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FIXED GUNlf3RY SYNTHETIC T?~INIl'G SCHIDULE 

Sessions to consist of tr:o periods each conducted on 
alternate days , or one period each conducted on oon ­
seouti ve days. 

PERIOD TILlE SUBJ:lCT 

1st 50 min . 

2nd 10 min . 
40 min " 

3rd 10 I:l in 
40 min . 

4th 50 min . 

5th 

6th 

25 r.l in ~ 
25 min . 

25 r.t in ~ 
25 ;:1in, 

Introductory Talk 
llovie 
Part I (Pgs . 1 to 22) 

Recognition Quiz (Speeds) 
Part I (Pgs . 22 to 27) 
Discuss ion nith ;>ractlce on 
Deflection Tra ining 

Recogni tien' Quiz (inn!; span) 
Part I (Pgs . 27 to 32) 
Discussion \"11 t11 practice on 
::lange Trainer 

Iiovie 
General Qu iz 
Dual Projection Trainer 

Link BB Range 
Gunairstructor 

Lin}{ BB Range 

Gunairstructor 


-- = 

Hovie should be sho\"m a minimum of tHO times . I t may 
be shown af ter tJle formal period is over and should 
be shown any tim e a student re que sts , 





PART I 


INTRODUCTION . 

Your job as a fighter pilot is threefold: 

1 . 	 Be able to fly your airplane instinctively. 

2 . 	 Be able to leave your base , intercept your enemy , 
and return to your base . 

3 . 	 Be able to successfully accomplish your mission ­
destruction of the enemy .. 

nore than any other flier , you , as a single- zeater fighter 

pilot , are re quired to be skilled in all three jobs . I n the 

first place , you fly t he "hottest" plane available and the na ­

ture of your assignments demands that you know hO\"l to get the 

best out of it . In the second plac e , you are a one - man crew ­

pilot , co - pilot , engineer, radioman , navigator ~'d gunner . 

You must l<cep t r ack of :-Janifold pTessures , wind - drift , radio 

operation and a hundred oth er things . Yet , you must be able 

to accomplish the ;JllrpOSe of your Llight _ the miss10n you have 

been assigned . 

Finally , if you are to accomplish your mission you mus t 

have confidence in your own abili ty to shoot dovm enemy planes . 

You must hit and hit often . You hElve learned how to fly in 

formation and f i,zht as a tealil . HOVlever , if you cannot shoot , 

your \·,1101e training is wasted . You !Just kno\" \-,hen and how to 

fire your guns . For this , a thorough l<noHledge of recognition , 

sighting a.nd range estimation is essential . 





The ?urpose of tilis nrefresher" course is to enable you to 

review the basic !,rlnci!,les of fixed gunnery , and to provide 

you \",iUl an opportu..~ity to prove those !Jrinciplen by actual 

practice on various synthetic gunnery training devices . 

Fixed aerial gunnery is not exactly a simple subject . Yet , 

if any gunnery metnod is to 'i"!orl~ under spl it - second timing in 

the air, the process mus t be made simple , The job must be an ­

alyzed and reduced to a simple system. Then the simple routine 

must be prac ticed until its performance becomes automat ic and 

instinctive, as readily and naturally performed as breathing. 

This war will undoubtedly be \"/on by condi tloned reflexes , 

or by developing the habit of :mttlng lead in the right place at 

the ri ght time . Uost p ilots who have had victories in the past 

and present wars aGree that there is no such thing as a nbornn 

gunne r \",ho consistently shoots do\'m the enemy by uf eel ". Only 

long , tiring hours of searching s tudy and conscientious prac ­

tice nl1l prepare you for tl1e duty you must perform in the com­

bat area . 

First .. learn the principles laid down here . Your ability 

to execute ther.1 \'1111 depend only upon the extent to which you 

practice them . If you ~ all the information contained in 

these few pa~es , you will !{noYl c1'!ou~h about gunnery theory . 

Practice will be all you need . Properly combi:le the trIo , and 

you can become one of the best trained fighter pilots in the 

norld . 

RESTRICT!:Dj - ----­
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Perhaps the best way to simplify a dif f icult job is to 

break 1 t dorm into separate tasks and then get each one done 

in i ts proper order . Like most difficult jobs, fixed aerial 

gunne ry can be ~cientifical l y analyzed and broken dovm into 

component parts . Furthermore , the analysis can be set to 

rhyme . 

GUESS WHO - r.'HO (Recognition) 

FIGURE l.'HE?.E TO - ';IHERE (Lead) 

RECORD HOW FAR 

TH~N pur IT "TEAR" - :;/HEN (Range) 

WHO - Friend or Foe (Recognition) 

This is the first quest i on in any contact . 'Uithout t he 

anSi/e r t o t his there can be no ans"'"/e r to WHERE or WHE:-J . The 

number of radii lead , or \"/here to aim , can be det c r~in ed only 

if you know the speed at which the t a r get is flying . The size 

of the target as it appears in the ring sives an accurate es ­

timation of the r ange . You \'Jill therefore be able to tell 

when to fi r e only if you lrnov! t he target ' s Yling span or fuse ­

l age length . Obviously, you must first ide~tify a plan e befo r e 

i ts dimensions and speed can be determined . The art of r ecog­

nition cannot be taught he r e but its i mportance cannot be ove r ­

R;:STRICTilD 
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emphasized . Aircraft r ecognitio n is indeed the basis of fixed 

gunnery. 

VIHER:<: do I aim? (Lead) 

When you shoot at a moving target you must realize that 

your bulle t does not reach the target instantaneously , but 

that it takes a cert ain der in1 to time \"/h1ch depends on the 

r ange and the bull ot t 5 velocity . During this " time of fliGht" 

of the bullet , tliG target moves through a certain distance 

wh1ch depends on its speed . You must estimate this distance 

nnd shoot ahead of the target to 0.110\"1 for it. This correc ­

tlon 1s called target deflect ion or lead . 

Lead 1s not a mysterious correct ion used only in aerial 

gunne r y . It is an everyday occurr?nce which nearly ev e ryone 

has observ ed or used unconsciously . A C0r.1n10n eX fl.mple is a sta ­

tionary passer throwing a football, to a runn e r cr?sslng in 

front of him on the football field . See Figure 1 . He does no t 

throw it at the runner , but always at some point in tront of 

him in such a manner that tl1c runn e r can catch the ball without 

c hanging his speed or direction. 

Both a football and a bullet re qui re a definite time to 

cover a given distance . Th is fact cannot be disregarded in 

gunnery or the result will be consist ent missing of the target . 

R:i:STRICT:i:D.:..-------- ­
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I \'&v,,, r­ ~.. ---­-r-~ 0 

It ~ 
•.n, lEAOltfG TARG[ T ·:~. "ME Of flIGHT A HI T 

~.? T~ -{} 
~. 

~ · 
G ~ ? LEAD I NG TARGET 

q 
I II tIE OF FLIGHT A HIT 

Figur e 1 

Calculation of Lead 

It Vlill be well to consider in more detail the problem of 

lead and to take the case of a fi gl.1te r pilot attacking an enemy 

plane . Figure 2 shows a gunner firing his guns correctly a t a 

target flying across directly in front of him . 

Assume that the distance AB from the fighter plane to the 

target is 300 yards and that the velocity of the bullet i s 2 ,700 

feet per second . l I t will take 1/3 of a second for the bullet 

to reach the target . If the enemy plane is traveling: at a speed 

of 300 miles per hour, it will fly 49 yards during the time of 

1) In the case of a gun firing forward , t he speed of the plane 
must be added to the muzzle veloc i ty of the bullet . For a r ange 
of 300 yards the amount of bullet slow- dovm due to air resis ­
tance is approximately equal to the speed of the fighter. The r e ­
fore , the average velocity ove r the range ot 300 yards may be 
assumed to be 2 , 700 feet per second relative to the air for a 
bullet with a muzzle velocity of 2 , 700 feet per second . 

RIlSTR I CTED 
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flight of the bulle' , H t' t'" ence .1e argot 'will fly from B to C 

while the bullet goes from A to C. 

Be T~Ru£T1 S TRAVEL IN 1/3 OF • SECOND .
cO 49v05. 

