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This Manual contains harmonization data supplemental to that issued in technical
orders and consolidated simplified aircraft ballistic data extracted from aircraft
firing tables. The harmonization patterns were compiled at the proving ground
command to facilitate the conduct of service tests on aircraft weapons. The
ballistic data was supplied by the Chief of Ordnance, Ballistics Branch. These types
of data are combined in a single publication for general use by Army Air Forces
officers. Further work by the Provi::[g Ground Command and other field installa-
tions will be disseminated in revisions to this Manual. The patterns for harmoniza-
tion contained herein are indorsed by Army Air Forces but may be amended by
each individual station in accordance with local conditions to obtain effective

fire power.
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INTRODUCTION

1. The maximum range for harmonization used in this
Manual is 2000 feet. Although the effective range for
actual firing is 1200 feet maximum, a harmonization
based on 1200 feet would result in the same bullet pat-
terns as for 2000-foot harmonization, and the latter has
the added advantage of the aircraft being harmonized
for the extra 800 feet should the tactical requirements
necessitate firing at the longer range.

2. The phase “angle of attack” (ap) referred to herein
is defined as that angle between the fuselage leveling
lugs and the flight path of the aircraft. The data on
angle of attack used were derived from the following
sources, from which the lift coefficient curves were
compurted and the angle of attack figures worked out
for the various weights, speeds, and “g’s” required.

a. Wright Field.
b. Technical Orders.
¢. Manufacturer’s Data.

3. The boresight targets shown are for 1000 inches and
for 500 feet. If the demand for targets at longer ranges
presents itself, these additional targets will be fur-
nished at a later date.

4. All ballistic data were obtained from Ballistic Re-
search Laboratory, Aberdeen Proving Ground, Aber-
deen, Md., and any questions or discrepancies con-
cerning these data should be referred to that source.

5. The ballistic characteristics of caliber 0.50 M2 and
A.P.1 M8 ammunition are essentially the same, and
even though the harmonization charts are computed
for M2, the A.P.I. M8 can be used. However, new data
will be supplied based on A.P.L. M8 ar a later date.

6. Section C is included primarily as a technical expla-
nation of the method used in computing the harmoniza-
tion charts, and is not intended to be used in the field
unless a specific duty of harmonization is made.
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SECTION A
HARMONIZATION NOTES

1. INTRODUCTION.

a. The following study shows the method used to
arrive at a practical arrangement of fixed guns on
fighter aircraft. The data. and results obtained are
derived from various sources including Technical Or-
ders, test reports, ballistics from Aberdeen, flight mis-
sions, discussions with gunnery officers, and the experi-
ence of combat pilots.

2. TYPES OF HARMONIZATION.

a. It is found that the type known as "Point Har-
monization” does not make the most efficient use of
the available fire power. In its place, it is recommended
that "Pattern Harmonization” be used; that is, that the
fixed guns be boresighted so that their trajectories pro-
duce a desirable pattern as near uniform as possible in
shape and projectile density over the entire range of
fire. A range of 2000 feet is considered maximum for
harmonization.

b. This harmonization is such thart the sight line is
always approximately in the center of the projectile
pattern throughout the 2000-foot range, when flying at
the Basic Harmonization. Consequently the pilot is re-
lieved of any mental calculation of range versus pro-
jectile drop.

¢. The necessity for computing the proper “lead” is
not eliminated by this harmonization. The subject of
lead is well covered by other sources and, therefore,
will not be considered here,

3. BALLISTIC DATA.

a. Ballistic data are procured from Aberdeen Prov-
ing Ground, but interpolation is necessary in some cases
to obtain the necessary ballistic curves for specific alti-
tudes or air speeds not covered by Aberdeen. This in-
terpolation can readily be computed to an accuracy
sufficient for all practical purposes and will serve as
a mathematical basis for figuring harmonization.

b. In the use of published ballistic data, a complete
understanding of phraseology is required. The data
under the phrases “Present Range” or “Air to Ground”
should be used for forward firing fixed guns, and can
be interpolated from data under “Future Range” or
“Air to Air.”

4. ANGLE OF ATTACK.*

a. The angle of attack of the fighter aircraft for all
speeds, loading conditions, and “g’s” should be found
as accurately as possible. The angle of attack is the
angle between the fuselage leveling lugs and the flight
path. The harmonization data in this Manual is based
on the best available data on angle of attack.

*For harmonization purposes.

b. Since the guns on the fighter aircraft are fixed in
relation to the fuselage leveling lugs, the angle of attack
therefore governs the angle the guns make with the
flight path. This angle in turn determines the “Effec-
tive Bore” and is, therefore, a critical factor in figuring
the harmonization of the sight line and the projectile
patterns.

5. EFFECTIVE BORE.

4. When a fixed gun is so set as to make an angle
with the flight path, the projectile has two forces acting
upon it. One is the muzzle velocity, or the force with
which the powder explosion sends the projectile from
the muzzle, and the other force is the forward velocity
of the firing aircraft. These two forces resolve into one
which is the resultant, and is known as the “Effective
Bore.” In order to harmonize correctly, this effective
bore must be computed. This action holds true in both
vertical and plan harmonization.

6. PROJECTILE DROP.

a. When harmonization is figured, the projectile
drop due to gravity to be used is based on the desired
speed and altitude for this harmonizacion. Then, if the
aircraft fires at some other speed or altitude, there is
naturally a difference in projectile drop between that
used for the harmonization and that at the other speed
or altitude. But this difference is of a negligible quan-
tity, the magnitude of the error in caliber 0.50 A.P. M2
being Y4 mil at 1000-foot range.

b. When the firing aircraft is in a dive and the wing
tips are parallel to the earth, the drop of the projectile
measured at right angles to the extended bore is approx-
imately equal to the drop in level flight multiplied by
the cosine of the angle of dive. This change is of such
small magnitude up to 30-degree dive that it may be
disregarded.

¢. No matter what the attitude of the firing aircrafrt,
the projectile drop is in a vertical plane perpendicular
to the earth, measured from the extended effective bore.

d. Projectile drop itself is not affected by the aircraft
pulling “g's.”” But any action of the aircraft that
changes its angle of attack, that is, changes in indicated
air speed or number of 'g’s,” affects the angle between
the gun bore and flight path and brings into play the
“Effective Bore” action previously discussed, and this
indirectly causes the trajectory shift in relation to the

sight line,

7. BASIC HARMONIZATION.
a. Basic harmonization is figured for altitude, air

e 338

speed, aircraft weight, and number of “g's” which con-
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stitute the average condition at which combat firing
will probably occur. In basic harmonization it is of
vital importance to obtain as great an angle of visibil-
ity as possible over the nose of the aircraft. To accom-
plish this, the sight line has to be raised to its max-
imum, limited only by the amount that the guns can be
elevated. The guns are elevated to their maximum and
the sight is set so as to harmonize with the effective
trajectory curve. This method will give the sight its
greatest angle over the nose of the aircraft. From this
basic harmonization, the mil angle of trajectory shift,
shown as “u” in the harmonization charts, and which
is due to flying under any other condition that causes
a change in angle of attack, can be computed.

8. GENERAL.

a. It is recommended that for most cases the included
harmonization charts be used, unless specific tactical
requirements necessitate a deviation. All possible care
should be taken to align the guns as accurately as pos-
sible to the boresight targets, and all mounts, etc.,
checked so as to eliminate any error due to movement
of guns.

b. Even though the aircraft is harmonized perfectly,
there is no substitute for accuracy in shooting and
estimating lead. Pattern boresighting will be a great
help in deflection shooting and firing at longer ranges,
and yet will be just as satisfactory for the close-range
shots.

SECTION B

A BORESIGHTING PROCEDURE FOR FIXED GUNS
IN FIGHTER AIRCRAFT

(A) BY USE OF THE
1000-INCH BORESIGHT TARGET

1. Select a level strip of ground and place a boresight
target 1000 inches (83 feet, 4 inches) from the approx-
imate mean of the gun trunnion bolts of the aircraft.

2. Level the aircraft on both axes and fix fiemly by the
means of weights, jacks, etc. (Level fuselage by placing
level on fuselage leveling lugs.)

3. Draw a vertical line on the target, in line with the
center- line of the aircraft, by attaching plumb bobs to
the aircraft centers and sighting along the plumb bob
cords. On aircrafts with nose wheels, allowances must
be made for the plumb bobs not being on the center
line of the aircraft.

4, Place a sight line level indicator on gun-sight glass
reflector and, without turning on reticle light, project
a level point from sight to target. Draw a horizontal
line on 1000-inch target through this point and through
the vertical line as found in step 3. This intersection
will be a point from sight parallel to fuselage leveling
lugs.

5. With the point found in step 4 already located on
boresight board as a starting point, mark off to proper
dimensions the points where the fixed sight line and

guns are to be aimed, copying data from included har-
monization diagram, or from data figured by a respon-
sible officer.

6. With sight line level indicator removed from gun
sight, next turn on reticle light and adjust sight so that
reticle pip points to mark on boresight target for sight
pip. The gun sight will now be aligned in azimuth and
zenith for the basic harmonization.

7. With boresight tool, align the guns to point at their
respective targets.

(B) BY THE USE OF THE
500-FOOT BORESIGHT AND FIRE-IN TARGET

8. In using the 500-foot target the same procedure as
outlined in steps 1 through 7 is to be followed, with
the exception that the target is to be 500 feet from the
aircraft.

9. Fire a burst of 10 rounds. The center of impact of
these hits should fall on the predicted center of impact
previously marked on the rarget, thus giving the cor-
rect boresighting. If these points do not coincide, adjust
the guns until such is accomplished.

10. Either the 1000-inch boresight target or the 500-
foot boresight and fire-in target may be used, but the
500-foot target method is found to be more accurate.

RESTRICTED 3
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SECTION ¢
HARMONIZATION

The Following Is an Example of the Computations and Method Used in
Harmonizing a P-51D Airplane

1. DATA NEEDED.
a. Basic harmonization condition, or the average
that the aircraft will fly during combat:

Calibrated indicated air speed = 300 miles per hour.

True air speed = =373 miles per hour.

Altitude = 15000 feet.

Level flight, or 1 “g.”

Average combat weight = 9500 pounds.

Angle of attack = ap — 13 mils.

b. Location of the guns: side and plan dimensions in
reference to the optical sight and the aircraft center
line.

¢. Maximum angle the guns will elevate in respect
to the fuselage leveling lugs. (From the Technical Or-
ders = 10 mils.)

d. Find angle of attack of aircraft in reference to the
fuselage leveling lugs for all speeds in which the air-
craft might fire in level flight, 1 to 4 “g’s,"” and in 30-

RE_3_ ¥

degree dive or climb, 1 to 4 “g’s.

e. Find the trajectory curve for the projectile to be
used for the speed and altitude of the basic harmoniza-
tion. The data can be interpolated from Aberdeen Prov-
ing Ground publications.

f. Formulae Used:

_ VI (oge)
€= Vm

¢ = Vigh
Vi+Vm

_ Vi (agfy)
i Vfl +Vm

agfi = apr — ap + ogf

=€ —€
When:
€ = Mil angle berween the effective bore line and the fixed
bore line, under the basic condition.
€= Mil angle between the effective bore line and the fixed
bore line, condition in question.
Vf = True air speed of firing aircraft in feet per second,
basic condition.
Vfi= True air speed of firing aircraft in feet per second,
condition in guestion.
Vim = Muzzle velocity of projectile in feet per second.
age = Mil angle between the flight path and the effective bore
line, basic condition.
agf = Mil angle berween the flight path and the fixed bore
line, basic condition.
agfi= Mil angle between the flight path and the fixed bore
line, condition in question.

ap = Angle of attack or the mil angle between the fuselage
leveling lugs and the flight path, basic condition.

apr= Angle of attack or the mil angle between the fuselage

leveling lugs and the flight path, condition in question.

u = Mil angle between the fixed sight line and the projec-

tile pattern or a corrected sight line, condition in
question.

2. PLOTTING TRAJECTORIES. _

a. SKETCH “A.”—Draw trajectory curve from data
found in “1.e.” (Scale recommended: horizontal, 1 inch
— 100 feet; vertical, 1 inch = 20 feet.) Locate the sight
in relation to the guns. Draw in separate sight line
for each gun, harmonizing each around the projectile
path as desired.

b. SKETCH "B.”—Redraw "A” so that each of the
three sight lines fall in one line and by measuring the
drop from each sight line lay out the trajectory curve
of all guns. At a convenient range, 1000 feet, measure
the distance the projectile is above or below the sight
line for each gun. This distance, known as “"A,” will be
used later. The completed drawing will be the side pat-
tern of the projectiles while flying at the basic har-
monization.

¢. SKETCH “C.”"—Draw a plan of the projectile
paths, Make each intersect the projected center line of
the aircraft at the range desired.

d. By plotting from the sketches B and C a projectile
pattern can be drawn for any range up to 2000 feet.
Changes will undoubtedly have to be made in the gun
arrangement in order to achieve the desired patterns.

3. BASIC HARMONIZATION—TO SIGHT LINE—SIDE.
a. Find the mil angle of the effective bore line in

relation to the fixed sight line for each gun, in side
view.

Effective bore line

s

Fixed I
8 sight line

Sight ™

Gm/_ 1000"
1000’ = 12000"

i o

A = Distance in inches between projectile and sight line.

B = Projeciile drop in inches at 1000 feet.

C = Vertical distance in inches, at aircraft, between sight and
gun trunnion.
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Section C

2. Plotting Trajectories:

Sight
Gun = —\"“3 > Bore line
N\
Trajectory: N
Cal 0.50 APM 2 \
TAS =373 mph “
Alt 15000 ft ] Mo 2iguns
\ No. 1 guns
No. 3 guns
SKETCH “A”
1000’ 2000’
Range in feet
. 12" b | —— — f o
Sight L_ = we — ixed sight line
14”'13” .-_:;_—;--—-—‘——-._;::‘\‘\\\ No. 3 guns
/.// \ B No. 1 guns
.
Gun No. 2 guns
SKETCH “B”
:::\ No. 1 gun
h‘::_“x Parallel 4 No. 2 gun
™ § No. 3 gun
-~ -/
Sight < Center line of
° {/: aircratt
%' LA
./' 1
No. 1 gun // i @
No.2 gun - 11997"
Mo 3 g 13189”
14400"=1200'
SKETCH *C"
1000’ 2000’

Range. in feet
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For No. 1 gun:
D=C+B +(A) :C =44.7"; B = 20.0";
A=—-3";D =447 4 20.0 4(—3) = 61.7"

Then by similar triangles:

61.7 =z
1000(12) — 100

(This is the mil angle the effective bore line of No. 1
gun should point above the fixed sight line to properly
harmonize.)

= 5.1 mils

For No. 2 gun:

C =44.0"; B =200 A = —14";
D= 440+200+( 14) = 50.0"

500 _ @
1000(12) — 1000° * = 42 mils

For No. 3 gun:
C =43.5"; B =20.0"; A = +12.0";
D—435-l—2'[]0‘|‘(‘l‘120)—'I"55“r
75.5 x

1000(12) — 1000’ © = 63 mils

Therefore:

No. 1 gun’s effective bore line is up 5.1 mils from the
fixed sight line.

No. 2 gun’s effective bore line is up 4.2 mils from the
fixed sight line.

No. 3 gun’s effective bore line is up 6.3 niils from the
fixed sight line.

4. BASIC HARMONIZATION—TO FLIGHT PATH—SIDE.

@. From 3.a., it can be seen that the No. 3 gun
elevates the most, According to Technical Orders, the
guns elevate 10 mils, but for safety use 9 mils. Elevate
No. 3 gun 9.0 mils in relation to the fuselage leveling
Iugs.

b. Find the effective bore line for No. 3 gun:

Fixed bore line, No. 3 gun Effective bore line, No. 3 gun

Parallel to
effective
bare line

Flight Pnﬂ‘
th p.=13.0 Flight pn‘t;
_ Vilagh) _ B5AT.067(22.0) _ .,
€=vr +Vim = 547,067 +2100 ~ SfimNe.g
gun

age = 22.0 — 3.7 = 18.3 mils (No. 3 gun)

RESTRICTED
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¢. Find location of fixed sight line;

Parallel to effective bore line

Line parallel to
fuselage leveling lugs

Fixed sight line

Sight
Flight path
Effective bore line,
BE=IHA=S: Line parallel o fuselage leveling lugs
ocge=18.3| -
Gpn‘ e Flight path

oc p.=13.0

Therefore:

Fixed sight line is 12.0 mils above the flight path—
basic harmonization.

Fixed sight line is 1.0 mil below the fuselage level-
ing lugs.

d. Find the fixed bore line in relation to the flight
path:

No. 1 gun:
age = 12.0 4 5.1 = 17.1 mils
_ Vi (age) _ 547.067(17.1) _ .
€= Vi = 5700 = 3.5 mils
agf = 17.1 4 3.5 = 20.6 mils
No. 2 gun:

age = 12.0 + 4.2 = 16.2 mils

e 47(‘)2%’60162 — 3.3 mils

agf = 16.2 4+ 3.3 = 19.5 mils
No. 3 gun:
age = 12.0 + 6.3 = 18.3 mils
€= h47.067(18.3)
2700
agf = 18.3 + 3.7 = 22.0 mils
e. Find average fixed bore:

= 3.7 mils

No. 1 gun:
Fixed bore line above the flight path = 21.6 mils
No. 2 gun:
Fixed bore line above the flight path — 19.5 mils
No. 3 gun:
Fixed bore line above the flight path = 22.0 mils
3)62.1 mils
20.7 mils—

agf (average) — average fixed bore line above the
flight path—basic harmonization.
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5. TRAJECTORY SHIFT.

@. Find p, or the mil angle the projectile pattern
moves from the fixed sight line while flying at other
than basic conditions:

IAS — 250 mph; TAS = 250 mph; Altitude = 0';
“1g”; ap; = 30 mils,

agfs = apy — ap + agf = 30.0 — 18.0 + 20.7 =
37.7 mils

Vfi(agf) _  866.67(37.7)

&= Vii+Vm ~— 366.67 + 2700 = 4.5 mils
_ Vflagh _  547.067(20.7) _ _

€ = V7 1+ Vim = 547.067 + 2700 — >0 mils
(Average€)

=€ —€ :

p=45 —35 = 4+ 1.0 mils

Continue the same method for “u” for all conditions.

6. FIGURING THE BORESIGHT TARGETS:
4. Vertical Dimension—1000-inch Target:
From 4.e. can be found the mil angle the fixed bore
line makes with the flight path. From this subtract the
mil angle of attack for the basic harmonization. The
answer will be the mil angle between the fixed bore line
and the fuselage leveling lugs.
Therefore:
No. 1 guns: 20.6 — 13.0 = 7.6 mils
No. 2 guns: 19.5 — 13.0 = 6.5 mils
No. 3 guns: 22.0 — 13.0 = 9.0 mils
No. 1 guns: 44.7 — 7.6 = 37.1" (Vertical distance, at
1000-inch target, from a point from the sight parallel
to the fuselage leveling lugs, to the extended bore.)
No. 2 guns: 44.0 — 6.5 ='37.5" (Vertical distance, at
1000-inch target, from a point from the sight parallel
to the fuselage leveling lugs, to the extended bore.)
No. 3 guns: 43.5 — 9.0 = 34.5” (Vertical distance, at
1000-inch target, from a point from the sight parallel
to the fuselage leveling lugs, to the extended bore.)
b. Vertical Dimension—500-foot Target:

By similar triangles:
No. 1 guns:

7.6 x

1000 = 500(12)) © = 456
447 — 45.6 — —0.9" (Vertical distance, at 500-foot
target, from a point from the sight parallel to the

fuselage leveling lugs, to the extended bore.)

No. 2 guns:

6.5 x . _ _
1000 = W’ xz = 39.0; 44.0 — 39.0 =

+ 5.0" — 1000-inch target.

