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Notes on Enemy Bombsights
By F. Postlethwaite, Ph.D., M.Eng.

(Concluded from page 250)

The Italian U.3 Bombsight

TESTS on modern aircraft have shown that
a small advantage is to be gained by the
use of pendulum stabilization over the

spirit level, but it is hardly considered sufficient
to warrant the additional complexity of mech-
anism involved, particularly when it is effected
in the clumsy manner of this design. The pen-
dulum and sighting assemblies weighs 20 lb.,
and the base and supporting arm 14 lb. in all a 
total of 34 lb.

The bombsight can be used as a guide for
glide and dive bombing by tilting the sight
relative to the mounting. With some aircraft
the sighting bar will remain horizontal for dives
up to 45 deg., but for the Fiat the maximum dive
angle was about 30 deg. The accuracy of the
bombsight for dive bombing can be left to the
imagination ; it does not compare with that
of the German system already mentioned.

It is not proposed to discuss other open type
bombsights, as newer types making use of
optical systems were next in the process of
evolution, and two German types will next be
described.

Optical Types of Bombsights

The making use of optical systems marks
a well-defined stage in the evolution of bomb-
sights. With optical devices, the various
pieces of information required for bomb-aiming
can be obtained by means of mirrors and
prisms, which are rotated or tilted according
to their functions. Such optical systems can
be made to increase the accuracy of bomb-
aiming and the various controls can be con-
veniently situated on a neat casing, which
is generally die cast in some light alloy. The
control casing can contain the whole of the
computing mechanism and, further, the optical
system can perform its tilting function without
need for tilting the outer casing.

When such optical bombsights are devised
it is necessary to bear in mind the conditions
under which they will have to operate, and the
ease with which the various components can be
made. High grade optical systems generally
demand a high degree of workmanship with
considerable hand work, but in wartime the
parts should be capable of reproduction by
mass production methods. If the accuracy of
the bombsight is improved by the use of
optical systems, it is most important that such
operational conditions as an increased straight
line run up, etc., are avoided, or part of the
improvement is gained at the cost of increased
risk of crew and aircraft. Further, it should be
borne in mind that the bombsight is generally
used in the heat of an action, and the demand on
both pilot and bomb-aimer should be small.
I t is not desirable that under such conditions
all their functions should be performed by
automatic means ; they should be pre-occupied,
but should not be asked to perform intricate
and exacting operations. The bombsight should
be such that it makes no excessive demand
in time for those being trained in its use,
i.e. its operation should be such that it can
be learned quickly by a trainee, who should
attain a high degree of efficiency in bomb-aim-
ing with the minimum of ground training on a 
bombing trainer, and a minimum of flights for
practice in bomb-aiming.

With optical systems it is possible to use small
assemblies and to feed all the required informa-
tion into the field of view, but considerable light
can be lost at the various air to glass surfaces,

and under certain poor lighting conditions target
recognition may be difficult. This loss of light
can be partly remedied by magnification in the
optical system, but this limits the angle of
vision, and can only be used in a small degree.
I t is usually necessary to arrange some method
for de-misting the optical system.

The B.Z.G.2 Bombsight
This is a periscope sight, and was recovered

from a Junkers Ju 88 aircraft. I t was made by
Zeiss Ikon of Dresden. I t weighs 36 lb., and is
used in conjunction with the pilot's drift sight
shown in Fig. 2 on p. 245 of the September
issue. I t was mounted in the transparent
nose of the machine with the bomb-aimer
in the prone position. Although no direct
provision was made for de-misting the optical
system, hot air was sprayed over the pilot's
window. I t appears that the pilot controls the
line, but when his drift sight is coupled to the
bombsight, the bomb-aimer estimates and sets
drift by means of the bombsight. The drift
knob on the pilot's sight will only be'used when
no bombsight is carried, i.e., when a navigation
sight is carried. The operation of the bomb-
sight is based on the Clementi principle, which
is briefly explained below.

The Clementi principle of bomb-aiming 
If two sighting lines are set up at angles

θ1 and θ2 to the vertical, such tha t :—

where, T = is the time of fall of the bomb, and
m and c = chosen constants.

