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FIXSD GUNNERY SYNTHETIC TRAINING SCHEDULE

Sessions to consist of two periods each conducted on
alternate days, or one period each conducted on con=-
secutive days,

ERIOD TINE SUBJECT

1st 20 min, Introductory Talk
liovie
Part I (Pgs, 1 to 22)
e2nd 10 min, Recognition Quiz (Speeds)
40 nin, Part I (Pgs, 22 to 27)
Discussion with practice on
Deflection Training
Srd 10 min Recognition Quiz (Wing Span)
40 min, Part I (Pgse. 27 to 32)
Discussion witih practlice on
Range Trainer
4th b0 min, llovie
General Quiz
. Dual Projection Trainer
5th 25 mine Link BB Range
25 min, Gunairstructor
6th 25 min, Link BB Range
25 ning Gunairstructor

Movie should be shown a minimum of two times, It may
be shown after tihie formal period is over and should
be shown any time a student requestis,
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Your Jjob as a fighter pilot is threefold:
l, Be able to fly your airplane instinctively.

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

5« Be able to successfully accomplish your mission =-
destruction of the enemy,.

llore than any other flier, you, as a single-seater fighter
pilot, are required to be skilled in all tiiree jobs, In the
first place, you fly the "hottest" plane available and the na-
ments demands that you know how to get the
ace, you are a one-man crew -
pilot, co-pilot, engineer, radioman, navigator and gunner,
You must keep track of manifold pressures, wind-drifi, radio
operation and a hundred other things, Yet, you must be able
to accomplish the purpose of your flight - the mission you have

4+

Finally, if you are to accomplish your mission you must

have confidence in your own ability to shoot down enemy planes,

You must hit and hit oftens You have learned how to fly in
formation and fizht as a team, However, if you cannot shoot,

your whole training is wasied,. You must know when and how to
fire your guns, For this, a thorough know¥edge of recognition,

sighting and range estimation is essential,
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The purpose of this "refresher" course is to enable you to
review the basic principles of fixed gunnery; and to provide
you with an opportunity to prove those principles by actual
practice on various synthetic gunnery training devices,

Fixed aerial gunnery is not exactly a simple subject, Yet,
1f any gunnery method is to work under split-second timing in
the air, the process must be made simple, The job must be an-

alyzed and reduced to a simple system, T

o

en the simple routine
must be practiced until its performance becomes automatic and
instinctive, as readily and naturally performed as breathing,

his war will undoubtedly be won by conditioned reflexes,

or by developing tiie habit of putiing lead in the right place at
the right time, Most pilots who have had victories in the pasi

and present wars agree that there is no such thing as a "born"

gunner who consistently shoots down the enemy by "feel", Only
long, tiring hours of searching study and conscientious prac-

1

tice will prepare you for the duty you must perform in the com=-
bat area,

First, learn the principles laid down here., Your ability
to execute them will depend only upon the extent te which you
practice them, If you know all the information contained in

th

o
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se few pages, you will know enough about gunnery theory.
Practice will be all you need, Properly combine the two, and

the best trained fighter pilots in the
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Ferhaps the best way to simplify a difficult job is to

ak it down into separate tasks and then get each one done

in its proper order, Like most difficult jobs, fixed aerial

gunnery can be scientifically analyzed and broken down into

component parts, Furthermore, the analysis can be set to

rhyme,

VHO (Recognition)

il F8 o (L S »

FIGURE WHEZE TO - WHERE (Lead)
RECORD HOW FAR -

MLITT TITTM ’ mT - b vy f v
fHEN PUT IT NTHARN - VHEN \_Rang._c)
WHO - Friend or Foe (Recognition)

1 41]

This is the first question in any contact., Without the

-

answer to this there can be no answer to WHERE or WHEN, The

‘

number of radii lead, or where to aim, can be determined only
if you know the speed at which the target is flying, The size

of the target as it eappears in the ring gives an accurate es-
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tion of th
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range., You will therefore be able to tell

=

when to fire only if you know the target's wing span or fuse-
1 : 171 i ¥ 1 i 'S ] o :

lage length, Obviously, you must first identify a plane before

its dimensions and speed can be determined, The art of recog-

nition cannot be taught here but its importance cannot be over=-
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emphasized, Aircraft recognition is indeed the basis of fixed

gunnery,

WHERS do I aim? (Lead)

When you shoot at a moving target you must realize that
your bullet does not reach the target instantaneously, but
that it takes a certain definite time which depends on the
range and the bullet?!s velocity, During this "time of flight"
of the bullet, the target moves through a certain distance

which depends on its speed, You must estimate this distance

and shoot ahead of the target to allow for it, This correc-
tion is called target deflection or lead,

yus correction used only in aerial
gunnery, It is an everyday occurrence which nearly everyone
has observed or used unconsciously, A common examnple is a sta-
tionary passer throwing a football to a runner crpssing in
front of him on the football field, See Figure 1, He does not
throw it at the runner, but always at some point in front of
him in such a manner that the runner can catech the ball without
changing his speed or direction,

Both a football and a bullet require a definite time to
cover a given distance, This fact cannot be disregarded in

-

Sun‘p‘ery or the res‘)lt '{Iill Dé COl’lSiSt_nt IniS::il'iEj; Of tal.;e tarQEt.
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Figure 1

Calculation of Lead

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

lead and to take the case of a figi

iter pilot attacking an enemy
plane, Figure 2 shows a gunner firing his guns correctly at 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 is 2,700
feet per second.t It will take 1/3 of a second for the bullet

to reach the target, If the enemy plane 1is 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, the speéd of the plane
must be added to the muzzle velocity of the bullet, For a range
of 300 yards the amount of bullet slow-down due to air réesis=
tance is approximately equal to the speed of the fighter, There=
fore, the average velocity over the range of 300 yards may be
assumed to be 2,700 feet per second relative to the aifr for a
bullet with a muzzle velocity of 2,700 feet per second,

B e e e e e =
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flight of the bullet, Hence tas target will fly from B to C

while the bullet goes from A to Ce

8C TARGET!S TRAVEL IN 1/3 OF A SECOND.
ITARGET 49YDS.
S SR €<> 1C APPROACH
RR YT rte ANGLE

A BULLET WITH A VELOCITY
OF 2,700 FT. PER SECOND
TRAVELS 200 YARDS IN 1/3
OF A SECOND.