Section C
Paragraphs 5-6

No. 3 guns:

980 oz ey _
1000 — Boo(iz)° @ = PALN4BE —sdl =

— 10.5" — 1000-inch target.
¢. Horizontal Dimensions—1000-inch Target.

From 2.c, can be found the points where the effec-
tive bore line, in plan, crosses the center line of the
aircraft.

Effective bore line
1 Ane of aircraft
Sight |— —
Herizontal distance—
C to sight
x
Gun o $-1000" 4 |
Range 1
No. 1 guns:

By similar triangles:

R )
1000 — 11997’

. Vi(age) _ 547.067(6.6)
= Vm 2700
agf = 6.6 + 1.3 = 7.9 mils

79.1 — 7.9 = 71.2" (Horizontal distance, at 1000-inch
target, from center line of aircraft to extended bore.)

z = 6.6 mils = age

= 1.3 mils

I

No. 2 guns:
¢ 8.1 0 .
1000 — 13189 © = 6.6 mils
__ 547.067(6.6) _ .
€= %700 = 1.3 mils

agf = 6.6 + 1.3 = 7.9 mils
87.1 — 7.9 = 79.2" — 1000-inch target

No. 3 guns:
g _ 951 _ oo
1000 = 14400’ * = 66 mils
- 047.3]?';06-6) — 1.8 mils

agf = 6.6 + 1.3 = 7.9 mils
95.1 — 7.9 = 87.2" — 1000-inch target
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d. Horizontal Harmonization—500-foot Target:

RESTRICTED
AAF MANUAL 200-1

No. 1 guns:
By similar triangles:

Effective bore line

Center line
of aireraft

T8 £ - "
1000 = 500(12)’ & = 474
79.1 — 474 = +31.7"
(Horizontal distance, at 500-foot target, from center of
aircraft to the extended bore.)

No. 2 guns:

9 _  x  _ i
1000 — 500(12)’ & = 474

87.1 — 47.4 = 39.7" = 500-foot target
No. 3 guns:

7.9 _ r "

1000 — Boo(1gy’ & = 474

95.1 — 47.4 = 47.7" = 500-foot target

RESTRICTED
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SECTION D
PRESENT RANGE BALLISTIC TABLES

: AUTHORITY:
0. 50 CALIBER Aberdeen Data FT, 50-AC-M-1; and

Ist Ind. to letter from Ord. Dept.
PRESENT RANGE FORWARD: MRE Eglin Field, Fla. 15 April, 1944 to

M.V.=2,700 ft/sec TOP LINE: VERTICAL DEFLECTION IN INCHES ~ Chief of Ord. Washington, D.C.
BOTTOM LINE: TIME OF FLIGHT IN SECONDS

A.P. M2 PROJECTILE

Altitude | True [Cal. Ind. RANGE IN FEET
in Air Air

Feet |Speed| Speed | 200 400 600 800 1000 1200 1400 1600 1800 2000

o | ol ol @ 5 5y 19 30) 3 60) 80 | (o8 | 132

08 16 24 32 40 49 58 67 77 87

i) 7 © i3 26) 33 53) 70 ) | 114

0 | 150 | 150 | o7 15 22 30 38 46 54 63 72 81

M 3 ) 13 1) 3 3) 58 176) %

0 | 300 | 300 | g 13 20 2 34 41 49 57 86 74

(1) 3 7 12 (19) 28 (39) 51 (66) 83

0 | 430 | 450 | g6 13 19 25 32 39 16 53 61 69

m 7 © 16 5) 37 D) 67 ®6) | 108

7000 | 150 | 135 | o7 15 22 30 37 25 53 61 70 78

m 3 @ 13 @0 3 @3) 57 73) o1

7000 | 300 | 271 | gg 13 20 27 34 41 48 56 64 71

(1) 3 (7) 12 (19) - 28 (38) 50 (64) 80

7000 | 450 | 409 | o6 13 19 25 32 39 45 52 59 67

m i ) i 75) 3% 49) 55 @B | 108

15000 | 150 [ 119 | o7 14 22 29 37 44 52 60 68 76

m 3 ™ 3 o0 31 2) 56 70 89

15000 | 300 | 240 | [op 13 20 27 34 A1 48 55 62 70

M 3 ) 12 19) 27 @7 18 62) 77

15000 | 450 | 364 | ng 13 19 25 31 38 44 51 58 65

m 1 ) 15 P) 35 @3) 53 80) %

30000 | 150 | 92 | 7 14 21 28 36 43 51 58, 66 73

i) 3 )] 13 @) 30 @0 5 69) %

30000 | 300 | 187 | g 13 20 26 33 40 47 54 61 68

M 3 Wl 17 (18) 3 36) a7 (60) 74

30000 | 450 | 284 | og 12 19 25 31 37 43 50 56 63

m i o 5 23) 3 ) 51 7 9%

50000 | 150 | 58 | o7 14 21 28 35 42 50 57 .64 71

i) 3 i) 3 20) 29 {0) 52 (66) 82

50000 | 300 (119 | g 13 19 26 32 39 46 52 59 66

i) 3 ©) 1 i¥) 75 KT} 75 &) 71

50000 | 450 | 183 [ gg 1 17 23 29 36 42 48 55 61

Figures in parentheses are from graphic tabulations 0.50 CALIBER

APPLIED BALLISTIC AND DESIGN SECTION, PROOF DIVISION, A.A.F.P.G.C., EGLIN FIELD, FLA. DWG. No. B-T44 DATE: 6-10-44
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= CALIBER 0.50

“PRESENT RANGE" or Range is the distance from a stationary point (the muzzle of the gun at
time of fire) to the projectile at every instant.

A. P. M2 AZIMUTH=0 Mils ZENITH=1,600 Mils
M. V.=2,700 ft per sec Guns mounted in aircraft in horizontal flight.
TOP LINE: VERTICAL DEFLECTION IN INCHES ~ BOTTOM LINE: TIME OF FLIGHT IN SECONDS
- RANGE IN FEET
Density | Speed | 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 | 2800 3000 |
1.0 0 1 4 10 18 29 43 60 80 104 132 164 200 241 287 339
’ 0.07 0.15 0.23 0.31 0.40 0.49 0.58 0.67 0.77 0.87 0.98 1.09 1.20 1.32 1.44
1.0 150 1 4 9 16 25 37 51 69 89 112 139 169 203 242 285
i 0.07 0.13 0.22 0.29 0.37 0.45 0.53 0.62 0.71 0.80 0.90 1.00 1.10 1.21 1.32
10 300 1 4 8 14 2 32 45 60 77 97 119 145 174 207 | 244
' 0.06 0.13 0.20 0.27 0.34 0.42 0.50 0.58 0.66 0.74 0.83 0.92 1.01 111 1.21
1.0 450 1 3 1 12 19 28 39 52 67 84 104 127 152 180 212 |
' 0.06 0.13 0.19 0.26 0.32 0.39 0.46 0.53 0.61 0.69 0.77 0.86 0.95 1.04 1.13
08 150 1 4 9 16 25 36 50 66 8 107 132 160 191 226 264
' 0.07 0.14 0.21 0.28 0.36 0.44 0.52 0.60 0.69 0.78 0.87 0.96 1.05 1.15 1.25
E 08 300 1 4 8 14 21 3l 43 57 74 93 114 138 165 194 221
= ' 0.07 0.13 0.20 0.27 0.34 0.41 0.48 0.56 0.64 0.72 0.81 0.89 0.97 1.06 1.15
ﬁ 08 450 1 3 7 12 19 21 37 50 64 80 99 120 143 169 | 198 |
] ’ 0.06 0.12 0.18 0.24 0.31 0.38 0.45 0.52 0.60 0.68 0.75 0.83 0.91 0.99 1.07
06 150 1 4 9 16 24 35 48 64 82 102 125 151 180 211 246
’ 0.07 0.14 0.21 0.28 0.35 0.43 0.51 0.59 0.67 0.75 0.84 0.92 1.01 1.09 1.18
06 300 1 4 8 14 22 31 42 56 . 71 89 109 | 131 156 182 212
0.07 0.13 0.20 0.27 0.33 0.40 0.47 0.54 0.62 0.70 0.77 0.85 093 1.01 1.10
06 450 1 3 7 12 19 21 37 49 | 62 77 95 114 135 159 185 |
' 0.06 0.12 0.18 0.24 0.31 0.38 0.45 0.51 0.58 0.65 0.72 0.79 0.86 0.94 1.02
“0.4 150 1 4 8 15 23 34 47 62 79 98 119 143 169 198 230 |
. 0.07 0.14 0.21 0.28 0.35 0.42 0.49 0.57 0.65 0.73 0.80 0.88 0.96 1.04 113
0.4 300 1 4. 8 14 21 30 41 54 69 86 105 126 149 173 200
’ 0.07 0.13 0.20 0.27 0.33 0.40 0.47 0.54 0.61 0.68 0.76 0.82 0.90 0.97 1.05
0.4 150 1 3 1 12 19 21 36 47 60 75 91 109 129 150 174
' 0.06 0.12 0.18 0.24 0.31 0.37 - | 043 0.50 0.56 0.63 0.70 0.77 0.84 0.92 0.97
02 150 1 4 8 15 24 34 47 b1 8 96 116 138 162 189 | 217
' 0.07 0.14 0.21 0.28 0.35 0.42 0.49 0.56 0.63 0.70 0.78 0.85 0.93 1.00 1.08
02 300 1 4 8 14 22 31 42 5 .| 69 85 102 121 142 166 191
’ 0.07 0.13 0.20 0.26 0.33 0.39 0.46 0.52 0.59 0.66 0.72 0.79 0.86 0.93 1.00
0.2 450 1 3 8 13 19 27 37 48 61 75 90 107 125 145 166
0.06 0.12 0.18 0.24 0.30 0.36 0.42 0.49 0.55 0.61 0.68 0.74 0.80 i 87 0.93
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CALIBER 0.50

APl M8
M. V.=2,870 ft per sec

AZIMUTH=0 Mils

“PRESENT RANGE" or Range is the distance from a stationary point (the muzzle of the gun at
time of fire) to the projectile at every instant.

ZENITH=1,600 Mils

Guns mounted in aircraft in horizontal flight.

TOP LINE: VERTICAL DEFLECTION IN INCHES _ BOTTOM LINE: TIME OF FLIGHT IN SECONDS
e | RANGE IN FEET
Density | Speed | 200 | 400 | 600 | 800 | 1000 | 1200 | 1400 | 1600 | 1800 | 2000 | 2200 | 2400 | 2600 | 2800 | 3000
= i I g g 7 [ % [ 3% [ 5 [ 72 | 9 [ 118 | W6 | 175 | 26 | 257 | 308
. 007 | 014 | 022 | 030 | 038 | 046 | 055 | 064 | 073 | 083 | 085 | 103 | L& | 125 | 137
N e i B W | 22 [ 38 | % |6 | 8 | Il | 125 | 153 | 18 | 219 | 258
007 | 013 | 020 | 027 | 035 | 043 | 051 | 059 | 067 | 076 | 085 | 095 | 105 | 115 | L5
T O 3 7 2 | 19 |2 | 3 |5 | 6 | 8 | 108 | 18T | 1% | 188 | 221 |
' 006 | 012 | 019 | 02% | 033 | 040 | 047 | 055 | 063 | 071 | 079 | 088 | 097 | 106 | Ll6
w | m L 3 ; 0| 7 [ 2% | % [ % | 60 | 76 | 9% | 14 | 137 | 163 | 1%
: 006 | 012 | 018 | 024 | 030 | 037 | 044 | 051 | 058 | 066 | 074 | 08 | 090 | 089 | 108
i | By LA i 8 W | 2 | 3% | M [ 5 |7 | % | 19 | W4 | 1}z | 208 | 238
| ™ 007 | 013 | 020 | 02/ | 035 | 042 | 049 | 057 | 065 | 073 | 082 | 081 | 100 | 103 | LI9
® | w | L 3 6 2 | 19 | 28 |3 |5 | 66 | 8 | 102 | 124 | W8 | 175 | 205
al ™| 006 | 013 | 019 | 02 | 032 | 039 | 046 | 058 | 061 | 068 | 076 | 084 | 09 | 101 | LI
ARTEET R 3 6 10 [ 16 | 24 |3 [ 4 | % | 73 | & | 18 | 129 | 18 | 179
B 006 | 012 | 018 | 026 | 030 | 03 | 043 | 050 | 057 | 064 | 071 | 078 | 086 | 09 | L0z
P [ ] 8 W [ 2 |3 [ 8 |5 |73 | % | U3 | 1% | 162 | 10 | 221
' 007 | 013 | 020 | 027 | 03§ | 04T | 048 | 05 | 063 | 071 | 079 | 08 | 0% | 103 | LI2
06 | a0 I 3 6 | 18 | 27 | 3% |5 | 6 | 8 | 9 | 18 | 140 | 165 | 1%
; 006 | 013 | 019 | 025 | 032 | 038 | 045 | 052 | 059 | 066 | 076 | 081 | 089 | 0% | L04
P 3 6 I | 7 |28 | 8 |4 | 8% | 70 | 8 | 108 | 122 | 144 | 167 _
| ™ 005 | 011 | 017 | 023 | 029 | 03 | 042 | 049 | 055 | 062 | 069 | 076 | 083 | 080 | 097
ot | 0 LI 7# 8 W | 22 [ 31 | & |5 | 71 | 8 | 18 | 12 | 15 | 119 | 207 |
' 007 | 013 | 020 | 027 | 033 | 040 | 047 | 056 | 062 | 069 | 077 | 08 | 082 | 099 | 107
| @ L1 3 6 I | 18 | 27 | & [ %8 | 6 | 76 | 8 | 1z | 13 | 1% | 119
' 006 | 01z | 018 | 026 | 031 | 038 | 044 | 051 | 057 | 064 | 071 | 078 | 085 | 0% | 099
ot | s L 3 6 0 | 16 [ 28 [ & |4 | 5 [ & | 8 |98 [ 16 | 13 | 15
| = 006 | 011 | 017 | 023 | 029 | 035 | 041 | 048 | 056 | 060 | 067 | 075 | 080 | 08 | 093
iz | = 11 3 7 3 | 21 [ 30 [ @ |5 [ 68 | 8 | 10 | 12 | W | 1o7 | 19
: 007 | 013 | 020 | 027 | 038 | 040 | 047 | 055 | 060 | 067 | 074 | 081 | 088 | 085 | 102
02 | sp |2 3 . 1 [ 18 [ 2 |3 |4 | 5 | 73 | 8 | 106 | 125 | 16 | 168
' 006 | 012 | 018 | 026 | 031 | 037 | 043 | 050 | 05 | 062 | 069 | 075 | 082 | 088 | 09
2 | s |1 3 6 0 | 16 | 25 | 31 | 4 | 5% | 64 | 78 | 98 | W0 | 127 | 147
' 006 | OIT | 007 | 023 | 029 | 035 | 041 | 046 | 052 | 058 | 064 | 070 | 076 | 083 | 0.9

=
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Section D ' RESTRICTED
AAF MANUAL 200-1

RORAFT GO L & 12 =0 M AUTIORITY. AneRoEe
&R\?JEST?IGLOE]( ) TOP LINE: VERTICAL DEFLECTION IN INCHES FT. I20 #I%-BG
V.=2,700 ft/sec BOTTOM LINE: TIME OF FLIGHT IN SECONDS ~ oLIN FIELD
Altitude | True (Cal. Ind. RANGE IN FEET
in Air Air
Feet |Speed| Speed | 400 800 1200 1600 2000 2400 2800 3200 3600 4000
5 70 18 7] 156 75 | 364 571 778 380
o| o| o .6 33 52 73 96 1.23 152 185 | 221 2.60
| [ e 7 17 I3} 78 137 206 305 736 607 878
14 30 48 67 88 112 139 1.70 2.03 239
AT 3 15 35 67 112 175 759 370 513 693
13 28 44 62 82 1.04 1.28 1.56 1.86 2.20
3| =] 3 3 3] 53 97 151 273 317 139 597
12 26 Al 57 76 96 118 1.44 1.72 2.04
1 17 39 73 i) 185 768 375 510 677
7000 [ 150 | 135 | g4 30 46 64 8 1.05 1.28 1.54 1.82 2.12
3 1 ™ | 63 104 158 279 319 32 574
7000 | 300 | 271 | 43 21 43 59 77 97 1.18 1.41 1.67 1.95
3 12 29 55 50 137 198 775 372 292
7000 | 450 | 409 | g5 26 40 55 72 90 1.09 131 154 1.80
7 T3 37 59 3 170 Y] 31 240 573
15000 | 150 | 119 | 14 29 45 62 80 99 1.19 1.41 1.65 1.90
3 1 k7] 60 97 145 207 783 376 188
15000 | 300 [ 240 | 43 27 42 57 74 91 1.10 1.30 1.52 1.75
3 v 28 52 8 126 179 245 3%5 21
15000 | 450 | 364 | 17 25 39 53 69 85 1.02 121 141 1.62
7 5 35 & 103 152 3 786 72 72
30000 | 150 | 92 | g4 28 43 59 75 92 1.09 1.27 1.46 1.66
_ 3 13 31 56 89 131 183 246 319 405
30000 | 300 | 187 | 43 26 40 55 70 85 1.01 1.18 1.35 1.53
3 12 27 13 77 114 159 214 277 352
30000 | 450 | 284 | ¢ 25 38 51 65 79 94 1.10 1.26 1.43
7 15 g7} 61 97 Ta 1% 758 31 a4
50000 | 150 [ S8 | 4 28 42 57 72 87 1.03 118 135 151
3 13 29 53 8 172 168 272 285 357
50000 | 300 ( 119 | 43 26 39 53 67 81 95 1.10 1.25 1.40
3 i 7% 3 73 106 146 194 248 311
50000 | 450 [ 183 [ 7 24 37 49 62 76 89 1.03 1.16 131

APPLIED BALLISTICS AND DESIGN SECTION, PROOF DIVISION
A.AF.P.G.C., EGLIN FIELD, FLA. DWG. #B-T44 DATE: 10-16-44
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“PRESENT RANGE" or Range is the distance from a stationary point (the muzzle of the gun at
time of fire) to the projectile at every instant.

