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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 Frank Tanner’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 Ken Daykin was 
transcribed and is reproduced below in its entirety, with the permission of his widow Joan. 
 
From its title, Daykin’s report is clearly part of a longer publication.  Unfortunately, previous or subsequent 
chapters of his publication have not yet become available.  The intended recipient for Daykin’s report also 
remains unknown. 
 
Ken Daykin’s report was probably written between 1964 and 1966.  It offers important information about bomb 
ballistics trials carried out on Orford Ness from 1933 until the early post-war period.  Frank Tanner’s report covers  

bomb ballistics work in the years after World War II and thus provides some continuity beyond the period 

described in Daykin’s publication. 

 
Daykin’s report refers to many drawings and photographs, most of which have been used in the present article 
“Bomb Ballistics Trials on Orford Ness”.  Some of these photographs were clearly mislabelled, which suggests 
that they may have been archived and labelled separately from the original report.  Other photographs attributed 
to Ken Daykin concern the period beyond the early post-war period and are not referenced in his report.  It is 
hoped that more photographic evidence will surface in future.  
 
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 that 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 
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LIST OF PLATES 
(The description below of photographs in Ken Daykin’s report was expanded and corrected by          

Olaf Kirchner February 2022, according to captions on original photographic references) 
 

Fig. 2 (01)  Map of Orford Ness Bombing Range (also reproduced in “Most Secret” by P. Heazell) 
 
Fig. 2 (02)  Bomb Ballistics Building 
 
Fig. 2 (03)  Roof of Bomb Ballistics Building showing   

A:  Conning Tower 
  B:  47-inch lens in position in Ground Speed Camera 
  C:  Camera Obscura Well 
 

Fig. 2 (04)  F24 Aerial Camera (14-inch lens, Type A Magazine) mounted in Handley-Page 
Hampden 

 
Fig. 2 (05)  Print of typical air film showing 
  A:  Bomb Ballistics Building 
  B:  Lamps 
  C:  Ground Signals 
  D:  Ground Mark for height finding  

E:  Ground Mark for height finding 
  F:  Ground Mark to assist in tracking 
 

Fig. 2 (06)  20-inch Ground Speed Camera lens mounting  
  B:  Adjustable studs 
 

Fig. 2 (07) 20-inch Ground Speed Camera lens (mid- to late 1940s - 1943?) 
  A:  Wedge-shaped hole 
  B:  Adjustable stud 
  C:  Lens holder 
 

Fig. 2 (08) Ground Speed Camera table top 
 
Fig. 2 (09)  Ground Speed Camera table top (O. Kirchner, January 2022: image missing) 
 
Fig. 2 (10)  Ground Speed Camera Lenses 
 
Fig. 2 (11)  Ground Speed Camera Magazine 
 
Fig. 2 (12)  Bomb Position F24 Splash Camera 
  A:  Slotted ring 
  B. Camera mounting 
  C:  Lever 
  D:  Grub screw 
  F:  Holding-down bolts 
 

Fig. 2 (13)  Bomb Position Camera circuit 
 
Fig. 2 (14) Lamp Emplacement 
 
Fig. 2 (15)  Housing of Lamp 7 (O. Kirchner, January 2022: image missing) 
 
Fig. 2 (16) Equipment housed in conning tower 
  A:  F24 camera 
  B:  Vinten 105 high speed camera 
  C:  Generator on Vinten to give camera speed 
  D:  Periscope 
 

 
 



Fig. 2 (17)  Vinten HS 105 high speed camera (mid- to late 1940s - 1943?) 
  A:  Contact breaker 
  B:  Spark gap 
  C:  Window 
 

Fig. 2 (18) Camera Obscura Table (O. Kirchner, January 2022: image missing) 
 
Fig. 2 (19) Periscope (O. Kirchner, January 2022: image missing) 
 
Fig. 2 (20) Chronograph (O. Kirchner, January 2022: image missing) 
 
Fig. 2 (21)  Rotary Switch (phonic motor), late 1940s 

A:  Solenoid 
B:  Ratchet 
D:  Cams 
E:  Contacts 

 

Fig. 2 (22)  Rotary Switch (phonic motor), late 1940s 
A:  Solenoid 
B:  Ratchet 
F:  Pointer 
G:  Milled disc with scale 
H:  Pointer 

