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FOREWORD

This report is a compilation of ballistic information on free-
fall ordnance in a form easily used by those engaged in fire control

system design, weapon design, or weapon system analysis.

The data is presented in the form of approximate solutions to the
equations of motion of particle baiiistics; numerical data, including
pallistic tables, conversion factors, etc.; and nomographs from which

many variables of interest can be quickly obtained.

This work was carried out under Bureau of Naval Weapons WepTask
R-520-00 001/216~1/F018-02-03, Weapons System Analysis, and WepTask
RAVO 8NOO1 216-1/S171-00~01, Combat Air Weapons System Development,
from February 1963 to March 1965,

This report was reviewed for technical accuracy by Dr. Marguerite
M. Popers. Code 3503, U.S. NOTS, invites comments or suggestions con=~
cerning this publication,

Released by Under authority of
N. E. WARD, Head WM, B. McLEAN
Aviation Crdnance Department Technical Director

31 March 1965

IIOTS Technical Publication 2902

Published By .vereeesesooassosaescssenasasss.Aviation Ordnance Department
Manuscript.eceenveenvsoas D cesanens ver e 35/M5-216
CollationN...eeees vessasssss Cover, 71 leaves, 3 dividers, abstract cards
First DrIntinf..eieceiseeeasssseesensscssseassssncseassnsnssss 205 copies
Security €la3sification. e ceeccecessosrsosacassnorennnnnns UNCLASSIFIED
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ABSTRACT

This handbook contsins, Iin a variety of forms,
ballistic inforrmation on free-fall, unguided weanons of
all types, and is intended for use by those enpaged in
weapon desiwn, fire control svstem design, and weanon
system analysis. The ballistic information is pre-
sented in the form of ballistic trajectory equations,
tables, graphs, and norographs, from which manv tra-
jec ory parameters of Interest can he quickly obtained
with accuracy sufficient for design and analvsis
purposes.
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I. IMTRODUCTION

The ballistic equations and numerical data nresented in this hand=-
book are intended for use by those engaged in weapon design, fire control
system design, and weapon system analysis. The first section, containing
ballistic equations, defines tiue coordinate system, gives the nomenclature,
and states the assumprions leading to the simplified equations ot motion
of particle ballistics. Approximate solutions to these equations of mo-
tion are then given In a variety of forms. The second section concern-
ing numerical data contains some useful conversion factors, ballistic
characteristics and drag functions of some current weapons, trajectorv
tables, and graphs and nomographs from which the desired information may
be easilvy extracted,

II. BALLISTIC EQUATIONS

A. PURPOSE AND USE OF BALLISTIC SECTIONS

This section -ontains ballistic trajectorvy equations Iin a sufficlent
variety of forms that, given a particular set of independent varfables,
an unknown dependent variable can be computed. All of the equations,
with the exception of the vacuum ballistic equations, are fairlv simple
approximations, and as such do not vieid exact solutions., They could be
further refined and expanded to yield greater accuracy over a larger
range of independent variables, but only at the expense of rapidlv in-
creasing equation complexity. It is hoped a suitable balance between
accuracy and complexity has been attained to accomplish the purpose for
which this handbook is published.

To use the equations, the ballistic characteristics of the weapon or
shape in question must be known or assumed, {.e., its reciprocal ballis-
tic coefficient and {ts ballistic (or aerodvnamic) drag coefficient. In
some instances, it is possible to reverse the procedure to determine the
approximate ballistic characteristics required of a weapon to cause {t
to describe a desired trajectory for a given set of release conditions.

The user is again cautioned that the solutions herein are approxi-
nate, If ascurate solutions are required, numerical intepration of the
equation- of motion on a high-speed digital computer {s recommended.
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B. COORDINATE SYSTEM AND NOMENCLATURE

1. Coordinate Syaten

The coordigate system used in the ballistic section of this report is
shown in Fig, l, In this system, whose origin (0, O, Q) is the weapon
release point, Z lies along the direction of gravity, X is horizontal
and lies along the direction of the*initial horizontal velocity compoaent
of tﬁe weapon in the air mass, and Y {8 normal to the X7 plane, i.e.,

= Z x X, glving a right-handed system, This XYZ system is stationary
in the air mass so that {f wind exists, the coordinate system is moving
with respect to the ground.

It 1s convenient to define a coordinate system X'Y'Z' which {s fixed
with respect to the ground, but which inftially (at weapon release) coin-
cldes with the XYZ system. This fixed system will be useful ia accounting
for the effects of wind on the weapon trajectory.

FIG. 1. Coordinate System.
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2, Nomenclature

Al. Az. A3

Coefficients of terms in the serlies solutions of the
equations of motion

Zero lift aerodynamic drag coefficient, a function of
Mach number

Reciprocal ballistic conefficient equal to 142 /v
Speed of sound

Deceleration of weapon due to aerodynamic drag
tfaximum body diameter of weanon

Acceleration of gravity; 32,174 ft/sec?
Altitude above mean sea level (MSL)
Subscript denoting the value of a quantitv at weapon impact
Form factor of weapon

Ballistic drag coefficient, a function of Mach number

A modified ballistic drag coefficlent

Subscript denoting an initial cendition

Subscript denotinyg a pullup point

Slant range to target

Time

Time of flight of weapon

Magnitude of weapon speed with respect to the alr mass
Magnitude of weapon speed with respect to the grcund

Weapon weight |

Wind speed with respect to the ground

Alr mass coordigate system; origin at telease point, ? s
positive down, X is horizontal, Y = 7 x X

Coordinate systeam colinciding with i, ?, Z system of weipon
release, but fixed with respect to the ground

Angle of attack
Angle of skid

Function to account for the offects of aerodvnamic drag in
closed trajectory equations

Ballistic lcad angle: angle in a vertical plane between
the line of sight to the target at release and the direc-
tiorn of the initial velocity vector
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A Operator indicating an {ucremental change in a variable,
f.e,, AX 2 dX

] Release angle: angle between the velocity vector of the
weapon at release and the horizontal, positive when the
velocity vector is above the horizontal

) Alr density

T Angle between the tai, °'nt to the trajectory at any point
and the horizontal: 1, & 8; 1; & impact angle

¢ Line of sfight or harp angle: angle between the horizontal

and the line of sight to the target at release

bebyug Functions to account for the effects of aerodynamic drag in
closed trajectory equations

C. ASSUMPTIONS

The ballistic equations of the next sections were derived using the
following assumptions:

a, The acceleration of gravity is equal to 32,174 ft/sec? and is
constant, independent of altitude,

b, The earth is flat and nonrotating,

¢, Wind i{s constant from release point to impact point,

d. The air densitv is that given by the ICA0 Tables of 1954,

e. The forces actinz on the weapon are due only to gravity and to

the motion of the weapon through the atmosphere,

The aerodynamic forces are further assumed to act only along the
longitudinal axis of the weapon with a magnitude given by:

1 2
F'*?Du S Cpo . (1)
In eq. 1, Cp  1is the aerodynanic drag coefficient at zero lift or
zero angle of attack, and S i{s a reference area, usually the maximum body

cross-section area, The deceleration of the weapon is

2

1, u” S
PEP T O 2)

where W 15 the welght of the weapen, and the units of p have changed from
mass per volume in eq. 1 to wei_ht per volume in eq. 2 to account for the
"missing' gravity term.
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2
1f s--'a-fi-— .
2
then D -'g o ul %“ Cp - (3)

In ballistic work, the weapon deceleration due to drag {s normally
written

- 2
D=7scu® K (4)
where ¢, the reciprocal ballistic coefficlent, is defined by:
d2
c=ig (5)

and K is the ballistic drag coefficient, From eq. 3, 4, and 5, it is
evident that, for { = 1,

. »
Ky = 5 Cp = 0.3927 ¢p
or

C, = 2.546 Kp . (6)

In eq, 5, { i5 called the form factor, and is introcduced as a correc~
tion term relating the ballistic drag coefficient of some standard pro-
jectile to that of a projectile of usually similar shape., Thus, if K,
is the drag function of a standard projectile, the form factor { is
given by

8

Kp

i = =
sz

and is a sort of average correction term applied to the drag coefficient
of the standard projectile to obtain a drag function suitable for the
weapon at hand.

D. EQUATIONS OF MOTION, DIFFERENTIAL RELATIONSHIPS, AND WIND EFFECTS

1., YNormal Equations of Motion

In terms of the alr mass coordinate system definzd, *he assumptions
stated in the previous section lead to the following di terential equa=-
tions of motion for particle ballistics:

2 2
4% . -D cosr £z Doinr+pg ,

2 del
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dX

?E- - u»cog T, %%' - -y sinr , (7
where

D = pcK u2 .

D

The ballistic equations of the next sections were obtained from
Taylor series solutions of eq. 7 of the general form

2 2 n n
ds ¢2s) 1 dms\ 1
- +
: fo (dn)on+( )o 21 *“"’( )n! +
[o]

dnz an®
1 n n cl§(n~4~1)
n! ‘[ (h=e wn 4 (8)

where the subscript o indicates that the derivatives are evaluated at the
release point of the weapon, f.e,, at X = Y = Z = t = 0,

2, Differential Relationships

Table 1 18 a compilation of some useful first derivatives from which
the higher order derivatives can be obtained,

TABLE 1, Differential Relationships

- cot 7 1 D+ g sinr g _cot T -1
u sin 7 u? u sin
. C05 T u sin 7 1 cos 7 1
D + L0 T | i — —b -
k sin D+ g sin-r 1 G<;+g sin T) D+ ¢ sinr

. . 21 u? tan r " D+ ¢ sinr 1 -y
8 g B cos T g cos 1
t  ucos ~ -u sin 7 -(D + g sinn -'3-595—1 1
215 = .D cos 1 Qh = cos 7
D = PcK (M) u? s ate -be dt u
d?7 dz
e Dsinrt + g | dc "~ v sin r



NOTS TP 3902

3. Wind Correction

With the normal equatfions of particle ballistics solved in an air-~
mass coordinate systeny, the notion of the alr mass must be accounted for
1f the variables of the trajectory need to be described in terms of a
fixed coordinate svetem, e.g., the X'Y'Z' system defined in Section B,1,

If wind is restricted tec be horizontal and constant, the relations
between the trajectory parameters in the X'Y'Z' and the XYZ systems are:

t¢' = tg (ne vertical wind) ,

X' = X4 Uty ,
Y' o= Wyt
v i = (“12 +ul 4 2Wuy cos 71)% ,
u
¢
sin 74 = ;I sin 7y .

9)
(10)
(11)
(12)

(13)

In the above equations, Wy and Wy are the X and Y components of wind,

respectively, and thus

Ve = Ug + 9,
vy = wy .

and v, = U, .

Also, v, = (V: + vyz + sz)% ,

ug = (U2 41,2
- 2 2,2
v (W + 1y’

E. SOLUTIONS TN LEQUATIONS OF MOTINN

l. Vacuun Case, D = 0

a8, Variable Z
2
X = Jocosé Lin 6 + Jsinz 8 +—-£€'7'2
o
Yo 2 g 4 225
- +
t - T}in 8 \/sin 8+ U2 ]
tan T = -seco\/sin’ 0+-;3Z-§3 .
o

[ =
[ ]

V’ﬁg + 225 = U, \/1 +.:._&1-2 .
UO

].

(14)

(15)

(16)

17)

(18)
(19)
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b, Varicble t

X = Ust cos § . (20)
2
2 = Uyt sin 8 + &%» . (21)
tan T tan 8 + o cosd (22)
14} -V Ul + gt (gt = 2Ug 8in @) . (23)

¢, Variatle X

x?
z » -t +J__— o
an 6 2Uo? cos? @ (24)

X
t = Ug cos ¢ . (25)
X
tan 7 = « ¢ + y.
an 0 Uoz C052 P) . (‘6)
-J 2 jx gX -
v Uo® + Uy cos § (Uo cos § 2o sin 8) . @D

2, Series Solutions

a, Coefficients of Series Solutions

The series sclutions in the next sections are written in temms of
coefficients A,, A,, and A,, These coefficients, given below, were eval-
uated assuming that (1) the drag coefficient Kp remains at its value at
release, and (2) air density at altitude h above MSL is given by1

«alh

P a 5o ® (28)

where, for h in feet, a = 3,015 x IO'Sft’: and p, is air density at sea
level,

With D, = oc Kp Ug?, the coefficients are as follows:

Ay e (29)
Uo cos 8

1This is not in accordance with ICA0 standards, but it allows an
analytical expression for the density in the series coefficients, This
expression gives values sery close to the 1CAO that was used in computa-
tion of the tables,
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4 D,
A = m[z D, - (g +a Ug?) sinO] s (30)
and
4 Do , , 2
A, = W 4 D4 + g (g +a Uy?) cos
- 2D (4g +3aU2) sin § + 2ad (38 + 2ad) sin’ﬂ]. (31)

Alternate expressions for these coefficients are:

A, = 4 pcKpsech, (32)
A2
A, = -;— - A, (8/U@ +a) tand » (33)

o

A, [ﬁ'ﬁf (ﬁﬁr + a) +a.(%3-,- +a) tan? 0] . (34)

o]

AR 12 (4
Ay = =% - = B‘ay+3tan0+

b. Independent Variable X, Horizontal Range

Z = =X tan 0+200¥::os20 (1+%§+%’§-{+%’!ﬁ:+...). (35)

t.uo }:080 [1+§2‘)\‘(8))(+(3;(8) (Az-AZ) K

—_ (%i N A‘:ﬁ) X’ +] : (36)
tanf'tana-w%; (1+? -}i'- + %1 %—?- + %‘-’- f—:+..)(37)

20, X _ 1 3a7) 2
Ucos T = Uocose[l- + "‘g(Az‘ "(,_' X -

3

a 16
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¢, Independent Variable t, Time of Flicht

Ay Upt cos @ A, = A2
= Uo t cos 8(1 - = C)8 - —"?"3"'“6”4‘” Up2t? cos? 6 + ...) . (39)
z, S 1 TN Ay Upt cos g
X - tan O 4 2U, cos 8 (1 + Al + 0+ 0] (40)
lot
tant-tane___&.t_._ 1+A1lo cos @
Ug cos 8 8
2
-5-1.-5(/\,- -’%—) v2 t? cos?e + ] . (41)
Ay Upgt vos 6 Ay = A
U cos ¥ = Uo cos e(l - == - 5 L y2 t7 cos?@ +) (u2)

d. Independent Variable (tan 8 + 2/X)

2 2 z 2A, Ug? cos? © 7

24,2 Uo2 cos? 9)2( 7 2
(A3 - 3 )( g tan e + x + L . (43)

2Ug, cos 8 zZ 24, [ Uslcos? 8 va
B ——— \ PR - . 3] -_) 4
t . (tan © X) [1 T . (tan 0 + X)
2 2 2

8 2 Up® cos * @ 7

— + -~ + ces .

