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1,600 feet as a preliminary to a demounstration 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.?

250 8. G.P. BomB MaRrk IV

Further trials were held up while investigations into the new pistol/detonator
fuzing were in progress, but in October 1938 an important ballistic trial was
completed at Martlesham Heath, to test single and salvo release.? 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 500 x 100 feet.?

Comparative fragmentation trials were resumed at Martlesham Heath and
Manby in December 1938 when the combination of sharp pistol striker and
sensitive detonator gave 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 Ib. 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 500 1b. 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
desplte this, and the effects of slip-stream, the bombs behaved well in ﬂlght thus
provmg the efﬁmency of the tail-units.

1 AM. File S. 38383.

2 Although the majority of 40 Ib. bombs were made w1thout suspension lugs for S.B.C.
carriage—those for Fleet Air Arm use were provided with a lug for carrier release, hence the
singlé release trials.

S AM. File S.38383/2. Salvo release was later improved considerably by alteration to
the container.

13



500 L. G.,P. BomB, MaRrRk IV
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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 unaffected.!

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 Ib. and 500 Ib. series.? 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 Ib. 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.? TIor some
months the Committee had been studying the problem of air attack on such
targets as dams, railway bridges, overhead aqueducts and canals for the destruc-
tion of which the 500 1b. bombs might not be sufficiently powerful.

1,000 LB. G.P. Boms Marx 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 Ib. bombs. He advocated in the strbngest possible terms the

* Martlesham Heath Reports (M/Arm/529/3) (M/Arm/529/4) in A.M. Tl 2
2 A.M. File 782851/38. WiPrm{SRS (LATmEIay in. &5 Tile 282651139,

3 Aq Air Ministry Committee representing the operational and technical staffs and the
operational commands.

* A M. File S. 45193.
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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—

(@) 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 bomb to fill with water after reaching
maximum depth. The first method was calculated to be unsatisfactory and the
second considered worthy of experiment.?

- 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 Ib. or more ’. During the following twenty years, except for a
brief period at the commencement, the weight of the * B’ bomb was 250.1b.

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 total weight of 1,000 Ib. 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 AM. File S. 22795.
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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 theé 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.!

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.

SHorRT TAIL FOR ‘“B’” Bowms

 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 of 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 AM. File S. 22795/4." Apart from its application to * B’ bomb research, this Report
contains most valuable data on the use of drogues for measurement of u/w path.
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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.

SipE ViEw orF ‘““B’”’ BomB wiTH SHORT TairL. Fuzineg Link Nor FITTED

pe

Rear View orF “B” BomB witd SHorT TaiL. Fuzine Link NoT FITTED

Further trials were arranged against H.M.S. Cenfurign 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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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.

9 o o ‘ . -

250 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 and was
immediately adopted as a successor to the anti-submarine 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.* At the same time urgent arrangement for the despatch of the
parts to five Coastal Command Stations was made.

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

114 LB. SMOKE BoMB AND 25! LB. INCENDIARY BoMB

a number of incendiary stars or ‘fire-pots.” A.D.R.D.(Arm.) added further
details to his requirement :* a terminal velocity o# not less than 850 f.p.s. ;
penetration of roofs of warehouses and similar buildings, arid oil storage tanks.?
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 0.C. Memos. B. 24099 and B. 24265.
% The standard of penetration was a quarter inch mild steel plate from 5,000 feet.
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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 Ib. bomb we are develop-
ing, which is complicated and likely to be difficult to make in quantities.’
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4 LB. INCENDIARY BomB, MaARrRK V

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

! The 25 1b. bomb already described. (Prophetic words !)
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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 1b. ;bet;rol/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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2,000 LB. A.P. BOMB. Mark IV
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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 1b. 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. BoMmB. MaRK V

500 LB. S.A.P BomMB. 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 AM. File S. 27029/4.
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The 1,000 1b. 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 L. M.C. BoMB witH SHORT TaIL
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8,000 LB. H.C. BomB, MARK II
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4,000 LB. H.C. BoMB, MARK IV
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22,000 LB. M.C, BomB MaRK I
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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. § remained in use until
old stocks of bombs were either used up or obsolete for operations.! The
introduction of G.P. bombs in 1925 resulted in certain stocks of tail pistol 5B
becoming modified to be known as No. 22. Another tail pistol, the No. 23,
similar to No. 5B 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.

A

A

_ TRANSIT SPRING TO BE REMOVED WHEN MSTOL IS
TAKEN FROM BOX. WHEN SMOKE-FLOAT I8 CARRIED
ON LIGHT® SERIES CARRIER TYPE M THE VANE IS
SCREWED DOWN TO FREE POSITION AGAINST BODY.
WHEN USED WITH CARRIER TYPE @M INSTEAD OF
VANE BEING SCREWED DOWN TO FREE POSITION IT
1S TO BE SCREWED UP THE SPINDLE UNTIL THERE
1S JUST ENOUGH ROOM FOR THE SPRING CLIP
OF CARRIER ATTACHMENT TO BE INSERTED.