P. t \-"':':c-::'':':'''rJSC~ ApPROACH
ANGLE 

o k eUl LET WIT H A VELOCITY 
OF 2 700 FT. PER SECOND 

'" 
o «J>\-Y_--I E TRAV~LS ~DO YARDS IN 173 

OF A SECOND . ~ 

RESU LTING 

LEAD ANGLE 


ATTACKI NG PLANE ~A Y 6f CONSIDERED 
AS STATI ONAR Y A T TI~E GUNS 11ERE FIRED •

• 

Figure 2 

Now, if the target plane were only 150 yards a\'/ay , that is 

at D, and traveling at the same speed , the bullet would take 

1/6 of a second in flight from A to 'E, and tIle target would 

fly from D to E requiring a 24~ yard lead . It is important 

to note that in each case the angular.1 cad (angle of deflec ­

tion) is the same and independent of the range. Note in Fig ­

ure 3 that if we doubl.e o r halve (or othert'!ise proportionately 

increase or decrease) the time of travel of bo th bullet and 

target , the lead angles do !!.2!. change . 

RES r RIC T S D 
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ATTACKi"G PLANE 

Figure 3 

Th is simple fact give s us the great advantage of having 

the angle of lead which we give a target remain the same r e -

gardless of the range . For this reason you vlill never hear 

mentioned the l ength of lead. All leads 'fIill be measured in 

angles and expressed i n sight radii . l Thus (1) the speed 

1) Radius of Army sight 5ubtends on angle of thirty-five 
(35) milS . 
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R~sr3ICTED 

of the to.rt~e t and (2) tlle approach a."C1e1 from which j'OU fire 

at it are ti1e only tt"IO vnriab1es -"J~:i c l1 nust be considered in 

(1) T~rget Speed 

Lead is the aP.lOU!1t the t:l.mne r shoots ahead of the tar-

Get in o r r:'cr to a110\7 for the clisto.nce it mo ves duri113 the time 

of fli C:lt Clf ti-~e bulle t . The distance the target liloves obvious­

ly dc?e.n .cl.3 upon its speed . Change the s}jeed , or the distance 

·,.,hi ch t.1C tc.rge t travels i!1 a given lenGth of time and the l ead 

ancle must chanGe . Dec rease t:iC targe t ' 3 speed and the angl e 

decreases . Increas e it and t ;1C 8...l1g1e increases . Fiuure 4 il ­

lustratcd the differences of lead anGle for three different 

speeds . It is very important to realize that for a given tar­

get speed range ha~ no effeo", on l ead . Lead as a:9plied to aerial 

emmery is e.ngular , 

1) hnproaeh - angl e is the a..,gle bct\/een t he 11116 of sight
(~ath of bullet) and tile target's line or filcht • 

R Z S T n leT ION 
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FIG . 4 

(400 11/11) FA~T TARGET 

(300 M/H) MEOIUt.· TARGE T 

(
.----/'5., ) '~--_I COR~H'T 
1 Qt.vH Sl.OI'l TAR POIIlo'T OF AIM 

~-~--~---*~-~--'~~ 

(2) Appro ach Angle 

Pi. LA TI ON CF 
Th RGE.T-5PEEO 
TO LEAD-A~GLE 

Fi gure 4 

bW£T SPI£D 
/-TRATE (J' 

2,'100 FT/SEC . 

l,r: ATTACK I NG PU·NE 

The angle between the path of the bullet and the flight 

path. of the target (the approach angle) also hr-.s r. boc-.ring on 

the lend c.ngl e • While this is ('..l1 unfortunete cornplior.tion, c. 

elec.r understC'Jldlng of the pr?blem is :-.11 that is necass:'.ry in 

order to nrrive at n solution. 

In the cnse illustrcted in Figure I , it should be observed 

R3srRICTED---­ - --­ - -
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th:.".t the t:~rget is trc.velil1g C". t rig:lt "'.IlGles to the cunner's 

line of sight . This is celled :'". full deflection shot. An .:-.p _ 

proc.ch angle of 90 degrees is , therefore, n full deflection 

shot . I't should be obvious thnt if the t::.rget were comi.ng 

directly tonc.rd or going directly ti.flt".y from the fighter plane 

(flying along AC), no angular leed \'Iould be necessary _ It 

would then be n "no deflection" shot , Md the c.pproc.ch D.l1e;le 

would be 0 degree s. 

If the tL"'.rge t is approac hing (or depnrting) at a 45 de ­

gree angle to the line of sight (45 degree appro ach angle) , 

we may dete r mine the correct lead by the aid of figure 5. 

, B 

. 
eI 

) 
C C' 

Figure 5. 

As before, \'/hile the bullet goes from A to C (A to C') 

the 't:lrget goes 49 yards from B to C (8 to Ct) but the lead 

apparent to the gunner is tile line CD (e l D' ) . This m;:o:.y be 

determined by solving the tri~~gle BDC . This is a 45 - 45 

right triangle Vlhose hypotenuse 1 s known . Instead of leading 

the target 49 yards as we did 1n tile 90 degree approach angle , 

http:c.pproc.ch
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we lead it about 70 percent of 49 ysrds or 34 yards in this 

case . (In the 45 _45 triangle a leg is 0.1\'1ay5 about 70 percent 

of the hypotenuse.) 

If the target were departing at 45 degrees , the corrGct 

lead would be iJlC '. The difference in the rcnges AB, AC and 

AC' can , f o r al l ~} ractical purposes , be overlooked because of 

their small size as co mpared \"1 1 th the bullet veloei ty . 

From the foregoing vIe can see that ~'! e must allow for a 

full deflection shot (100 pe rcent lead) when t he app roach an ­

gle is 90 degr ees and no lead when the approach angle is 0 

degrees . J.. 30 degr ee approach angle w111 similarly be found 

to r equi r e t:. 50 pe rc ent lead . It should be noted that the 

greatest change in lead takes place as the appro ach angl e 

c ~lrulges from 0 t o 45 degr ees . 

In summary : 

Appro ach angle 0 30 45 60 90 d eg r ees 

Lead o 50 70 85 100 percent 

The mat t e r can be clarified by pointing out ti.lat for a 

lgiven ran ge the number of yards (actual l ead) t h at you must 

1) Ran ge here is ssumed to be d istanc e from attacking plene 
to correct point of aim or collision po i n t . 

RRSTRICT'lD 

- 11 ­



1 

t 

• 

c 

j 

• 

\ 

\ 




lead the target remains constant , no matter from what angle 

the bullet comes . This is because 1 t ta!(cs the bullet the 

same length of time to cover the distance to the target , r e ­

gardless of the appr oach angle , and during that time the te.r­

gat \";i11 t r avel forwa r d the same number of yar ds , regardless 

of what direction the bullet may be coming from . Figure 6 

illustrates the point . 

RELATION OF 
t-PPROA CH- M!GlE ACTUAL LEAD 
TO LEAD- ;'I\iGLE (APPM~~"'T u;.o) ~ 

:-_ TARSET___~i)'1'-___::;::;>1 ~RECT__________ -':.:__ ~ 
PO I NT OF 
AI M 

\ 
LEA D t.. 1~GLE. 

\~D I tI~l \ 
\ 

\ 


LEAD ANGLE;{ 
LARGE 

(IY'AX If..tU~I ) \ 

Figure 6 . 
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Figure 7 , however , shows that even though t he actual lead 

in yar ds r emains the sa..";le , naverti.leless , the lead angle (ap ­

parent lead) is less from fighter (A) than from fi ghter (B) , 

because uh1lc the actual lead distance 1s seen f rom broadside 

in the first c ase , it is seen f r om a for eshort ened angle in 

the secord case . 

RE L ATIO N OF LEAD I N FEE T TO LEAD I N R I NGS 

SKE TCH 1 LEAD I N YAROS 

TARGE T TR AVELS T H I S FAR I N 


1/j OF ' r; SECOND NO 

MA TER fROM 'I/HI. T t.NG L E f, TTf,CI< ING 
PL ANE (, O"'~ S . THEREf ORE 

THE COQREC T PO I NT Of 

A 1M F OR A ('QNS TANT 
R/,NGE RE".e.. 1 "IS THE 
S"'IE O I S TJoNCE- AHEAO 
OF T HE TARGE T RE ­
G"RO LESS OF ThE AP ­
;>ROACH ANG LE . 

