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LECTURES ON BOMB-SIGHTING. 

!.- General principles. 

IL- The construction of bomb-sights. 

111.- Bomb-dropping errors and their avoidance. 

IV.- Bomb-dropping instruction and practice. 
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APPENDIX. 

Generalized theory of sighting 

Tables of sighting angles. 

Sheet of curves. 
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USEFUL CONSTANTS. 

1 mile per hour= 1.47 f. s. 
= 0.87 knot 

= 1½ approx. 

1 knot= 1.69 f. s. 
= l.15 m. p. h. 

1 foot per sec.= O.G8 m. p. h. 
= 0.59 knot 

1 kilometer= 0.62 mile ¾ 
1 mile= 1.61 kilometers== H 

0 

1 nwter= :3 .28 feet == 3-Ai-
1 foot = 0. 305 meter -Ai-
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CHAPTER I. 

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, t he height and speed of t he 
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 t he air, known as its trajectory, and t he way in which conditions 
modify it, must therefore be the first consideration. 

Whilst in an aircraft, t he 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 its 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 firnt but with 
increasing velocity, it moves downwards in obedience to the force of gra~ity. This 
force is practically constant, and has the effect of i~creasing'the vertical speed of t he 
bomb by 3~.2 feet per second for every ~econd 1t acts. There are three simple 
formulre 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 = ¼ ✓ H. 
Vertical velocity in feet per second after falling through height H feet= 8 ✓H. 
Height in feet fallen by bomb in given t ime T seconds = 16 T 2

: 

Note that these formulre are only approximate, and take no account of air 
resistance. 

They enable us to drav,1 out the trajectory shown in Fig. 1, remembering that 
the bomb in flight retains the speed of the aeroplane, here taken as 100 feet per 
second. 

l'.I . Ois'fo.nce bomb 
neropio.~ hQ5 ,fc:\l len . 

__.-.,g~~ lsr. sec." l6'ff. 

'211cl .sec ~ 64-:fr. 

Fm. l. 

It is thus seen that, knowing the height by altimeter, the time <;>f fallJcan: be 
worked out, and therefore t he horizontal travel of the bomb. The horizontal travel 
and the height obviously determine an angle such that if t~e bo~b be released when 
the target bears at this angle to the vertical, the bomb w1ll_s~r1k~ the target. The 
angle is termed the " dropping angle," and the formal defirut10n 1s: 

Dropping Angle.- Dropping angle is the angle between the vertical and the line 
joining the aeroplane to the t arget at t he correct moment for release. 

Other definitions which may conveniently be given here are: 
Air-Speed.-Air speed is the velocity of the aircraft relative ~o the air in which it 

moves, whether that air itself is in motion or not. Its symbol is V. 
Ground-Speed.-Ground-speed is t he velocity of the aircraft relative to t he 

o-round. Its symbol is G. 
0 

Wind.- Wind is t he velocity of the air relative to t he ground. Its symbol is W. 
It is important to realize t hat since air-speed is relatiye to the air, and wind is 

measured relative to the ground, both these factors enter mto the determination of 
o-round speed. 
i,- ' 
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Thus if a machine is moving at 60 m. p. h. through air which is moving over the 
ground in

1

the same dire~tio_n at 20 ~r1. p. h., its air-spe~d is 601?1· P: h., and its ground 
speed is 80 m. p. h., while 1f the wmd reverses, the air-speed 1s still 60 m. p. h., but 
the ground speed is now only 40 m. p. h. 

The trajectory of a bomb is therefore determined chiefly by three factors: 
(a) Gravity. 
(b) The speed of the aircraft from which it is released. 
( c) The resistance of the air. 

Factor. (a) concern~ chiefly th~ velocity and ti~e of ~he bo_mb's fall; factor (b) 
concerns cluefly the horizontal mot10n of the bomb, mcludmg as 1t does, wind effects • 
fac'tor (c) depends for its effect upon the form of the bomb, and modifies the effect~ 
of both (a) and (b). 

Air-resistance Effects.-The effect of air-r~sistance is to retard the motion of 
the bomb through the air in a degree dependmg upon its shape and the relation 
between its shape and its weight. 

The resisting force may be separated into two parts: 
1.- Horizontal component of resistance. 
2.- Vertical component of resistance. 

Suppose A (Fig. 2) is an aeropbne which had dropped a bomb R when at the 
point C. In a vacuum the bomb would have moved hon zo~tally forward, at exactl 
th~ same speed as ~he a~roplane, and have reached th~ pomt V. But a real bomb 
bemg retarded _bylad1~·-res1stanVcBe, "·

1
o,l

1
1lcl

1
ha:·e fatllclnd.btehmdBby _a horizcntal dist ance 

BR, a1:d a vertica 1star~cc . 1c 1on zon a 1s ance R 1s dependent u on the 
bomb itself, upon t he mr-spccd of t he acrnphnc, and upon the time it hp b 
falling, i . e., upoi:i t he height . T_he ,·ert i_ral di~tancc VB is dependent u on th~s een 
itself and t he height fa llen, hu t 1s pr:1r-t1f'a ll:v rndcpcndrnt of the air-sp~ed. bomb 
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Ground-lag.-Ground-lag is defin~d as the distance measured on the ground between the spot where a bomb falls and the spot where it would have fallen had the air offered no resistance to its motion. I ts symbol is L . 
Difference between Trail and Ground-lag.- In order to appreciate t he difference between trail and ground-lag, it needs to be realized that there are two ways of observing the fall of a bomb,-by watching _it from the aeroplane, when it will appear behind the vertical by the amount of the trail at the mmnent of striking; and by watching it from the ground and afterwards measuring the distances between the holes in the o-round made by the bombs dropped. The hole made by the vacuum bomb exists ~f course only in imagination, but its position is easily calculated. 
In F io-. 2 UR is the ground-lag and BR is the trail, and it is seen t hat since strikino- th~ e;rth at U, the vacuum bomb has continued its motion for a period equal, to the t ime-lag, and moving forward with the saI?e ground-speed as the aeroplane has traveled a distance B U= ground-speed X t ime-lag. 
vVe have t herefore: 

Ground-lag = trail - (time-lag X ground-speed), 
i . e., Trail is always greater t han ground-lag. 

Ground-lag is therefor~ gov~rne~ by four factors : 
(1) Trail (which varies wit h air speed). 
(2) Time-lag (which varies with height). 
( 3) Air-speed. 
( 4) "\Vind. 

Effect of Wind on Groun~-lag.-_ Consi~er t~1e c_ase repres.ented in F ig. 3 of an aircraft flying (1) with a followmg wmd, (2) m still air, (3) agamst a head wind. 

/ 

/ 
/ 

/ 13 

"' <-< 

Fm. 3. 

h 1 bombs strike t he ground at B, D and F, and let V1 V2 and Tl be L t t e rea . b b t h . ' a e. . f the corresponding vacuum om s a t e same mstant. Since for the the pos1~ions O nd bomb, trail depends only on air-speed, we have AB = CD = EF, same height a en abo·ve t hat in each case AG, Ckl and EK= f;round-speed x t imeand we ha~e se fi st case ground-speed = (air-speed + wmd) and in t he third lag . . ~ut m ~~;d). ~t'is t herefore plain that. AG is greater than EK, _and hence, - ( ~n-speed I(F the distances AB and EF bemg eq~al. Ground-lag is t herefore GB is less tha~ o- ,; ith the wind and greatest when flymg head to wind. It is, of least when flymi:,tb trail when the ground-speed becomes zero. course equal to e · · d d t f th · · ' d on air-speed, but IS m epen en o e wmd. It is convenient Trail depen s urty corresponding to ground-lag which shall be independent to have. some qua~;ch a quantity is t he horiz?ntal di~t ance in the air between the of the wmd als0
1
· d t he vacuum bombs. It IS t he dist ance HD in Fig. 3

1 and is paths of the rea an 
thus defined: . 

1 
·s the horizontal dist ance at any height bet ween the vacuum 

Air-lag.- :~rtl~~l flight-path of the bOJ?b· !n the absence of W'ind, ground-la.g flio·ht",-paLh nn 
1 

me The symbol for air-lag 1s l. t,d . . Jao- are t 1e sa . nn au - ::-, . al and Formulre.- I t will be useful to have a statement of some N~encal V. u~~ from which values of the above-defined quantities may be of t hr f'nmpler foimu_. ven condit ions. In t hese formulrc one bomb is distinguished worked out for an{ g{ •s known as its terminal 1;eloci:ty. .In a vacuum t he speed of a from another by 
1
'10~ 1n increasing uniformly as long as it was allowed to fall; but in falling- body wou c ::-,O o 

I 
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air a resist ance is offered to the fall of the bomb which increases approximately as 
the square of the speed. . A speed is ultimately reached a~ which the force of gravity 
is equalled by the air-resi~tance. and ?O further accel~ratl?n takes place, so that.the 
bomb continues to fall with this umform speed, which is known as the termmal 
velocity. The greater the r~sistance of a bomb, t_he lower ~he speed at which the 
force of o-ravity is balanced, i . e., the lower the termmal velocity. It has been found 
that t he°bombs now in use may be divi<;led into two groups, the terminal velocities 
of t he bombs in each •group being nearly equal, thus: 

Terminal Velocities of Bombs: 
Group I., terminal velocity, 900 f eet per second: 

16 lb., 50 lb., 65 lb., 100 lb., 112 lb., 520 lb. 
Group II., terminal velocity, 1,500 feet per second: 

180 lb., 250 lb., 550 lb. 
(N OTE.- The very greatly increased resist ance wh~ch i~ offered to ~otion in the 

air at velocities at or over 1,100 feet per second which 1s the velocity of sound, 
would prevent a Group II boI?b from actu~lly achieving a velocity ?f 1,500 fe~t-~er 
second however great the height of fall might be; t he charactenst1cs of the mitial 
stages ~fits trajectory would, howeyer, be tho_se of a boi:nb which would, if the " square 
law" held o-ood at a ll speeds, acqu1re a termmal velocity of 1,500 feet per second, so 
that the 1,500 may be looked u pon as a sort of resistance coefficient, the use of which 
makes possible calculations of t he lag.) 

Tenuity Factor.- It mus~ be _remembered t hat sinc_e the density of the air 
decreases with altitude, the ::ur resistance to t he bomb will decrease, too. This is 
most not icea ble "·hen a bomb is rcl~ased from a con~iderahle height. T~e first stages 
of its fall t ake plare in rom parat1Yely rarefied a u·, and as t he effective terminal 
velocity is inversely proporiiona! to t he squ~u·e root of_ t l~e densit y of t he a ir, it s value 
is apprecia hl)· g:rc:1.l"cr a t a c·on~1dC'ra hlc hc11.!"h: tha n_ it_ 1s at sea-lcve!, a ~d decreases 
gradmdh· a~ 1hc horn! , t r:1 n+- in t o d(' 11 s,,r air 11n t il it finally attains its i,ea-level 
\·ah10. • 

The mca~urrnH'lll:- upon wlli c· l1 t il<' \· :tl11c- of t ile trrmina l vclo<· it y is based were 
made nea r sC'a-lr,·f'I . and t ll(' t<·r111i11: t! \ <'lrn ·it )· fi,~1 1re i~, t hrrdore, subject t o a correc
t ion for higher al 1i t11< l<':-:. Tl w :1ir-!:1 .g. &<" .. a , r-a lr·lll:1l<'d, haYc t o hr corrected by the 
a ppl i<·a tinn of :1 ··t11,11il1!)i,,.f,,,- ... \\ ]1""<: :1 n1t,11 ~tt ni:1)· IJC' 1akcn as about J.8 per cent. 
pl'r l .00() r('('t nr lt ci,!"11t. Tl tiL' . l !J!' ;:II" l:t~_ lor ;) d_rop from 10.000 feet \\·ould be 
a lJOttt H, p< ·r c·<•11t I<'.'.' 1!1:111 11 \\<H1 td I,<· ii tlH· :iir \\"('rC' f'\"(' r)-\\·hcrc a t sea-level 
df' 11 :-i1 '" . 