 

Fig. 2 (23) View of Control Table, Timing Apparatus and Pen Recorder 
A:  Tuning fork 
B. Control Relays 
C:  Rotary Switch 
D:  Relay Box 
E:  Counter and switch 
G:  Chronograph 
H:  Starting switch for Chronograph motor 
 I:  Chronograph Motor Speed Control panel 
J:  Control Table Switch 

  Unlabelled, between B and D:  Chronograph recorder roll  
 

Fig. 2 (24) View of Control Table 
A:  Tuning fork 
B:  Control Relays 
C:  Rotary Switch 
D:  Relay Box 
E:  Automatic resetting switch for Rotary Switch 
F:  Counter and switch 
G:  Counter-Rotary-Switch switch (sic) 

 

Fig. 2 (25) Phonic Motor (lettering in text) (O. Kirchner, January 2022: image missing) 
 
Fig. 2 (26) Electric circuit in Ballistics Building 

 
LIST OF ADDITIONAL PLATES 

(These photographs by Ken Daykin were not part of, or referenced in, this report) 
 

Fig. 3 (08) Star trails for calibrating remote ground speed cameras 
 
Fig. KD (A) Bomb Ballistics Building instrumentation - chronograph, crystal timer etc., ca. 1950 
 
Fig. KD (B) Control Desk in Bomb Ballistics Building 

 
Fig. KD (C) Askania kine-theodolite in use (not on Orford Ness), ca. 1950 
 
Fig. KD (D) Use of cameras on Orford Ness - two kine-theodolites (not on Orford Ness) 

 
Fig. KD (G) SCR 584 Radar at Martlesham Heath, ca. 1950 
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2.0 Introduction 
 
In this chapter the Orfordness apparatus and bombing range are described.  In section 2.1 the 
general layout of the bombing range is given; sections 2.2 and 2.3 describe the recording apparatus 
and section 2.4 the control apparatus, except that the description of the time control apparatus and 
the electrical circuit in general is postponed to sections 2.5 and 2.6 
 
2.1 Orfordness Bombing Range 
2.11 General 
 
Note by O. Kirchner, October 2021: Around 1940, the magnetic declination of Orford Ness was 
around 10º west of north. For the purposes of precise cartographic orientation, the true bearings are 
shown in brackets. 
 
The Orfordness bombing range consists of a shingle beach approximately 14’000 feet long, varying in 
width from about 1’000 feet to 3’500 feet and approximately symmetrical about a line bearing 60º 
magnetic (50º true) and a sea area off the beach south of Orfordness Lighthouse.  Fig. 2 (01) is a 
map of the range. 
 
Briefly, the method adopted in the trial is for the aircraft to track vertically over the Ballistics Building 
and, on receiving a signal from the ground, to release a bomb, the movement of the aircraft and the 
end elements of the bomb trajectory being determined photographically.  Two tracking lines are used; 
one on a bearing 237º magnetic (227º true), i.e. approximately down the centre of the beach south of 
the Ballistics Building, and the other out to sea on a bearing 174º magnetic (164º true).   
 
In general, model bombs are dropped on the land bombing line of 237º mag. (227º true) and live 
bombs on the sea line at 174º mag. (164º true).  Bombs dropped from high altitude are also dropped 
on the sea line.  
 
2.12 The Ballistics Building 
 
The control and main recording apparatus are installed in the Ballistics Building.  Further recording 
apparatus is situated at remote posts, but these are all connected to the Ballistics Building by control 
wires, as well as by telephone wires.  Built in the south east corner of the building is the conning 
tower, in which is mounted the periscope, the Vinten and an F24 camera.  Mounted on concrete 
pillars set on the foundations of the building are the camera obscura and the ground speed camera. 
 
Near the Ballistics Building is the lamps emplacement.  The lamps are used both for signalling to the 
aircraft and also to record the time of release of the bomb.  
 
2.13  Co-ordinate Axes 
 
Note by O. Kirchner, October 2021: Around 1940, the magnetic declination of Orford Ness was 
around 10º west of north. For the purposes of more precise cartographic orientation, the true bearings 
are shown in brackets. 
 