. RESULTING
LEAD ANGLE

i? ATTACKING PLANE MAY BE CONSIDERED
AS STATICNARY AT TIME GUNS WERE FIRED.
A
|
| Figure 2
1 .
| : :
1 Now, if the target plane were only 150 yards away, that is

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

1/6 of a s
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econd in flight from A

, and the target would

fly from D to E requi a 241 yard lead, It is important

(

to note that in each case the angular 1l ead (angle of deflec=-

tion) is the same and independent of tihe range, Note in Fig-

ure 3 that if we double or halve (or otherwise proportionately
| increase or decrease) the time of travel of both bullet and
target; the lead angles do not change.
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RELATION OF LEAD — ANGLE TO RANGE

¢

FLIGHT PATH OF TARGET

JL )

This simple fact gives us the great advantage of having
the angle of lead which we give a target remain the same re=

gardless of the range., For this reason you will never hear

i

l, All leads will be measured in

[

ea

mentioned the length of

f

: AL 4 :
angles and expressed in sight radii.,~ Thus (1) the speed

1) Radius of Army sight subtends on angle of thirty-five
(35) mils,
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of the target and (2) the approach anglel from which you fire

at it are the only two variagbles wiiieh must be considered in

w

computing lead,

4

(1) Target Speed

Le

m

\d is the amount the gunner shoots ahead of the tar-
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e adaistance it moves during the time

of flight of the bLullet, The distance thie target moves obvious=

l"

A
r

i-
C
w
o/
L)
0]
(o F
™

Change the speed, or the distance

L Y

which the target travels in a given lengith of time and the lead

1 - - = ~] e A3FF +
lustrated tiie differences of lead angle for three different
speeds, It is very important to rcalize that for a given tar-

2 B & ¢ has n 3ffect on Yead Lead as anplied to aerial
get speed range nas no eirec on cad, Lead as anpiieda U ¥

cr

hhe line of sigh

1) Approach een L
th of bullet) and the targei's line of flight,
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(400 #/H) FAST TARGET

/,—_Af\

[(500 M/H) VEDTUM TAR
o

_.—/

O " CORRECT
(l,{\..'fh} :LD",«@F POINT OF AIM
iy —"
e

\ hn\11
at B

BULLET SPEED
»T -u—«T_ | ,._r
ph 2,700 FT/SEC,

ik ANGLE (22 RAOM)

>

| & ATTACKING PLANE

! (2) Approach Angle

The angle between the path of the bullet and the flight
path.of the targe t (the approach angle) also has 2 bearing on
the lead zngle, While this is an unfortunate complicstion, a
clear understanding of the prpblem is nll that is necessary in

* order to arrive at a solutlon.

In the case illustrated in Figure 1, it should be observed
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that the torget is traveling =zt right angles to the punner's
line of sighte. This is called ~ full deflection shot, An ap-
proach angle of 90 degrees is, therefore, a full deflection
shot, Tt should be obvious that if the target were coming
directly toward OT‘ going directly away from the fighter plane
(flying along AC), no angular leed would be necessary. It
would then be a "no deflection" shot, and the approach angle
would be O degrees,

If the target is approaching (or de

i
L

parting) at a 45 de-
gree angle to the line of sight (45 degree approach angle),

we may determine the correct lead by the aid of figure 5,

Figure D.

As bcforc; while the bullet goes from A to C (A to C')
the target goes 49 yards from B to C (B to C') but the lead
apparent to the gunner is the line CD (C' D'). This may be
determined by solving the triangle BDC, This is a 45-45

right triangle whose hypotenuse is known. Instead of leadlng'

the target 49 yards as we did in tne 90 degree approach angle,

RESTRICTED
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vie lgad it about 70 percent of 49 yards or 34 yards in this
case, (In the 45f45 triangle a leg is always about 70 percent
of the hypotenuse,)

If the target were departing at 45 degrees, the correct
lead wogld be P'Cr, he difference in the ranges AB, AC and
AC' can, for all practical purposes, be overlooked begause of
their small size as compared with the bullet velocity,.

From the foregoing we can see that we must allow for a

full deflection shot (100 percent lead) when the approach an-

D

gle is 90 degrees and no lead when the approach angle is O
degrees, A 30 degree approach angle will similarly be found

to require a2 50 percent leades It should be noted that the

greatest change in lead takes place as the apr

i X

—

yroach angle

Approach angle O 30 45 60 90 degrees

Lead O 50 70 &85 100 percent

The matter cen be clarified by pointing out that for a

given range: the number of yards (actual lead) that you must

sumed to be distance from atiacking plane
t of aim or collision point,
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lead the target remains constant, no matter from what angle
the bullet comes, This is because it takes the bullet the
same length of time to cover the distance to the target, re=-
gardless of the approach angle, and during that time the tar-
get will travel forward the same number of yards, regardless
of what direction the bullet may be coming from, Figure &

illustrates the point,

RELATION OF

NGLE . ACTUAL LEAD
TO LEAD=ANGLE ( APPARENT LEAD)