Thr rnnst w--<'flll pr1 11 1C'rt i1•,-, tc1 !,,. ;\:-1·c•rt: 1i 1_ H_'d al 10t1t any liomh trajr,r• torr are t he 
ai r-la,!!: and t I I(' t i 111(•-l :1 g. ;-;i I we · I I,,. <11lw.rq11:1 11 t· 1 l 1('" (':t1_1 lie ohtai ncd from t hrsc by very 
:-imp!<' r<'!:1ti<J11 ~. T IH'Y :1r1•. i11d1·,·d . l1111 d:111 1c•11t al. ~111<·c t l1c)· rC'prr:-c•1it the absolute 
lof-:-: of ltoriz o1 11:il :111d \·,, r t ic ·:il 1111111 1111 cl 11< · 1() :11r rr•~1s l:inc·c' . 

Average Values: 

t.l1 P :1ir :--p<'c·d l,<·i11 g '"' ' 11 1 ii 11 
wli ir·h r,•111:1i11 ~ 11<·:trl\" 1·1111,t:1 111 
p ro1 ,ort io11;1 t ('!)· . · 

II II 
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I I I
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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=Tra~l- (time-lagXground-speed), 
i.e., L=Trail- G.t 
we have Trail=L+G.t.=Z+ V.t 

and we have all the properties of the trajectory linked up with the fundamental 
quantities l and t. 

The trail angles range from 1 ° to 1.8° for Group r bombs a t a ir-speed 100 f.s., 
and from 0.5° to 0.7° for Group II. bombs1 bet~e.en heights of 1,0~0 and 15,000 fee~; 
being proportional t0 air-speed, with the a ddit10n of about twice as much agam 
when bombs are dropped vertically tail-down. 

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

Group I. Gi·oup II. 
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 determin~d. 

Upavon Experiments.-Among the earliest experiments w_ere those made at the 
Central Flying School, by the aid of a ca"!Ilera-obscura and wireless telegraphy. _A 
camera-obscura is a light-excluded hut, with a convex lens of long focus mounted m 
the roof, and directed vertically upwards. An aeroplane was caused to pass over t~e 
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 ?overed by a tray, which ~ould be 
moved over the plate in such a way as to keep the rmage of the aeroplane contmuously 
over a small hole in the centre which was covered by a shutter opening electrically 
at regular time intervals. A s~ries of photographs ~f the aeroplane in its path across 
the sky was thus taken, and from them were obtamed: 

(1) The course of the aeroplane. 

. . Span of wings Height of aeroplane 
(2) The height, smce Span in photograph F ocal length of lens· 

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

(4) The horizontal distance of the aeropla~e from the camera at .any moment 
(proportional to the distance of the rmage from the center of the plate). 

The pilot dropped a bomb when he judged hi11:-self to ?e nearly over t he camera, 
and the release-handle was arranged so t hat. 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 
t o determine the instant of release wit h r egard to the photogra phs. 

The vacuum point of impact was calculated from t h e gr?und speed, direction, 
and height of the aeroplane. T he actual bomb was fou?d and its horizontal distance 
from the vacuum point of impact was known. T he dist ance b etween the points of 
impact of t he real and t he vacuum bomb was of course t he ground-lag. By correct
ing for wind, t he air-lag was determined. 

T he t ime of fall was m easured by using live_ bom bs, which exploding on impact , 
caused the needle of the sy phon recorder to oscillate. A correction was applied for 
the t ime taken by the sound to reach the instrument, and the d ifferen ce between the 
measured time and that calculated for vacuum condit ions gave t h e t ime-lag. 

Alternative Mode of Experiment.-The foregoing is an absolute m ethod of 
measurem ent, a nd its objection is that it m easures_ a small distance as the difference 
between two I_arge ones. If we t ake ~ bomb ~ h.ich fal_ls consistent ly wit h a h~gh 
t erminal velocity and therefore sh ows ~ittle lag, it is possible to calculate its lag wit h 
fair precision ; so that if a_ gr ou p of other b om_bs is_ releas~d sim ultaneously wit h t his 
8tandard bomb and t he distan ces apart of t heir pomts of impact wit h the ground are 
acclll'ately measured, the relative ground-lag can be found, which when added to the 
ealculated lag of t he standard bomb, gives the absolute lag for each bomb. 

,tJ!):rn- iS-2 
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Simul~neous ~roup Expe~ment~ at Grain.-This method has been employed 
at the Gram Experimental St at10n with good effect. Moreover, by photo!ITaphincr 
the group of bombs just as the first is about to strike the ground and afterward~ 
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 m_easll!-·ed. The velocity with which t~e 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 !S evident th~t if the trajectories are _pho~ographed broadside on, or t he 
mclinat10n of_ the axis of the camera to the dll'ect10n of flight of the aeroplane is 
known, the ~11'-lags can be measured from the photograph and treated in the same 
way as the tune-lags. 

Mine Shaft Experiments.-Absolute determinations of time-lao· of 
accuracy, were made by w:opping dummy bombs down the shaft of :' coal ~~~t 
about 2,700 feet deep, durmg the summer of 1916. The instants of 1 J 
impact were recorded electrically by an accurate chronograph on a mo ~e ease. an 
paper, and from the positions of the records with relation to other mv;?ig stnpt~f 
paper, made automatically by the clu·onograph at every half-second th<s ont el 
time of fall was arrived at. · , e ac ua 

The difference between it and the calculated time for vacuu d' . 
the time-lag. m con itions gave 

CHAPTER II. 

T1-m ( ·o:--;sTH U<'Trn:-; OF Bo:'lrn-SrnHTS. 

The purpose of a h011 1i>-sigh1 is to indi <'ntc to t he opcrat . 
1 

. 
to relense his bomb. This slioi ild of C'omsc lie \\"hen his horiz 01 

{ 1e i_nstant at which 
target is equal to the dist:uH·c \,·hi f'h t lw bomb will after rei°n al distance from the 
its pnssagc to 1 lie ca r1 h. \\·c, 11: l\·c scc 11 t hat th i~ is inf! ease, travel fonvarcl in 
foctorn, and in general. 11w im-tn11 11(•11t _l 1as to be nr-rano-ed ~lC~cf_d by a number of 
The mnnner in whi('h 1 his is rl om' l'onst I l utrs t he di ff er;nre b t ,c account of these. 
and nnother. e ween one bomb-sight 

The height of t he :1ir('rnft c·:1r1 l)(' n' :1d clirec-tly froin th I . 
spe_ed from t he ::ir-spcrd indiC"atnr. 0 11_ the• instn1111cnt IJoar/ a~ime~er, ~n_d the a ir
which cnr_i Yar)· 1s t h? \\'Ind. and tliNdorc 1h? h'l'Ou nd-speed. 1

1 0e.~ernai~111g factor 
the ye]oC"1t)· of the ,Y1nd ,·an 1,C' g11C'sscd s1dl1 1·1c•nt l~- well t h ,tit is cons1ciel'ed thnt 
for fi x ing ~he drnppi11g-:1111.dc', :111d 1 l11s \\'as the ad11al J~i·orcc~~r/h~ data a1:c to hand 
of bon1b-s1ght . \\1t h t he first forms 

Elementary Bomb-Sight. .\ 11 c>li-11H•11t:1ry linrnh-sio·] 1 . _ 
wo?dr 1_1 l!oa rd a nd t~,o 11:1iis. TIii' fi g1 1r<'s sliow tlie :ii;,r:;

1 
'~ Ight he made wit h a 

will C" li 11 1:-; oh1a111cd lrn11 1 tlw 11:1.11•1·tr 1n·. gement and t he ,vay in 

11 
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To· take a specific case, let-
- H = 3,600 ft.; TT = 100 m. p. h .; '\Vind = 20 m. p . h. against. 

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

G = 100 - 20 = 80 m. p. h. = 118 ft. /sec. 

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

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

· d . H d t· I . . 1 h . ht 1 th t 100 m. p. h. all'-spee is 
40

, an ·1me- ag m secs. = 
7000 

eig ; a~so a 

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

. 3600 ( 3600) 
i.e., L = 40+ 20 x 7000 

= 90 + 10 = 100 ft. 

Hence BC= 1, 770-100 = 1,670 ft. 

We now know A.C and BC, and these fix the dropping-angle BAG. Having 

~ed a nail at A , measure A. C, vertically downwards 1 foot, . i . e., 
36

~
0 

height, and 

from Ci horizontally forward !:~g feet = 4.9 inches approxim~tely, to the nail B1 • 

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 t he target . 

It ,1v·ill 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 
calculated dropping-angles for varying heights and speeds, and means provided for 
setting the wire B,. 
-::, Lever Sight.-Such a met hod did take shape in the Lever Sight, in which sights 
A and B were mounted on a lever, pivoted at a point between t hem, and provided 
wit h 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 t he use of printed tables while in 
the air was removed by the Low-height Sight, Mark I., which had two movable 
sights, a foresight moving vertically, :::et by a scale of heights, and. a back~ight 
movino- horizontally and set to a scale of ground-speeds. There still remained, 
howev:r, the necessity of guessing t he wind and so inferring t he ground-speed . 
To show how to avoid t he necessity of guessing, we return t o t he consideration of 
the board with its nails. 

Timing for Ground-~peed.- If the time be t aken by a stopwatch, for any object 
on the ground to change it s bearing from AB, to AC1 , t he aeroplane has moved over 
a distance BC on the ground which bears t he same relation t o the known height AC 

asB,C, bearstoAC1(i. e.,BC= AC x !z,1
). If t his d istance B C be divided by 

the time t aken, the result ing velocity is 
1

t he ground-speed . ~or convenience, the 
wire Bi may be arranged to slide a long B, C1 , and as t he height of the ~eroplane 
is increased it may be moved nearer to C1 , so that B C on t he grou1;1d ~s k~pt a 
constant distance (say 1,000 feet), and the calculation ~f ground-speed i_s sunp~ified. 
For t his purpose a height-scale is placed along B 1 C,, wit h marks to which B, i~ set 
for t iming at each height. . 

,~Tit h t his arrangement t here is yet m uch room for improvement, for ~round
Jeed bas to be worked out and tables consulted t o find the angle to which AB, 

SJ • b b . must be mt for om -dropping. . . 
c. F. S. Scale.- The desired improvement was effected by_the mtroduct_ion of the 

<,. F. 8. t iming scale . The horizonta l heii?:ht scale was retained,_ but a time s?ale 
was added graduated in seconds, and the wll'e Bi was r_eset_t o ~he_ mark on th~ time 
.-wa le corresponding t~ t he number of seconds occupied m timmg, and this was 
then t he correct dropping-angle. r . 