T M ( : (tan © <) (44)

2
VA 4A, [ Uq cos? © / VA
- - 2 - : -— +

tan t tan 6 (tans+x) [ 1+ M( 2 \tme+x

2
4 2A, /U07 cos? 0V vA
4! (A2 - J >\ g tan 9 + ')_(' + K] - ((’S)

. 2 2
2Ay {Uo <cos 8 7
U cos 1= U, cos 6[1- 7 ( . ><;an6+ ?’:>-

A, A|7 UQ’ cos? 6\: 7 2
(2 - T )( . / tan 6 + 1- A . (46)

10
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e. Inderendent Varfable (tan 8 - trn 1)

st et

A (Uﬂ’ cos? @

g g
2 v 4 4
-:,.1- (ﬁ% - i;*) Lo ;:E ® (tan 6 - tan 1) + ...] . (47)
. Z _ [(ton @ « tan 1) [ 2 Avfup? cos? © _ _
tan © X 3 1 7 \ e (tan 6 - tan 1)
Ay = A\ /U cos' 8 2
(( 2 21 L )>< 2 c:a ) (tan 8 - tan 1) + ...J . (48)
4
Uy cos 8 A, U2 cos? 8
t = emmmmmeeee (tan 8 - tan 1) |1 = ==|=s~———=————] (tan 6 - tan 1) -
8 8 8
5 A,2 U2 g
%‘ (A2 - 4‘ ) < 2 Scos ) (tan 6 - tan 1)7 4 ...] . (49)

Ay fb? cos?

e
Ucos vt = U, cos 8 [1 -3 2 ) (tan ® - tan 1) =

5 A2 fug? ?
%(Al - “‘ )( > ;os e) (ta.n g - tan T), + oo.] . (50)

f. Accuracy of Series Solutions

In general, these scries solutions will provide solutions acczu-
rate to within one or two percent of value for low or medium drag weapons
(e.g. the Mk 76 bomb) released at less than 1,000 ft/sec velocity below
410 degrees release angles, and for ground ranges less than 15,000 to
20,000 feet.

For higher drag weapons, the series convergence is slow, and the
remainder term implicit in each of the equations becomes large, causing
considerable error., A sample calculation using set E.2,b, will {llus-
trate,

Fror Table 8, we find for the Mk 76 bomb that the release condi-
tions:
z = 5,006 ft , U, = 800 ft/sec , 8 = =20 deg

yield the resulting trajectory parameters at Z = O:

11

) (tan 8 -~ tan 1) -
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X = 7,986 ft , Uy = 818.0 ft/sec ,
tg = 11,841 sec , T = 42,96 deg .,

With the given ground ran;® X end using eq. 24 to get an approximate
value of Z from which to find alr density, Mach number, and the appropri-
ate value of Kp, the serics solutions, set E.2,b., give from eq. 35, 36,
37, and 38:

Z = 4,992 ft; error = ", 16% , T = 42,92 deg; error = 0,09% |
tg = 11,803 sec; error = 0,327 , Uy 824.9 ft/sec; error = 0,84%

By contrast, the vacuum equations yleld:

Z = 4,722 ft; error = 5,56% , T
teg = 10,623 sec; error = 10,307 , Uy

=39,.30; error = 8,697 ,
971.5 ft/sec; error = 18,77%

As an exanple for a high drag weapon, Table 9 gives for the ficti-
tious HD 200 bomb, with the reliease conditions:

Z = 500 ft ,
8 = (O deg ,
U, = 800 ft/sec ,
the following trajectory parameters at Z = 0 ft:
X = 2,100 ft , T = 43,75 deg
tg = 7,053 sec » Uy = 184.0 ft/sec .

Equations set E,2.,b, with gea level air densitv assumed, pives
Z = 401,6 ft; error = 19,74 , T{ = 33.82 deg; error = 22,7% ,

tg = 6,496 sec; error = 8.2% , Ui = (unknown, series alternatirg

In this example, it 18 obvious that the convergence of these series
soluiions 1s slow, and too few terms are included,

For high drag weapons such as the HD 200, it is suggested that the

closed solution equations of the following sectiors be used rather than
the series solutions,

12
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3. Closrd Solutionsg

A closed solution is easier to work with, particularly when the equa-
tions e&re used in a beubing system. Two forms are considered here: (1)
an exponential approximation to the series solutions; end (2) an empliri-
cal function representation of the solutlion.

The basic equations are written as:
2

Z= <~ X tan 6 + —RX v o, (51a)

2 2

2Uo cos 8

X
tf * U cos © * (51b)
o

tan t = tan § - -5~8£—5—— by (51c)

Uo cos 6

and

Uecos t = Uo cos & wu . {(514d)

The problem {s to find convenient functions for ¥, ¢, ¢_, and Yy These
are given in series form by eq. 35 through 37, These series suggest that
the variable:

OCKD X sec 9

be used in finding suitable functions, For corndensing the notation use:

k = (2/3) pekp , (52)

kO- (2/3) DOCKD. (53a)
and

kT- (2/3) oTcKD, (53b)

when the T subscript indicates value at tle impact (target) point. Fig-
ure 2 indicetes the bomb terminal velocity as a function of k for p equal
to sea level value.

One set of approximations is:

tn¢g 4 kX sec 8 (1 + 0,285 kX rec 6) , (54a)

in ¢

(3/4)kX sec 8 (1.0364 + 0.134 kX sec 8) , (54b)

(3/2)kX sec 8 (1.0173 + 0.296 kX sec 8) . (54¢)
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For meny uses these can be approximated byzz

tny = kX sec & , (55a)
iné = (3/4)2n 1y , (55b)
tn wr « (3/2)¢n ¢y , and (55¢)
tn wu « (3/)tn Y . (554d)

For other uses, such as in bombing systems and some nomographs, a
mathematical expression is not needed. This leads to the empirical
functions3:

v = (kX sec 8) (56)
¢ = ¢ (kX sec 9) (57)
WT - wr(kx sec 9) (58)

Figures 3 to 8 show empirical functions which were determined by using
bombing tables (for several bombs) that had been computed by numerical
fntegration, and then computing the functions, such as ¢, in reverse.
Figures 9 to 17 show the data used in obtaining the functions. The
accuracy of the fit can be seen. Tables 2, >, and 4 give the functions
in number form, Using kT in the above equations gives a better fit for
retarded bombs.

Most retarded bombs are not retarded from release (as is assumed in
this report) but are low drag for a short time or distance from the afr-
craft. This discontinuous drag presents a problem. Empirical funstions
similar to those shown in Fig. 3-8 can be obtaineu: however, each bomb
will probably have its own set of functions,

Often the lead angle, v, is desired. This can be obtained by:

gX cos {y - 8)
2U 2 cos 6
o

siny = v . (59)

2These glve good results for low drag bombs. TFor higher drag bombs
and retarded weapons an empirical value of k should be used. The expres-~
sion for u must be used with skepticism on high drag bombs.

3The basic equations 51 and 59 can be used to express the empirical
functions {ndependent variable in various forms.
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One of the nomopraphs uses the strictly empirical equation:
(1/3.5)
Vi‘z‘ e(k2e)Z (60)

Figure 18 gives a graph of k?t versus terminal velocity.

tf'

4, Partial Derivative Eaquaticns

The partfal derivative equations of this section were obtained from
the closed trajectory equations of Section 3., For an initial set of re-
lease conditions and the resulting trajectory parameters, the equations
will give the change in the derendent variable due to an incremental
change in the independent variablec from {ts value i{n the initial set, all
other release variables remaining constant. Where possible, several equi-
valent forms of the equations are given,

For simplicity the assumption is made that &n ¢y = (2/3) pcKp X sec
8, and ¢ = exp (2/3) ocKp X sec 8. For very high drag weapons this approxi-
mation for the more exact expressions given by eq. 52, 54, and 56, will re-
sult in some errcr, but this is usually negligible for the purpose for which
these equations are normally used.

(1) Dependent variable X, horizontal range
2 2

% ZUO cos 6
9z - 5 (61a)
gXy (2 + tny) - ZUO sin 6 cos 8
- X (61b)
Z+ (Z+ X tan 8)(1 + tny)
= 1 (61c)
tan ¢ + (tan ¢ + tan 8)(1 + ny)
= - cot t (61d)
d9X 2 ngw
U " U 3 (62a)
o o gXy (2 + Iny) - 2Uo sin 6 cos @
7/X + tan @
o]
= {7)-(- (7Z/X + tan 8)(2 + iny) - tan © (62b)
o
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2X tan ¢ + tan 6
Uo (tan ¢ + tan 8)(2 + &nY) - tan d

2002- gXy tan 6 (2 + tni)

QJ!QJ
D@ |}
]

gX (2 + &n ¢) - 2U02 sin 8 cos 6

sec2 @ -tan & (7/X + tan8)(2 + ny)
(Z/X 4+ tan 8) 2 + &ny) =~ tan

= X

sec2 8 - tan 68 (tan ¢ + tan 6)(2 + iny)

- X (tan ¢ + tan 8) (2 + f&ny) =~ tan 9
= - X (cot v + tan 8)
2
ax . .1 gX v iny
a(cKD) CKD gXy (2 + tny) -~ 2U02 sin 6 cos 8

X (tan ¢ + tan 8) finy

cK tan ¢ + (tan 8 + tan 6)(1 + iny)

- X cot v, (tan & + tan 8) ny
cKD i

(2) Dependent variable t, time of fall

3/4
¥
-3—-;- = U cos @ {1 + (3/4) in‘b} cot 71
o }

- - {1+ O/ g cot +
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(63a)

(63b)

(63c)

(634)

(64a)

(64b)

{64c)

(65a)

(65b)
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Fig. 18, Ballistic Drag Function.
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at Xy 3/4

Com o {1 +2{1+ (3/4) tny} (tan ¢ + tan 6) cot 1 ] (6ha)

auo U 2 cos 6
o

- - G£_ [1 + 2{1 + (3/4) tny} (tan ¢ + tan 8) cot r]
o

Qa!ﬂa
@ |

= -t cot 1 {1+ (3/4) tny}

at

95 = 34 = iy
(K ) oK

(3) Dependent variahle T+ impact angle.

(66b)

(67)

(68)

2
A - 2 cos n (tan 8 - tan 1) [1 - ¢cot 1 (tan 4 4+ tan 9){1-0- (3/2)1!\'&]]

an Uo

QD

QL

AR -
a7
2
= COS
A
6(CKD)

38

= cot 1 tan 8 {1 + (3/4) iny}

tan 601 + (3/2)tny}
tan ¢ + (tan ¢ + tan 8)(1 + &iny)

2
cos” 1 cot 72 ng(A{] + (3/6) tny)

1 rot T (tan ® - tan 1){1+(3/4)n. /¥

cns?g i Xy
it

5 tni (3 4+ ny)
cos

(69)

(70a)

(70b)

{71a)

(71b)

(723
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f%%_l (tann T 4+ tan A 4 2 tan & (3 + Lny)
D
3 cot 1
= iny
k
2 ¢ D

(4) Dependent variable V, true airspeed

au -1/2
55 " Uo sec 1t sin 6y [{1 + (3/2)1nW”
= - U tan 8 secr[{l + (3/3)lnw”
QU | cos & . -3/2
au cos T
o i
v
"o
o]
ou__ _ , [ U 1
3 3/2 x cot T, tny
-3/2
EYt o _3~P0 cos Ay .
a(CKD) 2 CKD cos 1
- 31U tny
2 cKD

(7253

(72¢)

(7% 4)

(73b)

(74a)

(74b)

(75)

{76a)

(76bH)
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I1I. NUMERICAL DATA

A, CONVERSTON FACTORS AND CONSTANTS

Varlous constants: » = 3,14159265
e = 2,71828183

Measures of length:

meter = 1,0936 yards = 3,2808 feet = 39,3700 inches
foot = 0,30480 meter

fnch = 2.5400 centimeter

mile = 1,60935 ki{lometer

kilometer = (0,62137 mile

nautical mile = 6,076,1 feet

mile = 0,66898 nautical mile

Pt Pk b Pt ek Jut b

Measures of velocity:

1 foot per second = 0.5925 knots
1 knot = 1,6878 feet per second

Measures of pressure:

1 pound per square foot = 0,01414 inches Hg at 32°F

= 4,725 x 107* atresphere

= 0,006944 pounds per square inch
1 millibar = 2,089 pounds per square foot
1 atmosphere = 29,92 inches of Hg at 32°F

Angular measure:

1 degree = 0,01745 radians = (0,002778 revolutions
1 radian = 57,296 degrees

B, AIR DATA TABLE

Several parameters of interest are tabulated in Table 5 with respect
to altitude, The values given here are in agreement with the values de-
fined by ICAO. The following quantities are listed herein:

h = altitude in feet

¢ = density in 1b/ft’

P/p, = ratio of density at given altitude to density at zero altitude

Pg = the "standard" pressure for that altitude given in 1b/ft?