Imaginary rectangular Cartesian axes are drawn through the Ballistics Building as origin.  These axes 
are horizontal and the axis OX has bearing 237º magnetic (227º true) and the OY axis 327º magnetic 
(317º true) approximately.  The actual origin of co-ordinates is the centre of the ground speed camera 
(q.v.) in the Ballistics Building and the axes are drawn parallel to the graticule lines ruled on the 
register glass of that camera, and so the bearing 237º magnetic (227º true) and 327º magnetic (317º 
true) are only approximate and are subject to a small change whenever the register glass of the 
camera is changed.  The positive direction of the X-axis is along the land bombing line (bombing on 
the sea line is a more recent addition) and the positive direction of the Y-axis is drawn in a clockwise 
direction from the X-axis, in order to conform to the navigational convention that a clockwise (or 
starboard) angle is positive. 
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2.14 Ground Markers 
 
The height at release is determined from a vertical photograph of the ground taken from the aircraft at 
time of release.  In order to do this and also to assist the aircrew to track the aircraft correctly, a 
number of ground markers are laid down on the beach.  In addition, on the backward projection of the 
land line is a rectangular pond, which is easily recognised from the air, and on the mainland on the 
backward projection of the sea line and about 2 miles from the Ballistics Building is a further ground  
marker.  On each of two lines perpendicular respectively to the two tracking lines are four ground 
markers, two on each side of the building, for height finding.  The co-ordinates of these last eight 
ground markers relative to the co-ordinate axes referred to above are known. 
 
The ground markers are constructed as follows: the markers are either circular or square and are 
quartered, alternate quarters being made of chalk and tarred shingle. 
 
2.15 Posts A and B 
 
If bombs are dropped on the land line, the position of the impact is found by triangulation.  The base 
line used for this triangulation is the line joining the Ballistics Building to either Post A or B.  The 
position of these posts is shown in Fig. 2 (01).  During the trial, observers are stationed at Post B to 
note the approximate impact positions.  The co-ordinates of these posts relative to the axes referred 
to above (section 2.13) are known. 
 
2.16 Camera Posts 
 
When bombs are dropped on the sea line, the bomb falls in the sea and the position of impact is 
determined photographically.  A camera is mounted at each of the points P, R and S of Fig. 2 (01).    
A description of these cameras and mountings, and of the rather different mounting of a fourth 
camera mounted in the Ballistics Building, is given in section 2.312. 
 
2.2  Apparatus for determining release conditions 
 
It is necessary to know the height and position of the aircraft at release.  Also required are the 
airspeed and course, ground speed and track, and wind speed and direction, but these are not all 
independent.  At Orfordness, direct observations are made on the ground speed and track and the 
wind speed and direction, and the airspeed and course are deduced therefrom. 
 
The height of the aircraft at release is deduced from a vertical photograph of the ground taken from 
the aircraft at the instant of release.  The air camera is described in section 2.21. 
 
The wind speed and direction are obtained from observations made with the camera obscura (q.v.)  
on a smoke puff fired from the aircraft.  The ground speed and track and the position of the aircraft at 
release are deduced from photographs of the aircraft taken with a vertical camera mounted on the 
ground.  This camera is called the ground speed camera and is described in section 2.22. 
  
2.21 The Air Camera 
 
The Air Camera is the standard F24 air camera used by the Royal Air Force and described in the 

Photographic Equipment Manual (A.P. 1355) Volume 1 - Part II, Chapter I; and modified as follows: 
(1) The plain register glass is replaced by a ruled glass, the rulings being spaced 1 cm apart. 
(2) A contact is fitted in the bomb release circuit which is made momentarily as the camera is 

fired, and thus the camera is fired and the bomb dropped immediately afterwards.  The air 
camera is mounted with its axis vertical.  The air camera is shown in position in a Handley-
Page Hampden aircraft in Fig. 2 (04).  A print of an air film is shown in Fig. 2 (05). 
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2.22 The Ground Speed Camera 
 
The Ground Speed Camera is essentially a camera obscura mounted in the Ballistics Building with its 
axis vertical and modified to record photographically the images of objects passing overhead.  The 
camera is mounted in a braced steel structure with three main vertical members, the lower ends of 
which are bolted to a concrete base and the upper ends of which carry the lens mounting ring - A of 
Fig. 2 (06). 
 
