Independent Research Group
Orford Ness

IRGON - Independent Research Group Orford Ness

Bomb Ballistics Trials on Orford Ness
Version 1.1

Olaf Kirchner
18" February 2022

Summary

This report is an introduction to the history of military research on bomb ballistics that was undertaken
on Orford Ness, from the construction of the dedicated Bomb Ballistics Building in 1933 until the site
was closed in 1971. Orford Ness offered seclusion, space and secrecy for this work, and the facilities
of that site enabled a far more scientific approach than was previously possible for determining the
ballistic behaviour of unguided charges, including bombs, depth charges, mines and even lifeboats.

Apart from the shell of the Bomb Ballistics Building, very little physical evidence has been preserved
of several decades of ballistics research. Access to two detailed reports of these ballistics trials have
now enabled some of this story to be told.

A number of well defined and precisely aligned bombing tracks were used by launch aircraft to carry
out ballistics trials, including the Land, Sea, Cold War and Low-Level Bombing Lines. Most of these
were used in conjunction with equipment located in or controlled from the Bomb Ballistics Building,
and these are covered in detail.

Before and during World War 1, experimental ballistics work on Orford Ness centred on testing
weapons for the RAF. Research centred on improving the accuracy of bombs and supporting the
development of improved bombsights.

At the beginning of the 1950s, the site and its equipment were updated to investigate the ballistic
behaviour of large nuclear weapons dropped from the latest generation of aircraft, including the V-
bombers.

From the outset, the Bomb Ballistics Building featured the most sophisticated and accurate
instruments and control equipment available at the time. Initially, ingenious electro-mechanical
devices were used to document the track of falling weapons and determine the factors determining
their path. These were later replaced by electronic equipment when a new generation of bombs was
developed in the Cold War. Several external instruments at remote locations on Orford Ness, such as
long focal length cameras, kine-theodolites and radar tracking stations, were operated at remote sites
on Orford Ness to support this research.

A possibly unique device called the Timing Lamps was used to transmit a coded pattern of lights on
the ground that was photographed from the launch aircraft at the moment of bomb release. This

pattern of seven lights served to correlate the release time with the central timing chronograph that
was used to measure the precise flight time of the weapon until impact.
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Section 1: Background
1.0 Introduction

On arriving at the quayside in Orford for the first time, a visitor cannot fail to be impressed by the stark

beauty of Orford Ness, Eltsflabgxmidss of flinhstrejches buttethed Northl e s pi t

Sea beyond, providing homes to unusual fauna and flora. Butthe surreal si |l houettes
and the Black Beacon on the eastern horizon also bear witness to the more recent, military history of
the Ness.

Looking left towards the northeast, an oddly shaped solitary building is immediately obvious, standing
proud above the flat expanse of shingle. Above a concrete ground floor is a brick upper storey,
topped by a green turret. This is the Bomb Ballistics Building, from where the most sophisticated
scientific trials in the United Kingdom were carried out on the behaviour of weapons dropped from
aircraft.

For over three decades during the middle of the 20" century, the Royal Aircraft Establishment and

later the Atomic Weapons Research Establishment used an array of high-technology instruments to

measure and improve the accuracy of bombs and other aerial ordnance. The ballistic properties of all

manner of bombs were researched in the greatest secrecy, from the bouncing bomb, Blockbuster,

Tallboy and Grand Slam of World War Il to the nuclearb ombs of the UK&s nucl ear
Cold War.

But before delving into the rich history of this unique building, it is helpful to understand its historical
context, as well as how the geography of Orford Ness determined the procedures used for these
bomb ballistics experiments.

1.1 History of Bombing Trials on Orford Ness

When World War | broke out in August 1914, just over a decade had passed since the first successful
flight of a machine heavier than air. The war accelerated the development of aircraft for military roles,
initially used for artillery spotting, but later used for bombing targets on the ground and at sea, and of
course for preventing the enemy from doing the same.

From the earliest days of military aviation in World War 1, it had become necessary to extend the
science of ballistics beyond the flight of projectiles from guns located on the ground or aboard a
warship, to understand the behaviour of unguided bombs and other ordnance released from a moving
aircraft.

The Royal Flying Corps established an airfield on Orford Ness in 1915. Its seclusion and the large
expense of uninhabited shingle of the Ness made it the perfect site for a large range of secret military
experiments to improve the accuracy of aerial bombs.

1.2 Early Bomb Ballistics Trials over Orford Ness

The history of the early years of bombing trials over Orford Ness is already well documented .2

Following a six—Xear hiatus after the end of the First World War, Orford Ness reopened for military
trials in 1924 %3, Although the numerical strength of the Royal Air Force was by then much
reduced, rapid technical progress in the development of military aircraft continued apace. This
included further studies to understand the ballistic behaviour of different designs of bombs as they
were released and fell towards the target, leading to improvements of aerial bombing operations,
developing better bombsights and bomb delivery mechanisms from aircraft.

For references, please click here
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Initial observations of bomb ballistics were carried out from a simple dugout. Working from what was
little more than a shallow pit was, however, uncomfortable and quite dangerous.

The unique contribution of Orford Ness to the development of bomb ballistics followed the
construction of the custom-designed Bomb Ballistics Building in 1933, which provided the foundation
of this science to Great Britain from before World War Il until the development of nuclear weapons in
the 1950s and 1960s.

Although the ballistics work on Orford Ness was concerned mainly with the flight of unguided aerial
bombs, the ballistic behaviour of other dropped payloads was investigated, including aerial mines,
depth charges and even lifeboats.

1.3 The Science of Bomb Ballistics

The trajectory of an object dropped from a moving aircraft is influenced by several factors, some of

which are interdependent . Once released, the forward speed imparted to a bomb by the aircraft will

be reduced by wind and air resistance, so it will fall behind the aircraft as this continues on its way.

The vertical component of the bombbés speed wil/l i ncr e
terminal velocity if it is released from sufficient altitude.

The forward and downward motion of the bomb will also be influenced by the geometry of its release
from the aircraft (horizontal or vertical), as well as its shape and the action of fins. Also, the
deceleration due to air resistance experienced by the bomb will increase as the air becomes denser
with decreasing altitude.

Although the horizontal distance travelled by a bomb is usually too short for the Coriolis Effect “'to be
important, the impact point of the bomb may also be greatly influenced by crosswinds it experiences
on its way down, which are often difficult to predict.

An improved understanding of the factors influencing bomb ballistics for more precise bomb delivery
also led to the development of more accurate bombsights &1, Bombing accuracy on regular combat
missions was very poor well into World War 1, bombs often falling hundreds of metres from the
target. As nuclear weapons were developed after the war, the need was even greater for optimum
bombing accuracy.

For references, please click here
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Section 2: Co-Ordinate System, Ground Markers and Bombing Lines
2.1 Magnetic and True Geographic Bearings

All bearings in this article are given relative to true geographic north, as used in accessible map
databases such as Google Earth. Many historical references refer to magnetic bearings, as these
would be of more practical navigational use by aircraft and naval vessels. In the 1930s and 1940, the
magnetic declination of Orford Ness was around 10° to west, i.e. a bearing of 270° magnetic in 1933
would correspond to around 260° true. At the time of writing (February 2022), this declination had
decreased to zero, i.e. a magnetic bearing corresponded to the true bearing, and appeared to be
moving to an easterly direction.

2.2 Accuracy of Geographical Positions and Bearings

In this article and the supporting location information (see Table 1 - Ground Markers on Orford Ness
and Table 2 - Instruments on Orford Ness), geographical positions are given in decimal degrees of
latitude and longitude as provided in the universally accessible Google Earth database. These
positions correspond to position information provided by software commonly available on commercial
Apple devices such as the iPhone. Programs available online can be used to convert these decimal
co-ordinates to degrees, minutes and seconds, and to UK National Grid co-ordinates used on maps
published by the Ordnance Survey.