FIGHTER (BULLET TRA VELS I, T 
RA TE Of 2 .1'100 FT. 
PER SE COND .) 

-----*F IGHTE R R 

SKETCH 2 LEhD IN RAD I I J. LTH OUGH AC TU OL LE AD RE"~ Pol S 
T HE SAIJE fR(}Io4 /. CONSTANT 
RA NGE THE ,.PPARE NT LE t.O , IS DIFFERENT BECAUSE THE , t.PPROt.CH ~NGlE I S DIFFER­
ENT.

\ 
t 
.EAD I,NG 

IGHTER FIGHTER B l Et.D IN 
fAD I N YI.RD .900 FEET Lool<S B I G f RO~ 
001<5 8M/, ll It> HER~ JNO FORESHQq T E~I-

ING) HEREFOR.E LE f"'D 
QRI!:SHOR TE NED)
RQ'4 HER!: (I S ~-94'~ 

4NG L E 15 A LSO G I G 
HEREFORE LE f,D FRO~ HERE 
NGLE I S f. L SO S~v\ lL. ..... /
ROt.-' HERE . _______ _ 

"" 

Figure 7 
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/,ctual lead , then , is identic al for any approach angle , 

but apparent l ead equals maximum lead times the sine of the 

approach angle . 

The correct approach angle is determined by t wo angles : 

the turn angle, measured in a horizontal plane ; and the climb 

(dive) angle , measured in a vertical plane . Ne1 ther of these 

angles alone is the approach angle . The approach angle is 

moasured 1n a slant plane and 1s a.lways greate r than a1 tile r 

of the two aepar ate angles . For instance, if the turn angle 

is 50 degr ees and the climb dive angle 1s 30 degrees , the ap ­

p r oach angle 1s almost 50 degr ees . The approach angle equals 

the turn angle only if the climb dive angle is zero and it 

equals the climb - dive angle only i f the turn angle is ze r o . 

HoweVClr , for all pr actical purposes the approach angle may 

be assumed to equal the turn or climb- dive angle if the other 

angle is I GSS than 20 degrees. Ficure 0 SilOVIG the pict~lre. 

R;;:STRICT':D 
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Figure 8 

Thus we se c that for any given target speed and approach ­

nngle it 1s pos s ible to ascertain the correct lead angle , 

But it is alao obvious that the determination of the correct 

lead-angle must be made so simple as to be virtually instan ­

taneous . 

This has been achieved in tno ways -- (1) by use of the 

gun Sight , and (2) by means of convenient rules - or - thumb . 

However , if you do not ful~Y understand evo rythlng you 

have read so far, go no further . Go back and RE-RE/.D . Only 

R];§.TR1£TEg 
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by fully comprehending the above ba sic principles will what 

follo''7s make sense to you . Remember in this game , while you 

fool no one but yourself t you can o.lso cause a lot of other 

~)eople to get hurt by no t knowing your stuff . If you cannot 

honestly face yourself and say you ~ what it all means -­

Donlt read on 

TIll:;. R':!:FL;X;TOR GUN SIGHT 

Description 

The first ai10 rt cut you have in estimating the co rrect 

lead angle is your gunsight . In order to use it correctly , 

you &' l. ould understand ho\': it is constructed. 

The optical system of a reflector sight consists of a 

light source , a reticla , a projection lens system, and a re ­

flecting plate . The iJulb contains trIO inc nndescent filaments 

and the intensl ty of its illuminc::.tion may be adjusted by a 

r heostat to f1 t existent light condi tions . The l'Oeticle 

is an opaque plate on which the form of a ring and baad has 

been etched . :Vhen t he bulb ' 6 light rays hit the r eticle , the 

ring is projected , through the lens syatelil , onto the reflec ­

tor plate, through ,,-,1.1ich the target is also visible . The 

reflecto r plate , oade of special t~iplex glass , is interposed 

on the lin e of sight at 45 degrees . (See figure 9) 

RcSTRICT1D 
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T HE P.f fLECTO ~ SiGHT 

TA RGE T RANGE _ 
SUFF ICIENTLY GREA T 
SO THU RAYS W,Y BE 

TRANS PARE ~I T GLASS PLA TE 
DIMLY REF LECTING I 'IAGE 

OF RET ICLE 

EYE 

LE I,sE 

'=¥'=j~:-.J RET ICLE '7a- M IL 

BY VUIb OF LENSE . 
LI GHT RAYS FROM THE 
RETICLE (ILLUM I NATED 
BY LAMP AT BOTTOML ARE 
PARALLEL AND APPEAR SUPeR -
I MPOSED ON THE TARGE T. 

• 

TH US THE TARGE T AND RE T ICL E 

ARE I N YOUR FOCU S S I MU LT ANEOUS LY. 

Figure 9 
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By this arran gement the lens system picl< s up the light 

rays diverging from points on the reticle and projects them as 

parall el bundles of rays. These rays are interrupted by the 

inclined reflector Plate, where the image is viewed by the eye . 

The imago then appears to be always in tho same direction from 

the observer and in focus with the t arget . 

hs a result , the sight rin g seems t o be a large ring seen 

at a great distance superimposed on the target plane . I~s long 

as the ring can be seen , correct alignment of eye , bead , and 

peep is assured . If the gunner moves his head from side to 

side or back and forth , the Size and posi tion of the target 


plane do not change relative to the size and position of the 


rin g . For the position and Size of the taraet to change in 


the r ing there must be relative movement betvieen the firing 


and target pl anes . 

In the ring and bead Sight , because th3 sizQ of the ring 

has been calculated according to the distance the pi lot1s eye 

is from the ring Sight, it is essentinl that he place his eye 

at this eXact distance , otherwise the basi c allowance aiven 

by the ring Vlill vary. For instL!11ce , if the distance of the 

Sight from the pilot ' s eye is eight inches , a movement of 

two inches toward, or a~yay from , the sight \'!i ll give an error 

of 25 feet at 400 yards . This is not so \"lith the reflector 

Sight , which automaticclly c:Jr:J.pensates ~or My distance the 

Pilot may plnce nis head f rom t he sight . 

RESTRICl'.~D 
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With the ring and bead sight the pilot l,lUSt align the bead 

of th e fore sight with the inner ring of t he back sight and 

both wi t h his eye for every type Q! shot , otherwise his "line 

of sight'l will be incorrect . For instance , if the eye is 1/8" 

out of line it will give an error of 20 fe et at 400 . i1.gain , 

this is not so \'lith the reflector sight which, so long as i t ' s 

image is visible , a~tomaticnlly compensat es f o r th e position 

of the pilot ' s head . 

The eye , like a camera , has to be in focus to see the ob­

ject clearly , hence if the t a r ge t is in focus the sights must 

be out of focus and are not seen distinctly . Not so with the 

r eflector sight , which g ive s the pilot the vis i on of the dot 

and ring ' s image be ing superimposed on the target . 

Speed- r ating t he sight 

The standa rd Army 70 - mi l diameter sight has a radius angle 

from the bead to the circle of 35 mils . Mils, like degr ees , 

measure the size of an angle . i~ mil is t he angle sub tended by 

approximately one foot ( . 98175 ft.) at 1,,000 ft . The distance 

f r om t he bead t a the ring on the sight as seen by the eye " 

therefo r e , measures a distance of 35 f ee t at a 1 , 000 range . 

This is illustrated in figure 10 . 

R:>STRI C T'.i:D 
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A'lGl£ Of lE"l 
)5 i< ll'l 

~ .­~ 
1 C{)Il ' 

Figure 10 

1t. is possi~le to use this principle in handling the 

problem of speed . I~s previously shown , the amount of lead 

necessary in any given cas e clearly depends upon the velocity 

of the bullet and speed of the targe t . By studying the veloc ­

ities of . 50 caliber 112 ammunition in a B/J.f gun" vie find that 

a good average is 2 , 700 feet per second , over the first 1 , 000 . 
feet . This mean s that such a bullet travels the first 1,000 

feet in a . 37 seconds . Now, by detarmining how fast a target 

must travel across the sight radius , a distance of 35 feet , to 

be st ruck by such a bullet , we can determine the speed -rating 

of the sight for that particular ammunition . Figure 11 will 

illustrate this: 

& 
tr....vels )5 ' in 
.3 1 sec. 

