, i .e. the winter is a time of low humidity and the summer a time of 
high humidity. Secondly, there is very little furniture in the h.ouse and th.e only 
easily combustible objects a re the various partitions and shutters and the hung 
ceiling, all of which are o( light woodworl{. The high summer h umidity produces a 
high moisture content in this woodwork, but since it is of ligh.t construction, the 
effect on the starting of fires is not likely to be noticeable although the rate of 
growth of iire to the destructive stage tnay be affected. 

When the M.69 drop_ping trials were carried out at Dugway (May- June 1943), the 
moisture content of the Japanese houses ranged from 3 · 1 per cent. to 16 · 4 per cent. 
which makes it probable that the light -structural members and thin woodwork 
generally were in the 3-11 per cent. range. Under these circumstances very rapidly 
destructive fires were obtained . Preliminary tests in this country carried out in 
October 1944. before tl1e buildings had dried out, and when the moisture content 
varied from 15-20 per cent., showed that it was difficult to start fires at all with any 
of the ' match • bombs. Most experienced observers were prepared for destructive 
fires in these houses when they had been dried out to some reasonable moisture 
content- ~say 12- 14 per cent.-but it was difficult to imagine how they could ever 
be as fast a.s those at Dugway. It was found eventually that several other factors 
contributed to this d iscrepancy and these are discwised more ful ly later, but the 
difference in moisture content was certainly one of t'hem. 

As a result of an incident which occurred during the dropping tri~ at Dugway, 
it was maintained in some quarters that moisture content had no effect on the 
starting of fires there. A destructive fire had been started in a room of one of the 
Japanese houses, but in order to save the rest of the building for further tests and 
to be ready for the next bombing run, the fire was extinguished with water and the 
room rapidly damped down. Within a short time a further cluster of bombs was 
dropped, and one bomb fell into the same room and within a few minutes the whole 
place was ahlaze again. 

Now a little consideration wilt show that, under these circumstances, the 
surprising thing is not that a large fire was re-started so quickly, but that it took 
another bomb to re-start it. The -first thing.a fireman has to learn is that once the 
flames have been extinguished, the next most important requirement is to cool all 
the woodwork down so far below· the ignition point that there is no further 
possi_bi!ity o( its bursting into flame again. This requires an enormous amount of 
water when used in the traditional way, since most of it drains off witll very little 
elevation in temperature. The water on the wood natunrlly cools the suiiace first, 
and then the flow of hea t is from the interior outwards. 1n a well-established fire 
most of the moisture in the wood has been evaporated, and tbe illside temperature 
may well be 500° C. or more above the surface temverature ; the flow of heat to 
the surface may, therefore, evaporate all the cooling water and raise the charcoal 
surface once again to the self-ignition point unless fresh water is continually applied 
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for a long time. The only way o.f employing water efficiently for cooling purposes 
is to make use of its latent heat of vaporisation by turning it into steam, and this 
is rarely done to any extent in prac.tice. 

ln some experiments at Edgewood it was found that charred wood taken from a 
well-established and freely burning fire which had been extinguished and well 
wetted down, still only had a moisture content of 5 per cent. despite the fact that 
it was picked out o-f a heap o{ completely wet charcoal ; the dryness of the interior 
more than made up for the film of ";ater on the surface. 

The moisture content of wood in houses in Japan in the summer 
In this country it was thought that 16-18 per cent. was a close approximation to 

wood moisture conte)lt conditions in Japan in the summer; it was suggested thal 
it should be even higher than this to allow for the moist\1re given off during the 
night from the large number of people .known to occupy one room. Tn tl1e U.S., 
t he representatives of the Standard Oil Development Co, considered that Dugway 
was a fair approximation since they allowed for a probable 5-10° F. excess of internal 
over external temperature even ln the summer time. This aspect was d iscussed at 
length in their report P.D.N,3150 (December 1944). 

The selection of the most appropriate moisture content was decided after an 
actual investigation into wood moisture conditions in inhabited houses in Key 
West, Florida (see J.E.P. Report No. 6) .. This location was chosen hecause the 
climate of I<ey West was foun<l to be a good approximation during the months of 
Decel'J'\ber, January, and February, to that of Tokyo during the summer months of 
J une, July, and August, when it was expected th,1,t conditions would be most 
d ifficult, and incendiary bombing would probably reach its climax. Sample boa.rds 
of Sitka spruce (chosen to r epresent Japanese hinoki and sugi), l inch and 1 inch 
thick , were p laced on the verandahs, in the bedrooms, and in the attics of a number 
of ho<1ses occupied by large families. I n each ot these houses J ap,i.nese ventilation 
procedure was reproduced during the tests, i,e. doors and windows were kept open 
during the day, but were shut up closely at night. The samples were weighed twice 
daily at times which gave the maximum and minimum values of the diurnal weight 
variation, and mean values were calculated. Two tests were carried out, one in 
which the Jina! moisture content values were approached from above, and the other 
in whith they were approached from below. The means of these vaiues for each 
location were used to decide the most probable moisture contents. These were 
~~~~~ . 

(a) On the verandah (i.e. exposed to the outside air tern,perature 
and relative humidity, but not actually in the -sun) 

(b) In the inside rooms 
(c) ln t~ attic spaces 

17½ per cent. 
15 per cent. 
13 per cent. 

If it is considered tha.t the drying out of wood in the dry Japanese winter produces 
a condition equivalent to approaching equilibrium from bel'ow, then 13! per cent. 
might be adopted rather than I 5 per cent. It was found that the diurnal variations 
were 2-3 per cent, for wood directly exposed to the atmosphere, l per cent. for wood 
in attic spaces, and less than 1 per cent. for wood in inhabited rooms. 

Tn considei;ing the Japariese problem it was felt in some quarters that atmospheric 
humidity itseJf, ,1,part from its effect on moisture content, would have an appreciable 
effect on burning, especially in the early stages. Some experiments were therefore 
carried out to test this point which are described in Pa.nel Report No. 112. 

Matched samples of Baltic redwood, Douglas iir and Western red cedar, ¾ inch by 
t inch by 2 feet long, were conditioned to constant weight at relative humidities of 
30 per cent., 60 per cent., and 90 per cent., and ata temperature of 25" C. Samples 
conditioned at each humidity were then tested at ~e three different hµmidities by 
means of the strip burning test. whicl't consisted of suspending t he sample vertically 
and igniting the lower end with a standard Bunsen burner flame for a period of 
1 minute. The samples were tra nsferrect individually in glass tubes and tested 
immediately on removal from the tabe. The results are given in Table No. 4 which 
shows the number of samples out of a total of three (two in the case of Baltic 
redwood) which burned out completely after removal of tlie igniting flame. 
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Table No. 4 

:Number of samples out of tllr e tested 
which burned completely. 

Samples 
(Two samples only tested i.n the case of 

Species. con(litioned 
Baltic redwood.) 

at R.H. of Tested under condi tions of 

22-25 per cent .. I 60 'per cent. I 9() per cent . 
R.H. R.1-1. R.H. 

--{ 30 per cent. 3 3 3 
Western red cedar 60 per cent . 3 2 0 

90 per cent. 0 0 0 

··{ 
30 per cent. 3 3 3 

Douglas fir . . 60 per cent. 2 2 z 
90 per cent. 2 - 0 

·· { 
30 per cent. 2 2 2 

Baltic redwood 60 per cent. 2 2 2 
90 per cent. 2 1 0 

These results indicate t hat humidity of the surrour1ding air may ha.ve some 
influence on tb.e burning of wood irrespective o( its effect on t he mojsture content. 
The effect is most pronounced where continoi.ty o[ burning is in tile balance, and in 
such cases air humidity may decide whether flaming will oontim1e or not. The 
quantitative significance of the effect is difficu lt to assess, bu t from these limited 
tests it will appear to be apprl'lciable and at least as sign ificant as the effect o f species 
within the range tested. However, under the unstable conditions existing when 
flaming just may or may not proceed the effect of any factor influencing burning one 
way or the other may decide the issue irrespective o[ its quantitative effect. 

Much more experimental work is required before a satisfactory explanation oJ the 
effect can be produced. The amount of water vapour in the air js so small (only 
l per cent, by weight at 70° F. and 70 p_er cent. R.H.) that a change in relative 
humidity can hardly affect either the heat capacity or the oxygen content signific­
antly. It is possible t hat moisture vapour affects both the conductivity of the air 
and the physical characteristics of the flame to such an extent that the rat e of 
combustion is mod.ificd. 

The magnesium powder bomb 
On 4 December 1944, a demon tration was given at the Maryland Re:search 

Laboratory by a member of the U.I{, Inter Services esearch Bureau of a new and 
apparently extremely effective 1nethod of fire-raising. 

In the first place a bag containi ng 1 lb . of magnesium powder was ignited and 
dispersed by the tiring of a small gunpowder charge inside a wooden box, 3 it. cube, 
with one side held slightly a jar to allow access of air. Immediately, all the inside 
surfaces of the box became inflamed, and in less than a minute the who le box was 
well alight and soon burned to destruction . 

Fo llowing this, 25 lb. of magnesium powder was ignited and dispersed in a similar 
way inside a wbOden hut 10 ft. by 10 fr. by 10 ft. wlth a small opening in one side, 
and a door on tbe oppo ite side which was left half open . Some of the powder was 
consumed in a flash burn and the force of the explosio11 blew out one side of the hut, 
but this side nevertheless continued to bum to destruction a lthough it lay horizon­
tally on the field . T he remaining interior surfaces were inflamed in a. few seconds, 
and in less than five minutes the whole building was destroyed. It was noticed that 
a large amount o'( magnes ium had not been dispersed and Ity burning in a flat l1eap 
on the floor where it contributed little to the progress of the fire ; evident ly less tha.n 
25 lb. would have been sufficient. 

Further demonstrat ions of th is principle of ftre-raisirrg were given in, both the 
U.S. and the U.K. in the ensuing mollth.s. lt was ·intended originally fo r develop­
ment as a sabotage weapon, but the advantages of an airborne weapon working on 
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this J?rinciple were also realised. It was decided to try and make a bomb containing 
about 6-8 lb. of magnesium, and the pressed steel case of the 20 lb. ' J ' bomb was 
considered ideal for the purpose. A mock-up bomb was soon produced weighing in 
all 18 lb,, and was fired statically in the Japanese houses at B.R.S. on two occasions, 
when ' flash-over ' times of 53 and 90 seconds were obtained. In a further test 
with all the screens removed, a ' match 'fire only resulted, the · flash-over 'time being 
12½ minutes. When fired in the German attic (Q.3) it started only a minor fire 
whicl.1 died· out after 5 minutes. 

In these tests, with the bomb fired statically, jt was impossible to reproduce the 
sort of distdbution which is produced by the ejection and dispersal of the powder 
from the bomb while jt is still in flight. The same difficulty had been experienced 
with the 30 lb. gel bomb which also ejects its contents while iu flight. It was 
decided, therefore, to erect a Japanese room( similar to the one at Edgewood, in5ide 
the test house at Tondu, so that bombs could be fired into i t from a mortar and 
the correct powder distribution <Ybtained. 

Unfortunately furth.er differences were introduced into the construction of this 
room just at the time that the report emphasising the importance of these differences 
was being compiled. Consequently it is .impossible to compare the results directly 
with auy obtained at any of the otber sites- Dugway, Garston or Edgewood. 
However, extremely rapid nres were started and it is reasonable to suppose that 
similar fires would have been obtained under mortar-firing conditions at any of the 
other sites. 

At the request of the Panel, some experimental work was carried out at Leeds 
University which helped to elucidate lhe mechanism of the action of dispersed 
magnesium powder in starting fires. This work is described in Panel Report 
No. 149. At :first a 2-ieet cube box was used and the following observations were 
quickly made;-

(a) The amount of magnesium required for a destructive fire was independent 
of the thickness of the wood used, so that it must be a p.henomenon of 
surface igni tion only. This had a lready been inferred from the rapidity 
of the action. 

(b) Larger quantities of magnesium powder were required if it was spread on 
an incombustible instead of a wooden floor. This suggested that the 
distillation of combustible volatiles from the surface of the wood played 
an important part in the actioi1. 

(c) V-e1y much larger quantities of magnesium powder were required if it was 
spread uniformly over the floor but not in contact with the side walls 
(leaving a gap of 2 inches), than if it: was allowed to reach the side walls; 
if the powder was distributed along the edges and in the corners-and 
this was found to be the most usual d istribution in the mortar-firing 
tests at Tondu- quite smal l amounts were found to suffice. This clearly 
indicated that ruutua.l support between the floor and the sides, and 
between ooe side and another. played an important part in the rapidity 
of build-up of the fire. 

(d) The amo11nt of magnesium required was indepeudent of tl).e particle size_ 
(e) The amount of magnesium requfred decreased with decreasing moisture 

content in the timber. 
The experiments were then exlended to larger boxes, and it was found that as the 

size of the box increased, the amount of magnesium required to produce a destructive 
fire increased very much more than in proportion, the relation between the two 
being give(! by the equations 

W = 0 · 3 S2• 4 for an even floor distribution 
an<l W = 0·06 su for a,n edge distribution 

where W = weight of magnesium in lb. and S the size o{ the box in inch.es. The 
wood used in the tests had a moisture content o{ 17j>er cent. 

It was concluded from this that the maximum slze u{ box which could be fired 
by the magnesium in an 18 lb. bomb was about 9 feet cube. The bomb is essentially, 
tl;lerefore, a small target weapon. 

It ls now possible to account for the rapid action of this method of fire raising 
in the targets i.n which it has been tried. and to give some general idea of its 
limitations. The magnesium powder is in intimate co1,tact with ,the combustible 
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objects on which it is deposited, and as it burns at such a high temperature the point 
is quickly reached a t which the surface layers begin to distil volatile gases wbich 
force their way through the thin layer of burning magnesium and are ignited thereby. 
With a pool of burning magnesium as from a 4 lb. bomb. this action only takes 
place round the edge of the pool. At the same time, the high radiation flux raises 
the temperature of neighbouring combustible surfaces to the ignition point-heat 
traosfer at these intensities being mo,e efficient th.an at lower intensities. If the 
various objects th.us ignited were isolated from one another this superficial burning 
would be of short duration unless the objects were made of very light ' kintllfng '. 
11, however, there are a large number of adjacent surfaces all in the same condition, 
the fires support each other and the general level of temperature is raised to such 
a. point that burniog continues after the burning magnesium is exhausted. The 
success of this bomb depends therefore on 

(a) The high radiation intensity produced by burning a large amount of 
magnesium in a short time in a confined space. 

(b) The fact tha.t a large number of neigh_bouring combustible surfaces are 
capable of being attacked at the same time so that the fires thus started 
can become mutually supporting. 

As we have seen, the efficiency of this method of fire-raising increases rapidly 
with decrease in target size, and increase in the proportion of combustible surfaces 
present. 

It is interesting to compare the magnesium powder bomb with the other main 
types. ' Match · bombs, like the British 4 lb. magnesium bomb or the American 
M.69 oil bomb, liberate their heat slowly and start fires by igniting ' kindling ' 
which is capable of self-propagation of flame 011ce it is ignited. The 30 Lb. ' J ' bomb 
was designed to liberate a greater total amount of heat, but chiefly to liberate it at 
a much higher rate ; its success as a ' blaze ' fire raiser depends on the fact that it is 
capable of igniting all the ' kindling ' within its range so that mutual support 
between adjacent fires enables them to become independent of the bomb during 
its short- active life. Ii the supply of ' kindling' is dehcient the bomb only acts as 
a 'match' fue raiser. The 20 lb. ' J 'bomb has an even higher radiation intensity, 
and is consequently even more dependent on the presence of a large amount of 
' kindling ' in its effective range. ln the magnesium powder bomb this tendency 
to increase the radiation flux and rely on the presence of numerous adjacent 
combustible surfaces to establish m,utuaJ support, has almQst reached its limit, 
since all the heat is liberated at these surfaces in such a very short time. 

As long as the target being attacked is a small unit with a high degree of 
combustibility-as it is in the average furnished room-the tendency to increase 
radiation flux aud decrease burning time is a sound one. For larger tire compart­
ments and more difficult targets--as, for example, in a factory-it is obvious that a 
slow input: of heat over a Jong time i.s more effective. 

Starting Fires in Japanese Houses 
In the early days of·the war against J apan, the view was strongly held that the 

destruction of Japanese cities by fire would be easy. This view was largely based 
on the recollection of tlle disastrous conflagration which followed the 1923 earth• 
quake in Tokyo. Fire insurance experts, however, were not willing to concede 
that the normal incidence of fires was a□y higher in J apan than elsewhere, though 
the conflagration dsk was greater, and thi$ view was confi.rroecl by th.e statisti.cs 
of the Tokyo Fire Brigade which showed fewer lire calls per year than was received 
by the London Fire Brigade covering a similar a rea and population. A study of 
living conditions. in Japan soon provided the reason for this low fire incidence. In 
Japanese houses, fire-places and forniture are almost non-existent and the only 
readily combustible objects are the light screens and shutters round the periphei;y 
of the room, and the hung ceiling. 

rn attempting to set fire to a Japanese house with an incendiary bomb, it is 
obvious that the attack must be concentrated against the screens and the hung 
ceiling. The advantage of the M.69 bomb !or this purpose was immediately 
recognised ; the horizontal ejection of the goh of gel from the bomb ensures its 
intimate contact with the base of some part of the periphery, and the tall flames of 
the hydrocarbon gel, assisted by the surface flaming of any combustibles on whlch 



it happens to land, are an idea.! medium for warroing up and igniting the hung 
ceiling. In the dropping trials with this bomb at Dugway in the s11mmer-of 1943, 
extremely rapid fires were started in the Japanese houses there, and these usually 
sta.rted in the top floor showing that the penetration of the bomb was adequate. 
but not excessive. 

The question which caused most concem was whether the speed at which fires 
reached the destructive stage at Dug-way was typical of what would happen in 
Japan in the summer. when the wood moisture content was so much .higher. As 
we have seen. the time to 'flash-over• is all important since it determines the 
possibility of successful counter attack by fire-guards. A large proportion of the 
fires at Dugway were completely destructive in less than two minutes, and in such 
a time the most efficient fire-guard has little chance. If fires take 10 minutes or 
more to reach ' flash-over ' their susceptibility to fire-guard attack is high. All tho 
Intelligeoce available during the war indicated that the Japanese were highly 
trained in home fire fighting and that tltey would be a serious menace. If this was 
so, then either a much greater density of bombs would have to be used than was at 
first envisaged, or else larger bombs would bP. required. lt was obvious that more 
controlled tests were necessary before these points could be finally settled. 

A testing programme was inaugurated in this country in the summer of 1944, 
and. in the autumn, an Incendiary Mission visiled the United States to discuss with 
the C.W.$. and the N ,D.R .C. the results obtained over there. As a result of 
discussion during this visit it was decided to erect some Japanese rooms at Edgewood, 
the desi.gn being such that all the parts could be p refabricated, and then conditioned 
to the required moisture content before assembly. The assembly took only 20 
minutes so tbat there was little chance for the moisture content to change. At the 
same time th.e development of · blaze' bombs was accelerated, sjnce it was known 
tha,t, even if the M69 was completely satisfacto1y, it was not being produced at a 
rate sufficient to satisfy both American and British needs in the event of an all-out 
incendiary attack on Japan. A new type of magnesium bomb was also developed 
with a parting charge between the body and the steel nose to push the magnesium 
towards the combustible material round the edge of the room. This modification 
\vas known as the 3 lb. magnesium bomb, since the weight was reduced to reduce 
the penetration. 

The four Japanese test houses used in this country were designed by R.E.8 and 
erected at B.R.S. They were siogle-storeyed houses, and were generally refened 
to as Yl, Y2, Y3 and Y4. The test houses were built in line facing South with a 
40 foot space between YI and Y2, and between Y2 and Y3, and a 3 foot space 
between Y3 and Y4. The close spacing of Y3 and Y4 was intended to resemble 
conditions in Japan, and i t was .hoped to carry out experiments on the spread of 
fire from one house to another. 

The first twenty-nine tests, largely exploratory. were described in Panel Report 
No. 111. A further thirty-five tests were described in Panel Reports Nos. 113B, 
115, 118, 119, 123, 135, and 1.39. The whole sixty-four tests were summarised and 
discussed in Panel Report No. 140, from which the following appraisals are taken. 

3 lb. 1nagnesium bomb 
Fourteen testc; were made with this bomb in various positions and the only 

occasions on which it showed promise of producing a fire of any magt1itude were 
when the bomb was placed within. range of a chest of drawers. Eve.n so, the chest 
burned well only ,vhen it was made of thinner and more readily combustible wood 
(Western red cedar) than that originally used, which was Douglas lir. 

4 lb . Mark IV magnesium bomb 
This bomb was used in only one test , in which it set fire to two light screens, but 

not strongly enough to produce a rapidly spreading firP.. 

M69~ 6 lb. oil b01nb 
Twenty tests were made with this bomb; they were desi.gned to give data from 

which an S.I.E. could eventually be calculated. In eight tests the gel landed where 
there was li,ttle chance of its c,tusing a destructive fire. In the remaining tests there 
we:i:e six minor fi.res, two slow ' match · fires, two more rapid ' match · fires, and 
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two which would, if allowed to continue, very probably h,ave been classed as• blaze' 
fires. These last two occur.red when the gel landed• (ti) in the ea,ves of the attic, 
and (b) behveen the shutters and glazed screen on the verandah. 

Jn general, the results showed that a destructive fire, though not necessarily a 
rapid one, tended to develop whenever most of the gel landed at the base of the 
screens or shutters, but not when it landed at the base of doors or weather boarding. 
The calculated value of the S.I.E. of the M.69 in such a. target wa~ 0 · 42. 

30 lb , 'J ' bomb 
This bomb was used in five tests. Four of these were inside the building and they 

resulted either in ' blaze' fires or in 1\res whicll would almost certainly have been 
classed as such if allowed to continue. 

The remaining test was di rected against the weatl1erboard!ng outside the building, 
and in this posi.Lion the bomb did little damage. 

The S.I.E, was calculated and found to be U·95. 

20 lb. 'J ' bomb 
In fourteen tests, the 20 lb. ' J ' bomb produced three definite ' blaze ' fires and 

two 'probables '. In four other instances, ' matcb ' fires resulted. 