Geographical positions are conventionally quoted to six significant figures. This may, however,
exaggerate the true accuracy of a position. At the location of Orford Ness, one micro-degree
(0.000001°, i.e. the sixth significant figure) would correspond to a mere 11.1 cm in latitude and 6.8 cm
in longitude! The use of different co-ordinate systems has also introduced errors in the position of
objects in the literature.

2.3 The Bomb Ballistics Co-Ordinates System
Over its long operational history, several bombing lines were used on the Orford Ness range. The
descrigtions below are from a report by Ken Daykin, who worked at Orford Ness from January 1941 to

1959 &,

Following the entry into service of the Bomb Ballistics Building in 1933, at least four precisely defined
tracks or bombing lines were defined, along which the ballistics experiments were carried out.

Although the building itself was aligned in a west-east orientation, a separate Cartesian x-y
co-ordinate system was used to define the position of aircraft and weapons during bombing trials.

Its origin (0, 0) was defined as the centre of the ground speed camera lens, housed within the Bomb
Ballistics Building (see Section 3.8).

For references, please click here
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Image 1: Schematic map of Orford Ness (Fig. 2 (01), Ken Daykin)

For references, please click here
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Image 2: Bombing Lines on Orford Ness (lines cross over Bomb Ballistic Building) on aerial photograph dated
1945; east is up. (Image NASA, Image Landsat / Copernicus, © 2021 The Geolnformation Group)

For references, please click here
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2.4 The Land Bombing Line

The first track on Orford Ness used for bomb ballistics trials was known as the Land Bombing Line.
This corresponded to the longest practical straight distance, within the confines of Orford Ness,

suitable for dropping mostly inert (dummy) weapons onto the abundant expanse of shingle and
marsh.

Its position also defined the positive x-direction of the co-ordinate system, situated on a bearing of
227° true (237° magnetic). It passed over the Bomb Ballistics Building from roughly northeast to
southwest.

The negative x-axis of the Cartesian co-ordinate system was thus on a bearing of 047° true. Also, by
navigational convention, the positive y-axis (at right angles to the Land Bombing Line) was clockwise,
on a bearing of 3179, and the negative y-axis was on a bearing of 137° true.

Image 3: Aerial photograph of the Land Bombing Line from launch aircraft at bomb release. Note the
superimposed 10 x 10 mm square grid from the graticule lines ruled on the register glass of the camera.
The orientation of the vertical lines is 073° true (top of image). Yellow circles show nine of the ground markers
delineating the Land Bombing Line. Three of the timing lamps are illuminated, probably those on bearings 047°
(top),167° (middle) and the datum lamp at 227° (bottom). (Fig. 2 (05), Ken Daykin)

A = Bomb Ballistics Building

B = Timing lamps (three illuminated)

C = Range Arrow West (not part of ballistics trials)

D, E = ground markers perpendicular to Sea Bombing Line

F = ground marker at the extremity of Sea Bombing Line

For references, please click here
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The Timing Lamps (see Section 3.11) were also located precisely on this Land Bombing Line. The
central light source and two of the six mirrors, used to transmit a coded accurate time signal to the
launch aircraft, were located directly on the positive x-axis, around 32 m to the southwest of the Bomb
Ballistics Building.

The weapon was normally released by the launch aircraft when overhead the Bomb Ballistics
Building, recorded by instruments within. Its trajectory could be followed by instruments mounted in
an armoured turret on the roof of the building through a viewing port in the direction of the Land
Bombing Line.

Observation posts (Posts A and B on the map - see Image 1 above) had already been set up on the
shingle to the southwest of the Bomb Ballistics Building, some years before its construction. These
were simple dug-out structures #1212 and continued to be used by observers to determine the
exact impact position in the shingle of weapons dropped from aircraft using the Land Bombing Line on
the bearing of 227° (positive x-direction). Their estimated positions are shown in Table 2. Itis not
known whether the land Bombing Line was also used in the opposite direction, i.e. to the northeast on
a bearing of 047°.

For navigation by the crew of launch aircraft, and also for the evaluation of aerial photographs taken
from the aircraft to precisely determine its position on the Land Bombing Line, several highly visible
ground markers were set up on the shingle. A list of all known markers is shown in Table 1, and most
are indicated on the map of Orford Ness (see Image 1 above). Some markers are also visible on the
Google Earth map of Orford Ness dated 1945.

The extremities of the bombing line were marked with large squares, quartered in black (tarred
shingle) and white (chalk). Approaching from the northeast, a launch aircraft would first encounter a
24 m square extremity markerat a di st ance yafds flod heOBdmbnBallistic® Buitlibg.
After passing overhead the building and releasing the weapon, the end of the Land Bombing Line was
indicated by a 9.6 m square on the shingle, a further 1&84 m/1 & 7 y&ards downrange.

Intermediate points along the co-ordinate axes were indicated by smaller (6 x 6 m), circular marks on
the shingle, quartered black and white in the same way. At least 11 markers indicated the track of the
Land Bombing Line between the extremity markers. In addition, four additional markers served to
indicate the y-axis of the co-ordinate system (on bearings of 137° and 317° from the Bomb Ballistics
Building) on aerial photographs taken from the launch aircraft at the bomb release point.

It could be assumed that the markers associated with the Land Bombing Line were laid out as soon
as bombing trials along it commenced. However, no trace of markers is evident along either axis of
the Land Bombing Line on an aerial photograph of Orford Ness, taken by a Luftwaffe reconnaissance
aircraft on 26" August 1942 131 On the same photograph, however, ground markers for the later sea
bombing lines are clearly in evidence. The reasons for this are as yet unknown.

2.5 The Sea Bombing Line

At some time after 1938, a further track for bomb ballistics trials was set up on Orford Ness for use
with live weapons, and for bombs released from an altitude where the land bombing line would be too
short. This meant that the impact point ( i s p | a s logicplly had tb lde)situated over the sea.
Aircraft using this Sea Bombing Line would approach Orford Ness over Saxmundham, then continue
on a roughly southward bearing of 164° true (174° magnetic) to a black and white square ground
marker on the northern bank of the River Ore. From here, 110 m/ 1&40 yards separated the launch
aircraft from the bomb release point overhead the Bomb Ballistics Building, followed by another 560 m
/ 610 yards to the extremity marker on the shoreline, just southwest of Orfordness Lighthouse 281 and
then the sea beyond.

This last marker, a large black and white quartered square 9.6 m along each side, was not in place in

August 1942, but was prominently visible on the shore from at least 1945 until erosion by the sea

claimed itin 2016 (see Table 1). The impact point for bombs dropped on the Sea Bombing Line was

further out in the North Sea, where its fAsplashd woul

For references, please click here
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Image 4: Aerial photograph of the Sea Bombing Line from launch aircraft at bomb release, c. 1943. Note the
superimposed 10 x 10 mm square grid from the graticule lines ruled on the register glass of the camera.

The orientation of the vertical lines is 344° true (top of image). Note also the prominent ground marker on the
northern shore of the River Ore, in the eighth square from the left in the top row. (Ken Daykin)

Unlike the existing Land Bombing Line, the track between the extremities of the new Sea Bombing
Line was not indicated by intermediate black and white markers on the shingle. Rather, just five
circular ground markers were located on a line perpendicular to the Sea Bombing Line, most likely to
avoid an unhelpful profusion of a total of 24 black and white ground markers on Orford Ness!

As mentioned above, three of these five markers are prominent in the aerial reconnaissance
photograph of Orford by the Luftwaffe of 26" August 1942 (see Table 1).

The Sea Bombing Line had a short operational life. Sever al fiear | y hadkoccereed e i nci de
from aircraft following this track, with the errant bombs, fortunately, falling in sparsely populated zones

or within the still vacant Orford Battle School Area. The latter was a 32 km? / 12 square mile area of

Suffolk, including the villages of Iken and Sudbourne. In 1942, this zone had been forcibly evacuated

for use as a military training ground. lIts residents were allowed to return only in May 1948.

A further problem of the Sea Bombing Line was that the approach path of aircraft from inland and the
fixed release point over the Bomb Ballistics Building placed them out of radar range for much of the
approach and circuit. A better solution was therefore needed for testing the ballistics of live weapons.