S

TARGET

CORRECT
POINT OF

AIM

\ 4

\ \\\\ = S i
'\\\.- i‘
e
/’;; \_ .
%0, LEAD ANGLE \

4&'\“\\\\ LARGE 0
A‘z ( MAX I MUM) \

2 \

o

Figure 6.
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Figure 7, however, shows that even though the actual lead
in yards remains the same, nevertiheless, the lead angle (ap-

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

' because while the actual lead distance is seen f rom broadside
\ in the first case, it is seen from a foreshortened angle in

| the secomd case,

| RELATION OF LEAD IN FEET TO LEAD IN RINGS

SKETCH 1 LEAD IN_ YARDS
I TARGEY TRAVELS THIS FAR IN
1/3 OF A SECOND NO
| MATTER FROM WHAT ANGLE ATTACKING
PLANE COMES, THEREFORE
THE CORRECT POINT OF
1M FOR A CONSTANT
RANGE REMA | N3 THE
SAME DISTEMNCE AHEAD

! OF THE TARGET RE=
| GARDLESS OF THE AP—
. PROACH ANGLE,
¥
F (BULLET TRAVELS AT
RATE OF 2,700 FT.
PER SECOND.)
“—F FIGHTER B
SKETCH EAD IN RAD i
SHETCH 2 LEAD Otl ALTHOUGH ACTUAL LEAD REMAINS
R THE SAME FROM 4 CONSTANT
; { ) RANGE, THE APPARENT LEAD
IS DIFFERENT BECAUSE THE
! APPROACH A»NGLE 1S DIFFER—
- ENT .
Hl‘I

\

\ ;;f
b |GHTER f-sfﬁi

FIGHTER B LEAD IN
LEAD IN YARDS\ qk) FéErTLOOKQ BIG FROM
LOOKS SMALL rh HERE (NO FORESHORTE M=
ROM HERE (1S "\ ING) THEREFORE LEAD
JORESHORTENED ) ™\ ANGLE IS ALSO BIG
[HEREFORE LEAD S FROM HERE

NGLE 1S ALSO SMALL S~
RON HE RE .

k Figure 7
i RESTRICIZED
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Actual lead, then, is identical for any approach angle,
but apparent lead equals maximum lead times the sine of the
approach angle,

The corregt approach angle is determined by two angles:

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

(dive) angle, measured in a vertical plane, Neither of these

angles alone is the approach angle, The approach angle is

.,

measured in a slant plane and is always greater than either
of the two separate angles, For instance, if the turn angle
is 50 degrees and the climb dive angle is 30 degrees, the ap=-
proach angle is almost 50 decgrees., The approach angle equals
the turn angle only if the climb dive angle is zero and it_
equals the climb-dive angle only if the turn angle is zero.
However, for all yoses tlhie approacih angle may

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

angle is less than 20 degrees, Figure 8 shows the niciture,
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Thus we secz that for any given target speed and approach-

angle it is possible to ascertain the correct lead angle,

But it is also obvious that the determination of the correct

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

This has been achieved in two wWays == (1) by use of the
gun sight, and (2) by means of convenient rules-of -thumb,

o+

However, if you do no fully understand evgrything you

have read so far, g0 no further, Go back and RE-RE/D. Only
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by fully comprehending the above basiec principles will what
follows make sense to you, Remember in this game, while you
fool no one but yourself, you can also cause a lot of other

people to get hurt by not knowing your stuff, If you cannoil
honestly face yourself and say you know what it all means=-=-

Don't read on ===

THE RET
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L350
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OR GUN SIGHT

Description

The optical system of a reflector sight consists of a
light source, a reticle, a projection lens system, and a re=

flecting plate, The bulb contains two incandescent filaments

=

and the intensity of its illuminati?n may be adjusted by a
-heostat to fit existent light condi tions, The reticle

is an opaque plate on which the form of & ring and bead ?as

been etched, When the bulb's light rays hit the reticle, the

ring is projccbed; through the lens systen, onto the reflec-

tor plate, through which the target is also visible. The

i
o
o]
l-—l

reflector plate, made of sSpe ial triplex glass, is interposed

on the line of sight at 45 degreesS. (See figure 9)
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THE REFLECTOR VS 1-OWT

TRANSPARE NT GLASS PLATE
OIMLY REFLECTING IMAGE
OF RETICLE
e -
TARGET ‘RANGE =
uUrFIClLuTLY GREAT
O THAT RAYS MAY BE

CLN IDERED PARALLEL
:r:‘?:,-fo :1_—.._—_.—_'..—..___ ...-.-..._.i_._,.._.;:; - - ': .'-"".-' ST ¥v

RETICLE '70-MIL

(MASK)

-

ey

BY MEANS OF LENSE,’ i
LIGHT RAYS FROM THE
RETICLE (ILLUMINATED {/
BY LAMP AT BOTTOML ARE /
~ %
PARALLEL AND APPEAR SUPER- 75 s
IMPOSED ON THE TARGET. /
‘.Il

THUS THE TARGET AND RETICLE
ARE IN YOUR FOCUS SIMULTANEOUSLY.