When directed against an incombt1stible surface in a restricted space the bomb 

was still able to ignite the ceiling and cause a destructive -fire, bnt this did not occur 
in a more open space. 

When the bomb was placed as if it had penetrated through the tatami matting 
and floorboards it proved ineffective, but when only partially embedded in theiloor 
so that the jet of flame passed vertical.ly upwards it caused a rapid ' match' fire. 

In a separate test the explosive capsule of the bomb caused considerable ·damage to 
screens, mats. and glass, a.nd caused the floor-boards and ceiling-boards to be 
dislodged ; this disturbance would have materially aided the incendiary effect of 
the bomb, quite apart from any deterrent effect of the e,cplosion on the lire-gnards. 

In comparing the two 'J ' bombs the 30 lb. 'J ' appeared to possess some 
advantage by rea~on of its length of fla me which enabled it to ignite the ceiling, 
screens and furniture simultaneously. The 20 lb. 'J ' bomb will ignite the ceiling 
if its flame impinges on the boards but otherwise it must depend on first igniting 
furniture or screens ; in some tests this lengthened the time before ' flash~over ' 
was reached , 

The intense heat of the 20 lb. 'J ' -flame sometimes appeared to defeat its own 
object by charring the wood too deeply so that it ceased to burn after the bomb was 
exhausted, but to compensate for this, the bomb flame was often seen to set fire, by 
radiation. to mats and other combustibles not directly in its path. 

In onec test all screens and shutters were removed, and the 20 lb. 'J 'bomb was 
aimed at the chest of dra.wers. No continuing fire resulted, partly because tb.e bomb 
flame did not impinge fully on the chest. In a similar test with the 30 lb. 'J • bomb 
a ' blaze ' fire resulted because the flame,s from the bomb and chest reached and 
ig,nited the ceiling boards. 

The $.I.E. was found to be 0·80. 

18 lb. Magnesium powder bomb 
This bomb was still in the early stages of development at the time of the tests 

and it is not possible, therefore, to give any final ve1'dict on its merits against 
J apa.oese domestic targets. 

T he tests showed that the dispersion of about 6 lb. of magnesium powder could 
cause very rapid ' blaze ' fires in buildings of this type, and even when all screens 
and shutters were removed ~ rapid ' match ' fire was produced. 1t was also shown, 
however, that the effect of the bomb depended to a large extent on the distribution 
of the po.wder, and it was for this reason that the tests witn mortar-tired bombs at 
Tondu were organised. The first few tests gave promising results, but the work was 
suspended at the end oi the Japanese War. 

At Edgewood it was found that the fires started by M.69 bombs in the Japanese 
room there were slower than those at Dugway. Even U1 the most favourable 
positions no fires were obtained which reached the ' flash-over' before 2 minutes, 
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and only 10 per cent. became dt!s tructive in less than S minutes. However,. 71 per 
cent. of :fires had ' fla. h-over' time!; of 7} minutes or les , and this was rightly 
considered to be a highly dangerous situation for fire-guards to cope with if the 
bombs were dropped in any reasonable density. This conclusion was more . than 
justified by the results of the M.69 raids on Japanese cities fo. the spring of l945. 

A comparison of lhe. test results at Dugway, Garston and Edgewood . 
In March 1945. a visit was paid by a member of the staff of B. R.S. to Dugway 

and Edgewood . By June 1945. fifty-five of the sixty-'four Japanese house tests at 
Garston had been complett1d, and in Panel Repo.rt No . 128 a comparison was made 
of the results at all three places, and reasons were given for the differences in 
results obtained. 

The- Dugway results are recorrled in T.D .M,R o. 713, and.•b:P.G . .S.R. ·No. 18. 
The Edgewood resu lts are recorded in T.E.P. Revort No. 8. Taking on ly the tests 
ih. positions vhich w re common to the three structures, namely; in living quarters 
where the gel was located near screens or furniture and might be expected to produce 
more or less simi lar fires. the comparal'ive figures are as follows:- · 

Table No. ,5 

Number Total Pe.: cent. Per cent. 

Site. of 'A' '13 . 'A ' of of 

tes•ts. Jires. fires .• and 'A ~ 'B.' 
'B.' fires. ii.r~. 

-

Garston (static tests) .. 4 0 I 2 2 0 so · 
Edgewood (static tests) 9 6 3 9 67 33 
Dugway (static tests) .. 14 10 4 14 71 29 
Dugway (dropping tests) 18 16 2 IS 89 11 

• According to the Dugway classification : ' A · fires are t11ose which pas beyond the 
control of the householder and require appliance attention within 6 minutes (A I in 
0- 2 minu tes; A.2 i.o 2-4 minutes: A3 in 4-6 minutes) . ''B ' fires are those which 
eventually become destructive i( left unattended. ' C ' fires arc those judged to be 
non-destruc-tivc. 

Althoug11 there is roon'I for some difference of opinion as to how large a fire must be 
before an appliance becomes essential, the classification ha.s been adopted for convenience 
in this comparison . 

The broad fact which emerges from this comparison i that whereas all the tests 
at Edgewood and Dugway in which the gel landed r asonably near screens or 
furniture gave either' A ,. or ' B ' fires, only 50 per cent. of those at Garston did so, 
and these gave only ' B ' fires. Other small bombs, such as the~ lb. or 4 lb. magn.esium 
bombs also generally failed to produce destrnctive fires at Gan,ton although bombs 
of equivalent size and action gave a number of ' A' fires at Dugway. 

Four factors were recognised as having a possible bearing on these differences, 
namely:-

(i) Structural design and fumish ing of the test bui ldings. 
(ii) Moisture content of the timber. 

(iii) Wood species. 
(iv) Atmospheric conditions prevailing at the time of the test. 

These will be disc-u!;sed in turn. 

Stri,ct·H·re and fiiniiohing 
(a) In the upper living rooms at Dugway, where most of the fires started, the wall 

surfaces were almost I 00 per cent. combustible, whereas at Edgewood and Gars on· 
au appreciable proportion of the periphery of the room consisted of plaster walls. 
This fact would give the bomb a higher S.I.E. in the room at Dugway, and would 
also tend to increase the rate of spread of fire there. 

(b) In the same room at Dugway tb.ere was a low wall or step under the ·window 
screens ; this contd (and apparently did) act as a barrier to gel ejected in that 
direction and enabled it to ignite the screens. In the ab.sence of such a step at 
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Garston and Edgewood . there were instances in which the gel passed harmlessly 
through the screens and fell outside (although these instances were eliminated in 
Table No. 5). 

(c) The framework of the screens at Garston was app1·eciably heavier than that 
of the screens at Edgewood and Dugway and they were therefore less readi ly ignited. 

(d) At Edgewood, the window screens, which were always backed by the shutters 
during the tests, were papered all over. Gel burning at the base of these screens 
soon burned off the paper and then attacked the e:-.;posed shutters. At Garston the 
corresponding screens were glaze<l, and the bottom row of panels was filled in with 
:l- inch thick wcod. Because of this the shutters were not expo$ed to the gel 'flame 
until the panels burned through. _ 

(e) The boards of the Garston and Edgewood shutters were 1 inch thick ; those 
at Dugway were½ inch thick. This difference may have affected the results of tests 
involving principally the shutters, but would not have accounted for the greater 
speed of the fires at Dugway. 

(/) The Dugway house included several solid wooden doors which were absent 
from the Garston and Edgewood targets. It is not known to what extent these 
doors were involved in the early stages of th.e fires at Dngway, but their effect 
might have been appreciable since they provided large areas of ' kindling ' to carry 
the flames to the hung ceiling. 

(g) The difference in height between the hung ceilings at Garston and Dugway 
(8 feet 7 inches and 7 feet ll inches respectively) had already been noted as a 
feature likely to favour the Dugway target, and the height in .the Edgewood 
structure was made intermediate (8 feet 3 inches). From observations in several 
tests it was considered that even the difference of 4 inches between Garston and 
Edgewood could, jn certain cases, materially affect the grad ing of a fire and might 
even make all the difference between success and failure. 

(Ji) One particularly vulnerable position at Dugway, necessarily absent irom the 
other two targets, was the space between the hung ceiling of the ground flour ano 
the floorboards of the rnom above. In the dropping trials, three bombs landed in 
this position, two of which gave ' A ' fires. In the static-firing tests, six tests were 
made in this position, all giving fires which were gradrd as · A.' Again, however, 
this !actor was eliminated in the comparative table oi results. 

From all these obse1·vations it would seem probable that some at least of the 
disparities in test results could be explained on the ground of structural differences; 
to assess the exact proportion of resnlts so affected would require. a more detailed 
study of the reports and, even tben, would be difficult without a careful comparison 
of notes between those respoJ1sible for the various tests. 

Wood moistu'l'e content 
The effect of wood mqisture on the results of incendiary performance tests has 

already been discussed at length ; there can be little doubt that the low moisture 
content at Dugway accounted in part for the very rapid fires produced there. There 
still remains. however, the wide disparity between the Garston and Edgewood 
results ; this cannot be expl.ained 011 the ground of moisture content, for at both 
sites this is known to have been within the range 14-17 per cent. throughout 
the tests. 

Wood species 
The characteristics o( a given species of timber which most affects its burning 

properties are its density and its oil or resin content. The woods chiefly used in 
Japan for domestic construction are the native sugi and hinoki, various native white 
pines and cedars, and to a lesser extent imported Douglas fir and hemlock. As a 
substitute for t l1ese native woods the U .S. Forest Products Laooratory recommended 
Port Orford cedar as the first choice, and Sitka spruce as the next best. At Garston, 
severe limitations on the supply of timber compelled the use of Douglas fir. At 
Edgewood most of the tests were clone with Sitka spruce, but pine and fir were also 
inclurled. At Dugway timbers of different species were used for different parts of 
the buildings and included fir, white pine, cedar, Russian pine and spruce. 
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In three series of experiments (see Panel RepCJtls Nos. 106 and 116) in which panels 
of different species of wood,¼ inch thick, were ignited witheq\1al weights of incendiary 
gel, there we,e significant difierences betweea fir, spn.icc, pine, and cedar, both in 
their ease of ignition and in their subsequent burning. The fir was the least readily 
ignited although, once ignited, it maintained its own combustion for a longer 
period than the C'edar which had ignited ·very readily. In the second and third 
series of tests the bel1aviour of spruce was found to be intermediate between that o( 
fir and pine. In general, the denser the wood, the less readily did the panels burn, 

Tests at J~eeds llniver$ity, F .P.R.L. and the U.S . .Forest Products Laboratory 
have tended to confirm this as a broact generalisation and have shown in p.irticuJar 
tbat Do1.1glas fir, being generally denser than the other softwoods under consideration, 
is less easy to ignit~ and liberates its !teat more slowly. Actually the density oi this 
species var1es rather widely and its burning properties may be e;,.,.-pected to vary 
accordingly. The fir used at Garstnn unfortunately had a density of 0·57 as com­
pared with O · 50 for the fir, and O · 40 for the spruce used at E<.lgewood, and with 
O • 37 for Japanese sugi. 

Only two attempts were made in the Edgewood structure to compare the fir with 
the spruce and in these the other vafri.bles were not very strictly controllecl ; 
nevertheless they did afford some evidence that the fire developed 1.ess quickly when 
fir was 1.1.sed (see I.E.P. Report No. 8, Section VIII). 

From all the evidence, therefore, it appears highly probable that the use of a 
rather high density Dougl:is fir al Garston was -partly responsible for the relatively 
poor res ults obtained there with the M.G9 and other small bombs. The differences 
in resin content of the various woods were hardly sufficient to have much bearing 
on the problem, excepting perhaps in the ca;;e of Loblolly pine, some of whic;h was 
used at Dugway. 

A imosplieric condit-ions 
At Garston. the relative humidity of the air at the time of the tests in question 

ranged Jrom 40 per cent. to 74 per ce.nt. and ,iveraged 67 per cent. At Edgewood, 
the range was from 40 per cent. to 88 per cent. with an average of 72 per cent. The 
co11c;litions at these two sites were therefore very similar and there is nothirg in these 
data to account for any appreciable difference in results. 

Comparative data for Dugway are not available bu l it is well known (see Panel 
Report No. 90) that the mean relative humidity in that region is very much lower 
than 70 per cent., a.nd that for the summer months it is more oi the order of 40 per 
cent. This fact may possibly help to account for the rapidity of some of the fires 
at Dugwa.y. 

To &um up, the differences between EdgewoQd and Carston were fonnd to be due 
partly to certain differences in structural detai l. and partly to the use. of a high 
density Douglas fir instead of the more appropriate Sitka spruce for the structural 
timber and furniture. 

Similar factors would account for many of -the differences between Dugway and 
Garston, especially as the Dugway structures pre~ented more situations favoura.ble 
to the rapid growth of fire th~n either of the other two targets. In addition, however, 
there is the probability that the moistu re content of the wood at Dugway was weJI 
below the value of 15 per cent. which was finally agreed as reasonable, and the 
atmospheric humidity was well below 70 per cent. ; this. it is thought, would be 
enough to account for the rema ining djfferences. 

Fire raising in industrial targets 
It has already been pointed out that one important consequence of the R.A.F. 

practice of area bombing by night was that the type of building most commonly 
hit was the domestic dwelling. ln testing incendiary bombs therefore the furnished 
room was the obvious test target t o use. 

The tactics of the U.S. 8th Air Force were different. Their policy was to attack 
specific industrial targets and iuteiiere as directly as possibl.e with the war production 
of the enemy. The necessary accuracy and bomb concentration could only be 
achieved by squadron bombing in daylight and accurate bomb sighting. Tilis 
iPevitably !eel to some sacrifice or aircraft bomb load owing to the necessity for 
providing greater protection against enemy fighters. 
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Now an incendiary bomb designed to set fire to the ' kjnd!ing • in a furnished room 
is not necessarily the best weapon for starting fires in factories and other industrial 
complexes whose contents vary so much in igoitability. Much of the combustible 
material in factories is so heavy and fire resistant that it only burns in the late 
stages of a destructive fire ; it could never be ignited directly by any feasible type 
of incendiary bomb and is therefore unsuitable for use as a test target. At the otl\er 
end of the scale it is common to find highly inflammable materials such as solveats, 
oil soaked rags, and wood shavings, but these are too readily ignited and Irre­
producible to serve as a basis for comparing incendiary bomb perfounances. In 
between these two extremes there are a large number of objects of widely varyin,g 
ignitabilities, many of which could b e easily reproduced and standardised and made 
the basjs of a test target. These objects do not oorrnally contain much ' kindling ' 
in the (a). form (thin wood panels) referred to previously which was used as a 
basis for the ' panel ' test. They more oiten contain a high p roportion of bulk fuel 
which can only be ignited if there are good'opportunities fo1• mutual support. Thus, 
a 4 lb. magnesium bomb burning on the floor just outside a heavy wooden box will 
never starl a self-propagating fire : but if it is burning inside the box and can ignite 
all the inside surfaces. mutual support can be sufficient to enable the fire to take 
hold and become independe11t of the bomb. 

The Incendiary Evaluation Project at Edgewood was set up primarily to study 
these various aspects of fire-raising in industrial targets, and to advise on the type 
of incendiary bomb from th.ose in current production which. would be most suitable 
fot· the purpose. 

A preliminary survey o-f a number of factories in t he United States showed that, 
although oppor-tunities for mutual support vaded greatly from one object to another, 
they were nevertheless frequent enough to justify incendiary attack. It was 
derided to select as test targets a number of articles which were common to a large 
variety of factories, and which varied in their ignitability over a range which very 
nearly included the bath of acetone at one end, and the 3 inch thick bencl1 top at the 
other. The foJlowing is a list of the articles chosen, together with the approxin1ate 
minimum amounts of in<tendiary gel which will ignite each in the most favourable 
location . The articles are fully described in IEP Report No. 9. 

Cardboard cartons . . l oz. Anywhere on, or at the side of, or 

Staekof wooden pack­
ing cases. 

Small-parts storage 
bin. 

Work bench with tote 
box underneath. 

Heavy vertical wood~ 
en partition, 

4 oz. 
between cartons. 

Anywhere in the narrow space between 
two or more packing cases. 

8 oz. to I lb. Anywhm·e in one of the small compart­

I½ lb. 

2,l- lb. 

ments. 
Inside the box Qr in the region enclosed by 

a side o-f the box and one table leg. 
Hard up against the partition ancl only if 

there are cornbustible objects on the 
other side so that mutual support can 
be provided when a hole is burned 
through and flames reach the fa r slde. 

Altogether, over 300 tests were carried out ag'l.inst these targets using the American 
M.50, M.69, and M.74 bombs. Since these bombs are so fundamentally different i11 
their mode o( ~ction it was necessary to develop a separate testing technique fo r each. 
The methods adopted for tosting them were as follows. 

M .50 
\Nith this bomb most of the tests were ea.cried out with static placement and 

firing of the bomb in and around the various targets. The effect of impact was 
reproduced by firing the bombs vertically dow11wards on to the targets from a 
mortar at the correct speed. 

NI.t;9 
With this bomb a study was first made of the bouncing of the sock of gel from 

concrete and wooden sµrfaces. The acti.on of the gel on the vado\1s targets was 
studied by placing the bomb on the ground and firing it so that the gel arrived at the 
target from all angles and distances. The action of the bomb when it penetrated 
the t'argets was studied with mortar-fired shots as with the M.50. 
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M.74 

It is obvious that this is the most difficult bomb of all to appraise. Static burning 
tests were carried out wjtb PT .gel against all the targets as with the other bombs, 
A techojque was also developed for firing yawed hotnbs giving different angles of 
gel arrival on to the target, and· numerous tests were carried out in this way. In 
order to determine the average a.ngle of gel arrival, airborne tests were carried oot 
against the prototype industrial building on the dropping fie ld at Edgewood. When 
hits were obtained it wa.s possible to locate the hole in the rooJ made by the bomb 
on entry, the mark made by the bomb case on the floor, and the position in which 
the gel was burning; from these· the angle of arrival o f the gel could be calculated. 

The results of the tests on all three bombs are given in I.E.P. Report No. 9. In 
order to use the experimenti\.l data thus obtained, a, set of assumptions was drawn 
up which cou ld be applied to the calculation of the S.1.E. for each bomb in a factory 
lay.out containing a reasonable distribution of all the five objects used as test 
targets. This was a very laborious and complicated procedun, especially for the 
M.74 bomb where allowance had to be made for vaw, .1nd the reader is referred to the 
report already quoted for full details, The fina·1 results of the analyses are co!Jected 
together in l 'able No. 6. The fourth column under each bomb gives the recorded 
times in which self-sustai11irtg fires were e$tablished. The fifth column $tates that 
al.l the targets except the bench a nd tote box: are inherently capable of involving a 
roof onto they are alight; this statement is justified because such objects are 
commonly high enough or p resent in sufficient quantity in, a factory to produce 
flames that would reach tbe roof.. This is of great importance since experience has 
shown tl'tat the chance oi a complet e burn-out in a factory is very much higher if 
the roof becomes involved , 

Table No , 7 summarizes Table No. 6 in a somewhat more illuminating form. Time 
intervals of three, ten and forty minutes were selected to indicate the relative 
effectiveness of the bombs in starting quick fires, and the values in Table No. 6 
which fell within these time intervals were added together for each target to give 
the ch,ance of starting a fire . The values given in each. column include the values 
for lesser · times : thus, for the M.74, the- chance that a bomb will produce a fire 
that will eventually involve ,the roof within forty minutes is 0 · 191. Of this total 
chance, 0 · !40 is the chance of such a fire being established within three minutes. 

From Table No. 7, the following may be noted : 
(a) For every one hundred functiox1ing bombs entering a facto1y lay-out such as 

that used, .fires will be started as foUows : 

Fires that can eventually reach tbe roof. 

Bomb. Total fiies . 

I 
Self-sustaining I Self,sustruni ng Total. within 10 min. within 3 min. 

M.50 17 15 15 15 
M.69 48 36 31 31 
M.74 20 19 17 14 

{b) For the number of bombs in a SOO-lb. aimable cluster. again assuming 
penetration and 100 per cent . 'functioning, fires will be started as follows : 

Bomb. 

M.50 
M .69 
M,74 

Total fires. 

19 
18 
8 

Fires that can evenbJaJly reach t he roof. 

Total. 

17 
14 
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Table No. 6 

Analysis of fire-starling in a typical factory lay-out 

M.50. I M.69. 
I 

M.74. 

Time Will Time Will 
Time Will 

for fire for fire for fire Target . 
Chance Chance to be the Chance Chance to be t he Chance Chance to be the 

ot a 
of a S.l.E. self- fire of a of a S.T.E. self- fire of a 

o( a $ .I.E. self- fire 
burn reach burn reach burn reach 

hit . if hit. sup- the h it . if hit. sup- the hit. if hit. 
sup- the 

porting roof? porting roof ? ~orti~g roof? 
in m in . m rrun. in mm. 

Cardboard cartons 
Top .. . . 0·048 I 0·048 t Yes 0·054 J 0·054 t Yes 0· 043 l 0·043 t Yes 
Side . . ·- - - - - - 0·059 I 0·059 t Yes 0·022 1 0· 022 i- Yes 
Floor around .. O·Ol7 1 0 · 017 I Yes - - - - - 0·005 l 0·005 I Yes 

Packfog aases 
Top .. . . 0·045 1 0·045 t Y es 0·045 1 0·045 t Yes 0· 042 0·93 0·039 1 Yes 
Side . . .. - - - - - 0·041 l 0·04 1 3 Yes 0·018 0· 59 0· 010 3 Yes 
F loor aro11nd . . - - - - - - - - - - 0-002 l 0·002 5 Yes 

Storage bins 
Top . . . . 0·039 1 0·039 I Yes 0-045 1 0·045 1 Yes 0·024 0-75 0·018 40 Yes 
Side . . .. - - - - - 0·066 1 0·066 l Yes 0·021 I 0-021 l Yes 
End '' .. - - - - - 0·048 0·63 0·030 l5 Yes 0-012 0·60 0·007 10 Yes 
F loor around .. 0·001 l 0·001 15 Yes - - - - - 0-006 l 0·006 s Yes 

Bench and t.ote box " 

Inside tote box 0·023 I 0·023 1 No - - - - - - - - - -
Side of tote box - - - - - 0· 126 1 O· 126 2 No 0·004 l 0· 004 2 No 
F loor around .. - - - - - - - - - - 0·007 I 0 · 007 3 No 

Vertical wood1m 
partition 

Side . . .. - - - - - 0· 028 0·63 0•018 15 Yes 0•027 0·60 0·016 10 Yes 
Floor around .. 0·001 I 0·001 15 Yes - - - - - 0·002 1 0·002 10 Yes 

Total .. O· 174 0· 174 0·512 0·484 0· 235 0·202 

S.I.E. (static intrinsic efficiency) = chance of a h it x chance of a burn if hit . 