For references, please click here
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2.6 The Cold War Bombing Line

After World War Il Britain was excluded from the development of nuclear weapons by the United
States and chose to acquire its separate nuclear deterrent. This led to the development of a new
generation of bombers in the early 1950s, namely the Vickers Valiant, Handley-Page Victor and Avro
Vulcan. These V-bombers offered a leap in performance compared to the previous aircraft
generation. Although much of the testing of British atomic bombs was carried out in Australia and
Pacific islands, it was decided that testing their delivery systems would be done over Orford Ness.

A nuclear weapon, dropped from overhead the Bomb Ballistics Building from a Vulcan, Victor or

Valiant travelling near the speed of sound at great altitude, would continue for several kilometres until

i mpact . With a total l ength of 26974 m [/ 36252 yard
too short for tracking the new generation of aircraf
land, the Sea Bombing Line was even shorter and the need to approach that bombing range across

inhabited areas also precluded its further use.

S
t

A new bombing line was therefore established, realigned on the geography of Orford Ness to provide
the longest possible approach distance, i.e. the furthest point on the Ness up range from the Bomb
Ballistics Building over which the aircraft could be tracked and photographed. This line, which will be
ref err ed ColdWaaBomhing kinedin this article, was orientated roughly along the old Land
Bombing Line, but was laid out for use in the opposite direction. Therefore, launch aircraft
approached this line from the southwest and continued northeast.

Aircraft using this Cold War Bombing Line approached from Felixstowe and Bawdsey over the sea,
making landfall over North Weir Point, the extreme southwest tip of Orford Ness just opposite the
village of Shingle Street. A new ground speed camera was set up at that remote location to
photograph the aircraft and weapon as it approached the bombing range. From there, the new
bombing |ine continued for around 76980 m
across the Bomb Ballistics Buildin
furthem 22658880 yards beyond the b

[/ 86730 yar
g and the Kingds Me
uilding, at around

Tracking aircraft and weapons using this new bombing line also required modifications to the Bomb
Ballistics Building and an array of new instruments, described in Section 3.

2.7 The Low-Level Bombing Line

A further bombing line on Orford Ness is described by Kinsey @ called the Low-Level Bombing Line.

This line was slightly to the northwe st of the Col d War Bombing Line, aro
in length on a bearing of around 053° true. It avoided the shingle, passing instead over Havergate

I sl and and t he Kitanggtéatshe dnd of thénl@wvslevel bomlding line was located at

around 52.0986°N 1.5795°E, near the shoreline to the southeast of the future Cobra Mist site. This is

the only bombing line known so far that did not pass over the Bomb Ballistics Building. It is likely,

therefore, that it was used by operational aircraft for practice bombing, unrelated to the bomb ballistics

testing programme.

2.8 Other Ground Markers

On a photograph of Orford Ness taken by a Luftwaffe reconnaissance aircraft on 26" August 1942 %2,
three square black and white ground markers are in evidence on a precise north-south line, passing
through the Bomb Ballistics Building. One was 302 m / 330 yards to the north and the others were
302 m/ 330 yards and 604 m/ 660 yards to the south. By 1945, these markers were no longer in
place. Their function remains unknown.

For references, please click here
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Finally, a solitary, square black and white ground marker was located on the shingle at 52.087459°N

1.580112°E. It was present in August 1942 and 1945 and seems unconnected with any bombing

lines. Its location may be related to the track of a narrow-gauge railway line 4 constructed to mine

shingle from the nearby fiborrow pSeedablebut its purpose

2.9 White Range Arrows

The remote, uninhabited spaces of Orford Ness were also used for conventional bombing practice by
operational units at the same time, independent of the bomb ballistics trials, e.g. using the Low-Level
Bombing Line described above.

Some of the large square black and white ground markers on the extremities of the bomb
ballistics lines were also used as convenient targets for practice bombs in their own right. This is why
such mar ker s ar e lorathe enhplbgKen Ragkin {séedmageel tatsove).

This also explains the presence of at leasttwo verylargefir a n g e @nithe Nesss made from
white painted wood. These standard ground markers were used on practice bombing ranges across
Britain and indicated the direction to the target.

One large range arrow was located near the Bomb Ballistics Building in the early 1940s, pointing to
the square black and white square target near Orfordness Lighthouse that also marked the southern
extremity of the Sea Bombing Line. An even larger range arrow, north of the lighthouse, pointed
towards the large black and white square target at the northeast extremity of the Land Bombing Line.
See Table 1.

The only part played by these range arrows in bomb ballistics trials was as emergency communication
devices. Normally, radio contact was maintained between the aircraft and a wireless hut on the
beach, around 800 m from the Bomb Ballistics Building. Wireless communications between the
building and this wireless hut, as well as the camera posts along the shore (when bombing on the sea
line) or the observation posts on the shingle (when bombing on the land line) were maintained using a
fPhilcophoneodloud-speaking telephone.

Should this radio communication fail during a bombing run, however, the existing range arrows were
used to signal instructions to the launch aircraft involved. The different parts of these white painted
wooden signals on the ground consisted of an arrow with tips to the head, which could be closed, and
two discs, which could also be closed. This allowed the following standardised coded signals to be
displayed for the crews of launch aircraft:

Carry on Bombing Carry on Bombing, Carry on Bombing, Stand by Return to Base
your last run was  your last run was
too far to port too far to starboard

Image 4: Message codes for launch aircraft using Range Arrows

For references, please click here

© IRGON Bomb Ballistics Trials on Orford Ness vi1.il


https://www.irgon.org.uk/reference-links-for-bomb-ballistics
https://www.irgon.org.uk/bomb-ballistics-ground-markers
https://www.irgon.org.uk/bomb-ballistics-ground-markers
https://www.irgon.org.uk/reference-links-for-bomb-ballistics

13

Section 3: Bomb Ballistics Trials from 1933 to the end of World War Il
3.0 Background

As mentioned above, a large number of parameters are needed to describe the factors determining
the ballistics of a falling bomb. The new Bomb Ballistics Building housed many instruments that
permitted greatly improved, scientific data to be generated when combined with measurements from
the launch aircraft.

Meteorological measurements including air pressure, temperature and humidity, as well as wind
speed and direction at ground level, were taken by instruments on the roof of the Bomb Ballistics
Building.

The profile of wind speed and direction between the bomb release altitude and the ground was
determined by tracking puffs of smoke using the camera obscura (see below). Pyrotechnic devices to
produce brown smoke were triggered from the launch aircraft as it made repeated passes over the
Bomb Ballistics Building following bomb release, typically at altitudes corresponding to 80%, 60%,
40% and 20% of the release height.

3.1 Bomb Ballistics Building - General

Image 5: The Bomb Ballistics Building, c. 1943. Note the wooden external stairs, the telephone wires and the
aircraft warning light on the turret roof. The doors on the turret facing southwest and south are open. The nature
of the aerial supported by the oblique mast on the roof remains unknown. (Fig. 2 (03), Ken Daykin)

For references, please click here
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. Eds % » : R e
Image 6: West face of the Bomb Ballistics Building, September 2021. Note the large opening of the ground floor,
the window on the entrance area and the modern (1996) stairs. (IRGON)

Image 7: North face of the Bomb Ballistics Building, showing entrance and modern stairs, September 2021.
(IRGON)

For references, please click here
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Image 8: Northeast corner of the Bomb Ballistics Building, showing northeast observation window, September
2021. (IRGON)

R o T % g3 5 P 4 i i

Image 9: East face of the Bomb Ballistics Building, showing the northeast facing window and turret on the roof,
September 2021. (IRGON)

For references, please click here
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Image 10: South face of the Bomb Ballistics Building, showing window on the entrance area and turret,
September 2021. Note concrete west-facing wall of ground floor extended outwards and upwards. (IRGON)

Like the Black Beacon(se e al s o t h e kBehcarp-WedessiNERlva @ a thé Bombo )
Ballistics Building was constructed on the shingle to the south of Stony Ditch, centred on 52.08719°N
1.56835°E. It entered service on 1% March 1933 and was officially closed when Orford Ness ceased
to be a military site on 1% October 1971. Given its secret role, few historic photographs of the Bomb
Ballistics Building are accessible, but some that date to after its decommissioning 6. 17, 18, 19] provide
clues to its previous appearance.

