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LECTURES ON BOMB-SIGHTING.

I.—General principles.
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CHAPTER 1.
GENERAL PRINCIPLES.

Trajectory of a Bomb.—The problem which bomb-sighting presents is that of
discovering and allowing correctly for the motion of a bomb in its passage from
an aircraft to the target. Bombs themselves differ, the height and speed of the
aircraft, and the speed and direction of the wind may vary, so that the actual
conditions under which bombs are dropped are rarely identical. The path of the
bomb through the air, known as its trajectory, and the way in which conditions
modify it, must therefore be the first consideration.

Whilst in an aircraft, the bomb shares the speed of the aircraft, and when
released, it continues to move forward as before (neglecting air resistance in the
first place for simplicity). It therefore appears vertically below the machine
! throughout 1its fall to the ground. This may be readily seen if the bomb is watched
through a hole in the floor, and it will be noticed that slowly at first, but with
increasing Vi'loclilty, it moves d(()iwilllwml’lds ifrfl obeci_lience to the force of gravity. This
force is practically constant, and has the effect of increasing the vertical speed of the
USEFUL CONSTANTS. _ bomb by 32.2 feet per second for every second it acts.g There are thli*ee simple

, formulee which express the facts about falling bombs, and they are of great use in
making rough calculations. Thus:

| Time in seconds of fall from height H feet = % /H.

1 mile per hour=1.47 f. s. =1} approx. ; - Y . =
I —— i« Vel:tlcal' Ve'lomty in feet per second after falling through height H feet — 8 \/H.
1 netemLB0L e Height in feet fallen by bomb in given time 7' seconds = 16 7'
_1-1 . S =15 1 Note that these formulae are only approximate, and take no account of air
=115m. p.h. =13 « ‘ resistance.
1 foot per sec.—0.68 m. p. h. = & They enable us to draw out the trajectory shown in Fig. 1, remembering that
—0.59 knot — 3 o« the bomb in flight retains the speed of the aeroplane, here taken as 100 feet per
1 kilometer—0.62 mile = 3 « i ; Agaones
1 mile=1.61 kilometers— 13 « a1 & = FAlevopiane) Diﬂggcefqt{?e"m
1 meter— 3.28 feet =88 « 3 . Ist. sec. = & 3t
1 foot=0.305 meter — ERNT | ‘ : 2nd.sec = &4 41,
Tan 1°=0.0175 — i | %
- — B ne&l‘]y, !
Fan 2°- 0.0349 = g« !
— 75 | = "
T 850055 S | =R 3rd.sec = 144 §r.
i _ __ 0 '
Fan 47 0.0699 — 3 « Rath of homy
— T3
2) ; |_ [O0 ¥, ] Fiori : 4th-5ec. = 256 $t
R 3t Bat oo ~ =

Fia. 1.

| It is thus seen that, knowing the height by altimeter, the time of fallfcan]be
worked out, and therefore the horizontal travel of the I:gomb. The horizontal travel
and the height obviously determine an angle such that if the bomb be released when
the target bears at this angle to the vertical, the bomb will strike the target. The
angle is termed the “dropping angle,” and the formal definition is:

Dropping Angle.—Dropping angle is the angle between the vertical and the line
joining the aeroplane to the target at the correct moment for release.

Other definitions which may conveniently be given here are:

Air-Speed.—Air speed is the velocity of the aircraft relative to the air in which it
moves, whether that air itself is in motion or not. Its symbol is V.

Ground-Speed.—Ground-speed is the velocity of the aircraft relative to the
ground. Its symbolis G.

wind.—Wind is the velocity of the air relative to the ground. Its symbol is W, -

It is important to realize that since air-speed is relative to the air, and wind is
measured relative to the ground, both these factors enter into the determination of

ground \speed .
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Thus, if a machine is moving at 60 m. p. h. through air which is moving over the
ground in the same direction at 20 m. p. h., its air-speed is 60 m. p. h., and its ground & s
speed is 80 m. p. h., while if the wind reverses, the air-speed is still 60 m. p. h., but '
the ground speed is now only 40 m. p. h. g

The trajectory of a bomb is therefore determined chiefly by three factors:

(a) Gravity. . . ) | Height in thousands
(b) The speed of the aircraft from which it is released. :
(¢) The resistance of the air.

14|
gl

. . c:. = n w i o o ~ ® ©
Factor (a) concerns chiefly the velocity and time of the bomb’s fall; factor (b) °H P rr e LI I LECTE
concerns chiefly the horizontal motion of the bomb, including as it does, wind effects- o SN SN RN A S S 24
factor (c) depends for its effect upon the form of the bomb, and modifies the effects SH i S 2%
of both (a) and (b). .4 = e
‘ \ ; : 8 = R =2
Air-resistance Effects.—The effect of air-resistance is to retard the motjon of = £
the bomb through the air in a degree depending upon its shape and the relation L .
between its shape and its weight. =5 S
S . o
The resisting force may be separated into two parts: SRR
1.—Horizontal component of resistance. =R
2.—Vertical component of resistance. = v%
5 ; g o
~ Suppose A (Fig. 2) is an aeroplane which had dropped a bomh R when at th &
point C.  Ina vacuum the homb would have moved horizontally forward, at tIe o
the same speed as the aeroplane, and have reached the point V. But a 1 Eixlf“ ety = = mEE o
being retarded by air-resistance, would have fallen behind by g horizcntale?' L & S HH EEEEw: ]
BR, and a vertical distance VB.  The horizontal distance BR ig dependent sy EEE AT
bomb itself, upon the air-speed of the aeroplane, and upon the bitne ]1; ll]lpon the B = : R REE R EELEE
falling, 7. e., upon the height. The vertical distance VB ig dependent y Ias been NE Rt LT I
itself and the height fallen, but is practically independent of the air Sp%c(]ﬁ i R i = adcs
vl L (] et
1. s
© = [ 1
A G o|@ | K 14
e g s mmw sm poess g [« AL
+_ —_ —-;qr B ; = . 0 g ; ..
| A ) =L
I\ il b= ~ =
I 27
I P ® ‘ oy .
i\ VG oo T o
B e O 1 [
I/ Wy ] g FI': — =
(| s o - & =
G el S amammANEN
| 1 A [ b :
‘ / / L5 Yol
| v /! rzq
lur R Ground 0]
r 7 5 o &
g X NIc o::__ = R i T
| L e = Ba oo
! ] [ty i a: _‘0""__ ~ -: ] 2
| . ‘ . 32 12 =
| he distanee B2 0= termed the Zocad of the oty . ] 9 4 G - o TN
| . ' ‘ . . y dnd gty thus ‘1(‘“11(‘ ]: $ i ¥ mm ~
Trail. - Trail is the horizontabdistance which a bomt, trails ek - g B 1 =
dropped from the siverait S hehind the veptjeal ® G - ’
H g == 5 g
The trail distinee clesty subiends ananele BAg o 1 m 2=
Fovmed that the ancle inereases ot <boaow Ty woth FOS e fu]wiu‘lli ‘l(lll(fl-}l“n(' and it is §'v::f ::— |
yortione] Lo sr-speed U and is poge i O |
| N | | 1t | | l,\--\hl.\ pro- &ggf:
Trail-angle. vl anele s the st anele B A whiel T
i { b s beerad T e < | 1qim | Wbt | R 1 10 |y i (4 N L]
Fram th ! sy ‘ T cal e i'|'ull|.(|”|“|) Ak \”'.\\'f“] =
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Ground-lag.—Ground-lag is defined as the di

! sta

between the spot where a bOIt])lb falls and the spot Whgl(':ee Iiltl?v?r(s)ltlllisldhgn tl;euground
the air offered no resistance to its motion. Its symbol is L v Raleing

Difference between Trail and Ground-lag.— - :
between trail and ground-lag, it needs tolall)ge reg?igggezﬁgtagﬁgfg 121;2 1%] il
observing the fall of a bomb,—by watching it from the aeroplane, when itW?'lfvays o
behind the vertical by the amount of the trail at the moment il DT
watching it from the ground and afterwards measuring the distances {};n%, 5 11)1y
holes in the ground made by the bombs dropped. The hole made b tﬁ FeCh the
bomb exists of course only in imagination, but its position is easily cglculzt‘%cwm

In Fig. 2, UR is the ground-lag and BR is the trail . s :
striking the earth at U, the vacuum bomb has continueéailté Iaﬁ%(éi;fl IfirS :,ene t.hﬁt Smcf
to the time-lag, and moving forward with the same ground-speed a tﬁj riod équal,
has traveled a distance BU = ground-speed X time-lag. s the aeroplane

We have therefore:
Ground-lag = trail — (time-lag X ground-speed)
i. e., Trail is always greater than ground-lag. :

Ground-lag is therefore governed by four factors:
(1) Trail (which varies with air speed).
(2) Time-lag (which varies with height).
(3) Air-speed.
(4) Wind.
Effect of Wind on Ground-lag.—Consider the ca i i
aircraft flying (1) with a following wind, (2) in still a,ir;,se( gf I;gfi‘;r;%eg ltlxlelaglgs:i EdOf an

Grvound o | .
T777L 770 ;/’ . l/l =/.I T 7 0 57 a7
A l v \'z
Followng Wind Mo Wind. 2 Head Wika