Fires which extended to tbe roof; 
Cardboard cartons . . . . . . 
Packing cases . . .. . . 
Storage bi_ns . . .. . . . . 
Vertical wooden parti tioo . . .. 

Sub-total (foes to roof) .. . ' 

Fires wh.ich. do not extend to the roof : 
Tote boxes under benches . . .. 

Total . . .. . . . . 

Table No. 7 
Analysis of fire-starling in typical factory lay-out 

(Summari?.ed from Table No. 6) 

?vLSO. M.69 . 

Self-sustaining fire within Self-sustaining tire within 

3 min. j 10 min . 
I 

40 mln. 3 mia.. I 10 min . 1 40 min . 

.. 0 · 065 0·065 0 · 065 O· 113 0· I 13 0 · 113 

. . 0·045 0·045 0·045 0 -086 0·086 0·086 

.. 0 · 039 0 · 039 0·040 0-1 11 O· 111 0·141 

. . 0 0·00 1 0·001 0 0 0 -018 

•· · 0 · 149 O· 150 0· 151 0 · 310 0 · 3 10 0-358 

.. 0·023 0·023 0 · 023 O· 126 0· 126 0· 126 

. . 0·172 O· 173 0· 174 0 · 436 0 · 436 0·484 

M.74 . 

Self-sustaining fire within 

3 min. I 10 min . I 40 min . 

0·070 0·070 0·070 
0·049 0·051 0·051 
0 · 021 0·034 0·052 

0 0 · 018 0·018 

O· 140 O· 173 0· 191 

0· 011 0·01 l 0•011 

O· 151 0· 184 0 · 202 



It is seen that the individual M.69 bomb is twice as effective as the M.74 in 
starting fires in the factory lay-out which was used in the analysis, and that, on a 
500 lb. cluster basis, the M.50 is the mo$t effective of all. The difference between 
the M.69 and the M.74 j5 largely a result of the differe11-ce in the manner in which 
the bombs eject their gel rather than of a11y difference in incendiary content. Thus 
referring to Table No. 6 and considering only the hits on the sides, the ratio of M.69 
to M.74 hits is as follows :-

Cardboard cartons . . 0·059/0·022 = 2·7 
Stacks of packing cases.. 0·041 /0·0lS 2 ·3 
Front of storage bin 0·066/0 ·021 3 · 1 
End of storage bin 0 · 048/0 · 0 l 2 4 · 0 
Vertical wooden partition 0 · 028/0 · 027 l · 0 

For the particular floor loading assumed, it is apparent that lateral ejection frotn 
a bomb at Test is a more effective target-seeking mecnan1sm than ejection, near 
roof level, from a bomb in yawing flight. A brie-f consideration of other floor 
loadings has not indicated that the conclusion would be changed thereby. 

There are practical advantages in a bomb 1ike the M.74 whose fo.n.ctioning is 
independent of the type of roof which it is required to penetrate. It i-S difficult to 
design a bomb which will function after it comes to rest :md which a t the same time 
can be used against a wide variety o f targets. If the penetration oi the M.69 htd 
been increased , more difficulties would probably have been experienced with the 
ejection mechanism. When a specific target is being attacl<ed, conditions can be 
adjusted accordingly, but for a stand-by weapon a bomb of the M.74 type is desirable. 
T he great target-seeking power of a hori7:6ntally movfng incendia.ry unit cannot, 
however, be overlooked and every effort should be made to adapt the principle to 
existing weapons. 

Some additional tests were carried out at Edgewood using the British 20 lb . ' J ' 
bomb against the industrial tai:gets. These tests were repeated in this country at a 
later date, and the 30 lb. ' J ' bomb was also tried. Both bombs were useless for 
anything except the cardboard cartons, as might be expected from the fact that 
they were designed to set fire to ' kindling' in which a continuing fire could be 
produced during the short burning time (2 minutes) of the bomb. In every case 
the targets were charred deeply and appeared to be burning vigorously while the 
bomb was active, but as soon as the bombs died out, the fires did likewise. With 
the 20 lb, ' J ' bomb the force of the flame was such that it often tended to blow 
out flames which had become established on the outer parts of the target. To 
ignite bulk fuel it seems necessary, not only to have ,mutual support, but a. rate of 
heat input slow enough to prevent excessive surface charring of the wood before 
self-propagation of flame has been est ablished. 

This section cannot be closed without a further brief reference to th.e airborne 
tests which were carried out at Edgewood in the summer of 1945. The protol--ype 
industrial building used for these tests is in three sections. Secti.on A has a saw­
toothed roof of alternate wood and metal roofing. Section B has a flat reinforced 
concrete roof. Section C has three stories built in reinforced concrete. Sections 
A and B were filled with the standard targets tised in the previous tests to a floor 
loading density of about 5 per cent., and when a cluster of bombs burst over the 
structure and penetra.ted the roof their action against the wooden targets could be 
studied under actual conditions of use jn operations. O11e disadvantage of this 
method is that it is slow and wasteful of bombs, and every time holes are made in 
the roof they must be repaired to keep the rain from wetting the targets. However, 
taken in conjunction with static firing tests, these· dropping tests were invaluable, 
as they indicated the sort of conditions which arise which might otherwise have 
been overlooked. 

For some bombs this method is about the only one which can be used. For 
example, the American M.74 bomb-a 100 lb. gel bomb similar in mode of action 
to the British 30 lb. gel bomb-is too large to be .fired from a mortar, and no form 
of static firing could ever reproduce tJie distribution of gm_ which is obtained in 
airborne drops. A considerable amount of testing work was actually done with this 
bomb at Edgewood in an effort: to find the most effective form of burstec and gel, 
and -it is hoped that a report of this work will eventually become available in this 
country. It is difficult to see how any satisfactpry post-war testing programme 
could be carried through in this country without similar facilities. 
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Laboratory experiments on the ignition of wood by radiation, and its subsequent burning 
In addition to the actual tests on incendiary bombs, a numoer of laboratory 

studies were made of the factors which control the ignition and subsequent burning 
of wood. It was not possible to apply these results as they were incom:Plete at 
the time, but subsequent experience has shown that, had we been in the possession 
of information now available from these experiments, much time aud money would 
have been saved. It is imperative that this work should continue until all the 
factors controlling the ignition of ourning of wood arc thoroughly understood ; 
only then will it be possible to design the ideal incendia.ry bomb :for any purpose. 

Measurement.s of ' Wood flammability under various conditions of irradiation ' 
are described in the U.S. Report OSRD No. 432 (Man;h 1942). 

The wood used was mostly in pieces 1 inch by 6 inches by 12 inches, About 
8 inches square of earh sample was subjected to irradiation from an electric radiator 
parallel to the wood surface and a few inches away, and a water-cooled screen with 
a 3 inch square aperture limited the beam of radiation falling on the wood. The 
wood was in most cases placed in the vertical position, but in a few cases it was 
horizontal aod irradiated from below. Very little difference was found between 
the two cases. In a ·few tests the edge of the wood was irradiated, and in others, 
the flat wood surface normal to the beam of radiation projected half way ioto the 
beam. 

Severa.! species o! wood were used, mostly planed spruce, but also rough spruce, 
planed oak, planed Western pine, and New England white pine, both rough and 
planed. The samples were conditioned for at least 5 days in a ir at either 75 per 
ceot., 32 per cent. or zero relative humidity. The actnal moisture contents were 
apparently not determined. 

The radiation intensity could be varied from 10,000 to 50,000 B.Th.U. per square 
foot per honr ; the corresponding racHation temperatures are 

10,000 B.Th.U./ft.2/hr. 600° C. 
20,000 B.Th.U./!t.2/hr. 760° C. 
30,000 B.Th.U./ft.2/hr. 870° C. 
40,000 B.Th.U./ft. 2/hr. 96()° C. 
50,000 B.Th. 0./ft. 2/hr. 1,030° C. 

These radiation temperatures much exceed tbe temperature actually attained by 
t.be wood surface up to the t'ime of self-ignition ; the temperatures as measured by 
a fine wire thermocouple pressed flush with the wood surface in a knife slit, and the 
total radiation received up to the time of ignition. were as follows:-

15,000 B.Th.U./ft. 2/hr. Total radiation 268 B.Th.U./ft. 2 480° C. 
19,400 B.Tb.U./ft. 2/hr. Tota). radiation 113 B.Th,U,/ft.2 490° C. 
40,000 B.Th.U./ft. 3/br. Total radiation 44 B.Th.U./ft.ll 268° C. 

These temperatures c1ea.rly depended on the total radiation received up to 
ignition. 

For self-ignition, the minimum radiation intensity was 20,000, causing ignition 
in 25 seconds ; 25.000 had this effect in 13 seconds, and 8 seconds sufficed for 
intensities of 50,000 or more. The corresponding total radiations up to the time 
of ignition were 140, 90 and 40 B:Th.U./ft. 2, showing that less beat is required w:hen 
the radiation is more intense. 

Measurements were also made of the intensities of irradiation that will produce 
self-burning after the gases from the wood have been ignited by a small ' pilot · 
jet¼ inch from the wood. The minimum rate was 9,000 B.Th.U./ft.2/hr. causing 
ignition in 80 seconds : at 25,000 intensity the time was rednced to about 5 seco.nds 
the total heat required being, as before, less for the more intense radiation. 

This is an interesting fact in relation to the speed of ' flash-over ' in a furnished 
room. It was pointed out earlier that if the wood i.o,.the primary fire was dried out 
it would bun1 faster, radiate more intensely, and consequently rais~ the room to 
the •flash-over' in a shorter time. It is seen now that there is a double advantage, 
in that at the higher intensity the transfer of heat is more efficien~. and less total 
heat is required to raise the rest of the room to the ignition point. It helps to 
explain also the rapid action of a bomb like the 30 lb. 'J ' and the still more rapid 
action of the magnesium powder' bomb. 
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Little aifference ·was found between the flammability of the different species 
tested, except that oak !'leeded slightly more time for ignition than sufficed for the 
Qther varieties. Moisture content also had little effect. 

The flames produced on ignition were found not to perSist. This is a condition 
with which we a.re now well acquainted since the samples were I inch thick and well 
above the critical thickness for self-propagation of flame in an isolated panel. To 
maintain the flame for 10 [(linutes or more by sustained irradiation, an int ensity of 
-:i.bout 10,000 B .Th.U./ft. 2/ hr. was needed. With low intensity sustained radiation 
(5,400 B.Ih.U./ ft.2/Ju:.) Mter ignition, the persistence of fl.a.me was four times as 
great for the driest wood as for th.e moistest. This difference disappeared when the 
suslaine<l intensity was raised to 10,000. Persistence was longer for cracks or edges 
than for fiat surfaces. In the absence of sustained irradiation after ignition the 
persistence of flame was longer on fires started with low intensity radiation, and 
therefore, with a greater total radiation up to the tlme of ignition . 

The above experiments confirm what has been noted so often in incendiary bomb 
tests, namely, that the most favourable conditions for the ignition and continued 
burning of an isolated wood object are a moderate initial heat supply, and a low 
su!;tained supply of heat after .ig1\it.ion. A fiercer heat distils inflammable gases 
from the wood at a too rapid rate, and only chars the outer layer ; this charre~ 
layer may glow under a sufficiently intense supply of heat, but it does not burn 
readily ; it also retards lhe flow of heat to the lower layers, and so reduces the 
further distillation of the wood. The ignition of a number o'f combustible surfaces 
in a confined space is rather different. The more intense the radiation fae better, 
since the irradiated surfacesare brought to the ignition point more quickly and with 
a smaller total quantity of heat. Once they are ignited, mutual support is sufficient, 
to maint-a.in surface flaming long enough for the fire to establish itself independently 
of the initial source of beat. 

The principle of a moderate initial heat supply, a.nd a low $Ustainecl supply of 
heat after ignition was, of course, utilised in America in the development of 
incendiary bombs based on burning gasoline gels. While gasoline has the highest 
h'eat of combustion of any known incendiary, it can be made to burn at a lmost any 
rate by suitable thie]<ening. · 
. Experimental work on t he ignition of wood by radiation was carried on more 
exhaustively at a later date at the Fuel Department at Leeds University. 1n these 
experiments the heater consisted of eight' Glober • elements dissi-pating 9 kilowatts, 
backed with fire brick to afford a uniform source of radiation. The radiating area 
was defined as a central 3 inches diameter hole in a water-cooled screen immediately 
in frpnt of the heater. Th,e sample was placed behind a second water-cooled screen, 
both being mounted on a carriage running a.long fixed guides so that the radiation 
intensity could be varied. The radiator was calibrated against a water flow 
calorimeter. The species of wood tested were oa.k, pine, birch and gurjun ; the 
samples were 6 inches square and of different thickness (! inch to 1 inch) a.nd 
moisture content. 

As with the American experiments, measurements were made of thP. times to 
pilot-ignition and self-igoition. The values obtained were not in good agreement 
with the American values, but the general conclusions wece Similar. They may be 
summarised as follows ;-

(a) Self-ignitioi1 was affocted at some 13,000 B .Th.U./ ft. 2/hr. independently of 
the thickness of the sample. Pilot-ignition was obtained at 5,000. 

(b) The times taken varied to some e,d:ent with species, hut chiefly with 
moisture content and intensity of radiation. Ihus pilot-ignition with 
JO per cent. moisture content wood took approximately 200 sec. at the 
minimum radiation intensity of 5,000, but only 15-20 sec. at 13,000. 

(When testing magnesium bombs oo the 'panel ' te,;;t at. Leeds it was usually 
found that birch plywood panels ignited after 25 sec. at the extreme range of 
14 inches, so that the radiation intensity there must have been of the order of 
10,000 B.Th.U ./ft. 2/hr.} 

(c) The lower the radiation intensity before ignition the g reater the chance of 
continued burning after ignition, and the great.er a lso the total amount of 
heat required up to tb.e ignition point. 
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(In these experiments irradiation was maintained after ignition and it was possible 
eventually to produce a continuing fire in J inch thick wood with a radiation 
intensity of 10,000 B.Th.U./ft.2/hr. It is not known whether the burning of these 
samples would have continued if the radiatfon had been cut off after say 3 min., 
6 mio., 9 min., or 12 min., i.e., at times comparable with the active lives of most 
incendiary bombs.) 

(d) The heat input for continued burning after ignition varied somewhat with 
species, and with moisture content anti thickness. T~e type of char 
produced also had an effect. 

(e) The temperature of the wood at the back of the sample remained constant 
at or near 100° C. until all the moisture was evaporated. 

(/) The continued burning of plywoods was largely dependent on the nature of 
the bonding material. 

A number of hypotheses concerning the ignition and burning of wood were put 
forward in Panel Report No. 144 in an attempt to explain tbe phenomenon of 
successive 'flash-over ' which had been noted on a number of occasions at I.B. 
Cottage and elsewhere. After the first main ' flash-over' the iire would burn 
vigorously for some time and then clear, and die down in intensity, but this would 
be followed by a second ' .flash-over,' and occasionalJy a third and fourth. This was 
noticed more often when the moisture content of foe wood w'ls fairly high. These 
hypotheses appear to be reasonable. but so far there has been no opportun ity to 
verify them experimentally. 

The effect of bomb density and distribution of the effectiveness of incendiary raids 
The original terms of reference of the I.B.T.P. restricted it to a study of the 

intrinsic properties of incendiary bombs. This study resulted, as we have seen, in 
the establishment of the 'panel' test, and the application of the results so obtained 
to the calculation o1 a static intrinsic efficiency or S.I.E. for the bomb and target 
being considered. In practjce, for a variety of reasons, a proportion of the bombs 
which hit buildings do not arrive ~t the level of which the test target is typical, and 
of those that do, a proportion fail to function •correctly. Thus in operations, the 
chance that a bomb falling 011 to a building will fall into such a position that it wil~ 
start a continuing fire is less than that given. by the S.I.E. Th.is chance is known as 
the dynamic intrinsic efficiency or D.I.E. o{ the bomb, and is of course the product 
of the S.I.E., and a number equal to the proportion·of bombs which, having hit .t he 
building, penetrate to the desired level and function coprectly. 

The D.I.E. still Jails to take into account the effectiveness oi fire-guard measures, 
and, in the last resort, the only property of the bomb of real interest is its overall 
efficiency, which may be defined as the proportion o{ the bombs dropped on to 
buildings which start destructive fires despite the activJties of the fire-guards. This 
aspect of incendiary bombing was first discussed in Panel Report No. 6 (July 1942). 
This wa,dollowed in December 1942 by Panel Report No. J2a in which, as we have 
already seen, an attempt was made to estimate the probable change in the number 
of desttuctive fires which would be produced per aircraft load of bombs by a 
reduction in the amount of magnesium per bomb and a corresponding increase in 
the number of bombs (see atso Panel Report No. 143). 

Both investigations required a knowledge of ground bomb density from an 
individual container and from a stick of containers, and the mathematical methods 
developed for analysing sti¼k patterns were described in Panel Reports Nos. 15 and 29. 

lt was realised at this time that fire-guard activity would be profoundly affected 
by bomb density, and in March 1943, in inv:cstigation, was made jnto the optimum 
density of incendiary bombs which was described in Panel Report No. 2 1. It was 
suggested that the incendiary weapon was the stick of bombs rather than the 
individual bomb, and that altlwugh it was still important to improve the intrinsic 
properties of the bomb itself, the way in whic'h the bombs were dropped was of 
equal, if not of greater importance. 

The study of this Mpect of the problem was further stimulated by the issue in 
September 1943 of a paper by R.E.8 entitled ' The relation 'between the density of 
incendiary attack and the extent of visible damage to buildings in the central zone 
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of German cities ' which was later reproduced as Panel Report No. 43. T his paper 
raised a number of very controversial issues which were eventually crystallised into 
a difference of opinion between those, oa 1:he one hand, who believed it was best to 
distribute the bombs uniformly over the target area even at some sacrifice of 
density, and those, on the other hand, who as firmly believed that the bombs should 
be dropped in very dense parallel sticks so that fire-guards in the stick areas would 
be overwhelmed, and the maximum possible advantage taken of the sideways spread 
of fi re by radiation across the areas uncovered by sticks. A comparative assessment 
of the two methods involved a knowledge of the effectiveness of the enemy's 
fire-guar<l resources aod of the mechanism of fire-spread which were not available 
at the time. Towards the end of J 944 a theoretical study was made of the principles 
of spread of fire in built-up areas (see Panel Report No. 99), and some time later, 
radiation measurements were made when one of the Jap::UJese houses at B.R.S. 
was a,llowed to burn to destruction. A proposal was also considered for t he erection 
of twenty Japanese houses for fire-spread experiments, but this was never approved 
and the information has never been obtained. 

In December 1943 D.Arm_.D. invited the Panel to com-'?are the operational results 
to be expected from a raid with 500 lb. clusters each cootamrng 106-4 lb. magnesium 
bombs, and one with 500 lb. clusters each containing 14~ 30 lb. 'J' bombs. In 
Panel Report No. 60, an estimate was given of the D .LE. of the 30 lb. 'J 'bomb 
based on all the experimental evidence available, for comparison with the value of 
the D.l.E. of the 4 lb. bomb, but in replying to D .Arm.D. it was again pointed out 
that a fair comparison of the operational results 011 a weight basis could not be 
made without a consideration of the effectiveness of the methods adopted by the 
enemy for preventing small primary fires from growing to t he destructive stage, 
and this information wm; not available to the Panel. 

These operation::il problems had become so acute by the beginning of 1944, that 
the Air Ministry fi.oruly decided to set up a new Incendiary Panel under t he 
chairmanship of the Chief Scientific Adviser, with a membership especially qualified 
and informed to be able to adjudicate on the various differences of opinion which 
had developed, and from tl.tis time onwards the L B.T.P. ceased to have any direct 
interest irt these problems. However, when the Panel was transferred from M.H.S. 
to M.A.P. in November 1944, the terms o{ reference were enlarged so as to include 
the study of the stick of bombs and not only the iiidividual bomb, since it was now 
generally agreed that this was t he real attack unit which must finally be considered. 

Some thoughts on the future development and testing of incendiary bombs 
Reseaych 

The poor aimability of the small magnesium bomb was a cause of continua l 
concern. The Germans developed containers of a sort, but these were only intended 
to secure the greater concentration which results from a lower separation of tb.e 
individual bombs, an(i they were not designed ballistically to be aimabte. Our 
ow11 early practice was to release the bombs from a container which stayed in the 
aircraft so that the bombs were even less aimable. It was a necessary consequence 
of t his method of delivery that specified targets could not he hi t with any degree of 
certainty, and t he method usually adopted, therefore, was to drop large numbers of 
these incendiaries over extensive inhabited areas so that the bombs had a reasonable 
chance of hitting something. This meant, as we have a lready seen, that the domestic 
dwelling was more frequently hit than any other type of building for the simple 
reason that there are so many more of them. The wisdom of such a procedure was 
often questioned, but an interesting comment on the probable effects of such 
bombing is to be found fo the followiog quotation from the Su mmary Repor t of the 
U.S. Strategic Bombing Survey. 

' The city area raids have left their mark on the German people as well as on th.eit 
cities. Far more than any other military action that preceded the occupation of 
Germany itself, these attacks left the German people wit'h a solid lesson in the 
d isadvantages of war. It was a terrible lesson ; conceivably that lesson, both in 
Germany and abroad, could be the most last ing single effect of the air war.' 

This comment is the more striking since the U.S. Air Forces in E urope were 
generally averse to area bombing, although they used it later with telling effect 
against the cities of Ja pan. 