The National Trust took over management of the Orford Ness site in 1993. The Bomb Ballistics
Building was stripped of its contents and restored in 1996, including the provision of a modern steel
stairway. It remains accessible for visitors, who can also reach the roof platform offering excellent
views of the Orford Ness site.

The two-storey Bomb Ballistics Building is over 7 m high and measures around 7.5 m long and 3.5 m
wide, with its long dimension aligned west to east. Its unusual construction is illustrated in the recent
photographs (see Images 6 - 10 above) and described in detail below.

The current building is also illustrated in the computer-generated impression i CGI|  \3Bainé o
Ballistics Building late 1950 to dateo .

For references, please click here
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3.2 Bomb Ballistics Building - Ground Floor

The ground floor is constructed of massive cast concrete to provide stable support for the delicate
measurement instruments within, and to protect them from the shocks and vibrations of the bombs
dropped nearby. Itis around 4 m high and features a large 2.5 x 2.5 m opening in its west-facing
side, which originally held large, wooden double doors. This same concrete wall extends beyond the
rectangular plan of the building by 2 m north and south and by around 70 cm above the top slab, for
design reasons unknown.

s

-

- e k) B i )

1)
-

A
e

wzob. g

A\

-

.

ﬁ -."1‘},%*- - N

-:.V., "‘.'.-‘
Image 11: Ground floor of Bomb Ballistics Building, looking east, September 2021. Note steel supports installed

during renovation in the 1990s, traces of attachment points on the walls and two concrete plinths originally
supporting generator and fuel tank. (IRGON)

For references, please click here
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Image 12: Detail of the ground floor of the Bomb Ballistics Building, looking east, September 2021. Note traces of
previous attachment points on the walls and concrete plinth. IRGON)

In the early operational years of the building, this ground floor space featured a work bench and was
used for the storage of equipment and supplies. In late 1959 or 1960, a generator for a 60 Hz AC
power supply was installed on a large concrete plinth on the ground floor, together with a fuel tank on

a second. This was to power a new steerable aerial for an over-the-horizon radar, variously known as
AChapl ai no oginstlledamoond 19860h the large,concr et e fi50 m reash g
of the Bomb Ballistics Building in 1965. The two concrete plinths and the 50 m ring remain there

today.

3.3 Bomb Ballistics Building - Upper Floor

The ceiling slab of the concrete ground floor structure supports three cylindrical cast concrete pillars.
Two identical ones of diameter 140 cm and height around 150 cm are located towards the northern
side of the slab and originally supported the ground speed camera to the west and the camera
obscura to the east. The third concrete pillar of diameter 54 cm and overall height around 190 cm is
near the southwest corner and originally supported the lower bearing of the post that on which the
instruments in the armoured turret were mounted. These instruments will be discussed later. The
three concrete pillars may be solid concrete, or hollow and filled with sand or rubble to further absorb
vibrations from the ground.

The top floor of the Bomb Ballistics Building is constructed from bricks. An external wooden staircase
of 14 steps on the north face of the building originally led to the entrance to the building on top of the
concrete slab.

Two large windows on the west and south of this relatively restricted (210 x 350 cm) entrance area
allowed light to enter this space, where all the major control and recording devices were located and
operated on a control table underneath the south-facing window. These included the tuning fork,
phonic motor, rotary switch and chronograph data recorder, all used for gathering ballistics
measurements. The controls for remotely operating the ground speed camera on the upper floor, the
timing lamps described above, the two cameras in the turret and several remote cameras on the
bombing range were also located on this floor. These instruments and controls are described in more
detail further on.

For references, please click here
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Image 13: View from the entrance area of the Bomb Ballistics Building, looking northeast, September 2021. Note
the large, cast concrete cylindrical support (height 150 cm, diameter 140 cm) of the original ground speed
camera, standing on top of the concrete slab ceiling of the ground floor below. The wooden structure of the upper
floor is visible, with its raised floor halfway up the photograph. The stairs to the entrance to the upper floor are to
the right. (IRGON)

For references, please click here
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Image 14: View from the entrance area of the Bomb Ballistics Building, looking east, September 2021. The small
flight of stairs leads to the raised upper floor. In the background, note the cast concrete cylindrical support (height

190 cm, diameter 54 cm) of the original lower bearing of the rotating post instruments, standing on top of the
concrete slab ceiling of the ground floor below. (IRGON)

For references, please click here
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Image 15: View from the raised upper floor down the flight of stairs towards the entrance area of the Bomb
Ballistics Building, looking west, September 2021. On the left of the entrance area, the window looking south is
visible, under which the control table used to be (where the yellow fire extinguisher bag is now). The west-facing
window can also be seen. Note the self-supporting wooden structure of the top floor and the wooden cladding on
the floor, walls and ceiling. The circular structure marked B is the top of the cast concrete cylinder (diameter 140
cm) that originally supported the ground speed camera. (IRGON)

The rest of the upper floor of the Bomb Ballistics Building was a self-supporting wooden frame
construction fitting within the brick walls. The wooden floor was raised 140 cm above the concrete
floor and entrance area and was accessed from the entrance area via a small internal staircase. The
reason for this raised floor construction was that it allowed this floor to be physically isolated from the
concrete pillars by an air gap so that walking on this wooden floor would not cause the instruments to
vibrate. The floor, and also the walls and ceiling of the entrance and raised areas of the top floor
were also clad in wooden planks, probably for thermal and sound insulation.

It is likely that the Bomb Ballistics Building was not heated, to avoid degrading the optical
performance of the instruments by turbulent air caused by temperature differences above a building.

When it was built in 1933, the upper floor likely had no external windows, because the two optical
instruments, i.e. the camera obscura and the ground speed camera, required a dark external

environment to function. While that space is now open, there was likely a door at the top of the
internal stairs to exclude light from the upper floor.

For references, please click here
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3.4 Bomb Ballistics Building - Roof

Image 16: View of the roof of Bomb Ballistics Building facing southeast, c. 1943. (Fig. 2 (03), Ken Daykin)
A = armoured turret, with windows to the south open and armoured window to the southwest closed
B = square opening for ground speed camera (equipped with a 47-inch lens) and doors open
C = square opening for camera obscura with two doors open.

The roof of the Bomb Ballistics Building was an integral part of its function. After a bombing run,
operators went onto the roof and used hand-held instruments to measure the wind speed and
determine the relative humidity from a wet and dry thermometer.

For references, please click here
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The roof also featured two square openings, for the ground speed camera and the camera obscura.
Both openings in the roof were still present as late as July 1965, but have now been sealed. Once
the ground speed camera located within the building was no longer used, a free-standing F52 camera
may also have been located on the roof, used to record the ground speed of aircraft using the Cold
War Bombing Line.

3.5 Bomb Ballistics Building - Turret

The most recognisable feature of the Bomb Ballistics Building is the polygonal turret on the southeast
corner of the roof, constructed from riveted armour plate to resist potential bomb fragments and
shingle thrown up during live bomb trials. Also known as the conning tower, it originally housed a
suite of three instruments: a periscope, a Vinten high-speed camera and an F24 camera (see Section
3.9). It was open through the roof of the upper floor of the Bomb Ballistic Building below, where the
lower bearing of the rotating pillar bearing a mounting frame for these tree instruments was located.

An aircraft warning light was fixed to a 3.4 m long pole on the centre of the turret roof.

Image 17: Schematic view to the original design of the armoured turret, looking southwest. Note the open
shutters on the south-facing window. (IRGON)

In its original form, the armoured turret had three openings (see Image 17 above). A small oblong
door, also made from armour plate, faced southwest and could be opened inwards to allow the three
instruments to observe along the Land Bombing Line (bearing 227°). A large glazed double-pane
window faced east out to sea, allowing the same three instruments to observe along the Sea Bombing
Line (bearing 164°). Two outside shutters, also made from armour plate, could be used to close and
protect this double window. Finally, an armour plate door opening inwards allowed access to the roof
from the inside of the turret.