This was achieved in the following manner:- rhe o~Ject on t he ground was 
• I l c· l· ·to the ver t ical over a dist ance in feet = 100 x ( time of fall of bomb from t1rnrc ltt " 



r , 

th . ul h . h ) . ✓T-1 f · e part1c ar e1g t , i . e., 100 x 4 eet, and 1f d was t he dist ance A C
1

, the 

dista~ce_ B1 C1 on t ~e he~ght scale = Ji x ( 100 x ✓J1), w~ich reduces t o 2.J;}· Thus 

B1 C1 1s mversely proportional to H , and the largest height -graduations come . 
t h e zero of t he scale. neai 

If N be t he n umber of seconds occupied in timino-. t,, 

G= .t( 100 x lfi) 
B ut horizontal t ravel of bom b = G x (time of fall) 

= _! . (100 X ✓FI) . ✓TI = 100.H 
N 4 4 16 . .N 

and distance on scale of seconds mark = _Id[. lOO.H 
- 16. N 

1 100.d 
N 16 

Hence t he graduations of the t ime scale are independent f . . 
is t h e e_ssential condition t h~t the t ime ~('nJe should apply to all i \~e height, ~vhich 
correct10n for lag w~s app lied t~ t he t~mc scale, a nd a t hird , . e\"' 1~8 · ~ sm table 
a ngles ,vas a lso provided for use 1f required. sra e showmg; actual 

." Trombonin~·''.-A furt l1cT f<':t t11rc'_ in t ]iis type of bomb- ·.,. , . 
considered._ I n t 11;1_my: _ln-u· k to 1:h0 \·0rt1(·:tl . 1t is of c·om se not sinh\ iema m~ to be 
the target ItEelf. 1 lw, 1s not of 1111i;or1n1H·C' \\·hon att,1,..1 .. 111

. . possible to t ime on 
t . . I I , , " o a taro•ej h 
,mmµ; can illll('l >ett t'r lie dc~ll(: Oil H l l ll ( ' fll'C\"iow; Ol>j C'(' t tl;at he ,-.. l, as ore, as t he 

same c·o111_-se: I n a H'apl:u1r 1t. 1,-; 11 0 1 a lw:1~·s po,-sililc lo set th/l_!~Cns to l?e ?n t he 
some preli m ina r~· ol,,1e<·t. :t.-; one 111:1~· not :-: how itself. ' si"'ht by timing: on 

The ''t_ro~1lionc' ' a1 tac·h111ent \r hir·lt is fitt0d to the (' ., , 
a llows t he t11111ng to he d on<' 011 tlw t:1rgl'L it :-:c•IL The f ': t · .~- t rom bone-sii.!'ht 
at whi~·h the :wropbnc• i:-: '.!y in !.!·. T he' :-: li di_np: h:t<·l:si~~\"

1
1-! ~ is _set to t he _height 

ap~1rox1matcly :"c_t, tn t l1 C' l_1l' l!.! l1t 11_\· 111 c':11_1,-; ol_ a ,;('nlc. Th}01 .~_1on:i~)One) 1_s a lso 
t h, ouµ h t he_ slicl1ng li:l('b1gh1 :111d _11 10\·111.!.!: forC',- igh t. a nd ta, ,._et is t hen sighted 
The Kate·!: Is s t? l)ped \\·l_1c·11 _t:1rg_<•t 1,-;_ s11.d1 ted throug h the a _ s_t opwateh star t ed . 
fixed fo res1µh t. . J lie 1110\·111 !.!· fore,-;1/,! li t 1~ t l1<·11 :-:e t to the numlisl'.d,_ng !Ja C'ksiµ-h t and 
and t he !Joml, IS J'('lea:,(•d \\"')('ti t it(' 1:1 1')..'('( i:-: :-: i!.!1 1t c•d t] . rr ot ~ec·onds recorded 
and movin_.!!.: forc•siµht. Tlw 1110\·i11!.!: l,:wk,-;ig l1t 1;c'rd oillt fJ~g, 1 Ll'.c 0xecl hacks ight 
whatcn? its 1;0.-:1(1on ;t/01 1!.!. tlH· :-: l1d 1· t l1r• horizon tal disi ' cl~>! >IOX 1Jn a te l)· se t, fo r 
u:rnund '" t lw :-::1 r11c•. · an , c sul>tendcd on 1 he 

J-'i .,Pd di:--t:11H ·(• (111 ,-;i !.! li l for l i111·1 . 
11 /.!. over. 
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F or since we know t hat t he perpendicular heights and t he bases of the triangles 
A B C and DBC are equal, we also know t hat t he bases of t he t riangles AEF, DGH are 
equal, since CB is parallel to HE, t his case being one of similar t riangles. 

Care should be taken, however , not to m ove the back.sight t oo far forward, as 
otherwise there is danger of cut ting into t he dropping-angle. The scale provided 
sh ould m ake t his impossible. 

Fi·om .t he C. F . S. sight , the word " tromboning" · has been extended t o any 
m ethod of timing on t he actual t arget, as distinct from som e other object or" auxil
iary t arget , " and forms a concise expression . 

Equal Distance Sight.- This is t he nam e of . a ver_y ~mp ~rtant sigh t. which 
appears in m ore t han on_e form , but whose underlymg pr~nc1ple 1s t hat an a1rcra~t, 
if its o-round-speed rem am s constant, passes over equ al distances on the ground m 
t he sa~ e time. Its use requires a special stopwatch (Reversing Stopwatch, Mark I.) 
whose h and can be reversed in m otion at any inst ant, a nd whose dial is m arked with 
a scale of heights, each height mark being placed at the number of seconds corre
spondino- to the t ime of fall. 

In t he E qual Distance sight t here are three sight ing_ ~res, A , H and G. The 
construction is such t hat HK 1s always parallel to the trail line, A B , a nd HG= GK. 
HG is arrano-ed to be capable of being m oved parallel to itself, t he p oint H m oving 
along a h ori~ontal path. This construction has t he m erit that no matter where HG 
m ay be put, tl~e distances B C and CD will a lways be equal. This is easily seen t o be 
t he case for smce HG = GK, t herefore AK= HL . But AK = NIH; t herefore, 
M H = !IL, a nd therefore, B C = CD. 

A K 

M 

D 

Fm. 6. 

T he E qual Distance bom b-sight is in its t heory t he simplest o~ all b om b-sight~. 
'Th • Fi·g 7 A is t he aeroplane, assumed to be at rest, whilst the target IS 

us in · ' d' t· f t h D AE · m ovi~ t owards it in t he irec 10n o. e arrow. . raw perpendicular t o t he 

dg d AB inclined to the vertical a t the t rail-angle; t hen a b omb dropped 
groun an .f h . . t ·1 h d E b 
f tl ' ei·oplane would, 1 t ere were n o air resis an ce, stri rn t e groun at , ut 
r om 1e a ~ b h' d d t 'k B Th b. . . • t · resi·stan ce it falls e m an s ri es a t . e o Ject of the sight IS to owm o· o air h h · B · . ~ that t he t arget shall reac t e p omt precisely a t the same m om ent as the 

brovh ~t If reaches B . Let t he ground-.speed be such t hat the t arget moves from a 
0 !!1 1 se B whilst the bomb falls from A to B. T hen, if t h e bomb be released 

p ohmt Fh
1 

tot '. t i's at F t he bomb will strike t he target ; t he angle EAF is t he bom b w en t e arge , 

dropping angle. • t C such that B C is great er than BF; and take a furt her point D, 
Ta ke ~rz potB. If now a stopwat ch be star ted when th~ ta1~get ~ppears along 

such _t hat D I ' f t he m otion of the wat ch-hand be reversed m d1rect10n when the 
t he !me A. , ~nc 

1 C t he wat ch-hand will have got back t o t he zero from which it 
targrt a,p_f eai~;,t t a{•o-et arrives at B. It is also clear t hat at t he_ moment when the 
started " 1en -h~ou o·h t he point F, t he watch-hand would have still t? r un a n umber 
target passed t_ 1 t t he t ime taken by t he bomb to fall from A to B; m other words, 
of src·11nds e~ua ; t ha t m om ent -would point t o t he number ~f secon~s equ al to the 
t !H' \ra_tc:_1~i11rtn11 ~herefore, t he watch-dial be gtad_uated _accordi!lg to ~m1;es of fall, the 
t·inH' 01 Li · ·I. ' i t he target is at t he bomb-dr1ppmg p omt Fwill be mdicated by the 
rn, •nH' llt n t ." :

1tcl 
1 

t ime-of-foll point on the watch. (A movable pointer is provided 
h.i 111 I n',whmµ_ , e 

-
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to indicate tl~is P.oint) .. Thus t here is no need for any calculation, nor is any m ove
ment of t he sightmg wires necessary. The only precaut ion t o be taken is t o see t hat 
the P.oint C lies on. t he far side ~f t he point F, and this ~s easily :3-c~ieved by s~tting 
t he time-of-fall pomter to t he height given by t he aneroid and timmg any pomt on 
the. earth's ~m~face from D to C (o~ C to B-for t hese distances are t he same) and 
seemg that it 1s greater than t he time of fall ; t he sight ing mechanism enables the 
posit ion of the point C to be adjusted at will. · 

A 

I 

I 

/! 
B E 

\ 
\ 
\ 

\ 
\ 
\ 
F C 
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D 

. A_scale of .~p~roximnte, l~r iglit sc t.1 ing::-: is pr1J_,·idc'd on the instrument to serve as a 
gmd~ m secuung t lmt JU is grr:ltC'r 1h:rn /1/-. .'\n cquallv di vided seal · 1 
provided ~houlcl it he desired 1,ri :--(•1 :ill th<" l1:1 nil1-sigh(s of :i squndrnn.t c; ·t1 is aso 
predetermmecl angle. ' )e sn.me 

1~es~s have been J~la.d~ ~~·itl1 a spc•(·ial f, .. rrn ,_1f t!1<· s(.11p11afrli in \\"hieh t it(' movino
hand IS </\.US:d, ~, lwn it p.u,s<•s o,·,, r- 1lic~ ltr1gli t 1111 !1c·:1t11r aftrl' 1'(!\·crsing t n (•o tn 1] n 

'.3-n elect11c cu:cwt thrc >t11 . .d1 a l,:1tt<·r~· nnd : L glll\, -l: imp. Tlir 1:im li ~-{1ts ll i r/ .ete 
instant and s1gn:1 ls t.11 ilH' 11pn :it,1r. 11-]10 c·:t n ~- i\·c· :ill lii s :. t tr nt·i , r; :---, . .' t 1!. )_1 _ahn 
tn,•o-et 1 ( ) ]'(' ]C' <• t j I I ,,., · ' in l,O \\ ,l (' ll l1 n t e 

0 r , u ,L..,C. W ir:m 1- IC' st111'1 111g :i nd 1·1•\·c•r:--; ing nf tliP ,, .. t· -1 , . . ~ 
h:,,· t lw operator 1n th<' 11;;1 1:11 ni:111 11<' 1" . · ·1 < 1 ,t JC Jl<'lfrnmed 