Pg/ Pgo = the ratio of pressure at given altitude to pressure at zero
altitude

Cs = speed of sound at given altitude

Conversion factor = Mach no./1000 fps

Ug /Ui = ratio of true velocity to iadicated velccity

-

T = standard tempetature in °F

4
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TABLE 5. Air Data

h px10-2 p P Ps | Cs |Mach no, °
fe | /e | B |wiee?| T | fps | 1000 fps| Ut/Vs | T T
0 | 7.648 | 1.0000 | 2116 | 1,000 |1117 | .8953 | 1.0000 | 59,00
200 | 7.603 | 0.9942 | 2101 | 0.9928 | 1116 | .891 | 1.0029 | 58,29
400 | 7.558 | 0.9884 | 2086 | 0,9856 | 1115 | .8969 | 1.0059 | 57,57
600 | 7.514 | 0,9826 | 2071 | 0.9785 | 1115 | .8969 | 1.0089 | 56.86
800 | 7.470 | 0.9768 | 2056 | 0.9714 | 1114 | .8977 | 1.0118 | 56,15
1000 | 7.426 | 0.9711 | 2041 | 0,9644 | 1113 | .8985 | 1.0148 | 55.43
1200 | 7.383 | 0.9654 | 2026 | 0.9574 | 1112 | .8993 | 1.0178 | 54,72
1400 | 7.339 | 0.9597 | 2011 | 0,9504 | 1112 | .8993 | 1.0208 | 54,01
1600 | 7,296 | 0.9540 | 1997 | 0,9435 | 1111 | ,9001 | 1.0238 | 53.29
1800 | 7,253 | 0.9484 | 1982 | 0,9366 | 1110 | .9009 | 1,0268 | 52,58
2000 | 7.210 | 0.9628 | 1968 | 0.9298 | 1109 | .9017 | 1.0299 | 51.87
2200 | 7,167 | 0.9372 | 1953 | 0.9230 | 1108 | .9025 | 1.0330 | 51.15
2400 | 7,125 | 0.9316 | 1939 | 0.9163 | 1108 | .9025 | 1.0361 | 50,44
2600 | 7,082 | 0.9261 | 1925 | 0.9095 | 1107 | .9033 | 1.0391 | 49.73
2800 | 7,040 | 0.9206 | 1911 | 0.9029 | 1106 | .9042 | 1.0422 | 49.02
3000 | 6,998 | 0,9151 | 1897 | 0.8962 | 1105 | .9050 | 1.0454 | 48,30
3200 | 6,957 | 0.9097 | 1883 | 0.8896 | 1104 | ,9058 | 1,0485 | 47.59
3400 | 6,915 | 0,9042 | 1869 | 0.8831 | 1104 | .9058 | 1,0516 | 46,88
3600 | 6.874 | 0.8938 | 1855 | 0.5766 | 1103 | .9066 | 1.0548 | 46,16
3800 | 6.833 | 0.8934 | 1841 | 0.8701 | 1102 | .9074 | 1,0580 | 45.45
4000 | 6,792 | 0.8881 | 1828 | 0.£637 | 1101 | .9083 | 1.u611 | 44,74
4200 | 6.751 | 0.8828 | 1814 | 0.8573 | 1101 | .9083 | 1.0643 | 44,02
4400 | 6,710 | 0.8774 | 1801 | 0.8509 | 1100 | .9091 | 1.,0676 | 43.31
4600 | 6.670 | 0.8722 | 1787 | 0.8446 | 1099 | .9099 | 1.0708 | 42.60
4300 | 6.630 | 0.8669 | 1774 | 0.8383 | 1098 | .9107 | 1.0740 | 41,88
5000 | 6.590 | 0.8617 | 1761 | 0.8320 | 1098 | .9107 | 1.0773 | 41.17
5200 | 6.550 | 0.8565 | 1748 | 0.8258 | 1097 | .9115 | 1.0806 | 40,46
5400 | 6.510 | 0.8513 | 1735 | 0.8197 | 1096 | .9123 | 1.0838 | 39.74
5600 | 6.471 | 0.8461 | 1722 | 0.8135] 1095 | .9132 | 1.0872 | 39.03
5800 | 6,431 | 0.8410 | 1709 | 0.a074 | 1094 | .9141 | 1.0905 | 38.32
6000 | 6.392 | 0.8359 | 1696 | 0.8014 | 1094 | .9141 | 1,0938 | 37.60
6200 | 6.353 | 0.9308 | 1683 | 0.7954 [ 1093 | .9149 | 1,0971 | 36,89
6400 | 6.315 | 0.8257 | 1670 | 0.7894 | 1092 | .9158 | 1.1005 | 36.18
6600 | 6.276 | 0.8207 | 1658 | 0.7834 | 1091 | .9166 | 1.1039 | 35.46
6800 | 6,238 | 0.8156 | 1645 | 0.777/5| 1090 | .9174 | 1.1073 | 34.75
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TABLE 5. (Cont'd)

h px1072 o g Pe Cq Mach no,

-] B tach no, .
fv | w/e]  bo |1 fe?| P eps | 1000 fpg Ut/Vi| T°F

S

7000 | 6,199 | 0.8106 1633 { 0,7716 1090 9174 | 1.1107} 34,04
7200 | 6,161 | 0.8057 | 1621 | 0.7658 1089 .9183 | 1,1141 33,32
7400 | 6,124 | 0,8007 | 1608 | 0,7600 1088 9191 1.11771 32.61
7600 | 6,086 | 0,7958 | 1596 [ 0,7542 1687 9200 1.,1210( 31,90
7800 | 6,048 | 0,7909 | 1584 | 0.7485 1086 .9208 | 1,1245] 31,18

8000 | 6,011 | 0,7860 |} 1572 | 0,7428 | 1086 .9208 | 1,1279| 30,47
8200 | 5,974 | 0.7812 | 1560 | 0,7371 1085 «9217 [ 1,1314} 29,76
84G0 | 5.937 1 0,7763 | 1548 | 0.7315 | 1084 «9225 | 1.1349) 29.04
8600 | 5,900 | 0,7715 | 1536 | 0,7259 10831 ,9234 | 1.1385| 28.33
8800 | 5.864 | 0,7667 | 1524 | 0,7203 | 1083} .9234 | 11,1409} 27,62

9000 | 5.827 | 0.,7620 | 1513 | 0,7148 | 1082 W9242 | 1,1456] 26,91
9200 | 5.791 | 0,7572 | 1501 | 0,7093 | 1081 .9251 | 1.14927 26,19
9400 | 5,755 | 0.7525 | 1489 | 0,7039 ! 1080] .9259 | 11,1528} 25,48
9600 | 5.719 | 0.7478 | 1478 | 0.6984 | 1079 | .9268 | 1,1564| 24,77
9800 | 5,683 | 0,7431 | 1467 | 0.6931 1079 .9268 | 1,1600| 24,05

100C0 | 5,648 | 0.738> | 1455 { 0,6877 1078 9276 1.1637; 23,34
10500 | 5,559 | 0,7269 1427 | 0,6745 1076 +9294 1,1729¢ 21,56
11000 | 5,472 | 0.7156 1400 | 0.6614 1074 L9311 1.1822 19,77
11500 | 5,336 | 0.7043 1372 | 0.6486 1072 .9328 1,1916 17.99
12000 | 5.301 | 0.6932 1346 | 0.6360 1070 <9346 1,2011 16,21

12500 5.217 | 0,6822 1320 | 0.6236 1068 9363 1.2107 14,42
13000 | 5,134 | 00,6713 1294 | 0,6113 1066 .9381 1.2205 12,64
12500 5.052 | 0.6061 1268 | 0.5993 1064 .9398 | 1,2304 10,86
14000 | 4,971 0.6500 1243 | 0.5874 1062 .9416 1,2403 9.07
14500 | 4,891 | 0.6396 1218 | 0.5758 | 1060 .9434 1,2504 7.29

15000 | 4,812 | 0.6292 1194 | 0,5643 1058 | ,9452 1.2606 5,51
15500 | 4,734 | 0.6190 1170 | 0.5531 1056 9470 | 1,2710 3,73
16000 | 4,657 | 0,6090 | 1147 | 0.5420 1054 .9488 | 1,2814 1.94
16500 | 4,581 | 0.5990 | 1124 | 0.5411 1052 .9506 1.2921 .16
17000 | 4,506 | 0,5892 1101 | 0,5203 1050 9524 1.3028{ ~1,63

17500 | 4,432 | 0.5795 1079 | 0.5098 1048 .9542 1,3137 | -3.48
18000 | 4.358 | 0.5699 1057 | 0,4994 1046 .9560 1,3246 | -5,19
18500 | 4,286 | 0.5604 1035 | 10,4892 1043 ,9588 | 1,3358) =6.,97
19009 | 4,215 | 0.5512 1014 | 0.4791 1041 .9606 1.3470 | ~8.76
19500 | 4,144 | 0.5419 993 | 0,4693 1029 .9625 | 1,3584 | -10,54

20000 | 4,075 | 0.5328 972 | 0,4595 1037 +9643 1.3700 | -12,32
22000 3.805 | 0,4976 894 | 0,4223 1029 .9718 1,4176 { -19,46
24000 | 3.550 | 0.4642 820 | 0.3876 1021 9794 1.4678 | -26,59
28000 3.078 | 00,4045 688 | 0,3250 1004 .9960 1.5762 | -40.85
JU000 | 2.861 | 0,3741 628 | 0,2970 995 | 1.0050 1.6349 | -47,99
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C. BALLISTIC DRAG COETFICIENT FUNCTIONS FOR VAPIOUS BOMBES

Both numecrical data and granhs are given to show the ballistic drap
coefficient (KD) functions for different bombs, Uv reference to Table 10,
it may be noted that in several cases many bombs can be rapresented bv the
the samez Ky curve; the value of ¢, the recinrocal ballistic coeffic.ent,
may be adjusted to match the various Kp curves if two bombs have the sarme
general shape for thelr representative curves (see eq. 5).

In Table o6, K refers only to the ballistic drag coefficient, For
comparison with other tables using the aercdvnamic drag coefficient Cp,
it should be recalled that:

K -

~
D g

D

The various bombs are denoted by numbers; the numbering scherme is as
follows:

Bomb lo. Description of Bomb or Tvpe of Ky Curve

Standard <} drag function

Mk 83/2&3/L

vk 76/062/x

Mk 76/4/T/L

Mk 76/4/T/x

ilD=200 (fictitious)

Mk 43/0 (Nose Mk 43/1)/large fin
Al-Y157A1 M126 fin

AN=ME4AT1 M128A1 fin

L N W e

Sce parasranh F (pase 85) for explanation of homb desienation
abhreviations.