Then a third sighting line, started for t having a 
value of zero when an object on the ground
passes through the forward sighting line for
θ1, and oriented with time according to the
law:—

will arrive at the correct bomb release sighting
line, for the particular groundspeed prevailing,
if it is stopped when the object on the ground
reaches the second sighting line for θ2. If angle
θ2 is chosen to be greater than the bombing
angle, it is possible to measure the groundspeed
on the target during the bombing run. Other-
wise any suitable object on the ground can be
used, and a parallel course attack made. With
this bombsight, the times taken at different
heights to estimate the bombing angle for a 
ground speed of 200 m.p.h., are given below :—

20,000 ft. 24·8 seconds.
10,000,, 20·9 „ 
5,000,, 15·1
1,600,, 8·8 „ 

Description of the bombsight 
The bombsight is shown in Figs. 7, 8 and 9,

where the main features are given reference
numbers.

Fig. 7 shows a view looking down on the bomb
sight, as seen by the bomb-aimer, with the top
of the picture corresponding to the front of the
aircraft. A cover has been removed to show the
sighting line graticule, which is illuminated by a 
lamp contained in the cover. The eye-piece
can be seen on this photograph, and the line
of sight can be followed through the viewing
telescope 20 (shown on Fig. 8) through the mirror
system 25 of Fig. 9 to the objective prism

29, and hence to the target. The drift knob 5,
fitted with a coupling for the drive to the pilot's
drift sight, is conveniently placed on the side
of the case for operation by the bomb-aimer's
left hand. The drift scale is engraved from —20
deg. to + 20 deg. The prism setting knob 13 is
placed in a convenient position for his right
hand, with the locking trigger 14 placed close
at hand. The motor switch 17, and the bomb
release push button 11, is placed within easy
reach of his thumb. A graph 15 is secured to
the top face of the casing, and is used to convert
bombing angles into groundspeed ; it covers a 
height ranging from 500 to 7,000 metres, and
bombing angles ranging from 19 deg. to 66 deg.

The engraving around the computor 9, which
fits below the eyepiece, is identical with that of
the height and angle scales on the graticule,
but movements between the scales allows free
choice of sighting angles for a timing base.
Three dimmer switches 10 control the projector
lamps and the. illumination of the open sight 6.
The latter is visible in Figs. 7 and 8, and would
be used to aid finding the target through the
optical system, which has a total field of view
of 40 deg. and a magnification of about one and
a half times. A fore and aft bubble can be seen
in Fig. 7 for pitch levelling of the open sight.

The prism setting knob is normally locked,
but when the spring loaded plungers 13 are
gripped it is freed and the prism can be swung
over a range of—20 deg. to + 75 deg. When the
trigger 14 is pressed it locks a stop, from which
the handle is spring loaded if the prisrm is then
traversed forward; such arrangement simplify-
ing the returning of the prism to a predeter-
mining setting. The prism control drives
through one cam 28 of Fig. 9 and so orientates
the objective prism 29, and through another
cam to the open sight; it also moves an indicat-
ing arrow in the graticule system and gives a 
visible indication of the orientation of the prism.

Fig. 8 is a view looking upwards on the top
sub-assembly; the front of the bombsight
being the top of the picture. The graticule
projector 19 is arranged so that a central beam
of light is reflected through four concentric
graticules, and collected from an annular ring
18 to be collimated and reflected through a 
prismatic system 23, which includes a yellow
filter, into the viewing telescope 20. The type
of graticule is shown in Fig. 6 ; it will actually
appear luminous against the target field. An
angle scale is shown on the fixed graticule, with
spacings depending on the tangent of the angle,
and a height scale starting from the — 20 deg.
mark with their spacing proportional to the
reciprocal of the time of fall.