«_~===::::::-:[.~::::;~::::======~ B 9!i ft /sec plM'IC 
21 0 ftlsee bullet 

travels 1((;•. ' if' C 
. ,1 SO;!C . 

Figure 11 
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If we assume t hat the gunne r is at I.. shooting along I...C a.'1d an 

aircraft at B is flyi ng toward C, it may be seen that at the 

end of . 37 seconds the bullet will be at C, as suming that it 

maintains its a v e rage velocity of 2 , 700 feet pe r second . The 

aircraft will also be at C if it travels at the rate of 35 

f ee t in . 37 seconds , or at the rate of 98 f eet in 1 second . 

Hence C will be the po int of aim for the gunner in order to 

hi t the aircraf t under the conditions stated . Using the ring 

will , therefore , lead the tc:.rget by a prope r amount ; t hat is , 

if the tc.rget is put on t he ri ng it \·/ i11 r esult in a. collis ion 

course bet\7een the bullet and the aircraft . 

Since 1 . 47 f ee t per second equals 1 mi le per hour. 95 

feet pe r second is equivalent to 65 miles per hour which is the 

speed - r ating of the sight . It is important for the pilot to 

be competent at rati ng t he Dpeed of his sight ,. due to the va­

riances which may occur in issue r e ticl es , or changes in ve ­

locity of future ammun i tion , o r bec ause special combat condi ­

tions or equ ipment installations make revisi on of the r eti­

cl e desirable . 

The following table shows the speed -rating for the 70­. . 
mi l sight for bullet speeds f rom 2,000 ' to 3,,000 ' pe r second : 
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70 Ull Ring 

Bullet Ve10ckll Lt . P. H. Value 

2 ; 000 48 
2;100 50 
2 , 200 53 
2;300 55 
2 ; 400 57 
2; 500 60 
2;600 62 
2 ; 700 65 
2 ; 800 67 
2 ; 900 69 
3 , 000 72 

With a full understanding of the gun - sight , you are now 

ready to start the importa.,t business a f applying the rule of 

thumb \',hlch \" 111 translate tar;set 5 peed into radii lead . 

The On c - S9venth Rule 

On a right - angle o.pproe..ch to the tc.rget the ratio betrlcen 

targe t speed in mil es per hour and lead in mils 1s olmost the 

ratio of 2 to 1 . This is true because , as \'18 ha.ve seen , the 

r adl us of the 70- mil si3ht is equival cmt to a speed of 65 per 

hour, or II ratio of 65 to 35 . 

Since you are estimating the correct lead angle by means 

of your gun- sight , you are not so much i nte r ested in the num ­

ber of mils lead as you arc the number of radii lead . Your 

70- ml1 ring is the most convenient and reliab le d evice you 

have for estimating t!l.e correct load on a target and , although 
. 


it 1s not the best sight for its purpose , you might as r!cl l 





get the best out of it . He r e ' s how it ' s done . 

Because of the inaccuracies of aiming , of estimating the 

targe t spoed , and of estimating the angle of attack, the 70 ­

mil sight will be considered for all practical purposes as 

having a 70 mile per hour radius . 

THI S l.IE1J'S. ONE !l.'.DII OF THE 70 MIL SIGHT I S TH'i! PROPER 

LE1.D FOR AN i.IRPL1.NE TRi.Y"l. I ilG I.T 70 MPH /.T RIGHT I.NGLES . 

Inasmuch as your kno\"Jledge of the target I 5 speed is esscn­

tially a gue ss , you are apt to be as nearly correct estimating 

speed~ ~a~ily diVisible by the speed rating of your gun - sight 

(70 m. p. h . ) as other~ise . 

h. recomm anded Ii at is as follows : 

Target Speed Lead l.ngle 
!l . P. H. No . of Radii 

420 6' 
385 5 . 5 
350 5' 
3, 5 4 . 5 Rul e of Thumb 
280 4' 
245 
210 

3 . 5 
3 ' 

Dro p the ze ro 
from target 

175 
140 

2. 5 
2' 

speed 
by 7 . 

and divide 

105 1 . 5 
70 1 

This provides a variety of speeds sufficiently br oad to 

deal nith almost any situation nithin the limits of one ' s ab il­

ity to estimate speed accur ately . By knowing this r ul e - of ­

RE!l.lR l£ T 1; O 
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tllur.1b you \'Iill find it pOGsiblc r apidly to determine rdd11 lend 

for any type of plane . 

li2..r! to Q£i Full Deflection Lead 

Ex~mple: For a LVB Type 1 (Betty) 

Uit subi shi Type 1 
has maximum lev e l - flight 
speed = 280 miles pe r hour. 
Therefore correct lead f or 
full deflection shot = 28 

-r- 4 Rings (Radii) 

Rule Q.£ T.!Umb 

Drop the zero 

from the target 1s 

speed and divide 

by 7 . 


Attacking 
PI r.ne 

Figure 12 

Howev e r, even such Co simple mntter as dividing by 7 can be 

a major problem under combat conditi?ns . It is pos~ible to make 

a still grenter simplification in the matt~r of correlating 

miles per hour speed '.;oi th numb=r of r etd ii lead ••• a simplifica ­

tion \7hich eliminates all the "aerial ari th!'uetic" .. 

I nasr,]uch as each aircrf".ft has a specific maximum level ­

flight speed it is pos~;ible for you to ca.lculate and memorize 

the number of radii le ad required on each plane in 0. 90 degree 

attack . Fo t" your convenience, the number of radii lead for 
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full deflection shot s at a majo r! ty of enemy planes has been 
half 

computed to the nea:est/r adii and li s ted in tabular form at the 

end of this chapter. 

Fortunately , in most theat e rs of combat 1 t appea rs that 

only a limited number of types of enemy ai r e raft a r e encoun ­

t ered . F rom both an op erational and maintenance point of view 

it is desi r able to keep pl anes of similar make and type together. 

As a rule , no mo r e than four or five types of enemy air ­

craft . will be ope r ating \"I i th i n an a r ea. of several thousand 

miles . A pilo t going into a ne~'l t heat e r of operation can , 

t herefo r e , generally l~no\'! just ~7hat type of airc r af t \";111 fo rm 

the appast tion . 

Thus , in 1ts simplest fo r m, the answe r to ou r full deflec _ 

tion l ead becomes no thing but a matter of learning four o r five 

simple "leads" , wi t hout r e f erence to arithmetic . 

But r emember this number of r ad ii lead is calculated for 

maximum (level) flight speed only . It' s just a Ylork ing bssis . 

Inc rea.se the to.rg~ t' s speed 50%' and you mus t increase t he rad ii 

l ead by 50%. Decrease i t by 30~ and you !'!'lus t decrease t he 

r ad ii l ead by 3010. I n other r:ords , t he r elationship bet';/een 

changes of speed and chance l> of radii -l ead 1s directly p ro po r­

tiona. l. This makes the matt er 30 simple t hat if you k..'10\7 th e 

basic lead figure you a lready have half the battle \'Io n . 

Rule - of -Thumb for Approach Angle . 

As the a pp roach - angle ch!l!lges from b ro adside to tail there 
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is a corresponding reduction of radii lead . For all practical 

purposes this change may be grouped 1n.f.!u!!:. catagories : 

900 
- 60 0 ; 60° - 30° ; 300 - lS0j ISO _ 00 . "Experience has pro ­

van that this is completely satisfactory and that the angles 

are easy both to judge and to remember . Figure 13 clearly il ­

lustrates the approach angles and the corresponding deflec ­

ti ons . Note that in every case the decrease in radii lead is 

given as a fraction of full deflection . 

RE LATI O. OF ,\PPROIICH- ANG LE TO DEFLECTI ON 
_~/'PPROACH ANGLES 

A·"" Tl.R~ POINT OF I. I ~ 
r-~____~'-~N~O~O~E~F~L~EC~T~IO~N~____'~'~________________~~____~~~ 

A OF FULL DEFLECT ION 

• OF FULL DEF LE CTI ONl5" 

\
'. 

a OF ~ULl DEFLECT ION 

, 

FULL DEF LECTI ON 

~ 

o 
• 

••-
•• 

,-
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The rule of thumb we will adopt, then , is for 90 to 60 

degree approach angle , allon full deflection; for 50 degrees 

to 30 degrees , allow 3/4 full deflection; for 30 to 15 degrees , 

1/2 full deflection; 15 to 0 degrees , 1/4 full deflection . 