For references, please click here

© IRGON Bomb Ballistics Trials on Orford Ness v1l


https://www.irgon.org.uk/reference-links-for-bomb-ballistics

24

Image 18: Schematic view of the modified design of the armoured turret, looking southwest. Note the double
armoured steel shutters across the newly added northeast facing window. (IRGON)

Image 19: Schematic view to the southwest of the modified design of the armoured turret, with the southwest
facing armoured door open to inside. Note the position of the F24 camera, Vinten HS 105 high-speed camera
and periscope (top to bottom) on the rotating frame, the open shutters on the south-facing window and the pole
bearing the aircraft warning light. IRGON)

For references, please click here

© IRGON Bomb Ballistics Trials on Orford Ness v1l


https://www.irgon.org.uk/reference-links-for-bomb-ballistics

25

Image 20: Turret, looking southeast, September 2021. Note sockets for the original railings on the turret.
(IRGON)

Image 21: Turret, looking southeast, September 2021. The modification in the early 1950s of the original
structure, i.e. the addition of a northeast facing window with double armoured doors, is very evident. (IRGON)

For references, please click here
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At some time at the beginning of the 1950s, the new Cold War Bombing Line started to be used. In
addition to the new window installed in the upper floor of the building itself, the northeast corner of the
armoured turret was modified into a new face with a further double-pane window, facing northeast out
to the North Sea, allowing the three instruments to observe bomb impacts ( fi s p | aa$ deaatong)
the Cold War Bombing Line (bearing 055°). Two additional outside armour plate shutters protected
this window when necessary (see Images 18 and 19 above).

The original dull colour of the turret in the 1930s is hard to judge from existing black and white
photographs, but by the 1950s and 1960s, it was a very bright colour, probably white or silver. It is
currently in blue-green colour, likely applied after the renovation of the Bomb Ballistics Building by the
National Trust in the early 1990s.

None of the interior fittings of the turret remain today (January 2022). Detail photographs of the turret
are shown below (see Images 20 to 30)

Image 22: Inside view of the armoured turret, looking up, October 2021. Note the circular plate where the top
bearing for the rotating post supporting the instruments suite was located originally. North is to the top. (IRGON)

For references, please click here
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Image 23: Inside view of south and southwest faces Image 24: Inside view of south, southwest and west
(I. to r.), October 2021 (IRGON) faces (l. to r.), October 2021 (IRGON)

Image 25: Bottom edges of southwest and west faces Image 26: Southwest, west, north and northeast faces
(I. tor.), October 2021 (IRGON) (I. to r.) October 2021 (IRGON)

For references, please click here
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Image 27: Inside view of north, northeast and east Image 28: Inside view of northeast, east and south

faces (l. tor.), October 2021 (IRGON) faces (I. tor.), October 2021 (IRGON)

Image 29: Inside view of bottom edge of the east face of the  Image 30: Inside view of east and south faces
turret, October 2021 (IRGON) (I. tor.), October 2021 (IRGON)

For references, please click here
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3.6 Rail Access and Power to the Bomb Ballistics Building

An extension of the existing network of 600 mm narrow gauge railway lines 59 was laid to support the
construction of the Bomb Ballistics Building in 1933. It connected this building to the magazines on
the southern bank of Stony Ditch, across this tidal waterway over a trestle bridge and onwards to the
jetty. A short length of this rail remains, embedded in the concrete apron in front of the building.

rrow pito, a |

Another railway led southeast from the Bomb Ballistics Buildingt o t he @A bo
AiNarrow Gauge Ra

hollow from which shingle for the construction was extracted. See al s o
Or f or d ™ve thiswiebsite.

At the same time as the Bomb Ballistics Building was constructed, a new powerhouse was built next
to the Black Beacon to supply it with electricity. A power line was laid to also supply energy to the
Bomb Ballistics Building, even once the Black Beacon had been decommissioned in the late 1930s.

3.7 Inside the Bomb Ballistics Building - the Camera Obscura

Image 31: View from the upper floor of the Bomb Ballistics Building, looking northeast, September 2021. The
northeast facing window can also be seen, below which was the control desk. The circular structure marked C is
the top of the cast concrete cylinder (diameter 140 cm) that originally supported the reflective table of the camera
obscura at the three anchor points still in evidence. (IRGON)

For references, please click here
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Of all the instruments used to track aircraft and bombs from the Bomb Ballistics Building, the camera
obscura had the longest history. This instrument [20js, quite literally, a dark room within which light
from the outside forms an image that is projected against a horizontal or vertical surface. Camera
obscuras featuring light entering through a pinhole were used in antiquity. From the second half of
the 16™ century, a variation of the camera obscura was used where a lens is used to expand the field
of view and also focus the incoming light.

The instrument offers a simple and convenient way to accurately reproduce a wide-angle image of the
outside world with little distortion. Many camera obscuras still exist throughout the world for
astronomical observations “ or simply for entertainment.

No photographs of the actual camera obscura used in the Bomb Ballistics Building have come to light.
Therefore, the photograph below of a contemporary portable pod-type camera obscura serves to
illustrate the military use of such an instrument. Aircraft could be tracked by observing their image on
a screen and plotted manually against an overlay of the local terrain.

L dbad AedtE 320t SUNEDRSE ST s A0 bt ¥
Image 32: Camera obscura used for tracking aircraft, Hamilton Field, California, September 1935. Note the rack
of electronics controlling the device in the foreground and the two Martin B-10 bombers in the background. (Jack
and Beverly Wilgus)

The camera obscura installed in the eastern part of the upper floor of the Bomb Ballistics Building
featured a fixed 30-inch (76 cm) f/ 8 A Aewd bg Taglor Hobson, mounted to offer a vertical view
through an opening in the roof. This opening could be closed from the roof by two doors to protect
the lens from the elements. A metal framework between the ceiling and three attachment points on
the floor suspended a table at the focal plane of the lens, with the position of both the lens and the
table being adjustable. The reflective screen on this table was overlaid with a set of markings against
which the position of the launch aircraft was plotted manually.

For references, please click here
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These markings included a line through the centre in the (magnetic) north-south direction, the position

of the Land and Sea Bombing Lines, a circle marking the visible light cone above the timing lamps

(see Section 3.11 below), the field of view of the Vinten high-speed camera (see Section 3.9.2 below)

and the coastline asseenfromal t i t udes of 506000 and 106000 feet.

An arm was fixed to the centre of the camera obscura table and rotated by a wheel mounted at the
side of the table. The expected impact point was marked on the arm and the Ballistics Officer had a
weighted string that stretched across the table, which he adjusted so that the aircraft image tracked
along it. A second operator turned the wheel so that the predicted impact point remained on the line
of the string. Thus small changes in heading were taken into account during the trial itself.

The switch to initiate the recording of a bombing run was located on the camera obscura because, in
the early years, it was the primary instrument used to track both the aircraft and the falling weapon.

A reliable record of the track and impact point of a bomb required all the instruments to point to the
expected impact point at the right time. To help with this, an arm was fixed to the centre of the
camera obscura table and rotated by a wheel mounted at the side of the table. The expected impact
point was marked on the arm and the Ballistics Officer had a weighted string that stretched across the
table, which he adjusted so that the aircraft image tracked along it. A second operator then turned the
wheel, so that the predicted impact point remained on the line of the string. Thus small changes in
heading were taken into account during the trial itself.

Also, to facilitate the difficult observations of an aircraft releasing a bomb at a great distance over the
sea, a mechanically geared link with the periscope (see Section 3.9.1 below) helped to indicate the
expected impact zone of the weapon on the screen of the camera obscura.

In later years, the ground speed camera (see Section 3.8 below) in the Bomb Ballistics Building was
used instead to track (and photograph) the launch aircraft. However, the wide field of view and simple
use of the camera obscura was perfect for observing and tracking the puffs of brown smoke emitted
by launch aircraft (see above) to determine the wind speed and direction at various altitudes. The
camera obscura continued to be used for this purpose until at least September 1957.