The outer arrow 1, read on the degree scale,
shows the orientation of the prism, whilst the
gearing which drives arrow 1 also drives the
second arrow 2 through the shaft 12 on which
are mounted the stick throw and trail settings.
Setting the stick throw, or trail, displaces the
second arrow from the first, and trail up to
25 per cent of the height, with stick throws up
to 30 per cent, agree with the figures from
the computator described on p. 246 of the Sep-
tember issue. The third arrow is a bombing
indicator 3, and is rotated from a sector 21
which is spring loaded against a cam driven by
the motor 22. This is a 24-volt Stark motor
running at constant speed, governed by a centri-
fugal governor which'controls current through a 
braking coil wound inside the armature ; this
system has the advantage that it eliminates the
slip rings necessary with other methods of speed
control. The motor is series wound and is con-
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trolled by a three position switch 17, giving the
following sequence of operations :—
(a) With the black indicator showing, the motor

runs and takes up lost motion before driving
the arrow 3 ; this being necessary because
the angle scale is not engraved up to 90 deg.,
which would correspond with t equal to
zero. If not already switched off, the
motor switches itself off a t the end of its run.

(b) When the red indicator shows, the armature
circuit opens and the field circuit is shorted,
so that the motor stops sharply at the end
of the timing run.

(c) When the green indicator shows, the motor
is reversed and runs back to its zero posi-
tion, where it is stopped when the field 
circuit is shorted and the armature fed
through a high resistance.

Luminous bands show behind a grid 17 when
the motor is ready for a timing run.

The sighting line graticule is linked with a 
pendulum which is eddy current damped. I t is
illuminated by a lamp, of which a spare is
kept in the container 8, and the light is colli-
mated and reflected into the telescope system
by means of the mirror system 25. No com-
pensation is made for the variation of roll sensi-
tivity with the sighting angle, but this is rela-
tively unimportant since the pilot controls
line directly. The pendulum is contained in the
casting 4.

The mechanism for introducing the line com-
ponent of trail is shown in Fig. 9. A drive 26
from the drift verge ring feeds into a lever
system in which the position of a fulcrum 27 is
decided by a trail setting which is made before
the aircraft takes off on its bombing trip. The
lever causes the sighting line collimating lens
24 to turn about an eccentric axis, and so dis-
places the roll sighting line.

Method of use 
If the bombsight uses some object other than

the target to obtain the bombing angle, it is
first turned through the drift angle, which is
found in the customary way, and then arrow 1 
is set to the known height of the aircraft on the
graticule by setting the prism. The motor is
switched on when a suitable object crosses the
sighting angle. The prism is then set to its
rear position corresponding to —20 deg., and
the motor is stopped when the same object

reaches the sighting line once more. The third
arrow will now be set at the bombing angle,
uncorrected for stick throw or trail. These
can be set on their respective scales 12, and the
prism is moved so that the second and third
arrows coincide. The prism is then set to the
required bombing angle, and a parallel course
attack may then be made ; bomb release being
effected by means of the push button 11.

The same procedure is used if the target is
used to obtain the bombing angle, except that
the two sighting angles are read from the com-
putor 9, and must be so chosen that the bomb-

aimer has time to set the prism from the rear
sighting angle to the bombing angle before the
target is reached. However, this method is com-
plicated and really requires another computor;
from the layout of the graticule, it would appear
that this method is not favoured.

Conclusions
The Clementi system used in this bombsight

imposes considerable limitations on the bomb-
ing run, which makes it necessary to use an
object other than the target to obtain the bomb-
ing angle, and to make a parallel course attack.
The loss of light on transmission through eight-
een air-glass interfaces may make target recog-
nition difficult under certain lighting conditions.

The bombsight makes use of crude ballistical
data, and should give only a fair performance.
I t is well made, with liberal use of die castings
and, although the optics are complicated, it
should be capable of mass production.

The Lotfe 7B Automatic Bombsight
This bombsight is interchangeable with the

BZG2 one just described. I t makes use of an
automatic range control mechanism, and bomb
release is made automatically. It was recovered
from a Heinkel 111 aircraft brought down in
this country. I t was made by Carl Zeiss of
Jena, and weighs 49 lb.; and is used in conjunc-
tion with the pilot's drift sight shown in Fig. 2 
(Sept. issue, p. 245) and the computor shown in
Fig. 4 (Sept. issue, p. 246) known as type A.R.2,
and a newer one known as type A.R.3. The
ballistic sheet of the A.R.3 is dated Jan., 1940.