Figpure 19 provides in praphical forr the same information as Table 6,
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TABLE 6, Ballistic Drap Cocftictent frunctions
Mach Bomb no,
no, 1 2 3 4 5 6 7 2 Y
U0 - - - 095 L0079 . 1066 U647 077 JOOT
U5 . 1003 L0428 LUB2% L0095 079 . 1066 64T 77 67
o 10 L0975 0428 LU805 LU35 079 . 1066 L0647 77 JUET
.15 D948 0428 L0783 085 L0079 . 1066 647 W77 67
20 0921 .0428 L0761 L0095 079 ., 10066 L0467 077 067
.25 0895 0428 L0739 L0495 079 . 1066 JUBLTD 77 LU67
« 30 .086Y JU428 0718 S5 LUTY . 1066 647 77 0067
o35 U846 2ub23 L0699 .UY5 LU7Y 1066 Ry 477 L67
Y] L0826 04238 0682 09> JU7Y . 1066 L0647 L0077 Lt 7
45 L0810 L0428 D069 LJU95 LU7Y . 10606 LOOAT LM77 67
50 0799 L0428 U660 Y5 LUT79 . 10606 047 77 J07
¢35 0794 .0423 0656 097 U7 L1066 L6647 L0727 L0607
.00 U799 JU426 L0660 LO98 030 L1066 JOH4E7 77 167
.65 0816 L0423 0674 LU99S T L0815 L1066 L0647 077 L0067
.70 LOB50D U428 L0702 L10251 ,083 L1006 LI64LT 77 JU67
75 .09u8 0428 U750 . 107 JUBAS | L1066 LUB4LT 077 LU67
.80 . 1000 L0428 L0826 113 JUBT 0647 JUEY LUbY
.82 . 1048 LU429 L0BGH J117 U89 L0647 U8 LU72
.84 .1106 L4344 L0914 121 001 L0650 LS LU74
. 86 L1174 L0451 L0970 . 126 095 0653 LURY 78
L
.88 | L1251 f L6479 | L1033 | .132 | L10d L0658 | 094 | 085
« 90 . 1340 L0527 +1107 « 140 . 106 662 . 106 LUY4
.91 - - - o 145 110 - 117 . 104
.92 . 1438 L0595 .1188 . 151 114 JUBEGSR 131 .118
.93 - - - 157 119 - 1413 135
94 | L1546 | L0671 | L1277 | J165 | 124 L0680 | L1602 | 1,7
.95 - - - 174 . 130 - 176 .175
.96 166U LA756 .1371 .183 137 L0701 L1497 .193
.97 - - - 194 . 144 - . 205 211
.98 1774 L0EHS2 . 1465 «2U5B 153 +U755 220 . 227
WYY - - - 217 163 - .231 L2402
1.00 . 1885 L0958 .1557 0229 J175 L8677 e 240 204
1,01 - - - 240 o 24 - 240 .263
1,02 - 074 - «251 224 LUY35 AT 270
1.05 L2130 L1238 L1759 277 . 24R L1067 255 W2%52
1.10 L2308 . 13037 . 1900 294 W27 L1100 262 L2t
1.15 | 2430 @ L1326 | L2007 | .313 | 225 112 1 L2607 | L2495
1.25 AN - L2114 <333 . 308 112 272 L3l
1.50 - L1397 - ¢ 300 332 LUL7 277 Juh
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D. BALLISTIC TABLES FUR THE MK 83, M¥ 76, AND HD-200 BOMBS

On the following papes, numerical data are given for the Mk 83/2&3/E
(Table 7), the k 76/0&2/N (Table 8), and the fictitious retarded bowb.
the HD-200 (Table $).4 The following parameters are computed for fomi-
lies of release velocitles, angles, and altitudes:

*-g?dk

o —————

Ground ranpe, feet

Slant range (R? = X‘ + Z’), fect
Line of sight or harp angle, degrees
Ballistic lead angle, degrees

Time of flight, seconds

Value of ¥ computed by working fronm computed parametzrs (the
exact value of V)

Loparithm of ¥,

2/3 K, X sec A (to be compared with the exact value of tny )
Impact angle, degrees

Impact velocity, feet per second

Chanpe in pground range caused by change of one degree in
release angle, feet

4 .
‘See page &% for explanation of bomb designation notation and bormb

data,

&
~4
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TABLE 7. Ballistic Data for the Mk 823 Mod 2&3/L

£ Ui &)

dey fps| ft

£t ft ft dep | der | sec e | Inde | Invc

Uy = 400 fps 8= =40 dep

5000| 3468 6084,9 | 55,25| 15,25 | 11,447 | 1,014],01410},01174 | 64,U5]6 301 8U
10000| 5529(11426,7 | 61,06 | 21,06 | 18,395 1,023(,02322|,01604 [ 70,49;7731115

Uy = 400 fps 8 = =20 dep

1000| 1766 2029.5] 29,52 | 9.52| 4,719 1,005].00598].,00549 | 37.59| 470 52
2000| 2879 3505.5| 34,79 14,79 7.714 | 1,008],00880|,00870 | 45,831 531| 67
3000 3761} 4810.9| 38,58 18,58 | 10,104 1,012],01262},01192 | 51,05]586| 78
4000( 4516 6032.8| 41,53} 21,53 | 12,155 1,014,01459,01285 | 54,78[635| 84
5000 5184 7202.4 | 43,960 23,96 13,980 1.C17],01725].01431 57.63’681 91
10000 782612698,3 | 51,95 31,95 21,255 | 1,025/.,02513].,01851 | 65,77| 871100

Ug = 40U fps 8 = =-1u dep

1000 2363 2565,9§ 22,94| 12,94} 6,033 | 1,007].00767],00702 | 33,89 469| U
20004 2607) 4124,41 29,01 19,01 9,236 1,011/,01124}.,01039 | 43,14]530| 79
JOU0| 4509 3465,9 | 32,29 22,294 11,726 ] 1,013].,01380}.01278 | 48,801 585] R4
400U 5381| 6704,9{ 36,63 26,63 ] 13,3356 1,016],01637(.01461 | 52,88 634 87
50001 6UY6| 7884,2| 35,361 29,36} 15,706 | 1,018[,01872].01605 | 55.92[68u; 91
1uouu| 89J3113388.9 | 48,32 | 38,42 | 23,088 1,025].02557{,02009 | 64,57{87u] 101

Up = 40U fps 6 = ( deg

tovo| 3139} 3294,4 17,67} 17,67 7,905 ] 1,0091,00936},00918 | 32,031468; 860
2000 4431 4861,5] 24,29 ] 24,29 1 11,191 { 1,013],013G1[,01257 | 42,28]529! &5
3000) 5419 6194,0 | 28,97 | 28,97 | 13,717 ] 1,016 1,U15971.,01493 | 48,17584| &4
4OUO| 62504 7420.4 | 32,62 1 32,621 15,8521 1,018(,U1R33:,01671 § 52,3U|633{ 84
5000] 6981] 8586,9 | 35,61 | 35,611 17,737 | 1,020[.02019{,01311 | 55,42{679| 84
10000 9838116028.1 45,47 1 45,47 | 25,157 | 1,0271,02723(,02187 | 64,221 863 &3

1 A

U, = 400 fps # = 20 deg

i0v0] 4913 5013,.74 11,51 ) 31,50 f 13,216 1 1,014),004401,01528 1 37,95 46Hh) 77

20001 6012 6335,9 ] 18,401 38,40} 16,2131 1,0171,01755],0181% | 46,20]527( 62

3000 68851 7510.21] 23,54 43,541 18,602 ] 1,0291,u19901,02018 { 51.411582] 51

400U| 76321 BAL6.7 | 27.66 | 47,60 | 20,653 { 1,0211,02176(,02171 | 55,12,632] 43

SU0UT 8295] 9685,4 1 31,08 S1,u8 ] 22,482 | 1,0231.12333},0229¢ | 57,95 678 37

10000310923 14802,2 1 42,671 62,471 29,755 | 1,028 V2830 1,02584 165,921 8631 15
|

41
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TABLE

7. (Cont'd)

ft

o
dep,

v
dep

se¢c

Ve

lnﬂh

Inv¥

dey

Ly

ax

&»
-

U, = 600

fps

6

= <40

deg

5000 4274
10000| 7152

6577.8
12294,4

49,48
54,43

9.48
14,43

9,418
15.98n

1.016
1,026

.01617
.02625

01447
.02075

56.43
63.15

809
969

113
168

U, = 600

fps

6

= -«20

ceg

1000] 2119
2000 3636
3000 4880
4000{ 5959
5000 6925
1000010787

2343,1
4149,.8
5728.4
7177.0
6541.4
14709.2

25.26
25,81
31.58
33.87
35.83
42,83

5.26
3.81
11.58
13.87
15.83
22.83

3.778
6.509
8.758
10.723
12.489
19.615

1.006
1.011
1,015
1.018
1,021
1.031

.00668
01124
.01538
.01882
02147
.03101

.00659
.01098
01430
01695
.01911
.02551

30.14
36,45
41,01
44,56
47.43
56.52

645
688
729
767
804
964

79
111
131
145
157
194

Uy, = 600

fps

= -10

des

1000 3114
2000] 4921
3000} 6333
4000 7532
5000| 8590
10000(12753

4370.6
5311.9
7007.6
8528.3
$939,2
16206.1

17,80
22,12
25.35
27.97
30,20
38.10

7.80
12,12
15.35
17.97
20,20
28,10

5.307
8.422
10.874
12,965
14.821
22,178

1.009
1.014
1.019
1.022
1.025
1,034

.00916
.01469
.01892
.02196
.02489
.03382

.00924
.01418
01771
.02045
.02262
.02878

25.05
32.63
37.85
41.81
44,93
54.80

643
685
726
764
801
962

129
151
164
171
178
197

Uy = 600

fps

= 0 deg

1000 4698
2000| 6626
3000} 8099
4000 9337
500010426
10000 | 14684

4803.3
6921.3
8636.8
10157.7
11562.9
17765.7

12,02
16.80
20,33
23.19
25,62
34,26

12,02
16,80
20,33
23.19
25,62
34,26

7.913
11.207
13,741
15.881
17.773
25.215

1.013
1,019
1.023
1,026
1.029
1,037

.G1380
,01921
.02323
02645
.02898
03720

L,01373
.01880
.02231
02496
02704
.03264

23.21
31.38
36.8R
41.00
44,27
54,34

639
582
722
761
738
959
o

194
192
189
189
188
185

U, = 600

fps

§

= 20 deg

i

ULy Vil

2000{ 10593
3000 11810
40001128068
5000113318
10000117634

Yred 7
10780,2
12185.1
13475.0
14694.8
20272.1

6.20
10.69
14,25
17.27
19.89
29,56

20,260
30.069
34,25
37.27
39,89
49,56

.

16,492,

19.280
21.486
23.453
25.224

32.433

g
)

| i
1.027].02713

1.031
1.034
1.036
1.037
1,043

.03072
.03343
.0350¢
13730
04239

JUZR3H
03200
LO34062
03061
03814
04171

30.82
37.21
41,80
45,33
43,19
57.12

630
675
717
756
794
958

193
175
154
140
127

88




ROTS TP 3902

TABLE 7.

(Cont'd)

ft

des

y
deg

seb

Yo

ln¥,

1n¥

i
der

fos

Uo » §00

fps

g = =40

deg

5000
10000

4774
8297

6913.1
12993.9

46,32
50.32

6.32
10.32

7.898
13,879

1.018
1.030

.01823
.02985

11616
.02409

51,55
57.78

957
1079

138
214

Uo = 800

pfs

= =20

deg

1000
2000
3000
4000
5000
10000

2323
4138
5677
7035
8263
13241

2529.1
4596.0
6420,9
8092,7
9658.0
16592,9

23.29
25,40
27.85
29.62
31,18
37.06

3.29
5.80
7.85
9.62
11.18
17.06

3.107
5,560
7.654
9,513
11,205
18,161

1.006
1.013
1,017
1.021
1.025
1.038

00578
.01321
.01764
02157
02489
.03739

.00723
.01250
01664
.02001
02281
03132

26,46
31.14
34.84
37.88
40,46
49.38

830
861
891
920
548
1069

39
150
182
206
225
286

Ug = 80U

pfs

¢ = -10

deg

1000
2000
3000
4000
5000
10000

3670
5984
7819
9385
10772
16245

3803.8
6309.4
8374,.8
10201.9
11875.9
19076,2

15,24
18,48
20.99
23,08
24,90
31,62

5.2&
8.48
10,99
13.08
14,90
21.62

4,697
7.699
10,099
12,161
13.998
21.340

1,010
1,018
1.023
1,027
1.031
1,043

.01084
01794
.02293
.02693
.03053
04239

,01089
01724
.02187
02548
.02837
.03667

20.29
26.34
30.80
34.35
37.30
47.17

826
835
885
914
942
1064

191
225
257
272
283
316

U, = 800

pfs

8§ = 0 deg

1000
2000
3000
4000
5000
10000

6250
8808
10759
12399
13841
19473

€329.5
9032.2
11169.,4
13028,2
14716.4
21890.,6

9.90
12,79
15.58
17.88
19,86
27.18

9.90
12.79
15.58
17.88
19.86
27,18

7.923
11.225
13,765
15.913
17.811
25.301

1,018
1.025
1,031
1.035
1.038
1.049

.01833
.02528
.03063
.03450
.03758
.04803

.01827
.02500
02964
03315
.03590
04328

17.90
24,7
29,54
33.32
36,41
46,62

817
84€
876
506
934
1059

346
339
335
332
331
325

U, = 800

nfs

6

= 20 deg

1000
2000
3000
4000
5000
10000

14560
16312
17796
19113
20312
25200

145943
16434,2
18047.1
19527.1
20918.3
27111.,0

3.93
6.99
9.57
11.82
13.83
21,04

23,93
26,99
29.57
31.82
33.83
41,04

20,102
22,476
24,579
26.448
28.150
35.110

1.043
1.047
1.051
1.053
1.055
1.U60

04296
04679
.05003
.05221
{15373
.05833

.04530
04927
.05218
.05438
05607
054961

27.48
32.32
36,08
33,15
41,73
50,46

794
828
860
392
923
1055

396
345
313
289
269
207




NOTS TP 3902

TABLE 7.

(Cont’'d)

L
deg

¥
deg

L

sec

Ye lnYe

InY.