Let the real bombs strike the ground at B, D and F, and let ;
the positions of the corresponding vacuum bombs at the same instathl', ! 2 Ig:éldf Vatge
same height and bomb, trail depends only on air-speed, we have AB — C’De—o rE 1;?
and we have seen above that 1n each case AG, CH and EK = ground-speed X time-
lag. But in the first case, eround-speed = (air-speed + wind) and in th>é tll?-l‘:
— (air-speed — wind). Iti1s therefore plain that A is greater than FK, and henlr
OB is less than KF, the distances AB and EF being equal. Ground-lag is ther fc?’
loast when flying with the wind and greatest when flying head to wind It ie 01(1?
course, equal to the trail when the ground-speed becomes zero, ! 5 b

Trail depends upon air-speed, but is independent of the wind. Tt j -
to ha‘fg son?e quantity corresponding to ground-lag which shall bel?fﬁgp‘;ﬁfégﬁ:
of the wind also. Such a quantity 18 the h0r1zc_)ntal dlgtance in the air between the
paths of the real and the vacuum bombs. It is the distance HD in Fig. 3, and is

thus defined: _ '
Ajr-lag.—Air-lag is the horizontal distance at any height between the vacuum

s ht.path and the real flight-path of the bomb. In the absence of wy A
fight-path 20 e same.  The symbol for air-lag is . AR
s and Formule.—It will be useful to have a statement of some

Numerical Value T
of the simpler formulze from which valliles of the above-defined quantities may be
worked out for any given GpnintIons: o these formule one bomb is distinguished
from another by what is known as its terminal velocity. In a vacuum the spoed of &

falling body would

hat
00 on increasing uniformly as long as it was allowed to fall: but in
& )
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air a resistance is offered to the fall of the bomb which increases approximately as
the square of the speed. A speed is ultimately reached at which the force of gravity
is equalled by the air-resistance and no further acceleration takes place, so that the
bomb continues to fall with this uniform speed, which is known as the terminal
velocity. The greater the resistance of a bomb, the lower the speed at which the
force of gravity is balanced, 7. e., the lower the terminal velocity. It has been found
that the bombs now in use may be divided into two groups, the terminal velocities
of the bombs in each-group being nearly equal, thus:
Terminal Velocities of Bombs:
Group 1., terminal velocity, 900 feet per second:
16 Ib., 50 1b., 65 1b., 100 Ib., 112 Ib., 520 Ib.
Group II., terminal velocity, 1,500 feet per second:
180 Ib., 250 1b., 550 1b.

(Nore.—The very greatly increased resistance which is offered to motion in the
air at velocities at or over 1,100 feet per second which is the velocity of sound
would prevent a Group II bomb from actually achieving a velocity of 1,500 feet, pel"
second, however great the height of fall might be; the characteristics of the initia]
stages of its trajectory would, however, be those of a bomb which would, if the “square
law”" held good at all speeds, acquire a terminal velocity of 1,500 feet per second, so
that the 1,500 may be looked upon as a sort of resistance coefficient, the use of which
makes possible calculations of the lag.)

Tenuity Factor.——It must be remembered that since the density of the air
decreases with altitude, the air resistance to the bomb will decrease, too. This ig
most noticeable when a homb is released from a considerable height. The first staces
of its fall take place in comparatively rarefied air, and as the effective tel‘miﬁa]
velocity is inversely proportional to the square root of the density of the air, its value
is appreciably greater at a considerable height than it is at sea-level, and decreases
eradually as the homb travels into denser air until it finally attains its sea-level
value.

The measurements upon which the value of the terminal velocity is based were
made near sea-level, and the terminal velocity figure s, therefore, subject to a corree-

tion for higher altitudes,  The air-lne. &eoas caleulated, have to be corrected by the
application of a *“fewity juctor.”” whose amount may he taken as about 1.8 per cent
per 1,000 feet of heicht. Thus. the wir i for a drop from 10,000 {cet, \\'Ollfd he:
about 18 per cent less than it woulkd be if the air were evervwhere at Hea—levei
density.

The most useful properties to he ascertained about any homl) trajectory are the
air-lag and the time-lae, since the other gquantities can be obtained from these by Jverv
simple relations. They ares indeed. fundamental, sinee they represent the absolute

loss of horizontal and vertical motion due to air resistance.
Average Values:

, : 1
For hombs in Gronp Toane-lae Cohime-lage SAratl-anele —
oy 4 R g tratl-angle = 2le.
I"()]' |)(ll]1""‘ i}i Ciroup l, .‘1“"4-'1" : li”l('-l-[n‘ Ctral
. ) o : ratl angle — 19-
I 110 T20000] | gl == 5%
the air speed being 100 nip he i each casecexeept in the case of 1o trail angl
. : i . ) ol
which remains nearly constant. values ot any hicher air-speed heine 'llll'l'i"l*((‘(l ;Inlr O{
| u ased almost,
proportionately )
I, for exaanple. the air-speed were 130 map b the aie Tae we AT !
| i | wortld i . hn'(:mllp I.
/ <
hombs and 27 for Gronp 1D bombso bt the time-lae woul renin the s i
i) . : [‘ ‘l!h :[
LOO g h
[0 VELC LI ot it on fhiee T1nne of JHI“"‘"'('“'I\ I'I‘I!IH' X 1
{ | | 2 e A
? A Iy height 1 isoiven 1
,/ v ! BT " i LU R I RO R o

s "l""'"l‘“i iy

| | addine (o this

‘)‘:l NI} (1] It i ! "rI\
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where W is the speed of the wind and is to be taken as positive when it opposes the
aeroplane.

Finally, since ground-lag=Trail — (time-lag X ground-speed),

el L=Trail -G.t

we have, Trail=L+G.t.=l+ V.
and we have all the properties of the trajectory linked up with the fundamental
quantities / and ¢.

The trail angles range from 1° to 1.8° for Group I. bombs at air-speed 100 f.s.,
and from 0.5° to 0.7° for Group 1I. bombs, between heights of 1,000 and 15,000 feet;
being proportional te air-speed, with the addition of about twice as much again
when bombs are dropped vertically tail-down.

Average values for horizontally-released bombs when the air-speed is 100
m. p. h. are:

Group L. Group IT.
2.5° 1£0°

and about half these values for an air-speed of 50 m. p. h. It is a useful approximate
rule that trail is twice air-lag, and that air-lag is equal to time-lag multiplied by
air-speed.

For the better appreciation of the foregoing, a brief account is appended of the
experimental methods by which bomb-dropping data have been determined.

Upavon Experiments.—Among the earliest experiments were those made at the
Central Ilying School, by the aid of a camera-obscura and wireless telegraphy. A
camera-obscura is a light-excluded hut, with a convex lens of long focus mounted in
the roof, and directed vertically upwards. An aeroplane was caused to pass over the
hut, flying in a straight line. An image of the sky was formed on a photographic
plate at the focus of the lens. The plate was covered by a tray, which could be
moved over the plate in such a way as to keep the image of the aeroplane continuously
over a small hole in the centre, which was covered by a shutter opening electrically
at regular time intervals. A series of photographs of the aeroplane in its path across
the sky was thus taken, and from them were obtained:

(1) The course of the aeroplane.

Span of wings _ Height of aeroplane
an in photograph™ Focal length of lens’

(2) The height, since Sp

(3) The ground-speed, from the time interval of photographs and their distance
apart.

(4) The horizontal distance of the aeroplane from the camera at.any moment
(proportional to the distance of the image from the center of the plate).

The pilot dropped a bomb when he judged himself to be nearly over the camera,
and the release-handle was arranged so that a wireless signal was sent out at the
instant of release. The signal was automatically recorded by a syphon recorder,
which was also used to record each opening of the shutter. It was therefore possible
to determine the instant of release with regard to the photographs.

The vacuum point of impact was caleulated from the ground speed, direction,
and height of the aeroplane. The actual bomb was found and its horizontal distance
from the vacuum point of impact was known. The distance between the points of
impact of the real and the vacuum bomb was of course the ground-lag. By correct-
ing for wind, the air-lag was determined. s

The time of fall was measured by using live bombs, which exploding on impact
caused the needle of the syphon recorder to oscillate. A correction was. applied for
the time taken by the sound to reach the instrument, and the difference between the
measured time and that calculated for vacuum conditions gave the time-lag.

Alternative Mode of Experiment.—The foregoing is an absolute method of
measurement, and its objection is that it measures a small distance as the difference
between two large ones. If we take a bomb which falls consistently with a high
terminal velocity and therefore shows little lag, it is possible to caleulate its lae with
fair precision; so that if a group of other bombs is released simultaneously with this
standard bomb and the distances apart of their points of impact with the ground are
accurately measured, the relative ground-lag can be found, which when added to the
caleulated lag of the standard bomb, gives the absolute lag for each bomb.

43936--18—2
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Simultaneous Group Experiments at Grain.—This method has been employed
at the Grain Iixperimental Station with good effect. Moreover, hy photographing
the group of bombs just as the first is about to strike the ground and afterwards
photographing from the same position a staff of known length erected at the mean
point of impact of the group, the vertical distances separating each bomb from the
standar done were measured. The velocity with which the bombs were falling was
known, and the relative time-lags could thus be found, which added to the calculated
time-lag of the standard bomb, gave the real time-lag for each bomb,.