3.8 Inside the Bomb Ballistics Building - the Ground Speed Camera

On the same floor of the Bomb Ballistics Building, to the west of the camera obscura and separated
by a curtain that allowed it to be completely blacked out, was the ground speed camera. This unique
instrument was essentially a hybrid between a camera obscura and a conventional still camera,
recording still photographs in quick succession on emulsion film. It was used to photograph the
launch aircraft through an opening in the roof of the Bomb Ballistics Building, next to the square hatch
for the camera obscura. As in the latter, the roof opening for the ground speed camera could be
closed with two doors to protect the instrument when not in use.

The ground speed camera served to track and photograph the speed and direction of launch aircraft
as they flew over the Bomb Ballistics Building and released their weapon. Precise tracking was
facilitated by a single bright light pointing vertically downwards from the nose of the launch aircraft.

To cater for aircraft flying at different altitudes, the ground speed camera was equipped with three
interchangeable lenses. Theywerea20-i nch (51 c¢cm) f/ 4.5 fAAviameh | ens by
(76 cm) f/ 4. 5by@dera gnchad7-inchl(1&ncm) f/7 triplet lens made by Zeiss.

Image 33: Ground speed camera series with Lancaster launch aircraft, c. 1943 (Ken Daykin)

For references, please click here
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Image 34: Single picture from the series in Image 33, showing the vertical tracking light in the nose of a
Lancaster. Note the fine grid of 10 x 10 mm graticule lines on the camera. (Ken Daykin)

Image 35: 20-inch, 30-inch and 47-inch focal lengths ground speed camera lenses, c. 1943. Note the handles
for installing the lens from the roof opening (handles hidden behind the 20-inch lens insert). Each lens is

automatically located at the correct distance from the focal plane at the camera table below. (Fig. 2 (10),
Ken Daykin)

For references, please click here
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FIC.2 (07)

Image 36: 20-inch Ground speed camera lens, c. late 1943. Note handle for installing the lens from the roof
opening. (Fig. 2 (07), Ken Daykin) A = wedge-shaped mounting holes

Image 37: 20-inch Ground speed camera lens in place, viewed from below, i.e. within the Bomb Ballistics
Building, c. 1943. (Fig. 2 (06), Ken Daykin)

A = mounting ring

B = adjustable mounting studs

For references, please click here
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Image 38: Ground speed camera table, 1938 (Fig. 2 (08), Ken Daykin)

Image 39: Ground speed camera film magazine. (Fig. 2 (11), Ken Daykin)

For references, please click here
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Each lens was fixed in a holder with two handles, such that the installation of the lens through the roof
opening automatically placed the lens at the correct distance from the focal plane at the camera table.
Some minor adjustments could also be made to ensure the image was correctly focussed. The
mounting ring for the lenses was supported by a braced steel structure with three vertical members,
the lower ends of which were bolted to a concrete base on the upper floor of the building.

The circular ground camera table had a diameter of 3 feet (91 cm). It was attached to the vertical
members of the camera mounting, about 3 feet (1 m) from the floor. It could be levelled to ensure it
was correctly located at the focal plane of the lens used, and had a central opening of 12 x 8%z inches
(30 x 22 cm) in the centre, with the shorter side parallel to the Land Bombing Line.

This rectangular opening allowed light to fall onto a film magazine held with a cradle underneath the
table, through the register glass. As was the case for all F24 cameras operated from launch aircraft
and for bomb ballistics trials on Orford Ness, this register glass featured a fine rules grid of graticule
squares 10 mm apart. The magazine was equipped with a footage indicator and held 65 feet (20 m)
of film, which was wound on by hand 12 inches (30 cm) at a time as pictures were taken. Typically,
F8 film was used with a width of 9 inches (23 mm), providing images of excellent resolution.

1

Image 40: View of the upper floor of the Bomb Ballistics Building, looking northwest, September 2021. The
circular structure marked B is the top of the cast concrete cylinder (diameter 140 cm) that originally supported

the three metal legs of the ground speed camera, with the anchoring points still in evidence. The openings to the
roof through which the ground speed camera viewed the launch aircraft flying overhead has been blanked off and
the internal ceiling is now covered with wooden planks. The line on the floor indicates where the black-out curtain
used to be that isolated the instrument from the rest of the building. (IRGON)

The ground speed camera was controlled by the Central Timing Chronograph (see Section 3.13.4
below). When used for ballistics trials, it fired five times at a nominal -3, -2, -1, 0 and +1 seconds
relative to release, all images being recorded on the same length of film.

For references, please click here
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The camera was equipped with a scanning slit shutter, located between the register glass and the
film. This was triggered at one-second intervals and provided a series of dots on the film. By
measurement of the pitch of the images of the lights vertically mounted beneath the launch aircraft
(see Image 34 above), and knowing the focal length of the lens in use, the scale of the photograph
could be calculated. The ground speed of the aircraft could then be calculated by measurement of
the distance travelled by the pairs of images over the one-second shutter intervals.

A system of rollers and driving wheels allowed the ground speed camera table, and hence the shutter
of the film magazine, to be aligned with either the Land or Sea Bombing Lines, whichever was being
used.

Unlike the camera obscura, which had an extremely wide field of view that included fixed features on
the ground, the ground speed camera only had a narrow angle of view of the sky directly above the
Bomb Ballistics Building. To periodically calibrate the precise vertical alignment of the ground speed
camera, the only reference points that could be used were stars. Time exposures of star trails were
made and the lenses of the ground speed camera calibrated to point precisely vertically. This same
procedure was later used in calibrating remote F52 cameras and is described further in Section 4.2
below.

Once higher-performance launch aircraft started using the Cold War Bombing Line for ballistics
experiments, the release of the weapon no longer occurred above the Bomb Ballistics Building.

The ground speed camera within the building was therefore replaced by several F52 ground speed
cameras (see Section 4.2 below), controlled from the Bomb Ballistics Building and recording the event
from remote locations on the shingle.

3.9 Inside the Bomb Ballistics Building - The Turret Instruments

Image 41: View from the upper floor of the Bomb Ballistics Building, looking southwest, September 2021. The
concrete cylinder is the lower bearing support for the original pole supporting the instruments suite looking out
from the armoured turret, the opening visible at the top of the picture. (IRGON)

For references, please click here
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Image 42: Instrument suite in the armoured turret of the Bomb Ballistics Building. (Fig. 2 (16), Ken Daykin)
A = F24 camera with short (probably 5-inch) focal length lens
B = Vinten HS 105 high-speed camera
C = drive from electric motor to Vinten high-speed camera
D = periscope lens

For references, please click here
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Once a bomb had been released from the launch aircratft, its flight time and impact position were
tracked and recorded by three optical instruments housed in the armoured turret.

The trajectory of a weapon dropped on land could be carried out visually from observation posts (see
Section 2.4 above) 2112 and the impact point could be easily examined after the event.
But optical measurements were the only way to track a weapon released into the sea.

As described earlier, the design of the armoured turret on the roof of the Bomb Ballistics Building
included a small window facing to the southwest (bearing 225°), closely aligned with the Land
Bombing Line (bearing 227°). Some of the instruments in the turret must have been used to measure
bomb ballistics parameters when the weapon was dropped onto the shingle, but further details are as
yet unknown.

A concrete cylinder 54 cm in diameter and 59 cm high is located on the upper floor of the building.
Located directly below the centre of the turret, this supported the lower bearing of a rotating vertical
metal post, with its upper bearing located in the roof of the turret. While the concrete mounting is still
present in the Bomb Ballistics Building today, only a circular plate remains where the upper bearing
had been.

A radial arm from the camera obscura was coupled through worm gears and a horizontal shaft to the
rotating post, and a wheel to turn this shaft was fitted at either end. This served to point the three
instruments in the direction of fall of the weapon as the launch aircraft transited across the building.
Two arbitrary scales (not actual geographical bearings) were fitted on the top of the concrete pillar to
ensure correct alignments.