WHEN ••• " •• Am I at the Correct Firing Range 

So far , you have the ansvmrs to the questions : 

~•••friend or foe -- and type of foe (pur ely a 

recognition problem) , and 

\'iHERE••• do I aim••••• anSi'le red by ~G1owledge of the 

rings lcad -factor (a completely instantaneous affa.i.r \71th an 

equally instantaneous correction for approach- angle) 

It should be emphasized that the a..rlSWers. to both WIIO and 

WHERE con almost invariably be had when the target is still fa r 

away , This leaves a.mple time for cool and deliberate decision 

nnd for answering that final importmt question .....WHEN •• 

This could be a controversial subject nere it not for one 

incontestible fact _________ experienc8 . Actual combat results 

have for some time been proving Md reproving that. the best 

"get your man" range for opening fire is 300 yru-ds . 

As you close on your t~rget to 300 y~rds, your guns are 

most effective; i . e ., ~.t ["tny given inst:-'.nt you h"".ve the gre~t ­

est number of bullets concentrc.ted within the most efficient 

ar ea a.long the s i ght·lir:c ~d consequently stend the best chcnce 

of hitting effectively. 
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While target range estimation can be an extremely simple 

affair it has long been one of the student fighter pilot's 

worst headaches . 

The 70- mil reflector sight has, hor/ever, been designed so 

that the ring will qU$ckly. and accurately indicate the range of 

any aircraft of knorm s~ze . In effect , the sight is a simple 

and useful range-finder. 

We have already seen that t he UIL is the unt t of measure ­

ment \'Jh ich has been adopted and t hat a one - foot ruler held up 

1,000 feet (333 yards) away gives u s an angle of 1 aIL . Thus, 

an airplane flith a wingspread of 35 feet at 333 yards' range 

will fill 35 mils or 1 radius in our sight; a 70 foot ning, 

70 mils or 2 radii; a 100 foot \'/ingspread will fill 100 mils , 

or about :3 radii , . etc. 

Here we have another fortunate circumstance. It 300 yards 

is t:he best range at Vlhich to open fire and 333 yards is a range 

Which can be accurately measured by your ring sight , the two can, 

for all practical. purposes , be considered one and the same . 

Consequently , if we know the wingspan and fuselage length 

of any given target, it is an easy matter to t ell '"'hen it is at 

300 yard range. Just wait until the target tills the same num ­
: ==:=: 

ber of mils in the sight - ring as you know it measures in size 

(teet) , then open tire . You are at firing range when you press 

the trigger. 
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Although a target travel ing at a 45 degr ee angle to your 

line of flight Vlill appear foreshortened in both fuselage and 

wingspan , the tendency to shoot too soon will normally compen ­

sate for the apparent decrease in the size of the ship in the 

ring sight . Actually , a target viewed at a 45 degree angle 

nill appe ar only about 3/4 of its actual size and fire may , 

thel efo re, be opened a split - second sooner than otherwise . 

Remember that either wingspan or fuselage length can 

be used to estimate range . Just use whichever one 1s the most 

nearly full-vi ew to y.ou . 

r/hen you first lea rned to drive a car you probably found 

it difficult to estimate whe ther o r not it Viould fit between 

two obstacl es on the road . Simil a rly in flying , one of the 

most difficult tasks for you is going to be to wait until you 

~ at 1 , 000 foot range before openi~g fire . Firing while 

still out of range is usually the studen t fi gh t e r - pilot 1 s 

firs t mis take and the one he hangs onto the most tenaciously . 

Thus we see that once we have reco gnized our target and 

pigeonholed it as to characteristics , we have been able to ap ­

ply our 1/7 rule (or know the ri ngs -lead) and approach. angle 

correction to deflection and our gunsight to get range . 

The WHO- VIHEffi:: - ',7HEN system now becomes simply a constant . . 
challenge that requires nothing but :)ractlce , practice , and 

Some more practice. 
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WHO - WHERE - VIH2N••••••••• WHO WHERE WHEN ••••• 

Think of it every time you see a plane in t h e air, a model on 

the ceiling, a i)icture in a magazine , a movie , a ~lassroom , 

your O\",rn r oom. Think further of the answers , too . Learn t o 

recognize every plane . Know its speed, its size, its lead . 

'" 
" 

,. 
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GERl'AN AIRCRhFT 

Vling Fuselage 
Span LengthF'IGHTBRS 

Fock 11ulf FYI 190 
llesserschmi t Ue l09E 
Mes sers chmi t Me 109F 
Uesserschmit Me 109G 
Messerschmit Me 110 
Messerschmi t Ue 210 
Junkers Ju 88 C5 

Bm:DERS &: DIVE B01!BllRS 

Dornier Do 17 
Dorni er Do 217 
Focke Ilulf FW 200 K 
Heinkel He 111 HoE 
Heinkel He 177 
Henschel Hs 129 
Junkers Ju a6P (approx . Di men . ) 
Junkers Ju 878 
Junkers Ju 87D 
Junkers Ju 88 A6 
Junkers Ju 288 

COOP , RECONN , "TRi.NSP , 

Focke V/u1f FW 189 
Junkers Ju 52 
Junkers Ju 90 

liAVJ..L 

Arado Ar 196 
Blohm &: Voss BV 138 
Dornier Do 26 
Heinl<el He 115 

GLIDERS 

DFS 230 
Go tha Go 242 

tlax . Radii 
Level ­ Lead 
Flight 
Speed 

390 5 , 5 
350 5 
390 5 , 5 
400 6 
360 5 
360 5 
350 5 

310 4 ~ 5 
320 4 , 5 
260 4' 
250 3 , 5 
200 3' 
250 (est) 3 , 5 
280 4 ' 
250 3; 5 
250 3 . 5 
290 4 

220 3 
160 2 . 5 
210 3 

190 
170 
210 
210 

100( c ru) 1. 5 
149(Alax) 2 

40 ' 
33 ' 
33 ' 
33 ' 
53 ' 
53 ' 
66' 

59 ' 
63 ' 

108 1 

74' 
103 ' 

45 ' 
77 ' 
45 ' 
45' 
66 ' 
60 ' 

60' 
96 ' 

115 

41 ' 
89 ' 
99 ' 
76 ' 

72 ' 
79 ' 

29 ' 
29 ' 
30 ' 
30 ' 
40 ' 
36 ' 
47 ' 

53 1 

57 ' 
78' 
54' 
64 ' 
33' 
53 ' 
37 ' 
37 ' 
47 ' 
47' 

39 ' 
62 ' 
86 ' 

36 ' 
65 ' 
81 ' 
57 ' 

37 ' 
53' 
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AIRC?~T 

Wing Fuselage 

JAPANESE 

FIGHT~RS 

Type 97 SSF Nate 
Type 0 IlKI SSF Zeke 
Type 0 MK2 S3F Hap 
Type 1 SSF Oscar 

DI VE BOl.lBZR 

Type 99 D/B Val 

TORPEDO BOl.IB~R 

Type 97 ' T/B Kate 

Bor.IBERS 

Type 96 WB Nell 
Type 97 1.I/B Sally 
Type 1 l.VB Betty 

nOAT PLANES t~'1D FLYING BOATS 

Type 95 F/P Dave 
Type 0 F/P Pete 
Type 97 F/B Mavis 
Type 0 F/P Rufe 

I T j,LIAN 

Fiat CR 42 
Fiat G 50 
Ilac ch i !IG 200 
!.Iacchi !.Ie 202 
Reggianne Re 2000 
Reggianne Re 2001 

BOMB:;RS 

Cantieri Cant Z 1007 bis 
Fiat BR 20 
Savoia Maschetti SAt 79 
Savo i. Maschetti 5!.1 84 

fjax 
Level ­
Flight 
Speed 

280 

350 

310 

320 


240 

230 

230 

230 

290 


170 

220 

1 60 

300 


270 

290 

300 

330 

320 

360 


280 
270 
300 
300 (est) 