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However, as the European War progressed, the so called 'aimable' cluster was 
developed which made it possible to attack specific targets with less uncertainty, 
although the practice of night bombing by the R.A,F. still made the success of this 
development dependent on accurate target identification and marking. Even the 
daylight bombing by the U.S, 8th Air Force was restricted in its accuracy by all 
sorts of unforeseen operational difficulties. Towards the end of the war, however, 
more and more success in hitting the target was attained by both Air Forces., and 
' precision jettisoning ' became a thing of the past. It is evident that as time 
progresses, target identification and marking will still further improve, and there 
will be rapid advances in the design of amiable clusters and bomb sighting equipment, 
and, of course, of guided missiles. 

Inevitably such a development means an alteration in outlook as to the type of 
target to be attacked, The object of any aerial bomb attack is to reduce the ability 
of the enemy to wage war, and this can be done most effectively by destroying the 
factories and workshops in which instruments of war are being pcoduced. It is for 
this reason that so much space was given in this monograph to the methods 
developed at Edgewood for the study of :fire-raising in industrial targets. This is 
only a beginning and very much. more needs to be done. 

First and foremost, and quite independently o{ what incendiary bomb is used, a 
much more extensive study must be made of tb.e mechanism of the ignition and 
continued burning of wood, such as has already been attempted. War-time 
development of incendiaries was considerably retarded by our lack of fundamental 
knowledge on this subject, although it was not always realised at the time. 

Further species of wood could be studied with advantage, but more particularly 
an attempt should be made to separate the effects of density, diffusivity, and 
conductivity. Experiments should also be made w{th larger samples more 
representative of the average target than the small samples used both by tbe 
O.S.R.D. in America, and at Leeds, and with groups of samples arranged to 
represent the sort of configuration that exists in practice between the different 
surfaces of the average target. The effect of confinement of heat should also 
be studied. 

At the same time a much more exhaustive mathematical study should be made 
of the problem. in collaboration with the indlviduals who a re actually doing the 
practical work, so that new avenues of experimental wot k can be opened up. 

Devaloprmtnt 
When it comes to the more practical problem of the development of an incendiary 

bomb for the future-especially in view of the tendency a lready noted for the 
emphasis to be on industd<1-l targets-the following requirements must be botne in 
mind, as their importance has already been firmly established:-

(a) Simplicity in design and mauufa.cture. 
(b) Smallness of the individual unit consistent with incendiary efficiency. 
(c} Ability to set fire successfully to a wide range of combustible objects. 
(d) Ability to function successfully in a wide variety of types of buildings. 
(e) Ability to propel its incendiary constituents more horizontally than 

vertically, once inside the target. 

(a) Requires no comment since, in t he event of war, production m ust be expanded 
rapidly, and this can only be done i f all the complications of manufacture have been 
reduced to a minimum. 

(b) Follows from elementary numerical considerations of the total capacity of an 
aircra{t in relation to the number.of points of £re which can be established by its 
load of incendiacies. The main objection to the use of a. Sill.all bomb---that it was 
subject to :fire-guard control--..was removed in the high saturation attacks which 
were used at the end of the war, and which would undoubtedly be used again, even 
at the expeo.se oi individual bomb efficiency. 

(o) Requires. t he use of 1u1 incendiary agent which liberates its heat slowly and 
at 3: {a irly low intensity. Such a fuel is capable of igniting, not only ' tinder ' and 
'kindling•. but a lso• bulk-fuel'; whereas a high intensity radiation bomb like the 
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magnesium powder bomb is only capa.ble Of firing ' kindling ' and ' bulk-fuel I it 
there are unusually favourable conditions for mutual support, coupled with a fairly 
close confinement of the heat. 

(d) Requires some form of functioning of the bomb in flight after it has been 
activated by penetration at the roof. In connection with the American M.74 bomb 
it was noted that the design oi an incendiary bomb which would cornc to rest at the 
most suitable place in every type of target was a lmost impossible. l ' his requirement 
is to some extent in conflict with (e) since perfect horizontal projection is most easily 
obtained from a bomb at rest in the target. It is possible, however, that the 
incendiary bomb of the future will be a cross between the British 30 lb. gel or the 
American M.74 bombs and the American M.69. This may possibly be achieved by 
introducing a suitably short delay before bursting, and slowing the bomb down so 
that, after penetration, any sideways component of gel velocity after ejection 
p rodu_ced by yawing or turning of the bomb will be appreciable coQJpared with the 
residual downward velocity due to the motion of the bomb. In this way it may be 
possible to increase the apical angle of the cone within which the gel is ejected, and 
thus increase the target-seeking propensities of the contents. 

The minimum requirements for ,my Post War Incendiary Evaluation P-1Coject in 
this country may be easily la.id down from the results of our e:o<pe(ience in this war. 
The bu1rning of wood is dependent very largely on moisture content, species, air 
supply and atmospheric condition. and in consequence these must all be closely 
controlled [or the results of any tests to have any value. It is only possible to 
eliminate draughts and other unusua l air flow conditions by carrying oat the burning 
tests in a large Ii.reproof building similar to the one at Edgewood Arsenal. The 
building should be equipped with adequate arrangements for the extinction of 
fires a nd drainage of water, and a sufficient number of powerful fans for clearing the 
smoke after each test. It should be provided with a steel framework above, capable 
of supporting a number of different sized morta rs or othe, devices wh ich <:an be used 
for firing bombs into the building at any required angle, Side by side with th.i.s 
must be smaller buildings for the storage and conditioning of the timber for the tests. 

For t he largtir bombs which cannot be fired from mortars there must be ptovision 
for airborne tests against a building fitted up with the necessary combustible 
targets, similar to the prototype industrial building on the field at Edgewood 
Arsenal. There m ust be provision for continuous and rapid 1·epair work to the 
roof. 

In addition to the long term development work indicated there are a nuinber of 
special tests on existing weapons which would provide useful data for development 
work. 

(a) A complete study of the range of action of the magnesium bomb using the 
Leeds 'panel ' test, with all the possible permutations and combinations 
of a lloy, size, shape, filling, etc. This is specially important in view of 
the pronounced superiority of the small magnesium born b on the industrial 
targets at Edgewood, and because of t l1e large difference that was produced 
by t he small change in design from tbe Mark IlI to the Mark IV bomb. 

(b) A study of the apical angle of the cone of ejection of t he gel from a 30 lb. 
bomb in relation to its velocity after penetration. 

(c) Further studies of gels in an effort to obtain one which will hold together 
more effectively when ejected from the bomb. ln the U.S. tests, 
indications were that the G.R.S. (synthet ic rubber) gel had a distinct 
adva,ota.ge in this respect oveT Napa.1.m gasoline and P.T. in the American 
M.47 bomb, and there is obviously much more work to be done. 

Finally, referring back to the original statement of the problem, it is obvious that 
very little is still k nown about the spread of fire in. buildings and from one building 
to ,1.nother. Direct work of this sort is costly and unpopular in a time of such 
acute housing accommodation as the present, but m.uch inforlllation could un­
doubtedly be obtained from the Departments resporn,ible for the study of civil 
fires with whom, it is recommended, a close liaison should be maintained. 
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APPENDIX 4 

BRIEF NOTES ON THE VARIOUS MARKS OF 500 LB. M.C. BOMB 

Mark 
I. Welded steel plate: charge/weight ratio 50 to 51 per cent. 

II. Forged : of great comparative strength with a similar charge/weight 
ratio. The most satisfactory of all 500 lb. M.C. bombs. 

III. A cast steel bomb: charge/weight ratio 42 per cent. 

IV. A similar bomb but of smaller dimensions, made by Messrs. Stanton on 
plant used for G.P. bombs. Charge/weight ratio 40 to 41 per cent. 

V. Cast bombs in which the position of the centre of gravity was outside 
the limits imposed by the specification. Only a small number were 
made. 

VI to IX. As I, II, III and IV, but with American lugs and some very minor 
modifications. 

X. A forged bomb with a solid nose made by Messrs. }arrow Metal 
Industries on S.A.P. plant. 

XI. A strengthened Mark VII bomh, fuzed tail only, and with solid· nose : 
the tail structure was specially strengthened to withstand tail side 
impacts. 

XII. As Mark XI but with provision for nose fazing. (Note : Neither XI 
nor XII went into production.) 

XIII. Scarff welded bombs of Messrs. Stewart and Lloyd manufacture : 
hitherto scrapped but pressed into limited service (nose instantaneous 
fuzing only) to meet the increasing demand in 1944. 

XIV. Similar to Mark X with a 2-inch diameter fuze. 

XV. A specially designed bomb for under-water use. It is similar to 
Mark XII but has provision in the tail for dual fazing-hydrostatic 
or time. Still in early development stage (October 1945). 
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APPENDIX 5 

8,000 LB. H.C. BOMB.- DETONATION TRIALS 
Summary of results 

S~~~l I Bomb. i!tt~g Exploderiog system. l ~~-, Initiation . , 
- - ~ ----~--w_e_,ig,_h~t_. _ _ ,--_ _________ _,___n_es_s_._,_ _ ___ c__ ______ _ _ ____________ _ _ 

Results. 

2 

8,000 lb. 

8,000 lb. 

3 Nose section 
of 8,000 lb. 
H.C. bomb 

4 8,000 lb . 

5 8,000 lb. 

6 

7 

8 

9 

10 

11 

8,000 lb. 

8,000 lb. 

8,000 lb. 

8,000 lb. 

S,000 lb. 

8,000 lb. 

lb. 
Amato) 60/40 

5150 

Amato! 60/40 
5150 

Amato! .60/40 
2660 

Arnatol 60/40 
5100 

Amato) 60/40 
5200 

Amatol 60/40 
5200 

R.b.X ./T.N.T. 
60/40 
5333 

Amato! 60/40 
51.29 

Amato! 60/40 
5100 

Amato! 60/40 
5100 

R.D.X ./Amm. 

incb . 
All through, pressed T .N.T. ½ 

All through, pressed T. .T . !-

All through, pressed T.N .'I, 

32 lb . P.E., central 

All through, pressed T.N.T . 

All through, pressed T.N.T . 

All through, pressed T.N.T. 

C.E . pellets and two R.D.X./ 
T .N.T. 60/4.0 booster 
rings in each section. 

No central tube. Three all 
through C.E. exploder 
wlth layer o( R.D.X. / 
T .N.T. 60/40 at nose end 
of eacb section . 

2-inch, ' fluted ' exploder 
C.E ./T.N.T . 70/30. 

All through , C.E ... 

t 

t 

t 

t 

t 

Nose 

Side 

Nose 

Central 

Nose 

Nose 

Nose 

Nose 

Nose 

Nose 

Nose 

}
Tbe values of + impulse from each of these two bombs 

were only about the same as those previously obtained 
from a 4,000 lb. H.C. bomb. 

+ impulses less than bali those obtained from a 4,000 lb. 
H .C. bomb . (The diameter of serial No. 3 is 38 inches 
a,:,d that of a standard 4,000 lb. H .C. is 30 inches.) 

+ impulses not greatly different from serial Nos. I and 2. 

+ impulses approx.. 30 per cent. less t,han bombs in serial 
Nos. 1 and 2, 

+ impulses better than serial Nos. l , 2, 4 and 5, but 
30 per cent. less based on results of 4,000 .lb . H.C. bombs. 

+ iropl!lses.in good agreement witb. 4,000 lb. H.C. bomb. 
Assumed that filling in previous serial numbers had not 
given complete detonation . · 

+ impulses 30 per cent. less than those based on results of 
4,000 lb. :H.C. bomb. 

Rate of decrease of + impulse with distance mucb. less, 
compared with previous bombs. Difficult to draw 
definite. conclusions from this serial number. 

SUghtly better performance than serial Nos. 1 and 2, 
chiefly at greater distances. 

+ impulse approx. 7 per cent. below serial No. 7. 
Nit./T.N.T. 
9 : 51 : 40. - ---'---- - - - ------...,___ ______ __;_ ______________________ _ 



APPENDIX 6 

DETONATION TRTALS OF INCREASED CHARGE/WETGHT 
RATIO BOMBS 

This is a copy of an interim report (No, 117/44) by the Armament Research 
Department. The details given in the account of the focreased CJW ratio 4,000 lb. 
H.C. bomb were derived from a, later report. 

Bombs, H.C., 4,000 lb. of increased charge/weight ratio 

Summary of data on increased blast effect from bombs baving thin steel or 
aluminium alloy cases 

SUMMARY 
(a) In confirmation of estimates previously submitted, trials in Bombs M.C. 

500 lb. Mark III and Bombs H .C. 4,000 lb. have shown that a substantial improvft­
ment of blast performan.ce can be obtained by an increase of charge/weight ratio, 
e.g., by the use of thin steel or aluminium alloy cases. 

(b) A design of Bomb ff.C. 4,000 lb. with¼ inch steel case has been prepared and 
tor a particular filling this bomb gives a mean damage a rea about 25 per cent 
greater than that given by a Service bomb with fir iach steel case, together with a 
saving in total weight of about 350 lb. 

This design is considered by C.E.A.D. to be suitable for immediate production. 

(c) Trials have been carried out with a Bomb H.C. 4,000 lb. with a fa- inch 
aluminium alloy case. For a particular filling this bomb gives a mean damage area 
about 40-45 per cent. greater than that given by a Service bomb ( fir inch steel 
case). together with a saving in total weight of about 600 lb. 

The mean damage area for an aluminium a lloy bomb filled Minot 2 is nearly 
three times that for a Service bomb ( fir inch steel case} with the original fi lling of 
Amatol 60/40. 

Further consideration of the manufacturing difficulties experienced with the 
aluminium cased bomb, and strength tests by R.A.E . will be nece!;sary before a 
satisfactory design can be prepared. 

References : X.A. 530/2. O.B. P rocs. 25987 
27433 
27714 

Trials in bombs, M.C., SOO lb., Mark JU, with cast aluminium case£­
O.B. Proc. 25987- A.'R.P. Explosives Report 88/44 

These trials were ea, ried out to determine the effect of a case of cast aluminium 
alloy on the blast performance of a bomb. The proposal to carry out this trial arose 
from a discussion concerning the high values of positive blast impulse intensity 
recorded for the German Mine Type C which had an a luminium alloy case. Although 
the average level of blast impulse intensity for the C Mine was approximately in 
agreement at the nearer distances with the estimated values, the rate of decay of 
impulse intensity with distance was abnormally low, aad it was considered desi,able 
to determine whether the possible 'afterburning ' of the aluminium alloy case 
made any appreciable contribution to the observed blast impulse intensit1es. 

For convenience of testing procedure, trials were arranged in the first instance 
with bombs having cast aluminium bodies generally similar to the service Bomb 
M.C. SOO lb. Mark III although it was recognised that operation.i i use of aluminium 
alloy bombs of the M.C, type was unlikely. 
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The internal volume of the bombs actua,lly supplied was about 2·33 cubic feet as 
compared with 2 · 13 cubic feet for the service Bomb M.C. 500 fb. Mark IfI. The 
aluminium alloy, had the lollowing approximate composition 

Copper 
Silicon 
hon 
Nickel 
Magnesium 
Manganese 
Zinc 
Aluminium 

Per cent. 
3 

3 to 4 
0 ·6 

0·l to 0·2 
0· I 
0·5 
0· l 

Remainder 

Maximum stress 
9·5 tons/sq. in. 

Elongation 
2- 2-25 per cent. 

Measurements of bla$t impulse intensity were made by A.R.D. ancl R.R.L. using 
four lines of plezo electric gauges over the range 30 feet to 150 feet, 

The average values of intensity of positive. blast impulse taken over the range of 
measurements are given below taking the value for R.D.X./T.N.T. (Steel case) = 100. 

Amatol 60/40 (Steel case) 
Amato! 60/40 (A.1 case) 
R.D.X./T.N.T, 60/40 (Steel case) 
Mi.no! 2 (A.1 case) 
Mfnol 2 (Steel case) 

A.R.D. R .R.L. 
82·7 82·0 
111 112 
100 100 
150 152 
118 118 

The thickness of the steel and A. l cases was about the same (0 · 4 inch to 
O· 5 inch). 

'the increased values of blast impulse intensity for the honlbs with aluminium 
alloy cases agree closely with those estimated from a consideration of tile increased 
charge/weight ratio so that any contribution to the blast impulse intensity arising 
from afterburning of the a luminium. aHoy case must be smaU. 

It will be noted that a substantial increase of blast impulse ioJensity arises from 
the substitution of an aluminium <1,Jloy case for steel. For Amatcl 60/40 the increase 
is about 85 per cent. and for Minol 2 the increase is -in the neighbourhood of 
30 per cent. 

Bombs, H.C .• 4,000 lb.-Trials of bombs with thin steel and aluminium 
alloy cases-0.B. Procs. 27433 and 27714 

Estimates of the increased blast performance of H,C. bombs of very high charge/ 
weight ratio, and tentative designs of bombs with thin steel and a luminium alloy 
cases were submitted by D.R.R.L. (A.C. 5866- 5.D. 371). 

The posifion was reviewed at a sectional meeting of the Static Detonation 
Committee on 30 March 1944 and suitable trials in Bombs RC. 4,000 lb. were 
recommended . 

.Static detonation trials of Bombs H.C. 4,000 lb . .filled Mino! 2 (three rounds) 
and R.D.X./T.N.T. 60/40 (three rounds) having aluminfom alloy (D.T.D. 213) and 
t inch steel cases were carried out at Shoeburyness with service bombs (¼ inch 
steel cases) filJed RD.X./T.N.T. (four rounds) as controls. 

The following information on the design of the bombs had been communicated 
by C.E.A.D. 

Steel case bomb 
The outline is similar to that of the present bomb and has a case of -A- inch mild 

steel plate with a longitudinal welded seam. It is reinforced by an internal beam 
and circumferential T ring. Internal pads are fitted at the suspension and lifting 
lug positions. The empty case complete with the fi.ttings weighs 450 lb. compared 
with 887 lb. for the standard Mark I'V Bomb. This bomb has been subjected to 
strength tests at R.A.E. and satisfies the requftcments of specification D,T.D. 1051 
for Class III stores, Explodering is similar to that employed in tile Mark IV Bombs. 
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Aluminium cas~ bomb 
The bomb case produced in Aluminium a lloy to D.T.D. 213 has been designed 

with the same outline and same wall thickness as the standard bomb, reinforced 
internally with a T ring at the suspension lug position, and a stiffening ring under 
each of the 110isting bracket positions. In order to facilitate manufacture on the 
experimental production the bodies were swaged and the stiffening rings omitted, 
these swagings accommodating external hoisting bands to which lugs could be 
.fitted. The em.pty case with stiffening ring weighs about 350 lb. The explodering 
is similar to that employed in the Mark IV Bomb. 

In view of the amount of welding involved even allowing for the adoption of 
swagings, it proves to be a much more difficult bomb to produce than the mild 
steel case. If the required production effort can be made available it is considered 
that the original design employin,g stiftening rings should be adopted in preference 
to the swaged body with t he necessary inconvenience to the service of external 
suspension baods. Strength tests at R.A.E. are required to confirm the efficiency 
of either type of construc tion. 

Both the steel and aluminium cases are liable to damage in transit if not carefully 
handled and some special protective fittings will be required. 

Blast pressure measurements were taken by A.R.D. and R.R.L. using three lines 
oi piezoelectric gauges (twenty-five obse1-vations per round) , 

The results from both. sets of measurements are in satisfactory agreement and are 
summarised in Table l, in terms of the performance of the Service fir inch steel 
cased bomb :filled R.D.X./T .N.T. 60/40 = JOO. 

The observed values of blast impulse intensity have been used to obtain estimates 
of the areas ove, which buildings of typical German construction would be 
demollshed or over which damage visible in aeria,I photographs would be caused. 

In order to obtain a rough overall index of blast damage. the mean ratio for both 
sets of measurements and for both types of damage J1as been included in Table 1 
as ' Mean Damage Area Ratio.' 

For fi.Uings of Mino! 2 and R.D.X./T.N.T. 60/40 the mean damage areas for the 
aluminium alloy and -} inch steel bombs are 40-45 per cent. and 25 per cent. 
greater than for the same weight of filling in a Service ( ft, inch steel) bomb together 
with a reduction of total weight of about 600 lb. and 350 lb. respectively. 

The mean damage area for an aluminium alloy bomb filled Minol 2 is neady 
th:ree times as great as that for a Service ( ft, inch steel cas~) bomb with the original 
filling of Amato! 60/40. 

Conclusion.s 
The use of bombs of incrC'ased charge/weight ratio, baving either t hin s teel or 

aluminium alloy cases, results in an increased blast performance in close agreement 
with that estimated from pi:evious results. 

For a particular filling, a Bomb H.C. 4,000 lb. having a fir inch aluminium a lloy 
case, weighs ahout 600 lb. less, and gives a mean area of damage about 50 per cent. 
more, than a Service bomb with fr inch steel case, 

An aluminium alloy bomb filled Minol 2 gives a mean damage area nearly three 
times as great as that for a Service ( ¼ inch steel case) bomb with the original 
filling of Amato! 60/40. 

For a particular fill ing, a Bomb H .C. 4,000 lb. h,aving a ¼ inch steel case weighs 
about 350 lb. less, and gives a mean area of bla~t damage about 25 per cent. more 
than a Service bomb with lir inch steel case. 

Necommendat-ions 
The following recommendations are submitted :-

(a) That immediate consideration be given to the production of a Bomb H.C. 
4,000 lb, with } inch steel case for service u~e. 

(b) That steps be taken to prepare a suitable production design of a Bomb H.C. 
4,000 lh, with a luminium alloy case. 
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Table 1. Botnbs H.C. 4,000 lb. 

Impulse Ratio. Demolition Areas. Visible Damage 
Filled A.reas. 

Weight. Mean Damage 

I I I R.R.L. 
Area Ratio. lb. A ,R.D. R.R.L. A.R .D. R.R.L ,A.RD. 

C>:I 

ffi Steel, ¼ inch (Service) .. 4,020 R.D.X. /T.N ,T. 60/40 100 100 100 100 100 100 100 
Mino! 2 106 105 115 115 108 111 112 

Thin steel, ! inch '. 3,680 R.D.X ./T.N .T. 60/40 Ill 110 125 119 127 123 124 
- Mino! 2 118 117 144 138 140 139 )40 

Arm:n:um alloy, -f6 inch 3 ,400 R.D.X. /T.N.T . 60/40 117 119 135 140 156 146 145 
Minol 2 123 123 .!S4 150 172 JSS 158 

The values for Mino! 2 (Service) are extracted from A.R.D . Explosives Report 68/44 . 