. IF THE SMOKE-FLOAT iS NOT DROPPED, REPLACE
THE SAFETY PIN IN THE HOLE MARKED RED
BEFORE REMOVING THE SMOKE-FLOAT FROM DROPPING
GeAR TRANSIT SPRING TO BE REPLACED BEFORE
PISTOL IS RETURNED TO STORE. ' :

No. 23 Pistor, Mark I

After a series of trials in 1937 a new tail pistol was introduced in January
1938 for use in 250 1b. and 500 1b. 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.? The reason was that, as_previously mentioned, the

1 Old type 520 1b. and 550 Ib. 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. File 398375/35. . :
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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. Arm. 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 * pistol.! Meanwhile D.Arm.D. considered it advisable to
have an interim sharp-striker design? 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.® 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 next 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.)* and after very successful develop-
ment trials at A. & A.E.E. was approved in August of that year, to replace
Nos. 29, 34 and 38pistols.5 The No. 44 was designed and developed in parallel

10.B. Proc. 16131.

% 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.
5 M.A.P. Files S.B. 34828 and S.B. 39236.
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No. 44 D.A. Piston, Marx III

No. 45 D.A. PistoL, MARK I
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with No. 45. Tt was a larger pistol, identical in principle, for use in G.P. and
M.C. bombs up to 1,000 1b. 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 Ib. 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.

N

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 1b., 500 1b. and 1,000 1b. 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,
commenced in March 1944.2

i

No. 52 D.A. Pistor, Mark II

No. 55 pistol i}

The introduction early in 1942 of the 4,000 Ib. Marks II and I1I 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

! M.A.P. File S.B. 39873.
2 M.A.P. File S.B. 52331/1.
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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. 64 * 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.

L4
No. 54 TaiL Pistor, Marx 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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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.?

The new design, proposed by the Directorate of Aeronautical Inspection
(D.A.L), 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.

:
mmnmunnnnnmnnmmz

|||
’\

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

! M.A.P. File S.B. 61222.
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better results—one failure in ten drops.! 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 1.2

) DepTH CHARGE PistoL, Mark XX
No. 895 fuzes

The No. 895 fuze was similar in principle 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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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.!
This information was circulated to the service in December 1942.2

— PAPER SEAL ———/\&%

-

S T S
SPRING LOCKING CLIP S
_ —

Il ¢ SPRING SHUTTER

—— RADIUSED LIP

BAYONET SLOT

No. 848 Fuze Mark V witH TypicaL DELAY 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).? 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.

> M.A.P. File Res. Arm. 726/6.
3M.AP. File Res. Arm. 726/7.
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means of an electrically controlled ‘ Distant Reading Compass.” 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 limitations 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 SETTING BompsigHT, Mark 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. The ‘ 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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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

|

VERTICAL GYRO

AZIMUTH CGYRO

REFLECTOR

L

|
L1\ RANGE CONTROL

b R
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STABILISED AUTOMATIC » BoMBSIGHT, 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 system by operation of which,
diaphragms at low pressure controlled the movements of the servo motors.. To
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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

N
DO ROT ]\
Y(HEH r

CONTROL - = _7';.-
PANEL TYPE.E. . CABLE,L.T., TRIMET 4

i - -
Low LEVEL BoMBSIGHT, MARK III
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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The Mark IIT 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 :—

() 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.

~(¢) Accurate bombing may be done in a climb or a dive, or following
evasive action.

(d) Late sighting is no deterrent.’?

U-BoAT IN GRATICULE oF Low LEVEL BomesiGHT, Mark III

On 22 December 1942 the sight was officially introduced into the service,? 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 and 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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SCATTER BOMBSIGHT. PROTOTYPE AND PRODUCTION MODEL
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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.

“l' 5 X 1 G TR : " 3 "J;

PARATROOP SIGHT

The problem of the normal bombsight is qflite 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 173 feet per second. Further
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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 Ib.
to 500 1b. General Purpose series of bombs resulting in the very efficient universal
carrier already described.

 CENTRE PAD
EXTENDED

S CENTRE PAD
CLOSED

1,000 rB./2,500 LB. BomMB AND TORPEDO CARRIER, MaRrRx II

In 1930 the Royal Aircraft Establishment (R.A.E.) were asked to design
a carrier to accommodate the proposed 1,000 1b. and 2,000 Ib. General Purpose
bomb ; the newly designed ‘ B’ bomb (1,100 lb.) ; and the 1,500 1b. 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 1b. 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 1b. and 2,000 1b. G.P. bomb and the 1,500 1b. A.P. bomb were
no longer an Air Staff requirement and the new carrier was designed solely for
the 2,000 Ib. 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 Opgrational Requirements
(D.O.R.) was most anxious that the design of a large carrier to take loads up
to 2,000 Ib. should be standardised as far as possible,! 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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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® and issued to firms interested in this work. A working ‘ mock up’
carrier was to be produced by 1 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.

