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Notes about this reference 

 
Two references provided the fundamental information for the article “Bomb Ballistics Trials on Orford Ness”, 
published on the website www.irgon.org.uk in February 2022.  They were Ken Daykin’s report and this one. 
 
Both reports were transcribed from a photocopy of the original typed document, obtained from the references 
archive of the Independent Research Group Orford Ness (IRGON).  The full report by Frank Tanner was 
transcribed and is reproduced below in its entirety, with the permission of Susan Lee- Tanner. 
 
The intended recipient for Tanner’s report remains unknown. 
 
The information in Frank Tanner’s report below offers important information about bomb ballistics trials carried 

out on Orford Ness in the years after World War II, which has been included in the present report “Bomb 
Ballistics Trials on Orford Ness”.  It provides some continuity from Daykin’s report, which covers ballistics trials 
from 1933 until the early post-war period.   
 
Some of Ken Daykin’s images are from the time period covered by Tanner’s report.  For example, Daykin’s Fig. 3 
(08) of the star trails used to calibrate remote ground speed cameras on Orford Ness nicely confirms Frank 
Tanner’s description in his report.   
 
However, careful study of Daykin’s and Tanner’s reports also reveals some discrepancies.  This is unsurprising, 
considering the time elapsed between the events and their recording.   These differences include the nature of 
optical instruments in the turret of the Bomb Ballistics Building, where Tanner reported three high-speed 
cameras, and the replacement of the internal Ground Speed camera by at least one F52 camera located on the 
Bomb Ballistics Building.   This does not agree with Daykin’s photographic documentation, but the latter concerns 
an earlier period of ballistics trials.   
 
Until such time as more information becomes available, the present report “Bomb Ballistics Trials on Orford 
Ness” therefore relies on Daykin’s description.    
 
Olaf Kirchner 
February 2022 
 
 
 
  
  



 BOMB BALLISTIC TRIALS AT ORFORDNESS - 1950 TO CLOSURE 
By Frank Tanner, August 1994 

 
The Bomb Ballistic Building, known as "The BB", was essentially the geometric origin of the range.  To be 
precise, the centre of the circular Camera Obscura table was (0, 0, 0).  To explain the function of equipment of 
the BB, it is easiest to explain the series of events of a bombing trial from 1949 - 1951 / 1952.  These dates are 
chosen because 1949 was the year that the running down of our forces after World War II was reversed, and the 
workload increased with the development of a new range of low drag bombs and the UK nuclear weapon shapes.  
It also coincided with the reorganisation of the Scientific Civil Service after the publication of the Carpenter Report 
and so recruiting was resumed.  Another factor was the implementation of the work on trial analysis done at ORS 
from 1943 - 1946.  New instrumentation was introduced in 1951 and many of the trials were transferred to the 
Long Range Weapons Establishment (LWRE) at Woomera and Salisbury in South Australia, in the expectation of 
better weather.  
 
Trials were, of course, pre-planned and could be part of a series, with releases at a range of altitudes and true 
airspeeds (TAS).  Since, as a very minimum, the aircraft must be visible at and around release, it was important 
that everything should be prepared and the instrumentation tested so no time was wasted in the weather slot 
available.  A forecast meteorological profile would be available and the Ballistic Officer would have prepared 
predicted impact points based on his estimation of the bomb performance, together with the sensitivity of the 
impact point to small changes in aircraft speed and height and wind strength and direction.    
 
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 Ballistic 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.  
 
With the use of appropriate gearing and shafts, a periscope looking towards the predicted impact point was 
turned hopefully towards the true impact point.  An array of three high-speed Vinten cine-cameras was mounted 
on the periscope tower.  The function of these cameras was to record impact time, but since these 35 mm 
cameras ran at over 100 frames per second, it was important that impact was recorded while they were running, 
so another of the Ballistic Officer's tasks was to predict the bomb time of flight, and the cameras were set to run 
for a few seconds each side of this time.  Someone, usually the Ballistic Officer, ran to the periscope and counted 
down the seconds and called out when the impact splash was seen.  He also had a stop-watch on 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.  
 