A.R.3 Computor
This was made by Steinheil of Munchen. Its

construction differs slightly from that of the
A.R.2D computor, in that the Height (Höhe),
Bomb Spacing (b-Abstand), and Target Length
(Ziellange) scales are within the main body of
the computor for the A.R.3 whereas they are in
the form of helical scales on the outside operat-
ing knobs for the A.R.2D. Further, the scales
have been reduced, although the ranges are
believed to be the same. The A.R.3 computor
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is a smaller instrument than the A.R.2D The
range of scales are :—

Height 500 to 8,000 metres
Figure of merit (Güte-

ziffer) 0 to 7 
Bomb Spacing ... 10 to 100 metres
Target Length ... 0 to 1,000 metres
Number of bombs

(Bombenarzahl) ... 0 to 60
In addition to the tables on the A.R.2D the

following are on the A.R.3.
Table of forward throw of bombs for heights

of 10 to 150 metres, and ground speeds from
250 to 600 km/hr. Table giving true speeds
corresponding to indicated speeds from 200 to
500 km/hr. at heights above sea level from
2,000 to 6,000 metres.

Description of the bombsight 
The mounting was on the starboard side of

the aircraft, and the bomb-aimer's scat could be
clipped to the side of the fuselage so that he
could use the prone position when bomb-aiming.
In use the nose of bombsight is exposed to the
slipstream, and provision is made to prevent the
optical system from misting over. A nozzle
is provided for feeding hot air into the sight,
and whilst the motor is not running a thermo-
static control operates a 60-watt heater in the
nose of the sight. A streamlined metal wind-
shield is attached to the mounting to protect
the lower part of the sight down to the sighting
aperture, and hot air is supplied to the lower
part of the pilot's window.

The bombsight is fully illustrated in Figs. 10,
11, 12, 13, 14, and 15, in which the salient
features have been numbered for ease of refer-
ence. Fig. 10 is a view from below looking
towards starboard, and shows the sighting
angle adjuster 1, the drums for setting height 2,
drift 3, and the aperture 4 behind which the
objective prism is mounted. Fig. 11 is a view
looking from starboard and above, and shows
the eyepiece 5, the open sight 6, the scale for

setting trail 7 on which a scale for the forward
throw of a stick is mounted on the same shaft,
but is obscured from view, the drift scale 8,
and the adjuster 9 for ground speed measure-
ments.

The range mechanism of the sight involves
the adjustment of variable speed gears until
the sighting line follows the target continuously.
The manner in which this is accomplished may
be seen from Figs. 12, 13, and 14, which show
the internal mechanism. In Fig. 12 the height
setting drum is seen to control a cam 15 which
defines the position of a hemispherical type
variable speed gear 17 according to a reciprocal
of the time of fall law. The other variable
speed gear, whose position is a measure of
VT/H, is required to obtain the release angle,
but is not visible in the photograph. I t is con-
trolled by the ground speed measurement
drum 9, which incidentally requires no gradua-
tion. There is a backlash device between this
control and its variable speed gear, and the
control adjusts by means of a differential the
sighting line of the bombsight.

A constant speed Stark governed motor runs
through the VT/H gear and the 1/T gear to a 
worm which causes the cam 19 to rotate the
sighting prism 20 according to the required
tan θ/2 law necessary to keep the sighting line
on the target. Fig. 14 shows the lower optical
system in considerable detail. The image of
the target reflected from the prism 20 is fo-
cussed in the plane of the cross wires 23 by a 
lens system 25, and the composite picture is
then brought to focus in the plane of the grati-
cule 13, shown in Fig. 12; the whole picture
being viewed through the adjustable eyepiece 5.

Automatic bomb release is effected by means
of the two commutators shown in Fig. 12 ; the
angular rotation of the lower one 10 is propor-
tional to the tangent of the bombing angle, i.e.
its position is decided by the VT/H device,
the trail and stick throw data fed into the bomb-
sight, and the position is shown by the arrow

12 on the perspex disc 13 which constitutes the
auxiliary graticule. The position of the second
commutator 11 is decided by the value of the
forward sighting angle, which value is shown
by the scale reading of the perspex disc 13
against the fiducial mark 14, which is slung
across the sighting tube on fine wires. The
commutators are fitted with two stud contacts,
the first of which lights a warning lamp, whilst
the second one energizes the bomb release relay,
as shown in the wiring diagram Fig. 15. A 
particularly useful feature is the indication of
approaching bomb release, which is given
visibly by the bomb release arrow 12 approach-
ing in a clockwise direction to the fiducial mark
14. Fig. 16 shows the graticule arrangement
in the field of view.