Mark II. Watch. I 11 1 h(• l: c· \·<'rsinu ~top\\"· t ·I \ I -I · JI · · 
prnvidc•d to th<' ld t. cil' 111(' 111:1in kn,il~ ~,Iii ·I ".;< 1' .· 1t' ., _:in auxil1:1 ~·y knob is 
reversing i1. On J>l'Cssin .,· t l11• tJ1· 1i n , t ·1 i-ti1 1•·<l ·1 slr1ps . ic· mr1\· 1111c: li:ind instr:id of 

l , . . - · · · ..!.. '1111 1 :w·11!1 11w l1 ·111d t·il · ·i 
V:Pl'S('( m11 tir111. Tins ('ll:tl ,IC's :111 ;t tt \i li:1n· l;J)'lf(•t. (' '-:1' •· '1 1· . ' ,(? 11 P. l uS ]'('-

t I t i · I 1· · - 111s <.t< <1 tlJ,, 1·1r••·c•t 1t s•ll ) t ] ,me< ()\' ( ' I" H' l() n,·:1n < 1:-; t:,111·c• / J< · :t11< I t i . I. 1 '. ,... · · < 0 )e 
( . I . ' H 1. 1111 s1.11pj><·d 1111 t1I 11 I t appP:Jrf; :11' , \,. tf'll 1 IJ(' !1:111,I ,.._ :1ll 1111 ('rl to 1.1,,,11 11 . · . . · ir n 'a ,argrt 

i· I I I . . H it s rn1il J1111 ·1:--; ( Ii, ti ·I t I I I 
open 1ul (l l) 1:1( 1(.'(' 11 JH' l"li lJ" ll lf'rl (iJ I 1l1r• 1·(•:il (;11·,r, ( ,,., ·1 ' ' I g I l(' 11· )()(' 

I .I If · ..._( _ 1<• pt ,d r .. 111 L11 · I 1· t" · 
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Spotting Corrections.-It is simple to make n, spotting correction with eit her 
the Mark I. or Mark II. watch. If t he bomb falls " short," set the height index · 
to a slight ly lower reading~ if it falls "over," set the height index to a rnmewhat 
higher reading. The correct amount of shift to give the height index is that fraction 
of a second ·which it would take t he aeroplane to cover a distance equal to t he 
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 Me~od.-There are conditions (e. g., when bombing at low 
heights, or in a fast ~achme at. moderate heights) '-:nder ~hich the angle BAD 
becomes so large that it may be difficult to secure t he lme of sight AD unobstructed 
in t he machine. One way of meeting this difficulty is for t he t iming distance 
D C to be made half t he distance B C. This would constitute a "Double Distance" 
method, and would need a special double-distance watch. 

Drift Sights.-When ?per'.'1-ting ove~ anti-aircraft fir~ it is not easy to use stop
watch method_s ?f bomb-sightmg:, especi.ally when ~he pilot is operating t he sight . 
In such cases it 1s better to use the readmg of the air-speed* indicator and to allow 
f?r t he :Wi1:1d· By a comparatively simple addition ~o t he Low-Height and similar 
sights, it is possible actually t o measure t he velocity and direction of t he wind 
and t hus set t he sight for ground-speed without t he use of any watch or other 
clockwork mechanism. This plan has been followed in t he Low-Reio-ht sio-hts 
(Marks II. and III. ). 

o o 

Consider t he right -angled triangle ofg. If t he length of and · t he angle gof n,re 
known, the t riangle is completely determined and the length of jg can be found. 
This t riangle is t he basis of the Drift Method. 
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FIG. 8. 

The pilot flies directly do~-wind, say, as judged r b:y: the earth below appearing 
to pass away parallel to t he axis ~f the mn.chme. . N otmg the c?urse ~e is ?n, he 
t urns his ma.chine t hrough about 90 , by compass or otherwise, theieby ~ymg directly 
across the wind. The surface of the earth, or_ sea, now appears to drift slantingly 
away to t he r ight or left,. and_ he turns the drrf~.-bar at tachment to the sight until 
it is parn!lel to t he ne,~ direct !on of the eart?-dnft. . 

Now the drift-bar is t he side og of the triangle ~nd the length Jo is proportional 
to the air-speed of the machine. The length f q 1_s t herefore proport ional to the 
wind and its amount c3:n be read dofffon a. shcale prov~d~( d . d 

The actual sight 1s arrange or . e1t er up-wr_n ?r own-w~n at tack, and 
•c1 . that the addit ion or subtract10n of the wmd is automatically performed 6;0 ~
1h:s operation of set t ing out the drift-bar og, the sighting wires being set 

arco~t~~~~~ire shows the arrangement, w~ere b, d a1:1d e are sighting wires, of which 
I'd s v~rtically and is set so that ab i~ proport ional ~o the square root of the 

b \ 1 e i c to the mean speed of the falling bomb relat_ive ~o t!ie aeroplane; and 
hc,1-h

1
t , ~lie horizontally. og is a bar of ~ny length :which is p1v~ted at o so t hat 

d cl lH _e ·. 
1 

• (l' the midpoint of de), both bemg proportional to t he air-speed. Angle 
ar: .-_r~'. ( ~-(l'l~t~10-Je and gearing is provided so ! hat og may be moved ~bout its p~vot 
0)f/ 1" ·1· 1

1

1~ sio-ht; d and e moved at the same ti_me so that cd= ce :f.g mall positions 
u ,_ ,uid t .1

1
,
1 
· ~ •r ac is proport ional to t he air-speed, ac+cd= (air speed+wind), 

oj Olf- HIS l 
· . . . d • n<licator underestimates the air-speed at increasing altitudes is a.utomntically 

• T ill' iwl 1l111l t ill' a 11 :'p c\ ti ·s Domb Sight. 
., 11 .. \\0 •, I , , I I ll !11<· ,-1111, \ t'll (' l lOJl O ti 
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i . e., ground-speed when flying down-wind. Similarly, ae=ac - ce= ground-speed 
when flying up-wind. The sighting is performed along db in the former case and 
eb in the latter. On t he sight , cf is kept constant, and o is fixed1 so that if Jo 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 oql . It is for this reason that the pilot 
is instructed to bear to his right hand t hrou~h 90° when approaching down wind, and 
to his left hand when approaching up-wind, t he bar og being assumed free t o move out 
to the right. It is apparent from t he figure that the length fq is not appreciably 
affected by a quite considerable error in judµ·ing t he amount of t he right-angle turn. 

Use of Drift-bar at High Altitudes.- The dri ft-bar is fi t ted 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 t hat the same method 
is available, in principle, at any heiµhts, althou~rh at very great alt itudes it is more 
difficult t o determine t he line of drift wit h accuracy. Fortunately, hmvever, the 
velocity of the wind does not usually chanµ·e much after a height of 2,000 ft. has 
been attained. So if the drift-bar is ~ct at 2,000 ft. or over, it will in most cases 
be approximately correct a t greater heights. The fol lowing results of experiments 
at Grain illustrate this : 

AvERAGE OF 11 PrLoT B A LL<J< l., . \:-;t; E xTs AT c;,n , ., l•:_\]' J,: 1{ 1.\1w,1TA 1. 8 T A1·10 N , 
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\'elrwi1 y '18 1.11 . 
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CHAPTER I II. 

BOMB-DROPPING ERRORS AND THE IR A VOIDANCE . 

Conditions for Accurate Bombing. Range Error and Line Error.- We have seen 
that to hit a given t arget-

(1) The bomb must be released at a part icular instant determined by the height 
and ground-speed of t he 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 vert ical plane passing t hrough t he target. 

Errors in fulfilling these condit ions are known respectively as range errors and 
line errors. 

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

I 

RANGE E RRORS. 

Examples of Range Errors.-(1) Sight not truly horizontal. 
Suppose line of sight is t ilted 2° forward. 

H=6,000 feet: Correct dropping angle=14.5°; 
Actual " " = 16.5°. 

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 " 

Aeroplane was t oo far from target by 226 " 

i. e., bomb falls 226 feet short. 

The eri'or is directly proport ional to the height and the degree of t ilt. It is of 
less consequence in t iming 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 t he E qual Distance sight, for which an en or of 2° in the line of sight 
leads to an error of about 1 ° in the t rail-angle, i . e., an error on the ground about 
half of t hat above cited. 

(2) Speed wrongly estimated by 5 m. p . h. (7.5 f. s.) 
Height=6,000 feet. Time of fall=20 secs. Error on ground=7.5 X20= 

150 feet. 
This error is proportional to the error in speed and to t he height. 
(3) Error in height measurement. 
Suppose bomb was dropped from 6,400 feet instead of 6,000. Time of fall is 

20- 19{= ~ sec. more. With a remaining horizontal speed ?f 100 f . s., this gives 
+66 feet on t he ground. But the sight ing angle was set to give 1,930 feet at 6,000, 

say, and t his same angle gives :~~~ Xl ,930= 2,060 feet at 6,400. Hence, t he 

distance 66 feet has t o be diminished by the extra 130 feet which t he aeroplane was 
from t he t arget , 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 t hat, it becomes increasingly seriou~ until ~t l ,?00 feet it is fatal to 
accuracy. In Equal Distance sights an error in height estimation produces an error 
equal to t he difference in t ime of fall mult iplied by t he ground-speed. . 

( 4~ Delay of 2 secs. in dropping bomb. 
\Vi~h a ground-speed of 100 f. s., t his means 200 feet over. This error is jointly 

proport10nal to t he ground-speed and t he delay. 

LINE ERRORS. 

(l ) Examples of Line Errors.- Course of aircraft at release inclined 10° t o 
dirf'c•t i()11 11f farget . 

-~ t fi , 0 0~ fee.t., horizontal travel of bomb= 2,000 feet, say. 
_l_a ~·g-c't ts missed by 2,000 Xt an 10°=350 feet approx. 
I ]11

1-, <'n 1n· mrreases wit h height and ground-speed and the inclination. 
1 1!1.w 111- a 
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The direction of the wind can be found by the following method. 
The_ aer?p~ane, when at its _bom~-dropping _height, is pointed in the direction 

from which it is expected t?e wmd wil~ be blowmg, and some object well ahead is 
noted_ on the fore and aft line. The pilot then concentrates himself on flying the 
machme on a steady course for some 15 or 20 seconds, and then looks to see in which 
?irectio~ t he_ object h3:s drifted .. The mac~ine is then turned between 50 and 150 
m t he direct10~ to which the obJ~ct has drifted, an~ the operation is repeated on 
some othe~ obJect. After the third attempt the wmd should be found and its 
compass direction should be at once noted. ' 

( 3) It is essent ial that the pilot should be able to fly his machine level t 
constant speed._ . a a 

It is evident that if, when t he bomb-sight is set for rrround-speed b t· · . 
th · th h' · l t fl · I I l h' 0 Y immo or 

d
o ~rwitshe, be mb~c me is_ {~p ymgt· edvef )Y p

1
\1S 1~1g the control stick forward ~nd 

urmg e om mg run it is preven e rom c 1mbmg by throttlino· I ' 
will the ground-SI_Je~ds on the ~WO occasions be different, but the si;i1~ 

0]'~t rot bonly 
levelled for the timmg run, will have to be re-adjusted for the !)o· 

1
,. 1 1as een 

It · h h ·1 l 11 m J mo· run . _is very ~ec~ssary t at t e p1 ot s 1ou c learn to know at what _ ~- .' . 
t10ns his machme 1s true_d ~1p to fly le,·?! at any particular heirrht enr-me ievolu
commencement of any t ,mm_g or hombm~ rnn , the only nece ,..,,.t ' ~o that, at the 
t hrottle until the engine is doinµ: the clcsi rw l nurnl>cr of rnol s~~ Y _1s to clo~e t l:e 
know that, with his hand:=; off the r·o n1rol st ic·k. he is neither \ 10 1

~~, "·hen h~ :nil 
If t he bomb-si,ght i~ leYellcd on t h0 fo re' and :1ft lnillhlc for ~l 1.1~ )In~ nor d1,·111,:: . 

never need be re-ad.]l!Sted rxc-cpt ,,·!i0n t li (' h0i_i! l1 t is widely cli;r.cngme speed, It 
( 4) As soon as the rnaC'hinc is thro11 lf'd do\\'n or the "t .1 °1 ent. . 

flying- )eye], lcn-'l the si.ttht on the fore and nft ln,hhlc. a, plane ad.iusted for 
(5) r~he_ ne~i _op0rntio11 _i :-: to :-:<'l ili0 :-i_!.' ht for gTound-:- . . . . 