Radii 
Lead 

3 . 5 

3 ; 5 
3 . 5 
4 

2 . 2 
3 ' 
2~5 
4 . 5 

4 
4 ' 
4 . 5 
4 ; 5 
4 . 5 
5 

4 
4 
4 ; 5 
4 . 5 

Span 

36' 
39 ' 
36 ' 
36' 

48 ' 

52 ' 

82 ' 
72 ' 
80 ' 

36 ' 
37 ' 

131' 
39 ' 

AIRCRAFT 


L ength 

24 ' 
29 ' 
28 ' 
28 ' 

34 ' 

54 ' 

52 ' 

64 ' 


28 ' 
al' 
82 ' 
35 ' 

32 ' 
36 ' 
35 ' 
35 ' 
37 ' 
37 ' 

81 ' 
71' 
69 ' 
69 ' 

27' 
26 ' 
27 ' 
30 ' 
26 ' 
29 ' 

61 ' 
53 ' 
53 ' 
59 ' 
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I,AK IliG IT "INSTINCT IVE 

The neesesi ty of making whatever we do in aerial guni.lery 

a matter of '.' instinctive ll action---automatic reaction is be ­

yond dispute . Desr, ite the simplicity of the WHO - WHERE ­

'.!HEN system, things are still going to happen so fast when you 

get up there that ther e will be no spare time for "thinking" 

things out . 

The questicn t'lHO must imm ediately be answered because the r e 

may be several YIHQ' s at the same time. V,1iERE must also be 1n­

stantly ans\'/ered because there nn.:s t still be time to asl<: "1"I1-IElJU , 

and to get calmly and previsely set for the actual lJerformance. 

Basically there is much in common bct;-.'e en fixed ae rial gun ­

nery and coming in for a landing, playing a game of tennis , 

swimming, or riding. A certain rhythm is esaential . If your 

landing approach is poor , if you have to play with your flaps , 

oven.'ork your thro ttle , vassilata your speed , you 're a good man 

if you can still consistently ma1(c a good landing. 

Watch a professional athlete , a go lfer, tennis champ o r 

oarsman •• • for that matt J r , a professional at anything . The one 

thing that sets h im head and shoulders above others is his 

"rhythm" . There's a steady , \"lell - planned timing to every move 

he makes . His every motion has been started ••• and many may have 

been f "inishcd ••• before 'ile have even had time to consider what 

should b;:; done next . lilt's all so lovely aTld easyll . 

But don't believe it was easy to g~ t. Hours , montils , morc 

often years, of 7ractic e a r c hidden in those IIsimple ll motions . 

• - 1 ­
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unused time profitable but it also enables you to get that liluch 

more out of your in - the _air training. 

Not only is the WHO , WHERE , m-IEN system already a major sim ­

plification of the fixed gunnery problem but six specific syn ­

thetic aids have been developed to simplify the learning and 

practice of it . 

These consist of : 

1 . Recogni tion , range and po int - of -aim cards 

2 . The stationary deflection trainer 

3 . The range estimator 

4 . Dual Projec tion Trainer 

5 . Link SS Range 

6 . The Gunairstructo r 

This is t he orde r in l"/h ich they f1 t into your picture and 

here i s t he way you can get the most out of them . 

1 . RECOGNITION , RANGE k'lD POINT - OF - Alli CARDS : 

Consisting of a large and constantly growing collection 

of clearcut illustrations of virtually every type of aircraft , 

these cards give you an opportunity studiously to observe and to 

learn the fundamentals of the limn"} " system. 

Each card illustrates t:'le appearance and gives the size J 

shape , cruising and maximum speeds of different aircraft . Accom ­

panying the cards is a celluloid ove rlay inscribed 'fIith a mil ­

1"'1ne corresponding to t he 70 mil sight of your plane . Placing 

-3­
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the overlay on the card you can learn to determine '.7hether or 

not the plane is in range by observing how r.Jany mi ls it fills 

in the sight . By kno\"/ing its speed and applying the 1/7th 

rule you can estimate the correct point of aim . 

Holding the card up to the light immediat ely makes it pos ­

sible to compare your estimates \'1i th th e actually correct point 

of aim and range by virtue of the dot and figures printed on 

the reverse side of the card in exactly the correct relation ­

ship to the target . 

Get your hands on as many of these ccrds as you can . Go 

over them again and again . ven I t just look at them . L€arn 

to ~ them too . that of us go thru life doing mostly the for ­

mer , very little of the latter. Trouble is , life w<;>n ' t be long 

enough for the fi thte r p ilot nho goes on that basis . Borrow 

cards from the ground school , from your flight group , from any ­

body who has them . But , just remember, they need them too , so 

keep ' em moving . 

Go thru the routine wi th eo.ch one . 1!lHQ? ~j'HER:!:? ;';1lEN ? 

You nill find the ansrler to ':iHO greatly facilitated by your mak ­

ing an actual drawing of each type of plane . If you can ' t dra\'! 

freehand , then make a tracing. The mere physical action, of 

putting down every line compels you to see every feature . 

In t ile first plane you dra\"1 you will discover half a dozen 

tdings you never kne\"1 about it before . The bigger the picture 
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you copy the better . Better stlll , copy both large and small 

pic lures . Get used to seeing ti:e target as you actually \';111 ••• 

too darned s ~all . 

Apply the prope r radii lead to every view . Do it so many 

times that you can liit it on the nose v; ithout second t!;ought . 

In t he mi ddl e of looking at one card c ?tch yourself b~l a rapid ­

fire "shot l! at another . Be tough on yourself . Wash yourself 

out so many times you want to give up . If you can ' t lick the 

cards , you ' ll never lick the r eal thing . 

Look carefully at the ring in t he over- lay- sighl . Gel so 

that you can instantly read it by diameter and radii . Push the 

target off to the top, t he bottom, the sides••••.. , and stillo 

call off the range . Don ' t always just place it in the center 

and give yourself a " s itter1l . 

Pile up t.de cards and use a hlo tter to cover the statis ­

tics in the top center . Ca ll off t .Le names, and sizes and 

speeds as fast as you can turn t hem over . Pic}c your spot , 

judge your range . Give them t h e 1JHo - m'iEN- i'rriERE Vlorks . 

2 . THZ 8Th TrONARY DEFL lI:TIOl; TRAIlJER 

This is a valuable device , particularly as an adjunct 

to the cards . It affords a first opportunity actively to apply 

a good deal of t:1e more or less static infonnation \'lLlich you 

have just been getting from the cards . ';ihe r e previously you 
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were lookine at a flat .plane thru a flat gunsight , now }.'Ou see 

a three dimensional model thru a three dinensional 70 - r.1il re ­

flector sight . 

The machine is Bo designed that the target ' s speed can 

be set and its attitude can constantly be changed in azimuth 

and elevation . For every given speed and angle there is an 

automatic deflection - computer. V:hen you pull the trigge r e. 

spot of light will strike at the point where your bulle ts would 

have gone in relation to the target if it had actually been 

moving at t he speed und in the direction indicated . 

-kgain apply the "'if~/" system. Recognize the p~ane . the 

~"lingspread and the fuselage - length . No te the speed . Apply 

the 1/7 rule or what you know to be the }lroper rad~i lead . 

Aiiovi for approach- angle and then "let him have it! " 

Do not fail to notice that one of your first tendencies 

will be to allow insufficient lead . This is due partly to the 

fact that you may find it difficult to believe that the amount 

of lead must be so great . Recognize the difficulty and auto ­

matica11y you have half licked it . Practice will do the rest . 

At first Dut the target in a number of successive sta ­

tionary attitudes . Then , as you improve get someone gradual ­

ly to change the target I s atti tudes and see how nell you can 

"f0110\" thru" . 
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DON ' T PLAY 'iHTH IT AS J... GU::SSIiSG rJACHt:1Z . Here ' s your 

chance every time , wro t'l g o r r ight, to l ook long and see \7e11 

just what you are doing and why you a r e , or a r e not , getting 

results . You ' ll never get a chance like that in the air. Par­

ticularly notice the oppo r tunity to estimate your approach 

angl8 , and to apply quarterly decreasing amounts of radii lead . 