It is evident that if the trajectories are photographed broadsi ‘
inclination of the axis o}f) the camera to the directioz olf) flight of t?;g ea :rr(l)’pf;n ;;hlg
known, the air-lags can be measured from the photograph and ty :
way as the time-lzgs. P reated in the same

Mine Shaft Experiments.—Absolute determinations of time-lao
accuracy, were made by dropping dummy bombs down the shaft of o 1 o
about 2,700 feet deep, during the summer of 1916. The instants of cloa o
impact were recorded electrically by an accurate chronogr&ph on a e
paper, and from the positions of the records with relatj oViDE SLrp of

) on to other marks on th
paper, made automatically by the chronograph at every halt. Stial
time of fall was arrived at. e socond, the actual

The difference between it and the ¢
the time-lag.

of great

aleulated time for vacyum conditions gave

CHAPTER II.
Tue CONSTRUCTION OF B()MB-HIGHTS

The purpose of a homb-sight is to indicate to the oper

; AN ator
to release his bomb. This should of course be when hig hor o

e instant at which

target is equal to the distance which the bomb will, aftep ;;]C_vntal distance from the
its passage to the earth. We have seen that thig ig infly €ase, travel forward in
factors, and in general, the instrument has to be arrange( t el;(-eq by a numbep of
The manner in which this is done constitutes the differe, 0 take account of these.

and another. I one bomb-sight,

The height of the aireraft can be read directly from the alti
speed from the air-speed indicator, on the instrument, hogpq Tl}meter, and the air-
5 N . v SMAlg, a L
which ean vary is the wind, and therefore the ground-spee(| If '€ Temaining factor
the velocity of the wind cin be guessed sufliciently well| {hqy, 1l 1615 considered that
for fixing the (l]'c')])ping‘—:lII,L"'I‘. and this was the actual ln‘.()('e(ln‘ tll(? (]Elt& are to hand
of bomb-sight. e with the first forms
Elementary Bomb—Sighf- ,'\.” (-I_(-nwnt:n-y llﬂmh—sigl;t- o
wooden board and two nais. The fizures show e -nvrr.;; Might, 1o made with o
R h X B y 4L « Oror S i
which it 1s obtained from the trajectory. stment g the way in
A Aevenlane
AT VR
A [
b ™ .
/ w-ﬁ.ﬁsj\(.:.,q l\‘}" l
|/ Fngle ? *

L =

/ [ I

Taget B ) i |

e VT =k |

To take a specific case, let—
H=3,600 ft.; V=100 m. p. h.; Wind =20 m. p. h. against.

3600
4
G=100—-20=280 m. p. h. =118 ft./sec.

.. distance BC'=118 x 15 =1,770 ft. in vacuum.

Then, time of fall in vacuum = = 15/secs.

But there is air-resistance to be allowed for, and we have seen that air-lag at

: el L . A i !
100 m. p. h. air-speed is 0’ and time-lag in secs. = 7000 height; also that

Ground-lag = air-lag + (wind X time-lag),

3600 3600
40 +(20X 7000

=90+ 10=100 ft.
Hence BC'=1,770 — 100 = 1,670 ft.
We now know AC and BC, and these fix the dropping-angle BAC. Having

Lo 8.y Lie=

fixed a nail at A, measure AC; vertically downwards 1 foot, 7. e., Wlooheight, and

1670
3600
A spirit-level is added to read central when AC, is vertical, the aeroplane flying level;
and the bomb is dropped when the nails A and B, come into line with the target.

It will be readily seen how impossible it would be to go through the above
performance for every bomp dropped. Tables might be drawn up, giving the
caleulated dropping-angles for varying heights and speeds, and means provided for
setting the wire B,. . :
~="y Lever Sight.—Such a method did take shape in the Lever Sight, in which sights
A and B were mounted on a lever, pivoted at a point between them, and provided
with an index and a quadrant scale of angles, so that the line of sight could be set
at the angle read from the tables.

Low-height Sight, Mark I.—The objection to the use of printed tables while in
the air was removed by the Low-height Sight, Mark I., which had two movable
sichts, a foresight moving vertically, set by a scale of heights, and a backsight
moving horizontally and set to a scale of ground-speeds. There still remained,
however, the necessity of guessing the wind and so inferring the ground-speed.
To show how to avoid the necessity of guessing, we return to the consideration of
the board with its nails.

Timing for Ground-speed.—If the time be taken by a stopwatch, for any object
on the ground to change its bearing from AB, to AC,, the aeroplane has moved over
a distance BC on the ground which bears the same relation to the known height AC
as B,C, bears to AC’I(i. ey BO—AC xi‘ g‘ . If this distance BC be divided by
the time taken, the resulting velocity is the ground-speed. For convenience, the
wire B, may be arranged to slide along B,C,, and as the height of the aeroplane
is increased it may be moved nearer to C,, so that BC on the ground is kept a
constant distance (say 1,000 feet), and the calculation of ground-speed is simplified.
For this purpose a height-scale is placed along B,C;, with marks to which B, is set
for timing at each height. _ _

With this arrangement there is yet much room for improvement, for ground-
speed has to be worked out and tables consulted to find the angle to which AB,
must be set for bomb-dropping. g - ;

C.F. S. Scale.—The desired improvement was effected by the introduction of the
(' F. S. timing scale. The horizontal height scale was retained, but a time scale
was added graduated in seconds, and the wire B, was reset to the mark on the time
seale corresponding to the number of seconds occupied in timing, and this was
ihen the correct dropping-angle. ] or ;

This was achieved in the following manner:—The object on the ground was
k to the vertical over a distance in feet = 100 X (time of fall of bomb from

from C, horizontally forward feet = 4.9 inches approxim.ately, to the nail B,.

timed bac
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the particular height), 7. e., IOOX‘/T feet, and if d was the distance AC,, the

distance B,C, on the height scale =g1>< (100 s 'i‘g), which reduces to %—ﬁd Thus

B,C; is inversely proportional to H, and the largest height—graduations‘/éome y

the zero of the scale. .
If N be the number of seconds occupied in timing,

(100>< -‘-/E)

1
G=% =

N
But horizontal travel of bomb =@ x (time of fall)

- VHY JH _100.H
| Vi) v 100.

w (w0xg). -
and distance on scale of seconds mark = ,di“ r 11 %(_)1 \‘?
1 100.d
N 16

Hence the graduations of the time scale are in - :
is the e_ssential condition that the time scale should ;}?ﬁﬁngﬂ?lf the height, \.‘Vhic'h
correction for lag was applied to the time scale, and o third g eights. A suitable
angles was also provided for use if required. scale showing actual
¢ Tromboning.”—A further feature in this type of bomb-sjo .
considered. In timing back to the vertical, it is of course n ;_Slglr‘t_ remains to be
the target itself. This is not of importance when afl:l(-]\-i'nn. b Possible to time on
tanl

timing can much better be done on some previous object ‘[l(ﬂ.fuL ﬁil‘.@:et ashore, as the
oo At happens to he on
ne

same course. In a seaplane it is not alwayvs possible to set, the
some preliminary ohject, as one may not show itself, v the sight by timing on

The “trombone™ attachment which is fitted to the (', |«
allows the timing to be done on the tareet itself. The fomi'ﬂ.] 1' - tromhone-sight,
at which the aeroplane ix flvine.  The sliding backsioht *(‘c:“s Set to the height,
( sig " :

approximately set to the heieht by means of w seale. tromhone) is also

oy 5 : Tl oot
through the sliding backsicht and moving foresioht ‘m(]le rtm,uet Is then sighted
I'he watch is stopped when target is sighted through he “T Stopwatch started.
fixed foresight. The moving foresicht is then seot (o the Shiding lla('ksight and

. G T number of o
and the homb is released when the tareet is siehted throy ’;-"' ?}1 *econds recorded
=0 th A

and mm'ing ff!l‘(‘ﬁ?;h!. The nm\'inu: backsicht neeq only Le . k ﬁ-\'(‘fl backsicht
whatever its position along the slide the horizontg) dists 4Pbroximately et for
ground ix the same. e subtended on the
B Fixed distancee on sjohy For it
’ B .l”l”]‘_‘" over
£ over,
—— % B

£8G0ung
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For since we know that the perpendicular heights and the bases of the triangles
ABC and DBC are equal, we also know that the bases of the triangles AEF, DGH are
equal, since CB is parallel to HE, this case being one of similar triangles.

(are should be taken, however, not to move the backsight too far forward, as
otherwise there is danger of cutting into the dropping-angle. The scale provided
should make this impossible.

From the C. F. S. sight, the word “tromboning” has been extended to any
method of timing on the actual target, as distinct from some other object or “ auxil-
iary target,” and forms a concise expression.

Equal Distance Sight.—This is the name of a very important sight which
appears in more than one form, but whose underlying principle is that an aircraft,
if its ground-speed remains constant, passes over equal distances on the ground in
the same time. Its use requires a special stopwatch (Reversing Stopwatch, Mark I.)
whose hand can be reversed in motion at any instant, and whose dial is marked with
a scale of heights, each height mark being placed at the number of seconds corre-
sponding to the time of fall. g :

In the Equal Distance sight there are three sighting wires, A, H and G. The
construction is such that HK is always parallel to the trail line, AB, and HG= GK.
HG is arranged to be capable of being moved parallel to itself, the point H moving
along a horizontal path. This construction has the merit that no matter where HG
may be put, the distances BC and CD will always be equal. This is easily seen to be
the case, for since HG = GK, therefore AK = HL. But AK = MH; therefore,

MH = HL, and therefore, BC = CD.