APPENDIX 7 

PREOS OF THE ORIGINAL PAPER ON DEEP PENETRATlON BOMBS 1 

The argument 
l . T he bomb armament of a ll t he belligerent Air Forces in this war consists of 

relatively small bombs designed to attac k surface targets such as factories and 
houses . 

2. Th is form of attack is effectively countered by dispersal. lt is bccomlng 
impossi ble to destroy simultaneously a ll the factories and all the generating stations 
all over the Continflnt of Europe. 

3. All these factories depend on few and highly localised stores of energy in the 
form of coal, oil and water power : air attacks on this country depend on large 
stores of petrol buried in tanks many feet underground. 

4. These stores of energy are so concentrated and so massive that they cannot 
be disper.:;ed, hut a lso they a rc invulnerable to the present type of bomb armament. 

5. The paper sbows that :-
(i) These stores of energy are vulnerable to very large bombs. 

(ii) By sterilising their stores of energy the industries of Germany and Ita ly 
can be quickly paralysed. 

(iii) The ver-y large bomb and appropriate bomb carryi ng aircraft are practicable 
and can be produced in this country. 

These arguments led Wallis to formu la te three ax ioms :­
(a) Modern warfare is ent irely dependen t on industry. 
(b) Industry is dependent on adequate supplies of power. 
(c) Power is dependent on the availabil ity of natural slores of energy such, as 

coal, oil and water. 

In Chapter 1 Wallis expands these axioms. and shows that a new techniq ue of a ir 
attack is required to destroy these nat ura l sources of energy, against which 'experts 
have given the opinion that the ex isting equipment of the British or of an y other 
Air Force is quite powerless to inflict any hut minor and therefore repnirable damage.' 

Chapter 2 reviews the existing bomb ~rmarnent and t he metllods of using it. 
Small bombs designed specific-a lly for the attack of civi l b uildings, factories, bridges 
a nd railways by means of direct hits. 

Chapter 3 deals with the ' destructive characteristics of a bom h ', and definei: the 
meaning of such terms as ' blast', 'pressure pul ·e • and ' gas bubble·, showing the 
irnportance of pressure pulse as an agent of destruction . Tb.is pulse, a wave motion, 
Mr. Wallis shows to be much more potent than had been genera lly realised. It is 
the • effecth,e a,nrl. deliberate use of this pressure pulse which in fact constitutes the 
new technique al ready referred to.' 

Cll.apter 4 enlarges on t l1e character istics oi wave motion derived from a spherical 
charge in a uniform medium and Chapter 5 deals with waves and structures. Al l 
arguments are founded ou mathematical principles. 

Chapter 6 sums up the conclusion to which the writer has been led by the preceding 
arguments. Massive targets demand a new technique in bombing, and this involves 
two departnres from current practice : 

(i) The use of far larger units. 
(ii) The use of pressure waves to destroy a surround ing medium, rather than 

t he reliance upon a direct hit. 

1 A precis of t he paper by Mr. B. N. Wallis, entitled ' A Note on a Method of Attacking 
the Axis Powers' prepared ,n 1940. A.M. File C.S. 8640, Encl. 2B. 
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The choice. is summed up in the. following proposition '.-
, To attack these targets successfully, it is necessa1y to inject the largest 

p1>ssible char<te to tbe greatest possible depth in the medium (earth or water) 

that surrou,ncls or is in contact with the target.' 

Then follows V/a.llis's idea for the design oJ a. bomb o! high. charge-weight ratio, 
of very large size for earth penetration, and for an aircraft to carry it. Calculations 
lead him to a weight of 10 tons , released from 40,000 feet, as likely to give the desired 
result. The bomb must be oi; modern high tensile steel. Such ,1 bomb, in sandy 
soil. was calcu lated to reach a deptb of 135 feet ; jn st1ch a medium the minimum 
depth for complete ' camoLLfiet '- that is the formation of no crater, but the 
expenditure of all detonation energy in producing disturbances of a seismic character, 
was calculated to be 130 feet. Realising that the practical achievement of such a 
depth might not be easy, Wallis observed that no very great loss of seismic effort 
would occur provided detonation took place at depths below those at which the 
rharge would be equivalent to .i c-0mmon mine-that is QnP, in which the radius 
of the result<1,nt crat r is approximately equal to the depth at which detoaation 
occurs. Wallis then examined ma thematically the factors involved in designing 
a bomb for penetration to maximum depth . 

Chapter 7 examines the who1e problem of high altitude bombing from the poilltS 
of view of technical ability with the apparatus then available, and opportunity. 
He envisaged a pressure cabin born her which should at 40,000 feet be immune from 
attack, not only because of its height but because of its corre t structure. Apart 
from the design of the aircraft, three major points arise :-

(i) The possibility of seeing the ground owing to cloud interference. 
(ii) The smallest object which can be distinguished. 

(iii) The accuracy of bombing. 

Th first problem has since been solved, or partially solved , by the use of Radar 
equipment. The second ha.s been exa.rnined by Professor H. H. Plaskett who was 
led to the following conclusion :-

. In the absence of scattered light, a black test object two feet in width will be 
clearly visible against a white background from a height of 31,000 feet.' 

The third problem is one involving the accaracy of bomb sights, and consistent 
ballistic properties in the bomb. With the stabili!\ed automatic bomb sight, and 
the mathematically designed Wallis bomb, a bombing error o( 40 yards per 40,000 
feet was possible with speci,1.lly tr:i.ined crews. The Wallis pr,inciple did not demand 
;.i direct hit to destroy a target. 

Chapter 8 deals with typical large targets-petrol and oi l storage ttt.nk , coal 
fields, oil fields . hydro electric dams, multiple arch dams and gravity dams, surface 
transport- and examined in detail the probable effect of earth shock on these. All 
arguments are amply illustrated by diagrams, the whole representing a monument 
of careful, concentrated work by a man already fully occupied with his own business 
of aircraft desigo . 

APPENDIX 8 

MR, WALLIS'S REPORT TO THE AIR STAFF, JUNE, 1943 L 

THE WEIGHT OF BOMBS IN RELATION TO TllELR TARGETS 

l . Introduction 
It i!:i a truism that any target whatever can be destroyed or effectually damaged 

provided that the attacking charge is big eoougJi to do the.,work, and can be placed 
and detonated within lethal range. 

In spite of this there exist to-clay in Germany a numbe_r of important key targets 
which have proved invulnerable to the blast bombs and incendiaries which form 
the standard equipment used by the R.A.F. 

1 A.M. File C.M.S, 80, Encl. 20A. 
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2. History 
In the early stages of the war, the use of l)last and fire offered a way o{ producing 

a powerful bomber force quickly . "Stick" and " Area" bombing eliminated the 
necessity of accurate aim, and avoided the delay in~olved in developing an accurate 
bomb sight, and attacks could thus be made in darkness with existing types of 
comparatively small, slow and lightly defended aircraft carrying a number o[ 
relatively tight bon'!bs, well within the contemporary development of H.E. charges; 
for at that time the belief was common that there was a limit to the weight of a 
single charge that could be successfully detonated. 

Further, it wa.<J contended, and is still ofter1 maintained, that a large number of 
relatively light bombs are more effective than a small number of proportionately 
hea,vy bombs. This contention is true only as far as a particular type of target is 
concerned, namely large collections of light structura.l buildings such as factories 
and residential districts , lt overlooks the factor of Size, Shape, and Situ.ation oi 
the target, which either sl11gly' or in combination may be such as to render a ta_rgct 
invulnerable to any number of bombs that are below a certain weight of charge. 

As a consequence v1,e are still impotent against targets of vital importance to the 
maintenance of Gennany's war effort. A few examples o! such targets classified 
according to tne characteristic that renders them irwulnerable to the present 
equipment of the R.A.F. are given in the attachment to this Appendix. For 
convenience in this note we shall refer to these targets as ' S.I. Targets' i.e., Size 
~nv1,1lnerable, ~hape !nvulnerable or ~ituation !nvulnerable respectively. - · 

The destruction or extensive damage of such targets depends upon the use of 
heavy bon,bs, of a size and shape adapted to the target. 

3. The Operation of heavy bombs 
lt being grantect that tlte lucky solution of a direct bit on an S.T. Target is outside 

the bounds of probability, then:t remain two ways in which. heavy bombs can do 
their work :-(i) by the formation of la rge craters ; (ii) by deep penetration into the 
earth, utilising the big earth movements caused by the tamped explosion, as the 
destructive agent. By this means, the · lethal area ' in wh.ich a bomb may be 
drnpped and yet be effective, is very greatly extended. 

(i) The formation of large craters 
The tactical utility of the c r<1.te1· lies in the fact that it takes time to fill in, and 

the prindpal targets against which it can be used 'l.re th◊se which are ' Shape­
Invulnerable ' . (See (h\ of attachment to this Appendix.) 

The invulnerability of railway lines, viaducts. bridges, canals and locks lies in 
their extreme tenuity. which renders them readily repairable after the very local 
damage caused by surface detonating bombs. So rapidly in fact can damage to 
railway lines be repaired, after attack by standard bombs even of the largest type, 
that this target. once regarded as of the greatest importance and frequently attacked, 
is now almost entirely neglected by the R.A.F. 

The whole posilion must however be reconsidered when bombs can be made and 
carried that are capable of making craters so large that the estimated time for 
refilling is ten to fourteen days working twenty-four hours a day. 

The volume of soil thrown out of a crater, and hence the weight, is directly 
proportional to the weight of cha rge exploded, the graph in Fig. I showing th.e 
relationship.' · 

The large charge, however, possesses an increasing advantage over the small with 
rega.rd to the time which is required to refill the crater, owing to the fact that it is 
impossible to use more men or equipment than there is room for rouild the 
perimeter. The perimeter thus forms the unaltera't>le boundary which limits the 
amount of power that can be employed. Assuming that every foot of pe.rimeter is 
thus occupied, the ratio of the length of the perimeter to the volume of the crater 
determines the amount of · Shovel Power ' that can be brought to bear per ton of 
ejected material. and it is seen from the gra.ph in Fig. 2 that the Shovel Power per 

' See Ministry of Home Security Publication R.C. 344. 
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t~, decreases quickly as the size of explosive charge rises . This fact, derived 
directly from the mensuration of the conical crater, seems to have been overlooked. 
It operates powerfully to increase the advantage of the large bomb over the small 
when delaying tactics are in question. 

A graph showjng the estimated time to refill a crater against the weight of 
explosive charge is shown in Fig. 3 the times being calcu lated on the assumption 
that the crater is formed in level ground and that refilling apparatus such as 
mechanical shovels . can be brought up from all directions and to the full capacity 
of the pei:-imeter, Th.c time taken to refill the crater: made by one 10 ton boi:nb is 
seen to be nearly five times as long as the t ime taken to refill simultaneously the 
craters made by ten 1 ton bombs, assuming that an equal total weight of explosive 
is used in both cases, and th.at unlimited labour is available . 

In order that a given weight of charge may be ,1sed to eject the greatest possible 
weight of soil it js necessary that the explosion should take place at a considerable 
depth below the surface, and so much information is now obtainable connecting 
size of charge, depth of explosion and size of crater that curves showing the effect 
of varying these factors are now ava.ilable.1 

The approximate depth at which an explosion should take place in order to 
produce the largest possible crater for a given weight of bomb, assuming SO per cent. 
charge weigh t, is shown in Fig. 7 by the full liue, and on the same graph the depth 
of crater formed as a result of the explosion is shown by a dotted line. It will be 
noticed that the depth of crater is substantially less than the depth of the explosion, 
this effect belng due to the fact that much of the material thrown out falls back 
into the hole, with the result, which is illustrated in Fig. S for a crate.r formed by a 
JO ton bomb, that there is between 20 and 30 feet of loose soil lying at the bottom. 
lt follows that for destructive purposes , sucn as destroylng foundations of bridges 
and large buildings, the full depth of crater to the base of the explosion chamber 
(i.e. 75 feet (n the case illustrated in Fig. 5) may be taken into consideration, whereas 
for estimating time required to refill, the observed depth (45 feet in case quoted) 
shou ld be taken. 

o attempt has yet been made a'fter 4 years of war to utilise this potent effect of 
deep penetration . The reasons for our failure to do so are threefo ld, for deep 
penetration can only be obtained by bombs of correct shape and great strength of 
casing, with a high cross-sectional density, and dropped from a sufficient height to 
enable them to attain the necessa1y velocity on striking. These factors are discussed 
more fully in connection with 1'he Operation of the Large Bomb in Deep Penetration. 

(ii) The use of large craters to destroy shape-invulnerab)e ta~gets 

The relative size of crater formed by a 10 ton penetration bomb on Shape 
Invulnerable targets, such as rail.ways, viaducts and canals, is illustrated in Figs. 4, 
5, 8 and 9, a nd i is evident tb,at the mere size of crater renders it a very potent 
method of disabling or totally dest<.roying large sections of such targets. 

The point at which -a railway line should ·bo attacked does not lie on the level 
where the line could readily be diverted without troubling to refill the crater, but 
where the railway lies on a sloping (ace as iilustrated in Fig. 4 ; the advantage of 
choosing such a point being that the lioe cannot be diverted and that the hillside 
embankment must be rebuilt in addition to the work involved in refilling the crater 
Itself. Thus the time estimated for refilling on tlle level may be considerably 
extended. 

The question as to whether large craters would be refilled or bridged by trestling 
a gap between 140 and ISO feet wide would actually take longer than refilling, This 
will be clear from Fig. 5 where the depth and ex.tent of the soil disturbed by a JO ton 
bomb are illustrated. 2 Any attempt to t,estle would involve the driving of piles 
through the dlsturbed soil until a solid foundation was reached. 

1 Ministry of Home Security Publication R.C. 355 Addendum. • Crater Dimensions,' by 
M~or F. W. Anderson. 

Figure! calculated from curves given in Ministry of Home Security Publication R.C. 344 
Addendum. 
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It should be noted that craters of this volume cannot be fonned by large light 
cased bombs as the depth at which the charge must e~plode in order to form--ui'e 
Grat& illustrated lies between 50 and 60 feet below the surface, and it has been 
necessary to produce the Tallboy type of high-tensile charge case to obtain the 
strength required for deep penetration. 

The utilisation of tlle large crater to destroy the foundations of ~;ucb. t.irgets as 
viaducts aod bridges without the nei;essity of secur.ing a direct hit, is a natural 
consequence to the development o.l the Tallboy bomb. The relationship between 
the si.1e of crater from a. 10 ton bomb and the all important via.duct of Bielefeld on 
one of the p rincipal railways leading from the Ruhr Valley, is shown on fig. 8. 
the viaduct itself having been missed by a distance of 50 feet. As this mtss could 
occur on either side we have the effect that the width of the lethal band in which 
the viaduct can be completely de~troyed is well over 100 feet, thus offering a target 
which cannot be missed by aircraft flying in the formation illustrated in Fig. 4. 
The small sketch inset in Fig. 8 shows the number of arches destroyed by a 50 feet 
miss, and clearly many months would be required to c·onsolidate the ground and 
rebuild the large part of the viaduct thus demolished, when it is remembered that 
the destruction of a single p ier in the Brighton-Lewes viaduct COlnpletely interrupted 
all traffic for five weeks, the rebuilding in permanent form of the single pier and its 
contiguous arches occupying four to five months. 1 

Similarly canals, particularly in embanked 1egions, can be eflecti.veJy breached. 
It is weU known th~t tbere are long strips of both the Dortmund- Ems and Mittelland 
Canals where the embankment reaches a height of 50 feet above the surrounding 
level, the relative size of canal and crater being illustrated in Fig. 9. Attempt$ to 
destroy these canals by surface detonating bombs dropped in the water have proved 
ineffective, but an entirely new technique of attack is opened up by the use of the 
deep penetration bomb forming a large crater. 

It is fortunate that for tenuous targets of this type Range Error is of no 
consequence, but lo cover Line Error an attack should be carried out by machines 
flying in echelon or spearhead formatioll at such a rlistance apart that the craters 
formed overlap in alignment. The attack should be made at such a height (that is 
any height above 20,000 feet) as to ensure the required dE-pth of penetration to form 
the crater. Heights of over 25,000 feet have the ,added advantage of giving freedom 
from interference by ground defeoces. 

Five machines flying in formation as shown in F ig. 4, effectively cover a band 
600 feet wide. The mechanical imperfections of the latest type of bomb sight2 are 
extremely slight ; when it is aimed and operated conectly the dispersion from 
20,000 feet would be less than 80 feet, so that the formation showi1 ensures the 
certainty of a direct l1it when the bombing is carried ou t by a crew properly trained 
for high altitude precision bombing. It is emphasized however, that to attain 
this degree of accuracy particu lar attention must be given to the aerodynamic 
de$ign of the projectile, a factor which has hitherto been ignored by all bomb 
designers, with the possible exception of the Americans. The Tallboy series of 
bombs have been especially designed to give the highest possible degree of 
accuracy in trajectory. 

( iii) The operation of the large bomb in deep penetration 

The depth of penetration which a bomb of suitable strength and shape of case 
can achieve is oot only dependent upon the height from which it is dropped but 
upon the cross-scctional3 density of the bomb itseli. ,!\Then once the ideal 
geometrical shape for most accurate air flight followed by earth penetration is 
decided, the geometry of simila.r figt1res of equal density leads at once to the result 
that the cross-sectional density increases with size in the manner shown in Fig. 6. 
The average penetration attainable varies directly wiih cross-sectional density. 
The variation of average depth of penetrati.on with we;ght of bombs when dropped 

1 ' The Engineer ' 17 December 1943, page 484- 5, ' Repair •Of Bomb Damage to Railway 
Viaduct on the Southeni Railway.' 

2 • Bombing . . The American Way.' 'Aviation· August 1943, page 119. 
• Cross-sectional density is defined as the total weight divided by the maximum 

cross-sectiooal area, 
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from a height of 2,000 feet in various soils is shown in Fig. 10. It will be seen that 
when operating from a given height there is a substantial advantage in fa\·our of 
the large bomb when deep penetration is requ~ed. 

The earthquake wave sent out by bombs exploding at or near their camoufl.et 
depths is capable of damaging subterranean targets situated at a considerable 
distance from the explo iot1, the maximum earth movement canse,;l at various 
distances Crom a deep explosion being shown in relation to the weight of charge i n 
Fig. tl,l This earth movement increases substantially in proportion to the weight 
of the explosive charge. 

(iv) The use of earth shock waves to destroy size-invulnerable and 
situation-mvulnerable types of targets 

The attachment to this appendix, (a) and (c) give examples oi S.I. targets which 
are either completely buried underground or the superStructure of whi.ch is of so 
massive or attenuated a nature a.s to be pre.ct ically indestructible, in which case 
the deep penetration bomb forms the ooly possible method of attack. 

An outstanding example of the latter type lies in the Roth.ensee Ship Lift which 
depends enti_rely for its working upon hydraulic caissons penetratLng 240 feet into 
the ground , This Lift is Jllustrated in Fig. 12, the lethal area in which a 10 to11 
penetration bomb can drop aod cripple the hydraulic caissons being indicated in 
the plan. Anything short of a direct hit from a very large bomb coultl cause no 
substantial damage to the superstructure of this Lift. consisting as it does of heavy 
steel members, and in the event of such a lucky hit, the damage would r~o doubt be 
speedily repaired . The only method of putting this key target out of operation for 
a long period lies therefore in destroying or jamming the hydraulic floats below 
ground , It is fortunate that the ground io which these shafts are uok is particularly 
uitable for deep penetration, and in addition, being waterlogged, serves to transmit 

the earthquake wave to the greatest pos ible distance. 
The mechanism of the Lift is s uch that the trough and its contents are .b.eld in 

exact equi librium by the upward · reaction of the totally immersed air filled floats 
which have a displacement of 2,700 tons each. The raising and lowering mechanism 
is only sufficiently powerful to overcome frictional forces introduced by sluice 
gates and guides. being otherwise designed to hold the Lift in any required position ; 
and it is only necessary to produce a sufficient distortion in the relatively thin 
conctete lining of the hydraulic shafts to prevent t he free rising and falling of the 
float, aod thus to put the Lift out of action for an indefi nite period. When dropped 
from a height of 20.000 feet , Tallboy Large should enter soft waterlogged ground to 
a depth equal to nearly ha lt the depth of the shafts. The upper end of these 
sha-(ts ar.e embedded in the concrete foundations of the Lift and cannot, therefore, 
partake of the maximum horizontal earth. movement which ,vi i! be caused by a 
bomb exploding appro;,,;imately 100 feet below the surface, and it is probable, 
therefore, in this case that the shafts will be fractured, and possibly d isplaced at the 
upper end. There is, however, a further effect to be considered in the almost 
instantaneous rise of pressure in the shaft with_ the possibility of damage to the float. 

Experiments which ha,ve been carried out by the Ministry of Home Secu ritys give 
some indication of another use of Tallboy Large for the destruction of railway tunnels 
where the cover or amount of ground above the t unne1 is not too deep . Fig. J3 
shows that wb.ere the depth of cover is less than t he maximum lethal radius, the 
width of the lethal band within which the bomb will damage the tunnel is not 
sensitive to the depth of penetration, but that at depths greater than the lethal 
radius, penetration must occur directly above the t unnel to ensure severe damage , 
In no case can a t unnel be damaged where the depth of cover is equa l to or greater 
tban the lethal radius of the bomb plus the depth of penetration ; a matter of about 
200 feet in clay or 150 feet in hard ch.alk for bombs equal in size to Tall boy Large. 

Fig. 14 shows the length of tunnel affected ~ a 100 feet miss with a tunnel 
l00 feet underground . 

1 Ministry of Home Security Publication R.C. 263, 'A Survey of Information on .the 
Action of Bombs Exploding in :Earth.' D. C , Christopherson, )).Phil.. page 2. 

- Ministry of Home Security Publication R.D . 262 · Notes on tbe Siting and Construction 
of Ai.i: Raid Shelter Tunnels.' Captain F. W. Anderson, pages 14 and 15. 