20 MM T23 AZIMUTH =0 Mils ZENITH=1,600 Mils
M. V.=2,750 ft per sec Guns mounted in aircraft in horizontal flight.
TOP LINE: VERTICAL DEFLECTION IN INCHES  BOTTOM LINE: TIME OF FLIGHT IN SECONDS
s | e RANGE IN FEET

Density [Speed [200 | 400 | 600 | 800 | 1000 | 1200 | 1400 | 1600 | 1800 | 2000 | 2200 | 2400 | 2600 | 2800 | 3000 | 3200 | 3400 | 3600 | 3800 | 4000 | 4200

1.0 0 1 4 10 |18 [ 29 [43 |60 [8 [ 105 |133 [166 [204 |247 |296 |351 |413 [ 482 | 560 | 646 | 743 | 850
007|015 023 | 031 | 040 [ 049 [ 058 [ 068 [ 0.78 [ 0.89 | 1.00 | 1.I1 |1.23 |1.35 |1.48 |1.62 | 1.76 | 1.91 | 2.07 | 2.23 | 2.40

L0 150 1 3 8 15 |24 [36 |50 [68 |8 [112 |139 [171 [207 |249 |295 [346 |[404 | 468 | 540 | 619 | 706

’ 007 014] 021 | 029 037 (045 [ 054 [ 063|072 [ 082 | 092 [ 1.02 [1.13 [123 |1.35 [1.47 | 160 | 1.74 | 1.88 | 2.03 | 2.19

10 300 1 3 7 13 [21 [31 [43 [58 |76 [9 [120 |147 [178 [212 |251 |294 | 343 | 397 | 457 [ 523 | 597

0.07( 013] 020 | 0.27 | 0.34 | 0.42 | 0.50 | 0.58 | 0.66 | 0.75 | 0.84 [ 0.94 | 1.04 | 1.14 | 1.25 | 1.36 | 1.48 | 1.60 | 1.73 | 1.86 | 2.00

1.0 150 1 3 6 11 |18 |27 |37 [5 |65 [8 [103 [126 |[153 [183 216 |252 | 293 | 338 | 389 | 445 | 507

’ 006 | 012 018 | 0.25] 032 | 039 [ 046 | 0.53 | 0.61 | 0.69 | 077 | 0.87 [ 0.96 | 1.05 | 1.15 [ 1.25 | 1.36 | 1.47 | 1.59 | 1.71 | 1.84

08 150 1 3 8 15 [ 25 [37 |51 |67 |8 |108 [133 | 162 [194 |230 [270 |315 | 364 | 418 | 477 | 541 | 612

) 007 014] 021 | 028 036 [ 044 | 052 | 060 | 0.69 | 0.78 | 0.87 | 0.97 | 1.07 [ 1.17 | 1.27 | 1.38 | 1.49 | 1.60 | 1.72 | 1.85 | 1.98

® 0.8 300 1 3 1 12 [20 [29 [41 |5 [72 |91 [113 |137 [165 [196 [230 |267 | 308 | 353 | 403 | 458 | 518
ﬁ ' 007 ] 013] 020 [ 0.27 | 0.34 | 0.41 | 048 | 0.56 | 0.64 | 0.72 | 0.81 | 0.89 | 098 |[1.07 [ 1.17 | 127 | 137 | 148 [ 159 | 1.70 | 1.81
§ 0.8 150 1 2 6 11 [ 18 [27 [37 |49 [63 |79 (98 |[119 [143 |169 [198 [230 |265 |304 | 347 |393 |444
m 0.06 | 012 | 0.18 | 0.24 | 0.31 | 038 [ 045 | 0.52 | 0.59 | 0.67 | 0.75 [ 0.83 [ 0.91 [ 099 |1.08 [1.17 | 1.26 | 1.36 | 1.46 | 1.56 | 1.67
06 150 1 3 8 15 [ 23 |34 |47 |63 |81 |101 [124 |[150 [179 |21 |246 |285 |328 |374 | 424 |478 | 536

' 007 014] 021 | 028 | 035 [ 043 [ 051 | 059 | 067 [ 0.75 | 0.83 | 092 | 1.01 | 1.10 [ 1.19 [1.28 | 1.38 | 1.48 | 1.58 | 1.689 | 1.80

06 300 1 3 7 13 [20 |29 [40 |5 |68 [8 [107 [130 |[155 [182 |212 |[245 | 281 |320 | 362 |408 | 457

0.06 | 012] 019 | 0.26| 033 | 0.40 | 047 | 0.55 | 0.62 | 0.70 | 0.77 [ 0.85 | 0.93 [1.01 [1.10 [1.19 | 1.28 | 1.37 | 1.46 | 1.56 | 1.66

06 150 1 3 6 11 [ 17 |25 [35 [47 |61 |75 |92 |[112 [134 |15 |184 [212 | 243 [277 | 314 |35 |39

0.06 [ 012] 0.18 | 0.24] 030 | 037 [ 044 | 051 | 058 [ 065 | 072 | 0.79 | 0.86 [ 094 [1.02 |1.10 | 1.19 | 1.27 | 1.35 | 1.44 | 153

0.4 150 1 4 8 14 |23 [33 [4 |61 [78 |97 |[118 |142 [ 168 |197 [228 |262 | 299 | 339 | 382 |427 | 476

007| 0.14| 021 | 028 035 | 042 | 050 [ 0.57 | 0.65 | 0.73 | 0.80 | 0.88 | 0.96 | 1.04 | 1.12 | 1.20 | 1.29 | 1.38 | 1.47 | 1.56 | 1.65

04 300 1 3 7 13 120 [29 [40 ([5 |67 |8 [102 |122 |144 | 169 |196 [225 | 257 | 291 | 327 [366 | 408

’ 006 013 0.19| 0.26| 032 | 039 | 046 | 0.53 | 0.60 | 0.67 [ 0.75 | 0.82 | 0.89 | 0.97 | 1.04 [1.12 | 1.20 | 1.28 | 1.36 | 1.44 | 1.52

0.4 150 I 3 6 11 |17 |25 |34 |46 |58 [72 |8 |104 [124 |[145 |169 |195 | 222 [252 | 284 |317 |353

: 0.06 | 012 018 024 | 031 | 037 | 0.43 | 0.50 | 0.56 | 063 | 0.69 [ 0.76 | 0.83 [ 090 | 097 |1.04 | 1.12 | 1.19 | 1.27 | 1.34 | 1.42

0.2 150 1 ! 8 14 12 |32 [44 [58 |74 |92 |111 [133 [157 | 183 [211 [241 | 274 [ 309 | 346 |38 |427

' 007| 013] 020 027 034 [ 041 | 0.48| 0.56 | 063 [ 0.70 | 0.77 | 0.84 | 091 | 099 [1.06 | 1.14 | 1.21 [ 1.29 | 1.37 | 1.4 [ 1.52

0.2 30 1 3 7 12 |19 [28 (|38 |5 [64 |79 [96 |[115 [136 |158 [182 |208 | 236 | 266 | 298 [332 | 368

) 006 013 019 025] 032 | 0.38 | 0.45 [ 0.51 | 0.58 [ 0.65 | 0.71 [0.78 | 0.85 [0.92 | 099 |106 | 1.13 | 1.20 | 1.27 | 134 |1.41

0.2 450 1 3 6 11 |17 |24 [33 [44 |5 [70 |8 101 [119 |[138 |159 |182 | 206 |232 | 260 [289 [320

’ 0.06 012 018 | 0.24 | 030 | 0.36 | 0.42 | 048 | 0.54 [ 0.60 | 0.67 | 0.73 [0.79 [0.86 [052 | 099 | 1.05 |1.12 | 1.I9 [1.25 [1.32

—l
& File 00 063.2/3105, 1t Ind., Incl 4

Bollistic Research Laboratory, Aberdeen Proving Ground, Md., December 1944

a3LonLsay

1-00Z IVNNVW dVV

a uoyes



Section D RESTRICTED
AAF MANUAL 200-1

AUTHORITY: ABERDEEN
37 MM pgovngeS$Rouwn
AIRCRA 4 10 AUGUST 1944
o SHELG%M PRESENT RANGE FORWARD FIRE 5 "° 2071
FUZE M56 TOP LINE: VERTICAL DEFLECTION IN INCHES EGLIN FIELD
M.V.=2,000 ft/sec BOTTOM LINE: TIME OF FLIGHT IN SECONDS
Altitude | True [Cal.Ind. RANGE IN FEET
in Air Air
Feet |Speed| Speed| 600 1200 1800 2400 3000 3600 4200 4800 5400 6000
” - . 19 79 188 354 590 910 | 1330 | 1868 | 2539 | 33%6
3l 65 1.02 112 1.87 2.35 2.88 3.46 4.0 4.69
15 oF 151 785 73 727 F 1050 | 148 | 2085 | 2693
0 | 150 | 180 | o8 59 92 1.28 1.67 2.10 2.57 3.09 3.64 4.24
13 52 124 23 387 593 861 | 1205 | 1638 | 2179
0 ]300 | 300 [ 9 53 8 | 115 | 150 | 189 | 231 271 327 | 38
7 | 2 | we il 7] 104 195 372 497 713 994 | 1348 | 1780
23 49 76 1.05 137 1.72 2.09 2.50 2.96 3.45
000 | 150 | 185 | 58 | 85 | '@ | £ | 159 | 1o | 240 | 235 | 33 | 2kt
noo (a0 | am [ 5 | % | [ A ||| | 2R | e |
10 13 100 196 30 458 653 895 | 1192 | 1552
7000 | 450 | 409 | o3 48 74 1.02 1.3 1.63 1.97 2.33 2.72 3.14
15000 | 150 | 19 | 23 | & | '@ | £% | 148 | 15 | 205 | 265 | 505 | %3
oo | 300 [ 20 [ 26 | 2 | U | Je | % | oh | 20 | 260 | 2 | 5o
10 2 98 179 289 430 606 820 | 1077 | 1380
15000 | 450 | 364 | 93 47 73 99 1.27 1.56 1.87 2.19 253 2.89
oo 150 | 2 | g3 | % | % |8 |6 | s | a0 | Ze | e | B
oo |30 |17 | £ | &8 [ R G e | Y
10 3| 94 170 271 398 552 736 952 | 1200
30000 | 450 | 284 | o9 46 71 96 121 1.48 1.75 2.03 2.32 261
sooo |10 | 88| g7 | % | B | D3 | tn | on | 20 | 28 | 2g | Sed
sooon | 300 | 1o [ o5 | & | |0 | % | % | oh | A | e [ B
10 a0 91 164 758 376 517 682 8§72 | 1088
50000 | 450 | 183 [ o3 46 69 93 1.17 1.42 167 1.92 2.17 2.44

APPLIED BALLISTICS AND DESIGN SECTION, PROOF DIVISION,
AA.F.P.G.C, EGLIN FIELD, FLA. DWG. No. B-T44 DATE: 10-11-44
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AAF MANUAL 200-1

RESTRICTED

37 MM

Section D

AUTHORITY: ABERDEEN
PROVING GROUND

GUN M9 10 AUGUST 1944
T PRESENT RANGE FORWARD FIRE ;"% R0
FUZE M56 TOP LINE: VERTICAL DEFLECTION IN INCHES EGLIN FIELD
M.V.=2,550 ft/sec BOTTOM LINE: TIME OF FLIGHT IN SECONDS
Altitude | True |Cal.Ind. RANGE IN FEET
in Air Air
Feet |Speed| Speed| 00 1200 | 1800 | 2400 | 3000 | 3600 | 4200 | 4800 | 5400 | 6000
51 ol o iV 13 11 713 353 539 782 | 1092 | 1488 | 1972
24 51 79 1.10 143 180 | 220 | 283 | 311 3.63
5 | 10 0 % 79 7% 751 653 909 | 131 | 1631
22 47 73 1.01 131 164 | 200 | 239 282 | 330
1 a0 | a0 8 35 82 153 752 384 554 770 | 1039 | 1373
21 43 67 93 121 151 18 | 220 | 258 | 3.0l
7 30 71 132 718 351 a7 661 890 | 1173
0 | 450 | 450 | g 40 62 86 1.12 1.40 1.70 2.03 2.38 2.77
10 70 ) 71 279 470 599 821 | 1001 | 1319
7000 | 150 | 135 | o9 46 g1 98 1.26 1.56 1.88 2.23 2.60 2.99
g 3 79 146 238 358 510 697 9% | 1201
7000 | 300 | 2711 | 9 A3 66 90 1.16 1.4 1.73 2.05 238 2.75
7 29 69 127 206 309 440 600 79 | 1031
7000 | 450 | 409 | 49 40 61 8 1.08 1.34 161 1.90 2.21 2.54
10 39 30 165 766 3% 556 753 987 | 1265
15000 | 150 [ 119 | 99 45 70 95 1.22 1.49 1.79 2.10 2.42 2.76
8 3 77 141 277 338 i75 642 841 | 1076
15000 | 300 | 240 | o1 42 64 88 112 1.38 1.65 1.93 2.3 2.54
7 79 67 122 196 292 410 554 725 977
15000 | 450 | 364 | g 39 60 82 1.04 1.28 1.53 1.79 2.06 2.35
9 38 %% 157 789 366 508 677 875 | 1103
30000 | 150 [ 92 | 99 45 68 92 1.16 1.42 1.68 1.94 2.22 2.50
8 32 74 134 214 314 135 580 748 943
30000 | 300 | 187 | o 42 63 85 1.08 131 1.55 1.80 2.05 2.32
7 28 64 116 185 272 377 502 647 815
30000 | 450 | 284 | 1q 38 58 79 1.00 1.22 1.44 1.67 191 2.15
9 37 & 151 738 396 176 628 803 | 1002
50000 | 150 [ 58 | 99 44 66 89 112 136 1.60 1.84 2.09 2.33
8 32 72 129 204 297 408 538 688 858
50000 | 300 [ 119 | 99 A1 62 83 1.04 1.26 1.48 171 1.93 2.16
7 28 62 112 177 257 354 266 596 744
50000 | 450 | 183 | g 38 58 77 96 117 1.38 1.59 1.80 2.01

APPLIED BALLISTICS AND DESIGN SECTION, PROOF DIVISION,
AAF.PG.C., EGLIN FIELD, FLA. DWG. No. B-T44 DATE: 10-11-44
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Section D RESTRICTED
AAF MANUAL 200-1

75 MM | DATA FIGURED AND
PRESENT RANGE FORWARD FIRE  [NTERPOLATED FROM

ABERDEEN DATA

TOP LINE: VERTICAL DEFLECTION IN FEET
BOTTOM LINE: TIME OF FLIGHT IN SECONDS ' 70 AC-AR-1

GUN M4
SHELL M48
M.V.=1,950 ft/sec

Indicated RANGE IN FEET
Altitude Air
Speed 500 1000 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | 5000
3000 200 0.9 30 75 142 224 318 429 56.8 829 9.4
0.24 0.47 0.70 0.96 1.20 1.44 1.70 1.97 2.19 2.45
3000 225 0.8 29 7.2 14.2 213 30.1 109 54.3 80.3 88.3
0.23 0.46 0.69 0.93 1.18 1.41 1.66 1.92 2.15 2.41
3000 55 0.7 28 6.8 132 205 286 389 52.3 678 85.0
0.22 0.45 0.68 091 1.15 1.38 1.62 1.87 2.12 2.37
3000° o75 06 2.7 6.5 126 196 270 36.7 498 65.5 83.0
0.21 0.44 0.66 0.88 1.13 1.35 1.59 1.83 2.08 2.33
2000/ 300 0.5 25 6.2 116 18.1 254 343 475 635 80.8
0.20 0.43 0.65 0.86 1.10 1.32 1.56 1.79 2.04 2.29
Indicated RANGE IN FEET (Con't)
Altitude Air -
Speed 5500 | 6000 | 6500 | 7000 | 7500 | 8000 | 8500 | 9000 | 9500 | 10000
2000 200 1128 | 1349 | 160.2 | 1882 | 2185 | 252.2 | 2885 | 3266 | 3686 | 4145
2.73 3.00 3.28 3.56 3.85 4.14 4.46 4.77 5.08 5.42
2000 - 1085 [ 1304 | 1555 | 1820 | 211.1 | 2434 | 2786 | 3155 | 35/.0 | 4013
2.69 2.95 3.22 3.50 3.78 4.07 4.38 4.68 4.99 5.32
3000° 250 104.7 | 1263 | 150.7 | 1760 | 2044 | 2335 | 269.0 | 3052 | 346.8 | 390.2
2.64 2.90 3.16 3.44 3.72 4.00 4.30 4.60 490 5.22
3000’ - 1021 | 1221 | 1454 | 1703 | 197.1 | 2270 | 261.3 | 2955 | 3141 | 378.1
2.60 2.85 3.11 3.38 3.66 3.93 4.23 4.52 4.82 5.13
2000’ 200 99.0 1183 | 1402 | 1650 | 191.0 | 2205 | 2520 | 286.7 | 326.2 | 3655
2.56 2.80 3.06 3.33 3.62 3.87 4.16 4.45 4.74 5.04
Indicated RANGE IN FEET (Con't.)
Altitude Air
Speed 10500 | 11000 | 11500 | 12000 | 12500 | 13000 | 13500 | 14000 | 14500 | 15000
3000 200 4640 | 5181 | 5731 | 6294 | 6922 | 7616 | 8369 | 916.6 | 999.1 | 1083.
5.74 6.09 6.43 6.77 7.15 7.53 7.88 8.28 8.67 9,07
2000 205 4485 | 500.0 | 5542 | 610.7 | 673.0 | 7388 | 8086 | 883.1 | 963.3 [ 1046.
5.63 597 6.31 6.65 7.01 7.38 1.73 8.12 8.51 8.90
2000 250 4350 | 486.0 | 539.3 | 594.0 | 653.7 | 7181 | 7848 | 856.6 | 933.8 | 101l
5.53 5.85 6.19 6.53 6.87 7.23 7.59 7.96 8.35 8.74
3000 o7 4220 | 4722 | 5241 | 5788 | 6375 | 6995 | 762.6 | 8320 | 9051 [ 9794
5.43 5.75 6.08 6.41 6.75 7.10 7.45 1.72 8.20 8.58
— 200 4100 | 4584 | 5113 | 5642 | 6225 | 681.0 | 741.8 | 808.1 | 877.8 | 949.8
5.34 5.65 5.97 6.30 6.63 6.97 7.31 7.68 7.05 8.42

APPLIED BALLISTIC AND DESIGN SECTION, PROOF DIVISION,
A.AF.P.G.C., EGLIN FIELD, FLORIDA. DATE: 8-8-44
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RESTRICTED Section D
AAF MANUAL 200-1

GUN M5A1 FROM DATA
SHELL M43 75 MM ON WHICH
P. D. FUZE M57 DENSITY 1.0 FORWARD FIRE FT. 75-AC-AW-1
M. V.=1,950 ft/sec PRESENT HORIZONTAL RANGE ARE BASED.
TOP LINE: VERTICAL DEFLECTION IN FEET
BOTTOM LINE: TIME OF FLIGHT IN SECONDS
Tp[i"r-e HORIZONTAL RANGE IN YARDS
Speed 200 400 600 800 1000 1200 1400 1600 1800 2000
250 1.2 45 10.2 18.6 29.4 432 60.0 79.8 102.9 129.3
0.26 0.53 0.81 1.09 1.38 1.68 1.99 231 2.63 2.96
350 0.9 39 9.0 16.5 26.1 38.1 52.8 705 90.9 114.3
0.25 0.50 0.76 1.03 1.30 1.58 1.87 2.16 247 2.78
T;;’f HORIZONTAL RANGE IN YARDS
Speed 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000
250 159.9 194.1 232.2 275.1 3225 374.7 4323 495.6 564.6 639.9
3.31 3.66 4.03 440 | 479 5.18 5.59 6.02 6.45 6.90
350 141.0 171.0 204.6 242.1 283.8 329.7 380.1 435.3 4956 564.3
3.10 3.43 3.77 4.12 448 485 5.24 5.63 6.03 6.45
T;gre HORIZONTAL RANGE IN YARDS

Speed 4200 4400 4600 4800 5000

721.8 810.6 907.2 1011.3 1124.1

& 7.36 7.83 8.32 8.83 9.35
350 632.7 710.4 794.4 885.6 984.0
6.88 7.32 7.78 8.25 8.73
Letter 00 063.2/3105, 1st Ind., Ballistic Research Laboratory
Incl 3 Aberdeen Proving Ground, Md.