The camera has three interchangeable lenses of approximate focal lengths 20”, 30” and 47” -         
Fig. 2 (10) - and provision is made for mounting them independently, so that when they are changed 
the new lens is level and in focus.  This is achieved as follows.  Each lens has in the lower face of its 
mounting three wedge-shaped holes, A of Fig. 2 (07), one in a fixed position and the other two being 
differently located in each lens.  On the lens mounting ring of the camera are three pairs of adjustable 
studs, B of Fig. 2 (06), one pair for each lens, and one single adjustable stud.  Sufficient metal is 
removed from each lens that it does not contact the support studs of the others, and each lens rests 
on the one single stud and the appropriate pair of the remaining studs.  These studs are each capable 
of adjustment and so each of the three lenses can be levelled independently. 
 
Further, these studs can be moved laterally so each lens can be adjusted laterally within small limits. 
 
The lenses are lowered into position through the roof, and are focussed by turning in the mounting 
rings. 
 
The focal plane table of the camera is about 3 feet from the floor, 18” in radius and is attached to the 
vertical members of the camera mounting in such a manner as to allow it to be levelled.  A rectangular 
space 12” x 8½“ is cut in the centre of the table, with the shorter side parallel to the land bombing line.  
In this space is mounted a ruled register glass, the rulings being spaced 1 cm apart.  Under the table 
is a cradle to hold the film magazine in position beneath the register glass.  The magazine, as shown 
in Fig. 2 (11) - holds 65 feet of F8 film, is wound on by hand and has a footage indicator.  A lever 
moves the pressure pad from the back of the film when winding the film.  See Figs. 2 (08) and 2 (09). 
 
Covering the register glass of the camera is the metal plate A, resting between the four rollers B and 
being free to move parallel to the ballistic line.  This movement is effected by the driving wheel C and 
the rack D.  Plate A has a gap of 2” wide across it, and placed in this gap is the plate E which can be 
moved in a direction perpendicular to the ballistic line by the driving wheel F and the rack G.  Plate E 
carries the ground speed camera shutter H and the phonic motor J, which are described in section 
2.52. 
 
The shutter can thus be moved freely over the ground speed camera film.  The leads to the shutter 
and accessories are brought to the end of plate E by a flexible lead and thence along the top of the 
plate. 
 
The rollers B and the driving wheel C can be moved so that the movement of A is parallel to 
whichever ballistic line is used. 
 
The camera is in a small room separate from the rest of the equipment and the entrance is curtained 
so that it can be completely blacked out. 
 
2.3 Apparatus for determining final elements of the trajectory 
 
The observations required are the time of fall, the impact position of the bomb, the position of the 
aircraft at impact time (if it continued at the same speed on the same track) and the position where 
the unresisted bomb would fall.  The apparatus used to determine the bomb impact position is 
described in section 2.31. 
 
The time of fall, position of the aircraft and of the unresisted bomb can all be determined if we can 
relate the release time and impact time to each other and to the ground speed camera’s record.  The 
apparatus to determine release time is described in section 2.32 and impact time in section 2.33. 
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How these and the record of the ground speed camera are related to the same time scale is 
described in section 2.5 
 
2.31 Bomb Impact Position 
 
2.311 Land Bombing 
 
When bombs are dropped on land, the craters can be surveyed afterwards.  The base line used is the 
line joining the Ballistics Building to Post A or Post B, whichever gives the best conditioned triangles.  
Sextants are used for this purpose and of course require no special description. 
 
2.312 Sea Bombing 
 
When dropping bombs into the sea, it is necessary to record the required data at once.  This is done 
photographically.  The cameras for this purpose are F24 air cameras with ruled register glasses and 
are mounted as shown in Fig. 2 (12).  The ring A, bolted to a table fixed before a window in the 
camera hut, has a series of numbered slots around its circumference.  The three legs of the camera 
mounting B have feet shaped to fit these slots.  In the centre of the ring A is a device operated by the 
lever C, by which the camera can quickly be placed in any desired slot.  It is said to be in slot N when 
the left rear leg of the camera, which is marked with an arrow, is in the slot labelled N. The three-
legged mounting carried a ring B which fits round the lens cone of the camera, which is clamped in 
position with the grub screw D.  The front of the lens cone is also fastened to the three-legged 
mounting by a tie bolt.         
 
Levelling of the ring A is effected by adjustments of the holding-down bolts F.  The camera axis is 
levelled by adjusting the tie bolt and the camera can be rotated about its axis, to render the rulings on 
the register glass horizontal and vertical after loosening the grub screw D. 
 