N .__'F___._._._

B e D
Fia. 6.

al Distance bomb-sight is in its theory the simplest of all bomb-sights.
ThusTl}i ]?FC}; 7, A is the s}eroplane, assumed to be at rest, whilst 1_;he target is
moviilg towards it in the direction of the arrow. Draw AE perpendicular to the
.ound. and AB inclined to the vertical at the trail-angle; then a bomb dropped
tgﬁom the aeroplane would, if there were no air resistance, strike the ground at £, but
vine to air resistance it falls behind and strikes at B The object of the sight is to
ok n-hd ﬂc at the target shall reach the point B precisely at the same moment as the
Elovi) e l{f eaches B. Let the ground-speed be such that the target moves from a
omb itse 113 hilst the bomb falls from A to B.  Then, if the bomb be released
5:1)11 ;113 tpéet(’:c)qrée% is at F, the bomb will strike the target; the angle A F'is the bomb
dropping angle. that BC is greater than BF, and take a further point D,
lake &Yllygog}g ¢ SIIECIIIIOW a stopwatch be started when the target appears along
such that CD 2d if the motion of the watch-hand be reversed in direction when the
bite. Jimgidd {?ncqtl ¢ the watch-hand will have got back to the zero from which it
target appeal ih o tareet arrives at B. It is also clear that at the moment when the
Bbarien. 7 henl tlll‘(n(l““ﬁ the point F, the watch-hand would have still to run a number
target passee ial to the time taken by the bomb to fall from A to B; in other words,
of seconds l((lld oh e moment.would point to the number o_f seconds equal to the
the “'”.t'(.'h]_] mn{ f ‘therefore, the watch-dial be graduated according to times of fall, the
time of 1"' '1 t‘ il (’,h' tlie target is at the bomb-dripping point F will be indicated by the
moment ¢ :

hand reaching the

time-of-fall point on the watch. (A movable pointer is provided
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to indicate this point). Thus there is no need for any calculation, nor is any move-
ment of the sighting wires necessary. The only precaution to be taken is to see that
the point € lies on the far side of the point F, and this is easily achieved by setting
the time-of-fall pointer to the height given by the aneroid and timing any point on
the earth’s surface from D to C (or C to B—for these distances are the same) and
seeing that it is greater than the time of fall; the sighting mechanism enables the
position of the point C to be adjusted at will.

F G D
Fra, 7.

A scale of approximate height settings is provided on the inst,
guide in securing that B('is creater than 1
provided should it be desired to sot
predetermined angle.

Tests have heen made with u special form of the stopwatel
hand is caused, when it passes over the heioht in
an electric circuit through a battery and » elow-lamp.  The lamp lights up for an
instant and signals to the operator, who ean aive all Tis attention 1(?\\':1‘(-(‘11111” t(he
target, to release the hamb. The starine and reversing of the wateh are )m'fn: 1
by the operator in the usual manner. ' ‘ - B

Mark IT. Watch. In the Reversing Stopwateh, Mark 11
provided to the left of the main knob which sto '
reversing it.  On pressing the main starting knoly agnin. the hand takes s r
versed motion.  This enables an auxiliary tareet (ill:‘il(‘;Q(!] of 1}|;. ,.”.(,f“(\ 'li ‘3{; : “ I}P_
timed over the forward distance Do, and the hand stopmed 11 [".Ij} ‘I :H{ ) 1o be
appears 1t €' when the hand i= allowed to FOSTITN oy W the real target

- its motion as though the w
s o g , - gt ¢ vhole

operation had heen performed an the real tareet. Fhe pilot can thus do his timin]‘(r

; , o

some while hefore reaching the seene of the atfack if hie so desires, and | hi
sight instantly ready.  Morveqner, when thus set the sight is ready ] I” o
. ; J Rl S ready for

rument to serve as a
An equally divided scale is also
all the homb-sights of a squadron to the same

. vateh in which the moving
leator after reversing, to complete

» anauxiliary knob is
ps the moving hand instead of

that may appear convenient. It the auxihare kioly be not emnloved il t:—“m‘t
behaves exactly as the Mark [ pattern, ploved, the wateh
~_ Dropping Bombs in quick succession. [l ordinagy method of using (he «

is simple and acemrnte when dropping o few bl singly or 1 mllnlal(-l‘lr ““‘ Sk
When, however, it is desired 1o o poa laree sinmber of |‘n'-m|>.-‘ one ot '5”1]' b B0,
bl of targets fairly ¢l se to ane an ther, it s o L N e O in(\ :|| Il‘m(‘ ik
sightine wire in o fixed peosition a=an the ¢ 7 5 \r-l‘.i,-mnluh‘n‘ill.[-n ll'ull et
ANy ﬁlm:d.lf- frreet oo sses fhe Wi For e 4 hiss ity 115 iagia) IJM-,: " \\‘_H.'m-u-r
that is necessary is to <l the pesttion of the (ol slidq uuul-m\"nli” \'wlii'””
garth 1s found to Travel Teenn The diest wire 6 i 1 second Wi b hject an the
equal to the time of tall of the homb Uit the beimnd of 1 ok I' -II e exaietly
the heiehit proantet Wihion this | beenr dome 1l seecnd] Wi }fﬁ L i
correct bombede [Hprn | [ Pl pmebenbar bisiali e ‘”.“" Wil bage o ihe

\ NN AR Rl i =1 ”“} b ‘-'ll‘('cl

}!" I { I B T | i) S &:‘I':l ‘nlwv s
fl!wl!!l!li-‘ | vt = Kl | PR ‘. . I\II{I lesy i'!!TI‘ Hl i

’ll[l‘.”l kG ' TSy =|_!:”:"l‘i' Liiis hieer

iy | “Tived bzt

-t
| L 1
GErn s ! . g ) ! T (.

T i f | | ' Tt s o [ L)

&

13

tting Corrections.—It is simple to make a spotting correction with either
the I?Igf;k I.g or Mark II. watch. If the bomb falls “short,” set the height index:
to a slightly lower reading} if it falls “over,” set the height index to a somewhat
higher reading. The correct amount of shift to give the height index is that fraction
of a second which it would take the aeroplane to cover a distance equal to the
amount short or over. Thus, at a ground-speed of 60 knots, a shift of the index
by one second alters the point of impact of the bomb by about 100 feet.

Double Distance Method.—There are conditions (¢. ¢., when bombing at low
heights, or in a fast machine at moderate heights) under which the angle BAD
becomes so large that it may be difficult to secure the line of sight AD unobstructed
in the machine. One way of meeting this difficulty is for the timing distance
DC to be made half the distance BC. This would constitute a “Double Distance’
method, and would need a special double-distance watch.

Drift Sights.—When operating over anti-aircraft fire it is not easy to use stop-
watch methods of bomb-sighting, especially when the pilot is operating the sight.
In such cases it is better to use the reading of the air-speed* indicator and to allow
for the wind. By a comparatively simple addition to the Low-Height and similar
sights, it is possible actually to measure the velocity and direction of the wind
and thus set the sight for ground-speed without the use of any watch or other
clockwork mechanism. This plan has been followed in the Low-Height sights
(Marks II. and IIL.).

Consider the right-angled triangle ofg. If the length of and the angle gof are
known, the triangle is completely determined and the length of fg can be found.
This triangle is the basis of the Drift Method.

I
O T \
Bl
RN
-..___\lg‘ Elevation \‘ .\w\b
\-.\ 4 ‘\
i e giiigh o o Sl
g Plan
Fia. 8.

i ies directly down-wind, say, as judged by the earth below appearing
;gge&ﬂ.}g] ga(;allel to }trhe axis of the machine. Noting the course he isp_on, he
< his machine through about 90°, by compass or otherwise, thereby flying directly
eross the wind. The surface of the earth, or sea, now appears to drift slantingly
acr;o: to the right or left, and he turns the drift-bar attachment to the sight until
o llel to the new direction of the earth-drift. _
it is I'Tam-'the drift-bar is the side og of the triangle and the length fo is proportional

1\0}". “speed of the machine. The length fg is therefore proportional to the
Lo "glits} amount can be read off on a scale provided. .
wind an tual sight is arranged for either up-wind or down-wind attack, and

F he ,E'LIC t(the addition or subtraction of the wind is automatically performed
Frm:]?eesopgﬂ tion of setting out the drift-bar og, the sighting wires being set
oy 1 SSR
accordingly. ) wrrangement, where b, d and e are sighting wires, of which

The f‘g“.w fl}:fogif’{h{; 3;et so that ab is proportional to the square root. of the
b slides vel tlgﬁ- the mean speed of the falling bomb relative to the aeroplane; and
height, i_-‘]_"_'l* l(: ml-i'zontally- og is a bar of any length which is pivoted at o so that
d and e SUAe = the midpoint of de), both being proportional to the air-speed. Angle
ac = of (¢ being Je and gearing is provided so that og may be moved about its pivot
ofy is u right ; IE fl iud " moved at the same time so that cd=ce=jg in all positions
a 4o H']I("l::f }ii; m:‘is prOPOrtional to the air-speed, ac+cd=(air speed+wind),
ot mqy. » e

¥ - ed indicator

top
turns

I - .p'-‘ underestimates the air-speed at increasing altitudes is automatically
i I fact that the air-spe
- o o construction

of this Bomb Sight.