?one by t m~mg. ,t 1s lH':-:t ! o t1mf' ':ll :--·rn_n<' l' l'<' iirnin:n>· oh·cc-t-.. 1·08d . . \\ hrn t his rs 
itself. D_unnµ: th0 l>O!llllln .!.! n11_1 Ill1_erl(•J'('l]( ·(• l ll [l )" he C'tj1('(·tcT1 l~O t on tl_1c _target 
fire , and 1~ an)· <':~:-0 the p1lol. d li_f' 1:-: mlrkinµ: the l)on il l-sioh c. _f ror~ ant ,-a ,_rcraft 
employed 111 ~trrnn .!.! \Y]w11 :1 t l:t1·k111t.:·. .-\11,· tirni 11 ,,. <·an (· ,... _t. ~:-: <111 1tc sufl1<·1 c11Lly 
mecl iatclY afiC'r findi,1 .!.! ill<' dirc('f ion of t hr: wi r1d ,.... .\ 

111
.
0
°11

.' C'll I<'nt !)· lie done in ;-
. . . . · · n1111e t I · selcdccl wh1C'h c·an 1,c c:1 :-:Ii)· lollmq,c[_ If po:-::-: ihlc t,,·c 1 _ 11 ° _1.JC'<·t f'hnuld lie 

made and the 1nc'an tak<'n . ' i O J;-:en ·at1ons sl1ould he 
(6) Cnre nm'-1 l)<' c:-;(•n·i,--r·d in r<'l ti11 .!.!· tl1<' Jn:t<·hin0 ·111t .. 

· l O po<.:1 t f ;\'\h t w 1n rgct l1('arin.!.! 10 1_l 1<' ;IC'l'()pl:1 nr' in tl10 r·onq a1-,:s I' ·· ,'~n or the atl:wk, 
lh1s r~ n lie donr <'rthf'r I,>· .111rl r111<•111 :1 11<! :-:111).''<'cill<'nt r·ur/ 1_1'.<1 ron of the \\·incl. 
and Jcit h:ind 111rn:-:. or 111<' 11 1:l(' li1rH· <·all 11<' :-: t<•c· r0d iiuo 

O 
t ef ~Ions lllade ll\· ri !.! li L 

t he target hears ju:-:1 1,<'f()l'(' tll(' 11<':1111. a f1)1 1r-1 oin1 1mn 1~\fli{ it.s c· o11 n,c•, an; ! ,,·hr n 
( 7) DtJring tllC' rnn 1q , )() tll<' l:,rl!('I. 1,~c· lhf' l:l((p·\ 0.· . 

po:-::-:ili!C'. :--ir•lc•1 ·1 :i ll ol ,j (•,·t 111•il l,1•.\ (11,rl :1nrl i11 lir ,c• wit! ·tll ,01 stc' <'r111f.'.' as Jittl<' :i;-; 

I . I . I ' I . I I ( ( ·u·o· t to kC'C'J11 JP :H'rn1il:rnc' I c>111t<•1 :If 11 . _I 1 11nn.!.! tl1r• r1,n. t li 1 .' ,..C' • and c·11cl(•a ,·otir 
. . . l I · I . I 0 0 ) l ( ., . t ( I · 
is stec'rm.!.!· 1:-; :-:(•<'ll tn ,r• "" ()11'..'<'r 1n 11H• \\' It I lli<• f:ir"<'j -1 · ll1 ,,. 11('/i t!i,, 1,ilol 
been d ri fi<•d !,)· 1)1(' ,,·i11cl . :1 11cl :1 fr<·-1, ()l ;_j (•1·( will li:1,·7, 1.~) \ )/ 1:an'.-' llic~ n1a( ·l1inc !1:1: 

IJo 1101 :11t<·1rqit :111:· 1·<>1'1'1 ·, 11 .. 11 :11 tlw l.1.-1 ni(nii<· iif '1'!· 1,tk0n. 
req11in\d ('Hll nflt I )<' j11d r 1•d . :111,I 11 1: 11 )('I'.-- \\ ill pnll ,a lih··() 1 _

10
1 

:1111 (n1 11t of ('OlT"( ·t ·1 1 
I f. I . I . I . n \ I(' n I ' i i J ( t1r111!.'· t 1<' n1n 11 1:-: 111•1 1•.-.-:1r)· tn 1,111 1:11 1k r>ii 

O
. · 1:1c f' \i·r,r,,, . I . . ' I \I.'-(' I Ii . . 

altr r r·ourc-<'. do n111 :111, ·11 11 ,1 1,, -1·1· 11 I I ( ' 1111<• 1:-; 1·oiTc•i· t . 0 r11ddc'!' '-' li" litl . 
1 . 1 11 l 111 t I I l I ' .- \ 0 aµ:a11_1, n1Na ,·. 1<· 111:1('11in(• i:-- /(•\ ,.

1 
J 11 <' :11,on' :ire· , 11!.' !.! 1•- 111111- -11 1) 11111~• IIH'I l1flrl :-: 11·iii< ·li I , . 

l l I · I I I I l<l \ <' I ,c•r 1· >On1 1 ( ro1,1,111r. i11 t , ,I 11 ,-r,-- 11 11 1:-- I n ·:1 Ii'(' I 1; 1I <1 11 1\· \\ 1,r•, I ' 11 <lt1nd to, . .- . . 
I ' I I I I . I l l(1 l'( ' .I .'-''.-' 1.-- 1 111 unc cr:-:1ood. :111d "1t 1 11111< 1, :,r1 • :11 J1 1·q1 1:-11 (•r:ildc• i,r·i (' ti . ·1111 11·1 •11 1,,111 . . . 

1
. II . 

• I (', (" l I l • :-; .1 1 (' I I \ 
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CHAPTER IV. 

BOMB-DROPPING I STRUCTION 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. · 

There are three factors which influence the flight path of the bomb: 
( a) Gravity. . . . . . . 
( b) Forward horizontal velocity which it had m common with the machme. 
( c) 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 t~e fall of the b~mb be carefully watc~ed 
from the machine, it will ~e observed to remam almost verti?ally under the machine 
and start quite slowly on its downward path. 

From this he will know that the ?omb travels for":ard while dropping, at nearly 
the same speed as machine, so that if he knows the time of fall he can deduce the 
dropping angle. 

Th following two facts must be thoroughly understood: t) In order to hit the target, the coll!se of the aeroplane must be such that 
a if continued it would pass vertically above target. 

(b) Bomb must be droppe? smartly at a certain instant , depending on speed 
and height of machme. . 

As soon as the condit i~ns necessary to hit the target have been grasped, fre
uent ractice must be earned out. 

q Tr first runs should be for course-steering over t?e b?mb-dropping mirror; 
d 1e the pilot has become reasonably accuTate m flymg over the target, he 

ah fd :on e~t up for practice, firing a Very's light or other signal to indi?ate the 
s ou . e s 1 e considers the bomb should be dropped. The first practice runs 
momledntb wherdi 

1
tip-wind. the t iming period is longer, and more accuracy is possible shou e ma e . , 

in o-etting the line of flight. . . . 
b , • t l at the practice should be of value, it is essenti3:l that-

In ( ~)d;\1/operator should be able to see at once where his bomb has fallen in 
reo-ard to the target; and . . . . 

He should always endeavor to discover the ~·eas?n for missmg, by analys-
( 2) ino- the causes of possible errors, as detailed m Chapter III. 
. 11 t b member that there must be a reason for the bomb falling, say, 

It 1s we O rhe ,t The cause may be looked for under the followincr heads, 
400 feet over or s 01 · 

0 

viz : . . t ad · usted correctly for ground speed. · 
( 1) S~g!1! not ad}usted correctly for real height of machine. 
( 2) Sig 1 no. ed either before or after sight was "on." 
( 3) B_oi

1
nb drtopaJ·usted correctly in a horizontal position. 

( 4) Sw 1t no a . 1 d . 
, , . . b h the pilot to correct his persona errors, an to pay the reqUired 
l ~1s will tt~l which is essential to accuracy. 

attent10n to de ~i btained a fair degree of accmacy at low heights, the altitude 
As soon he 1as O increased until heights of about 12,000 feet are reached. 

of the runs sh~dld ~f heights is most essential. There are two methods by which . 
Prarti<·e at ronsi era_ !a- by means of the bomb-dropping mirror or by the use of 
prartiC'c ran be obtam 

dummy bombs. . irror.- Briefly describ~d, the instrument consists of a P,lane 
. Bomb_-dropping Mt truly horizontal, havmg ~t one end a metal ba~te_n, with a 

1111rror whwh ra~1 be se bove the surface of the mirror. For the apprec1at10n of the 
si11;hti_ng lil!lf' 10 _in_che\~me that a shee~ of plain glass 1:eplaces. ~he mirror, and that 
prnw_,plC'.~ 11wnh r~l'. n\ below the glass m a correspondmg pos1t10n, s~ that the ob
t l1 C' s1glrt111g hllle 18 setl eye-piece and the glass at the aeroplane. Smee the aero-

I 1 1 iull'h 1e 1 f tl 1 ·t ·11 · · :-:<'n (•1· lnl) ,~ ." 11'(. r--- 1 parallel to the pane o 1e g ass, i wi , m movmg equal 
I ,!;1 rw i~ 11 1( )\'lllg 1(1 a P a~1,~· to move over equal spaces on the glass by the principle of 
d1-.:t;1111 ·('~ Ill j fl(' ;tll'l~qirr~ use of the mirror we.secure precisely the sa1:1~ result, with 
, 11111 I: , I 11 ;1 11g l<':-- . . -

1
' 1~,-no· down upon the picture from an eye position above it 

. ' 1d ()0 \. t:, ' 1 I 1 ( , , , r 1, t •fl It ' I II 1 
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remembering that we place the eye in exactly the same position above the mirror 
as we should place it below the glass. 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 
makino- calculations, for if the reflect ed image of the aeroplane, as seen through the 
eye-pi;ce, passes over a distance of 1 inch on the mirror, we know that it has actually 
travelled a horizontal distance in the air equal to to 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 p rovided, which is pointed in t he direction from which the 
aeroplane is a t tacking. Looking through the sighting hole, the imao-e of the aero
plane is observed as it passes over a number of t ransverse lines, whose ~Ii stances from 
a fixed line are PTop01:tional_ to the times of fo ll_ from ~he h_eights to whicn they 
correspond. Havmg timed it from the appropnatc he1ght-hne, a small pellet is 
set to t he resulting number of seconds on a scale of seconds m:-trked on the center 
line, a~d on the eye side of thP_ fixed "stop wakh" line. The imag0. of t he aero
rlane 1s further ?bserved,_ and if at the momei:it whe_n the pilot sends his release 
signal (by Very_ hgh_t or wu:ele_ss) the aernplane image 1s at _the pellet, a Jiit is regis
tered. If not, its chstanc~ m mches: ovel' or short, left or nght of t he pellet is read 
as an e:To1:of so many tent11s of the h~1ght of t he ae,·oplane, and a signal ler is di spatched 
to the mdicatecl spot to ·wave a flag;, and so show \\'flere t he b0mb would liavc fallen. 