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ATTACHMENT TO APPENDIX 8 

S.I. TARGETS 

EXAMPLES OF VITAL TARGETS THAT ARE INVULNERABLE TO 
THE STANDARD EQUIPMENT OF THE R.A.F. 

(a) Size-InvuJnerable 

I. The Rothensee Ship LI ft. 

2. The Sorpe Dam and other earth type Dams. 

(b) Shape-Invulnerable 

J. Railway lines, Viaciucts and Bridges, notably the Bielefeld, aod other viaducts 
which command the whole traffic east of the Ruhr Valley. 

2. Canals and Locks, such as the vital Dortmund-Ems, and Mittelland Canals 

(c) S ituation- lnvuJnerable 

l. All subterranean targets such as Railway Tunnels, T ube Railways, Deep 
Sewers, Buried Oil Storage. 

2. All Vertical Shafts, s uch as Coal Mine Shafts, and the great hydraulic Balance 
Shafts of th.e Rothensee Ship Lift. 

3 . The Foundations of Bridges, Viaducts. Aq ueducts a nd large Structures in 
general. 
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ATTACHMENT TO APPEND·IX 8 
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ATTACHM NT TO . PP NOi)( S 
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ATTACHMENT TO APPENDllC S 
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APPENDIX 9 

MANUFACTURE OF CHROME/MOLYBDENUM CAST STEEL 

ENGLISH STEEL CORPORATION LIMITED, VIClCERS WORKS, 
SHEFFlELD 

METALLURGICAL AND RESEARCH DEPARTMENT 

Tallboy (Medium) in 3 per cent. Cr / Mo. Steel 

27 October 1943 
Corn position 

The steel, which should preferably be made in the basic electric furnace, should 
nave a composition with the following range:­

Carbon .. 
Silicon .. 
Manganese 
Nickel .. 
Chromium 
Molybdenum 

Procedure after casting 

0·28 to 0·32 
0·35 max. 
0 ·50 to 0·70 
0·50 max. 
3 · 20 to 3·60 
0-50 to 0· 55 

The casting should be allowed to cool slowly in tl1e mould in order to allow the 
thermal transformation to take place in the pearlitic range. The range of 
temperature over which the cooling rate is particularly critical is 850/700° C. , and 
if this range is traversed sufficiently slowly the casting will be perfectly soft when 
it is strippecl. If possible, readings of the temperature should he taken with a 
the-rmo-couple Jn order to determine the natural cooling rate in the mould employed. 

If a, suitable annealing furnace is available for rapid charging of the casting after 
stripping, the latter operation can be done at a temperature of about 500° C. at 
the head portion of the casting where the section is heavier. If such a furnace is 
not available it would be preferable to allow the Cal)ting to cool to about 300° C. 
at the head portion before stripping. In either case, however, the casting should 
be charged as soon as possible into a furnace standing at about 300° C. in the 
case of the casting which has co◊led down to this temperature in the mould, and 
about 400/ S00Q C. with the casting which has been stripped at the higher temperature 
previously referred to. Aher charging, the furnace with the casting should be 
raised to a temperature of 700/730° C. and then allowed to cool slowly after an 
adequate soaking period. 

Removal of head 
After the treatment of 700° C. described previously. the head of the casting 

should be burnt off at a point some inches ahead of the finish machined portion and 
before becoming cold the remainder of the casting should be charged into an annealing 
furnace and raised slowly (about 30/40 degrees per hour) to a temperature of 1,000° C, 
soaked until uniform, and then cooled slowly, especially through the range 
850/700° C., so as to perm.it transformation in the pearlitic range. The range o( 
cooltng over this temperature range should be approximately 10° C. per hour, and 
after reaching- 700° C., this cooling rate may be accelerated to that of normal furnace 
cooling down to a temperature of 300° C. where the casting n1ay be with.drawn 
from the furnace and cooled in air. 

Final heat treatment 
For this process the casting should be carefully supported so that any tendency 

to sag is reduced to a minimun;1, The casting should be heated to a temperature 
of 900~ C., soaked until uniform and then withdrawn and allowed to cool freely in 
air down to a temperature of about 200° C. On reaclring this temperature the 
casting should be recharged for tempering, for which purpose a temperature of 
about 730° C. should be satisfactory to give the requirect tensile strength of 
4.5/50 tons/square inch. A suitable rate of heating for both hardening and tempering 
is about 30/40 degrees per hour, though in the case of the hardening temperature 
this rate may be accelerated. 
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APPENDIX 10 

OPERATIONAL RESEARCH SECTION (B.C.) REPORT No. S.218 

THE RESULTS OF ATIACKS WITH 12,000 LB. M.C. (TALLBOY) BOMBS 

1. This report has been prepared in response to a particular request for a statement 
on attacks with 12.000 lb. M,C. (Tallboy) bombs covering the following points :-

(i) Numbers dropped on individual targets by day and by night classifiec.1 by 
types of target. 

(ii) Fuzing. 
(iii) Bombing height. 
(iv) Type of bombsight used. 
(v) Accuracy. 
(vi) Results of attacks. 

(vii) A general appreciation of the value of the weapon. 

Items (i) to (iv) and also a brief statement of Item (vi) are given in the Appendix 
in which the data for each attack are listed separately. The period covered is from 
the :first a t tack on 8/9 June 1944, when the target was ,the Saumur Railway 
T unnel, up t() the end of March 1945, A summa~y of th.e number of bombs dropped 
on each type of target during this period is given in Table I below :-

Table I 

Summary of Tallboy Operations 

1~ypc of targel. 
Shipping and Naval Installations . . 
Tunnels 
Large V-wea-pon Sites 
Submarine and E /R-boat Pens 
V iaducts and B ridges 
Dams and Aqueducts 
Synthetic Oil P la.nt and Oil Storage Depots 

Nu·mber of bombs dropped. 
By day. By 11ight, 

76 29 
nil 30 

107 rul 
182 22 
160 nil 
65 24 
IS 11 

605 116 

2. On most land targets an 11-seconcl delay detonator has been used, but on some 
occasions •½-hour or I-hour delay pistols were employed in order to obviate 
obscuring the target by smoke. Owing, however, to a rather \in$atisfactory design 
of the ½-hour delay pistol some of the bombs so fuzed ga.ve premature detonations 
on soft targets. A O · 5-second delay fuze was also used in a small number of 
attacks on heavy reinforced concrete structures. For attacks on ship-ping a 
0·07-se.Gond delay or a 0·5-second delay fuze have beeo used. 

3. The bombing heights have varied widely bnt, the great majority o{ the attacks 
!\ave taken p lace between 11,000 feet and 18,000 feet. 

4. All the earlier attacks were made using the S,A.B.S. Mark Ha, a tachometric 
bombsight, but a second squadron equipped with. the Mark XIV Bombsight, a 
vector sigh.t, began to operate with these bombs in September 1944, and since then 
both types of sight have been used. 

Accuracy-Night 
5. The only night attack for which accuracy figu res are available is that on the 

Saumur Tunnel on 8/9 June 1944, when 18 bombs were aimed at the South entrance 
of the tunnel. In this attack the bombsight 1.1sed was the S.A.B.S. Mark Ira and 
the heights of bombing were between 8,000 feet and 10,500 feet. O ne bomb was a 
gross error of 680 yards and the remainder nad an average error of I l S yards from 
the Aiming Point. Further details are given i11 O.R.S. (B.C.) Report No. S.161. 
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Pay 
6. In a series of daylight attacks ca.rried out between 19 June 1944 a1Jd 13 August 

1944, using the S.A.B.S. Mark Ha in which U1e bombing took place from heights 
between 16,000 and 18,000 !eet, 24 per cent. of the bombs dropped were gross errors. 
'l'he remainder had an average error of 170 yards. An analysis of a fu rther number 
of attacks from those made in the period December 1944 to March 1945, using the 
S.A.B.S. Mark Jla, iodica.ted that the gross error rate had fallen very considerably 
and was then less than S per ceot. A firm estimate is difficult to make s ince it is 
probable that there are a greater proportion of gross errors a mong the unplotted 
bombs (10 per cent. of the whole number) than among those whose craters have 
been p lotted on reconnaissance photographs. The remainder have an average 
radial error about the Aim ing Point of 125 yards. In this series o( attacks the 
heights o( bombing varied from 9,000 to 18,000 feet with an average of ab0l1t 
13,000 feet. 

7. An analysis has also been made of a small number of daylight operat ions in 
February and March 194:i, in which 12,000 lb. M.C. (Tallboy) bombs were dropped 
using lhe Mark X[V bombsight, Jn these the bombing height again a.veraged 
about 13,000 feet but the range of heights was m uch smaller, and the percentage 
of gross error was 10-15 pe.r cent. Again only a tentative estimate can be made 
since the proportion on photographic cover is uncertain. The. average radia l error 
of the remaindec 1s 195 yards. Errors in wind estimation are one of the principal 
reasons for the bombing accuracy being C'onsiderably less with the Mark XIV than 
wit h the S.A.B.S. Mark Ila. 

8. The information on accuracy given in tl1e preceding paragraphs is summarised 
in Table II below:-

Table IT 

Accuracy of Tnllhoy Attacks 

S.A,B.S1 Mark IIa, J une- August 1944 , , 
S.A.B.S. Mark Ua, December 1944- March 1945 
Mark XIV, February- March 194.5 

Results of attacks 

Avemge 
Radial 
Error. 

170 yards 
125 yards 
195 yards 

Percentage 
Gross 
Error. 
26 

2,.-.5 

10-15 

9. A brief surr\mary of the result$ of each attack are given in the Appendix. The 
main points of interest are the effect of the bomb on the massive rein forced concrete 
structures such as submarine pens and the large V-weapon sites, on viaduct~ and 
large bridges, and on the Tirpilz. 

10. The 12,000 lb. M.C. (Tallboy) bomb was oot designed for attack on very hard 
targets but for the product ion oi large craters and maximum earth sl1ock by deep 
penetrat ion into the ground with a large charge. Nevertheless the cast steel body 
is capable of withstanding impact against very heavy targets and the bombs will 
cause a penetration of reinforced concrete roo{s as much as 18 feet 6 inches tbitk. 
Such penet,ations are, however, ma.de by the blast of the explosion and the bomb 
itself will not penetrate more than 6 feet to 8 feet before exploding. As a result, 
collapse of massive reinforced concrete structures or even of parts of t hem has only 
rarely been achieved and the damage within has been confined to that caused by 
t.he falling masses of concrete blown out of the rnof by the explQSion. 1t is note. 
worthy that all the serious damage to the large V-weapon sites was caused by very 
near misses in which the structure was undermined by the crater. At the Brest 
submarine pens where there has been a comprehensive ground survey, it was found 
that the loading cranes over some of the pens and the electric cables were disrupted 
by this type of damage and the mechanism of the door of one of the pens was put 
out of action. 
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I 1. It appears that the Torpex filling used i.s too sensitive for use against very 
hard targets and there have been a number of cases of pre.initiation in hits on such 
targets for this reason and also in some cases there may have been telescoping of the 
body. It would appear that for s uch targets a forged bomb with less sensitive filli ng 
is necessary. 

12. Very near misses up to 20 feet to 30 feet have been extremely effective in 
breaching viaducts since they have not only cut tbe spans but also destroyed piers 
almost com:p1etely, thus making repair very much more difficult. Attacks on bridges 
have a lso been very successful in cau!'ling <lamage so serious that repair would be 
very difficult. In one case, Bad Ceynhausen, a neat miss at 50-60 feet distance was 
sufficient to cause collapse. 

13. The Ti,,pi:tz, a modem capital sbip which had been designed to make it as 
nearly u nsinkable as possible, was capsized and sunk by an attack with these bombs 
in which it is estimated that three direct hits at'ld two-tbree near misses were 
scored. T his fact illustrates the power o{ this bomb against heavily armoured ships 
and shows that they can be su11k by i.t provided hits can be achieved. In a morn 
recent attack the pocket battleship L-11,tzow was sunk by a near miss at approximately 
6() feet. 

14. The average size of the craters in normal soil is 97 feet in diameter and about 
25 feet in depth measured from i:he level of t he loose fi lling o n the bottom to the 
rim. Most Cl-aters are bet ween 90 a nd 105 feet in diameter and between 17 feet and 
35 feet in depth. 

Appreciation or the 12,000 lb. M.C. (Tallboy) bomb 
15. This bomb is a s_pecial ized weapon which can at present only be dropped in 

small quantities. Its value is therefore d etermined by t he importance o[ the special 
targets for which it alone is suitable and is depe11dent a lso on the ability to drop 
it with great accurncy. This latter condition has been achieved in Bomber 

...Command by the use of highly trained speciali-St squadrons for the purpose. T he 
specialized targets for wl1ich it has shown itsel[ to be a completely effective weapon 
are:-

Capital ships. 
Viaducts and large bridges. 
Tunoels with up to about SO feet oi overburden. 
Reinforced concrete roof!; up to about 10 feet thick . 

Against structures which have a thicker reinforced concrete :roof a bomb capable 
of penetration before explosion would do a much greater degree oi damage. It is 
probable that the 22,000 lb. (Gr-and SJ·am) M.C. has a considerable advantage over 
the 12,000 lb. (Tallboy) M.C. in th is respect, but there is not yet sufficient evidence 
available from its operationa.l use to determine t o wh.a t extent this is so. The 
sensitivity of the Torpex filling wi ll , however, detract from the potential performance 
of the bomb aga.i1lst such ta,rgets. Nevertheless, there is oo doubt that attacks 
with t he 12,000 lb. bomb interfered with the use of s ubmarine pens and also at 
least caused se1"ious delays in the construction o{ the large V-weapon sites. These 
sites were abandoned followiug the attacks w ith this bomb but to what extent the 
11round situation contributed to this decision fs at present u ncertain . 

16. Targets for which the 12,000 lb. M.C. (Tallboy) or the 22.()00 lb. M.C. 
(Grand Slam) are the most advantageous weapons or the only ones suitable are those 
which can be penetrated by these bombs, but not by those oi smaller calibre, e,g. 
capital ships. 
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SUMMARY OF 12,000 LB. H.C. (TALLBOY) ATTACKS BY NIGHT 

I . Shipping and Naval installations 
Number 

Date. Target. 
Dropped 

on 
Primary 
Target. 

3 1/ 1. 1.45 Shipping in Oslo Fjord .. 10 

6/7 .3.45 Sassnifa, Naval installations 19 

2. Tunnels 

8/9 .6.44 Saumur n1noel . . .. 19 

4/5 .7.44 St. Leu d 'Esserent, under- II 
ground storage depot. 

3. Submarine and E.R. boat pens 

14/15.6.44 , Le Havre, E-boat peas . ' 22 

4. Viaducts and bridges-nil 

5. Dams, dykes and aqueducts 

23/24 .9 .44 Ladb~geo, cwal aqmxloct ~ 

3/4.3.45 Ladbergen, ca1Jal aqueduct 18 

6. Synthetic oil plants 

21 /22 .1244 1Politz, Hydrierwerke Politz I ll 
A.G. 

Height o ( Release 
Fuzlng. (!eet) Res1,1\t . 

and Bombsight. 

O· S sees. 7,000-12,500, S.A .B .S .. . Not known. 

0· 07 sees. 3,500-12,500, Mark XIV Not known . -

0· 025 sees. 8,400-10,500, S.A.E.S ... Cratei-s average 84 feet diameter, 25 fe et depth. One 
fell on the tu nnel roof, 30 yards from entrance and 
caused roof to collapse. 

11 sees. 16,500-19,000, S A.B .S,- _ ·o bombs located on the target. 
-

O· 5 sees. 15, 500-19,000 -. .. One bomb caused a penetration and a break ia the top 
of the north wall. 

½hour 14,000, S.A.B.S., and Embankments breached. 
Mark X l V , 

½hou r 8.000-14 ,000, Mark XIV Not known . 

IJ sees. j 1s,000-20,500, Mark XIV I Not known. 



SUMMARY OF 12,000 LB. H.C. ATTACKS BY DAY 

1. Shipping 

Number 
Dropped Height of Release 

Date. Target. on Fuzing. (feet) Results. 
Primary and Bombsight. 
Target. 

15.9.44 Tirpitz, Kaa Fiord (near 15 - 17,500 - lI ,350 Smoke screen. No serious damage claimed or 
North Cape) . S.A.B.S. Mark XIV observed. (Damage was, in fact, so serious as to 

render movement to Germany for maj or repairs 
impossible, and consequently the ship was moved 
to Tromso for duty as a ' floating fort .' ) 

29.10.44 Tirpitz, near Tromso . . 32 - 12,000 - 16,000 No serious damage. 
S.A.B.S. Mark XIV 
19 a /c. 19 a/c. 

12.11.44 Tirpitz, Tromso Fiord .. 29 0· 07 sees. 12,500 - 16,500 Ship capsized and sunk by 3 direct hits and 2-3 very 
S.A.B.S. Mark XIV near misses . 
18 a/c. 12 a /c. 

2. Large V -weapon sites 

19.6.44 Watten . . . . . . 17 11 sees. 15,500-18,000, S.A.B.S. No damage. 

24.6.44 \l\iizernes . . . . . . 16 11 sees. 16,500-17,500 S.A.B.S. A bomb in the north quarry caused a big landslide of 
the quarry face, completely blocking the railway 
track and south tunnel entrance. 

25.6.44 Siracourt . . . . . . 16 11 sees . 16,000-19,000, S.A.B.S . Section of overhanging roof 100 feet by 15 feet 
broken off by very near miss. 



Number 
Dropped Re1ght of Release 

Date Target. on Fu zing. (feet) Results. 
Primary and Bombsight. 
Target . 

6.7.44 Mimoyecques . . . . 14 11 sees . 16,000- 19,000, S.A.B.S. Bomb against corner of main construction exploded 
u nder the waU. destroy.ing a corner of the concrete 
platform 63 feet by 35 feet . The crater was approx. 
35 feet deep and 100 feet [n diameter . At the 
bottom of the crater a cavity extend .d beneath the 
platform . Further damage to this target was noted 
during a visit to the site at t he end 01 hostilities. 
The southern shaft was covered in by a near miss ; 
whether by this or some other Tallboy raid is 
unknown . 

17.7.44 Wizernes . . ' . . . 16 11 sees. LG,600- 18,600, S.A , B.S. Parl of chalk cliff collapsed and the fa)l of rock 
completely bloc ked four of the tu nnel e ntrances. 

25.7.44 Wat ten . ' . . .. 16 i hour 17,000- 18.500, S.A.B.S. Direct hit caused severe damage to main T-shaped 
structure, cutting out semi -circular portion roughly 

. 38 feet across and 17 feet in radius. Large area of 
concrete blasted from N.E. edge of rectangular 
reinforced concrete buHding. 

31.7.44 Rilly La Montagr;ie, Ministry 12 i hour 16,700- 17,000, S.A.B.S. Not known. 
construction. 

3. Submari"e pens 

15 .6.44 Boulogne . . . . . . 1 I 0· 5 sees. 7,500-18,500, S.A.B.S. Pens not hit. 
-

5.8,44 Brest ' . .. - . 14 11 sees. 16,500- 18,500 , S.A..B.S. Six: craters on roof of pens. One penetration o f the 
roof achieved. 

6.8.44 Lorient . . . . .. 11 11 sees. 16,000-18,000,. S.A.B.S. Three craters on roo f of pens. No penet rations. 

9.8.44 La Pallice '' . ' .. 12 0· 5 sees. 16,500- 18,000, S .A .. B.S. Six direct hits, la rge parts of concrete in S.E . corner 
dislodged . Lar.ge area of roof near centre torn up. 



3. Submarine Pens.-tonld. 

Number 
Dropped Height of Rei.ease 

Date. Target. on Fu zing. (feet) Resul ts. 
P r imary and Bombsight-
Target. 

I 2.8.44 Brest .. . . 8 0· 5 sees. 16,000-18,000, S.A-B-S. Three hits on roof. One probable penetration . 
Another broke off a piece of overhanging roof 
I 0 feet by 15 feet by 12 feet. 

18.8.44 La Pallice . . .. .. 6 0· 5 sees. 16,000-18,000, S.A.B .S. No appreciable damage. 

24 ,8.44 I jmuiden - - -. -- s 11 sees. 16,000- 18,000, S.A.B.S. Two direct hits. One penetration. Other has caused 
a piece of the roof at the edge, 95 feet by 33 feet, to 
break away. Near miss appears to have partiaHy 
underm ined corner_ 

JS.12.44 I jmuiden - - .. .. 13 I l sees . 9,000- 10,000, S.A.B.S . Part of roof, 140 feet by 33 feet, over four pen entra nces 
has collapsed as result of one or two hits. Parts· of 
roof seen to be sagging. Another hit has caused a 
possible penetration. 

29. 12.44 Rotterdam . . -- -- 16 l l sees. 16,000-18,000, S . .'LB.S. Section of roof over en trance, approx. 158 feet by 

' 
20 feet. has been destroyed . 

12. 1.45 Bergen -. -- . - 24 6 at 0· 5 sees. 14,500 - 18,000 Three or four direct hits. A gap about 25 feet in 
18 at 11 sees. S.A.B.S . Mark XIV diameter torn in edge of one sect ion. 

16 a/c, 16 a/c. 

3.2.45 Poortersha ven . . .. 1S 0 -5 sees. 13,000--14 ,000. S.A.B .S. Severe damage or virtual destruction of all buildings. 

3.2.45 Ijmuiden . . . . - . 17 {· hour 14,000- 17,000, Mark XIV No damage. 

8.2.45 Ijmu.iden - . . . . - 15 ½ hour 14,000-17,000. S.A.B .S. One direct h it destroying uncompleted portion of 
roof ovet thr.ee pens. 

27 .3.45 Farge . - -- . . 4 1 l1our 14,000--19,000, S.A.B.S. Two penetrations o f roof but posslbly due to 22,000 lb. 
M.C. which were also d ropped . 



4. Viaducts and bridges 

Number 
Dropptd H eight of Release 

Date. Target. on Fu zing. (feet) R esults. 
Primarv and Bombsight. 
Target. 

22.2.45 Bielefeld . . . . . . 18 11 sees. 12,500- 14,500, S.A.B.S . Two piers of one viaduct destroyed by near miss . 

22 .2.45 Al ten be ken .. . . 16 11 sees. 12,090-14,000, Mark XIV One span destroyed. 