Ulowed o il
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t._e., ground-speed when flying down-wind. Similarly, ee=ac—ce=ground-speed
when flying up-wind. The sighting is performed along db in the former case and
eb in the latter. On the sight, ¢f is kept constant, and o is fixed, so that if fo is
shortened ca is shortened by the same amount.

When the bar og is only free to move out on one side of of, it is necessary to arrange
that the drift shall be along og and not along og'. It is for this reason that the pilot
is instructed to bear to his 7ight hand through 90° when approaching down wind, and
to his left hand when approaching up-wind, the bar og being assumed free to move out,
to the right. It is apparent from the figure that the length fg is not appreciably
affected by a quite considerable error in judging the amount of the right-angle turn.

Use of Drift-bar at High Altitudes.—The drift-bar is fitted as an attachment
to the Low-Height sight, for which it is very useful, since it is almost impossible
to employ timing methods at very low heights. It is obvious that the same method
is available, in principle, at any heights, although at very great altitudes it is more
difficult to determine the line of drift with accuracy. I'ortunately, however, the
velocity of the wind does not usually change much after a height of 2,000 ft. has
been attained. So if the drift-bar is set at 2,000 ft. or over, it will in most cases
be approximately correct at greater heichts.  The following results of experiments
at Grain illustrate this: :

AVERAGE OF 11 Proor BavnnooN AsceENTS AT GRAIN [XPERIMENTAL STATION,
1916-1917.

Velocity of Wind, Velocity of Wind,

ITeight in Feet. taking Surface [Teight tn Feet. taking Surface |
Velocity as 1.0 Velocity as 1.0,
Surface. 1.0 4,000 2.0
250 1: 1 A, 000 1.9
500 1.3 3, 000 1.8
1, 000 ] b 7. 000 1.7
2, 000 1.8 N 000 1.8
3, 000 2.0
From the point of view of acevraey. it is desirable for bomb-dropping purposes to
fly directly up or down wind. It is, of course. possible in theory to attack in any
direction, but in such cases the eround-speed must be the effective eround-speed in the
correct direction. and suitable allowance must be made for the air-lag of the homb.
which. it must be remembered. 1= towards the tail of the aevoplane in all eases. ’
Range and Direction. I'hrouchout the torecoine, attention has heen confined
to means for finding the correct monient of release for the bomb. 1t is a matter
of at least equal importance that the vertical plane in which the homb falls shonld
be a plane passing throueh the tareet. and not one which misses it to the right
or the left. The moment of reles-c determmes the rance of the homb. the dil'f‘f'Ilitm
of motion of the acroplane at the moment of release decides the direction taken
by the bomb. In every sicht mean< st be provided to guide the pilof in <teerine
a course which. il continned. wor'd take him vertieally over the tyree A HH;
or “.i].‘, !\ 1}”‘“"."“' !.]-(.\,({u-.l rearatie! ta Hu ‘flh“'T‘HiHl"li AN IJT‘ ||||! ””“‘h“”,. :”“i
the steering is reculated ~o that the tareet | st approneh along i, As this
might possibly he done with the nee i e warh o hist to one <ide, iy I~ mportant
to ensure that the eve 1~ loohine verten dovcinward on to ”i“'l\f‘(‘r'lnu] Wire [t
18 not very easy to provide for this Voleral spintevel as genery ||y Provided
and a second direction wire or i1s e Gent ey beadded parailel 1o 1, Hrst o l
\'E‘]'Iir‘:l”} above 11, the ove b ri s ot a2 WATESS 0N i GRge ol e IHIZ.
'\I;'.”"I level, howeyer el ! g i mchime s bevnloe] W I.
shight turn. G pose roather n ofutdes apqeraus wauld Je e o
- ST
bo enable a sivhit 160 1 ' h I EHsenee coapef
steering wnil in . ‘ il
Reference to Instruch ' el disesing of the <l .
it iiriiod et ) . _ < ‘
Special Method with A
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CHAPTER III.
BoMB-DROPPING EERRORS AND THEIR AVOIDANCE.

Conditions for Accurate Bombing. Range Error and Line Error.—We have seen
that to hit a given target—

(1) The bomb must be released at a particular instant determined by the height

and ground-speed of the aircraft..

(2) The course of the aircraft at the moment of release, and the path of the bomb

through the air, must be in a vertical plane passing through the target.

Errors in fulfilling these conditions are known respectively as range errors and
line errors. '

There will always be sufficient uncertainty in the actual conditions to make it
unlikely that every bomb will succeed, but attention must always be directed to the
avoidance of those sources of error which are under control, and it is desirable that
these should be known, and their relative importance realised. The more important
are here detailed, and likely values found.

RANGE ERRORS.

Examples of Range Errors.—(1) Sight not truly horizontal.
Suppose line of sight is tilted 2° forward.

H=6,000 feet: Correct dropping angle—=14.5°;
Actual o ab— L
Correct horizontal travel of bomb=6,000 Xtan 14.5° - =1,551 feet.
Actual distance of aeroplane from target—=6,000 Xtan 16.5° =1,777 «

Aei‘opla,ne was too far from targetby - - - - 29610 1

1. €., bomb falls 226 feet short.

The error is directly proportional to the height and the degree of tilt. It isof
less consequence in timing for ground-speed, but it is worth removing, in case the
level is overlooked when setting the dropping angle. This error is relatively less
serious in the Equal Distance sight, for which an error of 2° in the line of sight
leads to an error of about 1° in the trail-angle, 7. e., an error on the ground about
half of that above cited.

(2) Speed wrongly estimated by 5 m. p. h. (7.5 {. s.)

Height=6,000 feet. Time of fall=20 secs. Error on ground=17.5 X20=
150 feet.

This error is proportional to the error in speed and to the height.

(3) Lrror in height measurement.

Suppose bomb was dropped from 6,400 feet instead of 6,000. Time of fall is
20—194=3 sec. more. With a remaining horizontal speed of 100 f. s., this gives
+66 feet on the ground. But the sighting angle was set to give 1,930 feet at 6,000,
say, and this same angle gives ggg% X1,980=2,060 feet at 6,400. Hence, the
distance 66 feet has to be diminished by the extra 130 feet which the aeroplane was
from the target, giving an error of 64 feet short.

An error of 400 feet in height estimation is of small account when over 4,000
feet up; below that, it becomes increasingly serious until at 1,500 feet it is fatal to
accuracy. - In Equal Distance sights an error in height estimation produces an error
equal to the difference in time of fall multiplied by the ground-speed.

(4) Delay of 2 secs. in dropping bomb. ,

With a ground-speed of 100 f. s., this means 200 feet over. This error is jointly
proportional to the ground-speed and the delay.

Line ERRORS.

(1) Examples of Line Errors.—Course of aircraft at release inclined 10° to
direction of target.
At 6,000 feet, horizontal travel of bomb=2,000 feet, say.
Larget is missed by 2,000 Xtan 10°=3850 feet approx. )
Ihix error increases with height and ground-speed and the inclination.

EDEE 18—
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The direction of the wind can be found by the following method.

The aeroplane, when at its bomb-dropping height, is pointed in the direction
from which it is expected the wind will be blowing, and some object well ahead is
noted on the fore and aft line. The pilot then concentrates himself on flying the
machine on a steady course for some 15 or 20 seconds, and then looks to see in which
direction the object has drifted. The machine is then turned between 5° and 15°
in the direction to which the object has drifted, and the operation is re eated on
some other object. After the third attempt the wind should be founcllj and its
compass direction should be at once noted. y

(8) It is essential that the pilot should be able to fly his machine level at
constant speed. ‘ ala

It is evident that if, when the bomb-sight is set for ground-speed by timine
otherwise, the machine is kept flying level by pushing the contro] stick f03r : .clln“ S
during the bombing run it is prevented from climbing by throttline dow ward, and
will the ground-speeds on the two occasions be different, but the sight if 1']£ IHOt o
levelled for the timing run, will have to be re-adjusted for the b(;m})" : wl . een

It is very necessary that the pilot should learn to know gt what 111*-‘_.““1‘-
tions his machine is trued up to fly level at any particular hejoh f“?f'}”m revolu-
commencement of any timing or hombing run, the only necessity i that, at the
throttle until the engine is doing the desired numbher of revolutic: Is to close the
know that, with his hands off the control stick, he is nejthop ol Il]" \-\hen he will
If the bomb-sight is levelled on the fore and aft huhe for tfhl-n,l img_ nor d‘\'l”.‘%’-
never need be re-adjusted except when the heioht ig widelv diﬂ«ih.mf‘]lne speed, 1t

(4) As soon as the machine is throttled down op the tail OII-ODL :
flving level, level the sight on the fore and aft hube. o plane adjusted for