.The sighting batten is p ivo~cd nnd prn\·idcd ":itli :ui index rno,·ing over a S('al e 
of air-speeds, s~ that the s1gl! t rng ho le m:ty he cl1spla('ccl from t lie \·ei-tical b, · a n 
amount proportiona,l to t he tnal angle and the L1g (If t he bomb Llius a llowed fr')i·. 

Dummy _Smoke Bombs. The otliN _nwtliod of oht;iining pra c·ti <·<' is IJv tlir 
use of t h? li ttle dumm.\· s1noke liornbs \\· lw li li:t,·<, IH'<'n <ksigll('d so as to ha,;c t lie 
same traJector:v as the . tandanl lin1nlJ.c; (C1·c111p 1.) . Oil stri kil!tr t he· ffJ'Ouncl tic·, 
give fo,th a volume of sninkr ,,·li i1·l1 C'nal ill's tl1C'lll to Ii<' r·asih· 1()(:;lrd . ,.._ 1 , ) 

Recording Results with Dummy Bombs. h >r 1 l1<• 1·:1:--c' ·or 1 :1 r.'..'.<·t pr:i(·1 i(·c• \\·it lt 
d~1m rn:v or ,minke\ l!on ilis: _:1 sta nda1d 11 1c•Lli()d l1as !wen dc·\·_i?'d ,ir· 1i ,c•asming up Lhe 
cl1sta1.H·es_ of the point s ol 1n1pal·I frnlll the l:irgt't, 11·1111 ;i, lll ll!1 111 11111 of trniilJlc . 

St0trnns for t 11·0 ()l>sc•1·,·ers :u·p (·lio;;<'ll at a saft' d istan1·<• f1-,> 111 tlH! target, and 
som_e chs~nnre fro111 raC'I! otl,c r. so ti ,~~ the· :111gl<' s1ilJl(•J Hi c-d :d 1 ll(' l:irg<•t i>v Llie two 
stations 18 J'Ollgl ilv :t l'lglit a1wlc· l 11(• (1 1)',('j'\'('I' ·ti (''l('ll c•t ·11 ·1,111 I I ·r I . , . . ,.... • . . , , .~ , 1:1 s H' l>l'C' 111n 
~~1ppo1 ~<'cl r)n a Lnpod . a l:u·g,· 1·:1kr• or 11 .~ P<111i\·:ilr·nt. ,,·it l1 t l1 r 11:iils p,ii 1it j 11g \·<· i·li('alh·'. 
j he nails :u·0 11llllllier('d (·le:u·h- :1 11d ]J'Ll lil(•d \\'I( l1 ,11·r·r·c,,·c•11( (' ( )! 1·. 1· I i ·1 . · · ' . ' (),; II SIWl:t \\':i\';t,-;uo 

be 0:1;;1 ,. d1sL1ng111slialil<·. .\11 C'\'('-1i1,•,·r• (II' lH'''J>-li,,lr· i ·~· jl ' '< l\··1,1 I I I I 
11 

f ·
1 

f 
t l I · . ,, , ('I :1 )()JI ('( ' l'! )lll ic ra~0. 

\\'lwn a lJOntl1 is dr()J)JH'd ii ... j \·. · ·1 . l t· I 
I I· ' (T ti . (1"! I.' '' . ,.._ ( s IIJJ I ~ ( ' () lllilll () SIii! ) d'. :111d (':!('Ii ()I JS('l'\'(' I' 0

,
0 ~IJ1'"'. nn;'.~ 1. Ils _Jl< <_p-l1t'.lc•:' not r·:-: t l1e 11111111 •< •1_·:-: of t Ii,· 1 ,,·n nails IH't ,,·c·1 ·n \\'lii,·li Ii<· 

isert,,.,I t icl sm," ,~' . 1l011gllil ., dl\·_1d111g 1 IH' sp:tr·<· Ii_\· l11 s ,,,·(•. TI H· lin,, fro11 1 I 11(• j>c·,·11-li"I,, 
o l<' >r>m >1s t n1s c c· t1•1·n11nr•d ·1 I t I , · · · f I · · 

t . t ti 1 . . . . '11 , l< p< >s1l11111., ,, Ii,• sl:11 11>11.-; IH'l!W k1H>\Y111·,,l·1 -1\·c, " 10 ·tl'ff('l 1t · · I I I ,.... ' 
o- ., I ... II . ii ·: ,., .· ,_s po:-.s1 > <' (11 :1_\· 111(' n•s1ilt s dm,·11 ,111 ;1 d r:1\,·in!.!:-l1():1 rd :1 11d fi11d 
~

1
/P_l

1
,' •\ .\ I H P1

>sltl(,11 , if tl 1e l:1rgc•t :ind tl 1c• il•>11ilJs i11 1·111'/<·,·t l'i ·l:itioii. I f ti!(• 
'.nt '10]:-; ,l1I·< .: ,'':tys pla,· r•d :1 1 the• s:1ll11• (li;; l:11H· l· fr<1111 111(' l;1q.~<•I 111 (' ;1( ·111 :1I cli;;t :11H·1·s 
.1 1° ,ll, .. .< 1 n1:1 y lit' 11 1; 1l'kc·d 111H l,· r (':1('11 11:1 il. 

Bogey Targets. 1:( JI' <·llc·,·ti\ (' ('( lll lp:1l'i.,1111 (lr tl1(• )'1 •s1ilt;; of l,()111' ,-dr11p1,i11" 
prn('fl ('(' . SIJ!lJ(' :-:l :llld:11·1! l1Jr•l l11 1d ,,f ·1111l•ri 1w 1)(• )' f() rl11·1111'( 'S ·,, IJ( •1·1•ss·11·,· \ .,. ·1 -I . I I . . . . ,.... ,.... . . . . . . . ~ ,-.. (' Il l 
J:tS 

1
'. '('l l I ('\' IS(•d \\'l 11,· l1 1·1111,1:-:I:-: i11 11 1<· li\i1 1~ .. r :1 ~1: 111d:1 rd ":-:1·1>1(•" i' .. 1,, , :iti•1i1 · I 

h_,. ,.:kilfti l OJH•1·;1 fn1'<; 1111,!1·)' !_!·1 11 1,I ,,·,·:itl11·1· 1·1 ,i11l iti1111 s. ' 111 

\ wliil('}l(•d l'( '1 ·t:1111 .. d1· ( ;1l11111 t I :! 1', ·r·I J. , " r('( •I Ii:- 11l:lf'f'1I 1111 !l1<•trr1111111 l ·1, 'I I· ' I I . f . . - '·' • , I I 1!(•1 
[I I} ( 1 ' '" l] )']}J,-, 111(• (·1•1il1•)' ,,r ;1 .._,., 1, •s ,ii· 111 1:1!.!:i1 1: 1n· 1·i1·1·I<•-;_ f,111, i1 1 11 11111I ' . 1·1 -, . 

f. . . " '. , I ( ' I I J(' ni:11111<•; ,, ; I (1 1/ (J )J)ll}I 1!1l1 • l:11!_!·1 ·1 :i 11d ,l1 -.. l111 !_!· 111-- l11•,I 1, , 11 11 · s:, 1111• 11·1 111 ,. 11 I 
. I-.. II' I 1'1 111 Pl<· s 11 I 11 ,,. • II ,, . .., 1 .. ,,1 J., ., II , 1., ... , II..,, , 111· ,I 111 ·1 I,-, I .:: ., . I I I I ·· 1 I., 

11· .... ' ' • - ,1 11 1 111 ,iii 
11 1111•,. 111:1 1.q•H · ;1111 1 .,, 11,,, ' ' "" !" '' 11 , , 1\ ' ,, , ,·1·--111 11•1l 11 1111 , l111· 11 ,. I 

11 I I I j 11 1 I \ 1 1 I I I · I I I 11r I(• 111 II (' I 1·1 1,11•11·' "11 ,, '1 ·1 l1•-.. \· 1 \ 11 111, 11 I I , i" l i ,f ii I I .. -
· 1 I 11 1 ~ I, 1 " I I , 1, " 1 I , ., 1 1 I , I 1 1 , , , , , .. 1 , 1 I , , , . ., 1 , , 1 , , - , , : I , : ',. . '1 1 1' I I 11 1 ... I " r 
f1•c •1 11,, I 11111 
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· · d" " ·" h t" · d th actual distances of hits are measure over 01 s or , 
bomb dropp~ng g::Out h do- f the taro-et and the dropping-height is noted. These 
" eft" or "right, o t e e be 

O 
a er 0and a set of circles is drawn about the target 

results are afterwa!ds plotte~ ~n t )o~ By this means the score is easily read off, 
as centre, of the di~mefiters giyenbt!ined whatever the height from which the attack 
as a good comparati:7e gu~e i~, o " 
is made, for comparison with boge~. . 

The scheme of target diameters is as follows.- - ---------
- --

Diameters in Feet. 

Height. 
Inner. Magpie. Ou ter. · Bull. 

- --
49 77 112 196 250 
70 110 160 280 500 , 

225 400 100 155 1,000 190 275 490 1,500 122 
220 315 570 2,000 140 
270 390 700 3,000 175 
310 450 800 4,000 200 
350 500 900 5,000 225 
380 550 980 6,000 245 

590 1,060 7,000 265 415 

f the circles are proport10nal to ,/JI.) . (No~E.-The diameters o 
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APPENDI X. 

GENERALIZED THEORY OF SIGI-ITING. 

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 t he diagram is t he mean relative 
speed of the target ·to the bomb or projectile during its Hight. If the bomb is 
released or the gun firnd at the instant when this closing side is parallel to t he line 
joining the target and the attacking machine, all corrections fo r deflection, own speed 
and drop are, ipso facto, automatically allowed fo r. 

C 

1-'J G. 9. 

'.Thus, in Fig. 9, if _AB is the Yector represent ing tl_1e spe'cd of the aeroplane 
relative to t he target, B( t he mcn.n speed of the l>oml, relatl\·e tot hr aeroplane dminc, 
its downward flight, then .-1 ( ' is the correct sighting line for releasing the bomb· not; 
that t he perpendicular t o ..1 B is inclined t o JU· :i.t 1 li e trai l angle, a nd to A C ~t t he 
"bomb-sighting " ai:glt:. If t he aeroplane " ·rrc cli\·i!1g inst ead of flying liorizontn..lly, 
exactly the same pnnc1ples wo11 lcl appl~· , 1,ut thr trn111µ: IC' woti!d ilicn 1:tk C' t he form 
shown in Fig. 10. 

13 

C 
1-"i<: . 10. 

AB is parallel to tlir fo n ' :rnd :1ft line· uf the lll: 1<·hi11C' and its l!'ng1 li propor1ionn l 
to the speed rclati vC' 1o tit<' t;irget ; /11 ' is p:1rn ll e·l lo tlw I rail line, .1 nd ii:-; ll'n1rt h 
proportinn n.1 Lo t lw rnc;lll s pC'<'d of t lil· 1,ornl, r('];t! i \'!' to 1 IH' ;t(' rnplarH· : . lf · is the 
correct sig!i1ing lin_P. l_1 is (,l)\·.iot1.-;_ fl1:1t l~ I(' S/1 111(' ( "()Jl ~ l, .. ll<'1 ion \\'(Jllld a lso :t ppl_\· to 
t he case o l a gun hrPd in 1 lw d1l'<'<" l 10n Ur , _1 Ii( • lc '11gt Ii o l t l1a t _1 11)(•. wo1ilcl . of c·<Jllrsc, 
t hen be prnpmt1on;il 1, , tlH' 1111•;1 11 SJH '<'il i!I th,, l,itll<'L or pro.1<'<·t il r• rc•l;1ti,·c, Ii! the 
aeroplane. 