13.3.45 Arnsberg .. . ' ' . I 11 sees. 12,500, Mark XIV . . No damage. 

14.3.45 Bielefeld .. . . . ' 13 11 sees . 16,000-12,000, S.A.B.S. Seven spans of each viaduct now destroyed (three of 
one viaduct had been previously). No trace of 
five piers of one viaduct. Stumps of fi ve piers of 
other viaducts are all that remain. Some of this 
damage may be due to one 22,000 lb . M.C. bomb. 

14 .3 .45 Arnsberg . . . . . . 15 11 sees . 12,000-14,000, Mark XIV Direct hit at tunnel entrance brought down roof and 
blocked lines which were also cut by crater. 

15.3.45 Arnsberg . . . . . . 6 11 sees. 13,000-14 ,000, Mark XIV Not known. 

19.3.45 Arnsberg . . . . . . 12 11 sees . 11,000-13,000, S.A.B .S. Two spans collapsed and embankment undermined . 
22,000 lb. J\1.C. bombs were also dropped and may 
have caused some of the damage. 

19 3.45 Vlotho (Bridge) . . . . 15 11 sees . 11,000-13,000, S.A.B.S. Bridge damaged by near miss at 60 feet. 

• and Mark XIV . 

21.3.45 Arbergen (Railway Bridge) 17 11 sees. 13,000- 14,000, S.A .B.S. Viaduct breached for 180 feet (two spans) . One span 
destroyed by one or two near misses. Adjoining 
section thrown off piers by near miss. Two 22,000 lb 
M.C. bombs may have contributed to damage . 

22.3.45 Nienburg (Railway Bridge) 12 5-25/30 sees. 9,000-10,000, S.A.B.S . .. All three spans broken or torn off piers . Five 22,000 lb . 
7-1 hour. M.C. bombs probably contributed to damage. 

22.3.45 Bremen (Railway Bridge) 14 50 per cent. 15,000-20,000, Mark XIV No damage by 12,000 lb. M.C. bombs which all missed. 
-I hour. 

50 per cent. 
- 25/35 sees. 



4. Viaducts and Bridges---contd. 

Number 

Date. 
Dropped Heigtit of Release 

Target. on Fuzing. (feet) Results . 
Primary aod Bombsight. 
Target. 

23 .3.45 Bremen (Railway Bridge) 1 I 50 per cent. 
- 1 hour. 

50 per cent . 

16.000-18,000, S .A.B .S. One spa.n collapsed by near miss close to river bank, 
22,000 lb . M.C. bomb may have been responsible. 

- 25/35 sees. 

23 .3.45 Bad Ceynhausen (Railway 10 5-1 l sees. 12,800- 13,900, Mark XIV Both parallel halves of bridge collapsed by near miss 
Bridge) . 5- 25 sees . a t 50 feet-60 fee t . 

.i::.. 5. Dams, Aqueducts ...... 
00 

7. 10.44 

I 
Kembs (Dam) .. . . II High- ·025 600 f t. and 6,000-8,500, One span of barrage destroyed by direct hit. 

Low-½ hr. S.A.B:S. -

15.10.44 Sorpe (Dam) . . . . 16 12-11 sees. 13,000- 15,000, Mark XIV Two direct hits on Dam did not breach it . 
6-½ hr. 

8.12.44 ' tJ rft (Dam) . . . . . . 3 II sees . 6,500- 12,000, S.A.B ,S . . . Dam not hi t. 

11.12.44 U rft (Dam) . . . . .. 35 11 sees. 4,500- 10,000, S .A.B .S. Dam not hit . 
and Mark XIV. 

6. Oil storage 

27.3.45 I Farge .. I 15 ½ hour J 1s,500- 17,000, Mark XIV I Results not known, 



APPENDIX 11 

THE R.A,F. RAID ON THE MOHNE DAM, 16/17 MAY 1943 
Text of two Gcrni,in official reports un th() raid and its effects. 

Report from the Regierungsprasident, ARNSBE[<.G, WESTPHALIA. t0 the 
Minjster fur Hume Affairs. Dated 24 June 1943. 

In- the night uf l ti/ 17 May 1943 an air raid warning was sounded at 00.23 hours. 
At about 00.30 hours-00.45 hours the Mohne Dani, which was protected by six 
2 cm Anti-Aircraft guns, was attacked by enemy aircraft with large calibre bombs. 
There was no balloon barrage and lhc attacl, was carried out from a very low level. 
A number of bombs foll into the reservoir immediately in front of the Dam. thereby 
\veakening the structure and probably causing a nurnber of fissures. A further 
bomb hit the Dam itself a.n.d aided by the pressure of the contained water mass 
inade a breach 76 metres wide and 21- 23 melres deep. l t is now impossible to 
ascertain whether tl1is breach was caused by the bomb itselJ, or whether the original 
hole was lat\'r enlarged by the escaping water. 

An imrnen::,e flocidwave poured through the Dam into the Mohne and Ruht 
v,dleys. Thli ,rna.in wc1ve, carrying about 6,00U cubic metres of water at a height 
oJ 8 metre!$ (up to Neheim), reached a speed of more than 6 metres per second. 
Below Lake Hengstey it still had a speed of 3 metres per second and then slowly 
spent itself. At 07 .30 hours, 1,,500- 2,000 cubic metres per second were still .flowing 
through the Dam. 

The warden of the Dam, Obcrfoen;ter Wilkening, hc1d a. direct line to the exchange 
at Socst and a tie-line to the Dam itself and the man on duty there. This line was 
tested eveyy night according to instructions and was found on the night in question 
to be in perfect order. During the raid, however, the terminus at the Darn was 
destroyed by a direct hit and this put the main line to Soest out of order. After 
wasting precious minutes trying to get through to Socst, Oberfoerster W ilkening 
finally ran to the station of the lhthr-Lippe Railway and got through from there 
via lfoerbecke. According to a slatement by Post Office officials, this call was 
received between 01.10 and 01.1.5 hours. Between 0 1.30 and 01.35 hours a second 
report, warning of an impending flood catastrophe, was received. Before that 
nothing was known here of t l1e two call:; of the Ober!oerster. 

The Post Office was hindered in its work by the fact that the electdc light had 
Jailed aud candles had to be used. Officials tried to ring through to Neheim via 
Monden. They were un:.uccessful. uttcnuse the Hne Soest-Menden, or more p robably 
Menden-Neheim, wa$ alre,tdy under water. Exact detai ls cannol be established 
now. The vehicle and driver, on d11ty for just such an emergency, were unable to 
t ram;mit the warning forlher downstream, since the roads had already been ilooded 
with incredible speed. 

The enemy air raid lasted until 03.23 hours, despite A.A. fire, but no further 
damage was caused. 

According to instructions laid down, Hegierungsdirektor I (Niewiesch) had gone 
lo the Town Hall as soun as the )ow-flying ai,crn[t indicated a serious attack on the 
town of Arnsberg near the dam. He got t<J h is post at 00.30 hours and satisfied 
himself that all the emergency services were operating according to plan. When 
the report from Soest of the daruage to the Mohne Dam wru, received at 00.50 hours, 
he immcrliately ordered the Police at Neheim to be notified and then the Police 
sta.tio11s in the towns furtht-.r downstream. T he warning was act1,1ally received in 
Neheim before the arrival of the flood wave, but<6ince, owing to the a ir raid warning, 
most people were in their shelters, it was almost impossible for the police to warn 
t.he population effectively and in time. 

As I was on duty in Berlin at the time, the Regierungsdirektor, alter ordering the 
warning to l>e passed on, notified my deputy of the occurrence. He than requested 
fmmediate help from the Army. A fter doing that. he went to the Dam to inspect 
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the dam.age on the spot. The troops which ha.d been askei;l for arrived in Neheim 
a.t 05.00 hours although they had had to arrange transport first. The police 
reinforcements which we had asked for also turned up quickly. 

The party anived al the Dam at 01.20 hours and found the telephone destroyed 
as reported. They tried to issue warnings from the neighbouring Mohnessterassen 
Hotel, but were unable to get thr;oLigh. The waterworks engineer, who was one of 
the party, then asked to be taken to the flooded areas. Th.is took some time, since 
by then most of the recogni~ed roads had been cut. They finally arrived at Neheim 
at a.bout 03.00 hours and found the Council assembled in a high-lying building 
which bad become the headquarters of the rescue services. All the local officials 
anti the Deputy Gauleiter a rrived almost lmmedia.tely. Everything possible had 
been done, and the organisation was running as smoothly as could be expected. 

As SOllll as l myself returnee! from my duty journey, I , in conjunction with the 
L'{eich Dcfcnct: C()mmissioner. took a ll measures that beeame necessary, as the 
:;ituation develupetl. 

H, in the course of investigation, the question of the efficacy oi the warning 
system is raised, the following observations should be noted. 

Whatever the warning sy:-;tcm cmployetl , material damage could not have been 
minimised except in a ver!i small way, s uch as for example the driving of cattle on 
to high ground. Houses, factories and in!itallations could riot have been moved, 
although a small number <)f valuables might h,lVe been evacuated. The very 
regrettable los8 nf human lives cou ld hardly have been avoided in the danger zone 
because or the si.ze of the broach and the tremendous speed with which the 
dammed-up water was released. The casualties in areas further removed from the 
:;cene of the t:atastruphe were, in the circumstances, unavoidable, but had the warning 
system been speedier snmc lives may have been saved , Any shortcomings in the 
warning system must be attributed to the failure of the competent authorities to 
give us correct. informal.ion as to the possible effects of enemy bombs. Had we 
been informed that there was a possibility of t he enemy 11sing bombs o( such weight, 
we should have realised that the existing warning system was inadequate and our 
technicians would have concentrated on devising a more effective system. Alter­
natively, the danger area could have been evacuated for the duration of the war. 

lmmcdiatt'ly a(ter the catastrophe, l went into the matter with a Post Office 
engineer, who made the suggestion thal a cable :-hoold be embedded in the structure 
of the Dam it5t!lf, which would, 111 the event uf that structure being affected or 
agitated, automatically t ransmit a warning. This would be immediate and all 
human error would be cut o ut. The uetails are not ready yet, as there are 
difficulties with the S\tpply ot m;tterial:; and laying of the wires. Meanwhile, local 
warning systems have be.en installed at alt dams in ::;uch a way that the population 
would, in an e mergency, have sufficient: time lo save ther'nselves. The development 
of a pedect system is having constant consideration. 

Report fron1 t he l<egicrungsprasident, Arn~berg, t(1 the Minister of Labour. Dated 
'l.'1. June HJ48. 

R.11,)utls uf the ·raid 

Darn.age lo rivef arid rive·rbcds : The bed v{ the Mohne and the Ruhr is s ilted up 
below Neheim and has 111oved in 1na11y places, the river having changed its course 
slightly. The Mohne, from the Dam to where it .fi<>ws into the Ruhr, and the 
latter LIP to 1·5 km. below that point, will have to have its banks completely 
reconstructed. Below Nehclm, in the' Ohl', large gravel banks have been fonned 
and are c utting uff the valley. They hind.er the drainage of the. floodwa.ters and a re 
the reason why large areas of the Mohne valley are today still flooded. The 
so-called Mill- or Vpper Canal, which branches off from the Mohne above Neheim 
and sup:plies water to a number of industrial concerns a.ncl to the hydro-electric 
ins tallation of the firm ·F. W. Brocckclmann, is completely silted up. Works 
dependent on this water supply am U1ere(ore idle. 

Damage to l:Jydro a11d Elec;tric inslallatfons : On the Monue, the power station 
Mohnesee- capacity 120,000 l<VA (kilovolt-amperes)-has been completely 
destroyed, including the compensating reservoir. All large m,achinery, with the 
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exception of a transformer which was recovered lOO m. downstream, has disappeared. 
The small power stati'on situated further south is so heavily damaged that it wlll 
probably be impossible to repair it again. Heavy damage has also been caused to 
the water-works at Schulte in Guenne, Hennecke in Himmelpfort.en and those of 
the Vew with a transformer station in Niederense and of the firm of Broekelmann 
in Nehcim. The buildings aod plant oi the small power statioll" Mohnesee have 
remained intact. In the Ruhr vaHey, the power station of the water-works at 
Echthausen has escaped structural. damage, but the weir and mechanical instal­
lations have beeu destroyed. At Wickede, weirs have been desttc>yed at the local 
power station, the Soest water-works, and the Vereinigte Stahlwerkc (Steel Works), 
and also at the local power station at Froendenberg, where large portions of the 
banks o! the Upper Canal have caved in. The dam of the water-works at Gelse11-
kircben in Langschede has been sirnilatly destroyed. The Hengsen weir of the 
Dortmund water-works and the power installation Westhofen o! the same company 
have also been badly damaged. In all these cases, works of great econo1nic 
importance are involved. 

The dams of the Ruh.rverband on the Heng1;teysee, by the Stiftmuehlc between 
Hengstey and Harkotsee and the power installations on the J-farkotsee have also 
been damaged due to mud, silt and the undennining of its structure. 

The water-gauge installations at Neheim, Froendehberg, Echthausen and 
Vlllingst have suffered fairly heavy damage. 

The following damage was caused to 1>verhead and unde{ground electric cables : 
100 kV Overl;J.ead cable Unna- Nelteim destroyed for 3 lcrn. 
25 kV Overhead cable Froendenlicrg- Neheim de~troyrd for 3 km. 
10 kV Overhead cable Niede.rense.-Honningen destroyed for 2 km. 
10 kV Overhead cable Echthausen- Bremcn destroyed for 2 km. 
10 kV Underground cable Niederense- Volbringen destroyed for 1 km. 
25 kV Overnead cable Neheim- Mohne power station is destroyed in a number 

of places, altogether for about 2 km. 
All the lines mentioned above have now been repaired. Supplies u! electric power 

have bceo n:sumed with the exception of the line Neheiro.- Mohne power station, 
which is still under .repair. 

The local circuits at Guenne, Niederense, Neh.eim-Huesten I, Vosswinkel and 
Echthausen.. have also suffered considerably, the stations in their area having been 
damaged and silted up. 

Da~iage lo water-7!'orks an1 puriftcati_on plant : The _water-works of the town of 
Nehe1m-Huesten. situated in the Mohne vallev, which served the whole town 
district of Neheim, have been completely desfroyed. A second works, Jurther 
downstream has also heen put out of action. That part of the town which is 
affected is being supplied Irorn Huestcn by means o{ a temporary pipeline, laid 
above ground . 

The water-works along the Ruhr, i.e., Gclsenkirchen, Hamm an<l Dortmund as 
well as those at Hagen, Witten and Bochum have already been reope.neci, after 
.flood damage had been repaired , and are now in a position to supply, (]Uantitatively, 
the most urgent needs of the area. As the quality is uncertain, chlorination has 
been ordered, and the population told to boil all wate r before 1isc. Toe water- works 
supplying the towns of Soest and Gelseokircben have both been put out of action. 

Oft.he purification plants, those at Neheim and Froendenberg have been rendered 
unserviceable. 

Damage to rai.tways : The main line Hagen-Kassel is heavily damaged between 
Neh,eim and Wickede and slightly damaged between Wickede and Froendenberg. 
The lines were in places completely undermined and at vVickede both rails had been 
lifted· bodily off the embankment and washed on to a lowe1·- lying field. Traffic has 
been resumed for local trains since tl1e 8 June and for express trains since fhc 
11 June. The southern part of tl1e station at Froendenberg and the brancb line 
to Menden have been completely wrecked. On the lint! from Wetter to Witten, 
one rail has b~en undermined in parts. 

The n.arrow gauge railway Ruhr- Lippe has not been able to resume operations 
on the Mi:ihne valley line. The rails from about 1 ·5 Jun. above the station at 
Niederense to the Mossfelde estate some way below have been washed away or 
covered in mud. 
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Da»1a,ge to bridges and roads : All road and narrow-gauge railway bridges ha.ve 
been destroyed in the Mt>hne valley. The work of reconstruction has bee11 taken 
in hand. 1n the Ru1H valley, the following damage has been reported : The road 
bridge by House Fuechten is threatened by high water but not damaged otherwise. 
The two at Neheim have completely disappeared. Of the {erro"concrcte bridge, 
not even the plies have remained. The upper part of the fron bridge has been 
washed 100 m. downstream and deposited in the river bed. Of the railway bridge 
above Wickede the flood bridge and that over the upper canal have been destroyed 
and the bridge over the Ruh, bea,vily damaged . At. Wickede the rD<!,d bridge has 
heen completely destroyed, likewise the road and the railway brldge of the 
Froendenberg- Menden line. The flood-bridge at Lengschede has been destroyed 
and the foot bridge is threatened by high water and da1:naged. The road brid~e 
in Giesecke is slightly damaged, that over tfie Mill channel more heavily. The 
road bridges at Schwerte and Westhofe11 are also threatened by high water and 
damaged. One oi the strpporting pillars of the railway viaduct over Lake Harkort 
has collapsed. 

The damage to roads varies from the appearance of pot hole$ to the complete 
destruction of the road bed and surface. The worst damage occurred to a stretch 
of road in Wickede. 

Dam,ige to ·inditslrial undertakit1gs : Numerous industrial installalio11s have been 
hard hit as a result of the attack. In .many cases materials, buiJdings and machinery 
have been swept away by the floodwaters or damaged extensively by mod. Also 
th y have been hindered indirectly by the damage to electric and water s upplies. 
Worst hi\ of all were tb,e 1inns situated i11 the lower Mi.lhne valley around Neheim . 

The camp for workers from the East, which had been erected for U1e Neheim 
industries a,t -a. cost of nearly a miJliun marks, has completely disappeared. A 
number of factories further downstn:a.m have been damagl'!d too and have had to 
suspend produclion, but I have not included them in my su.tvey, since their damage 
consists less of that caused to buildings, as Joss of tools, machinery and stoc,lts of 
material. I will however mention the steel works at Hagen-Kabel and the steel 
works Harkort-Eicken in Wetter. ln. both cases the smelting ovens and rolling 
mills were working at full pressure when the disaster occurred and damage was so 
heavy that it cann0tyet be assessed . 

Da.ma.ge io dwelling houses : The local Councils have reported the following 
damage: 

Heavy Nlediurt1 Slight 
KREIS Destroyed damage dam.age damage 
Arnsberg 40 9 20 l 17 
Soest 37 20 30 98 
Iserlohn 2 28 48 48 

Total 79 57 98 263 
-----

The largest area o{ devastation are in Neheirn and Wickede, ,vhere many houses 
were so completely washed away, that only the remains of the lower walls cat1 be 
seen to show where they stood. Some houses have been on ly half carr(ed away 
whilst many are stlll intact apart from the roof, which has disappeared . Most oi 
the houses in question were massive structures with double walls. 011 the- other 
hand, in Niederense some q,iite flimsy wooden buildings have withstood the flood 
waters and are intact right up to the second floor. 

Agricultural damage : The · 1(reisbauernfllehrer' (local fa1tmer leaders) report 
the following agricultural damage: 

ln Kreis Arnsbe,g 386 hectares of arable land and abofit 100 hectares of park, 
horticultural or woodland were flooded, making a. tota l of about 486 hectares. 

20 per cent. of the wheat, barley and corn crop is totally destroyed , and of the 
rest only a maximum harvest of 30 per cent. can be expected. The root crop has 
been completely destroyed. 40 hectares of arable land have been laid waste through 
loss of the top soil, 
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In RTeis Soest 280 hectares a re completely and 153 hectares partially dt:stroyed, 
as well as about 4 hectares of woodland. 

In Kreis lserlohn, one farm was completely and one partially destroyed. 
According to present estimates, the following losses of livestock were suffered :-

KREIS Horses and Cattle. Pigs 
Arnsberg 155 51 
SoesL 245 360 
Jserlohn 86 115 

Total 486 526 

Dark as the picture of destruction may seem, it is a pleasure to note with what 
vigour peasants and farmers address themselves lo the task of clearing their land 
of the accumulated rubbish a nd re-ploughing their fields. 

C11sualties : Our investigations in to the exact number of deaths have not yet 
been completed as may be seen from the n um ber of missing. The picture on 
1 J tl ne was a s follows : 

GERMANS FORETGNERS 
KREIS Dead Missing Deact Missi11g 
Arns berg 160 34 557 ]55 
Soest 224 32 
Iserlohn 49 6 

Total 433 66 563 155 

The hea.viest losses of life occurred .in Neheim and Wickede. The rescue and 
identification service was haJ1dicapped by the fact that the bodies were covered in 
mud, badly muLilated and had, in the hot weather. rapidly decomposed. Rapid 
burial was insisted upon to avoid thr. danger of epidemics. In ac·tual fact no such 
outbreaks have been reported. 

Emergency se1·vices : At first the emergency services were tinder the direction of 
the Councils of the three districts concerned. 1 -personally took command of the 
situation on 25 May. In order to meet the immediate public emergency, strong 
military aud civil help was organised. In the town of Neheim for example, tl1e 
following personnel were employed up to the 22 May:-

1,250 military personnel. 
380 men of the technical emergency service. 

42 men and 60 women of the Red Gros!!, 
150 men of the fire service. 

Otitside the town, the railways have mobilised some of their own manpower with 
t he help of the R.A.D. (Labour Corps) and Pioneer Units. Detachments of the 
Organisation Todt were utilised for bridge and road repair and for work in connection 
with the rebuilding of purification p lant. According to the Group Leader of the 
Q.T. about 2,000 men would be required for the rebuilding or the dam itself. The 
Council at Arnsberg· estimates the labour requirements as follows: 800 as r eplace• 
ment for the drowned pei-sonnel, 700 for clearanc'e work and 200 for reb11ilding. 
In addition, 300 men would be needed for the repair of water-works, water system, 
roads and houses, making a total of 2,000 in all. 

Estimates from the other Councils have not yet been received. 
As has been said, n.nd can be seen from the above survey of the damage caused 

by t he disaster, industrial and agricultural undertakings have been badly hampered 
in their production for a shorter or longer period, as the case may be. This was 
occasioned through the damage sustained by water and mud. Apart from that, 
water-works, power s-tati()riS, etc .. have been made unserviceable, either permanently 
or temporarily. The losses in human lives. of materials, tools a nd machinery. 
interrupt.ion of communications, water. and electric supplies were contributing 
factors. 