December 1944

RESTRICTED 17



Section E RESTRICTED
AAF MANUAL 200-1

SECTION E
FUTURE RANGE BALLISTICS TABLES

— 75 MM DATA FIGURED AND
SHELL M48 FUTURE RANGE  FORWARD FIRE  [NTERPOLATED FROM
M.V. =1,950 ft/sec ABERDEEN.
' TOP LINE: VERTICAL DEFLECTION IN INCHES  paTA FT. 75 AC.ARL
BOTTOM LINE: TIME OF FLIGHT IN SECONDS
Indicated RANGE IN FEET
Altitude [ Air
Speed 1200 | 2400 | 3600 | 4%00 | 6000 | 7200 | 8400 | 9600 | 10800 | 12000
P 707 T 30 | 765 | 13 | 2262 | 3992 | 481 | 6667 | 880 | 11562
063 | 130 | 200 | 276 | 356 | 441 | 533 | 631 | 737 | 851
i | a0 707 | 311 | 763 | 1413 | 2333 | 3%2 | 5049 | 719 | 9576 | 1269
063 | 131 | 203 | 280 | 362 | 451 | 548 | 653 | 768 | 896
w0 | 30 707 | 3LL | 763 | 1469 | 2004 | 3731 | 536 | 7571 | 10332 | 1421
080 | 132 | 205 | 28 | 369 | 462 | 55 | 679 | 807 | 952
o | G 707 | 3 | 720 | 1300 | 221 | 318 | 43% | 5876 | 76% | 8970
063 | 128 | 19 | 266 | 339 | 415 | 495 | 578 | 665 | 757
500 | 250 707 | 311 | 721 | 135 | 2021 | 3222 | 4558 | 6102 | 8064 | 10434
063 | 128 | 197 | 268 | 344 | 422 | 505 | 5% | 68 | 781
— 07 | 31 | 721 | 13 | 2192 | 3307 | 4752 | 641 | 863 | 11139
063 | 120 | 199 | 272 | 349 | 430 | 516 | 608 | 706 | 811
g 707 T 31 | 678 | 1263 | 1980 | 68 | 409 | 528 | 6930 | 583
062 | 126 | 192 | 250 | 329 | 400 | 472 | 547 | 625 | 7.4
2t | %0 707 | 311 | 721 | 1243 | 2050 | 2968 | 4158 | 5537 | 706 | 9024
062 | 126 | 192 | 260 | 330 | 402 | 476 | 5% | 631 | 712
0 | 250 707 | 31L | 72L | 1300 | 2050 | 3053 | 4252 | 5650 | 7308 | 9306
063 | 127 | 193 | 262 | 330 | 405 | 480 | 558 | 638 | 721
o | 1% 707 [ 3L | 678 | 123 | 1980 | 2883 | 3%0 | 518 | 6552 | 83D
062 | 125 | 190 | 255 | 322 | 330 | 45 | 529 | 601 | 674
0w | 200 707 | 3IL | 678 | 1283 | 1980 | 2883 | 390 | 5198 | 6678 | 8460
062 | 125 | 190 | 25 | 323 | 39 | 462 | 533 | 606 | 638
= | % 707 | 311 | 6/8 | 1283 | 1980 | 2883 | 4059 | 5311 | 6804 | 8601
062 | 126 | 191 | 257 | 325 | 394 | 45 | 537 | 611 | 636

APPLIED BALLISTIC AND DESIGN SECTION, PROOF DIVISION,
A.AF.P.G.C, EGLIN FIELD, FLA. DWG. NO. B-T44 DATE: 8-11-44
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RESTRICTED Section F
AAF MANUAL 200-1
Al | TAS. RANGE IN FEET
Feet | M.p.H.| 200 | 400 | 600 | 00 | 1000 [ 1200 | 1400 | 1600 | 1800 | 2000
RANGE IN FEET 0 0] 08 16| 24| 32| A0 | 49| 58| &1 | 1 | &
0 300 600 900 1200 1500 1800 2000 0 150 | o7 | 05| 22| 30| 38 | 46 | 54 | 83 | J2 | 8l
o~ o I e e e “ 0 | [ 6| 3| | 27| | A 0| 5| |7
12 1 2 . 0 | 450 |06 | 3| a9 | 25| 32 | 3 |4 | 58| 6 |8
241 w 7000 150 [ 07| a5 22| 30| 37 | 45| 53 | 61 [ .70 | .78
" - Sl e s a|lz|uw[als|s|«|n
- z 7000 | 450 || 06 | a3 | 9 | 25| 32 | 39 | A5 [ 82 | 59 | &
43 - 15000 | 150 | 07 | 14 | 22 | 29| 37 | M | 52 | 60 | 68 | J6
60 15000 | 300 | 06 | 13 | 20| 27| 34 | 41| 48 | 55| 62 | 70
z | | 15000 450 | 06 | 43 | a9 | 25| A1 | 38 | 44 | 51 | 58 | 65
= 30000 | 15 [ 07 ] 21| 28] 36| 43| 51| 58| 86 | .73
30000 | 200 ] 06| 43| .0 | 26| 33| 40 | 47 | 54| 61 | 68
-9
7 30000 | 450 || 06 | 12 | 19 | 25| 31 | 37 | A3 | 50| 5% | 83
ALTTIDS = 50000 9 50000 | 150 | 07 | 04 | 21 | 28| 35 | 42 | 50 | 57 | 64 | 71
) 50000 | 300 | 06 | A3 | 49 | 26| 32 | 39 | 46 | 52 | 59 | 66
50000 | 450 | 06 | 1| 7| 3| A 36| 42| s8] 55| 6
TIME OF FLIGHT IN SECONDS
RANGE IN FEET RANGE IN FEET
: 1200 15 1800 2000 300 600 900 1200 1500 1800 2000
NE====—S=====S=sssmsey jESs==—====: |
12 - 12 : 12 ] =T V% ﬂ
] 1
24 + \‘n.:\- 24 x 2w — 24 4
a2 I v N i | v
W= : “ z . ST 6 Z
agl A8 T .
48 4 ] S
:ﬁ’ :“‘-’ ——. “® : - 4’"’*’4 _m
60 %:l:_ ).‘1&—:60 z sol—1 S q‘f_‘ 0 z
S N S ;!\P_?Z 72 : \?6_": -_7?
84 \1‘!_ 84 84 ! S TS
) 96 s © 94 n Xdos 2
- (- 4
ALTITUDE -15000 wl .. ALTITUDE - 30000/ 1ot los ©
120 120 {act——z0
RANGE IN FEET RANGE IN FEET
0 300 400 900 1200 1500 1800 2000 0 300 &00 200 1200 1500 1800 2000
0 20 e o 0 T - o
= 1 w
12 12 w 12 - 12 w
e 1 1 i thei T
24 < pos 24 t 24
. \\\3 (&) - } o - bt
36 z 36 - 6 Z
apt = 48 SO T s
SN s
60 & o 0 z
TN o] =
7 72 o 72
K
B4 X B4 o
= 96 96 ©
ALTITUDE-0- ° ALTITUDE - 7000 g7 =
o« 108 08 o
(=]
120 120
DATA AFFECTING CURVES MISCELLANEOUS DATA
AP M2 Ammunitl Waeight of Gun & Feed............. 61.4 Lb
Muzzle Veloclt °;7oon{s CALIBER. 0.50 Weight of Fxad Round. . . ++:2571 Lb.
' = bl Woelght of Projectlie. .............. 1015 Lb.

Azimuth=0 Mils
Zenlth=1600 Mils

Derived from Aberdeen Data Ft. 50-AC-M-1;
and 1st. Ind. to Letter from Ord. Dept., Elgin
Fleld, Fla. 15 April 1944 to Chief of Ord.
Washington, D. C.-

TRAJECTORY CUR

PRESENT RANGE
FORWARD FIRE

APPLIED BALLISTICS AMD DESIGH SECTIOM
FROOF DIVISION, AAFPG.C, ELGIN HED, FLA
DATE 8-B-44

VES

Welght of 100 Rounds-Linked. ... 30.25 Lb.

Rate of Fire-Rounds/Min.-S5yn.=650-Free=
730-850

Approx. Velocity ot 1800 Ft.....1915'/Sec.

Striking Energy at 1800 Ft.-Syn.=61500-
Free=B0861 Ft./Lbs./Sec./Gun (Approx)

RESTRICTED
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Section F

RESTRICTED

AAF MANUAL 200-1

RANGE IN FEET
0 600 1200 1800 2400 3000 3600 4000 AL 1 TAS. ] RANGE IN FEET
o T Feet | M.P.H.| 200 | 800 | 1200 [ 1600 [ 2000 | 2400 [ 2800 | 3200 | 3600 | 4000
11 q 0 0 | a6 | 23| 52 | 73 | 96 | 123|152 [ 185 [221 | 260
& 11 SaN 0 150 | 14 | 30 | 48 | 67 | #8 [ 112|139 | 170 [ 203 | 239
. NS A 0 | 300 | 13 | 28 | 44 | 62 | B2 | 104 | 128 [ 156 | 186 | 220
N 0 | 450 | 12 | 26 | A1 [ 57 | 76 | 96| 118 [ 144 [ 172 | 204
i NN 18tk 7000 | 150 |44 | 30 | 46 | 64 | 84 | 105|128 [ 154 | 182 | 212
N 2 w 7000 | 300 | 43 | 27 | 43 | 58 | 77 | o7 [ 118 |14l | 167 | 195
a N ,,! = 00| @0 | 12 | 26 | 40 | 55 | 72 | 90 | 109 | 131 | 154 | 180
18 [ 2 4;'?‘5-' 18 15000 | 150 | 44 | 29 | 45 | 62 | B0 | 89 | 119 | 14) [ 165 | 150
H NGNS Z 15000 | 300 | 13 | 27 | 42 | 57 | g4 | 81110 130 [ 182|175
NY o i 15000 | 450 | 42 | 25 | 39 [ 53 | 69 | .85 | 102 [121 [ 141 | 162
24 ﬁ;‘r*{ 24, 30000 | 150 | a4 | 28 | 43 | 59 | 75 | 92 |1.09 [127 | 146 | 1.66
: N o 30000 | 300 | 13 | 28 | A0 | 56 [ 70 | .85 | 101 [ 118 [135 | 183
B Pt 30000 | 450 | 12 | 25 | 38 | 51 [ 65 | 78| 94 [1.10[1.26 | 143
ALTITUDE - 50000’ 30 {200 | | 5000 10 |4 |28 | A2 |57 | g2 | 87 [ 103 [ 118|135 )13l
= 50000 | 300 | 03 | %6 | 33 | 53 | 67 | 81| .85 [ 110|125 | 140
50000 | 450 | 12 | 24 | a7 | 49 | 62 | 76| 89 [1.03 [ 116|131
36
TIME OF FLIGHT IN SECONDS
RANGE IN FEET RANGE IN FEET
0 400 1200 1800 2400 3000 3400 4000 a 600 1200 1800 2400 3000 3400 4000
0 : EEE 0 =a T 0
] 4 I
| ] 3
-
10 ' - 10+ |10 Ras 105
< w w
w G w
‘\\ [T
2y 20 20 -
0 £ ; =
30 L 50 30 1 o
; o
) &
-4
’ 40 40 40 a
ALTITUDE-15000 N ALTITUDE - 30000
50 50
RANGE IN FEET RANGE IN FEET
0( 400 1200 1800 2400 3000 3600 4000 o] &00 1200 1800 2400 3000 34600 4000
I 0 0] 11
1 i} Q
| .
T —~ T
10 -
H TS i 1 R 10
7 = ~ 1 3
20 .E \\\\ 20'_ 20 S ST 20
w
17 -_r 1 1 N 3 . z “!W At
30 ! R 30 w 30 Y2 A -
: AN 30
Tq 1 \Q' MY
7 z ) N
40 ‘, o 40 Z 40 7 \ Ko =
4 %
50 450 o 50 a
o 50 o
TUDE-0- £ -7000' s
ALTITU 60 3 40 ALTITUDE - 7000 &0 50 ©
70 70 70 70
DATA AFFECTING CURVES MISCELLANEOUS DATA
ity ML /812 2 0 M M' Welght of Gun & Feed.............. 132 Lb.
H.E.L. Mk. | Projectile. (uz Gun)
Muzzle Velocity—2700 Fr./Sec. TRAJECTORY CURVEDY \WaNMFeed
Azimuth=0 Miis. Welght of Fixed Round. . ............ 57 Lb
P
Zenith=1600 Mils. RESENT RANGE Welght of Projectile
Authorlty: Aberdeen Proving Ground. FORWARD FIRE Rete of Fire-Rounds/Min.......... 600-700
10 August 1944, Fr. 20 AC-B-3 Eigin Fleld. APPUIED BALUSTICS AND DESIGN SECTION Approx. Velocity ot 1800
PROGF mwuﬂ;mr;ncﬁ:‘su HELD, Ha, Pecerroncorsensanosssans 1625-1700'/Sec.
' ’ Striking Energy at 1800 Fr. (Approx.)-
138,217 Ft./Lb./Sec./Gun.
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RESTRICTED
AAF MANUAL 200-1

Section

F

25

Alt. | TAS. + RANGE IN FEET
Feet | M.P.H.| 600 | 1200 [ 1800 | 2400 | 3000 | 3600 [ 4200 | 4800 | 5400 [ 6000
RANGE IN FEET 0 0 | .31 | 5 | 102 | 142 | 187 | 235 | 2.88 | 3.46 | 406 | 4569
0 400 1200 1800 2400 3000 3600 4200 4800 5400 6000 0 | 150 | 28 | 59 | 92| 128 | 1.67 | 210 | 257 | 300 | 354 | 424
e 0 300 [ .26 | 53 | .83 | 105 [ 150 | 189 [231 [z77 [ 327 |38
— ros 0 450 | 23 | 49 | 76 | 1057 137 | 172 | 209 | 250 | 296 | 345 |
—_— i 7000 | 150 | 28 | 58 | 49 | 123 | 159 | 198 | 240 | 285 | 334 | 3.8
S i 7000 | 300 | 25 | 52 | 81| 111 [ 144 | 179 | 216 | 256 | 3.00 | 346
= 50 7000 | 450 | 23 | a8 | 74| 102 [132 [ 163 [ 197 |233 [ 272 [3.4
< 2| 1000 | 150 |28 |57 | 7 | 120 [ 153 [189 |22 [266 | 309 353
" 75—| | 15000 300 [ 25 | 51 | 79108 [139 [171 |204 [240 |278 [3.18
2 15000 | 450 | 23 | 47 | 73| 89 |12y [156 | 187 | 219 | 253 | 289
o| |730000 | 150 | 28 | 56 | 85| 115 | 146 | 178 | 211 | 245 | 2.80 | 3.7
100 1000 300 |25 | 51 | 77 | 108 | 132 161 [181 [2:22 | 253 | 2.86
S| [[30000 | 450 | 23| 46 | U 86 [ 121 [148 [175 |203 [ 232 | 261
ALTITUDE - 50000 i 125 50000 | 150 | 27 | 55 | .83 | 112 | 141 [ 171 | 200 | 231 | 262 | 293
50000 | 300 | .25 | 50 | 75 | 101 | 128 | 154 | 181 | 209 | 237 | 266
= 1so | 50000 | 450 [ 23 [ 46 | 69| 93 (117 [142 |1&7 | 192|217 [om

TIME OF FLIGHT IN SECONDS

RANGE IN FEET

RANGE

I'N FEET

Avuthority: Aberdeen Proving Ground

10 August 1944, Fr 37 AC-AO-1, Elgin Fisld.

FORWARD FIRE

APPLED BALLIATICS
PROCF DIVISION, A,
DATE,

AMD DESIGH SECTION
FEG.C, ELGIN RELD, FLA.
9-29-44

00 600 1200 1800 2400 3000 3600 4200 4800 5400 4000 0 400 1200 1800 2400 3000 3600 4200 4800 5400 4000
[ —
t
— ——
25 e 25 25 S 25
e e T
e — - — =
o
50 B . 50 — < 50 ﬁ
-~ A <
S (T8 w
~ |
75 75 75
z =z
100 100 100
- o
| o % (o]
12 25 bl 125 -\\ 125
ALTITUDE - 15000’ 5 e ALTITUDE - 30000’ N °
150 S—4150 150 150
X
175 175 175 175
RANGE IN FEET RANGE IN FEET
0 400 1200 1800 2400 3000 3600 4200 4800 5400 4000 0 600 1200 1800 2400 3000 3400 4200 4B00 5400 4000
0 T = o T SO L
—~— =
20 —— 20 |20 = 50
- . ey
4 o= 40 40 o o
b BN b N
e -
60 AT A L 60 60 \\ &0
W N N .
- \\ \\ Y b % -
80 w
AW 80 80
AN w
100 S 100 100
oa
0
120 120 120 =
\% 120
140 140 140 o
(e}
160 160 i 1 40 &
ALTITUDE-O~- ALTITUDE - 7000’ ¢ e
180 180 180
2 200 200
DATA AFFECTING CURVES MISCELLANEOUS DATA
Alrcraft Gun M 4 37 MM - M4 Welght of Gun & Feed.............
H. E. Shell M54, Fuse M56 Woelght of Fixed Round. .,
ihinsle Valoehy—2000 by/ae; TRAJECTORY CURVES . gumorpropeaion. ... 1.34 Lb.,
Zenlth=1600 Miis. PRESENT RANGE Rate of Fire—Rounds/Min...........150

Approx. Velocity at 1800 Ft.....1564'/Sec.

Striking Energy at 1800 Ft. (Approx.)

127,242 Ft./Lbs. /Sec./Gun

RESTRICTED
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Section F RESTRICTED
AAF MANUAL 200-1
RANGE IN PEET All. | TAS RANGE IN FEET
of——S9o1200 1800 2400 3000 3600 4200 4800 35400 -y Feet | M.P.H.| 500 ] 1200 [ 1800 | 2400 | 3000 | 3600 | 4200 | 4800 | 5400 | 6000
b1 o - [] 0 | 20 51 | .79 [110]143 180220283 301 363
= o 0 [ 150 [ 2] a7 [ 73 [100 [ 131 188 [ 200 | 239 | 282 | 330
25 N 25 0 00 | 21 | 43 | 67 | 93 |121 |15 | 184 | 220 | 258 | 301
—~ - 0 450 | 9 | 40 | 62 | m6 [ 102 140 | 170 | 203 | 238 | 297
s e 7000 | 150 | 22 ] 46 [.71 | 98 | 126 | 1.56 |.1.88 | 223 | 2.60 | 299
= 7000 | 300 | .21 | 43 | 66 | 90 [116 [ 144 | 173 | 205 | 238 | 275
- 7000 | 450 | 9 | 40 | 61 | 84 [1.08 |1.34 | 161 [ 100 | 221 | 254
$135 o 15000 | 150 | 22| 45 [ 70 | 95 [ 122 | 149|179 [ 2.0 | 242 | 2.76
ALTITUDE - 50000’ = 2 15000 | 300 [ .20 | 42 |64 | 88 [112 [1.38 [ 165 [ 1.93 [ 223 | 254
0 15000 | 450 | .19 | 39 [ .60 | 82 [1.04 [128 [ 153 [ 179 | 206 | 235
30000 | 150 | 22| 45 |68 | 52 [1.06 142 [168 |194 [222 [ 250
85 85 30000 | 300 | 21 | 42 |63 | 85 [ 108 [131 [ 155 | 180 | 205 | 232
30000 | a0 [ 9] 38 |58 | 79 100 [122 | 144 ] 167 [ 191 [215
so000 | 150 | 22 | 4 |66 | 9 |ia2 [136 )] 160 ] 184 208 [ 233
50000 | 300 | 20 | 41 |62 | 83 104 [126] 148 171|193 [ 206
50000 | 450 |08 | 38 (58 | 77| 96 | 117 [ 138 ] 159 | 1.80 | 201
TIME OF FLIGHT IN SECONDS
RANGE I'N FEET RANGE N FEET
0 600 1200 1BD0 2400 3000 34600 4200 4800 5400 &000 (‘l_ 400 1200 1800 2400 3000 3400 4200 4800 5400 6000
I —— | I [) 0 T 0
[
15 15 = 15
- k= — :
\.\x\\ = "Q:‘: w
] L 30 N w
30 :QQ N 20
45 o 45 \‘: 45 Z
60 &0 s
(o]
75 75 75 o
(=]
90 90 90
’ =
ALTITUDE 15000 105 ALTITUDE - 30000’ 105 105
120 120
RANGE IN FEET RANGE IN FEET
0 600 1200 1800 2400 3000 3400 4200 4800 5400 6000 0 400 1200 1800 2400 3000 3600 4200 4800 5400 6000
0 0 . =Ll T ] ' 0
=
ta S NN 15 15 P — 15
\u Q\ \\.
30 sk 10 30 ~ 10
n
] o NN
45 45 o 45 T 45
\\‘\ w N :
w )
40 NGNT S o s
AN &0 &0 ] £ ’)_L._ 50
z Ny |
75 \ —{75 = 75 N SAN 175
=
90 90 o 90 LN 90 o
S ! \'{q-. o
1 105 o
05 1050 105 4
ALTITUDE-0- i 120 ALTITUDE-7000 120 Y120
135 135 135 135
DATA AFFECTING CURVES MISCELLANEOUS DATA
Gun M9; HE Shell M.54 3 7 M' M M 9 Welight of Gun & Feed.............. 398 Lb.
Muzzle Velocity—2550 Ft./Sec. Welghv of Fixed Round............, 2.6 Lb.
Azimuth=0 Mils. TRAJECTORY CURVES Welght of Profectile................ 1.34 Lb.
Zenith=1400 Mils. . Welght of 100 Rounds-Linked. ..... 288 Lb,
Authority: Aberdeen Proving Ground PRESENT RANGE Rate of Fire-Rounds/Min............ 140.
10 August 1944, Ft. 37 AC-AO-1, Eigin Fleld. Approx. Velocity at 1800 Ft.. ..2065'/Sec.
FORWARD FIRE Striking Energy at 1800 F1. (Approx.)-
APPLED UALLSTICS AND DESIGN SECTION 199,968 Fr./Lbs./Sec./Gun.
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RESTRICTED
AAF MANUAL 200-1