Figure 9
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By this arrangement the lens System picks up the light
rays diverging from points on the reticle and projects them as
parallel bundles of rays, These rays are interrupted by the
inclined reflector Plate, where the image is viewed by the eye,
The image then appears to be always in thp Same direction from
the observer and in focus with the target,

As a result, the sight ring seens to be a 1arge_ring seen
at a great distance Superimposed on the target plane, /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 position of the target
Plane do not change relative to the size and position of the
ring, For the position and size of the target to change in
the ring there must be relative Movement between the firing
and targe planes,

In the ring and bead sight, because tha size of the ring
has been calculated according to the distance the pilot's eye
is from the ring sight, it is essential that he place his eye

1

at this exact distance, otherwise the basie allowance Given

by the ring will vary, For instance, if the distance of the

(10

-

Sight from the pilot's eye 1s eight inches, a movement of

two inches toward, or away from, the sight will give an error
of 25 feet at 400 yards, This is not so with the reflector
Sight, which automatically compensates for any distance the

Pllot may place his head from the sight,

R

=
[t
I3
ban
—
Q
-
=
=)







With the ring and bead sight the pilot must align the bead
of the fore sight

g with the inner ring of the back sight and

both with his eye for every type of shot, otherwise his "line

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

out of line it will give an error of 20 feet at 400, Again,
this is not so with the reflector sight which, so long as it's
image is visible, automatically compensates for the position
of the pilot's head,

The eye, like a camera, has to
Jject clearly, hence if the targest is
out ol

reflector ilot the vislion of the dotl

and ring's image on the target,

Speed-rating the sight

he standard Army 70-mil diameter sight has a radius angle

from the bead to the circle 35 mils, Mils, like degrees,

measure the size o L mil is the angle subtended by

approximately one 28 ft,) at 1,000 ft, The distance

from the bead to the rin;g n i ig as seen by the eye,

thercfore, measures a distance of 35 feet at a 1,000 range,

This is illustrated in figure 10,







ANGLE OF LEAD
a5 KIS

Figure 10

it is possible to use this principle in handling the
problem of speed, /s previously shown, the amount of 1 ead
necessary in any given case clearly depends upon the velocity
of the bullet and speed

ities of ,%0 calibe
travels the first 1,000

must travel across
by such a
of the sight for that particular ammunition., Figure 11 will

illustrate this:

é”'.)\\P

95 ft /sec plane
travels 35* In
«37 sec.

2700 ft/sec bullet 72 COLLISION POINT
c

travels 1€G0° in

7 seC.,







If we assume that the gunner is at A shoo

gircraft at B i ring d

feet in .37 secor : he rate of 98 fec
Hence € will

hit the airecraft under

will, thercfore, lead

e oyt
Lal el

hour,

which is the

pilot to
npetent at rating the Deec his gh to the va=-
riances which may occur in issue reticles, or changes
locity of future ammunition, or becausz special combat condi-

tions or equipment installations make revision of the reti-

cle desirable,

The following table shows the speed-rating for the 70=

ight for bullet speeds from 2,000' to 3,000' per second:







70 1i

Bullet Velockty

2, 000
2,100

I N

r

2 10
TR N R
D O

OWkOm~Ia
2 >0

C

N o D

C
-

targe

ratio of

+1q
wail

convenient and

correct lead on a target and,

4 } ~ el YR
atlo between

almost the

seen, the

speed of 65 per

rect lead angle by means
much interested in‘the num-
number of radii lead. Your
reliable
although

you might as well







get the best out of it, Hers's how it's done,

Because of the inaccuracies of aiming, of estimating the
targst speed, 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,

THIS ME/.NS, ONE R.DII OF THE 70 MIL SIGHT IS THE PROPER
LELD FOR AN AIRPL/ANE TRAVIELING AT 70 MPH AT RIGHT /NGLES,
Inasmuch as your knowledge of the target's speed is essen-

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

L Tecom ded list is as follows:
Target Speed Lead /ngle
M.P,H, No. of Radii
420 6
385 Die D
350 D
3156 4.5 Rule of Thumb
280 4-
245 Do Drop the zero
210 3 from target
175 2e9 speed and divide
140 2 by Te
105 149
70 1

This provides a variety of speeds sufficiently broad to

deal with almost any situation within the limits of one's abil-

ity to estimate speed accurately, By knowing this rule-of-
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Example: For a M/B Type 1 (Betty)

Hitsubishi Type 1 Y
nas maximum level-flight = ' ; |
speed = 280 miles per hour, %\ b I3
Therefore correct lead for

full deflection shot = 28 \
1

3
e
she
g

P
2l 52 L
‘s o

L 4V LUC

Attacking
<= Plane

e

However, even such 2 simple matter as dividing by 7 can be

a major problem under combat conditions, It is possible to make

a still greater simplification in the mattzr of correlating

npl
miles per hour speed with numbzsr of radii la;d...; simplifica-
tion which eliminates all the "aerial arithmetic”,.

Inasmuch as each aircraft has a specific maximum level -
flight speed it is possible for you to calculate and memorigze
the number of radii lead regquired on each plane in a 90 degree

attack, For your convenience, the number of radii lead for

RESTRICTIED
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full deflection shots at a majority of enemy planes has been
. ! half
computed to the nearest/radii and listed in tabular form at the

end of this chapter,

Fortunately, in most theaters of combat it appears that
only a limited number of types of enemy aireraft are encoun-
tereds From both an operational and maintenance point of view
it is desirable to keep planes of similar make and type together,

As a rule, no more than four or five types of enemy air-
craft will be operating within an area of several thousand

miles, A pilot going into a new theater of operation can,

generally know just what type of aircraft will form

orm, the answer to our full deflec=-
tion lead becomes nothing but a matter of lcarn;ng four or five
simple "leads", without reference to arithmetic,

But remember this number of radii lead is calculated for_

maximum (level) flight speed only, It's just a working bssis,

(N

Increase the targzt's speed 50% and you must increase the radi

lead by 50%., Decrease it by 30% and you must decrcase the

(Y1)

by 30%. In other words, the relationship between

o

changes of speed and changes of radii-lead is directly propor=-
m

tionale, This makes the matter so simple that if you know the

basic lead figure you already have half the battle won,

Rule-of «Thumb for Approach Angl e.

Ls the approach-angle changes from broadside to tail there







corresponding reduction of radii lead,

this change may be grouped in four catagorie

A= - i

60° - 30%; 300 - 15°: 159 - Qo,

Experience has pro-

completely satisfactory and that the angles

5

Judge and to remember, Figure 13 clearly il-

lustrates the approach angles and the corresponding deflec-

tions, Note that in every case the decrease in radii lead is
given as a fraction of full deflection.