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The effects of the atta.ck were felt far into the Dusseldorf district. 
The anticipated damage to the water supply system is of the most far-reaching 

importance. The Mohne dam is the backbone of this system, serving the whole 
right Rhine- Westphalia industrial area, which is inhabited by about 4½ million 
people. \•Vith the loss of the Mohne Dam, the available reservoir space has been 
halved. The result will he that the additional supply of water to the Ruhr will have 
to be curtailed. The quality of the water will be adversely affected and consumption, 
\lllless supplies can be got from other sources such as the Lippe, will have Lo be cut 
down, even for industrial consumers. It wi11 depend largely on the speed with 
which repair work can be carried out and also on the weather during the autum,n, 
to what extent 'industrial- in part war industrial- production will be affected. 

Influence 011 !own and coitnfry plMZ1'Ling : It would seem desirable, when restoring 
d amaged and destroyed property, to pay due attention to impl"ovemcnt and p lanning. 
Actually the planning of the ai-ea hit by the disaster left much to be desired. A 
fact preventing la rge scale replanning is. that it is necessary to restore traffic and 
produclion as quickly as possible. The railway authorities who had planned to 
improve the line from Hagen to Kassel, have therefore been forced to abandon the 
scheme and merely restore the line to its previous condition. It will however be 
possible to introduce new plans in some cases where road and town planning can be 
carried out. It is, for example, planned to rebuild totally destroyed farm houses 
in different form and move them e11tirely out or the reach o[ flood waters, whilst 
the town area of Neheim in the valley of the Mbhne can be completely replanned . 
l n the latler case factories would, of course, have to be rebuilt in their old locations, 
since the wastage of remaining buildings and foundatfons could not be entertained 
at present. Two other factors would a lso have to be considere<;l-whethcr, by 
moving the Mohne bed, a more favourable channel could be found, thus ga.ining 
valuable industrial land ; and whether a better route could be found for the 
Nicderense Soest road, if the upper bridge on the Mohnc in the town area we(e 
rebuilt. At the same time the question of a revision of the route taken by the 
narrow"gauge railway Neheim-Niederense and its connections with t he Neheim 
factories will have. to be dealt with. Jn order to clarify the position, I intend to 
hold a conference of all the au thorities concerned. I shall report the resull of these 
talks in d ue course. 
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THE '.VIOHNE DAM AFTER ATTACK 



AREA AFFECTED BY BREACHING THE MOHNE DAM 
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Nose pistols 
No. 8. 
No . 9 

No. 11 
No. 13 

No. 14 

No . 15 

No. 16 

Tail pistols 
No . 5B 

No.12 

No , 36 

No. 43 

No. 50 

APPENDIX 12 

BOM.B PlSTOLS 1N USE JN THE R.A.F. IN 1919 

A simple type of pistol used in 112 lb. a nd 520 lb. R .A.F. bombs. 1 

Similar to but larger than No. . Used in 112 lb., 520 lb. and 
550 lb. R.L. (Royal Laboratory, Woolwich,) bombs. 

No recorded description exists except for its use fn R.L type bombs, 
A pistol produced for the S.N. 2 type bomb, the largest used in the 

1914- 1918 War. Weight 1,650 lb. 
A modified No. 9. The rotation of the arming vanes screwed the 

sharp pointed s triker ioto the bomb during its flight. Used in 
R.L. old type bombs. 

A modified No. 8 . Action identical to No. 14 bat had parallel 
threads for use in old type R.A.F. bombs. 

A special type of nose pistol for use only with 20 lb. ' Cooper ' 
bomb. In this pistol instead of the arming vanes fa)ling off in 
flight as is normal, they operated instead a sei;ies of gear wheels 
a.nd brougbt the stri.ker in Une witll tb.e detonator. The number 
of revolutions could be pre-set enabling release at low altitude. 
This geared safety device was necessary in order to avoid 
premature explosion should the bomb strike the fixed under­
carriage on release. 

The standard tail pistol used in the majority of bombs in the fimt 
world war period. A very simple pistol with parallel threads 
for ' R.A.F.' bombs and equipp ed with t hread adaptor for the 
' R.L.' series, 

A special tail pistol for S.N. bombs, 

APPENDIX 13 

BOMB PISTOLS DEVELOPED BUT NOT PRODUCED 
FOR SERVICE U E, 1939-1945 

A modified No. 27 pistol for air burst as an interim to the photo 
electric (P.E.) , and acoustic pistols for bombing the bomber 
with G.P. bo01bs. Developed between September 1939 and 
June 1940. Approved for service July 1940 but not produced 
in quantity or issued to the Service. M.A.P. File SB. 56620. 

A considered alternative to the No. 38, developed between 
November 1941 and October 1942; it was canceJled because of 
the introduction of the No. 45. M.A.P. File R/A Z299. 

A radio ground proximity pistol developed from a fuze in 
November 1941 for use with 4,000 lb. H.C. bombs. Aiter trials 
at A . & A,E.E. and by operational units-JO bombs fitted with 
this pistol were dropped--development was abandoned in 
Jvf.arch 1943 and the design sealed for record .3 M.A.P. File 
SB. 30712, M.A.P. File SB. 33824. 

1 A.P.T. 50678/ 18, Encl. 40B. The initials 'R.A.F.' o~ • R,L.' were given to earlier 
types of bombs to denote that they had either parallel (R.A.F,) or tapered (R.L.} threads 
for the pistol. 

• An ' initial ' title for special types of bomb designed for operation against 'Krupps' 
armament works at Essen. 

a No doubt because of R . P. Fuze development was handed over to American research at 
~bout this time. 
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No. li.'J 

No. 61 

Designed by R.A.E. for tail pull percussion operat ion with 
parachut·e attached, 500 lb. H ,C. bom bs-. Developmen t a.nd 
trials went on io conjunction wit h that of the parachute and 
special tail unit from April 1943 to September 1944. By this 
time the pistol although reliable was considered unsafe and work 
was in hand on an alternative (No. 61). M.A.P. File SB . 46752. 

A No. 61 All-Ways Pistol modified to a R.A.E. design for the same 
p urpose as the No. 59 but with improved safety. Quite successful 
in trials but hostilities ended before i t was approved for Service 
use. M.A.P. File R/A 6837. 

APPENDIX 14 

SOME BOMBING RESULTS BY Nos. 9 AND 617 SQUADRONS- 1945 

Bielefeld Viaduct : 14 March 1945 
Sqiiadron No. 617. 

Aircraft Lancaster (15). 

Bombs .. 

Release Heigh/ .. 

Sight 

Result .. 

12,000 lb. in 14 aircraft. 
22,000 lb. in l aircraft (this was t he first 22,000 lb. bomb to 

be dropped on operations). 

11,000 to 12,000 feet. 

Stabilised Automatic Bombsight, Mark IIA. 

12,000 lb. bombs closely grouped round the massive concrete 
target, which carried four railway tracks across a stretch 
of low-lying marsh land. 

22,000 lb. bomb fell within a few feet of the north side of the 
viaduct. 

The below-ground detonation completely upset the foundation 
of the viaduct : s ix of the concrete spans collapsed. 

Vlotho : 19 March 1945 
Squadron. No. 9. 

A ·ircrajt Lancaster (18) . 

Bombs . . 12,000 lb. 

Release Heigh! . . l2,000 to 14,000 ieet. 

Re.sult . . Complete collapse of one of the central supporting piers of the 
viaduct, which fell into the river. 

Amsberg : 1.9 March 1945 
Squadron No. 617. 

Aircmft Lancaster (20). 

Bombs . . 12,000 lb. 

Release Heig!its .. 11 ,000 to 14,000 feet. 

Resitlt . . Six direct hits : 40 yard gap torn in the viaduct, 

Arbergen : 21 March 1945 
Squadron No. 617 (Lancaster) (S.A.B.S.).' 

Bombs . , 12,000 lb. 

Release He-ights 13,000 to 14,000 feet. 

Remlt . . Two sections of the approach viaduct destroyed, a n<l the 
b ridge made useless .. 
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Nienburg : 22 March 1945 
Squadron No. 617 (Lancaster) (S.A.B.S.). 

9,000 to 10,000 feet. Release Heiglt.ts 

Rest,lt Very ·accurate bombiug: bridge almost totally destroyed, 
approach viaducts severely damaged. 

Bremen : 22 March 1945 
No. 9 with 65 supporting aircraft from other squadrons 

(Mark XIV). 

Release Height,s l7,500 to 19,500 feet. 

Heavy concentration round the bridge which, however, 
escaped severe damage. 

Bremen : 23 March 1945 
Squadron No. 617 with supporting aircraft (S.A.B.S.). 

Release Height . . 24,000 feet. 

Resu/.t . . Bridge wrecked in spite of enemy s moke screen : extensive 
damage to tracks on each side, 

Bad. Oeynhausen : 23 March 1945 
Sq1mdron No. 9 (11 I~ancasters) : Mark X IV Sight : Bombs, 12,000 lb. 

Release Heights 13,000 to 14,000 feet. 

Res·uU . . Two d irect hits : central span of Northern track fell into ~e 
river. 

This raid was the 1.ast of the series : seven bridges or viaducts had been put out 
of action jn JO days : brill iant bombing is not an e~aggerated description. 

The Tirpitz : 12 November 1944 
After many unsuccessful attacks, including those o{ dive bombers of the F.A,A., 

Tirpilz was finally attacked by aircraft of No. 9and6 17 Squadrons, while mooring 
in Alten Fiord. 

All aircraft carried 12,000 lb. bombs. Three direct hits and many near misses 
were obtained and the ship Sank within 9 minutes of the release of the first bomb. 

Release Heights : 13,000 to 16,500 feet. 

High level precision bombing at night 
Gnome-Le~Rhone and engine faclory, Limoges, 8 Febr·1iary 1944. Squadron No. 617 

(S.A.B.S.). 
This was an outstanding example of a precision night attack. Twelve Lancasters 

attacked the target which had been marked by incendiaries d ropped at roof height 
by the Squadron Commander. Six aircraft carried 12,000 lb. bombs a nd six sticks 
of twelve 1,000 lb. bombs. 

Twenty-one bays o[ the machine shop out of a total of 48 were destroyed, and 
the remaining t hree were severely damaged ; 17 bays suffered roof displace­
ment and a building of the boiler house and transformer station was destroyed. 
Only two bombs fell outside the target area. 

Release Heights : 7,000 to 10,400 feet. 
Thls attack was the fore-runner of many similar successful attacks by No. 617 

Squadron. 

Saumur tunnel ; 8 J1,me 1944 (Night of ' D -day plus 2 •, 
This attack was made on a vital route leading to the Normandy bridgeheads. 

Lancasters of No, 6 17 Squadron were forced by cloud to bomb at under 9,000 feet, 
a difficult height. 12,000 lb. bombs were used and the mouth of the tunnel was 
blocked. 

Release Heights : 3,000 to 10,500 feet. 
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APPENDIX 15 

BOMBSIGl-lTS ANO THEIR DESIGNERS, 1916-1945 

Type of Sight. Principal Designer. 

Course setting bombsights : 
Mark I Mr. H. C. Wimperis (Air 

Ministry Laboratory). 
Marks II-111 . . Staff of A.M. Laboratory 

Mark IX 
Mark IXA & B 
Azimuth bracket 

Other Vector sights 
Mark XI 

Mark XII 

Mark XlV 

Mark XV 
Mark XIII 

W. H. Coulthard 
P. B. N. Nuttall-Smith 
R. S. Capon 
G. D. Davis. 
T. W . Barnes 

L. G. Carpenter 

. Prof. R. M. S. Blackett 

Dr. H.J. J. Braddeck .. 

w. H. Coulthard 
J. C. Ballantyne 

Tachometric bombsights 
Automatic bombsigh t 

Mark I L. C. Bygrave 
W. J . Richards. 

.Mark II W. J. Richards .. 
S. E. Kirk (of Messrs. 

Creeds). 
Stabilised automatic 
bombsight 

J. W. Barnes 
: : }J- W. Barnes 

Mark 1 
Mark II 
Mark 11A 

Low alti tude sights 
Low level bombsight 

Date. 
Development 

or 
Producticm F-ilrm. 

1916 Messrs. Ellio.tts. 

1918- Messrs. E. R Watts. 
1932 
1935 Messrs. R. B. Pullin. 
1938 Messrs. Dekko Cameras. 
1938 Messrs. S. Smith. 

1939 Messrs. Creed. 

1940 Messrs. Avons Electricity 
Meters . 

1941 Messrs. Powers Accounting 
Co. 

Messrs. A vons. 
[941 Messrs. Powers Accounting 

Co. 
Messrs. Ava,ns. 

1942 R.A.E. prototype only. 
1945 Messrs. A vons. 

1936 Messrs. Creeds. 
Messrs. Halls Telephones. 

I 938 Messrs. Creeds . 

1940 Messrs. Creeds. 
1941- Messrs. Desoutters. 
1944 Messrs. Powers 

Accounting . 
. Messrs. Smith Instruments. 
Messrs. Electrotlo. 
Messrs. British 

Thermostats. 

Mark I F. E. Lamplough 1940 Messrs. Enisen. 
W. H. Coulthard. 

Mark II Prof. R. M. S. Blackett 1943 Messrs. Avons. 
(Observer's sight) 
Mark III D. A. Richards 1943 Messrs. Avimos. 
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Type of Sight. P1incipat Designer. 

Miscellaneous sights 
Simple level J. W. Barnes 

bombsight. 
Pursuit bomb- W. T. Richards .. 

sight. 
Scatter bomb• W. H. Coulthard 

sight. 
T-ype G.l .. { W. H. Coulthard 
Type G.2 , . . W. H. Stenn. 
Dive bombsight F. W. Meredith .. 

Date. 

1938 

1939 

1939 

1941 

1941 

APPENDIX 16 

Development 
OY 

Production Fi1m. 

R.A.E. prototype. 

R.A.E. prototype. 

Messrs. Pullins. 

Messrs. Pumns. 

Messrs. Smiths 
Instruments. 

SCHEDULE OF REQUIREMENTS FOR EMBODIMENT IN DESIGN 
OF NEW UNIVERSAL BOMB CARRIERS -

Bomb carriers are required for carrying and releasing bombs oi various weights 
and sizes, and in order to avoid a multiplicity of carriers-each one suitable for one 
particular type of_ bomb-it is desired to obtain d esigns of two uoiversal types of 
carrier, the one to readily carry any bomb between 50 lb. and 300 lb. in weight, and 
the other to eas'ily accommodate any bomb between 200 lb. and 600 lb. in weight. 

The new bombs will all be of similar contour but will differ in weight, length and 
diameter. The bombs wilt be provided with both nose and tail fuzes and the 
carriers must have the following es$ential features :-

1. The bombs must be housed on the <.~arriers so that their major axes be io the 
horizontal plane and parallel to the fore and .aft line of the aircraft. 

2. The bombs, when loaded, must have their tail drums at the rear of the 
carriers. 

3. Ease of loading must be assured. 
4. Carriers must be so designed that they show a sufficient factor of safety, 

with bomb load, when the aircra{t on which tb.ey are loaded is either :-
(a) Taitying over rough ground. 
(b) Banking steeply in flight. 
(i) Side slipping. 
(d) Involved ln a minor crash. 

5. The carriers must have a factor of safety of not less than four. 

6. The carriers must be as light as possible, consistent with strength. 

7. The release slip (which is a standard unit) must be in a fixed position on the 
main framework for all bombs. 

8. The carrier must provide for optional fuzing of all bombs, i.e. it must be 
possible either t o render the tail h11ie operable only, or allow both nose 
and tail fuzes to function, or to allow the bomb to be released with both 
fuzes inoperable. 

9. The carriers must be provided with attachments to allow of easy fitting to 
standard bomb ribs which are spaced at 21-inch centres, without having 
to resort to complicated methods of bracing to the aircraft structure. 

10. All adjustments must he effected by· means of ordinary tools. 
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APPENDIX 17 

AIR STAFF REQUIREMENTS FOR A STANDARD BOMB CARRIER, 
FOR USE WITH JNTERNALLY STOWED BOMBS OF 250 LB. 

TO 500 LB. CARRIED IN SINGLE TIER STOWAGE 

rntroduction 
With the advent of internal stowage for bombs and the vastly increased carrying 

capacity of modern aircraft, it is necessary to reconsider our method of handlin,g 
a rid carrying bombs. 

The following points, which have a bearing on the type of carriers required, have 
been decided:-

(i) Each aircraft of the near future types will be provided with duplica te sets 
of carriers. In the more distan t future it is hoped to evolve a type of 
carrier which will obviate the necessity of providing duplicate carriers. 

(ii) The carriers will be fitted t o the bom b at t he fuzing point whilst the bom b 
is resting in crutches on a trailer. 

(iii) T he bom b and carrier will be transported by trailer to a point where the 
aircraft w ill come to pick u p its load. The bombs will be laid out on 
wooden crutches Oll the ground and t he aircraft moved over them. 
Alternatively the bomb trailers carrying the bombs may be manceuvred 
unc.ler the aircraft and hoisted from the trailers into tbe a ircra-ft. 

(iv) Simplicity and speed of operation am all important and the minimum of 
work, namely, hoisting into posit ion only, is to be done in the bom b cell 
under the aircraft. 

I . Types of bombs to be accommodated 
T he following types of bomb must be accommodated without any alteration 

to the carrier other than adjustment of Grntches and fuz1ng boxes: 250 lb. G.P .. 
250 lb. S.A.P .. 250 lb. A.S., 250 lb. 'B,' 250 lb. L.C., 250 lb. s.c.r., 250 lb. S.B.C .. 
s upply droppirtg apparatus Mark VB : SOO lb. G."P., SOO lb. S.A.P .• SOO lb. A.S., 
600 lb. S.C.l. 

II. Types of release sljp and fuzing gear 
The standard single hook type release slip and F.:.M. release and fuzing u nits must 

be emp loyed. 

111. General features 
The carriers must be simple to produce ; l ight ; occupy a minimum vertical space; 

compact ; and sufficiently robust to <,v ithstand catapult loads and ground handling. 
Consideration m ust also be given to the suitability of the carrier for stowing the 
duplicates in the ai rcraJt when engaged in reinforcing operations. It must be easy 
to maintain, and provided with adjusting devices which can be operated in the 
minimum of t ime with the minimum of tools. 

IV. Special feature.§ 
Quick operation t hroughout t he varfous p hases of the bombing-up operation is 

esst"ntia l, special attention should be pa.id therefore to the following points :-
(i) Accessibility of a ll adjustable parts, and accessibility for checking engage-

ment of release slip, E.M., release unit and fuzing gear. · 
(ii) The provision o1 snap-up connections for the attachment of the 1,-arrier to 

the aircraft, and similar snap-up electrical connections between the 
carrier and aircraft. All these connections should be provided with 
adequate ' leads ' to guide the fittings to their ftnal locations. 

(iii) A small winch is required over each, bomb carrier position. T hese winches 
should be operated preferably from the outside of the bomb cells and so 
geared that one mau can hoist a SOO lb. bom'b rapid ly and without 
fatigue. A ratchet must be provided to prevent accidental lowering of the 
carrier a nd bomb, and means must be p rovided for manual disengagement 
of the ratchet if desired. 

(iv) T he bomb cr utches must be easy and rapid to adjust and free from lock 
nuts, adjustment by means of an irreversible wor;m and wheel is the type 
of mechanism envisaged. 
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Type 'A' 

Type' B' 

Type ' C ' Mark I . . 

Type 'C' M ark II 
(Modified Mark I ) 

APPENDIX 18 

TYPES OF BOMB TROLLEY 

Designed to carry a maximum load of 500 lb. 
Now obsolete. 

Designed to carry 4 X 250 lb. or 2 X 500 lb. bombs. 
Spring suspension. 
Stores can·ied on crutches, 
Centre beam has a maximum clearance of 4 inches, and is 

adjustable t o give a maximum clearance of 16 inches. 
Obsolescent. 

Designed to carry 1 X 2,000 lb., 2 X 1,000 lb., 4 X 500 lb., 
or 8 x 250 lb. bombs. 

Spring suspension. 
Stores carried in saddles, 
Side members have a clearance of 12 inches. 

Designed to carry 8 X 250 lb., 6 x 500 lb., 3 x 1,000 lb., 
1 X 1,900 lb., I x 2,000 lb., or 2 X 1,500 lb. 'A' mines, 

No springs. 
Flat top. 
Side members have a clearance of Bi inches. 

rype ' C' Ma1•k II I Details as for Mark II, but will also can-y 1 X 4,000 lb. bomb. 
(Suffolk Iron Foundry Production.) 

Type ' C' Mark IV 

Type' D 'Mark I. , 

Type 'D ' Mark II 

Type ' D 'Mark III 

Type' E' Mark I .. 

Type' F' .. 

Details as for Mark II, but bas not been cleared for carriage 
of 1 x 4,000 lb. bomb. 

(Alvis Motor Co. production.) 

Designed to carry a range of stores up to a maximum load 
of 4,000 lb. and including 1 X 4,000 lb. bomb. 

Spring suspension. 
Stores carried in saddles. 
Clearance of side members is 6-i inches in low position and 

1 tl inches in high posit.ion. 

Designed to carry l x 4,000 lb. bomb. 
No spriqg:s. 
F lat top. 
Clearance of side members is 6l inches. 

Designed to carry l x 4,000 lb. bomb. 
Rear sprung (Cantilever spring) . 
Flat top. 
Clearance of side members is 6i inches in low _position, and 

lli- inches jn high position. 

Designed to carry l X 4,000 lb., 2 X 4,000 lb .. l x 8,000 lb. 
or I x 12,000 lb. bomb. 

Wheels independently sprung. 
Flat t op. 
Clea.rance of side members is 7½ inches unladen and 6½ inches 

fully laden. 

Designed to carry a range- of stores up to and including 
I x 8,000 lb. bomb. 

Flat top. 
No springs. 
Clearance of side members is S½ inches. 
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