R A N
333 667 1000 1333 1667 2000 2333 2447

G E

Section F

3000 3333 3667 4000 4333 4447 5000 YARDS

FEET

N

DEFLECTION

VERTICAL

E IO’L 1000 2000 3000 4000 5000 4000 7000 8000 9000 10000 11000 12000 13000 14000 15000 FEET
i 0’ ™ Y T_1 o’
T “—1INE_OF BORE
-z
4—
LUz
£0 5o 5o
[T
>3
.-“‘ -
w
=] 100* 100*
150/ 1507
200" \N 200"
N
N
AN AN
250 :& 250"
A\
AN
TRAJECTORY DATA W
oo’ ARV ALY 300"
FORWARD FIRE ‘“PRESENT RANGE” RN
AAMY
, ARNANY
75 MM 5 AVANAY 350
NV
AN
GUN M4 SHELL M48 MT FUSE M43A3 ARV AN
400’ LAY 400°
MUZZLE VELOCITY 1950 FEET/SECOND ARAY
ALTITUDE=3000 FEET e
AZIMUTH=0 MILS ZENITH=1600 MILS AVIVY
DATA FIGURED AND INTERPOLATED 4a9/ AN 450’
FROM ABERDEEM DATA FT 75 AC-AR-1 \\\Q
A ANY
APPLIED BALLISTICS AND DESIGN SECTION 500 > \\\\\ 5007
PROOF DIVISION, A.AF.P.G.C., ELGIN FIELD, FLA. b
DATE: B-8 -44 AN
AAVANY
550" \“\\\ 5507
L\
Range in Feet | 500 | 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | 5000 Y
Range in Yards| 166.7 | 333.3 | 500 | 666.7 | 833.3 | 1000 |1166.7 | 1333.3 | 1500 |1666.7 soo NN b qeoor
AL Cal. TAS TANY 300 M.PH.
200 | 024 [ 047 [ 070 | 0.96 | 1.20 [ 144 [ 170 | 1.97 | 219 | 245 e 275 Mt
= [ 225 023 | 046 | 069 | 093 [ 118 [ 141 | 166 | 192 [ 215 | 241 - 225 MPH.| 4o 00
o | 250 |022 [045 | 068 | 081 | 105 [138 | 162 | 187 | 212 | 237 A\ 200 M.P.H.
S| 275 [021 [044 | 066 | 088 | 113 | 1.35 | 1.59 | 1,83 | 208 | 233
300 | 020 | 043 [ 065 | 086 | 110 | 132 | 156 | 1.79 | 204 | 2.29 S
= 700’ TLLA Y Foo*
Range in Feet | 5500 | 6000 | 6500 | 7000 | 7500 | 8000 | 8500 | 9000 | 9500 | 10000 YOI
Range in Yards|1833.3 | 2000 | 2166.7 | 2333.3 | 2500 |2666.7 | 2833.3| 3000 | 3166.7 | 3333.3 Ak
AIt] Cal. 1AS 750¢ AN 750"
200 | 273 | 3.00 | 328 | 356 | 385 | 414 | 446 | 477 | 508 | 542 N
| 225 |269 | 29 | 322 | 350 | 378 | 407 | 438 | 468 | 4.99 | 632 RN
< | 250 [ 264 | 250 | 316 | 344 | 372 | 400 | 430 | 460 | 490 | 522 800’ T
S| 275 260 | 28 | 311 | 338 [ 366 [ 393 | 423 | 452 | 482 | 513 AW AR g6
300 | 256 | 2.80 | 3.06 | 3.33 | 3.62 | 3.67 | 416 | 445 | 4.74 | 504 A
VRN
Range in Feet | 10500 | 11000 | 11500 | 12000 | 12500 | 13000 | 13500 | 14000 | 14500 | 15000 o TYLL Lo
Range in Yards| 3500 | 3666.7 | 3833.3 | 4000 | 4166.7 | 4333.3 | 4500 | 4666.7 | 4833.3| 5000 A
Alt] Cal. IAS) N ANt
200 | 574 | 6.00 | 643 | 6.7 | 705 | 7.5 | 7.88 | 8.28 | 8.67 | 9.07 900" AR ‘
b= | 225 |583 | 597 | 631 | 665 | 701 | 738 | 773 | 812 | 851 | 890 nva jha
< | 250 [553 [ 585 | 6.19 | 653 | 687 | 7.23 | 7.59 | 7.96 | 8.35 | 8.74 3
S | 275 | 543 | 575 | 6.08 | 641 | 675 | 7.10 | 745 | 7.72 | 8.20 | 8.58 A
300 | 534 | 565 | 5.97 | 6.30 | 6.63 | 697 | 731 | 7.68 | 7.05 | 8.42 950" e oo’
{
Ty
TIME OF FLIGHT IN SECONDS i
1000’ L\ 1000
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Section G RESTRICTED
AAF MANUAL 200-1

MISCELLANEOUS DATA
500 7 T ) y
SIAL] | A
A / y,
/ ¥, y
f‘ fj .
Vil : : 4
.
11y 4 i y rl y
450 5 Y, A y.
/ 7 4 y s
A F il 4
. / y If y. § / y
Y,
oy Fi v 4
o f 7
/1 ¥ V) y y
< AT - :
400 4
A Y Fd ¥
ALTITUDE O Vi y i
I " " 300 T : 7 i 7
y ¥y Y
" 5000 A AA T ATA ,
(] " " 70 / 7 /
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CONVERSION CHART
Mils to Inches
MIL USED IS “MILIRADIAN"
There are 6283.1854 mils in 360 degrees.
One Mil=0.057296 Degrees 1000 One Degree =17.45329 Mils
One Mil=3.43775 Minutes 4 1 One Minute =0.290888 Mils

One Mil=206.26477 Seconds T One Second =0.004848 Mils
00

MIL ANGLE IN INCHES AT RANGE GIVEN

RANGE IN FEET
Mil |100 | 200 |300 (400 |500 |600 |700 |800 |[900 [1000
111.2 |24 [3.6 (48 |60 [7.2 |84 |9.6 [10.812.0
2124 |48 |7.2 |96 |12.0]14.4 |16.8 |19.2 |21.6 |24.0
3|36 |7.2 |110.8|14.4|18.0|21.6 |25.2 |28.8|32.4 |36.0
4148 |96 [14.4]19.2|24.0|28.8 |33.6 |38.4 |43.2 |148.0
5[|6.0 |[12.0|18.0|24.0|30.0 |36.0 [42.0 |48.0 |54.0 |60.0
6|72 |144|21.6|28.8|36.0(43.2 [50.4 |57.6 |64.8|72.0
7184 |16.8|25.2 |33.6 |42.0 |50.4 [58.8 |67.2 | 75.6 | 84.0
819.6 |19.2|28.8|38.4|48.0 |57.6 |[67.2 |76.8 86.4|96.0
91(10.8(21.6(32.4(43.2|54.0|64.8 (75.6 |86.4|97.2|108
10]112.0]24.0|36.0 |48.0(60.0|72.0 |84.096.0|108 | 120
CONVERSION CHART
Mils to Inches
MIL USED IS "ARTILLERY” MIL
There are 6400 mils in 360 degrees.
One Mil=0.05625 Degrees 10188 One Degree =17.7778 Mils
One Mil =3.375 Minutes ‘ 1 One Minute =0.29629 Mils

One Mil=202.50 Seconds One Second =0.00494 Mils

1018
MIL ANGLE IN INCHES AT RANGE GIVEN

RANGE IN FEET

Mil [100 [200 |300 [400 |500 |600 (700 (800 [900 |1000
1112 |24 |35 |47 |59 [7.1 |83 |94 [10.6|11.8
2124 |47 |7.1 |94 |11.8|14.1 |16.5|18.8 [21.2 [23.6
3(35 |71 |10.6 14,1 |17.7 [21.2 |24.7 |28.2 |31.8 |35.3
4 (4.7 |94 |14.1 |18.8 |123.6 (28.3 |33.0 |37.7 |42.4 |47.1
5159 |11.8|17.7 [23.6[29.5 |35.3 |41.2 |47.1 |53.0 [58.9
6 (7.1 |141]|21.2|283|35.3[42.4[49.5|56.6[63.6]|70.7
7183 [16.5[24.7 [33.0 [41.3 |49.5 |57.7 |66.0|74.2 [82.5
8194 1188|283 |37.7|47.1 [56.5 [65.9|75.4[84.8|94.2
9110.621.2|31.8 |42.4 |53.0 [63.6 |74.2 |84.8195.4 106

10 [11.8123.6|35.3 |47.1[58.9|70.7 |82.5|94.2|106 [118
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MILS 10.186 -
0 1 2 3 4 5 6 7 8 9 10
0.573 v
| JJ
¥
A
F,
Ar
4
. ¥
0.5 d 0.5
|
v
r
¥
’l
»
A
A
a4
Y
LA
0.4 5 0.4
A
Miliradians v.os Artillery Mils
» y
F.7
rr
E 4
w
& 03 z 0.3
N -
o 4
'Ij
’J'l
Y
A
Wy
Ve
0.2 : 0.2
P,
-
0.1 y.'i 0.1
.
0
0 1 2 3 4 5 6 7 8 9 10 |°
MILS 10.186-
MILIRADIANS-ARTILLERY MILS-DEGREES
PPLIED BALLISTICS AND DESIGN SECTION
THIS CHART IS APPLICABLE IN MULTIPLES OF TEN. :ROOF DIVISION, A.AF.P.G.C. EGLIN FIELD, FLA.

DATE: 27 NOV. 1944
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T p g P l Find Given Formula Find Given Formula
rigonometric Formulae Sdes 0o oa Sides be ve—b
7 o Side ¢ Sin A ¢ 8in A
< Sin A Sin A 'E Side b Tan A b Ts;)n A
g [Sec 4 Cot A Sec A X Cot A 7 |Side b, Cot A Cot A
& See A
O |Secd,Tan 4 Tan A Side ¢, Cosec A Cosee A
Cotan A
Cot 4, Cos 4 Cos A Sides b ¢ c/b
Cotan A v (Cot ?LH Cos A Cal 4
- Versed) Sides b, ¢ . < [Cosec 4, Tan A [Cosec A—Tan 4
Find Given Formu : = Tan A
Cosine A 1—Cos A . an
Sides be bjc = - § Tan A, Sin A Sin A
Secant A 1/Sec A S?dea b % Vei—a Cosee A
< Cot A, Sin 4 Cot AxXSin 4 Side ¢, Cos A C—Cos A Cosee A, Cot A Cot A
3 = | Side a, Cot A a Cot A
2 |SinA, Tan A £ 4 2 Tan A Y (Tan A1
‘g Tan A 7 | Side a, Tan A @ -
S Cot—A Tan A Sides ab afb
Cot A, Cosec A s ¢ Cotan A 1/Cot A
Cosec— A de e,
. : i Sec A < [SecA,Snd | SecAx Sind
Sin 4 V1—(Sin 4)° Sides a, b Va2 il P Sin 4
Sides 6, b b{“ Side b, Sec 4 b_Sec A 8 |=aa.On Cos A
s = =) Sec A
Tan A Tan A Side s, Cooec 4 2 Ct;sec 4 B | See A Cosee A C oszc A
;.‘ Cosec A, Cos A Coseecﬁsxfos A ° Side q, Sin A Sin A Seeant A  (Sec A)i—1
: = .
§ |omasma T % | sideb, Cos 4 A Sides ac ale
Cosec A o b Veraed b 1
Cosec A, Sec A " Sides > Yorsed S0 Cosec A Gone A
2 F a Covers c—a = Tan A, Cos A Tan A X Cos A
Cosec 4 v (Cosee A)* 1 Sides | Gin 4 Covers A N r— Tan 4
. = an A, Sec :
Area | Sides a, b 2 Chord] Side b Sin A 2osma/z | ~ g“ i
g A| Angles B—C C—B Covell Sidas ¢, 2 c—a Cos A, Cot A )
B B| Angles A—C C—A Sin A ¢ -
< | Angles A—B ALB Sin A 1—Sin—A4 Cosine A V1—(Cos A
Find |Given Formula CSI;; i All + Find | Given gogmwﬁz
A BC | 180°—(B+-C) I | I Tan C | hed b—_(—ﬁjl%m—)'
a Sin ¢ I} 1v » CSin B
Tan A | abC b —a—Cos C \C\ b Tan + | Cos + Sin C | beB =
- Cot + | See + CSn B
b Llgt—qgl Tan C | acB — e
CosA | abe 2be Find |Given|  Formula | Find | Given| Formula - a—gi ;200;; B)
e Bna bSinA__ aSn B CosC | abe | 2=
Snd|aC | —g— |TanBlbed| 570G6sa) | b | 04B Snd_ 2o
5 ) b Sin C CSin B ¢ |adc| B2Bc
Sin A | B a 51;1 B Sin B | beC e b eBC SmeC . z_!.Sg:sn A
: C a -
a Sin B w ||| SRS b | aB [VOtE-. o ahe (2ab Cos C)
Pand| B | SinC (2ac Cos B) hSnC
C—(a—Cos B) b Sim A ¢ |bBC o
B AC 180°—(A+C} a baB —Sin B C AB 1800‘—'(.4 +B) Sin B
b Sin A et CSin 4 Area |abg | 2=2SBC
Sin B | abA ; a |bea |VEFEZ. 4| SnC| aa | 55 . 3
ctta?—p? ___ Cosine of Bearing X Distance =Latitude s—ba_l-_{; abe. W slar-ic) (s-(;_)c)
Cos B | abe 2ac Sine of Bearing X Distance=Departure 2
Acceleration Miscellaneous Weights
B . 9/5 C 32 =fahrenheit ()
1= Rt Fetsiony (f—32) 5/9 =Centigrade (C) 1 gal gasoline 6 1b
S=Voi+*at?  Vo=Initial Vel g
3 1°=17.78 mils 1 gal water (fresh) 8.3 1b
Vi=Vo*-+2as S =Distance 2 5 1 qt oil 1.87 1b
- Deflection of 1° at 100/ =1.75 qt oi i
S={Vuivly =828 Srabices & o 1gal Eth. glycol  9.341b
2 t=Time Earth Refraction =.574 % (Dist. in miles)
1466 x MPH = Ft/sec. Temp. Decrease wjalt.= — 1° for each rise of 330’ in altitude.

RESTRICTED
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1] 5 & 7 SECONDS y
l F:]J-[—rmsl:l FATH r.a.s 251 MPH i
——— — E =it | ma
PATH OF PROJECTILES FIGHTER PATH T.A.5.-375 MPH . :},- |
10"
AND SIGHT LINE 5 !, SRS, | | PATH OF PROJECTILES
| AND SIGHT LINE
o X i
: | e
TARGET POSITION WHEN A
PROJECTILES REACH c i‘t
TARGET FOR 5 -
CONDITION “C" - i ]l?
\/ o
£
_.{ :
PIPPER ¥ iA-B-C- D-EFT

"‘=.,
FIXEDINSPACE diE !

o
‘\’r
{! o 0 100 300300 400 500 o . : p’?:' PROJECTILE PATTERN
/ FEET PEQHY Paih OF JARGET =eart P SN0 FIGHTER | A-B-C-D-E-F

F%F
|

¥

|

PLAN

MOVING IN SFACE
WITH FIGHTER AIRCRAFT

Y_ 100 M.P.H. RETICLE

TARGET POSITION AT

AS SEEN BY FIGHTER PILOT The O tar FOr ——
FEET

g 3 10 15 10

e ™= e == P-51 COWLING

MILS

ALTITUDE=15,000 FEET

b % d | & f 2 h i Fighter Target | k | m hi

2 Deg,| Deg. | Feet | Feet | Fest | Feet | Sec. | Mils | IAS | TAS | IAS | TAS | Fest | "g" | Deg. | Mils | Deg
A | G0 | 5400 | 1642 | 1758 | 715 | 319 | 583 | 1169 | 900 | 373 | 200 | 251 | 3227 | 305 | 7043 | 138 | 971 | & = Condition,
B | 50| 4490 [ 1798 | 1409 | 172 | 255 | 466 | 93.0 | 300 | 373 | 200 | 251 | 2969 | 329 | 72.28 | 155 | 1056 _ . s
TC | 0| 35807 1083 | 1188 | 139 | 207 | 378 | 774 | 300 | 373 | 200 | 251 | 2914 | 3.35 | 72.60 | 15.8 | 10.76 b= ﬁﬁﬂﬁﬂfﬁiﬁi.t ho Targeb s off
D | 30| 2680 | B34 | 925 | 111 | 166 | 302 | 60.1 | 300 | a/3 | 200 | 251 | 3047 | 3.21 | 71.85 | 149 | 10.29 ) ) o
E | 20| 1780 | 635| 700 | 8 | 175 | 228 | 404 | 300 | 373 | 200 | 251 | 3455 | 287 | 6961 [ 126 | 907 | ¢ = Aﬁ'“ 1 Qegrees the Alm Rointis
F| 10| 84| 21| 475 | 55| 8 | .150 | 202 | 300 | 373 | 200 | 251 | 4579 | 2.26 | 6477 | 85| 685 off from Fighter at time of fire.
T | 30 | 2466 | 600 | 719 | 125 | 125 | 229 | B7.2 | 300 | 3/3 | 300 | 373 | 1724 | 548 | J948 | 30.2 | 1817 | d = Feet distance hetween Target and
T A TR7G | 600 | 721 | 128 | 126 | 233 | BLS | 300 3’?§ | 300 | a73 | #5057 385 | 7482 | 192 | 1251 Fighter at time of fire.
3| IO 825 | 600 | 76 | : 307 | 300 | 573 | 00 | 373 | 024 | 210 | 6leZ | 74 | B2l — : . .
ol 0 [ eo] e o o [ mmfaefas o [r [0 [0 (o | ©= pestdaance beveen Aim Point
5 | 30| 2660 | GO0 | 670 59.0 | 300 | 373 | 200 | 251 | 2224 | 4.30 | 76.55 | 223 | 14.00 :
TR | 20| 1770 [ e00 | 675 | 80 | 118 | 217 | 404 | 300 | 373 | 200 | 281 | 3296 | 299 | 7047 | 134 | 651 | [ = Feet distance Target travels be-
7 | 10| B43 | 600 | 678 | 80 | 110 | 218 [ 209 | 300 | 373 | 200 | 250 | 6u5 | 174 | 6487 [ 50 | 479 L‘;aeﬂe‘ét‘;'lg“;igf ?Dre and time when
8 0 U | 600 68 | B | 119 [ 218 | 0 |30 |33 |00 [t [ o0 [1 [ 6§ [0 [0 i 8 largst.
S| a5 | 3777 | 00 | 187 | 341 [127.3 | 300 | 373 | 300 | 373 | 1% | 5.57 | 7967 | 308 | 1848 | g = Feet distance Fighter travels be-
T0 | 40 | 2487 K #9300 | 373 | 300 | 373 | 2546 | 3.8 | 7468 [ 187 | 1231 tween time of fire and time when
T | 20| 1550 | 581|300 | 373 | 300 | 373 | 4058 | 250 | sea0 | 10.2 | 7.2 projectile hits Target.
17 | 10 828 | 40 L7 [ 300 | 373 | 300 [ 373 | 6958 | 158 [ 67.33 | 40 | 411 | h = ProjectiletimeofRightin Seconds.
JI o[ o 0 300 [ 373 |30 [3@ [ 0 |1 ] g |0 2 i 2
) 1853 {300 T3 | 200 | 20 | e | aa [ Tem [ {1are| | = Mils lead required.
15 | 30 | 26.56 60.5 | 300 | 373 | 200 | 250 | 3343 | 285 | 7022 | 131 | 934 | | = Radius of Pursuit Curve in feet.
16 | 20 [ 1763 413|300 | 373 | 200 | 251 |4%97 | 211 |6Li3 | 75 | 62T L r bt
7| 10| 88 207 300 | 373 | 200 | 250 [9see [ 137 [ @78 |25 | 1o | = Resultantor “Seat of Pants" g.
R 0 900 | 1027 | 123 | 183 | 334 | O [ 300 | 373 | 200 | 281 0 [1 [0 [0 [0 | 1=Anglein degrees-betwesn the
19 | 60 | 5085 | 1200 | 1340 | 246 | 246 | 449 |159.4 [ 300 | 373 | 300 | 373 | 1728 | 547 | 79.47 | 301 | 1314 Fighter's wingtips and horizontal.
20 |45 | 3767 | 1200 | 1390 | 252 | 252 | AL |1203 | 300 | 373 | 300 | 473 | 278 | 430 | 7597 [ 206 | 1873 | = Mil angle the projectile Patterns
20 | 30 | 2480|1200 1431 [ 260 | 260 | 475 | 910 | 300 | 373 | 300 | 373 [ 3417 [ 290 [ 6982 [ 127 [ 917 shifts.