FRONT CRUTCH REAR CRUTCH

BRACKET BRACKET
TRUNNION

E.M.RELEASE UNIT
TYPE C, MK.3

RELEASE SLIP
FUZING UNIT FIVE-POLE
PLUG

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 produced 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.? The carrier was introduced into the
service on 16 June 1939. In general the carrier resembled the 250-500 Ib.
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 (StanparD) 100/1,000 LB. BomB CARRIER. MarRx 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 bold the bomb 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 make 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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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
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Licar 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 artificial sand storm and also during
and after immersion in water. The release functioned efficiently during these
trials, but there were failures 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 making 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.

' P
© COCKING AND =
MECHANICAL RELEASE

' HOLE FOR FITTING
- TO STROP

HEXAGON-SOCKET
. -HEAD BOLT

ELECTRICAL
CONNECTION

| FRONT VIEW
ELECTRO MAGNETIC RELEASE UniT. TvYPE ‘]

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 Jartuary 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 Ib. carrier designed by the Royal Aircraft Establishment (R.A.E.).
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ELeEctro MagNreTic RELEASE UniT. Tyepr ‘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 suitable, 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.O.C.-in-C., Air Defence of Great Britain (A.D.G.B.), wrote to the
Air Ministry suggesting that it would be advantageous to study the different
method of bomb dropping by formations of aircraft.2* 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

* A M. File S. 30216.
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Automatic bomb distributor, Type IVA

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 had 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.?

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 IVA was approved for introduction into the service in
June 1935 for limited use pending the design of a distributor with delay setting.

1 AM. File S. 30216.
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The size and weight of bombs, and the maximum carrying capacity of the
operational aircraft, was however increasing and the Type ‘ B’ was gradually
replaced by Type * C’ with a maximum load of 6,000 Ib., and Type ‘ F* which
took a greater load of 8,000 |b. 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
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APPENDIX 4

BRIEF NOTES ON THE VARIOUS MARKS OF 500 LB. M.C. BOMB

Mark
1.

11.

II1.
Iv.

V.

VI to IX.

X.

XI.

XII.

XIIL

XIV.
XV.

Welded steel plate : charge/weight ratio 50 to 51 per cent.

Forged : of great comparative strength with a similar charge/weight
ratio. The most satisfactory of all 500 Ib. M.C. bombs. :

A cast steel bomb : charge/weight ratio 42 per cent.

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,

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.

As 1, 1I, IIT and IV, but with American lugs and some very minor
modifications.

A forged bomb with a solid nose made by Messrs. Jarrow Metal
Industries on S.A.P. plant.

A strengthened Mark VII bomb, fuzed tail only, and with solid nose :
the tail structure was specially strengthened to withstand tail side
impacts.

As Mark XI but with provision for nose fuzing. (Nofe : Neither XI
nor XII went into production.)

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.

Similar to Mark X with a 2-inch diameter fuze.

A specially designed bomb for under-water use. It is similar to
Mark XII but has provision in the tail for dual fuzing—hydrostatic
or time. Still in early development stage (October 1945).
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1. Shipping

SUMMARY OF 12,000 LB. H.C. ATTACKS BY DAY

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 - 11,350 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 major 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 ajc. 19 afc.
12.11.44 | Tirpitz, Tromso Fiord 29 0-07 secs. 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 secs. 15,500-18,000, S.A.B.S. No damage.

24.6.44 Wizernes 16 11 secs. | 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 secs. | 16,000-19,000, S.A.B.S. Section of overhanging roof 100 feet by 15 feet

broken off by very near miss.










L1V

4. Viaducts and bridges

| Number ‘
Dropptd Height of Release
Date. Target. on | Fuzing. (feet) Results.
Primary | and Bombsight.
Target.

22.2.45 | Bielefeld 18 11 secs. | 12,500-14,500, S.A.B.S. Two piers of one viaduct destroyed by near miss.

22.2.45 Altenbeken 16 11 secs. 12,000-14,000, Mark XIV | One span destroyed.

13.3.45 Arnsberg 1 11 secs. 12,500, Mark XIV No damage.

14.3.45 | Bielefeld 13 11 secs. | 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 five piers of
other viaducts are all that remain. Some of this
damage may be due to one 22,000 1b. M.C. bomb.

14.3.45 | Arnsberg 15 11 secs. 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 secs. 13,000-14,000, Mark XIV | Not known.

19.3.45 | Arnsberg 12 11 secs. | 11,000-13,000, S.A.B.S. Two spans collapsed and embankment undermined.
22,000 1b. M.C. bombs were also dropped and may
have caused some of the damage.

19.3.45 | Vlotho (Bridge) 15 11 secs. | 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 secs. | 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 Ib
M.C. bombs may have contributed to damage.

22.3.45 | Nienburg (Railway Bridge) 12 5-25/30 secs. | 9,000-10,000, S.A.B.S. .. | All three spans broken or torn off piers. Five 22,000 Ib.

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 X1V | No damage by 12,000 Ib. M.C. bombs which all missed.

—1 hour.
50 per cent.

—25/35 secs.
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