(5) The next operation is to sct the sicht for o - )
done l»g- timing, it is:}lmst to time on some 1\1'(‘!i1nin:11'\-':}](,)11':.]:(1_!*]‘(’Td- When this is
itself. During the hombine run interference may he (‘ﬂ:o.l(‘-tn\”]( not on the tareet
fire, and in any case the pilot, if he is workinge the l)()mg‘)_qi“} t(( . _“'““_1 anti-aireraft
employved in steering when attacking.  Any timing cap (:0’]“1 : 2N quite sufficiently
mediately after finding the direction of the wind, }H‘Omi\(mf‘n”‘\_' be done im-
selected which can be casilv followed. If possible, two |“("ﬂi nl_),]m't <should he
made and the mean taken. Observations shoyld he

(6) Care must he exercised in eetting the machine ; S
with the target bearing to the acroplane in the t'nm]“‘ii(: ]'1(-)'\,1_“(?”]
This can be done either by judenient and suhsequent, t{.'(;]‘rf‘l](‘(‘ll()n
and left hand turns, or the machine can be steered oo :
the target hears just hefore the heam, a four— oing furn

or the at{ack,
o of the \\'.iml.
o, of fo made by richt

Seourse, and when

= . Maje

) Durine the run up to the tarcer, ti~e the l-‘lll('r 1.3):" _ _
possible.  Select an object well bexond and i Jine With the Steering gq little as
to keep the aeroplane | omted at it Hdurme the i, {he arget, 4ng endeavour

: i : i s . (Jl]'a_. - .
18 steerine 1s seen to bhe no lonceran hine with the taroof Jeet on which 1he pilot

i} Il](‘;i]]:.; (]](.

been drifted by the wind. and o fresh object will have 10 ho 1, thaehing b
Do not attempt any corre on ot the last Moment | '['}. \.IE\(‘H.

required can not he judeed. and matiers will probaly)y Ul]|\'](l Aouny of correction
If during the run it i necessary to put bank on, o o 'C Made wopee.

alter course, do not attempt 1o sce 1 the line s COrrect ¢ the Mudelep o —

again laterally. il the ”““‘lxim:i\- lovel
'l‘h(* :||m\'f' HIe SHEee=sTions ~||<m B0 R llLf'IIpru]-; \\'}Ii('h [l:i\'p l '

bomb dropping, but oflicers must reahize that only when (he """n_lm”],] b wsmir i

understood. and with mach core and considerahle Bractic “"]Hm-”“‘mH ) :

©ean g, re fully
Attanmed

aey Lo
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CHAPTER IV.

BOMB-DROPPING ISTRUCTION AND PRACTICE.

Instructions in Bomb-Dropping.—The first essential to impress on'pilots is
that to drop bombs accurately they should have knowledge of what happens to a
bomb on release. The trajectory of the bomb as described above should be properly

understood. ke »
There are three factors which influence the flight path of the bomb:

ravity.
Eg)) Ic?%(ljibwalyd horizontal velocity which it had in common with the machine.
(¢) Air resistance. _ .

A pilot should be made to understand that if a bomb be dropped from a machine
which subsequently keeps on its course, and the fall of the bomb be carefully watched
from the machine, it will be observed to remain almost vertl_cally under the machine
and start quite slowly on its downward path. : :

From this he will know that the bomb travels forward while dropping, at nearly
the same speed as machine, so that if he knows the time of fall he can deduce the
dropping angle.

pg‘hég folliwing two facts must be thoroughly understood: :
(a) In order to hit the target, the course of the aeroplane must be such tha
if continued it would pass vertically above target. ;
(b) Bomb must be dropped smartly at a certain instant, depending on speed
and height of machine. {
s the conditions necessary to hit the target have been grasped, fre-
t be carried out. . .
should be for course—st(f)elrmg ovei t_}:leﬂbc_)mb~dr0p£1n% mili;r?f ;
ot has become reasonably accurate in flying over the target, he
and as soon asttllll : If)(l)ll?g’actice, firing a Very’s light or other signal to indicagte the
e be ?8111 hg considers the bomb should be dropped. The first practice runs
;nh(())lunl%n%) e‘ﬁg de up-wind; the timing period is longer, and more accuracy is possible
: : ine of flight. '
AL geitg th.e tilzs Ehe pgractice should be of value, it is essential that—
In(oll)‘d%heloperator should be ab}le to see at once where his bomb has fallen in
oAl target; and:
lelgmgdtglgzgrs er%dea,wor to discover the reason for missing, by analys-
(2) He_S;Oghe causes of possible errors, as detailed in Chapter III.
is W 111113 remember that there must be a reason for the bomb falling, say,
400 fI;eéS 0‘:[2]. or short. The cause may be looked for under the following heads,

V1z:

As soon a
quent practice mus

The first runs

IR correctly for ground speed.
(1) g!glhi Eg}j ggigzﬁgg correctlg; for real height of machine.
(2) S8 lb dropped either before or after sight was Son.”
(3) ]301}11 not adjusted correctly in a horizontal position.
(4) =gl ilot to correct his personal errors, and to pay the required

This will teach the p ig essential to accuracy.

S 53] which 1 .
atteni\non - (%es dﬁlr: olbtained a fair degree of accuracy at low heights, the altitude
As soon he has

increased until heights of about 12,000 feet are reacl1§zd.
of the runs sh‘?gldh gfe ll?e(ilghts is most essential. There are two methods by which.
S (‘({)118101()311}’?1110 —py means of the bomb-dropping mirror or by the use of
practice can be £

dummy bombs. Briefly described, the instrument consists of a pl
. ; . or.—DBriefly described, the ins a plane
Bomb-dropping Mirko

_ : L set truly horizontal, having at one end a metal ba_ttep, with a
mirror which can ,]’ above the surface of the mirror. For the appreciation of the
sighting hole 10 1”; ‘_efs‘l'lme that a sheet of plain glass replaces the mirror, and that
principles involved, ‘lét pelow the glass in a corresponding position, so that the ob-
the sighting hole 13 Sthe eve-piece and the glass at the aeroplane. Since the aero-
sorver looks through y 1@" arallel to the plane of the glass, it will, in moving equal
ol ‘1;_1 i }t)n move over equal spaces on the glass by the principle of
I -:,:!-)lt?h‘v' use of the mirror we secure precisely the same result, with

iooking down upon the picture from an eye position above it,

plane is moving 10

distances in the atr,
ST |!1.‘i|l|£1'|f"“:‘ ;
the convenmence of
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ing that we place the eye in exactly the same position above the mirror
;ZH;?? sblfgtlﬁg place it lgelow the gBIrass. The length of the batten is simply a matter
of convenience, and 10 inches was chosen for the simplicity of 10 as a divisor in
making calculations, for if the reflected image of the aeroplane, as seen through the
eye-piece, passes over a distance of 1 inch on the mirror, we kr_low that it has actually
travelled a horizontal distance in the air equal to 1; of its height.

The face of the mirror is ruled with lines which constitute in effect, a C. F. S.
scale. A red center line is provided, which is poi_ntegl in the direct@on from which the
aeroplane is attacking. Looking through the sighting hole, the 1mage of the aero-
planeis observed as it passes over a number of transverse lines, whose distances from
a fixed line are proportional. to the times of szl]_ from the heights to whicn the_y
correspond. Having timed it from the approprate height-line, a small pellet 1s
set to the resulting number of seconds on a scale of seconds marked on the center
line, and on the eye side of the fixed “stop watch” line. The image of the aero-
plane is further observed,. and if at the moment Whe_n the pilot sends his release
signal (by Very light or wireless) the aeroplane image is at the pellet, a hit is regis-
tered. If not, its distance in inches, over or short, left or right of the pellet is read
as an error of so many tenths of the height of the aeroplane, anda signaller ig dispatched
to the indicated spot to wave a flag, and so show where the bomb would have fallen.

The sighting batten is pivoted and provided with :n indey Moving over a scale
of air-speeds, so that the sigl]‘ring‘ hole may be cdisplaced from (e vertical by an
amount proportional to the trial angle and the lag of the bomb thus allowed for,

Dummy Smoke Bombs. The other method of obtaining practice is by the
use of the little dummy smoke hombs which have heen desiened so s to have the
same trajectory as the st:m([:n-(l_})nm!)s (Group 1.). On striking the ground they
give forth a volume of smoke which enables them to he easily located. ’

Recording Results with Dummy Bombs. [0 (]0 case of
dummy or smoke hombs, a standad motl
distances of the points of impact from the

Stations for two observers ape chosen
some distance from each other, so that t)e
stations is roughly a right angle,

wel practice with
1d has heen devised of measuring up the
target with a minimum of tronuble,
at a sufe distance from the target, and
angle subtended at the tareet by the two
The obhserver at onel station has hefore him,
supported on a tripod, a Luree 1ake or its cquivalent, with the nails pointing vertically.,
The nails are numbered clearly and painted with diff erent colors in such o wav as to
be easily distinguishable, Ay exe-plece o peep-hole is provided about 10 feet from
the rake.