Impact position was calculated from three camera posts on the beach, P, O and R, manned by Eddie Smy, Percy 
Goldsmith and "Chips" Goddard.  The cameras were fired remotely from the BB, hence the cries of "splash!" from 
the periscope.  Each camera post had a horizontal circular bed-plate which was notched at the circumference, 
the notches being at four-degree intervals.  These notches were labelled in such a way that the operational range 
of settings called out from the BB could not be confused, e.g. l - X for P (called Roman One to Roman Ten on the 
RT), 1 - 10 for Q and 20 - 30 for R, say. The operators were told the initial notches in which the F24 cameras (as 
used by the RAF, but with centimetre graticules) were to be placed.  Extra displacements in terms of notches left 
or right caused by the aircraft being off-track were called out by RT to Eddie et al. who, in turn, also reported 
when they saw the splash and noted how accurate the setting appeared to be - e.g. if they recorded "3 Left" it 
meant that they thought the bomb had fallen three notches (12 degrees) left of their final camera alignment.  This 
information could be invaluable in poor sea visibility as it gave a clue to where to search the film for the splash 
image.  
 
The heart of all this activity was the central timing chronograph (CTC), which also gave pulses to cameras.  With 
two people from the Radio Section to run communications and the CTC and its Teledeltos recorder, at least one 
photographer, the Ballistic Officer and his assistant, let alone the equipment, the control room was full, visitors 
were most unwelcome and trials sponsors could be most offended when banned from the BB at critical moments.  
 
Of course they couldn't understand why they couldn't watch the aircraft image on the camera obscura or watch 
their toy's impact via the periscope.  
 
The ground speed camera, an F52 aircraft camera fitted with a 36 inch (914 mm) lens, was located on the roof.   
It was controlled from the CTC, which also recorded the cameras return pulses as well as the firing pulse of the 
impact cine cameras.  The ground speed camera fired five times at a nominal -3, -2, -1, 0 and + 1 seconds 
relative to release, all images being on the same film.  As was the case for all the other cameras, this had a 
graticule register glass fitted.  
 
The basement was full of spares, test equipment, a work bench etc.  



 
After release of the last store (bomb or model bomb), the aircraft began its descent.  It had fired a brown smoke 
cartridge at bomb release and the smoke pull from this pyrotechnic was tracked across the camera obscura table 
by the second operator to give a measure of wind velocity at release.  To enable wind velocities to be determined 
at intermediate height, the aircraft fired cartridges at 0.8H, 0.6H, 0.4H and 0.2H, the aircraft image appearing on 
the camera obscura from any direction.  Since the aim of the ballistician was to get a measure of the atmosphere 
as near as possible to the release time, and the aim of the aircrew was to get back to base as soon as possible, 
both ballisticians would be busy plotting puff movements on the table, trying not to get in each other’s way!  
 
In a spare moment the surface wind would be measured on the roof by a hand held anemometer.  Wet and dry 
temperatures were measured in a screened box outside the Bomb Ballistics Building.  
 
The aircraft was controlled from the radar site.  The aircraft was tracked on an X - Y plotter that had two scales, 
one coarse for controlling the aircraft on its run-in and one fine for final control.  Initially, the scale was set to 
coarse while the radar attempted to track the aircraft, a range of about 30 miles.  Reliably locating the aircraft 
depended on weather conditions and the state of serviceability of the radar.  As the signal strengthened, scale 
was switched to fine and the map sections changed as the flight progressed.  The Radar Controller passed all 
information on the flight to the aircraft and the Bomb Ballistics Building from 30 seconds before release.  For 
obvious reasons, he was the only person in continuous direct contact with the aircraft and its base, Martlesham 
Heath.  One of the radars would attempt to track the bomb and would also join in the shout of "splash”, if he 
managed to track to impact.  The continuous pen trace of the live run was kept, as it had one and five second 
markers and could be invaluable as a back-up record of the aircraft ground vector.  The radar also recorded 
aircraft height at release.  Incidentally, nominal flight path of the aircraft was on a bearing of about 170º, so that 
the aircraft was running in roughly from the direction of Saxmundham.  
 