The cameras are situated at the Posts P, R and S and are fired by the operation of a switch in the 
Bomb Ballistics Building.  The circuit is shown in Fig. 2 (13).  After the camera has been fired, the 
buzzer sounds until the camera is rewound. 
 
A further camera is mounted on the periscope in the Bomb Ballistics Building - see Fig. 2 (16) - and is 
turned with it.  This camera is fired with the same switch as the three remote cameras, but no relay or 
buzzer is included in the circuit.  
 
2.32 Release Time - The Lamps 
 
Figs. 2 (14) and 2 (15) show the lamps emplacement.  In the central lamp house are six lamps.  
Before each is a lens and behind a parabolic reflector. Each lamp emits a cone of light with its axis 
horizontal and having a semi-vertical axis of about 6º.  Before each light is a plane mirror 4’ 0” x 2’ 10” 
and inclined at 45º to the horizontal, which reflects the light and renders vertical the central rays from 
each lamp.  Surrounding the six lamps are two concentric cylindrical shutters.  These shutters revolve 
in opposite directions and at different speeds and are so cut that in one cycle every combination of 
the lights is obtained once and once only. 
 
On a disc rotating once per lamp cycle are five equally spaced cams.  Riding on these cams is a 
contact which is in the circuit of the “lamps pen No. 1” of the chronograph.  This pen thus kicks five 
times in each lamp cycle and enables the lamps combination showing at any time to be related to the 
chronograph time base.        
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A second contact on the shutter is made once per lamp cycle.  This contact is in the primary circuit of 
a two-step relay which makes the circuit to a seventh lamp.  This seventh lamp is thus on and off for 
alternate cycles of the first six lamps and so doubles the effective lamps cycle.  The eighth lamp is a 
datum lamp and is neither occulted nor switched off during a run. 
 
The lamps circuit is made for six seconds while the aircraft is passing overhead and the lamps 
combination showing at the instant of release of the bomb can be determined from examination of the 
air film and the knowledge of the lag between the firing of the air camera and the release of the bomb. 
 
The lamps cycle can be made any convenient length from ¾ second. 
 
The circuit is shown in Fig. 2 (26). 
 
2.33 Impact Time - The Vinten 
 
Mounted on the same mounting as the periscope (see section 2.4) is the high speed ciné camera 
shown in Figs. 2 (16) and 2 (17).  This camera is electrically driven and is started automatically just 
prior to the expected impact time of the bomb.  Geared to the driving shaft is a contact breaker -       
A, Fig. 2 (17) - which breaks contact once every two exposures.  This contact breaker is in the primary 
of an induction coil which thus supplies a spark for alternate frames.  A spark gap B in the camera 
causes the edge of the film to be marked.  The functioning of this spark gap can be inspected through 
the window C.  The contact breaker is also in the circuit of a recording pen on the chronograph, which 
time records each spark with a down-kick.      
 
The film used is 35 mm and the magazine holds 400 feet.  Fig. 2 (17) shows how the camera is 
loaded. 
 
The circuit is shown in Fig. 2 (26) and the operation is described in section 2.6. 
 
2.4 Manual Control Apparatus 
 
2.41 The Camera Obscura 
 
The camera obscura is very like the ground speed camera in the main, with the exception that only 
one lens is used which is fixed in position, and that the focal plane table has a plane top.  The lens 
and table are levelled independently by adjusting their attachments to the main vertical members of 
the framework.  The focal length of the lens is approximately 30”. 
 
References are to Fig. 2 (18). 
 
Marked on the top of the table are the land and sea bombing lines A and the limits of the field of the 
Vinten camera on each of these B.  Also marked are two lines C which represent the coastline, one at 
a height of 5’000 feet and one at 10’000 feet, a line through the centre in a north-south direction 
(magnetic) D and a circle, E, representing the cone of the lamps. 
 
The radial arm F, pivoted at the centre of the table, is coupled to the periscope (section 2.42) so as to 
point in the opposite direction, and has a scale of inches marked upon it.  The brass strip G carries 
the slide H to which is attached a length of cord J. 
 