20 | 15 (1231 | 1200 - 1457 | 265 | 265 | A4 | 470 | 3000 | 373 | 300 | 373 | 6835 | 169 | 5367 | 46 | 459

o0 TP T T 286 | %66 | ) w = See Page 5A, Section H, “Miscel-
23 | 0| 0 [1200 7466 | 266 | 266 | 48R | O |300 [ 373 | S0 0 |1 0 ] 0 laneous Dafa on Afreaft Har.

2% | 60 | 53.85 | 1200 1287 | 157 | 233 | 425 |1046 | 300 [ 373 | 200 | 251 | 2371 | 4.05 | 75.68 | 206 | 13.22 HinNisat d Ballist 2
| 75 | 45 [ 40.00 | 1200 [ 1320 | 161 | 239 | 436 | 861 (300 | 373 | 200 | 251 | 3647 | 321 | 71.85 | 150 | 10.29 ]e?ilz?n:oia;hed “Bﬁﬁéics‘ifd
7 | 30 | 2653 | 1200 | 1345 | 164 | 244 | 446 | 612 | 300 | 373 | 200 | 251 ;459 73] |ER3Z | ER | M Beugn %ecu:m
727 | 15 | 13.17 | 1200 | 1363 | 166 | 146 | .450 | 315 | 300 | 373 | 200 | 251 | 8853 | 145 | 46.38 | 3.0 | 3.4

______ n = Rate of turn expressed in degrees
[ 28 | O | 0 |10 | 1366 | 166 | 247 | AS1 | 0 |300 | 373 | 200 [ &6 | O |1 0 il [i] per Second. D?:qde By three: to
5 11 - get “needle width.”
0

1
P U R S U | T c U R v E S APPLIED BALLISTICS AND DESIGN SECTION

PROOF DIVISION, AAFP.G.C, EGUN FIELD, FLA.
THIS CHART IS APPLICABLE IN A HORIZONTAL PLANE ONLY DATE 11-24-44
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A =RADIAL ACCELERATION
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Section G

“g "' — RESULTANT ACCELERATION

3 4

5 6 7
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65°

60°
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40°

30°

20°

10°

THIS CHART APPLIES TO ACTION IN A HORIZONTAL PLANE ONLY.

APPROXIMATE

APPLIED BALLISTICS AND DESIGN SECTION
PROOF DIV., AAF.P.G.C. EGLIN FIELD, FLA.

DATE: 17 NOV '44

RESTRICTED
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FORMULAE FOR COMPUTING THE FORCES ON AN AIRCRAFT
WHEN IN A PURSUIT CURVE IN HORIZONTAL FLIGHT

VaVysing), , _ V2
A="Gmnm 4 =VF L A=mam
S S— (3)(4)  _ (1845.02)(A)
= (V)(Wa)(.001626); Wa = r5001626)° 7 = (V;)(.001626) — (V)
W, vgi—1 W = 3)(VgF—=1) _ (1845.02)(vg?—1)
= (V)(.001626)° " T (V,)(.001626) V)
— S W — A __ NgF—1  _ (1257.9)(V¢*—T)
A = (000795 (W) (Vim)i W = 7556798y (Vm) = (000795) (Vi) — Vim
= w7 — W WHEN
W =il W="g A =Radial acceleration
g =Resultant acceleration
=" JAFFL: g = (Vy)
9=+ 09 ((32-2)(’!’) H R =Range in feet at time of fire, from fighter to
(V)2 (V))? aim point
= (32_2)(4_t1); = (32.2)(4) r =Radius in feet of pursuit curve at time of fire
_(vpr V; =Fighter TAS in feet per second

Tangent g = 82.2)(")

THESE FORMULAE ARE APPLICABLE FOR
FLIGHT IN A HORIZONTAL PLANE ONLY

APP. Ballistics & Design Sect.
Proof Div. A.AF.P.G.C.

Vin=Fighter TAS in miles per hour
=Target TAS in feet per second
=Degrees turn in one second

W, =0One needle width=3° per second

8 =Angle in degrees, between the fighter's wing
tips and horizontal

Eglin Field, Fla. . . .
PR ¢ =Angle in degrees, fighter to aim point to
target
+_D = (time) lspeed)
Target —, 1, ,; Lead or aim point _
® T Target path =
Sin @ =(t) (sin ¢) Fighter path or
R pursuit curve
)
Fighter at instant in question
for computing "g's," @, efc
r
\ PLAN
30 RESTRICTED



SIDE VIEW OF
TRAJECTORIES

PLAN VIEW OF
TRAJECTORIES

DISPERSION
PATTERNS
Based on 4-mil
dispersion cone
o]

SIGHT PIP

CAMERA
OR CENTER OF

FIGHTER HARMONIZATION CHARTS

RESTRICTED
AAF MANUAL 200-1

SECTION H

Section H

PICTURE FRAME

NOTE
Dotted circles are
bullet patterns of
1000-t range when
firing is done at
various “gs"" shown

Gun Locotion ot Aircraft

Targels shown sre lor harmonizstion

== == = - :
= — 1 v 1 .
o 0 ﬁ.-_ - L_F‘—=L_‘ - Sight ling
j— = " T x =—t— Al guns
= 1 1 ea
=5
= 4
Outer limits of 4-mil dispersion
cane of all guns
RANGE IN FEET | |
0 200 400 600 800 1000 1200 1400 1600
B o= ] : : \ - 7 b
= 1 —_— = L Slgtpflnu : 3
= = . Z0mm cannon
= ——t—t— P . - Bt
= si— 1 1 1 1 1 I 1 1 1 i I t lowes
=
0 5 I [
LEVEL}(One “g") FHHH g i H
o it e i U
54l BE H
: IBEEE NN 5 i IR,
x
&
At At A At A
4600 800 1000 00 1500
- i # # + [

RESTRICTED

; sndar the following conditions { basie
1000-IN. BORESIGHT TARGET B ] 500~ FT. FIRE-IN AND BORESIGHT TARGET
"5 cal LER Iwr gum\E&-iM ‘J'Bﬂ Cal TAS: 300 mph Al 15,000 It
| B 7095 0 TAS: 373 mph Wtz 14700250 b
@ Camers 4216 0 Anglo of nttuek{oee):4 mils nos down I
*From sight. §From piamo center fise Lol Aight: {1 --“"\
C of aircraft ——I L upper ' R upper
+ + Iark where |ine tiom sight Is parallel to fuselage leveling lugs. Llower é mm T ————
@ Mark whare sight pip |s aimed for harmonization with bullet patterns ) 5
— ' (sight setting far harmonization), %
65 I 2 Mark where bore is almed for 1000-in. and 500-11. tasgets. 5
L lawer | =
® Comon S . Y O Wark for center of impact of 10 rounds a1 500-1t. target. O 5 =2 ;
® s ] Mark where caners i aimed making camera parailel fo sigh line, | i i @ |m =fm
= . This paint represents the center of the picture frame. 4 5/8"4-5/8 ¢
| Applied Ballistics & Dexign Sec,, Proo Div, AAF P00, Eglin Fivld, Fia, Dale: B.8.00. | 5.y ae I ‘ b
TRAJECTORY DATA BASIC HARMONIZATION
Kepata Forward Fire 300 mph Cal IAS =
i ® Gun 20mm Cal 50 - C of sircrat) - S
.ﬂm 'H.F T2 PD, luze TT1E4 AMP-2 i b
| 5/B"4.5/8 Mucvel, iUsec! 2750 200 ———plems FFPF Comora r—rd
Y e = . futhuity, Atecieen data FI. 10 AL s unslage
T au =78 loter lmm it} l?ﬁh E:ﬁn!ﬁwan:n FEL! Hoed Sght i Tevel lugs
s)w 5 1944, b0 Chigf of Orinance, X
ashingtan, DL At 07 mph, Cal |AS FSL is paraflel to FP
Flight Angle: LEVEL FLIGHT Flight Angle: LEVEL FLIGHT Flight Angle: 30° DIVE OR CLIMB Flight Angle: 30° DIVE OR CLIME
Cal = MI! Anp,la "t Cal aift (W1=14700 Lbs.) Cal arp (WE=14700 L) Cal +
Alt 1As | TAs [T NS 1S 10" 20" (37" 479" | |1AS [1vp" | 2vg" | 37" |4 Al IAS | TAS | TR g
B0 | 290 | +LJ 50 (a0 [0 — [ = | = T80 (50 [#228| — | — 250 | 250 | 410 T
300 3000 | -0 +106 00 [ 440 | +130 | 2l | — L R U R L1 300 e [ -08 140
v o -l ek 0| 113 | +68 | 4128 |13 | [Z80[47 | ¥57 | 108 |15 B0 | 30 |23 +i4
400 400 - 4.8 o L0 T = | e 400 400 | —35 +6.5
450 150 i +27 300 |4 §+3 [43 |40l 0|0 | 424 | +57 | +40 a50 250 13 143
FITE N R EEE 30|13 |+14 [+A2 [ 468 | 35018 [+7 [+31 [+33 W0 [ 222 | +33 —
2000 ggg gf +2 +1?g 00 [-20 [+1 |+28 [+%4 00| =24 | =5 [ +14 |32 " 250 26 +1.2 +205
‘ -0, 411 §E0 =25 |8 CI e O L R 17 ooy 309 31 03 +142
s | me | o 180 2 L Lt B0 | W |24 Tios
400 Mo | - +54_ | aps=Mil unglo botween b Tuselign loveling lugs and the fight pakh. This 00 ap | a7 471
70 251 +55 +20.1 data ixderived from the best avatlable angle of attack charts, but {3 not 251 +4.0 =
250 33 +23 +185 unranteed. The boresight turgets and u sngles are brsed on thiz anghe 250 3 +1.5 +23.0
15000 373 ] +13.0 of the attack chart. 15000° 300 3 —08 +158
350 43 —186 +43 =010 angle between the zight line and the projeciiios ab any range out to 350 434 —25 +114
400 a3 —31 +6.0 2000 fort Wlhmuﬂu mil t:‘tlp i Tin“u :]In FTuj“:E]"; -n‘un:\nw ll.hl-lu{ghi 400 453 —39 +71.8
i) 47 13.0 - Fine; when plus they are below. “This mil angle acts along the vertinal axis | 50 7 X =
ﬁu 320 I?_q +325 of the sight. The mil anglo s in only applicable when the airoraft in _;ag 555 1?.126 =
20000 250 358 +3.1 2B bharmonized an shown in the sbove boresicht and fre-in targets. 30000 250 398 +2.0 +283
300 171 +0.2 +164 . 300 471 0.8 +14.4
e LY i Harmonization Chart: P-38J Airplane Rl Of et 2
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= Lot e o ¢ 5 L winguns
SID{ VIEW OF = t + == L & R ayn guns
TRAJECTORIES 1 t T — s Cannon
10 = N 10
RAMGE IM FEET QOuter limits of 4-mil dispersion
cone of all guns
0 200 400 600 800 1000 1200 1400 1600 1800 2000
15 AN 15
T < —
% — . T R wing gun
== : ===
i f— — : e "1 rE < ’ L syn gun
PLAN VIEW OF == *gf.{:mni
T 1
TRAJECTORIES = = S e e e A
e : - —
’ § * . . : ‘;&S!: — L wing gun
B2 “g") Cal, 50—5,5" —1 -...'.______‘ 15
ﬂ; :::"I A mm—7.0" 5 1 5 UI
i3 "g"] 3Fmm ] . ,I
DISPERSION :
PATTERNS H
Basad on 4-mil
disparsion cone
o At A Al At At
SIGHT PIP 800 1000 12'00 15'_00 2030
il
-
CAMERA
OR CENTER OF

PICTURE FRAME

; {TWD ugn’ .
160 DEGREE ;

iz g
 4Cal. 90— 5.5
uiz "a"

NOTE

Dotied circles are
bhullet patterns of
10001t range when
firing is done at
various “gs" shown

Imm—7.0" 1
{3 "'g") Cal. 5D—11.1"

i

1 &
T

w3 ") Imm— 14,3"

ui4 "g") Cal 50— 187"

\/;ml 0"} I7mm—21.5*

32

RESTRICTED

Targets shown ure lor harmentzokion
Gun Location at Atm‘?‘ﬁ under the fallowirg conditions { basic
1000-IN. BORESIGHT TARGET Vett Motz | hmmatition 500-FT. FIRE-IN AND BORESIGHT TARGET
tng Wity pns ;’.E;gg “‘;iﬁ al [AS: 300 wiph b 7,000 it
Conmon T S0 0 TAS: £330 mph WE: 73004200 b cw{wm
Camera 505 (1] Angleof attaeh (ep 12 milsnosedown
*Froi sight.  HFigm slase canler lind. Livl Bight: (1 *¢") L —‘T‘
_l_ ’ " Layn Rsyn
Mark where line from sight s parallel 1o tuselage feveling lugs.
(s) Mark whete sight g is simed for harmonizatine with bullet patterns ! ” et
(sight setting for harmanization}, @ T
(§  Mark where bore Is almed for 1000-in. and S00-11. targets, .
L wing ' B wing =
O Mark for center of impact of 10 raunds at S00-f tarpel ”3 7. UB' =
. Mark where camers |s simed making camera parallel to sight line o =
This point rapresents the center of tha picture frame.
Aaplied Ballisties & Deslgn See., Prapt iy, AAF 0.0, Fglin Fiold, Fig, Oste: 6-8.04 H
TRAJECTORY DATA BASIC HARMONIZATION f w1 ! it |
67:3/4% Forward Fire 300 mph Cal IAS i
® — @— 4 Gun- 3mm M3 Cal 50 = T S
H Am: HE NS fuse MB6 AW | |~y “Tegon 67-3/4" ]
L wing . | & wing Moz vel, ft/sec: 2000 2700 = mf!=5 —”&.FSL +——f 2
& g s __| Ha— Aathocty: Aburdeen sata 7,97 AC- IR Fghtath H ]
st Camera foto e O naali e ng-;u il | [ e l‘ﬁ;\‘f‘:ﬁ?&: € of sircroft ~»f @—
nghmlm:. og fel o mrﬂ At 76 mph, Cal |AS, FAL is pasalist to FP Camera
Flight Angle: LEVEL FLIGHT Flight Angle: LEVEL FLIGHT Flight Angle: 30° DIVE OR CLIMB Flight Angle: 30° DIVE OR CLIMB
o |Gl | % [ il Angle x Cal 050 Cal cep (Wt =7500 Lbs.) Cal ap (WL=]500 L) = il Angle " Cal. 0.50 Wil Aagie “w' 37 MM
<€ |ﬂs I.ﬂsl"g" zngu 3||g-l qng-l I| el T 1A% j.ug“ 2|Il" 3<Jg:| A“rl |A'S 1“!“ Eugu g‘ll" dugu :- 1 qun zug- 3||g> !«g:- i llgl zngn sng 4 ||g|
TP e e ) (e 1| [Tl e S S E AR B R AR
460 1410.2 {415, +6 (4132|4194 ] 609 — | [200 428 [ 494 185 287 =07 |44 A2 8 | +105)+18.0
= [S0|30(-15 [T27 [0 [F1La] -1m | 355 [To0 [Fid5 | o L | FH e et | —23 538 482 (489 |Z28 |J2p |67 |+l
00| 400|—29 |+08 |+44 |08 | =36 |+L] (457 [+100 L K O e = ; =35 |+02 430 [+62 | =43 | =02 |4+38 |+75
__ |4sn|4so|l—ad |00 |25 |356 |50 [—10 (433 |sne | 300712 § 420 [ 461 [ 498 | 300017 | -5 |46 1407 | | | 0|06 [~19 |411 |+38 |87 |22 |+17 |+5D
200( 222450 [+138 4227 | — |+64 |+179|4a85] — | [350] 421 | 45 | 432 [455 | [60f-26 | -2 |21 |40 38 [ 100 [+100 [+268] 480 | +108] +208|+348
& 51| 276 +9§g +Hr? +¥E§ +E.I +Hj5 +ﬂ); +g?g A00f —28 | =7 | 413 | $37 400 =31 [ —13 [+5F | +33 = +5§ +H +%3?.2 +}§g +=3 +g; 41{% L:;-tg
409 filif4 +10) 4143 |21 —a2 | =16 | 41 17 450 35 | 21 |5 =ik —U0.B |4 +8.7 |#135| =10 |+53 [+ +17
LS =187 428 |76 (4122 =20 (437 490 157 EEIE AR LRE.- - £ = ~ —2.5 |87 |+87 |4856 | =31 (422 (413 [+124
A00)AA0|—3.2 | 400 |47 |84 (38 [412 |61 |07 ape=T1 angle bebrean the fosdu feveling lugs nd the Biht path, This || 0f—38 | -03 |432 |467 & | =02 [p4] (485
150] 189}+10.2 | 4239 — +133[+3k2] — — dinta i derived from the bust ovailsble angle of attack charts, But i not +34 | 4203 — — |+iL0[+264] — =
| 200 251455 (4154 |425.3] — (471 | 41994328 gyarnntead. The boresight targets and u aophes nre bosed on this angls 200) +4.2 | #1277 {+21.3]| 4299|454 | +165) 4275 4307
% 250 313|423 | 4100 [+17 6| +25.3[ 430 [4129| 4226|4325 of the attack chart. é +13 [ +8.0 M7 4212 417 (+103| +188 +273
=1300| 373|001 | 460 [4122[+185] 0 |477 | 157|426 w=Mil angle between the sight ling and the projectiles ot sny moge sut to = —08 | 445 {497 [+19] =11 |58 | #1251 4191
350( 434 |18 2 |+83 i \ 1 2000 feet, When the mil amgle iz renos the projictiles sre abave the sght =28 | L8 |462 |4106] 34 |424 (480 (4135
150[ 282 [412.7 = finser: when plus they are bolow. This mil angle nets along the vertical axis 05| +252] — — | +136] 7] — —
2001 32004-6.8 +312 — ; of the dght. The mil angle 4 3 oaly applicabls whan the sirceaft s +52 | +187 |+262| +360| 466 |+201| 4335 +471
g 250| 308{+2.8 +21. X i 3 harmonized an whown in the shove bresight and fin-in taygis, g L5 | 437 (41704259 420 | 4124|228 | 4300
SOETL-01 | 472 (14814223 0 1492 |+187 4282 . . - L1 |64 (4117 |4180|~13 |-469 [--14.9 4228
0] 543122 | 437 |49 | +160] 26 [148 | 41257202 |  Harmonization Chart: P=39Q Alrplune —33 |21 [aad |1aze|—an [vem [yaq [4iks
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AAF MANUAL 200-1