Back to the Bomb Ballistics Building and the Ground Speed Camera, self explanatory from its title.  Since 
accuracy was paramount, it was rigidly fixed in a vertical position.  It was clearly necessary for the focal length 
and orientation of this camera to be accurately known and, since the camera was pointing vertically, this was 
difficult as there were no terrestrial objects in the field of view.  To overcome this problem, the camera with its 
graticule was calibrated astronomically and, in effect, each record was referred to by its astronomical calibration 
with the use of a suitable transformation.  This required a difficult calibration process.  
 
Many of the changes that took place at Orford Ness in the early fifties reflected the dramatic advance in aircraft 
performance that occurred with the introduction of aircraft powered by jet engines.  In 1948, the Bomb Ballistics 
Unit at Martlesham consisted of a Bristol Beaufighter, three De Havilland Mosquitoes, Avro Lincolns and a 
number of Avro Lancasters, including one modified with cutaway bomb doors.  Later, the conventional Lincolns 
were replaced with versions with the outboard Rolls-Royce Merlin engines replaced by Rolls-Royce Nenes, 
Armstrong-Siddeley Pythons or Rolls-Royce Avons.   
 
Although a few jet aircraft operated from RAF Woodbridge, they were mostly based at Farnborough and included 
the Avro Vulcan, Handley-Page Victor, Vickers Valiant, English Electric Canberra, Short Sperrin, Avro Ashton 
and Gloster Meteor (detached from Farnborough for rocket firing trials).   
 
A Vickers Warwick from the Aircraft Torpedo Development Unit (ATDU) in Helston, Cornwall dropped lifeboats off 

the coast for trajectory measurement by kine-theodolite, and a Short Sunderland V from Felixstowe dropped 
sonobuoys for a similar purpose.   
 
The Avro Ashton was an appalling aircraft for our job.  Six were built to special order by the Ministry of Supply for 
specific research tasks, and one of these (WE670) was generously sent to Orford Ness for bomb ballistic use.  It 
had a rate of climb inferior to the Lancaster and struggled to reach 20’000 feet, did not last long and was much 
inferior to the jet-powered Lincolns.  No successful trials were completed from the Ashton.  
 
The long-term plan for bomb ballistics was for all trials to take place at the LRWE in South Australia.  Incidentally, 
the LRWE had a name change in the 1950s when the "Long" part of the title was dropped and it became the 
Weapons Research Establishment.  Much of the first ten years of its life was devoted to bombs, so the change 
was appropriate, as well as recognising that it was meant to be an Australian weapon centre, even though the UK 
had found most of the finance.  
 
However, although English Electric Canberras were used at Woomera, the V-bomber trials were kept at Orford 
Ness.  This necessitated a change in instrumentation, which had long been planned.  First, release heights and 
speeds were greater and, second, the release point and run-in would need to be much further inland.  There had 
already been "incidents" due to early release, although these had been over sparsely populated areas and in the 
old “Battle School” training area, which had not yet been re-opened after the end of the war.  Safety alone 
demanded a change of flight path, but also, with a fixed release point over the Bomb Ballistics Building, the 
aircraft would be out of range of the radar for much of its approach and circuit.  A solution combining two ground 
speed cameras for release point was also to be preferred, since impact point was to be in a fixed area.  
 



Therefore, it was necessary to have as long a baseline for the ground speed cameras as possible. The 
topography of the area and the land available dictated the solution. The baseline was obtained by siting one 
camera on the south-western tip of the Ness at North Weir Point, across the River Ore from Shingle Street, and 
one outside the Bomb Ballistics Building.  The Control Radar was moved to RAF Martlesham Heath and was 
sited near the Main Gate to give radar coverage throughout the aircraft run.  Laurie Porter, who had been 
responsible for the radars, gradually took over the Model Bomb Range and two of the radar technicians, Ron 
Sharman and Reg Hayward, moved with him.  Eventually, Laurie went to Aberporth and the other two to the 
Space Department in the RAE.  
 
With a variable release point, the ground speed camera design had to be re-thought.  The cameras, i.e. the 
lenses, had to be fixed and the magazines moveable.  The solution here was to have a travelling film magazine 
that moved on a track normal to the lens axis and could be positioned anywhere on the track.  A one metre long 
centimetre-ruled register glass was provided.  
 