If the range of a bomb (under the proper conditions of height and airspeed) be known approximately, 
a corresponding distance can be measured along the radial arm and a mark made thereon. 
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During a bombing run the cord can be so adjusted that the aircraft image moves along it, and if the 
bomb be released while the aircraft is nearly vertically over the building and the radial arm rotated so 
that the mark made thereon lies under the string, then the periscope, Vinten and F24 (sea bombing - 
see section 2.312) are directed towards the expected impact position of the bomb. 
 
2.42  Periscope 
 
On the south-east corner of the Ballistics Building is a conning tower with doors facing the land and 
sea bombing lines.  Mounted with its lower bearing on a concrete pillar and its upper bearing in the 
roof of this conning tower is the periscope.  The periscope and the radial arm are coupled together 
through worm gears and a horizontal shaft A.  A wheel to turn this shaft is fitted at either end.  Two 
scales are fitted on the top of the concrete pillar.  The readings on these scales are not bearings, they 
are in fact quite arbitrary.  A Vernier scale is carried on the periscope.  The eyepiece of the periscope 
is about 4 feet from the floor and the object glass just above the bottom edge of the conning tower 
doors.  Mounted on a platform just above the object glass of the periscope is the Vinten and just 
above that, in a ring mounting, is the F24 camera used when bombing in the sea (see section 2.312).             
In Fig. 2 (16), A is the F24 camera, B the Vinten, C a generator on the Vinten to give camera speed 
and D the objective of the periscope. 
 
Fig. 2 (19) also shows the periscope.  A is the shaft connecting the periscope and the radial arm of 
the camera obscura, B the eyepiece, C the switch to switch off the apparatus at the end of a bombing 
run, hereafter referred to as “periscope switch”, and D the periscope scale. 
 
2.43 Switches 
 
Switches for switching on the apparatus at the beginning of a bombing run and off at the end are 
mounted on the camera obscura and periscope respectively.  The switch on the periscope also fires 
the bomb-position cameras, if this has not already been done with the independent camera firing 
switch.  The manner in which these switches are keyed into the rest of the apparatus is shown in    
Fig. 2 (26). 
 
2.44  Communications 
 
Wireless contact is maintained between the aircraft and a wireless hut on the beach about half a mile 
from the Ballistics Building.  Communication between the Ballistics Building and this wireless hut and 
the camera posts P, R and S (when bombing on the sea line) and Post B (when bombing on the land 
line) is effected with a Philcophone loud-speaking telephone.         
 
An emergency communication system based on the use of white painted wooden signals on the 
ground can be used if the wireless communications with the aircraft should break down.  The signals 
consist of an arrow with tips to the head which can be closed and two discs which also can be closed.   
 
The codes are as follows:   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Emergency Communication System on Loss of 
 
 

     Carry on Bombing
 
 

    Carry on Bombing, your last run was too far to port
 
 

    Carry on Bombing, your last run was too far to 
 
 

   Stand By
 
 

   Return to Base
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Emergency Communication System on Loss of Wireless Communications 

Carry on Bombing 

Carry on Bombing, your last run was too far to port 

Carry on Bombing, your last run was too far to starboard

Stand By 

Return to Base 

starboard 
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2.5 Electrical Circuits 
 
2.51 Tuning Fork 
 
The circuit is shown in Fig. 2 (29) and is self-explanatory.  Terminal 1 is the common negative. 
 
25-cycle impulses are produced across 2-3 and 1-4 is closed once per cycle. 
 
The battery used is a 12-volt 60 ampere-hour accumulator. 
 
2.52 Phonic Motor and Ground Speed Camera Shutter 
 
Fig. 2 (25) shows the Phonic Motor and ground speed camera shutter and the circuit is shown in    
Fig. 2 (26). 
 
The operation is as follows: 
 
25-cycle impulses from the tuning fork (2-3) energise the magnet A.  The armature B, having five 
poles, makes 5 revolutions per second. 
 
C-D is a 5:1 reduction gear, so that D makes one revolution per second. 
 
In the face of the disc D is a depression E and resting on the face of the disc is a roller connected to 
the contact F, which contact is made once per second as the roller sinks into the depression E. 
 
During a bombing run, one second impulses, controlled by the contact F, are fed back to the solenoid 
which operates the masking shutter, G, thus uncovering the aperture H once per second.  This 
aperture is uncovered for sufficient time for the slit shutter I in the aperture B to pass under it once.  
When the signal lights are switched on, the second solenoid is energised, pulling over the indicator J, 
which blanks off a small triangular area at the edge of the aperture.   
 