5 —r— r— T 5
] Sixhtl tin—t . I : z 1
w_ v — = L &R guns
SIDE VIEW OF =" = % m——— ‘Eitumitn;
TRAJECTORIES = ; : L& R 2 guns
-
% Outer limits of 4-mil dispersion
o RANGE IN FEET cone of all guns
| I | |
400 80O 1000 1200 1400 1600 1800 2000
. — —-*E'— i ;‘lu/ R gun
i) " ; 5.-1! 2 qun
[ -——
— 73 gun
=
PLAN VIEW OF " 0= Sight line
TRAJECTORIES = i
S : L3 qun
= ! : i e — T L 2 gun
; i i : 1 } ﬂ;-_—.ém L1 gun
5 5 0
5 PR
ot
DISPERSION N
PATTERNS s
Bosed on 4-mil
dispersion cone
A At At Al
] 1000 1200 1500 2000
SIGHT PIP iid fr "
-
CAMERA
OR CENTER OF
PICTURE FRAME = - ﬁ
I:TWO "Q"] &
o
NOTE 1o
Dotted circles are
bullet pattarns of
1000-t range when
firing is done af
various “gs" shewn
Gun Location at Alrcraft E‘mﬂmﬁ'ﬂ hfmml:m
1000 -IN. BORESIGHT TARGET a0 Vere st | e ) 500- FT. FIRE-IN AND BORESIGHT TARGET
| LER No.zguns: 4439 7ilg | CWLIAR:380mph ~  Alli 7,000 ft b ——
L&R Mo, 3guns 4339 8516 TAS: £ 276 mph. Wit 85004200 1
+ =~ Camera 350 40.0 Angle of attack (ep): 15 mile nose up
= *From 3ight. fFrom plane cemter inn. Level flight: (1 %g") E o dban
of aireratl —ye
(l). - + Mark where line from sight is paratle! to fuselage leveling lugs. fg :'{
@ Mark where sight pip is aimet for armonization with bullet patterns 2
[sight setting for harmonization). -
&SR 62 Mark where bore s aimed for 1000-in. and 500-ft. targets. =
(O Mark for center of impact of 10 rounds st S00-1¢. targat, = & . it ;
Comero . Mark wheee comera is aimed mnkin% camera paraliel to =ight line. =
I} Thig point represents the centar of the picture frame. w = =
i 43 Applies Hulistics & Deslgn Soc., Proof Oiv,, AAFPGC, Eglin Finld, Fla. Oats: 8-804, . % A
@ : TRAJECTORY DATA BASIC HARMONIZATION I & |
H a0 Farward Fire 250 mph Cal 1AS i !
. i . 5 - L3 i v, .
| 3 l___sa-a,w —{—”3'3 Lt H g?lrr;mnitioﬂ: E?”M%g ??ir"'*ff.‘n'-'ﬁ"m fins Fuselago | %%, |
i JLus s | I AP, e dog o ”-'@‘I:ﬁmg’ it 49-3;’4: 4:,-;;?4"_' J
79-3/8" 79-3/8* SUAZ 1 1 Tavind. ottt —éﬂéﬂ%iv FP T '
L + from Ord,' Dagt, Eglin, Field, —_— T e s Camerg *
Ottinaben, Eﬁ-ﬁ?v‘;:h:: i A1 253 mph, Cal 1AS FSL i paraiel to FP 40"
Flight Angle: LEVEL FLIGHT Flight Angle: LEVEL FLIGHT Flight Angte: 30° DIVE OR CLIMB Flight Angle; 30° DIVE OR CLIMB
i Ic:sf T:s T Pﬂlﬂil“ﬁﬂ.lh's"&(:_ e ﬁ:; ; fuhW’l.:BSSD_U Lbs ) Cal ap er:_‘E?““ Lbs.) Cal e il Angle “u"'
: iy TR g T 2 |3 [ ias [Tl 2 [0 [4F Al s | s [T T2 | i i
) ng e Llauia Het | e | Rl — T - | [Toleme [l — T - 200 7200 | 414 | 483 | +151 | 4219
o cE el B v :“ it3'1 200 [+88 | 410E {206 [ — 200 [ +32 | +102 E ; 250 260 0B | 46 | +100 | +154
30 | m0 |56 | tos | sad | te4 | [T EET (U8 [SOT| (B6TET [ 45 (19 |l o o | B || G| 1t | e
00| 00 | 60 | —ba | 422 | 456 | [S00] 0 [4% [ |¢10| (3005 | +26 |+ |86 a0 | a0 | sy | Tan | 3o2 | 353
2 27 1330 | 4007 [ +208 [ = 35019 1416 T+A1 1466 | [SRI—T5 158 [+ (480 | [~ W | 2 | +17 | +92 | <067 |
000 gs _?a%? 71 Tszi -.:Eéﬁ ﬁ” D I I [ ULAE B LB 7000 ggg ?f _g'g +?:11 -ﬂ!iu *'i?’%
30 | m |35 | 05 | 443 | 392 . ) wo | 3 | == | 3 g ||| B
= F ap=alTil angls betwain the fuselage loveling hugs and the Right path, Thin L5 | =08 | 428 | 464
‘:Eg ;-;g[l _'_gf +%;l +Eq +El datn i derived from the best availubls angle of attack c-hnrh,pfu_t in not ao | —51 =30 +0.3 +3.6
200 7% 15 a1 | ams == g:mﬂ;n::gék'l;l;‘:r];m:@h targets and u anghes are based on thivangle iﬁ 11}35? Igg 1—%3: = =
. . ] | ! 18, 427,
Lidooy ggg ;?g j; :;; 1!]55‘_12 'ﬁgs =Dl anzle between the sight fine und the projectiles at sny runge out to 15000 250 313 -0 +5.8 +23 | 188
e R Dy ol B o e 2000 foet, When the mil angle in minus the projeetiles ro haye bo sight i S A e TR 2 2 S
T 5 23 P 1Y R 1 e e line: when plus thay are below., This mil angle ncts alang the vertical xis A =43 ~04 +32 +1.2
200 ol i Ti6d | 424 == of the sight The mil angle i v only spplicable when the airoralt is 150 242 +85 +23.3 - -
sooo0 | 0 | 3R |08 | Lwos | 4ies | s i s aoer | 250 | 38 |87 iy el | 3
o0 | 4 | =38 | 440 | G122 | ek [ W |4 |35 : 5 | 45
B % v . -3 +2.8 448 k181
N A S +2¢ |  Harmonization Chart: P-40 A"-p'u ne 30 | s |86 | Zos | qen | ¥
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I & 35 ) bR 3guns

f =TT — T 7 — = e o —
&J'_ _.mum‘l— 1 = - o — Pl s nt b d guns
6 - = LER 2 guns
SIDE VIEW OF = ] z
i 1 : —,
TRAJECTORIES Zs = —
1] 10 - 1]
s i (— Outer limits of 4-mil dispersion
RANGE IM FEET cone of all guns 2000
0 200 400 400 8OO 1000 1200 1400 1600 1800
15 \ 15
+
== —d10 _R1gin
i — ; ) 72 gun
Ly = = —=F e R 3un
el = 3 - —— un
PLAN VIEW OF £ 3 — = = = : e Sight line
TRAJECTORIES % = = - = - LL; :ﬂ:
= P = -
g 5 f =: EE‘* L2 gun
i e : T Llam
DISPERSION
PATTERNS
Bosed on 4-mil
dispersian cone
o]
SIGHT PIP
L]
CAMERA " p—
OR CENTER OF Xz 10
PICTURE FRAME - 60 DEGREE Hg
{TW'O ugu} s
5 ¥
NOTE 1ot

Dotted circles are 3
bullet patterns of *°¥
1000-ft range when
firing is done at

various “gs" shown

= . Targeta shown wre for hivrmonigation P
Gun Locotion af Ajrcroft wnber the Tallpwing ronditionn (hpsle LT

Cal 0:50 Vert*  Horizt harmonization]:

1000~ IN. BORESIGHT TARGET Wit fem 40 | catsiooms  sewsmon [ 500-FT, FIRE-IN AND BORESIGHT TARGET
'N L&g Ne, i 2Uns 4g 554 iég.gis TAR: 4373 mph Wi 14,0004 250 1b |
LER No. 4 guns 46219 12578 nita ; it F .
+‘1-1f2' Cmary 45750 ATEL3 Angle of abtack (oepd: 17 mils nowe up 1‘1;2:-'—&
ﬂ" &' T “Fram sight,  1Frum plane canter line. Lovel fighty (1" k3 !
! :—L 5. —|— Wark where lioe from sight 15 parallel to fuselage laveling lugs. 4 3 i = £l
@ - iy 2, @ Mark whare-sight pip is aimed for harmonization with bullet patterns
ok alath __{ i ,E E:i =8 (sight sstting for harmonization).
= | | [ e Mark whers bore is aimed for 1000-in. and 500-ft. targets. @ 12 & )
o |2 ()
L4 =, #3 nd g o O Mark for center of impact of 10 rounds at 500-1t targat | o
® ® u R ®__ Mark where camera is aimed. making camers paraliel to sight fine, @ | el
12 ® R2 | N This point represeats the conter of the picture frame. 2
‘ ® ®@ Apptiod Ballistics & Design Se=,, Proal Giv., AAFPG.C, Eglin Fleld, Fla Date: 8-8.44 i ] I ik o
Camarn I i : :
’ [ ® ’ TRAJECTORY DATA BASIC HARMONIZATION | T T T L
| Forward Fire 300 mph Cal IAS p—_pzjaar L eeayt
4734 Gun: Cal .50 FP: Flight path Fusefage ST 35300
97-1/87797.1 /5 Ammunition APM-2 FEL Fhued sight lse %= g h',‘g, ! L47-374r
104-1/0%] 104-1 /4 Mg vel, ft/see; paii] /-Jr?.ﬁ_'m’llst\\ st
10-1/4" 110.1/4" Biherity Abardian. dala Fi. 11 mi'§ ‘32 mils s € of aircraft —| e
" 117-3/8" 117-3/8" rrnmnOrﬂl.'ig‘aghqiﬂwld} = . G
r ummﬂ;‘m Wachinglan, B.C, L ALHID mph, Cal 1AS, FEL it porallel fo FP
Flight Angle: LEVEL FLIGHT Flight Angle: LEVEL FLIGHT Flight Angle: 30° DIVE OR CLIMB Flight Angle: 30° IVE OR CLIME
Cal + Mil Angle "p" Gal ap (WL=14000 Lbs.) Cal cep (WE=14000 Lbe.} Cal m Mil Angle “u"
AlL 1AS s [T 2w | 3% | 4w s (Thg [27% 35" [i g s [27g i [ At 1AS 185 |1 2w 3o |4
0| 20 | #21 | +107 | 192 | 58 | [DSOfIer| — | — | — | |B0j+Br - [— = 750 | 250 | #09 | +85 | +158 | +229
200 00 -03 +68 +147 | 43207 200 [+ [+ — | — 200459 [aleafaasl | — 300 W6 | =L +49 +1L1 | +168
v B0 | om0 |22 | 433 ) 495 | I8 | 1R TR T OR (76 |48 | [ 250 (408 |86 4108 4207 v B0 | A0 |30 +EE [ H7E | e
400 00 [ -38 +0.8 +62 | +11.2 ; = 400 400 —43 0.1 +4.2 +8.7
a0 | a0 | Zs0 | -0y | 437 | ab % I 8T TSI [ 06T | (300 (45 [448 [0 [ a0 | a0 | “s5 | 1B | 113 | 56
0 737 51 181 — — —2 [ +35 [+ [=108 B0 =7 [+25 [+56 [+89 900|222 A5 185 | +552 —
2500 gﬁ 55? +Eg +%15.a "'ﬂ { +;g,? 00 |11 | +15 | +45 |73 00|10 [+10 [+31 [+59 —_ g_ag g:afg +l.12 +g; +Eg +2{§ %
' =0, +1. +161 | 422 —16 | +6 ] E[ -8 [ 0 9 [ +3 =1 +5. +12.2 | 418
B0 | e |-z | Taz | das | fey | LA LEE 1AW A0 L 0 | 3 |30 | 525 |+&0 |13
00 AL —4.0 +1.1 +6.8 +12.2 aps il ungle batween the fuselups loveling lugs and the fiight pbh. Thin 400 440 —4.5 +01 +4.7 +85
200 251 F i +20.4 = — data Is derived from the best available angle of attack charts, but in not 700 Ll 453 +168 | 283 —
313 +3.0 +1340 | 4237 | 4342 punranteed. The bevesight targetn ond u angles ar based on this angly 750 31 +1.5 4107 | 4187 | 4293
150000 [ gﬁ 37 1] +8.4 +169 | 253 af the nttaele chart. 15000 300 373 —L0 +63 +137 | 4207
350 431 —22 +48 +1LT | 184 s ML mngle between the sight line and the projectiles st any rangs out to 350 434 —32 +2.9 +80 +151
400 4493 —4.2 +1.3 +1.7 +13.6 2000 foet. When the mil angle is minus the projectiles are above the sight 400 493 —48 +0.3 +6.3 +106
150 717 B [ 3] = = = Time; when plus they are below. Thik mil asgle nets along the vertical axin 150 747 FREN] o = o
200 320 +41 4756 = = af the sight. The il angle u fo only applicable when the sireraft i 200 370 450 4211 | 4353 =
30000 250 18 | 440 | +168 | 4205 | 4424 harmenized sa shown i the abive horesight and fire-fn targeta, 30000 250 388 | 423 | +135 | 4205 | 350
300 an w04 +106 | 208 | +3L0 R - 300 471 +0.8 +1.9 +169 | +255
30 | 58 [=23 | 361 |43 |23 | Harmonization Chart P=47 A|rp|u ne B0 | 83 | -3 | 3w | Fin | i

34 RESTRICTED



RESTRICTED Section H
AAF MANUAL 200-1

55 e . — . y 5
£ et 1 : -
SIDE VIEW OF = Sl e Sight ine
w 1
TRAJECTORIES 2 = ! Al guns
=5 1 i 5
.
(=] 10 10
Outer limifs of 4-mil dispersion
RAMGE IM FEET cone of oll guns
200 400 400 800 1000 1200 1400 1400 1800 2000
15 15
T T \ 10 E; Bun
— LY = = un
e — > \ﬂ!léun
_— : 5 R1gun
PLAN VIEW OF = g=Siht line
TRAJECTORIES — 1 —
5 L1gun
— 1 ! i 12 gun
E——— ] i i A
J10™L & gun
PLAN VIEW OF TRAJECTORIES i —
5 &
DISPERSION H 0H
PATTERNS JH
Based on d-mil T—
dispersion cone @ S
@ «|q A A At At M A1 At
I R | = 600 800 900 1000 1200 1500 2000
" # ft it ft ft i
-
CAMERA |
OR CENTER OF
PICTURE FRAME 40 DEGREE
[Two "g"
NOTE

Dotted circles are
bullet patterns of
1000t range when
firing Is done at
various “gs"” shown

- > “T'ergets shovwn are for hermeaization
Gun Location at Aircraft under the fallpwing conditions (busie
" Cal D.[iﬂ :'631‘;; 195?}'& harmonization):
LER No. 1 gans  47.304° 107.875° . " 5 2
1000- IN. BORESIGHT TARGET LER Mo ?guns hags 1lager | CobTAS:300mph Al 15,0001t
I LER No. 3 guny  46.584 11‘3.3}‘3 TAR: 370 mph We: 14,0002 2501y I
L&R No 4 guns 46219 1257 ). .
' . Civier 575 A8 Angle of attack {cep): 11 milsnone up -
+ i rmrr— *Frgm alght. | From plane center line. Lol flight= (1 "2")
i ﬂ 1-1/2
L —|— Mark whiate ling from sight is parallel to fuseiage leveling lugs. ¢ &
1-1/2 @ Mark where sight pip is almed lor harmanization with bullet patterns H =
L ¢ otaruon tsight sffing far harmonizaton) oot |
L = ® Mari whare bore Is aimed for 1000-in, and 500-1t. {argets. all guns
L3 I R3 == H )
®® L2 L & O Mark far center of impact of 10 rounds at 00-f1, target, o g
® il H R . Wark whers comern is aimed making camera parallal to sight line. . =
I | ® . This point represents the center of the picture frama. | = ]
: I Apglied Ballisties & Deaigm Sec., Proaf ivi, AAF.PGE, Eglin Feld, Fla, Date: B84 : o &
| 1 ! ] 'Cnmow I g
| | 1 | @ . TRAJECTORY DATA BASIC HARMONIZATION m
L pai A -+ — - e
[ ! Forward Fire 300 mph Cal 145 Centor of Impact™ 1-1/2¢
| I a7ty » ] : Gun;, Cal 50 FP: Flight gath Fuselage of il guns
| d7.7/ ST | [ | Amriunition: APM.2 F5.: Flaed sight hinw Asvel lugs L‘t:
| 108-1/4" ] 103.174" I m: :::‘..ﬂ;’::i;” mzrroTu e FSL ot Camera
: 1083/4" J1083/4~ | i AT and . ot = : Fe azam
T14-1/8" SVEY fram. i Fild, =
% 1/8 114-1/8 4 Ei ok ?;ﬁ.?}‘né:.‘n'ﬂé‘.' of AL 3IB mph, Gal 1AS, F5L s paraliel 1 FP

Flight An, Flight Angle: LEVEL FLIGHT Flight Angle: 30° DIVE OR CLIMB Flight Angie: 30F DIVE OR CLIMB
Cal e Cal cep (W= 14000 L) cal e {WE=14000 Lbs.) cal i il Angia "

Al i85 | Tas i s [Trg (27 [3rg [0g | | las [1oe" [0 [ [y ae | ws | s [T T2 3w (o
T ] g | [0k — | — | — T - | — | — 750 | za0 | +D3 | +84 | +158 | +229
300 | zoe 4207 200|474 | 4086 | — | — 200 [+58 | 4155 | 481 | — a0 | G0 |12 | 449 | 110 | 4168
o B0 3 g i N N S ) v i O e e ES LN BB o R e Tl ﬂi} i
w50 | 450 iyl N TN [k v o B g 0 | as0 | Tes | as | Ts | 42

550 F7E] = 0 | —2 | 435 |+il |+dm| |30 [=7 [+25 [+56 (8 F] FF VR T T R U s
a0 | 26 +305 A0 | —11 |15 [S85 [57% | | W00[ -1 [310 [438 |55 259 | 276 | +L1 | 483 | 4174 | 4251
7000° | 33 +227 W50 |16 | +6 [+28 |50 #5018 | 0 |+19 [+38 000 300 | 331 | =Ll | +55 | 4122 | +i88
30 | 386 1168 | 350 | 386 | -30 | +25 | 81 | 4136

400 | 440 +123 Wil angls between the fusslage Joveling lugs and the fight path, This 400 M0 45 | 01 | +48 | 486

300 [ g5t = datn i5 derived from the best uvailahle angle of nbtack charts, bt is not W0 | 21 | ¥52 | 167 | 2282 | =
313 4342 quaranteed_ The haresight targets and u angles sre based on this angle 250 33 +15 +106 | 4187 | 4282
15000 k] +253 of the abtack chart, 150000 | 300 | 33 | —10 | 463 | +137 | 4207
k [EL] +i88 s=Mil angle butweon the sight Ene and the projectiles ab any range out to 350 434 =31 +3.0 +8.1 4152
400 493 +136 2080 Teet. When the mil angh is minug the projectiles are above the sight A00 493 —47 +0.3 +5.4 +10.7