- -

Height 
(Feet) . 

500 
1, 000 

2,000 
3,000 

4,000 
5, 000 

6,000 
7,000 

8,000 
9,000 

10,000 
11, 000 

12, 000 
13, 000 

14, 000 
I.'), 000 

lfPi" lll 
I F <'~f ) . 

.i()() 

I . 000 

2, ()()() 
:; ' ()()() 

I. OOll 
.i . ()()() 

(\ . ()()() 

I. ()(}() 

" · 1)( 11) 
'I I II Il l 

I I ) I )I Ill 

1 1 111)1 ) 

I ' ,11 111 

11 l'I 

I . " 
I' 

I 
I 

I 
I 

I 
i 
I 

I 

I 
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TABLE OF SIGHTING ANGLES. 

Air-speed: 45 m . p. h. 

Ground-speed: m. p. h. 

10 I 20 i 30 I 40 I 50 I 60 I 70 I 80 

Ground-speed: Knots . 
- - -

8. 7 17.4 26. 1 3,1. 7 43.4 52. 1 60. 8 69.5 

0 0 0 0 0 0 0 0 

8. 8 17. 7 25. 7 32. 9 39. 1 44. 4 48. 8 52.6 
6. 0 12.5 18. 7 24.5 29. 8 34. 6 38.9 42. 7 

4. 0 8. 7 13. 3 17. 7 21. 9 25.9 29. 6 33. 0 
3. 1 7.0 10. 8 14. 5 18. 1 21. 6 24. 9 28.0 

2.5 5. 9 9.2 12.5 15. 7 18.8 21. 8 24. 7 
2. 1 5. 2 8. 2 11. 1 14. 1 16.9 19. 7 22.3 

1. 8 4. 6 7.4 10. 1 12. 9 15. 5 18. 1 20. 5 
1. 6 4.2 6. 8 9.3 11. 9 14.3 16. 8 19. 2 

1. 4 3. S 6.3 8. 6 11. 1 13.4 15. 7 18. 0 
1. 2 3.5 5.9 8. 1 10.4 12.6 14. 8 17. 0 

1. 1 3. 3 5.5 7. 7 9. 9 12. 0 14. 1 16. 2 
1.0 3. 1 5.2 7.3 9.4 11. 4 13.5 15.5 

0.9 2. 9 4. 9 7. 0 9. 0 10. 9 12.9 14. 9 
0.8 2. 7 4. 7 6. 7 8. 6 10. 5 12. 4 14.3 

o. 7 2. 6 4.5 6.4 8. 3 10. 1 11. 9 13. 8 o. 6 2.5 I 
· 4. 3 6.2 8.0 9. 8 11. 5 13.3 

- -

A ir-speed: 60 m . p. h. 

Ground-speed: m. J, . h. 

20 -13o·-1- 40 50 60 70 80 90 100 

Ground-speed: Knots. 

17. 4 

I 
26. l 34. 7 43.4 52. 1 60.8 69. 5 78. 1 86.8 -

0 0 0 0 0 0 0 0 0 

l 7. !'i 
12. 2 

25. 5 32. 8 39.0 44. 2 48. 7 52. 5 55. 7 58. 5 
18. 5 24.3 29. 6 34. 4 38. 7 42. 6 46.0 49. 0 . 

8 . !', 
6. 7 

!). fi 
I . S 

13. 0 17. 5 

I 
21. 7 25. 7 29.4 32. 9 36. 1 39. -l 

10. 5 14. 2 17. 8 21. 3 24. 6 27. 8 30. 7 33.5 

9. 0 

I 
12. 2 

I 
15. 4 18.5 21. 5 24.4 27. 2 29. 8 

7. 9 10. 8 13. 7 16.6 19.4 22. 0 24.6 27. 1 

➔. 2 
:{. s 

I 7. I 
I 

9. 8 

I 
12. 5 15. 2 17. 8 20. 3 

I 
22. 7 25. 0 I 6. --1 9. 0 11. 5 14. 0 16.4 18. 8 21. 1 23. 4 I I - -

:L :i 
• I •) 
. ) . -

I 

'). n 8. '.{ I 10. 7 13. 1 15. 4 17. 6 19. 8 22. 0 
f> . tl 7. 8 I 10. 1 12. 3 14. 5 16. 7 18. 7 20. 8 

-· 
• ) ! I ., -- I 

.! . ) 

.! 

I 
:'> . I 7 . . '3 ' 9. 5 11. 6 13. 7 15. 8 17. 8 19. 8 
I. s 6. 9 

I 
9. 0 11. 1 13. 1 15. 1 17. 0 19. 0 

. - - . 
I I . ) fi . (i 8. 6 10. 6 12.5 14.5 16.3 18. 2 

I :1 n. :1 8. 2 10. 1 12. o· 13. 9 15. 7 17. 5 
- - -

' . . I I I Ii. ll 7. 9 9. 7 11. 6 13. 4 15. 2 16. 9 : ! I :i '( 7. fi !J. 4 11. 2 12.9 14. 7 16.4 

\ • '
1 1• \ ,,g-11•-.. arc ' 111 P,.,-;11rPd from tho Yr.r t i<"nl. 



Height 
(Feet) . 

500 
1, 000 

2,000 
3,000 

4,000 
5,000 

6,000 
7,000 

8,000 
9, 000 

10, 000 
11,000 
------

12, 000 
13, 000 

14, 000 
15, 000 

Hei1?ht 
I 1-"PPI ). 

.'j()f) 

I , fHH I 

2. (1(1(1 

:). ()()() 

-1 • ()()() 
:i , ()II( ) 

fi . 0( )() 
7. (I( )( ) 

-..,_ I H )( I 

!I , ( I( )I I 

1 11 11()11 

11 I II 111 

I' 11111 1 

I : 1,, 111 

I l tl ) I . II It 
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TABLE OF SIGHTING ANGLES . 

Air-speed: 75 m. p. h. 

40 I 50 I GO 

-- - - -·- -- --
34. 7 43. 4 52. 1 

- - - - -

0 0 0 

32. 6 38.9 44. 1 
24. 1 29.4 34.3 

17. 2 21. 5 25. 5 
14. 0 I 17. 6 21. 1 I 

; 

I 

11. 9 I 15. 2 18. :1 
10. 5 I 13. 5 16. 3 

I - --
9.5 12. 2 1-1. 8 
8. 7 11. 2 I :~. 6 

I --- --
8. 0 I 10. -l 12. 7 
7.4 I 9. 7 I 2. 0 

I ---- -- --
6. 9 
6.5 
-- -
fl. 2 
:3. fl 

. -,o 

I:! 4 

:~.'). :) 
:.!(l . 

:.! I. 
17 . ) 

I I . -: 
I ., ., 

1 1 ..., 

I f l ..., 

I II II 

'I 

..., 
' .., 

0. 1 
8 . 6 

- --
s •) 
' . -
7.S 

7. :i 
7. :.! 

(ii) 

.-,:! I 

J:l . ,..., 

:r~. !) 

) -
_. ) , I 
:.!O -

' 

17 !I ,.-, !I 

I I 
I : 

I..' 
I I 

111 .., 
,., 

' . 

I I . :J 
I O. 7 

-

I lJ 2 
!I . 7 

~ I I 

J,-.., 

: ~ ' 
:!'-. ,, 
..' I I I 

..' II 'I 
, ..., -

' 

17 I I 

1 : , -

I I I, 
I ; 

I ,, 

Ground-speed: m. p. h . 

I 70 I 80 I 
Ground-speed: Knots. 

60. 8 69. 5 

I - - --
0 0 

48. 6 52. -I 
38. 6 -!-2. -!-

I 

20. 2 
I 

:12. 7 
24.--1 27. fi 

I ,_ ----

,-) l. . 
I :.! 

:r2 ,-_ , 

) . -·. 
..' I 

I 'I , ..., 

I Ii 
I ·, 

I ' 
I I 

2 l. :1 I 2--1. 2 
19. I 2 l. S 

--~- -- ----- - -

-

·• 

,, 

..., 

(i 

'I 
'I 

,, 

17. -I 
16. I 
- -

I ii . I 
1--1. :! 
-

I :J. -I 
I ·> -- • I 

-

I:!. I 
11. 1; 

11. :! 
I O .S 

-

- -

' ), ). 

1.-) 

:{: )' 
:{() 

:.! fi 
..' I 

J) 

:.!II 

11 1 

), 

I ; 
111 

I . 

I 

I 0. 0 
18. :°') 

I 7. :1 
I fl . :l 

-
I ;i. :i 
1-1. 7 

1--1 . I 
I :3. :1 

I ll. I' h. 

10() 

', fj X 

'> '>•"· :) 
(\ IK. 7 

(i :-:~. (i 
' ) :{:{. II 

(i :.!!I . :1 
II :.!fi . '> 
l j ..' I 
I ,., -

I 

..' I :{ 
I i 'II I 

l'I 
j-.., ' 

I , I 
1, , 

I . I 

!JO -, 

78. I 
I 

0 

55. 7 
45. 0 

35. !) 

:rn. 5 
- -

27. 0 
24.4 

- -
22. -I 
20. S 
- -
I 0. Ii 
18. 4 
--

17. :1 
16. 7 

- - -
I G. () 
~ Io. -I 

I Ill 

!l:"1 !1 

ni l. 7 
:1 1. :1 

I I . 
:{ .j i 

:; I . ·" 
:! " !J 

'} Ii -
I 

:.! I ,, 
,., 
-· • 
.!:! 

-' I 1, 

._' I t 

1 · , 

1, I 

100 

8(i. 8 

:i8 . :i 
-18. n 

:is. n 
:i:i. :~ 

29. 6 
26. n 

24. :;,: 
"2:1. l 

21. 7 
20. 5 

I !J. :i 
18. 6 

I 7. fl 
I 7. :! 

16. Ii 
I (-j . () 

111 1 

(' ' ) ' -· 
">T 

I I 
:~ ' 

: : I. 
:{ I 

_, ..., 

.!,-; 

'..! .-. 

-' I 

' . -' 
, I 

., 

,, 
q I 

(I 

·• 
' ) 

' ) 

! I 

II 

I i 

I i 

I 

] JO 

% . 5 

0 

60. 0 
.51. 7 

4 I. 7 
:rn. o 

:J2 . I 
20. "2 

:n o 
:! ;"i. '2 

:2:l. 7 
:n. -1 

:! I. 4 
20. :"', 

I 11 . 7 
I 11. 0 

I I :.' '.I 

fi I -
I 

:,(\ 

I i i 
I fl , ) 

:;1; 
.,., 
, ) , ) 

:1 I II 

:.! 'I (I 

.!7 
' I i I I 

I ' 

II eight 

(Feet) . 