T{
dep

AX
ft

000 fps

8

= =40 deg

5000
10000

5089
9070

7134.3
13500,6

44,49
47,79

6.794
12,426

1.028
1,060

.02761
05779

.02259
.03892

48,52
54,22

1999
1164

155
250

8

= =20 deg

1000
2000
3000
4000
5600
10000

2446
4475
6241
7823
9265
15145

2642,5
4901.6
6924,6
8786,3
10528,1
18148,6

22,24
24,08
25.67
27.08
28.35
33,44

8,543
10,176
17.095

1.007
1.018
1.027
1.034
1,041
1,074

.00668
01745
.02625
.03324
.0400Y
.07130

.00937
91664
02338
.02902
.03352
05298

24,44
28,00
30,99
33.59
35.89
44,59

1017
1034
1050
1066
1081
1143

113
180
227
261
288
373

000 fps

]

= =10 deyp

1060
2000
3000
200
5000
10000

40381
6834
9046
10941
12620
19196

4201,7
7120.0
9530.5
11649.3
13574,4
21644,5

13.77
16.31
18.35
20,08
21,61
27.52

4,191
7.076
9.431
11,477
13,316
20,797

1.015
1.026
1,035
1.043
1.050
1,082

.01499
.02586
.03450
.04201
.04917
07909

01491
02425
.03234
.03872

.04357
06408

17.48
22,37
26,23
29,42
32.16
42,07

1009
1023
1038
1054
1069
1132

249
320
357
380
397
443

000 fps

<)

= 0 deg

1000
2000
3000
4000
5000
10000

7778
10940
13343
15355
17115
23889

7842.0
11121.3
13676.1
15867.5
17830.4
25897.6

7.33
10.36
12,67
14.60
16,29
22,71

7.940
11.256
13,819
15,991
17.918
25,608

1,028
1.039
1.048
1.055
1.061
1,089

.02713
.03807
04641
.051316
.05931
.08554

.02800
.03823
.04698
.05352
.05819
07854

14,62
20,45
24,74
28,20
31.13
41,51

992
1007
1023
1040
1056
1125

536
523
515
510
507
503

000 fps

8

= 20 deg

1000
2000
3000
4000
Suuy
10000

21122
23049
24729
26242
27630
33350

21145,7
23135.6
24910,3
26545,1
28078,6
34817.,0

2.71
4.96
6.92
8,67
10,26
16.69

23,602
25,840
27.797
29,568
31,202
38,075

1.066
1,073
1.077
1.080
1.083
1,693

.066€3
07083
07437
07715
.07937
.08856

.08092
.08573
09267
.09735
09998
11660

25,88
29,63
32,71
35.34
37,63
46,06

948
974
998
1021
1043
1126

628
566
523
489
462
381

51




NOTS TP 3902

TABLL ¢, Ballistic Data for the Mk 76 “Mod 0&2/%
T
xR T N te | . 1| v | ax
ft ft f , deq deg | sec [ e In¥, In¥, deg | fps | ft
Uy = 400 fps 8 = =40 deg
50007 34041 6048,7 [55.75 15,75] 11.803 ] 1,0801,07678[,06366 | 65,14 637 | 78
10000 | 5345 11338.8] 61,88 | 21,88 19.231 | 1,127},119c9(,08541 | 72,00] 781 {10
Uy = 400 fps 8 = =20 deg
1000 1754 2019,0 { 29,69 | 9,69 4,780 {1.,032(.03169,03022] 38,07} 454 | 51
2000 2839 3472,7 35,16 15,16} 7,859 j1,053].05202],04749 ] 46,78 505 ]| 66
3000 3689} 4754,9 139,12 | 19,12 ] 10,337 | 1,070{.06728|.05982 | 52,36 551 | 74
4090 4407 5951.6 | 42,23 | 22,23 | 12,480 { 1,084],08020.,06925 | 56,36 | 592 [ 70
S000| 5038| 70Y8,0 | 44,78 { 24,78 14,401 | 1,096 |,09130¢{,07681 | 59,41 | 629 | 85
10000 348R812492,8 | 53,17 | 33,17} 22,174 | 1.139}.,13059],09754 | 68,11 755 [102
Uy = 400 fps 8 = =10 depg
1000 2335] 2540,1 ) 23,18 13,18} 6,110 | 1,041[,03989],03839 | 34,64 450 | A7
20001 3535 4Ukl,.6 | 29,50 | 19,50 9,401 ] 1,063{,06081|,U5643 | 44,66} 50U | 74
3000 4450} 5366,8 | 33,99 | 23,99 ) 11,981 | 1,079].07613|,06885 | 50,56 | 546 | 78
4000 | 5214 6571,6 1 37,49 27,49 | 14,186 {1,093},08902].,07818 | 54,85] 588 | 81
5000 5882 7720,0 | 40,37 | 3u.37] 16,149 | 1,105}.09975].08557 | 58,10 | 625 83
10000 B461(13099,2 | 49,77 [ 39,77 24,027 | 1.146}.13663],10510 | 67,25] 772 | 91
Uns = 400 fps 6 = 0 dep
1000} 30741 3232,6 | 18,02 | 18,02 7,990 | 1,053[,05117].04978 1} 33,76 | 444 4 81
2000 4303 4745,1 | 24,93 ) 24,93 11,365 | 1,074],07167].,06765] 44,031 495 78
3000 5230 6025.,3 1 29.84 | 29,841 13,950 | 1,091[.,08691[,07969 | Su.30 | 5462 | 77
4000) 60V4| 7214,4 | 33,67 | 33,67 16,207 | 1,105].09966].08865 | 54,67 584 | 75
5U001 66781 8342,4 | 36,82 | 36,82 | 18,187 | 1.115].10394},09567 | 57,97 622 | 75
10000 | 9285113645,9 | 47,12 | 47,12] 26,101 | 1,154,142971,11360 | 67,19 770} 72
Up = 40U fps 8 = 20 der
100V ] 4683] 4788.6 | 12,05 32.05| 13,230 | 1.083{,u7983],08070 1 40,02 | 434 ! 68
2000 5704 6044,5 119,32 | 39,32} 16,319 | 1,100[.U9558|,09543 | 48,77 489 | 51
300U 6506 7164,4 [ 24,76 | 44,76 18,799 | 1,114],10769],10550 | 54,23 537 | 42
4000 7189 8226.9 | 29,09 | 49,09 20,944 | 1,1247,11725].11290 | 58,081 5fu | 35
30001 7793 9259.1 132,68 [ 52,68 22,8631 1.133],12513}.11880 ] ¢1.,00} 619 29
10000 10173114265,0 | 44,51 | (4,51 | 30,638 | 1,163|,15092.13250 | 69,16 770 { &




ROTS TP 3502

TARLE 8., (Coent'd)
z X R T b
¢ Y £ ! Aax
ft ft ft deyg Jeg l sec ¢e 1“‘5 1“‘& dep |fps ft
Uy = 600 fps 8 = <40 degp
5000} 4208 6535,0 149,92 9,921 Y,788 | 1.0901.,08572|,07439 | 57,55] 741109
10000] 6922112162,0 | 55,31 | 15,31} 16,839 | 1,149 |.13880[,10500 | 65,21 | 842159
Ug = 60U fps @ = =20 deg
1000} 2018 2333,2 | 25,38 5.38| 3,840 {1,035].,03440,.03429 { 30,50 | 620! 78
20001 3591 4110.46 129,12} 9,12 6.668 | 1,062].,06006{.05671 | 37,33} 645|107
3000| 4758 5050,2 | 32,07 12,071 9,028 1,084(.,08047],07328 | 42,38 671124
4000| 53141 7057.1 } 34,53 | 14,53, 11,105 | 1,101].09649 [,08622 | 46,34 | 697135
5600] 6721 8376.,9 ! 36.¢5| 16,65 | 12,988 | 1,117].11082],09686 | 49,57 | 722145
1000010263 14329.,3 | 44,26 | 24,26 | 20,722 | 1,175{.16152[,12690 | 59.83 | 826|173
Uy = 600 fps 0 = -10 dep
1000 3075] 3233.5 | 18,01 8.01 5,401} 1,051],04955(.,04773 | 23,72 | 608,124
2000] 4811} 5210,2 | 22.57 | 12,57 | 8.629 | 1.080].,07687,07250 | 34,02 | 632141
J000( 6143 6336.4 | 26,03 16,03 [ 11,196 | 1,102|,097491.08972 | 39,83 | 639150
4000 7258 4905.,0 | 28.86 | 18,86 ( 13,402 | 1,121{,11395(.,10270 | 44,27 | 685154
50001 8232 9631.5 31,27} 21,27 | 15,373 | 1,137[.,12795},11320 | 47,32 ] 711|158
10000111987 |15610.5 | 39.84 | 29,84 23,333 | 1.191].,17496|.14140 | 58,79 | 818169
Up = 600 fps @ = 0 deg
1000 45641 4672.3 | 12,36 12.3bl— 8,028 | 1,074{,07167],06976 } 24,45 | 591178
2000 6367 6673,7 | 17,44 | 17,64 | 11,435 | 1,104{,09903].09449 | 33,51 | 617169
3000 7720 8282.4 | 21,24 | 21,24} 14,801 | 1,1271.,11912},111NC | 39.65] 645/1¢5
4000 8846 9708,3 | 24,33 24,33 16,334 | 1.144],13444(,12320 | 44,25] 673161
5000] 9828[11026.8 | 26,96 26.96 | 18,339 | 1,158]|.,14704(,13300 | 47,89 ] 700{158
10000{13613116891.2 | 36,30 | 36,30 | 26,370 ] 1,208}.188631,15820 | 58,94 | 813]151
Us = 600 fps 0 = 20 deg
1000} 8354 8413.6 6.83| 26,83 16,373 | 1,1441,13462{,15590 ] 33 891 3551166
2000 9680 9884,5 | 11,67 31,67 | 19,23R | 1.165;.,15255{.,15280 | 41,07} 591|135
3000110759{11169,4 | 15,58 ] 35,58 21,6131 1,181{.16602],16460 | 46,14 ] 626|116
4000111963112358,2 | 18,891 38,891 23,698 1,193|,17664|.17340 | 49,99 659103
S00G112530(13490.8 | 21,75 41,75 25,5565 | 1.203(,18507].18050 { 53,05 689 92
1000015391 [18775.6 | 32.18 | 52.18 | 33,311} 1,235(.21115(.19650 | 62,37 811] 59
53




NOTS TP 3902

TABLE 8,

(Cont'd)

v
deg

ts
sec

Ye

lnve

iny |
c

i ”

deg

Uy
fns

fa}.4
ft

U, = 800 fps

= =4

0 deg

5000
16000

4704
8002

6865,0
12807.5

46,75
51.33

6.75
11.33

8.322
15,072

1.111
1,198

.10517
18057

.09266
13690

52.7317852

60,41

894

132
199

Uo = 800 fps

L

0 deg

1000[
2000
3000
4000
5000
10000

2312
4088
5564
6845
7986
12452

2519.0
4551.0
6321.2
7928,1
9422.1
15970.4

23.39
26,07
28,33
30,30
32,05
38,77

3.39
6.07
8.33
1‘;.30
12,05
18.77

3,174
5,751
7.985
9.995
11,841
19.593

1,042
1,077
1,106
1,131
1,153
1,249

.04085
07371
.10093
+12319
+ 14245
«21414

,11280

04121
«07105
,09425

12820
17360

20.76
31.98
36,20
39.86
42,96
53,83

790
791
798
807
818

98
144
171
190
204

8701245

Uy = 800 fps

- -1

0 deg

1000
2000
30006
4009
5000
10000

3620
5827
7533
8961
10207
14974

3755.6
6160,7
8108.4
9813,2
11365.9
18006.1

15,44
18,94
21.71
24,06
26,10
33.74

5.44
8.94
11.71
14.06
16.10

4,815
7.970
10,525
12,739
14,729

23.761 22.833

1,065
1.105
1.137
1.163
1.185
1.267

LU6288
. 10003
.12813
.15083
16991
.23626

U6158
.0966)
.12170
. 14090
» 15640
19930

20,93
27.82
33.06
37.30
40,83
52.69

768
766
773
784
796
858

178
215
229
237
243
258

Up = 800 fps

= 0

deg

1000
2000
3000
4000
5000
IOOUOJ

5993
8326
10006
11498
12749
17534

6080,8
8562,8
10498.7
12173.9
13694.4
20185,2

9.47
13,51
16.60
19.18
21,41
29,70

9.47
13.51
16.60
19.18
21.41
29.70

1

3.032
1..532
14,215
16,506
18.548
26,750

1.106
1.148
1.179
1,204
1,224
1,294

10057
.13785
16475
. 18540
. 20196
«25774

. 10040
.13590
. 16010
.17810
.19230
422980

19.33
27.27
33.60
37,50
41,19
53,14

731
733
744
758
774
849

305
287
276
268
262
249

Uo = 800 fps

= 20

deg

1000
2000
3000
4000
5000
10000

12617
14119
15381
16496
17507
21648

12656,06
14259.9
15670.8
16974.,0
18207,0
23846.1

4,53
8.06
11,04
13,63
15.94
24,79

24,53
28,06
31,04
33,63
35,94
44,79

19,558
22,208
24,466
26,486
28,338
36.025

1.234
1.258
1.277
1,292
1,303
1.340

.21034
+22960
. 24436
.25580
. 26498
.29289

.22490
. 26530
. 26050
+27190
.28110
.30190

3'.73
37.58
42,02
43.57
48.51
58.05

£54
678
701
728
751
845

282
241
214
194
179
134




TABLE 8 (Cont'd)

Z X R ¢ Y te v | Uy | ax
ft ft ft deg deg sec we 1nve ln'c deg fps| ft

Uy = 1000 fps 6 = -40 deg
i

5000 4998l 7069,7 | 45,01 | 5,01} 7,365 |1,177],163221,15550 | 49.96 | 933{135

10000 8680]13241.7 49,04 1 9,041 13,912 | 1.315],27406{,24510 | 57,46 | 930(228

U, = 1000 fps 6 = =20 deg

1000| 2432] 2629,6 | 22,35 | 2,35 2,717 | 1,066|.06354|,06642 | 24,78 | 940,111
2000] 4405 4837,8 | 24,42 4,42] 5,108 | 1,122{,11529(,11800 [ 29.03 | 909|171
3000| 6076 6776,3 | 26,28 | 6,28 | 7,262 |1,172/,15905/,16030 | 32.80 | 892|208
4000] 7537 8532,7 | 27.96 | 7.96| 9,240 ]1,214{,19425(,19500 } 25,1€ | 924|233
5000 8843(1C158,7 | 29,48 | 9.48 ] 11,082 | 1,250{,22346,22430 | 39.16 | 879251
10000113926 [17144,5 | 35,68 | 15,68 | 18,950 | 1.396.33347 |.32190 | 50,44 | 891|301