2.53  Chronograph 
 
Fig. 2 (20) shows the chronograph.  The pens A, deflected sideways by the solenoids B, bear on the 
waxed paper tape E.  The circuit is shown in Fig. 2 (26). 
 
The functions of the six pens are as follows. 
 
No. 1 terminals 8-11  beats twenty-fifths of a second    
No. 2 terminals 1-10  beats seconds    
No. 3 terminals 1-20  records the making of lamp shutter contact No. 1 
No. 4 terminals 1-17  is deflected while the lamps are switched on    
No. 5 terminals 1-19  records the Vinten sparks    
No. 6 terminals 1-21  records the switching on and off of the seventh signal lamp   
 
The tape is driven by the motor C and wound onto the take-up drum D, F being free running -         
Fig. 2 (20). 
 
The circuit of the chronograph motor is also shown in Fig. 2 (26). 
 
Energising the solenoid 1-8 switches on the motor with the slow running lamp in circuit.  Energising 
either of the solenoids 1-17 or 8-18 will then bring the fast running lamp into circuit and cause the 
chronograph tape to speed up. 
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2.54 Rotary Switch 
 
This is shown in Figs. 2 (21) and 2 (22), and the circuit in Fig. 2 (26). 
 
The solenoid A is energised once per second and through the ratchet B and the spring C, rotates the 
switch gear through a small angle at each impulse.  As the switch gear rotates, the cams D cause the 
contacts E to be made and broken at predetermined times.   
 
Four of these contacts are used; one switches on the ground speed camera shutter, another the 
lamps, a third the Vinten, and the last is made whenever the switch is away from the zero position and 
can be used for resetting the switch.  This is done as follows. 
 
The solenoid is energised through terminal 13 - Fig. 2 (26).  The contact immediately breaks the 
circuit, upon which it is made again.  The rotary switch thus works at high speed and returns to the 
zero position, when the resetting contact is broken.  This circuit is broken during a bombing run and 
made at the end so that the rotary switch is reset for the next run.  The circuit can also be broken to 
enable the rotary switch to rest in any desired position. 
 
The cam which closes the Vinten circuit can be adjusted to make the contact at any desired time, up 
to 55 seconds, after the lamps are switched on.  This is done by rotating the milled disc G until the 
pointer F is opposite the desired time of fall setting - as it is referred to - engraved on G. 
 
The remainder of the contacts are made at relative times which are fixed.  They can however be put 
forward together (relative to switching on) by breaking the automatic resetting circuit and turning the 
switch through the desired time interval on the scale G.  The switch is turned by hand as follows.  
When the switch is complete and with the cover on as seen in Fig. 2 (24), here is a lever on the 
upright member of the ratchet - seen in Fig. 2 (22) - with which the ratchet can be disengaged.  In the 
zero position, the pointer H is opposite a red pointer on the cover of the instrument.  When the rotary 
switch starts from this zero position, the lamps are switched on 8 seconds after the rotary switch is 
started. 
 
2.55  Lamps Circuit 
 
This is shown in Fig. 2 (26).  The relay operated by the solenoid 1-17 is a triple pole mercury switch, 
each contact having 30 amperes capacity.  The supply is 400 volts 3 phase alternating current, and 
this is transformed down to 36 volts.  The two-step relay alternately opens and closes the circuit 8-21, 
this switching on lamp 7 for alternate cycles.  The relay from the lead to lamp 7 is a single pole 
mercury switch of 30 amperes capacity.  
 
2.6 Sequence of Operations 
 
The various parts of the apparatus have been described piecemeal and it is now necessary to 
describe how they interlock. 
 

1. On connecting the tuning fork battery, vibrating the fork and closing the switch, 25 cycles 
impulses are produced across 2-3 and 1-4 is closed once per cycle - refer to Fig. 2 (26). 

 
2. The 25 cycle impulses across 2-3 drive the phonic motor.  The one-second contact is closed 

once per second, shorting terminals 1-5. 
 

3. When the control table battery is connected and 6 is raised to positive potential the relay 5-6 
in the relay box, and the metronome (which is connected across 5-6) function once per 
second. 
 