Levelling is effected by mounting each of the
crosswires 23 separately on heavily damped
pendulums. Eddy current damping is em-
ployed, the dampers being visible at 21 and
24. So that the variation of roll sensitivity
with forward sighting angle is obtained, a 
feature required of the roll pendulum, that
pendulum is split into two, the linkage
between the halves being varied by move-
ment of the whole carriage on which the damper
24 is carried. This movement is obtained by
causing a cam, carried on the same shaft as the
prism cam, to rotate the arm 27 about its ful-
crum 26, and so slide the carriage along the
sleeve 22.

The sight incorporates means for use as a 
pre-set vector sight below 2,800 ft, ; the height
scale ranging from 10,000 to 100 metres bears
a mark at 850 metres with the inscription
" motor off." Between 2,800 and 300 ft. it is
possible, having set height, to set any ground
speed from 150 to 600 km/hr. (94 to 370 m.p.h.)
on the Vg scale 16, by adjusting the ground
speed measuring drum 9, and the bombing angle
value is then shown on the auxiliary graticule.

The collapsible open sight 6 is spring centred
to bring its line of sight parallel to that of the
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sighting prism, for case in finding the target
through the optical system, while, since the
sighting angle knob 3 controls the orientation
of the prism by means of a differential, it is
possible then to rotate the prism and the open
sight until it is set at the bombing angle as
shown by the auxiliary graticule. When the
sight is pre-set, bomb release is necessarily
manual since switching off the motor renders
the automatic release circuit dead. Since the
open sight is independent of the pendulum

levelling system, it is fitted with its own pitch
levelling device.

The line component of trail is introduced into
the optical system by appropriate displacement
of the fulcrum of one of the roll pendulums.
Drift and trail are fed in by a three-dimensional
cam 18, the trail setting being made before the
aircraft takes off for its bombing raid.

The drift scale is engraved up to 45 deg., but
the movement is actually limited to 23 deg. in
either direction by stops fitted inside the setting

handle, and thus fits in with the range covered
by the pilot's drift sight. The trail scale is
engraved up to 25 per cent, while the stick
throw scale is engraved up to 30 per cent, both
limits agreeing with the A.R.2 and A.R.3
computors.

The optical system has a total field of view of
40 deg. with a magnification of about two and a 
half. The viewing aperture 4 has an interspace
between its two thicknesses of glass, from which
all water vapour has been removed. Controlled
illumination is provided at three points; namely,
the cross wires, the auxiliary graticule, and the
open sight.

Method of use 
The method of use should be clear if the

detailed description of the bombsight has
been followed and understood. After setting
the drift angle, the target is used for the
automatic measurement of speed, and the
sighting line is set to follow the target, and the
bomb is released automatically when the correct
bombing angle is reached. I t is necessary to
feed in by manual means, the height, and the
stick throw.

Conclusions
The control mechanism is complicated. The

bombsight uses the same time lag correction
for all bombs, and is not suitable for high alti-
tude precision bombing of ground targets, and
is certainly not suitable for the bombing of
moving ships. I t would appear that direct
line control by the pilot using his drift sight
can only be accurate if flat turns are used, and
such a technique is unsuitable for modern high
speed bombers. The automatic bombsight is
however a big improvement over the simple
open bombsight.

The workmanship shown by the various com-
ponents is good.

Final Comments
I t would be interesting to bring this article up

to date by giving the trend of enemy bombsight
design and operational technique, and a com-
parison with allied bombsights, but for obvious
reasons this is impossible at the present time.

The writer wishes to thank the Ministry of
Aircraft Production for permission to publish
this article, and also the Director of the Royal
Aircraft Establishment for placing much in-
formation at his disposal.