U, = 1000 fps @ = <10 deg

(o}

1000 4003 4126.,0 | 14.03 | 4.03| 4,378 {1,107],10138(,10430 | 18.30 | 899|232
2000] 6569 6806,7 | 16,93 | 6,93 7,499 | 1.176/,16212{,16800 | 24,36 | 865281
3000 8555 9066.7 | 19.32 | 9.32| 10,073 | 1,228].20555(,21540 | 29,27 | 851|300
4000110211 ]10966,5 | 21.39 | 11,39 | 12,320 | 1,272/,24043[,25210 | 33.39 | 847311
5000[11649(12676.7 | 23.23 | 13.23 | 14,354 | 1,309|.26911|.28200 | 36 .14 | 848|316
10000{17078{19790,4 | 30,35 | 20,35 | 22,682 | 1,445]|.36783|.,37670 | 49.44 | 874331

Uo = 1000 fps ¢ = O deg

1000( 7237) 7305.8( 7.87| 7.87| 8.183|1,187{.,171341,18570 [ 16,64 | 830434
2000] 9953({10152,0 | 11,36 | 11,36 | 11.695 | 1,255|.22714{,25060 | 24,00 | 811|400
3000{11958)12328,6 | 14,06 | 14,08 | 14,428 | 1,304} ,26559 [.29650 | 29.49 | 808381
4U000113607]14182.8 | 16,38 | 16,38 | 16,764 | 1,343] ,29491(,33090 | 33.92 | 811367
5000({15032}115841,7 | 18,40 ] 18,40 18,350 | 1.376|,31882},35840 | 37.65 | 819|358
10000{20425{22741.6 | 26,09 | 26,09 | 27.261 | 1,490|,39211[.44360 | 50.23 | 864|336

U, = 1000 fps 0 = 20 deg
1000;16519116549,2 3.46 | 23,46 | 22,289 | 1,411].34402|,45110 | 31,67 | 714[385
<000[18082118192,3 | 6,31 }26,31{ 24,770} 1,441|,36513(.48460 | 36,69 | 732|338
30001 19433119663,2 8.78 | 28.78 | 26,937 | 1,464 ,33126|,51280 | 40,66 | 7521307
4000|20639121023,0 | 10,97 | 30,97 | 28.900 | 1.483].394941.5341G | 43,94 | 771284
5000|21735(22302, 12,96 | 32,96 | 30,713 | 1,500/ ,405531.55150 | 46.73 | 789|266

10000]26335]28169.7 | 20,79 | 40,79 | 38.375 ] 1.550| ,43832 .6087OJ 56,14 | 8641216
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TABLE 9,

Ballistic Data for the 1{D=200

ft

R
¢
fe deg

¥
deg

sec

Ve

Invy
e

iV
c

| ik

fps

aX
ft

Uy = 400 fps

6 = =20 deg

100
200
300
400
500
1000

252
461
633
780
904
1315

271.1 | 21.64
502.5 | 23,45
702.3 | 25,29
876.6 | 27.15
1033.1 | 28,95
1652,0 | 37.25

1.64
3.45
5.29
7.15
8.95
I17.25

L] 7“9
1,511
2,265
2,999
3.711
6,922

1.145
1.331
1.500
1.676
1.837
2,648

. 13540
328()01
+ 40560
51641
.60835
«97380

. 1453
. 2650
+ 3640
24458
«5152
+7385

23.55{
27.73
32,25
36,88
41,45
59.75

329
282
251
230
216
192

12
19
22

-
&

24
22

U, = 400 fps

6 = <10 deg

100
200
300
400
S0C

1000

429
698
888
1036
1125
1532

440,5 | 13,12
726,1 | 15.99
937.3 | 18,67

1110.5 | 21.11

1258.¢ ' 23,71

1829.5<133.13

3.12
5.99
8.67
11,11
13,41
23.13

1,308
2,405
3.357
4,215
5.008
8.350

1,277
1.523
1,754
1.953
2,143

3.000‘

024412
,42068
056213
+66947
.76211
1.,09851

.2360
+3829
+4857
.5650
.6281
.8209

17,02
24,28
31,14
37.44
‘.3.13
62,50

287
239
214
200
192
185

27
29
29
27
25
20

o

U, = 400 fps

6 = 0 deg

100
200
300
400
500
1000

787
1024
1183
1303
1400
1715

793.3 | 7.24
1043,4 ] 11,05
1220.5 | 14.23
1363.0 | 17,07
1486.6 | 19,65
1985.3 | 30,25

7.24
11,05
164,23
17.07
19.65
30.25

2,706
4,017
5.014
5.882
6,669
9,939

1,606
1.897
2,132
2,343
2.537
3.382

47262
64027
$75711
.85152
+93106
1.21835

4264
«5532
+6373
.6998
« 7497
+9050

-

17.91
28.29
36,51
43,30
48,99
66,51

219
193
182
177
176
182

43
33
28
25
22
15

U, = 400 fps

8 = 20 deg

200
300
400
500
1000

100 |

1436
1525
1599
1661
1715
1910

1439,5 | 3.98
1538.1 7.47
1626,9 | 10,63
1708,5 | 13.54
1786,4 | 16,25
2156.0 | 27,63

23,98
27.47
30.63
33.%4
36.2

47.63

7.415
8.266
9.032
9.742
10,410

13.402

2,652
2,851
3.030
3.198
3.357
4,081

.97528
1.04781
1.10843
1,16246
1.21102
1,40634

L8280
.8768
9166
L9494
9774

1.072

45,46
52,00
57.04
61,06
64,35
74,71

155
159
163
167
171
185

17
14
11

56



TABL™ 9,

(Cont'd)

3

fr

X
{t

der

¥
dep

te
s5ecC

Ve

Invy

e

inv
C

deg

Ax
ft

= 600

fps @

= =20

deg

100
200
300
400
500
1000

263
502
713
897
1057
1591

281.4
540,4
773.5
982.1
1169.3
1879.2

20,82
21.72
22,82
24,03
25.32
32,15

.82
1.72
2.82
4,03
5.32

12,15

+525
1.116
1,753
2.417
3.096
6.334

1,222
1.356
1.574
1.806
2.039
3.286

1
|

.20008 |
« 30417
«45349
.59089
71246
1.18%67

1516
« 2886
4087
«5127
6024
.8935

21,69
23,99
26,90
30.31
34,17
53,12

482
398
337
294
262
202

14
23
30
33
34
32

Uo

= 600

fps @

= -10

deg

100
200
300
400
500
1000

487
833
1085
1277
1429
1896

497,2
856.7
1125,7
13138.2
1514.,0
2143.6

11.60
13.50
15,46
17,139
19,28
27.80

1,60
3.50
3.46
7.39
9,28
17,80

011
.032
984
L 8e8
096
.166

1
2
2
3.8¢
4,09
8.16

1,293
1,662
2,004
2,327
2.636
4,019

.2568Y
. 50772
.69500
LB444G
,96930
1.39103

+2679
+4570
+5935

he r
.6IUJ

7771
1.016

13.78
18.94
24,64
30,34
36 .37
57.98

404
309
260
<31
212
188

38
46
45
“3
39
28

Uo

= 600

fps 6

= 0 degp

100
200
300
400
500
1000

1070
1357
1547
1636
1794
2148

1074.7
1371.7
1575.8
1732,8
1862.4
2369,4

5.34
8.38
10,97
13.35
15.57
24,96

2,34
8.38
10,97
13.35
5¢57
24,96

2.853
4,158
5.189
6.085
6.394
10,249

1.955
2,431
2.805
3.149
3.477
4,850

.6701Y
. 86810
1.03147
1,14708
1,24605
1.57902

5798
.7331
.8333
. 9056
L9607
1.133

14,65
24,41
32,46
39,73
45,51
64,44

256
213
195
186
181
182

71
52
42
37

0
&

21

o

= 600

fps @

= 20 Jeg

100
200
300
400
500
1000

1963
2040
2107
2164
2215
2404

1965.6
2049.8
2128.13
2200,7
2270.7
2603.7

2,92
5,60
8.10
10,47
12,7
22.59

22,92
25,60
28,10
30,47
32.n2
42,59

8,903
9.674
10.388
11,060
11,702
14,630

4,177
4,475
4,749
5,012
5,261
6.411

1.42952
1.49857
1,55789
1.61172
1.66031
1.8503

1.131
1.172
1,207
1.236
1.262
1.350

50.80
55.93
60,05
63,44
66,28
75,56

161
164
168
171
175
187

18
15

10

57
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TABLE 9, (Cont'd)
Z X R ) Y te , Uy |ax
ft | ft ft deg | deg sec Ve lnqe lan dog |[fps | ft
U, = 800 fps 8 = =20 degp,
100} 268 | 286,020.,46| .46 <4011 1,201) .18340) ,154% ] 20,98[638 | 15
200 [ 520, 557.1{21.04] 1,04 o875 | 1.395] .33268( ,2949 | 22,40(517 | 27
300 ) 752 | 809.6(21,75( 1.75) 1,413 |1,634] ,49072} ,4311 | 24,34/427 |35
4071 962 | 1041,9/22,58| 2,58 | 2,002 {1,893} ,63800| ,5498 | 26,84[362 | 40
500 | 1149 | 1253,1]23,52| 3,52 | 2,631 2.177| .77776| .6548 | 29,91|312 | 43
1000 | 1786 | 2046,9129,24] 9,24 | 5,845 | 3.854|1,34914(1,003 | 48,22{213 | 40
Uo = 000 fps @ = ~10 deg
I00 | 515 524.6]10.991 .99 «813 [ 1,337 29058 ,2833 | 12,32]|524 | 46
200 917 | 938.6{12.30{ 2,30t 1,741 | 1,758 .,56406( ,5030 | 16,09|380 | 60
300 | 1219 | 1255,4(13.83| 3,33 2.676 | 2,209 ,79236| .6668 | 20,88|304 | 60
400 | 1450 | 1504,2|15,42} 5,421 3,517 2,645, ,974C3] ,7972 1 26,28|259 | 56
SVV | los2 1 1700,9)17.03) 7.03 4,415, 2,075]1,12317| .BR75 | 31,81]231 | 49
1000 | 2169 | 2388,4(24,75{14,75| 7.994 | 5.065/1.,62230]1,162 | 54,86]190 '34
Uy, = 800 fps 6 = 0 deg
100 | 1307 | 1310.8] 4.38] 4,38 | 2,923} 2,329| .84540| ,7082 ] 13,02]279 | 97
200 | 1628 | 1640.,2]| 7.001 7.00| 4,263} 3,002/1,09931| ,8796 | 22,45]225 | 68
300 ] 1835 | 1859.4) 9.29) 9.29 | 5,318 3,545]1,26540] ,9885 | 30,46202 | 54
400 | 1985 | 2024,9(11.39{11.39, 6.230 | 4,039]1,3959211.066 | 37.52]191 | 46
500 | 2100 | 2158,7(|13.39(13,39 | 7,053 | 4.511|1,50643}1,124 | 43.75[184 | 40
1000 | 2477 | 2671.2121,93;21.98} 10,445 | 6,48411,3093711,307 | 63,40[183 | 25
U, = 800 fps 6 = 20 deg
T
100 | 2355 | 2357.1 2.43(22,43 | 9.954 {6,063{1,81218{1.358 | 54,93|165 | 18
300 | 2485 1 2503,0] 6.83{26.88 | 11,358 | 6.852]1.92454 (1,424 | 62,71)171 | 12
400 | 2538 | 2569,.3| 8,46(28,96 | 12,006 | 7.219/1,97678]1.450 | 65,64{175 | 10
500 | 2586 | 2633,9|10,94|30,94 | 12,629 | 7.571]2,02432|1,473 | €3,144177 | 8
1000 | 2768 { 2943,1[19,86(39,836 | 15.509 | 9.204[2,21968{1.554 | 76,50/188} 2
L
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E., BALLISTIC CURVES AND SENSITIVITY GRAPHS

In this section are pgiven graphs (Fip, 20 through 44) showinpg the
curves of ground range X, time of flight tg, impact anple 7, impact
velocity Uy, and lead angle 7, all plotted apainst release altitude for
a family of release veloclities, at three release anples, for the 'k 83,
Mk 76, and the fictitious HD-200 borm' s.

Also included are a number of sensitivitv curves for the same bombs
and the same release conditions, These curves show the chanpge in the
specified trajectory parameter caused by an incremental chanpe in one of
the independent release variables Z, U,, #, or cKy. They are of value,
for example, in quickly estimating the effects on the trajectory of
errors in the release conditions and are useful in varfous other appli-
cations. The fipures 400, 600, 810, and 1,000 on the curves refer to

release velocity in feet per second.