When a homl) is dropped, it vives up its column of snioke,
looking through his peep-holes notes the numbers of the two nuils hetween which he
sees the smoke, roughly dividing the space by his ove. The Tine from the peep-hole
to the bomb is thug determined, and the ]m.\"iliulls of the stations being known relg-
tive to the target, it ig possible to lay the Tesulis down on - dinwing-Lonrd snd find
graphically the position of the turget and the homls i cortect relation,  If {he
rakes are alwayvs placad at the wime distanee from the target the uetual dist:mees
at the target may be marked under cach nail, |

Bogey Targets. [I'or offec(ive
practice, some standard met]
has heen deviged which con
by skilful operators une

and each observer

comparison o the results ol 'tlf)]ll'r(ll‘nl)I.i;]u
od of judeine performances js HECesSsHY,
sist< in the Oxing of o standad
ler eood wenther conditions,

\ \‘flli'f‘ll(‘rl rectangle (abhont 12 feet v 8 foet) gs
and this forms the

A svstem
“seore” to bhe attaimed

Exi:lf'(‘l| on the oronnd HS T
conter of o sories of imaginary cireles, four in
mannei of 4 commaon 11fle toroct and liim‘ll\‘_ﬂll--|.f=l| Fiy the
elegs of v Civeles Lprve Beon o b AT

et
numher, o fte, he
SO Mg |||l‘l]|‘ITH

el 1 o )

‘;illrlf","' Mgpne and S onite frpuret v el SRS RL Fl'!“’”n rIHHHJH
”If’ fiit R ITE "1‘1\1-!"1 ~ il SR S 1 O 0 B O O |'f'_" A 1 hi
A hetght of 1000 fort thae e tons Foor Al [
|.l-|-1

i T A

Vot el

|“"| || .s'-ll

I B Tt tors of | [ Vs T by
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i i ! d “over” or “short,”’
al distances of hits are measurec _
?iggt;lf the target and the fdrpp%nng-}éezg‘;};oll:brgﬁfghe 3;1;22?;
er, and a set of circles is drawn ;
ety afterwg_rds g)tlg:; egc%\}%?l%agl)om’r. By this means the score 1is egs}ll{hreailtgcfzf b
P centrg, = t%)lzetmi:?fé figure is obtained whatever the height from whic ea
as a good com

3 - 2 “bogey-”
for comparison with i i
: ma'ifl]:é scheme of target diameters is as follows:

dropping ground th
Eoérflg 011. Rﬁigfft, 77 of the e

e e e e Diameters in Feet.
Height. W -_B i £y Magpie. Quter.
- Bull.
i - 112 196
250 i 100 Wi 280
500 9 155 225 Ao
1, 000 129 190 275 . 570
1, 500 140 220 3156 - 200
2, 000 o 270 390 i
3, 000 1 310 450 -
4,000 995 350 500 S80
5, 000 o 380 550 L
B0 265 415 590 ,
¥

The diameters of the circles are proportional to +/£].)
~(Note.—
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APPENDIX.

GENERALIZED THEORY OF SIGHTING.

The consideration of sighting questions, relating to either bombs or guns, is
greatly simplified by the use of vectors. The procedure is to construct a vector
diagram in such a way that the closing side of the diagram is the mean relative
speed of the target to the bomb or projectile during its flicht. If the bomb is
released or the gun fired at the instant when this closing side is parallel to the line
joining the target and the attacking machine, all corrections for deflection, own speed
and drop are, tpso facto, automatically allowed for.

A B

c
I'1G6. 9.

Thus, in Fig. 9, if AB is the vector representing the speed of the aeroplane
relative to the target, (" the mean speed of the homb relative to the aeroplane during
its downward flight, then .1 (" is the correct sighting line for releasing the homb; note
that the perpendicular to A3 is inclined to B¢ at the trail angle, and to A at the
“bomb-sighting” angle. If the aeroplane were diving instead of lying horizontally
exactly the same principles would apply, but the triangle would then take the form
shown in Fig. 10.

A

S

C
IFrg. 10.

AB is parallel to the fore and aft line of the machine and its length proportional
to the speed relative to the target; B¢ is parallel to the trail line and 1ts lenoth

proportional to the mean speed of the homb relative to the acroplane: (" i the
correct sighting line. It is ohvious that the same construction would also apply to

the case of a gun fired in the divection B¢, the leneth of that line would, of course,

then be proportional to the mean speed of the hullet or projectile relative fo the
aeroplane.
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TABLE OF SIGHTING ANGLES.

Avr-speed: 45 m. p. h.

Ground-speed: m. p. h.

2 40 50 60 70 80
Height b 4 ¢ , ‘ |
(Feet). | Ground-speed: Knots.
| 87 | 174 6.1 347 | 43.4 52.1 60.8 | 69.5
ol = i =l L aidb
} o o o o o o o o

500 | 8.8 1747 25.7 32.9 39.1 44.4 48.8 52.6
1,000 | 6.0 12.5 TRkT 24. 5 29. 8 34.6 38.9 42.7
2,000 = 4.0 8.7 13.3 1747 21.9 25.9 29. 6 33.0
3,000 | 3.1 7.0 10. 8 14.5 1891 21.6 24.9 28.0

4,000 | 2.5 5.9 9.2 12.5 15.7 18. 8 21. 8 24.7
5, 000 2.1 5.2 8.2 Talsd 14. 1 16.9 19.7 22.3
6,000 | 1.8 | 4.6 7.4 1oil | ¢zl 15. 5 13| 20. 5
7, 000 1.6 4.2 6.8 9.3 | 11.9 14. 3 16. 8 19.2
8, 000 1.4 3.8 6.3 8.6 11.1 13.4 5.7 18.0
9, 000 1.2 3.5 5.9 8.1 10. 4 12. 6 14. 8 17.0

10, 000 1.1 3.3 5.5 i 9.9 12.0 14.1 16. 2
11, 000 1.0 2.1 5.2 7:8 9.4 11. 4 13.5 15. 5
12, 000 0.9 2.9 4.9 7.0 9.0 10.9 12.9 14.9
13, 000 0.8 2.7 4.7 a7 8.6 10. 5 12. 4 14. 3
14,000 | 0.7 2. 6 4.5 6. 4 8.3 10. 1 11.9 1345
15,000 0.6 2.6 4.3 6. 2 8.0 9.8 11,75 13. 3

] . e

Air-speed: 60 m. p. h.

l o Ground-speed: m. .. h,

, ’ o | s | 4w | o | e | w | s 0 | 100
ITeight o —— e e
Feet). ‘ Ground-speed: Knots.

|| w6l | osar | a4 52. 1 60.8 69.5 78.1 86.8
| ——— Rz T
[ o o o o o o ] o o

H00 17.5 25.5 32.8 39.0 44, 2 48.7 52.5 55. 7 58.5
I,ooo 12,2 18. 5 24. 3 29.6 34.4 38.7 42. 6. 46. 0 49.0
2000 | 85 13,0 | 17.5 | 21.7 | 25.7 | 29.4 | 329 | 36.1 | 304
3, 000 6.7 10.5 | 14.2 17. 8 91.3 24.6 27.8 30.7 83.5
Looo | 56 | 9.0 | 12.2 | 154 | 185 | 215 | 244 | 27.2 | 20.8
5. 000 1.8 7.9 10.8 | 13.7 16. 6 19. 4 22.0 24.6 27.1

. _ [— |

6. 000 1.2 7.1 | o.8 | 125 | 15.2 | 478 | w034l el
7,000 A8 6.1 9.0 | 11.5 14. 0 16. 4 18.8 21.1 23.4
o0 35 | 59 | 83 | 107 | 18.1 | 154 | 17.6 | 19.8 | 22.0
O 000 3.2 5.5 7.8 10. 1 12. 3 14. 5 16.7 18.7 20. 8
10000 S 51 _— 0.6 | 1.6 | 187 | A548 | 1789 108
1. 0o 27 IS 6.9 9.0 11. 1 | 15. 1 15.1 17. 0 19.0
e T T e T 5 106 | 108 | 0AB | 6w | 0%
1 2 4 13 6.3 8.9 10.1 | 12.0 i 13.9 15.7 17. 5