RELATION OF AP

PROACH-ANGLE TO DEFLECTION
_..’.I"'JPH :J ':'F AN r;I_C '-')
TLRGET POINT OF LIM
&— NO DEFLECT ION ¢ ANT O

| . —

4 OF FULL DEFLEC

—

— :
OF FULL DEFLECTION

_Lf/////gloﬁ FULL DEFLECTION

b

-

deflection

full

FULL DEFLECTION

.\.é; //-

- —

Figure 13~







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

degree approach angle, allow full deflection; for 60 degrees
low 3/4 full deflection; for 30 to 15 degrees,

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

WHEN..,.sesshm I at the Correct Firing Range

So far, you have the answers to the questions:
WHOeseefriend or foe -- and type of foe (purely a

recognition problem), and

-

WWHERE,.sdo I aim...s.esanswered

lead-factor (a

1

- = L P
should be

almost invariably be had whe he target is still far
away, This leaves ample time for cool and deliberate decision

and for answering that final important questioNessssVHEN.s

a &
This could be a controversial subject were it not for one

incontestible fact - experience, Actual combat results

for some time been proving and reproving that the best

your man" range for opening fire is 300 yards.

As you close on your target to 300 yards, your guns are

most effective; esy ot any given instant you have the great-

eat number of bullets concentrated within the most efficient

arca along the sight linc ord consequently stond the best chance

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

e 70-mil reflector sight has, however, been designed so

that the ring will qu8ckly and accurately indicate the range of

any aircraft of known size, In effect, the sight is a simple

and useful range-finder,

We have already seen that the MIL is the unit of measure=
mpnt which has been adopted and that a one~foot ruler held up
1,000 feet (333 yards) away gives us an angle of 1 lIL., Thus,
an airplane with a wingspread of 35 feet at 333 yards' range
will fill 35 mils or 1 radius in o sight; a 70 foot wing,

70 mils or 2 radii; a 100 foot wingspread will fill 100 mils,
or about 3 radii,. etec,

Here we have another fortunate circumstance, If 300 yards
is the best range at which to open fire and 333 yards is a range
which can be accurately measured by your ring sight, the t.T,:'.'o 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 tell when it is at
300 yard range, Just wait until the target fills the same num-
ber of mils in the sight-ring as you know it measures in size

(feet), then open fire. You are at firing range when you press

the trigger.







Although a target traveling at a 45 degree angle to your

J"

line of

wingspan, the tenden

sate for the ap

parent decrease

ring sight. Actually,

will appear only about 3/4 of

theiefore, be opened a

Remember that either wings

Just

reange before

Still out of range is usually

first mi and the

.
1..; asKe

Thus th

we see

Pigeonholed it as

pPly our 1/7 rule (or know the

correction to deflection

The WHO-WHERE-WHEN

challenge that requires nothing

Some more practice,

cy to shoot too
in
a target viewed at a 45 degree

its actual size and fire

pan or fuselage length

ring
and our gunsight to
system now

but

ight will appear foreshortened in both fuselage and

soon will normally compen-

the size of the ship in the

angle

may,

split-second sooner than otherwise,

can

use whichever one is the most

you probably found

would
ng e of the
o be to

wait until you

fire., Firing while
student fighter-pilot's
onto the most tenaciously,

recognized our target and

we have been

able to ap-

and approach angle

get range.
becomes 511ply a constant

practice, practice, and
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WHO = WHERE - WHEN
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Think of it every time you see a plane in the air, a model on

ing, a picta in a magazine, a movie, a classroom,

=
57
L1

your own room, TIhink further of the answers, too, Learn to

recognize every plane, Know its s

peed, its size, its lead,







GERMAN ATRCRAFT

Wing Fuselage MNax, Radii

FIGHTEER Span Length Level- Lead
e Flight
Speed

Fock Wulf FW 190 Z90
Messerschmit Me 109E 360
Messerschmit Me 109F 390
Messerschmit lMe 109G 400
Messerschmit Me 110 360
Messerschmit Me 210 : 360
Junkers Ju 88 CS 350

.
(9]

(603 e e l¢ W N0, |
-
w

BOINBERS & DIVE BOMBER

Dornier Do 17 591
Dornier Do 217 63!
Focke Vlulf FW 200 K 108"
Heinkel He 111 HaBE 74!
Heinkel He 177 103!
Henschel Hs 12S 451!
Junkers Ju 86P (approx.,Dimen,) 77"
Junkers Ju 87B 45!
Junkers Ju 87D 45!

Ju 88 A6 661

Ju 288 50 !

L)
(S S) ]

.
(9]

o O Gl G 0 O o
LI . s . :
i @) ]

& TRANSP,

Arado Ar 196

Blohm & Voss BV 138
Dornier Do 26
Heinkel He 115

AW
-~ ;
0o

100(eru) 1.5
149(Max) 2
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i
JAPANESE AIRCRAFT

Wing Fuselage Max Radii
Span Length Level- Lead
Flight
Speed

Type 97 SSF Nate 36" 24! 280 4
Type O MKI SSF Zeke 391 oG 1 350 5
Type O MK2 SSF Hap 361 28! 310 4,5
Type 1 SSF Oscar 361" 287 320 4,5
DIVE BOMBER
Type 99 D/B Val 48! 331 240 3.5
TORPEDO BOMBTR
Type 97' T/B Kate 52! 341" 230 a5
BOLMBERS
Type 96 /B Nell 82! 541 230 3.5
Type 97 M/B Sally 721 521 230 3,5
Type 1 /B Betty 80! 641" 290 4
FLOAT PLANES AND FLYING BOATS
Type 95 F/P Dave 361 281 170 2al
Type O F/P Pete 37" 31 220 3"
Type 97 F/B Mavis 131" 82! 180 2.5
Type O F/P Rufe 391 35! 300 4.5