However, in some applications, the curves rust be used rather care-
fullv since thev were obtained hv varving in a small ameount cach of the
independent release variables Z, #, Uo, and cKpy, in turn frem a piven
set of "standard” release conditions, Thus, the curves shov only the
chaage {n the trajectory caused by a slight change in a single release
variable, 1In analyzinp many fire control systems, account rust also be
taken of the specific system mechanization and of the method of aiming
before data pcints of the curves can be applied correctly,
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FIG. 43, Lead Angle Sensitivity to Release Velocity
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F., BOM3 DATA

Table 19 gives sore pertinent unclassified information on variocus
bomts. The correct Kp function {s given and the various Kp functions
may be found tabulated in Section III1,C, 1In most cases, several bombs
can be made to use the ssme Kp curve by incorporating a correction fac~
tor in the value given for the reciprocal ballistic crefficient, c,.
Thus, ¢ may include a form factor unequal to 1 (3ee Section 11.B.3).

For reference to these bombs, a shortened designation system i{s used;
i.e., the Mk 81 Mod 1 bomb with electric fuze {s writren Mk 81/1/E- For
most bombs the mou number follows the first bar; after the second bar is
given other pertinent conditions are given by the following abbreviations:

T without fuze
E electric fuze
M mechanical fuze
L with lups
N  without lups
WF water filled
WS wei sand filled
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TABLE 10, Bomb Data

Bonrb Mod Di:i?tcr' Weight, Speciffcations ft’?lb Keotizie
Mk 28 (EX)1}20.00 2040 - +0008262] *k76/4/T/N
Mk 43 0 18,00 2125 Large fin, nose Mod 1| .0010586 Mk43/0 nose YMod 1
(with large fin)
Mk 57 0, 1114,75 500 - .00244 "
Mk 76 0, 2] 4.00 23,6 | Without lugs 004706 | *Mk76/062/N
Mk 76 2 4,00 23.6 | With lugs " ].006379 | Mk76/082/8
Mk 76 4 4,00 24,23| “ith lug, no fuze .004586 | “Kk76/4/T/L
Mk 76 4 4,00 24,23 Without lug or fuze ,004586 | Mk76/4/T/N
Mk 81 1 9.00 270 Llectric fuze .002937 | Mk83/2&3/E
Mk 81 1 9,03 270 Mechanical fuze ,003916  MKk83/2&3/E
Mk 82 0, 1j10.75 500 Electric fuze ,001814 | MKk83/2&3/E
Mk 82 0, 1]10,75 500 Mechanical fuze ,002721 | Mk83/2&3/E
Mk 83 2, 3]14,00 985 Electric fuze .001382 |k83/2&3/E
Mk 83 2, 3]14.00 985 Mechantical fuze .001759 | Mk83/243/E
Mk 84 1 18,00 1970 Flectric fuze ,001142 | Mk83/253/E
Mk 84 1 18,00 1970 Mechanical fuze .001522 | Mk83/2&3/E
Mk 86 0, 1} 9.00 140 Water filled .005936 | Mk83/283/E
Mk 86 0, 1] 9.00 200 Wet sand filled ,003994 | Mk83/283/E
Mk 88 0 14,00 458 Water filled ,002972 |Mk83/2453/E
Mk 88 0 14,00 783 Wet sand filled ,001738 |Mk33/2&3/E
Mk 89 0 4,00 56 Without lugs .002877 |Mk83/2&3/E
Mk 89 0 4,00 56 With lups .004250 | Vk83/2&3/E
Mk 106 0 3.87 4,63 - .1306 Std Gl drap
function
Mk 106 2 3.87 4,65 - .1511 "
HD-200 - - - . 1000 .1066 (constant)
v =<0,73
AN=M57A1] - 10.80 284 M126 fin assembly ,002853 JAl=M57A1 M126 fin
AN=M64AL1| - 14,20 587 M128A1 fin assembly ,002385 [ AN-M64LAL
M128A1 fin
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IV, NOMOGRAPHS

The nomographas piven herewith allow rapid evaluation of manv {mnor-
tant parameters. While they cannot give the accuracy of a computed value,
they can give an answer that {s well within allowable limits of error
(usually less than one or two percent) for design and analysis of bombs

and types of fire control systems.

Many of the nomographs are versatile; on some of the graphs efither
of two var{ables may be given and the rematning one calculated. They are
most accurate near the center of their ranges; on some of the granhs the
error will fncrease as velocities tend toward the speed of sound. The
emphasis 1is on subsonic application througheout.

On all nomographs the examples given are drawn as dotted lines on
the graphs., In some cases, a small diagram is given and on the most in-
volved nomogranhs detaliled instructions are included.

The nomographs are divided into four szctions, which are described
below. The first section contains graphs anplicable to all bombs; the
second contains vacuum solutions of the trajectorv which might bhe useful
in allowing for delav times; the third section deals with graphs appli-
cahle only to standard drag bombs; and the last section is restricted to

retarded bombs.

It should be noted that many of the standard drag bombs require
knowledge of the cKp product. In such cases, a small copy of nomopraph
7 1s included; Mach numhers may be obtained from nomographs 7 or 16,

SUpon request, NOTS, China Lake, will nrovide specific nomographs
on plastic.
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DESCRIPTION OF NOMOCRAPHS

A.

1.
2,
3.

GENERAL USACE (p. 88)

Altitude, or gpround renge (three nomographs in one)
Altitude, or ground range
Slant range

VACUUM SOLUTIOHS (p. 94)

b
5.
6.

Ground range
Impact angle
Altitude

STANDARD DRAG BOMBS (p. 100)

7.
8.
9.
10.
11.
12,
13.
14,
15.

Mach number, KD’ cKD product, altitude corrections
Impact angle

Time of flight, or ground range

Altitude

Altitude or ground range, level release

Ground range, loft bombing from Z = O to Z = O
Ballistic lead angle using ground range data
Ballistic lead angle using altitude data

Change in ground range due to small change {n angle of release

about level release

RETARDED BOMBS (p. 118)

16.
17.
18,
19.
20.
21.
22.

23.

Mach number, KD' cKD product, altitude corrections

Imnact angle

Time of flight, or ground range

Altitude

Ground lag, ground range, or altitude, level release

Balli{stic lead angle using ground range data

Change in ground range due to small change in angle of release
about level release.

Time of flight or altitude, level release

——— Gy e - - - - -

A. GENERAL USAGE

Nomograph 1. Altitude, or Ground Range

88

This nomograph solves the relations

Z =R sin ¢ ,
2 =X tan ¢ ,
X = R cos ¢ .

Given any two of the vartables, R, X, 7, or ¢ , the remaining two
can be determined.
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Nemoerenh 2,

Given Z, X way b2 sclved for using this graph,

revorged

This nczograph eolvas eq. Sla.

Altitude or Cround Ronge (General Usage)

The process may be
to solve for Z althoush en iteratiecn process moy be necessoary,
E{tker ncuogreph 7 or 16 may be used to

dotermine the clfp value, deponding en the type of boub being studied,

Use

1,
2,

of ncmogrepht

Locate relezse engle on upper left geole, leabel as A,
Locate velocity on lowsr left scale, label as E,

3, Construct line AB, lebel as C the point vhere AB crosses upper
oblique index,
4. Locate altitude on far left scale, label as D,
S. Construct line CD, label as E point where CD cuts center verti-
cal {ndex,
Steps 1 through 5 may be carried out on smsller scales at
lower right center; this will give the same point E.
6., Locate releasce angle on scales in lower right, label as point
F, Note that there are different scales depending on sign of 4,
7. Locate velocity on scales in lower right corner, Note that
different U-scales are uged for different signs of @,
8., Construct line FG, lebel as H intersection of FGC and left
vertical irdex line, Construct line EH,
9. Locate # on upper right scale, label as J,
10, Locate Z on upper right scale, label as K,
11, Construct line JK, label as L intersection of JK with index
line, Locate and label as M the correct cKp value,
12, Construct line LM, label as N the intersecticn of LM and upper
left vaertical index line,
13, From N, trace along curve to the left where curve intersects
line EH; note value of ground range,
Mo e
TH+LL ) Example, Mk 83 Bomb:
1" KT‘ 9 s =20 deg
. h U = 600 fps
\ ! Z = 3000 ft
‘L / Read: X & 4850 ft
0\\ \\ /’ Computed:
2 SN\ ¢ X = 4880 ft
\\\ /
>~ ,/ o e—— Use this scale {f
\ S ) iV 0 negativa
\ y/
\
[} <]
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Nomograpk 3. Slant Pange (Gencral Usape)

This nomograph solves the relation

R2 = X2 + 22

for any of the variables R, X, or Z, given the other two.
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B. VACUUM SOLUTIGNS

Nomopronh 4. Ground Range

This nomograph solves the relation

X = Ut ~08 8 .

Given any three of the variables X, U, t, or 8, the fourth may be
found merely by interchanging, as required, the steps i{ndicated on the
nomograph (use dfagram).
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Nomograph 5. 1Impact Angle (Vacuum Solutfons)

Using the equations for the trajectory I{n a vacuum, this nomograph
allows rapid determination of {impact angle. The nomcgraph i{s based on
eq. 26,

For s*andard drag bomks, this might serve as a very rouph apnroxi-
mation of the actual conditions; other nomographs of this scction might
also be apnlicable to solution of problems Involving delay times of re-
tarded bombs.

Use of Nomogranh S: Given 8, U, and t, enter the nor»granh as {n-
dicated by the nomograph diagram below to find the {mpact angle.

.:_?i -
I\
f\e

I

> — N

—

i
|
3| \ -~
|
|

' \
40

|
|
& \

Example:

0 = =20 deg
U = 500 fos
t = 2 sec (time of flight)

Read: 7= 26,6 deg
Computed: T = 26,61 deg
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Komoerenh 6. Altitude (Vacuum Solutions)

This nozograph solves the relation

2= Ut gin 0 + %‘!tzo

Given any three of the four variables Z, U, t, or 6, the fourth
may be determined. Use of the nomograph is stratghtforward.
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C. STANDARD DRAG BOMVD

Nomopranh 7. Mach Number, e cKn Product, Altitude Corrections

This nomograph uscs empirical data to determine several different
quantities, Values of c, the reciprocal ballistic coefficient, are {n=-
dicated for various becrbs on one scale, Reference to the bomb data sec~
tion (III,F,) will show that many bombs follow the Ky curves that are
graphad here., 1f a bomb follows a Kp curve not graphed, {ts Kp values
may be taken from the Kp curve gection and this value may then be located
on the far right scale,

Using the first three steps of the following procedure, the Mach
number for a given velocity and altitude may be found, It is also pos~
sible to calculate another parameter, 1000 (p/0,) cKp, that is used some~
times as a correction rather than merely taking the value of 1000 cKD.

It should be noted that with this nomograph, one need not necessaril-
start with step one of the procedure. Depending on the amount of informa-
tion known beforehand, several steps may be eliminated, The complete
procedure follows:

1. Locate release velocity, label as A.

2, Locate alt{tude on oblique scale, label as B,

3. Construct line AB, extend to Mach number scale. This is value
of Mach number under given conditions; label as C,

4, From point C, go vertically to intersection with appropriate Kp
curve, then horizontally right to Kp scale, This gives the
value of the ballistic drag coefficient under the given conditions,
1f Kp 18 known from some other source, it may be located immedi-
ately without going through the preceding steps; label as point D,

5. Locate value of ¢, label as E,

6. Construct line DE, determine intersection of DE with 1000 cKp
scale, Note that units here are ft?/lb; however, in most of the
following work, units will be £ft?/1000 1b, Thus, the number read
here gives the value of cK, product in units of ££2/1000 1h:
label as F,

7. Locate altitude on far right scale, label as G,

8. Construct line GF and extend to far left, read off value of
1000 p /oy cKp.

Lo

100




NOTS _TP_3902

*HU0J103110) PNV ‘asnpoay auu .cx ‘29qung Yot * L HAVEIOWON

200 -
J
) ON MOV W
L 0 60 80 10 90
u b o33 411 i 1.4 1 3 1 1 _
-
€00 —
-
b — %00
.In. -
m =
»00 -
L v\.ﬁ- - 900
. ) -
. k — 800
S00 — A -
. « b— 01 0
] L
%0 —] N
00 —1 E
— / ] AA/O - o0z0
0~ ] Lt nvto.o, N
vaA 800 mér )Y r\L_l
- — ——N e
000'¢ & 600 — o5 o0
z
uh. 01O =i 65 -
000'01 / t— 0% 0
- \ L
— L — 090
610 — \ L— 060
— 00!

/

e
o

L
o~
o

3
o

2
(=]
bbbl by

g
-]

(8,5, 00y 00% 009
e b
00§ 009 001 008 006 ¢ o

SLIONY ‘ALID0T3A 3SV3NIH'N

235744 'AL1D013A 3Sv3ITW 'n

{urg 96107 5 GON #sON) O/E Pun —
371NN ——d

-

388NN —|

W//ERAN e

S 70/88 0
N/S2iEEYN

3/1°072Y wiN —od

Y

Vi IgB2IN-IY PIN NY
.muw VOLSAN =
3 WiV 20¥N 1
o Vi STUN-IY JSMNYL
e z\o\mw:L 3
..fo\uox:L
FAUEAN]

SN/ 196V N
W8N
V0/68wN ~—
VO N/L/P/WYN |
N/2'O/9 N ——

‘Y|I¥TI([7 IVYYKIYVYY[

IM/CIIBIN e
V2IUAW ———

BRRER R

oo

QL0

02006¢

Q200G

cgoocC

0r000

0620°C

09000

87,14 'IN3I213430D J11S11IVE ITICHAI Y )

Torp e e
~
«

$2 ¢

[

r[y-y”l T v 1 I""I"

wr

rtrer ot

’») SO

N
¢
.