4. The control table switch 6-7 being closed and the “rotary switch-counter” switch set to rotary 
switch, the apparatus is ready for a bombing run and can be switched on by reversing the 
switch on the camera obscura. 
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5. On reversing the switch on the camera obscura, terminal 8 is raised to positive potential.  The 
solenoid 1-8 is energised, contacts 4-11 and 10-12 closed and 13-14 opened.  25 cycle 
impulses are then fed to terminal 11 and one-second impulses to 12, through the contact 8-9 
in the relay box and the switch 9-10.  The rotary switch starts to turn and the ground speed 
camera shutter received one-second impulses through the contact 10-16 thereof.  The 25 
cycle pen (8-1), the one-second pen (1-10) and the lamp pens (1-20 and 1-21) of the 
chronograph commence to function, and the relay in the chronograph motor circuit is actuated 
and the motor runs slowly.  Red warning lights on the camera ch (illegible). 
 

6. After the time preset on the rotary switch has elapsed, the contact 8-17 of the rotary switch is 
made and 17 is raised to positive potential.  The solenoid 1-17 of the lamps circuit is 
energised and the lamps switched on, the indicator of the ground speed camera is operated, 
marking these pictures exposed while the lamps are switched on; the solenoid 1-17 of the 
chronograph motor circuit is energised, switching in the fast running lamp and causing the 
chronograph tape to speed up, and lamps indicator pen 1-17 of the chronograph is deflected.  
A white warning light 1-17 on the camera obscura is illuminated. 
 

7. After six seconds, the contact 8-17 of the rotary switch is broken and the operations of section 
6. are reversed.   
 

8. After a further six seconds, the contact 10-16 of the rotary switch is broken and the ground 
speed camera shutter ceases functioning. 
 

9. At some predetermined time after the switching on the lamps (which time is set on the rotary 
switch as the “time of fall”), the contact (illegible) of the rotary switch is made. 
 
The relays 8-18 of the Vinten control circuit are actuated.  One closes the motor circuit and 
the second the circuit through the sparks recording pen, the induction cell primary and the 
contact breaker on the Vinten (19-1-8 contact breaker - induction coil).  The relay of the 
chronograph motor circuit is also actuated and the chronograph tape again speeds up. 
 

10. After ten seconds (unless the apparatus has already been switched off by changing the 
switch on the periscope) the contact 1-18 of the rotary switch is broken and the operations in 
9. are reversed.  If, however, the cine switch in the relay box is set to hand, when the Vinten 
is switched on, the solenoid 8-18 in the relay box is operated, which shorts 1-18 
independently of the rotary switch.  This being so, the Vinten will run until the periscope 
switch is changed.       
 

11. Upon the rotary switch moving from the zero position, the contact 6-15 is made.  Now, when 
the apparatus is switched off by changing the periscope switch, the operations of section 5. 
are reversed, and if the automatic resetting switch (14-15) is closed, a potential difference 
exists across 1-13 of the rotary switch and the rotary switch is turned round rapidly to the zero 
position, where the contact 6-15 is broken. 
 
If the automatic resetting switch is open, the rotary switch is reset by the hand resetting switch 
on the relay box.    
 
Note: If a preset other than the full eight seconds is used, the automatic resetting switch must 
not be closed. 
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2.7 Supply of the Apparatus 
 
With the exception of the items listed below, the Royal Aircraft Establishment, Farnborough made or 
arranged for the making of the apparatus. 
 
Vinten High Speed Cine Camera W. Vinten Ltd., London 
Tuning Fork    H. Tinsley & Co., London 
Chronograph    Cambridge Instruments Co., Ltd. 
Relays     Isenthal Ltd., London 
Two Step Relay    Londex Ltd., London 
 
Ground Speed Camera Lenses: 
47 inch / 119 cm f/7 triplet  Carl Zeiss, Jena 
30 inch / 76 cm f/4.5 “Dogmar”  Optische Anstalt C.P. Goerz, Berlin-Schönefeld 
20 inch / 51 cm f/4.5 “Aviar”  Taylor Hobson Ltd., Leicester 

 
Camera Obscura Lens:    
30 inch / 76 cm f/8 “Aviar”  Taylor Hobson Ltd., Leicester 
 
Loud-speaking Telephone  Philco 
 
Other small miscellaneous items are standard RAF equipment. 
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