ITALIAN AIRCRAFT

Fiat CR 42 32" AT 270 4
Fiat G 50 36 26! 290 4
Macehi MG 200 35! 274 300 4,5
Macchi MC 202 35! 30! 330 45
Reggianne Re 2000 37 26" 320 4,5
Reggianne Re 2001 St 291 360 5

RAMAT DO

SUBND L. d

Cantieri Cant 2 1007 bis 81! 611! 280 4

Fiat BR 20 71! 531 270 4

Savoia Maschetti SM 79 69! 53! 300 4.5 ;
Savoia Maschetti SM 84 691 591 300 (est) 4.5
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MAKING IT "INSTINCTIVE

ecessity of making whatever we do in aerial gunnery

a matter of "instinctive" action

yond dispute, Despite the simplicity of the WHO - WHERE

+ — aniv -
JHEN rstem thinzs = ot il raing 4+ Tyoy vt 3 = X
P J T nilngs are still £01Ng Lo Nappen so 1ast when you

o

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

stantly answered because there must still be time

1 & - + =Y ml = = A ] - B ] - £ I . - ~
and to gel calmly and previsely set for the actual performance,

: Jasically there is much in common between fixed aerial gun-
nery nd coming in for a landing, playing a game ol tennis,
e T I e L - 3 T hm o . i o ) i 1
swimming, or riding, A certain rhythm is essential, If your

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

e, vassilate your speed, you're a good man

if you can still consistently make a good landing,

+

Watch a professional athlete, a golfer, tennis champ or
oarsman,..for that matter, a professional at anything., The one
thing that sets him head and shoulders above others is his
"rhythm", There's a steady, well-planned timing to every move
fie makes His every motion has been started...and many may have
been finished.,.before we have even had timc to consider what
should be done next. "It's all so lovely and easy".

But don't believe it was easy to get, Hours, months, more

often years, of practice are hidden in those "simple" motions,

’ -l
RESTR
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unused time profitable but it also enables you to get that much

more out of your in-the-air trazining

:‘_¢lb.
Not only is the WHO, WHERE, WHEN system already a major sim-

+ 1

plification of the fixed gunnery problem but six specific syn-

thetic aids have been develon

s |
(D
2
ct
Q
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practice of it,
These consist of:
l. Recognition, range and point-of -aim cards
2+ The stationary deflection trainer
O The range estimator
4, Dual Projection Trainer
O¢ Link BB Range
6e The Gunairstructor
This is t order in Which they fit into your picture and
fnere 1s the way you can get the most out of them,
l, RECOGNITION, RANGE AND POINT-OF-AIM CARDS:

Consisting of a large and constantly growing collection
01 clearcut illustrations of virtually every type of aircraft,

a3 4

these cards give you an opportunity studiously to observe and to

Each card illustrates the appearance and gives the gize,

S8hape, cruising and maximum speeds of different aircraft, Accom-

. " " . - r 3 i T TR i
Panying the cards is a celluloid overlay inscribed with a mil-

Ping corresponding to the 70 mil sight of your plane. Placing







the overlay on the card you can learn to determine whether or
Aot the plane is in range by observing how many mils it fills
in the sight, By knowing its speed and applying the 1/7th
rule you can estimate the correct point of a
Holding the card up to the light immediately makes it pos-

sible to compare your estimates with the actually correct point

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

the reverse side of the card in eXactly the correct relaticn-
ship to the target,

Get your hands on as many of these cards as you can. GO
over them again and again. Don't just look at them., Leamn
to them too, st of us go thru life doing mostly the for-

er, ver little of the latter, Trouble is, life won't be long

enou Tor the fithter pilot 10 goes on that basis, Borro
cards from t round school, from your flight group, from any-
body who has L;gm. But, just remember, they need them too, so
keep 'em moving,

Go thru the routine with each one, HOT 'HERR®B? VHEN?

ing an actual drawing of each type of plane, If you can't draw
Ireehand, then make a tracing. The mere physical action of
putting down every line compels you to see every feature,

In the first plane you draw you will discover half a dozen

m

taings you never knew about it before, The bigger the picture

=~ ligme







you copy tne better, Betlter still, copy both large and small 1

pictures, Get used to seecing #i

ing the target as you actually will...

D

too darned small

-
Apoly e roper adi S ac o Y ] D 1al
pPLy tle proper radii lead to every view. Do it so many
+ oa +hoat v 3 & A o - 3 3
times tha ou 11T 10 on tiie nose witniout second tiouzht,

at another., Be tough on yourself., Wash yourself

4
[
=5
@
a
o
o+

out SQ many times you want to give up. If you can't lick the
cards, you'll never lick the real thing,

Look carefully at the ring in the ov r-lay-sight, Get so
that an inste Push the
te t off to tle still
call off t rang center
and giv ourself a "sitter®

Pile up ¢ c 1se a blotter to cover the statis-
ties in e top center, Call off t.ie names, and sizes and
Speeds as fast as you can turn them over, Pick your spot,
Judge your range., Give them the WHO-WHEN-WHERE works,

2e ITHE STATIONARY DSEFLECTION TRAINER

8 , 3

This is a valuable device, particularly as an adjunct







e

were looking at a

Lo

lat plane thru a flat gunsight,

a three dimensiona

f—t

model thru a three dimensiona

flector sight,
t4e machine 18 so designed that the target's

be set and its n

attitude can constantly be changed

and elevation, For every given speed and angle tr

n
I

automatic deflection-computer, When you pull the

spot of light will strike

at the point where your

now you see

7T0=mil re-

speed can

in azimuth

1er

e 1s an

e

trigger

bulle ts would

have gone in relation to the target if it had actu;lly been
moving at the speed and in the dirdetion indicated.