The three instruments mounted on a frame attached to the rotating metal post were all aligned in the
same direction. They comprised a periscope, a Vinten HS 105 high-speed camera on a platform
above it and an F24 aerial camera on a second platform at the top.

3.9.1 Turret Instruments - the Periscope

The eyepiece of the periscope was located about 4 feet (120 cm) from the floor, and its objective lens
was just above the bottom edge of the conning tower doors. The operator observed the target area
using a Vernier scale on the periscope for precise position measurements. The periscope operator
also triggered the F24 camera in the turret and turned off the entire ballistics recording sequence at
the end of a bombing run.

With the use of appropriate gearing and shafts, the periscope looking towards the predicted impact
point was turned hopefully towards the true impact point. The high-speed Vinten cine-camera
mounted above the periscope ran at over 100 frames per second, so it was important that the impact
was recorded while it was running, so another of the Ballistic Officer's tasks was to predict the bomb
time of flight so that the Vinten and F24 cameras could be set to run for a few seconds before and
after this time. Someone, usually the Ballistic Officer, would run to the periscope and count down the
seconds, then he would call out when the impact splash was seen. He also had a stopwatch, with
which he attempted to record an approximate time of flight. Bearing in mind that a particular trial
could consist of the release of bombs singly and that the fine weather slot might be short, it was
important that the predicted time of flight be accurate, since there was limited space in the camera
magazines and re-loading was a tedious and time-consuming process.

For references, please click here
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3.9.2 Turret Instruments - the Vinten HS 105 High-Speed Camera

Mounted on a platform just above the objective glass of the periscope was the Vinten high-speed
camera.

Image 43: Vinten HS 105 high-speed camera in the turret of the Bomb Ballistics Building, opened up during film
loading, before connecting the drive. (Fig. 2 (17), Ken Daykin)

A = contact breaker

B = spark gap

C = inspection window

Large numbers of the Type 300 high-speed camera were manufactured by Vinten, capable of
recording 300 frames a second. A few of the rare Type 3000 were also produced, specially
manufactured to produce moving images at a staggering 3000 frames a second.

However, the Vinten high-speed camera in the turret of the Bomb Ballistics Building, employed to
determine the precise moment of impact of a bomb at sea, was a one-off development model called
the Type 105. This camera started life in 1932 as a regular Vinten Type 14 Model H cine camera,
running standard 35 mm double perforated film at 24 frames a second as usual. It was modified in
1934 to operate at 100 frames per second, using a so-called fi dater roller mechanismoto move the
film intermittently in place of the conventional claw and register pin arrangement of the Model H. This
beater is just a freely rotating roller mounted on a cranked shaft that rotates once per exposure to pull
the film past the exposing aperture.

3.9.3 Turret Instruments - the F24 Camera
Located in a ring mounting above the Vinten HS 105 was an F24 camera, equipped with a wide-field
short focal length lens and the register glass ruled with a 10 x 10 mm graticule grid, as usual. When

the Sea Bombing Line was used, the bearing of the splash in the sea was determined from a series of
pictures taken around the impact time in quick succession.

For references, please click here
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Image 44: F24 aerial camera on display on Orford Ness: Camera Body and Shutter unit with plain register glass
(left), Type C film magazine for 250 exposures (right). (IRGON)

The original design of the F24 camera (see separate document i F 2 4 mawasicartied put by the
Royal Aircraft Establishment at Farnborough. Introduced into service in 1925, the first examples still
used plate glass negatives, until Williamson developed the camera to record images on roll film in the
mid- 1930s to meet the RAF requirements for a strategic reconnaissance camera. Thousands of F24
i Uni v eamerasdbwer€ manufactured, most by Williamson, but also under licence by Vinten. They
equipped a large variety of aircraft types in the RAF, starting with the Westland Lysander and
including the Spitfire, Mosquito and many others.

The F24 consists of a body with a roller blind focal plane shutter and a separate film magazine, held
against the register glass of the camera body when in use. This register glass was plain for use on
operational aerial reconnaissance but was replaced by one divided into a grid of 144 (12 x 12)
squares by graticule lined rules on the surface 10 mm apart for static use on Orford Ness.

The black and white emulsion film used in the F24 was 5% inches (140 mm) wide, with each picture
measuring 4% x 4%z inches (114 x 114 mm). Magazines held 60 or 120 ft. (17 or 35 m) of film,
sufficient for either 125 or 250 exposures. Shutter speeds were pre-set at between 1/100 s and
1/1000 s.

External electric motors of various types and voltages were used to power all F24 cameras through a
gearbox, whether mounted in aircraft or installed in fixed positions for bomb ballistics trials on Orford
Ness.

A range of lenses was developed for the F24, depending on the need. Short focal length lenses for
wide-angle images included 3.25-inch (83 mm) /5.6 and 5-inch (127 mm) /2.8 types. Much longer
lenses for high-altitude reconnaissance missions were also developed, up to the 36-inch (914 mm)
lens of 1942. In the same year, the F24 was also developed into the larger F52 (see Section 4.2)
camera.

For operations on a reconnaissance flight, an F24 camera would typically take pairs of photographs of
the ground. Two images of the same target taken in quick succession allowed stereoscopic
information to be obtained by examining such pairs of photos under a suitable optical viewer. Film
speeds for these interval recordings were normally set at between 4 and 8 frames per second,
sometimes as high as 12 frames per second for high-speed low-level reconnaissance missions.

For references, please click here
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For observing an area of ocean for a long enough time to record the precise position of the splash of
a bomb impact, however, all the static F24s on Orford Ness had to operate continuously in a high-
speed mode for many seconds. Their shutter trigger mechanisms were therefore modified for that
purpose.

3.10 Remote instruments outside the Bomb Ballistics Building - the F24 Post Cameras

A schematic diagram showing the post camera circuits is shown in Image 45 below.
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Image 45: Camera Post Circuits. (Fig. 2 (13), Ken Daykin)

A total of probably five additional F24 cameras, termed post cameras or fsplash camerasg were
operated remotely on Orford Ness. Together with the F24 and the Vinten HS 105 in the turret, they
received synchronising pulses from and transmitted pulses to the main control desk in the Bomb
Ballistics Building. Their estimated positions are listed separately in Table 2.

The post cameras were identical to the F24 in the turret of the Bomb Ballistics Building and were
situated in individual huts along the shore. The F24 post cameras were used for sea impacts, i.e.
when the Sea Bombing Line on a bearing of 164° was employed, and probably also when the Cold
War Bombing Line on a bearing of 055° was used. The posts themselves were designated O, P, Q, R
and S. Their estimated positions are shown in Table 2, but few details are known of which ones were
used with which bombing lines, and at which periods during the operational years of bomb ballistics
trials on Orford Ness.

In the early 1950s, the remote camera posts P, O and R were manned by Eddie Smy, Percy
Goldsmith and "Chips" Goddard. The F24 cameras were fired remotely from the Bomb Ballistics
Building, hence the cries of "splash!" from the periscope. As described in more detail below, each
camera was mounted on a horizontal ring that was notched along its circumference, these notches
being at four-degree intervals. The post camera operators were told the initial notches in which the
F24 cameras were to be placed. If needed, extra displacements in terms of notches left or right were
called out by RT to the operators of the launch aircraft went off-track. The operators, in turn, reported
when they saw the splash and noted how accurate the setting appeared to be. For example, if "3 left"
was recorded, this meant that the operator thought the bomb had fallen three notches (12°) left of
their final camera alignment.

For references, please click here
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Image 46: View from a Post Camera of sea impact on the horizon. Note grid of ruled 10 x 10 mm graticule lines.
(Ken Daykin)

The notches in the three post cameras were also labelled in a way that the operational range of
settings called out from the BB could not be confused, e.g. | - X were notches associated with post
camera P (called Roman One to Roman Ten on the RT), 1 - 10 were used for post Q and 20 - 30 for
R, say. This information could be invaluable in poor sea visibility because it gave a clue to where to
search the film for the splash image.