A number of problems arose with these cameras. The magazines had to be remotely positioned at the time of the 
trial, since the aircraft’s (wind-dependent) ground speed was a criterion for release point.  Both cameras were 
angled to give the best coverage of a range of release points.  Wind at release was still measured from a smoke 
puff fired from the aircraft at release, but now this appeared as an image on the ground speed camera films.   
 
A further problem was related to the aircraft position indicators.  With the old system, with release vertically over 
the ground speed camera, the aircraft switched on a vertical landing lamp some ten seconds before release and 
the image of this lamp was the point read on the film, which could then be corrected to allow for the position of 
the bomb on the aircraft relative to the landing lamp.  With two cameras looking at different angles to the aircraft, 
it was necessary to have two landing lamps capable of being tilted remotely.  
 
The focal length of the lenses, made by the noted UK optical firm of Wray, was approximately 60 inches (1’520 
mm).  It followed that the field of view of the cameras was necessarily small.  The magazine was approximately 
25 cm by 10 cm.  Accuracy of positioning of the magazine was therefore paramount and the skill of the pilot and 
Radar Controller were severely tested.  
 
The ground cameras still had to be astronomically calibrated at a range of magazine positions.  To get effective 
calibration, it is necessary to have a range of star tracks across the magazine.  There are relative few stars of 
adequate magnitude (not too bright to give halation and not too weak to be diffused or lost) in any given small 
sector of the sky.  Since the cameras could not be aimed, it was necessary to expose film at the exact time when 
suitable stars would be in the field of view of the magazine.  This meant careful planning and for one of us 
(ballisticians) to be at the camera site at the necessary time (say, 4 a.m. in the spring or autumn).  Needless to 
say, any ballistician living in Orford was the obvious choice.  This could be a very tedious chore.  It was bad 
enough calibrating the ground speed camera at the Bomb Ballistics Building, but the camera at the end of the spit 
was another matter indeed.   
 
First, the meteorological forecast had to be good for the required time of exposure and one had to book a boat 
and crew.  The boat was either the landing craft or the scow, and the crew was always two from Tom and Vic 
Brinkley and Young Partridge.  Oddly enough, the latter was rarely a problem and it was some time before I 
found out that if they worked after midnight, the crew were paid overtime to normal "clocking-on" time.  They were 
also allowed thirty minutes mooring time and thirty minutes un-mooring time, so(the most popular time for me to 
finish was 23:31, at least with the boatmen!  The boatmen always provided excellent support.   
 
It could be very frustrating to sail down to North Weir Point on the extreme southern tip of Orford Ness, only to 
find the weather closing in.  The equipment had to be very reliable, as it had to be capable of manual operation 
during calibration, but all the timing pulses had to be relayed back to the CTC.  Off-hand I cannot remember any 
occasion when equipment failure let me down, although I did usually have a spare magazine.  On a fine warm 
night, it was an idyllic trip down the River Ore to Shingle Street, but of course there are very few fine warm nights 
at Orford Ness, especially as most calibrations were made in winter because long hours of darkness were 
needed.   
 
I remember two particularly bad trips in the landing craft.  One stormy, starry night, with no moon of course, 
because we wanted good contrast on the star traces, we were swept past the point into the North Sea and had to 
beat our way back in and beach at the camera position.   
 
The second was a night when, after calibration, a dense mist formed and we had to come back up the Ore with 
near nil visibility and got back just before dawn.  It all seemed good fun at the time!  The boatmen did a 
marvellous job, since not only being always available, but when we used the scow they had to stand exposed at 
the controls for up to an hour and a half at a time.  
 
Two of the Ground Speed Cameras were built for the Atomic Weapons Research Establishment (AWRE) who, 
although they did not have a sea problem, suffered from two great difficulties.  One was variable atmospheric 



refraction due to the large changes in air density over Woomera, which restricted trials to early mornings, and the 
other was the shortage of stars in the southern hemisphere suitable for astronomical calibration.  
 
The camera at North Weir Point was very vulnerable, even though it was in a locked steel cabin and some extra 
protection was added by way of warning notices alleging Very High Voltages - no doubt giving rise to more 
rumours as to what went on “over there".  
 