hgain apply the "Wuw" system, Recognize the plane, the
wingspread and the fuselage-length, Note the speed, Apply
the 1/7 rule or you know to be the proper radii lead,
Allow for approach-angle and then "let him have iti"

Do not fail to notice that one of your first tendencies

ill 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-_
matically you have half licked it, Practice will do the rest,

At first, put the target in a number of succe
Lionary attitudes. Then, as you improve get someo
ly to change the target's attitudes and see how we

ssive sta-

ne gradual-

11 you can







DON'T PLAY WITH IT AS A GUESSING MACHIIIE, Here's

chance every time; wrofig or right, to look long and see well
just what you are doing and why you are, or are not, EGtFiD”
get a chance like that in the air, Par<
ti:ul;rly notice the opportunity to estimate your approach

angle, and to apply qQuarterly decreasing amounts of radii lead

Inasmuch as time is so essential in fixed gunnery, gradu-

ally learn to s pe cd up your ability, But don't rush it at
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ink, Analyze your good shots

ac wel o A - o~ 1 e ~ i g ' ) I . ~ T -
as well as your poor ones, After sevaral hours of practice

(logged over a number of days) start limiting yourself to a
certain amount of time per answer, See what you can do th
20 shots in 5 minutes,e..then in 3 minutes...finally in 2 min-
utes, If you'r ot doing s wWell go back to the slow plod-
ding; log more time; then gradually start speeding up again.
et so good at using tlie device that you can even do it

in reverse, As mentioned, there is provision in the design of

the maciiine whereby the speed of the target may.be varied, thus
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By moving the mirrors back and

(I

ent size of the aircraft changes

back and forth, through every possible range and an

number of ils ich the plane fills in t sight decreases by
about 1/4 when it is at a 45 degree angle,

Get so good that you can call of f the range instantly,
no matter where the targst is in the sight, In the air there
is no ti to count mils in the center of the sight, (where it
is easiest) let alone at the edges, Keep your hand in at de-
I'lection by first plying the correct lead, then reading tae

A convenient trick for

(9]

ounting mils when thie target is

off-center in the sight is simply mentally and visually to dro:
down or run up vertical lines from the tops of the ship until

Having practiced until you are "perfect" at reading mils

= T o
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DUAL PROJECTION TRADINER

- Ladl

device to the teaching of fixed gunnery, In the mean time,

you sinould be familiar with the device for several reasons,

l, The trainer enables you to see your attack from the
enemy's viewpoint, You are the deck gunner defending a bomber,
traveli al the rate of 240 miles an hour, from enemy planes
attacking you from various angles, You ar rovidec ith the

2ans of analyzing attacks from a vulnerability stand-
point, You can see which attacks offer a difficult target and
those lcli present an easy or "sitting duck" shot,

Ce You will notice the trainer provides an excellent
means ol teaching recognition under closzly simulated combat

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

in very fast. The trainer demonstrates the necessity of using

ample lead in order to hit a rapidly moving target,
4o The attacks are flown by models, Since each attack is

fer an excellent opportunity to study ap-

e
B o [ Ko 5 v

Proaches and breakaways from a tactical stand
S5« 8ince the Army Air Corps has ordered 1,100 Dual Projec=-

tion Trainers, you may at some future time come in contact with

RESTRICTED
= o =
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Here you have an opportunity of getting at least

€ acquaintance with the maclhiine and to obsarve its

ns as a gunnery trainer,

ing the trainer you sit behind a mock-up maciiine
ace a motion picture screen, Behind and above you are
by means of a flexible shaft, One projector fills the screen
with pictures of what you would see if you were actually look-

You see clouds, land-

scapes, porti attacking enemy planes,
naneuvering, approaching and breaking away just as they do 1n
combat, You estimate t range of the attacki enemy planes
and open fii n you think you are within range, If the tar-
get 1s wiilhin range you hear the sound of yvour own guns, If
it was out of range you hear tihe sound of a gong. BEngine noise
and nois f your own gun's firing are simulated,
S¢ LINK BE R/ANGE

The Link BB Range provides you with a means of mas-

+

vering the art of deflection shooting, In order to align your

signts on the moving target you must apply the same coordina-
tion bet n hands, feet, and eye that you would if you were

flying a P-40, a P=39, or any other fighter plane on a combat

compact, so that all firing can be kept under the supervision

of competent instructors, This is accomplished by the use of







RESTRICTHED
four (4) C-3 Link Trainers, a model of an enemy plane which is
carried around on a double U track by an electric train, and ma-

chine guns mounted on the Link Trainers that fire BB's at the

t

same rate tliat an actual macihine gun fires hullets, The BB 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 reflector gun sight,.

The maciiine gun and the gun sight are harmonized so that
the line of sight and the line of fire converge ¢

vt a2 simulated

range of 300 yards, As the Link is controlled in the same man-

ner as an airplane, you zet yocur control manipulation down
pat before you can fire on the moving target with any degree
of accuracy.

All parts of the BB gunnery ra are scaled down in size,
Thhe size of the target, the spesd at which the target travels
around the track, the firing range, and the velocity of the BB's
are all reduced to a scale of 1-30, The speed at which the

train carries the target around the track for a simulated sp
of 400 miles an hour is 19 feet per second., For such sp

tlie track has to be banked sharply inward and the curves made

he track is 170
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90 feet by 50 feet, five feet above -the floor, The track is
laid in an oval shape with a sharp U on the side facing the
Links, The nearest point from the Links to the track is fif-
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farthest point is 60 f

ot

O

e

i

epresenting 600 yards at 1-30 scale),

T

+

Thus, the target, as it is carried around the track, is within

o

a range of (simulated) 150 yards to 600 yards of all of the

L

Here's where the action begins, Whereas so far your

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

considered conveniently individually, the world is
abc to start seemingly revolving around you, You are now go-
ing to call upon to collectively and by active phy=-
sical ipulation and coordinatisn all that you have hereto-
fore been learning by mental analysis and semi-passive obser-
"-};.Lta. P.