I nasmuch as time is so essential in fixed gunnery, g r adu­

ally learn to speed up your abi li ty . But don ' t rush it at 

first . Go slowly , study and thinl\: . Analyze your goo d shots 

as \"1611 as your poor ones . After several hours of practice 

(logged over a number of days) start limitL1g yourself to a 

cert a in ar.lount of time per a.'1swer . See what you can do \'/ i th 

20 shots in 5 minutes ••• then in 3 mlnutes ••• finally in 2 min ­

utes . If you I r e no t do ing sO '1"'/811 go back to the slow plod ­

dingj log more time; then g r ad1.1ally start. speeding up again . 

Get so jiood at us ing tl~e device that you can even do it 

in reverse . As mentioned , th ere is prOV i s i on in the design of 

the maciline whereby t he speed of the target may. be varied , thus 

automatically varying the deflection r ead ing \"I111ch the device 

puts out . Get someone to vary the speed by moving the nec ­

essary adjustment . Then only by your knowledge of ~/here the 

correct point of aim 1s located for a certain target speed , by 

looking thru your sight give directioT':s until the target speed 

adjustme~t is 'back in the correct place for the lead you have 

selected . Your accuracy rl1GoY readily be c 1mcked on t.:.le speed-
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scale . 

In other \'lo rds , Bet so sure of yourself that you can ~·.'ork 

problems backnards , lmowing t:'le aircraft ' 8 size a.'1d speed end 

conse(~uently its radii lead so nell that you can properly cal ­

ibrate t he air - s p eed adjustment instead of it calibrating the 

1 ead . It I s t he same as the f1 i ght surgeon asking you to 1 ine 

up the tllO sticks in the depth - perception test . 

When you have gotten so tHat you can thus read the Sta ­

tionary Deflection Trainer "backward" , you are certainly ready 

for the next step••• 

*'NOTE : Those with gambling proclivities BE"IAHE! !! This ma ­

chine is particularly " HOT " . It I 5 too easy to get talked into 

a aD - shot , 3 , 2 , or 1 minute bet on t he most h its . It won ' t 

do your shooting any good - - - not much! 

3 . TI'.E R1~>!GZ ESTIl.!ATOR : 

The l;l1-l.EiJ part of the system is the last question re ­

qui ring individual at!.ention . As already seen , here is where 

your ri1il - ringcd sight really comes into its own --as a range 

finding device . 

To provide you an opportunity to practice reading ranbe 

directly from an actual sight , the IIrange estimator" has been 

created. This simple device consists of a 70 - mil traini~g 

sight mounted on a platform above a scale - model aircraft , the 

model being hidden from view except Utrough mirrors mounted on 
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a track in front of the sight . By moving the mirrors back and 

forth along the track the apparent size of the aircraft chc:.nges 

in the sight . The change is d irectly calibrated on a tape . 

The mode l may also be rotated to present itself at different 

angles to the sight . 

Aga in , much the same self - instructional technique should 

be employed as with ilie deflection trainer. Move the model 

back and forth, through every possible r ange and ansle . 

Obse rve that though the range is mai ntained constant the 

number of mil s ,wh i ch the plane fills in the sight decreases by 

about 1/4 when it is at a 45 deg r ee, angle . 

Get 50 good that you can call of f the r ange instantly , 

no r:latter where the target is in the sight . In the air there 

is no tir.'Je to count mils in the center of the sight , (\7here it 

is easiest ) let alone at the edges . Keep your hand in at de ­

flection by first applyi r.g the correct lead , then reading t_le 

range whenever th e target 1s in t.he sight . 

A convenient trick for counting mils r;hen the target is 

off - center in the sight is simply mentally and visually to dro~ 

down or run up vel~tical lines from the tops of the ship until 

they cross the ho ri zontal line thru the middle of your sight . 

Having practiced until you are I1perfect" at reading mils 

along this line it thus becomes as easy to read range in a 

Corner of the sight as in the center ••• and you are ready for 

ana ther fon7ard step. 

R Z S T RIC TED 
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4 . 	 DUAL PROJECTION TR;,I'li:R 

The Dual PrOjection Trainer is designed to teach 

Flexible Gun:1ery . You may \"lOnder why fighter pilots v.ho are 

interested primarily in Fixed Gunnery are concerned i,i th a 

flexible cunnery trainer . Eventually , ~/e hope to adapt this 

device to t:1e teacl~ing of fixed nunnery. In the mean time , 

you should be familiar i'}i th the device for several reasons . 

1 . The trainer enables you to see your attack from the 

enemy ' s viewpoint . You are the deck gunner defending a bOJ:lber , 

traveling at the rate of 240 miles an hour , from enemy planes 

attacking you from various angles . You are provided with the 

!.leans of analyzing these attacks from a vulnerabil i ty stand ­

point . You can see which attacks offer a difficult target and 

those \\' ).: 1c}-_ present an easy or usit t i ng ducl: 1I shot . 

2 . You l,'Iill notice the trainer provides an excellent 

means of teaching recognition under closzly simulated combat 

condl tions . 

3 . On a majority of the attacks the attacking plane comes 

in very fast . The trainer demonstrates the necessity orusing 

ample lead in order to hit a rapidly lilov~ng target . 

4 . The attacks are flo\"ln by models . Since each attack ls 

based upon the latest available intelligence reports from com ­

bat theatres they offer an excellent opportunity tc:> study ap ­

proaches and brcakal'/ays from a tactical standpoL1t • . 
5 . Since the Army Air Corps has ordered 1 ,,100 Dual Projec ­

tion Trainers , you may at some future time come in contact \'lith 
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tIle trainer . Here you hcve an opportunl ty of getting at least 

a B.)eaking acquaintance wi th the maclli: e and to obs~rve its 

capabilities and limitations as a gunnery trainer . 

\1hen using the trai ne r you 51 t behind a moc~c-up maci.line 

gun nnd face a motion picture screen . Behind and above you are 

ttJO (2) 16 mm motion picture projectors Vlh10h are synchronized 

by mea.TJ.S of a flexible shaft . One projector fills the screen 

\'lith pictu r es of what you \'Jould see if you were actually look ­

lng out of the top turr et on a bomber . You see clouds , land­

scapes , po rtions of your own pl ane and attaclcing enemy planes , 

rilatlcuverinG , approaching and breaking a ..vay just as they do in 

comb a t . You estimate the range of the attacking enemy planes 

and open fire \~"hen you thinl< you are wi thin ranee . If the tar -

get is within range you hear the sound of your oy,n r.;uns . If 

it "las out of range you hear tile sound of a Gong~ 'Engine noise 

and noise of your o\"m gun ' s firing are simulated . 

5 . L nr.c BS R/.NGE : 

The Link BD Range prov i des you with a r.leans of mas ­

tering the art of deflect i on shooting . I n o r der to align your 

sights on the moving target you must apply the same coo r dina ­

t ion bet\!een hands , f eet , and eye that you r.o uld if you t;;ere 

flying a P_tlO, a P-39, or any other fighter p l ane on a combat 

mission . At the same time , the equipment 1s kept small and 

compact , so that all fi ri ng can be kept under the supe r vision 

of competent instruc tors . This 1s accompli shed by the use of 
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fou r (4) C-3 Link Trainers , a model of an enemy plane which is 

carried aro~~d on a double U track by an electric train , and ma­

chine guns mounted on the Lin.l( Trr.iners that fire B6 ' s at the 

same rate that an actual maci.line gun fires ~~ullets . The B6 ma ­

chine guns are mounted as fixed guns , one on each Link . In the 

front of the dash board of the Link is mounted a standard 70 ­

mil reflec tor gun sight . 

The maciline gun and the gun sight are harmonized So that 

the line of sight and the line of fire converge at a simulated 

range of 300 yards . As the Link is controlled in t he same man­

ner as an airplane , you must get your control manipulation dorm 

pat before you can fire on t he moving target with any G.egree 

of accuracy . 

/,.11 part s of the B6 gunnery range are scaled down in size . 