500 
1, 000 

2, 000 
3, 000 

4, 000 
5,000 

6, 000 
7, 000 

8, 000 
9, 000 

10, 000 
11 , 000 ----1 12, 000 
13, 000 
----
14, 000 
15,000 

lfci1?hl 

ii I)( ) 

I , 000 

2, 000 
:{. ()()() 

I. Oil() 
:i , ( l( )( ) 

I i, ( 11111 

7, Ill 11 1 

-.., 111111 

I I I JI 111 

11 HI 

I I• HI 

-

70 
I 

80 

60. 8 
I 

GO. 5 

0 0 

48. 2 52. 1 
38. 0 41. 9 

28. 6 32. 1 
23. 7 26.9 

20. 6 23.5 
18.4 21. 1 

16. 7 19. 2 
15.3 17. 7 

14. 2 16. 5 
13. 3 15.5 

12. 5 14. 6 
11. 8 13.8 

11. 3 13.2 
10. 8 12. 7 

10. 3 12. 1 
9. 9 11. 7 
-

80 90 

(l!), 5 78. 1 

0 0 

!'i:2 . 0 !'i5. 2 
-I I. 7 -15. 2 

- - - -

:{ I. ·" ;{5. 1 
:.!Ii . Ii 29. G 

:2:1. () 25. 9 
2 fl . Ii 2:1. :) 

- - -

18. 7 :.! I. 2 
17, :1 I !) . (i 

Jri. fl I ,-: . 2 
I .i II 17. 2 

I I ) I Ii . • ) -
I I I I .-, 1 

I ' I I -
' 

I I I 

I ' 
-, 

I i i 
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TABLE OF SIGHTING ANGLES. 

Air-speed: 105 m.p.h. 

Ground-speed: m.p.h. 

I 
90 

I 
100 

I 
· 110 

I 
120 

I 
130 I 140 

Ground-speed: Knots. 
-

I 
78. 1 I 86. 8 I 

95.5 
I 

104. 2 I 112. 9 l 121. 6 

0 0 0 0 0 

55. 3 58.2 60. 6 62.8 64. 6 66.2 
45.4 48.5 51. 3 53. 8 56. 0 58.0 

35. 4 38.4 41. 2 43. 8 46. 2 48.4 
29.9 32.8 35.5 38. 0 40.3 42.5 

26.3 29. 0 31. 5 33. 9 36.2 38.3 
23. 7 26. 2 28.6 30.9 33. 1 35.2 

21. 7 24. 1 26.3 28.6 30. 7 32. 7 
20.0 22. 3 24. 5 26. 7 28. 7 30.6 

18. 7 20.9 23.0 25. 1 27. 0 28.9 
17.6 19. 7 21. 8 23. 7 25. 6 27. 5 

16. 7 18. 7 20. 7 22. 6 24. 4 26.3 
15. 9 17. 8 19. 7 21. 6 23. 3 25.2 

15. 2 17.0 18. 9 20. 7 22. 4 24. 2 
14. 6 16. 4 18. 2 20. 0 21. 7 23. 4 

13. 9 15. 7 17. 5 19. 2 20. 9 22.5 
13.5 15. 2 16.9 18. 6 20. 3 21. 9 

Air-speed: 120 m.p.h. 

Ground-speed: m.p.h . 

100 110 120 130 140 150 160 

Ground-speed: Knots. 

86. 8 I 95. 5 104. 2 112. 9 121. 6 I 130. 3 139. 0 

0 0 0 0 0 0 0 

58. 1 60. 5 62. 7 64. 6 66. 2 67. 6 68. 9 
48. 4 51. 2 53. 7 57. 9 57.9 59. 7 61. 3 

38. 2 41. 0 43 . 6 46. 0 48. 2 50. 2 52. 1 
32. 5 35. 2 37. 7 40. 1 42. 3 44. 3 46. 3 

28. 6 31. 2 33. 6 35.9 38. 1 40. 1 42. 1 

25. 8 28. 2 30. 6 32. 8 34. 9 36. 9 38. 8 

2~3 . 7 26. 0 28. 2 30. 3 32. 4 34. 4 36. 2 
2 1. 9 24. 1 26. 3 28. 4 30. 4 32. 3 34. 1 

- --
:W. 5 22. G 24. 7 26. 7 28. 6 30. 5 32. 3 
l!). ;3 I 21. -1: 23. 4 25. 3 27. 2 29. 0 30. 7 

I - - -
I K. ;{ 20. 3 22. 2 24. 1 25. 9 27. 7 29. 4 
17. I H), 3 21. 2 23.0 24. 8 26. 5 28. 2 

- - - -
Ii i I i I k . 5 20. 3 22. 1 23. 8 25. 5 27. 1 
I .-, . ! l 17. 7 19. 5 21. 2 22.9 24. 6 26. 2 

-- ---, ----
I:, :1 17. I lX. X 20. 5 22. 1 23. 8 25.3 
I I 7 I ( i . !'i I k . :2 l0. 8 I 21. 4 23. 0 24. 6 

I -
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GLOSSARY OF T ERMS. 

Air-lag.- The horizontal distance at any height between t he vacuum flight-path 
and the real flight-path of the bomb. · 

Air-speed.-The velocity of the aircraft relative to t he a ir in which it moves. 
Auxiliary Target.- Any object which is used for the purpose of setting the 

sight before t he actual target enters the field of view. 
Backsight.-A sighting rod or ,,vire on a bomb-sight which has to appear in line 

with the foresight and the target at t he correct instant for droppinp; the bomb. 
Bomb-sight.-An instrument designed to ind icate t he correct instant at- \\"hich 

a bomb should be released to strike the target . 
C. F. S. Sight.-A sight emboclyi11g the C. F. ;-;_ scalr, i11 whic-h a. Y:niahk 

distance on the ground is t imed-over, ac·cordinp: to a lwight-sc:1k prO\·idrd , :111d th0. 
result ing time applied to a11other scalr hy \Yl iic-h thr drnpping-anglc is dir<'c-tc,d set. 

Drift-bar.-A wire or bftr whiC'h t'all lie srt to indi<"a1 e 1. hc din'c·t ion or motion 
of the machine owr the p:rou11cl. 

Drift-sight.- -.-\ bomb-sight in ,Yl iic·h lli r gl'rn1nd-sprrcl is :1l'ri,Hl al I>,. 11ot i11g 
the reading of t he ail'-sperd i11di(':ttor :rnd add i1 1g O J' s1ilJtr:u·ti1ig 11H' ,,·i11d i'cll1nd Ii~ 
the drift -bar. Th<' adcliti o11 or subtr:l<· t ion is :1utom:lli<". · 

Dropping-angle. -Thr :rngk lwhn'<' n ilH' n'rlic·:tl and 1h(' li1l(' .ioi11i11.!.!: 1hr 
aeroplane to t he target at 1 he c·01T('d monl('nt for r<'l<':1sr' . 

Equal-distance Sight. .-\ sight based on 111<' pri1l<'ip!C' 1l1aL. 1111dc'r sim ilar 
C'Onditions, an arropl:lll(' Jl:lS!:i('S ()\"(' !" (' 'I \l:l I di st :l n ('( 'S ill ('( I 11:1 I i llt('I'\": I Is or 1 ill le'. 

Foresight. - Tlir sighting rod m \\·ire' 011 :1 I >nm! >-siglit f'u r1 l1rs1 l' rnm t l1<' ol ,sr'n·c·rs 
eyr. 

Ground-lag.- Tl iC' dist :111c·r' . nH'as1m·d 011 tlH' grn11nd . lH't\\·('<'ll tl1<· spol \\·l1<'l'r :l 
bomb fall s a11d thr spot ,Y!ic,rr i1 ,,·o tild h:1 ,·c· r: 111<' 11 l1 :1d 1 l1r air nfff'n'd 11c, n ':-is t:1 nc·p 
to its mot ion. 

Ground-speed.- Tlic n'lcwit_,. of :111 :1irn:1ft i11 fli _'.!: l11 r<'l:it iq, 1o 1l1r grn11 i1d . 
Lever Sight.- .-\ l,om li-si,! . .d11 in " ·l1ir· l1 tl1<' si_'.!: lils :1n' n1< n11 il<'d 011 :1 pi,·ot<'d lc,,·c•r 

whic-h c·a n be sr1 to 1l1C' drnppi11g-:1nglc'. 
Line Error. The, p<·rJH' lHlic·ul:1r di s1:tll('(' !'mill l l1c • li JI(' (Jr :1ll:1c·k. c,f ll1(' pc>i1 1t 

of impact of a boml >. 
Low-height Sight.- .\ 11:1 tll< ' giv<'11 t () t l1< ' c·l:i,.;:-: 1 ,!' 1111 ml >-:-:ig l1 1 :-: in \\·l1i(' l1 t ]10 

a lt it ude is too ] O\\" 10 ('ll:ililc' <·l1rc,rl( )!..(1':1p l1 n w1l1c 1d :-: o r .-: i~l1ti11g- !Cl I,<· 11:-<•d . lll(' 
sighting-\\·irrs :1n' S('1 to ll<'ig·li l :1 11<1 g rn1111cl -spl'<'d . i ll!' Litl<•r IH·i1 1!..( ,!.!.I J<•:-:.-:c'cl c>r nl! ':is 
ured l>y th<' dril't mctl1ucl . 

Range Error. Tl1<' di,-t :11 1c·1· l'rc,111 ill<' t:1rgc·t. 111c·:1,-1m·cl 1,:1r:1llc·I tci tll(' liii<• 1,1· 
attaek. of t lw poin1 or i111p:1c·t ,,1:11,,,111' ,. 

Smoke Bomb . . \ n1i11i :1l111<' l>o11il, 11 :--c'cl !'llr 111·:1 c·1 i1·1· \1111'\H>.-,,,, Ill' IC1r 111 :,kj 11,. .1 
spo11 ing <·q1Trc·1ic,11 _ 11 <•11 1i1:--:-:1111,kc· 011 :-: 1riki11!.!. 11 11' !.!.r<>111 1d . - ' 

Spotting Correction . . \11 :1 d.111 --t 11w11 I ,,j' ;1 111,1111,-si!.!.111 11:1:-:c'cl 1111 :, 11 c•-.1i1 11:1l i<11 1 
of 11](' rn·or or :1 11111111 , pr<'' icH 1..., h .\ 1·111 •111 ·.\ 

Tenuity Factor. \ 1·111Tc•, ·l 11111 <·11q.l11u·d 111 l,11_11 11, cl1·,1 i' l 'i11!.!. C':1l1 ·ii l: t1i 1111,._ 
111 

;1llow for tl1C' dc·c·n·:1:-:,, ,,1· :1l1111 ,-- 1,lwri,· cl1 '1 1-.1i_\ \\J l l1 :1l11l11 rl c' 
Terminal Velocity. ·1 IIC' 11 11111 111!.!. '"' 1'1·1·,I !II !:ill 111· :1 l,11d, . , , . 11,c ,..1,<·i·cl :it 

whi<" li :iir re,-, is1 :11 1c ·1• :,11cl 1,c·1t.:l 1I , ,: 1111, l ,:1!:1111 1· 
Time Lag. TIii' ,1 ,n,• l'C ' ltc ·c· l,, ·l11 1•1·11 1111' :1, 111· 11 11 1111• 11 1 l":1 II ,,i ;1 1,, ,11 i1 , 1111 111 11' 

1irn(' or !:ill rr, 111 ) 111< · ..;;11 111 ltc i!.!.l,1 Iii ·' I. ,, 11111 11 
Trail. 

Trail Ang;lP 
1 1 " , , 111 !.!. · , 11 ·, r· , 1 1 , I , 1 " • , , - , 

TraJPCt11r v 11, 1 1 

T11,mh"ni11g \ 
I-I!.!. I 111 ~ '' I I 

It'._ I I 
,, I ' 'I I I I 

I, , It t ., I 

' I 

... 

.. 

• 