The post cameras were mounted horizontally just above ground level at precisely known positions on
the shore, pointing across the range and set at known bearings, such that they were aimed at the
anticipated impact (or splash) point in the sea. The precise position of the splash would then be
calculated by triangulation methods, using measurements from the photographic images.

The design of an F24 post camera is as follows. The mounting ring A, bolted to a table fixed before a
window in the camera hut, featured a series of numbered slots around its circumference. The three
legs of the camera mounting B had feet shaped to fit these slots. In the centre of ring A was a device
operated by a lever C, by which the camera could quickly be placed in any desired slot. The left rear
leg of the camera, marked with an arrow, defined the slot it was placed in. The three-legged

For references, please click here
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Image 47: An F24 Post Camera body with a conical shroud over the short focal length (probably 5-inch) lens,
removed from its remote shore location and without the film magazine. The register glass is just visible on the
rear. (Fig. 2 (12), Ken Daykin)

A = mounting ring

B = camera mounting

C = lever

D = grub screw in ring attachment

F = holding-down bolts

mounting carried ring B that fitted around the lens cone of the camera, which was clamped in position
with a grub screw D. The front of the lens cone was also fastened to the three-legged mounting by a
tie bolt.

Ring A was levelled by adjustments of the holding-down bolts F. The camera axis itself was levelled
by adjusting the tie bolt, and the camera could also be rotated about its axis, to render the rulings on
the register glass horizontal and vertical after loosening the grub screw D.

3.11 The Timing Lamps

One of the more intriguing features visible on Orford Ness at the time of writing (January 2022) is an
array consisting of a single cylindrical concrete block on the shingle, around 32 m (104 ft.) from the
centre of the Bomb Ballistics Building, surrounded by five square concrete blocks making up five of
the six corners of a perfect hexagon. The five square blocks, around 6 m (20 ft.) from the central
cylinder, are arranged at bearings of 047°, 107°, 167°, 287° and 347° from the centre.

From historical photographs, e.g. the Google Earth image of 1945, it is also evident that there was
originally a square block at the sixth point of the hexagon, on a bearing of 227° from the central
cylinder, and that this block is now missing.

These concrete blocks have been variously misidentified as aerial bases or mast supports, but their
orientation provides a clue to their true purpose. Viewed from where the ground speed camera

For references, please click here
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projected from the roof of the Bomb Ballistics Building (see below), a straight line joins this point to the
nearest square block, the central cylinder and the now missing square block furthest from the
building, all on a bearing of precisely 227°, i.e. directly on the Land Bombing Line.

As it turns out, the concrete blocks and some associated rusty pieces of metal are all that remains of
an ingenious system used to send a precision time signal to a launch aircraft passin% overhead. They
were called the Timing Lamps, also rather grandly known as the Field of Mirrors 2229

Image 48: Remains of the Timing Lamps, from the roof of the Bomb Ballistics Building, 2008. (Richard Flagg)

Image 49: Details of the Timing Lamps remnants, 2008. (Richard Flagg)

For references, please click here
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The central cylindrical concrete block originally supported the cylindrical lamp house. It was fitted with
seven lamps, one pointing straight up and six at 60° intervals around the circumference. Each lamp
consisted of a parabolic reflector and a lens, emitting a horizontal light cone with a semi-vertical axis
of around 6°.

Six rectangul ar mirrors, of di mensions 46 @and x

were each mounted on a square concrete block, such that each reflected the light of its opposite lamp
vertically upwards.
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Image 50: The Timing Lamps, around 1943. View along the Land Bombing Line towards the southwest (bottom
to top, bearing 227° true). Lamps can be seen at the base of the cylindrical central lamp house. Five of the six
mirrors are closed to protect them from the elements, but the mirror on a bearing of 167° from the centre is open
for use. The eighth (datum) lamp is probably hidden behind the mirror at 227°. A bomb impact appears to have
created the large crater behind the mirror at 287° and caused a length of wooden fence to collapse.

(Fig. 2 (14), Ken Daykin)

The six lamps on the periphery of the lamp house were enclosed by two concentric cylindrical metal
shutters, revolving at different speeds and in opposite directions. Openings were cut in the two
shutters such that in one cycle, each combination of the six lights being on or off was obtained once
only. The cycle was then repeated with the seventh lamp, centrally above the lamp house, alternately
on and off.

In this way, a full double cycle generated 128 unique combinations of lights before it was repeated.
An eighth lamp, called a datum lamp, was switched on all the time and served as a reference point for
the other seven lamps. It was possibly located on the ground, behind the furthest mirror in Image 50
below.

Each lamp was supplied with 400 Volt 3-phase alternating current, transformed down to 36 Volts.

The lamps were remotely operated from the Bomb Ballistics Building (see Section 3.13.3 below) via a
relay and a triple-pole mercury switch of 30 Amperes capacity, providing each lamp with a very
respectable 1000 Watts of power.

The timing lamps arrangement was still present on the site in summer 1965, but it is not known
whether they were still in use.

For references, please click here
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3.12 Optical Measurements from the Launch Aircraft

A great variety of launch aircraft was used for ballistics trials on Orford Ness. These included not only
modified operational bomber types, usually with unnecessary armament removed, but also an eclectic
set of development aircraft that never entered RAF service and became available for use over Orford
Ness once their evaluation was over.

In addition to being equipped with ejectors for the pyrotechnic smoke generators, launch aircraft used
for ballistics trials also featured downward-facing modified landing lights to enable precise tracking by
cameras on the ground. While only one such tracking light, mounted to shine vertically downwards,
was sufficient for the precise position of the aircraft to be determined by the ground speed camera in
the Bomb Ballistics Building, two tracking lamps capable of being tilted remotely had to be used when
remote ground speed cameras were used to follow the launch aircraft using the Cold War Bombing
Line (see Section 4.2),

Most importantly, launch aircraft carried a vertically mounted camera to take detailed photographs of
the ground during bomb release. This was usually an F24 aerial reconnaissance camera with a long
focal length lens. Instead of the normal plain surface, the register glass of these aerial cameras was
divided into 144 (12 x 12) squares by graticule lines, ruled on the surface 1 mm apart, to allow a more
precise interpretation of the image.

e —— -y \

Image 51: View aft inside a Handley-Page Hampden launch aircraft, c. 1943. The ventral (belly)gunner 6s positi o
is in the foreground. This vertical F24 camera is equipped with a 20-inch (508 mm) lens and a Type A magazine
holding film for 125 pictures. (Fig. 2 (04), Ken Daykin)

Cameras using such modified register glass screens were also used in ground-based cameras on
Orford Ness, including the ground speed camera, the F24 installed in the turret of the Bomb Ballistics
Building and the F24 splash cameras on the shore.

For references, please click here
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During a test run along the Land Bombing Line, for example, a launch aircraft typically approached
from the northeast. Just before the weapon was released overhead Bomb Ballistics Building, the
airborne vertical camera was triggered automatically.

Later evaluation of the photographs from the aerial camera provided two pieces of information. First,
measuring the photographic negative against the various ground markers and other features allowed
the precise height above the ground to be determined at the moment of release.

Second, the aerial photograph taken at the moment of release also included a time-correlated pattern
of bright dots of light from the timing lamps (see below), which served to precisely synchronise the
moment of bomb release with the timeline controlled by the Central Timing Chronograph (CTC) in the
Bomb Ballistics Building (see Section 3.13.4 below) while the bomb was tracked on its flight until
impact.

These features are well illustrated in Image 3 in Section 2.4 above, taken by a launch aircraft using
the Land Bombing Line, as well as a similar picture from an aircraft using h Sea Bombing Line, shown
in Image 4 in Section 2.5 above.

3.13 The Controls in the Bomb Ballistics Building

Some of the ingenious and sophisticated controls used in the Bomb Ballistics Building in the period
between 1933 and the late 1940s are shown in Images 52 and 53 below.

Image 52: Detail of Instruments on control table in Bomb Ballistics Building, c. 1943. (Fig. 2 (24), Ken Daykin)
A = Tuning fork
B = Control relays
C = Rotary switch
D = Relay box
F = Counter and switch
G = Counter-rotary-switch switch
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