The size of t he target , t he s peed at nhich the target trave ls 

around the tracl< , the fi rin~ ran ge ~ and the velocity of the BB l s 

are all reduced to a scale of 1 - 30 . The speed at Wilich the 

train carries the target around the trac!c for a Simulated sj)eed 

of 400 miles an hour is 19 feet per second . For such speeds 

the track has to be ban1.::ed sharply in\"/ard and the curves made 

not sharper than a seven (7 ) foot radius . The track is 170 

feet long , made of iron rails , and is laid out on a platform 

30 fe et by 50 fe e t , five feet above t~l.e flo")r . The track is 

laid in an oval sha!Je wi th a s;:.arp U on the side facing the 

Links . The nearest point from the Links to the track is fif ­

teen feet (representing 150 yards at a 1 - 30 scale) and the 
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farthest point is 60 fe e t (representing 600 yards at 1 - 30 scale). 

Thus , the target , as it is carried around the tracl;: , is \Ji thin 

a range of (simulated) 150 yards to 500 yards of all of the 

links . Due to the shape of the track: you are given shots at 

appr oach angles varying from a head - on or tail shot to a full 

90 degree deflection shot . 

6 . THE GUlJJ.IRSTRUCTOR : 

.. 
Here I s where the action begins . Whereas so far your 

activity has been of rather a stationary , objective nature, with 

each factor considered conveniently individually, the world is 

about to start seemingly revolving around you . You are no'll go ­

ing to be called upon to apply collectively and by active phy ­

sical manipulati0n and coordinati~n all that you have hereto ­

fore been learning ty mental analy s is and semi - passive obser ­

vat ion . 

As a synthetic device the Gunairstructor is particularl y 

difficult to describej perhaps , because it is so "unsynthetic tl 

1n the realism wi th which it produces actual condl tiona. Proof 

of this is that the best way to tell sor.1eone how to tlflytl it is 

to advise that they go about the job just as though they were 

in an airplane . 

Climb into the cockpit and you will find the same old 

stick and rudder pedals , the throttle , trigger, and reflector ­

gJ.nsight . Looking thru t:le 'lJinds11ield out from under the hood 

there 1s the skyscape (land, sea , and sky) just as it look s to 
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you from about 10,000 feet aloft . As you ma.."l i pulate and coo r di ­

nate your controls you can climb, glide , d ive , bank , turn , slip, 

skid . or otherwise make your plane perform just as it would in 

t.le ai r. 

The roar of y~ur engine dro\ms all but the crack of your 

guns when you fire . As you dive the engine picks up speed and 

wi1ines; climbing it s lows down , begins to labor . Your nose 

drops in turns , (or when the throttle is closed) , must be held 

up with back - sttclc pressure . Crossing controls causes slip ­

ping or skidding . Rough control manipulation gets rough re ­

sults; coordinate snoothly , and you 're " riding t h e air". 

However , this 1s not as easy as might fi rs t appear, for you 

are no t alone in the sky . Also present is an enemy plane flown 

by the Gunairstructor Operator , who is capabl e of me.~dng it per­

form in any way he chooses (just like an enemy pilot wi th his 

plane) J regardless of what you in the pursuing fibhter may be 

doing. Right , left , up, down , in and out of range, tail shots 

and deflection shots , the targ~t can give you all of them ei ther 

in as r ap i d or as slow succession as desired . Any flying rela ­

tionsh ip between target and pursuinb fighter (your plane) can 

be continued as lo:-:g as you like . In f!lct , at any given instant , 

everytLling can be "froz en " and you can s top and analyze every 

element of the si tuation as long as you lil<e . 

Furthermore , and of pe rha~) s greater importance , when you 

fire you can now instantly tell whether yo';1 hit or miss.ed. Hit 

the target , and immediately it flashes red . 
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But of great e s t importance is that you can now al S) tell 

why you hit or missed . At the operator's discretion a light , 

indicating the correct point of a i m for any g iven maneuver of 

t he target , can be .)rojected onto the scr3en \"/henever you ~ul l 

the trigge r . Thus yOll can instantly c:>::lpare the position of the 

light in relat.ion to the target with the relationship of the 

" pipper n in your SigClt and the target . I f your pipper and the 

light spot coincide , you are on t h e mark. Too much or too lit -

t I e deflection are immediately obvious by observing whe the r 

your p i pper is ahead of or behind t ;le dot . 

Pro .Jer use of your trigger is an added problem you llill 

find in the Gunairstructor. Most people find it just as d1ff1 ­

cult to coo r dinate the trigger \"lith their other controls as they 

once found it difficult to handle the tnrottle when they were 

first learning to fly . IITrig£,.er shyness tl is one extreme . Fir ­

ing in too - short burst may save ammuni tion but it to o frectuently 

saves the target as v.lell . Firing to -:: much is the opposite dan ­

gerous extreme . Le a rn to use the trigger \li t !l decision . Don ' t 

miss many good s ...ots wei ting for a tlsi tte r " . Fire when your 

sights are "on" . And DOi'J 1T forget to stop shooting when you are 

"off" . 

When you have finished a !)eriod observe how r.lany rounds you 

have fired and get to :rno':l ho\"l to make limi ted ammuni tion do the 

most good . The k.lo'llledge may someday get you home . In the ;>ast 

trigger coordinati :lfl has always been each pilot ' s own secret ••• 

and he i1as been stuc~~ nith it . I n his single- seater fighte r 
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no one but himself knew ..O~·i J "hen , or where he fired . I n the 

Gunairstructor your instructor can help you develop tjle ri ght 

technique. Like ~ost valuable things , it 1s no t easy to acquire . 

Give it plenty of t ho ught and TJ ractice . 

Just as in the air, your ta r get cem be brought and held in 

tIle sights only by p r ope r manipulati.,n of your cont rol s . Just 

as in t h e air , things.£..@ happen at a split - second pac~ . For­

tunately they can also be mad e to occur in slow motion•• even 

sto p - motion . 

Carrying your training ever close r to the air stage of gun ­

nery ope r ations , it is important to recognize the effect on your 

shooting abili ty of t he no i se in the Gunai r structor. \'ihil e 

no i se and airplanes have automatically gone together since the 

beginning of flying , you \",' il1 now find ii. diffi cult to apply , 

unde r the simulated engine condit i ons, t he simple principles 

which you have quietly been le a rning ~"Ji th cards , the Deflection 

Tra iner and the Range Estimato r . You will find much mo re con ­

centration re G.ui red , much more necessity to " Know your stuff ". 

It is common knowl edge that th ere exists conside r able 

"interference of the senses" and t ha t s ound is not the most neg ­

1 i bl e e1 ement . Int e rf er ing considerably with one ' s ability to 

concentrate , it demands that you r kno\"I'ledge of the subject be 

even more "lnstinc tive " than woul d otherwise be necessary. 

Thus , in the Gunairstructor yo~ have the final stage of 

your WHO - i'r'HE?E- WIIEN g round training. The onl y t hing more like 

flying is flying i teelf . And the purposo of everyone of your 
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Gunairstructor "flights " i s to give you more WHO _\ifHEP.E _W"'ti~ 

pr actice , to give it to you under condi tions more and more sim ­

uluting the real thing, more planes to recognize , more deflec ­

tion shots , more changes of attitude , more trigger coordinati')n, 

more control coordinati )n , more use of the gunsight , less and 

less time to arrive at decisions , more and more ability to do 

it " instinctively It. 

Simple as the system is , t he only way anyone can master it 

is by continual repetition , practice , repetition . Sach stage of 

j'our training is desic;n3d to give you an increasing amount of 

acti ve prac tice . 

First come s the IIfundamental ll written stage to give you an 

understanding of the broad picture and the basic formula . 

Secondly , you practice slorily , methodically , in two dimen ­

Sions, with the Recognition , Range and Deflection Cards. 

Thi rdl y , you start norking in three dimensions , ','lith an ac ­

tua l gunsight , on the Stationary Deflection Tra iner . 

Fourthl y , you learn on t he Range Estimator to pick your 

range .... to hold fire until it counts . 

Fifthly , you step into the Gunairstructor cockpit , take 

over controls , are required to 1..1:i as well as to shoot . You 

must translate gunnery problems into manl:')Ulations . You see 

things as they \'Iill actually look . You learn to make split­

second correct decisions because you get so l.1u~h ?ractice that 

you can mal~e them il]§ ,L1ctivelv. miO , ;'IHERE, and ,'{HEN come- al i ve • 

• 
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