The success of the new Ground Speed Cameras guaranteed the success of the new range, which was just as 
well because the trials were mainly of the 10’000 lbs. LC (Blue Danube), 7’000 lbs. HC (Yellow Sun) and      
2’000 lbs. MC (Red Beard) bombs from the Short Sperrin and the various V-bombers (Vickers Valiant, Handley-
Page Victor and Avro Vulcan).  The first two munitions were large and on most days could be seen throughout 
their flight with the naked eye from anywhere in the area around Orford and Sudbourne.  I watched one release 
of a 10’000 pounder with binoculars from a vantage point in Ipswich, but I did know what was going to happen 
and where to look.   
 
Equipment in these stores was telemetered to AWRE staff on the Island, and this began the gradual take-over by 
AWRE. The difference in the level of funding was startling.  Until the AWRE began building, an ex-1917 Islander 
would have seen very few differences.  The same is true for equipment.  I had managed to obtain a new vertical 
projection film analyser and proudly I demonstrated it to my AWRE opposite number.  For a while, they brought 
their films for their own analysis.  Then one day I was invited to see their new acquisition in their first new 
building.  There was an array of film analysers - the next model up of course, but of course they only had two 
people to use them at that time.  
 
The V-bombers with the new bombs brought aircraft clearance trials, combined with low level bomb stability trials.   
These stores were released at low level and at gradually increasing speeds, the aircraft operating from RAE 
Farnborough.  It was difficult to track a crossing aircraft with a kine-theodolite at these conditions, and a solution 
was found where we took the kine-theodolite out of gear in azimuth and used our heads against the rubber eye to 
get the necessary speed of tracking.  These were exhilarating trials and produced a lot of good data.  
 
These were the last aircraft bomb ballistic trials I was personally involved in at Orford Ness.  After escaping to a 
new job at Farnborough, I was taken off it and given the task of designing the input data for bombs in the NBS 
bombsight for the V-Bombers and the T-4 bombsight in the English Electric Canberra, which brought me back to 
ballistics data derived at Orford Ness and Woomera.  
 
Later, I also had the task of preparing sighting data for the Low Altitude Bombing System (LABS).  Aircraft flight 
profiles were extremely important and English Electric Canberra and Supermarine Scimitar aircraft flew their 
initial trials at Orford Ness.  For the Scimitar, this meant as approach over the Island at 600 knots TAS at 500 
feet, over an Identification Point, a two second delay followed by a constant 4 g loop until a rotation of about 120 
degrees had been achieved, when the "g's" were gradually taken off.  The aircraft rolled out at about 11’000 feet 
and then rapidly descended to 500 feet or lower.  By comparison, the Canberra was pedestrian, approaching at 
only 340 knots and initially only pulling 3 g.   
 
The Scimitar must have been really spectacular when viewed from Felixstowe or Bawdsey, since it made its way 
from Farnborough to Orford at a reasonably high level, then picked out its flight path and dived to get the speed, 
low altitude and accurate line of approach.  Two Empire Test Pilot School graduates did the flying, Flight 
Lieutenant Tony Picking from the RAF and Lieutenant Commander Paul Milieu from the Fleet Air Arm.  Both were 
outstanding pilots, dedicated to their Services, and determined to do what we asked, like seeing how accurately 
they could judge two seconds while flying at these low heights and high speeds.  After the initial trials, the 
remainder were transferred to RAE at West Freugh in Dumfries and Galloway, where one of the advantages was 
that the long noisy high speed approaches could be made over the Irish Sea.  Unfortunately, the pull-up was 
directly aligned with Stranraer, but that is another, very different story. 
  
By the time these trials commenced, responsibility within the RAE for the Orford Ness range had been 
transferred from Weapons to Instrumentation and Ranges Department.  Staff numbers were being run down and 
equipment was being moved to other ranges.   
 
Just two kine-theodolites with operators were left for these final trials.  Eventually, trials analysis was moved to 
RAE Aberporth and only two staff members remained, Eric Drake and the last Officer-in-Charge, Dicky Vince.      
I made a last visit to Orford Ness in the last month of RAE occupation, to check that no data or working files 
useful to the Weapons Department remained - the last technical visitor of the RAE presence.  
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