150 I = Tine: when plun they are below. Thin mil sngle scts along the vertical axis T ) i3 = = -

320 > of the sight. The mil mogle o is only: applleable when the aireeaft s 200 120 469 21 +353 —
00000 | 250 | 398 H123 harmnized as shown in the above boreaght and firgin targets. 300000 | 250 | 3/ | 423 | 135 | 4245 | 4350
00 | & 4310 . - I | oan un.g +80 | 4189 | +255
B0 | 543 +23 | Harmonization Chart: P=-47 A“-p ane 30 | s |34 | 438 | iz | 483

RESTRICTED 35



Section H

SIDE VIEW OF
TRAJECTORIES

PLAN VIEW OF
TRAJECTORIES

RESTRICTED
AAF MANUAL 200-1

(ot

14
—— " L&R2guns

I

3

DISTANCE IN FEET

- Sight line

L&RT guns
5

o

RANGE

800 1000

IN FEET

1200

Quter limits of 4-mil dispersion

cone of

1600

400

all guns
|

1800

2000

10

1 gun

R2gun

(=—Sight line

3 L2gun

L1 gun

10

DISPERSION
PATTERNS

Based on 4-mil
dispersion cone

o
SIGHT PIP
-

AMERA
OR CENTER OF

PICTURE FRAME

NOTE
Dolled circles are
bullet patterns of
1000t range when
firng 1s done at
various "'gs’" shown

Torgets shwwen are for harmoniztion

gheo b2 ahel
NET o I
it 5 e

At Al At

1200 1500 2000

#t # fr

5 w8 0 5 }

ol 0 5 (fesxssaes 1eascn

SRS 8

36

RESTRICTED

Gun location ot Aircraft der S followiip condibion £ busse
1000 IN. BORESIGHT TARGET Sun hocation at Arcralt | snde et cndtors (a5 [ 500 "F FIRE-IN AND BORESIGHT TARGET
LER No. | guns 40238 808087 | py pAz: 300 miph Al 15,000 ft
EEE g:m::?m ‘}g f:; g;gg‘; TAS: =378 mph We; 9,500£200 b |~ € of aireraft
L 112 *From aight  +¥com plase canter lloe. Angle of ntbuck (aep): 12 Rese-up i2 o
= | . 7 - L] flights (1" —
r- 5 —|— Mark whese line from sight is paraliel 1o fuselage leveling lugs. ) ! %
C of airerait-+ o ) @ Mark whate sight pip is gimed for harmonization with bellet patterns L1 "1
o ?ra“' {=ight softing far harmanizition) N
3 P = ® Mark where bore is aime for 100-in. and 500-1. targats. 3 . ~
Ll Rt @ O Mark for center of impact of 10 rounds at 50041 fargel. I - =&
e fark where camers |5 almad making camera pamllei to sight line I (.) =9
. This point rapresants the center of the picture frame = —
' Analied Baltlstics & Dealyn Sec., Froul Div, AAF.PUG, Egle Flakd, Fla, Date: 8800, ' | + 24 :
' Camera L] | 7 .7ia"
’ | 1 TRAJECTORY DATA BASIC HARMONIZATION LY EE L
Forward Fire 300 mph Cal 1AS 1 35-3/8" /38 | =
H i 36" Gun: cal 50 | | b rugst gt ! 6 T a
> 4 Ammunition:  APM-2 | | FSLiFhedsihtlion o pgy o
72-3/8"] 72.3/8 Muz vel, ltsec: 2700 1.5 mils Fuselge
28 778" ; i &» .
| 79.7/8 79:7 /8 Eg;hgfiﬁ:%‘bir:dm&ﬁgk% 12 mils N?:l Tugs P SN 3 -
ram Oid, DO i
Eli, Aot 1 1814, o Chit of A3 mph, Bt 145, FSLis paratn o PP it
Flight Angle: LEVEL FLIGHT Flight Angle: LEVEL FLIGHT Flight Angle- 30" DIVE OR CLIMB Flight Angle: 30° DIVE OR CLIMB
Cal - Wil Angle u . Gal cep (WL =3500 Lbs,) Cal ap (WL =0500 Lhs,) Cal * Wil Angle "p
Al 145 145 1" 2" 3! iy ms g 2o [a oy A8 [T [evg [amg” [a"g” All 1A% TAS 1" 20" 3 ."R"
750 250 | #0858 | 0 | Flal | 192 T80 |09 [ e — | — B0 [+100 [+edh | — | — 750 750 0 +5.3 | +10.7
300 | 08 | 444 +04 | 4145 00 |5 |40 [ +07] = 200 | 446 | 4115 [ 4185 [ 4264 300 00 | -3 +3.0 +13
vl B (3| ||| e e | o R RS
=% | ; ¥ o Bl i ulie 1 R S b o it B b L -3 ;
a0 | a0 |33 | —02 | 4ap 1 |.%_U.g. 12 |08 |80 [ TR0) (300147 [+38 | 468|100 ss0 | e | 38 | —1o | +iR
W0 | 22 | 335 | #1E |+ | = 5[5 [ T8 (80| 3011 [+97 [445 |58 W0 | 222 | +23 | #97 | +172
Zgg %g& +6§ + ? +{Eg + é.{. a0 ] [17 [T 457 (00 [—5 | +11 |39 [+46 i ‘ggg g;f +?? +§§ :‘11230
7000° 3 1 |2 +5. +106 | +16. I = 75 [0 TR0 [ —10 |44 W 3 000 = +3) ;
10| . | o185 | 430 | 428 | 122 L s 30 | a6 |22 | Yis | Jas
|00 140 —25 +1.5 +54 | 482 oMl unigle botween Mo fsdagi boveling hus and the fight puth. This | 400 440 —30 | +03 | +348
700 | 43 | +139 | +238 = data iz dorivd frim th best availibly snglo of abtack charts, but i not f] T | 430 | +113 | <190
250, 33 +18 9.4 +168 | 4242 gunrnniteed. The boresight targets snd o angle are based on this sngle 250 3 408 +1.3 +13.3
15000 I:@,_ 51} ] +61 4121 | 4182 ol the nttuel ehart. ) 15000° 00 a0 44 +96
34 —1.2 +3.7 +87 +13.8 p=Mil angle between the sight line and the projectiles at any range out to 350 434 —20 +24 +648
400 493 —28 +2.0 +5.2 +105 2000} fect W[hm: huw mil anf]u in mninua the projectiles are above the sight 400 493 —2.8 +0.7 +4.5
= = Tine) when plus they are below. This mil unghe acts along the vertical axig q —
;gg i;ﬁ +I.1£2 ﬁ;g 32699 = of the pight. The wil angle s ia anly applicable whon the sireraft ia égﬁ i‘éﬁ 1:.2 Iﬁ!‘g‘ 4252
3000 250 398 L0 | +123 | +214 | 4304 harmenised n shown i the ahiove biresighl and finsin targots 30000° 250 348 +18 +38 | 4178
300 4 FOB | 481 +155 | +228 . 300 i 0.2 +6.1 +Hl2A
B0 | st |07 | 352 | 510 | +13 | Harmonization Chart: P=51B & € Alrph] nes B | s | 1E | 435 | 488




RESTRICTED Section H
AAF MANUAL 200-1
E 5 5
P = L P e e et S e e ; e—1 &R 3 quns
= = sightline = I 4 +
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SIGHT PIP BOOD 1000 1200 1500 2000
1 f f it i
-
CAMERA
OR CENTER OF
PICTURE FRAME

P
NOTE /@\
Dotted circles are =~ ot/

bullet patterns of
1000-1t range when
firing is done at
various “gs" shown

Wargets shown are fur-harmonizntion

Gun Location at Aircraft

Linler the Tallowing Titinns { basie
Cal 1L50 Vet Horizt harmonization):
1000-IN. BORESIGHT TARGET LER No, Lguns 407327 TO02F | oo i 500-FT. FIRE-IN AND BORESIGHT TARGET
LER No.2puns 44002 appal | Uel1AS:S0mph Alt-15,000 1t
| L&R Mo. 3 guns 43453 95078 TAS: 4373 mph Wi 43004 20 1l
i Camera 0040 25561 Angheof attack Loepd: 13 mils sase up 3
@______‘.-_{_ *Frommghl {Fiom plane contar fine Level Aightr (179 {-— € of aircraft R3
+ Wark whare line Trom-sighl 1z parallel 1o fussisge leveling lugs %
- alrerod Wark where sight pip is simed for harmonization with bullet patterns
St eleof 3! @ {zight setting for harmanization), Ll
- ® Mark whera biora is aimed for 1000, and 50011 targets L2 T
é ) O Murk for canter of impact of 10 rounds at 500-f1. target @ = ﬂ' i
L1 Ri Mark whigre camar is aimed making camera parailel to sight line.
2 ® b p—— . This poinl represenls the cunter of the picture frame B I 5
® —l— - Applind Ballistics & Design Soe, F1oof D, AAT PO, Eglin Fledd, Fla. Date: 3044, ! 31.3/a" | 31.3/a%; =
H _+ -
Comera | "smIEiaaaat | @
| H TRAIECTORY DATA BASIC HARMOMNIZATION LTy 47'3‘,4._—'[ &
i | ? Forward Fire 300 mph Col IAS | L.
H 1 25.1 20 Gun Cal 30 ER: Flight path i
25' 12 ) Rinnunition: APN.2 FaL _Fﬂuu sight lino e Fuselags
| I F1-1/4"171-1/4 Mue vel, 117see: 2100 1 mit = level lugs Camera
79-1/8* [ 79-1/4 Aathority: Aboedagn data TT 12 mile~F5L
| e BT/ i O’ et Fin T £p
1 rn‘r'nh:ﬂ ﬁjﬁ:im E?‘gf of ALESE mph, Cal 1AS, TSL ba paratlel fo FP
Flight Angle: LEVEL FLIGHT Flight Angie: LEVEL FLIGHT Flight Angla: 30° DIVE OR CLIMB Flight Angle: 30° DIVE OR CLIMB
Cal + Wil Angle " pr (WL w500 Lbis Cal | cep (Wi =9500 Lbs } Cal & Mil Angle "
Al 1AS TAS 1 2" 37" 4" 2 [ [y 133 2 Javg Javge AL A5 TAS 1" 27" 3y 1
70 | 50 | L0 | Bl +|5.g 321 FO | — | — | [T — == guﬁu guﬂu +02 Tg 7| i | 184
300 300 —06 +5.0 +I0. +16.4 — 200 +130 | +-210 | +2 I & +3.4 ~+B.4 +13.5
o | BB ||| [t ) et sl | o R R | HE |
—3. +1L +5. +32 = +d T+
a0 | as0 | 3% | o4 | 432 | 467 +53 +I3T) 130 T [477 [4+113 a0 | as0 | k3 | <13 | +1B | Gar
200 722 | 44 +100 | +i3E = 432 481 350 +2 | 450 [+76 260 T2 | 448 | +I1LA | +e00 | +284
20 | 216 | 415 | 491 | 4187 | 4288 +IE || [A00 =8 |7 a1 |45l /0 | T8 | 05 | 471 | 4137 | 204
| 82 ot foselie] [lools fewlon] | e | 8 | 82\ Hg |2 |G
) +3: +. + =4 2. 46, 411
A0 Mo =3. +1.5 +58 +10.2 ap=0il angle between the fuseluge loveling lugs and the flight path. This 400 440 =37 +04 +4.0 +1.9
700 7L | 45 61 | #2000 data s durived from the best nvailiblo angl of wttark charts: but is oot Z00 T | +38 | +131 | +228 | +320
250 313 42 +106 | 4190 | 4276 prurnntes], The horesight targets sod u sneles wre hased on this angle 250 i3 +1.0 + 157 | 4231
15000 E;E 3 +68 +13.7 | 4204 of the attack shart, 15000 300 in =1.0 +449 +10.8 169
434 —~1.B 44.1 +9.5 +154 pma ML minggle hetween the dight line and the projectiles at any range out to 350 434 24 +28 +1.6 125
400 4453 -11 +2.0 +66 +115 2000 feet, When the mil angle b minus the projectiles sre sbove the sight 400 433 —37 +0.7 +4.1 +4.0
150 742 +130 | 4318 = ||| = | fine whon plus they are below. Thin mil angle acks along the vectieal axin  |= [ [50 | 242 V104 | 4267 =
200 320 4 4206 w30 — i::;r::g mp:dnl 1_]; mll. IIU'\:'ll" i i rltnly llippllﬁnhhk:_tlmn tha wirernft in 200 320 +5 +16.9 | 288 | 4331
0000° 5‘5’9 ggls +gl _i_i;g? +§gé _‘ggg ond e ghow in the sbave haregight i in farpats 30000¢ g£ i?? +gg +éu?g _‘ﬁg +§?g
+ +8, 4113 | 425 » -0, +B. +138 | +21.
w0 | s | D13 | 486 | 4122 | 3190 | Harmonization Chart: P=51D A"p'une I I A I )
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MISCELLANEOUS HARMONIZATION CHARTS

SIGHT DEPRESSED (NOSE UP

ANGLE OF ATTACK) 50 AS \@
TO PARALLEL FLIGHT PATH.<| _— e
%\ YDS ¥
"_t" B : R
tﬁ‘* “Troco tvos.
Nl 1500 4 Yos. |
5 of | % ®
- 2000_ YDS. + = 3 o
N CAL. 0.50
o
R 2500 | YDs. g ——
e e
= ®
= 3000 | YDS.
& B + 129 75 |
S
N 19.0"
o 3500 | Yps.
: i
2
@ C OF AIRCRAFT
[
wy
4000 YDS.
N -0
% L
S 14.5
o
~
4500 | YDS. g
SIGHT PIP SETTING
5000 | YDS. +/
5500_ YDS. +
I
6000 __| YDS. i

SE)IGHT PARALLEL TO THRUST LINE (AIRPLANE & SIGHT LINE LEVEL).

“X"=INCHES=MIL ANGLE OF
ATTACK (NOSE UP).

NOTES

1. CAL. 0.50 HARMONIZED TO MAXIMUM
RANGE OF 1500 YARDS; 75 MM TO 6000
YARDS.

2. CAL. 0.50 AND 75 MM TRAJECTORIES
ARE HARMONIZED TO BE SIMILAR UP TO 1500
YARDS.

3. WHEN FIRING 75 MM AT RANGES 6000-
1500 YARDS USE SIGHT SETTINGS SHOWN.

4. WHEN FIRING 75 MM AND/OR CAL. 0.50
AT RANGES 1500-750 YARDS, USE SIGHT
SETTING SHOWN.

5. WHEN FIRING 75 MM AND/OR CAL.
0.50 AT RANGES 750-0 YARDS, USE 750
YARD SIGHT SETTING.

6. HARMONIZATION CORRECTED FOR RE-
SULTANT BORE ACTION.

7. PRESENT RANGE DATA USED.

8. 75 MM; GUN M-4; M-48 H.E. PROJEC-
TILE; M.V.=1950/SEC.

9. CAL. 0.50; A.P. M-2; M.V.=2700'/SEC,

GUN LOCATION AT AIRCRAFT

Vert. from Horiz. from
Sight Plane
75 mm 31.19" 17.5"
Cal. 0.50 27.19" 19.0"
Upper
Cal. 0.50 31.2" 12.88"
Lower

1000 INCH BORESIGHT TARGET FOR A-26B AIRPLANE
LA.S.=250 M.P.H. ALTITUDE=0 TO 3000 FT.

ARMAMENT: 1-75 MM & 2-CAL. 0.50 GUNS
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78.4"

< —SIGHT PARALLEL TO THRUST LINE (AIRPLANE & SIGHT LINE LEVEL).

SIGHT DEPRESSED (MOSE
Uransie or Amacki S0 | Ny SR, ARG TR
PATH. g (NOSE UP).
750\\ YDS. :
3] ~Tiooo i‘rns. NOTES
3 1. 37 MM HARMONIZED TO MAXIMUM
. [~Lasoo | vos. L RANGE OF 2500 YARDS. 75 MM TO 6000
2 YARDS.
2000 | vos. al 2. THE 75 MM & 37 MM TRAJECTORIES
o I =k S o™ ARE HARMONIZED TO BE SIMILAR UP TO 2500
« YARDS.
9] W20, LTRS: p ! 75 MM 3. WHEN FIRING 75 MM FOR RANGE 6000
e 7 == TO 2500 YARDS, USE SIGHT SETTINGS
" a?-» 3000 _ | YDs. SHOWN.
N ) ) 4. WHEN FIRING 75 MM AND/OR 37 MM
% —— = AT RANGES 2500-750 YARDS USE SIGHT
L 5] | d——3g08 _ LS SETTINGS SHOWN.
m- W
|8 L 5. WHEN FIRING 75 MM AND/OR 37 MM
2 . . AT RANGES 750-0 YARDS USE 750 YARD
- R s ' SIGHT SETTING.
C OF AIRCRAFT 6. HARMONIZATION CORRECTED FOR RE-
SULTANT BORE ACTION.
4500 YDS.
T “\ 7. PRESENT RANGE DATA USED.
SIGHT P*PISETT'NGS 8. 75 MM GUN M 4; M 48 H.E. PROJEC-
sooo__| vos / | TILE; M.V.=1950"/SEC.
9. 37 MM GUN M 9-SHELL M 56 FUSE M 54;
M.V.=2550"/SEC.
L o, GUN LOCATION AT AIRCRAFT
1
Vert. from Haoriz. from
Sight Plane C
6000 _ | YDS. B 75 mm 31.19" 17.5"
37 mm 32.7" 14.25"

1000 INCH BORESIGHT TARGET FOR A-26B AIRPLANE

LA.S.=250 M.P.H. ALTITUDE=0 TO 3000 FT.
ARMAMENT: 1-75 MM AND 1-37 MM
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SIGHT DEPRESSED
[(NOSE UP ANGLE
OF ATTACK) SO
AS TO PARALLEL
FLIGHT PATH.

750

-QIGHT PARALLEL THRUST LINE (AIRPLANE AMD SIGHT LIME LEVEL).

O

YDS. 4+

21.8"

7.0"

1500

L 1000 [ YDS.

YDS.

14.0"

2500

| 14.5"

|
+>SIGHT PIP‘

i

f

| 2000 | YDs. +

YDS5. _I_

C OF AIRCRAFT®

SETTING

CAL. 0.50

® &

21.0"
24.6"

L

"K"=INCHES=MIL ANGLE OF ATTACK
(NOSE UP)

NOTES

1. CAL. 0.50 HARMONIZED TO MAXIMUM
RANGE OF 1500 YARDS. 37 MM TO 2500 YARDS.

2. CAL. 0.50 AND 37 MM TRAJECTORIES ARE
HARMONIZED TO BE SIMILAR UP TO 1500 YARDS.

3. WHEN FIRING 37 MM FOR RANGES 2500-
1500 YARDS, USE SIGHT SETTINGS SHOWN.

4. WHEN FIRING 37 MM AND/OR CAL. 0.50
AT RANGES 1500 TO 750 YARDS USE SIGHT
SETTINGS SHOWN.

5. WHEN FIRING 37 MM AND/OR CAL. 0.50
AT RANGES 750-0 YARDS USE 750 YARD SIGHT
SETTINGS.

6. HARMONIZATION CORRECTED FOR RESUL-
TANT BORE ACTION.

7. PRESENT RANGE DATA USED.

8. 37 MM; GUN M-9; SHELL M-56; FUSE M-54;
M.V.=2550"/SEC.

9. CAL. 0.50; A.P.M.-2; M.V.=2700’/SEC.

GUN LOCATION AT AIRCRAFT

Horiz. from
Plane C

Vert, from
Sight

37 mm 32.7" 14.25"

Cal. 0.50
Upper

27.19"7 26.25"

14.0"

Cal. 0.50
Lower

31.2" 20.0"

8.25"

1000 INCH BORESIGHT TARGET FOR A-26B AIRPLANE

LA.S.=250 M.P.H. ALTITUDE=0 TO 3000 FT.
ARMAMENT: 1-37 MM & 4-CAL. 0.50 GUNS
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