o T 6.0 7.9 | 9.7 | 1.6 | 13.4 | 15.2 | 185

2B iy 5 W 2 8 0. 4 | 11.2 | 129 14. 7 16. 4

i |
N \neles are mezsured from the vertical.
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TABLE OF SIGHTING ANGLES. TABLE OF SIGHTING ANGLES.
Air-speed: 75 m. p. h. " Avr-speed : 105 m.p.h.
————— - —_— : -speed: m.p.h.
Ground-speed: m. p. h. G{ound mpeedi D i
e 0w | s | e | 1w | s | e | wo | 1 i 70 80 % 100 110 120 130 140
{(Feet). Ground-speed: Knots. - o (Feet) Groond-speed End:
ST ,- e = | - i ; ¢ S————— 300
L= il i‘l?"iﬁ 1 (%8 | %5 | Lo B | 955 _ 69.5 78.1 86.8 9.5 1042 | 1129 1216
o o o o ) |
\ ° 8 o
500 32.6 38.9 44. 1 48.6 | 52.4 55. 7 58.5 60.9 o ° > : 7 g i\
1, 000 24.1 ‘ 29. 4 34.3 38.6 | 42,4 45. 9 18,9 51.7 500 48.2 52.1 55.3 58. 2 60. 6 6%.8 64. 6 66. 2
| T ” e e o 1, 000 38.0 41.9 45. 4 48.5 51.3 53. 8 56. 0 58. 0
2, 000 17. 2 2.5  25.5 20.2 | 32.7 35.9 38.9 41.7 -
3, 000 14.0 ; 17. 6 21. 1 24.4 | 27.6 30. 5 33.3 36. 0 2,000 28.6 32.1 35.4 38.4 41.2 43. 8 46. 2 48. 4
J - _— vl T 3" 000 237 26. 9 29. 9 32.8 35.5 38.0 40.3 42.5
4, 000 1L9 [ 152 18.3 31) 3 24,2 27.0 29. 6 321 B RS NS o TaeE o P
5, 000 10.5  13.5 16. 3 19.1 21,8 24 4 26 o0 23.5 26.3 29.0 : ; 36. ;
’ | S Sl Mt A S B9 2.2 5000 ) 200 | 201 | Tl ezl 286 0ot s T S
6, 000 9.5 | 12,2 14.8 17. 4 19.9 9294 948 g sl e
7,000 8.7 11.2 13. 6 16.1 18.5 20. 8 3. 95 v 6. 000 16.7 19. 2 227 24.1 26. 3 28. 6 30. 7 32.7
_ — - o o = = 000 15.3 17.7 20.0 22. 3 24.5 26.7 28.7 30.6
5 000 79 0% 120 e gs &8 w7 omg e 7 | 209 | 230 | 2.1 | 27.0 | 289
9,0 : | 9.7 2. 4.2 5.3 18. 4 9 o 5 16. 5 18. : : . : -
i SR SO S S T 20.5 22,4 & ek 15 5 17.6 107 Vgt MM sy 25. 6 57.5
10, 000 6.9 0.1 {1.3 3.1 15.5 17.5 6 1 .4 ida
11, 000 6.5 S, 6 10. 7 12 7 4.7 16. 7 18. 6 20, 5 10, 000 12.5 14.3 ig.g ig.; %g'; g?.g gg.g ggg
_— - . - N - : ! 1.8 13. . . . ! : .
12, 000 6.2 5.2 10.2 12, 1 4. 1 16,0 . e g | T2 )
13, 000 ! 5.9 7.8 0. 7 1.6 13.5 15 4 179 10 (', 12, 000 11.3 13. 2 15.2 17.2 igg 38 g g%? 24.2
- " s o 5 - - < - 13, 000 10. 8 12.7 14. 6 16. ; ; . o5
14, 000 | 5.6 7.5 9.3 11,2 13,0 14, § 16. 6 B | _
15,000 | 5.4 7.2 0.1 10,8 12,5 14. 3 16 ‘; :;j 14. 000 10. 3 12. 1 13.9 15. '; i’gg igg 30. 9 22.5
pespcd s 90 - .
A o o 2. Adr-speed : 120 m.p.h.
! vitaiticd-speeds .- . ) ™ ] Ground-speed: m.p.h.
. gl | i sl S0 an | — T
Height . " Ho 120 110 s | 9 | 100 110 120 130 140 150 160
(Feot), Gronmndspeod . Knors Height I . ,,l,_ I
- : Knots.
13. 4 321 i = (I TN S68 S ey | oy | ety - L Ground-speed: Kno
69. 5 781 | 86.8 95. 5 104. 2 112. 9 121.6 130. 3 139.0
| |
500 385 13,8 In RS D05 58,48 sy - , S _
LoD 2001 w3e 8N d 122 156 g . t:'lj‘: A T . . o o ° 0 o & o
ik ¥ 5.0 a6 500 520 55.2 58. 1 60. 5 62.7 64. 6 66. 2 67. 6 68. 9
2, 000 2. 25. 1 284 421 513 38, 6 oy . 1. 000 7 15. 2 48. 4 51.2 53. 7 57.9 57.9 59.7 61.3
3,000 17..2 9, 7 e 27. & B0 2 33, () 5 = Heo 161 B OB [ecenteWil
Yy ) ) &
) . N o : N0 10,5 2000 31. 8 35. 1 38.2 41.0 f13. 6 33 'i) ‘i:g g 22 2 52.1
4, 000 4.8 17.0 218 Y 24 b 266 20 3 41 % = 3,000 6. 5 20, 6 32. 5 35.2 37.7 . . .3 46. 3
5, 000 Jdh 4 15 9 I 3 2.1 24 1) 266 0 ‘” ::l. 2 a6 R
) | 2K, ¢ 1.4 3z g 1000 230 259 | 28.6 | 3L2 | 33.6 | 35.9 32'1 sl e
6, 000 1 0 I Ji 19 6 22.0) o0 f 5,000 20, 6 23.3 25.8 | 28.2 30.6 32. 8 34. 9 36.9 38.8
7. 000 1)~ 13, 4 15 @ b5 ] 21, 4 29,7 };_ f, :j “ 1.0 . R [ = I o 250 Sl .
2y 1 20 1) . 000 18.7 21..:2 | 99 7 26.0 28.2 30. o2 i . 36. 2
S 000 1o 0 2 3 16 6 I "o o 7,000 7.3 19. 6 21.9 24. 1 26. 3 28.4 30.4 | 32.3 34.1
9. 000 Y B Ll I S I~ 0 ) 2 ho | N S P |
v 22 C "o N 6.0 1% 5 20.5 | 22.6 24. 7 26. 7 28-9 l 30. 5 32. 8
10000 T R # i) 5 1) I3 4 R | Lo 15 0 17.9 19.3 | 21.4 23. 4 25. 3 27.2 29.0 30L 7
11O w | Il | 4 % o5 =1 T T = ———
| YRR - w102 1 162 | 183 | 20.3 | 22.2 | 241 | 259 | 27.7 .| 20.4
L2 o | % 1 | o e 15, 4 17. 4 19. 3 21.2 23.0 24. 8 26. 5 28. 2
(IEEEETHTN] | . X e , |———— ——
i I~ 4 , i S 117 16, 6 1.5 | 20.3 22.1 | 23.8 25.5 a7 4
IR 111 5.0 17.7 19.5 21.2 | 20 24. 6 26. 2
5. 3 17. 1 18. 8 20. 5 22.1 23. 8 25. 3
0 L. 7 16. 5 18. 2 f 19. 8 21. 4 23.0 24. 6

b \noles are measured from the vertieal.
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GLOsSARY oF TERMS.

Air-lag.—The horizontal distance at any height between the vacuum flight-path
and the real flight-path of the bomb. »

Air-speed.—The velocity of the aircraft relative to the air in which it moves.

Auxiliary Target.—Any object which is used for the purpose of setting the
sight before the actual target enters the field of view.

Backsight.—A sighting rod or wire on a bomb-sight which has to appear in line
with the foresight and the target at the correct instant for dropping the homb.

Bomb-sight.—An instrument designed to indicate the correct instant at which
a bomb should be released to strike the target.

C. F. S. Sight.—A sight embodying the (. I. X, seale, in which o variable
distance on the ground is timed-over, according to a height-seale provided, and the
resulting time applied to another scale hy which the dropping-angle is directed set.

Drift-bar.—A wire or bar which can be set to indicate the direction of motion
of the machine over the ground.

Drift-sight.— A homb-sigcht in which the ground-speed is arrived at by notine
the reading of the air-speed indicator and adding or subtracting the wind found l);
the drift-bar.  The addition or subtraction is automatic. '

Dropping-angle. ‘The angle between the vertieal and the line joining the
aeroplane to the target at the correct moment for release.

Equal-distance Sight. A sight bhased on the principle that, under similay
conditions, an acroplane passes over equal distances in equal intervals of time.

Foresight. The sighting rod or wire on o bomb-sight furthest lrom the ohseryvers
eye.

Ground-lag.—The distance. measured on the ground. hetween the spot where o
bomb falls and the spot where it would have fallen had the air offered no resistance
to its motion.

Ground-speed.—The velocity of an aireraft in flight relative to the oround.

Lever Sight.-—A homb-sight in which the sights are mounted ona pivoted lever
which can be set to the dropping-nngle.

Line Error. The perpendicular distance from the line of attaek. of the poing
of impact of a bomb.

Low-height Sight.—A name given to the class of homb-sichts in which (he
altitude is too low to enable chronograph methods of sichting 10 he used. The
sighting-wires are set to height and ground-speed. the latter heing suessed or moegs-
ured by the drift method.

Range Error. The distance from the turget, measured parallel 1o the line of
attack, of the point of impact of o homb.

Smoke Bomb. A muniature homb used Tor practice purposes or for makine "
spotting correction. [t emit= smoke on =triking the eround. o

Spotting Correction. An wdjustment of o hombesicht based on an estimagion,
of the error of & bomb previonsiy dropped.

Tenuity Factor. \ correction cmploved e hombdroppine caleulitions 1o
allow for the decrcase of atmospherie density withe altitude,

Terminal Velocity. e limiting Apicidd of fall of 2 bisdy, o e, the =peed ot
which air resistance and wereht exaethv halanee. ‘

Time Lag. 1]u\dﬂhwvnrrln4uvunllw:nﬂunlihuv;dlﬂ”;ﬂ'u|unuh;uui1hv
time of fall from the same herehr o vaevnim

Trail. The bovizontal distanee which s bombe teds behing Vertieal g il
from a uniformlv movine orerat Oprpi

Trail Allgle. Ubiis sl simvaee: B o B Tl siied v sis e Wl Yrony, Voo iy
. . }
MOving srerndt appenres to teod bl the vertiesd
Trajectory. |he peathoo ot elline Tunnl
Tromboning Vot oo et te the et M- bypygis iy
sretvbareg v Ul a vl 1aeoa =i 5 POFEGa Tt

Wind [l o Vi ‘ ‘ by