As a synthetic device the Gunairstructor is particularly
difficult to describe; perhaps, because it is so "unsynthetict
1 in the realism with which it produces actual conditions, Proof
to tell someone how to "fly" it is
to advise that they go about the job just as though they were

L wApsdd
v L]

Climb into the cockpit and you will find the same old

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

gunsight, Looking thruy the windshield out from under the hood

there is the skyscape (land, sea, and sky) Jjust as it looks to
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you from about 10,000 feet aloft, As you manipulate and coordi-

nate your controls you can climb, glide, dive, bank, turn, slip,
skid, or otherwise make your plane perform just as it would in
t.ie air,

The roar of your engine drowns all but the crack of your
1gine picks up speed and
wiiines; climbigg it slows down, begins to labor, Your nose
drops in turns, (or when the throttle is closed), must be held
up with back-stick pressure, Crossing controls causes slip-
nge Rough control manipulation gets rough re-
sults; coordinate smoothly, and you're "riding the air"

Hawever + 1o 4 mad = %r w3 £3 + e £ TrM1l
fAowever, uhls 1s not as easy as might first appear, for you

are not alone in the sky, Also present is an enemy plane flown
by t sunalrsiructor Operator, who is capable of making it per-
form in eny way i chooses (just like an enemy pilot with his
Plane), regardless of what you in the pursuing fighter may be

in as repid or as slow succession as desired, Any flying rela-
tionship between target and pursuing fighter (your plane) car

be continued as long as you like, In fact, at any given instant,

everytiing can be "frozen" and you can s top and analyze every

I I the situation as long as you like,
Furthermore, and of perhaps greater importance, when you

fire you can now instantly tell w

ct
.

fndd
iT-
!
s
ct

netiler you hit or missed.

biie target, and immediately it flashes red,
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But of greatest importance is that you can now also tell

why you hit or missed, At the operator's discre
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indicating the correct point of aim for any given maneuver of

J L=

the target, can be jrojected onto the scrzen whenever you pull

the trigger, Thus you can instantly compare the position of the
light in relation to the target with the relationship of the

"pipper" in your signt and the target. If your pipper and the
light spot coincide, you are on the mark. Too much or too lit-
tle deflection are immediately obvious by observing whether

your plpper is ahead of or behind tihe dot

find in the Gunairstructor, Most people find it just as diffi-
cult to coordinate ti trigger with their other controls as they
once 1ound 1t difficult to handle the throttl hen they were
first learning to fly, "Trigger shyness" is one extreme, Fir-
ing in too-short burst may save ammunition but it too frequently
saves the target as well, Firing to> much is the opposite dan-
gerous extreme, Learn to use the trigger with decision. Don't

miss many good s..ots waiting for a "sitter", Fire when your
sights are "on", And DON'T forget to stop shooting when you are

"offM,

have fired and get to know how to make limited ammunition do the
e may someday get you home, In the past

trigger coordination has always been each pilot's own secret.e.

and he has been stuck with it, In his single-seater fighter
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no one but himself knew :low, when, or where he fired, In the
Gunairstructor your instructor can help you develop the right
technique, Like most valuable things, it is not easy to acquire,

vive it plenty of thought and nractice,

as 1n the air, things can happen at a split-second pace, For-

tunately they can also be made to occur in slow motion.,.even
stop-motion,
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the air stage of gun-

nery opsrations, it is important to recognize the effect on your

sinooting abllity of the noise in the Gunairstructor, While
noise and airplanes nhave automatically gone together since the
beginning of f1 Z, you will now find it difficult to apply,
under the simulated engine conditions, the simple principles
Wiilch you have quietly been learning with cards, the Deflection
Trainer and the Range Estimator, You will find much more con-

centration reqguired, much more necessity to "Know your stuff",
It is common knowledge that there exists considerable

"interference of sound is not the most ne
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1ible element, Interfer
concentrate, it demands that your knowledge of the subject be
éven more "instinctive" than would otherwise be necessary.,

Thus, in the Gunairstructor you have the final stage of

your WHO-WHERE-WHEN ground training, The only thing more like

flying is flying itself. 4And the purpose of every one of your
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Gunairstructor "flights" is to give you more WHO-WHERE-WHEN

“

practice, to give it to you under conditions more and more sim-

ulating the real thing, more plane

]

to recognize, more deflec=-

tion shots, more changes of attitude, more trigger coordinatisn

(=] it

more control coordinati>n, more use of the gunsight, less and
less time to arri“g at decisions, more and more ability to do
it "instinctively",
Simple as the system is, the only way anyone can master it
18 Dy continual repetition, practice, repetition, Zach stage of
our training is designzd to give you an i int of
ac Cee
First co t "fundamental" written stage to give you an
understanding of the broad picture and the basic formula,
oecondly, you praciice slowly, methodically, in two dimen-
si 5, with t Reco tion, Range and Deflection Cards,
iirdly, you start working in three dimensions, with an ac-
tual gunsight n the Stationary Deflection Trainer.

Fourthly, you learn on the Range Estimator to pick your
rangeq, eeeto hold fire until it counts,.

Fifthly, you step

over controls, are required to fly as well as to shoot, :You

must translate guninery problems into manipulations, You see
tiiings as they will actually look. You learn to make split-
second correct decisions because you get so much practice that

You can make then and WHEN come=-alive.
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