°u>(:

101

3est Availeble copy




HOTS TP 3902

Nomoerenh 8. Irpact Angle (Stendard Dreg Bombs)
This nomogroph uses eq. 51b to determine the {mpact angle.
Use of nomogropht

1, Use Nooogreph 7 to determins the ¢Kp value, Locate this value
on groph scale, label as A,

2, Locate altitude on left scale, label as point B,

3, Construct line AB, label intersection with oblique index line
as point C,

4. Llocete ground reonge on bottom left scsle, label as D,

3. Construct line CD, label intersection of CD with horizontal
index line a2a E,

6. Draw vertical line through E to intersection with appropriate §
curve, then proceed horizontally to right to vertical index
line, Label point of intersection with {ndex as F,

7. Llocate velocity on far right scale, label as G,

8. Construct line FG, label intersection of FG with upper oblique
index line as H,

9. Locate ground range on upper right scale, label as J,

10, Construct line HJ, label intersection with horizontal index as K,

11, Locate release angle on lower right scale, label as L.

12, Construct line KL. Read r where KL crosses scale,

Example:

Mk 83/2&3/E Boumb
Z = 5000 f¢t
@ = =10 deg
U = 1000 fps
X = 12,620
Read: 7 = 31,5 deg
Computed:
T = 32,16 deg.,
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Nomogranh 9, Tim2 of Flight or Ground Reuge (Standard Drag Bombs)

This nomograph uces a slightly modified form of eq. 52; here "a" is
choaen for beat fit rather than uesing 3/4.

Given X, t pay be deterrmined; end given t, X may be found, Instruc-
tions are for gotting X, given t, The other method should be obvious
once this caze {2 studied,

Use of nomograph:

1,
2,
3.
4,

5.
6.

7.
8.

9.
10,

104

Locate time of flight on left scale, label as A,

Locate velocity U, label as B,

Construct line AB, label as C intersection of AB and left {ndex
1ine,

Determine value of cKp from Nomograph 7, locate value and label
as D.

Locate altitude on oblique scale, label as E,

Construct line DE, label as F intersection of DE with right
index,

Construct line CF, label as G {ntersection of CF and curved
scale,

Connect G to index point and extend line to left index, label
as H.

Locate angle 0, label as J,

Construct line HJ, extend HJ to X-scale, read off X,

tNDEX
POINT

»
x vaLUE




NOTS TP 3902

13 0001/
RARSRARENS RARA SRR RARERERERNE
Y\ : .
o o
JV
\ %0,
© %0,
\ s “u,
N
$33u030 ‘I1ONY 35VIT3 P \ , SIONY “AL3073A N

3 ~ 8 %

lllA‘ !‘\ll |JL|1 ;‘[Yx ;‘r‘r,. v Ay i i
Irnvp1]nlr] it .1WrrvKIrv:v|v ] T T
8 8 8 2
v

N - ”
/ \ 535713 41130734 °N
3

87 000°1/,13 ‘"3
/

T{me of Flight, or Ground Range.

NOMOGRAPH 9.

| o L o B
/ g § = v
{'t‘: aQm
\ Aot g 38%
\ wefoy¥ o290
1 TaN3R29°5 .
20 .. -axOx
\\\ gidom-x O
-w
\ / 14 000"t ‘g 535 4
% il . _
'L“'“-L-LLLLIALIl :g[llnuluxA_IlJJL!J l__Ld
X3aN1 \
) /
s3
w ¥ X
3%&: 33 /
R / \ 1333 000t "IONTH ONTOND 't
- o x ° - \o .
o~ - -
W ANRII e W M‘ﬁ»ﬂ%éﬂ‘*w%*vﬁﬂo'w
AR R R
o - o
2 o

SANOD3S “1%9 73 10 IWiL L

Best Available CopY

1n5



ROTS TP 3902

Homegreaph 10, Altftude (Standard Drapg Bormbs)

Using eq. 51a, this nomograph allows calculatfon of altftude Z for
standard drag weapons,

By estimeting altitude, cKp may be determined from Nomograph 7. If
oifiginal estimate {8 too {naccurate, the proceas mav be repeated after
angver {e¢ read from this nomograph, {,e,, use iteration scheme for alti=-

tude,

Use of nomograph:

1,
2,
3.
4,
3.
6.

7.
8.

9.
10,
11.

12,

104

Locate ground range on upper left scale, label as A,

Locate value of cKp, label &s B on upper oblique scale,
Construct line AB, label as C intersection of AB and left verti-
cal index,

From point C, proceed horizontally to appropriate # curve, then
down to hor{zontal index line, Label point of intersectfion on
horizontal {ndex line as D,

locate velocity U on lower scale, label as E,

Construct line DE, label as F the intersection of DE and oblique
index line,

Locate ground range on lower left vertical scale, label as G,
Construct line FC, extend line to Z, with # = O scale, label

as noint H, If # = O deg, point H is the alt{itude,

If § » O deg, locate X on far right scale, 1f § > 0, use upper
portion of X-scale, If @ < 0, use lower portion of X=-scale,
Label as J,

Locate § on appropriate oblique scale, label as K,

Construct line JK, label as L intersection of JK and right
vertical {ndex.

Construct line HL, intersection of HL with Z, altitude scale
pives value of Z.
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Nomopraph 11. Altitude or Ground Range, level Pelease (Stsndard Drag
Bombs)

From this nomoerranh, eround rangce mav be determined directlv given
the release altitude, velocity, and cK_ nroduct of the weanon, or re-
lease altitude mav he determincd kv {teration giver pround range, velocity
and cX_ oroduct. The enuat{on solved {e

D
pX’ (;)kx "
zw o set 0 -(L’)ncx
f 2'.'" . o 1 o D

Use: 1. Use Nomograph 7 to determine cKD.

2. To find ¥, enter nomogranh as shown in diagram on nomogranh.

3. To find 7, estimate 7 in sten ? of diacram,.

4, Proceed in the step sequence ?, 3, 1 to find 7 on the left-
hand scale., If this 7 does not arree with the initi{al estimate,
enter sten ? with 7 value just determined and continue as akove
until 7 values agrce.

108
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Nomogranh 12, Cround Range, Loft Rombing From Z = 0 to Z = 0, (Standard
Drag Bomhs)

This nomograph solves the cquation

X
gin 6 = ——35—!—- y U= ekx

2U° cos 8

for trajectories between 2 = U and 7 = D,

Given any three of the four variables X, 6, U, or ¢K ., the fourth
can be found. The nomograph use for any of these cases {s straight-
forward.
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Nomopreah 13. PRzllistic Lead Angle Ucing Ground Renge Deta (Stendazd
Drag Boubs)

This nomogragh uzes €. 59 to golve for the balliztice lecd angle
directly, It cen easily be usged to solv: for ground raage or relesse
angle uging ecmz {teration,

Uce of nomograph:

1, Locate ground renge on small horizontal scale to left, label a=
point A,
2, Locate altitude on gcale, lsbel 23 point B,
3. Construct line AB, extend AB to intersection with horizontal
i{ndex line, label interscction es C,
4, Locate 0 on scale in lower left corner, label as D,
5. Construct line CD, lsbel as E {ntersection of CD with cblique
index line,
6. Using Nomograph 7, locute and label as F the value of cKp,
7. Construct line EF, label as G intersection of EF with vertical
X=gcale,
8. Locate velocity on right scale, label as H,
9., Construct line GH, label e3 J intersection of GH with center
index line,
10. Locate X on left vertical scale, label as K,
11, Construct line JK, label intersection of JK with U-vertical
scale as L,
12, Locate # on vertical scale, label as M,
13, Construct line LM, intersaction of LM with Y=-gcale gives the
value of 7,

For cKp information, refer to nomograph 7,

)ﬁ

y
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Nemograph 14, Bellistic Lead Angle Using Altitude Data (Standard Drag
Bomba)

This nomograph allows calculation of the ballistic lead engle from
altitude and airgpeed {nformation. The nomopraph uses eq, 59,

Nomograph 7 may be uged to determine the ¢Kp value for the various
borhs, MNecessary bomb duta can be obtained from the Kp curve (II1,C.)
and Bomb Data (1II.F,) sections,

Use of nomograph:

1., Locate velocity on left scale, label as A,

2, Llocate altitude on center vertical scale, label as B,

3. Construct line AB, label as C intersection of AB and vertical
index line,

4, Locate altitude on upper right scale, label as D,

5. Locate velocity on lower right scale, label as E,

6. Construct line DE, label as F the intersection of DE and oblique
index line,

7. Locate and label as G the value of ¢Kp,

8, Construct line FG, label as Il the intersection of FG and right
index line,

9, Construct line CH, intersection of CH with correct release angle
curve gives valu> of 7,
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Nomngrarh 15. Chanee in Ground Pange Due to Small Change in Angle of
Release About Level Release., (Standard Drag Bombs)

This nomograph solves the relation

k)
2 - =kX
AX U 2

giving the ratfo of the change in ground range, AX, due to a small devia-
tion cf release angle, A®, about level releasze,

Use:

1. Determine cKD product from Nomogranh 7.

2. With known X, 7, U, and the cK, product, the sequential
steps are {ndicated in the chagt diagran,

Nota that the ratio AX/A6 i{s given in ft/m rad. Multiply by
17.34 to obtain the ratio in ft/degree.
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D. RETARDZD BOMBS

Nomograph 16, Mach Number, Kp, cKp Procuct, Altitude Corrections

(Retarded Bombs)

This nomograph uses empirical data to allow the determination of

several differcnt quantities,

will show that many bombs foliow the K curves that are graphed here., If

s bomb follows a Kp

Using the first three steps of the following procedure, the Mach num-

ber for a given velocity and altitude may be fouad, 1t is possible to

calculate another parameter, 1060 (p/po) cKp, which s used sometimes as a
correction rather than merely taking the value of 1000 c¢cK._.,

It should be noted that with this nomngraph, one nerd not necessarily

start with step one of the procedure, Depending on the amount of informa-

D

tion known beforehand, several steps mav be eliwinated, Complete proce-~
dure follows:

1.
2.
3.

4,

5,
6.

7,
8,

118

Locate release velocity, lahbel as A,

Locate altitude on oblique scale, label as B,

Conatruct line AB, extend to Mach number ascale, This is value
of Mach number under given conditions; label as C,

From point C, zo veytically to intersection with appronriate Kp
curve, then horizontally to right to Kp scale. This gives the
valuz of the ballistic drag coefficient under given conditions,
1f Kp 1s known from some other source, {t may be located immedi-
ately without going through the preceding steps; label as D,
Locate value of c using Bcmb Data (III,F,) section, label as E,
Construct line DE, determine intersectior of DE with 1000 cKp
scale, Note that units here are ft?/1b; however, {n most of
fcllowing work, units will be ft?/1000 1b, Thus the number read
off here gives the value of cKp product in units of £t /1000 1b,
Label as F,

Locate altitude on far right scale, label as G,

Construct line FG and extend to far left, read off value of

1000 p /oo cKp.

b

Reference to the Bomb Data (III,F.) section

curve not graphed, its Kp values may be taken from the
Kp curve gection and this value may then be located on the far right scale,
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Nomopraph 17, 1Impact Angle (Retardei .ombs)

This nomoazrarh usc¢t eq. 5Slc to allow the determination of {mpact
angles for retarded bonbs,

Use of nomograph:

1.
2,
3.
4,
5.
6.

7.
8.

9.
10,

120

Locate ground range on upper left scale, 1
Locate terminal velocity of K, label as B,

abel as A,

Construct line AB, label as C intersection of AB and left verti~

cal {ndex,

Firom point C, procred horizontally toward

priate # cucve is intersected, Then proce
index, label as D,

Locate velocity, label as E,

Construct line DE, label as F intersection
index line,

Locate ground range on lower left vertical
Construct line FG, label as H {ntersection
scale, If @ = 0 ceg, read impact anple at
If § # 0 deg, locate § on far right scale,
Construct line HJ, read T where HJ crosses

the right until appro-
ed down to horizontal

of DE and oblique

scale, label as G,
of "Tat § = 0 deg"
H.

label as J,

scale,




o
m *2r2uy 0Bl * LT HIVHOUWON
SLONY N
wu 009 008 00w 00¢ 00Z O 6
m 000! 006 008 LT) 009 00§ 00» 007/
235714 ‘ALIDON3A ‘N -~
09- 09 =
] 0t0 — 1 \ —Joos
s¢0 - 3
1 oL =S
. 000" o
ov0 - -3 a
0§- — » os— ., r <
Z — Z
o (424 m W. = =}
- ~ix 080 — e ~Joos D
. m \ [+3) . . ] W
or- — n 090 -09 u\ovl. o) \ e w
4 3 oro4—F =4 7 m
] - . - a 0002 M
] . 080 o a & 3 -
oi-— =2 66 0 S ok -~ m e
. m A m 4. -—
- 00t (] m >
h 3\ F ] w 3
o2~ _i» Oor n 3
1% or & 7] —Joos'z
W 00?2 . m
o-—3 oot oz o — =
4c B
[\ o wwmu_ M. (4} 3-° 000¢
=] l =]
18 R\YNAN % y
o —a W\ v\ o~ \ 1
- W ) +] b
0z NN ] .,@w, .
N N ~——
- \\ N 05— o M
ot —4 T -4
A - / —{000'2
AN o ]
oy — b ~ =
// — /,A z
| N\ ! 3 3
- 3 LM/V/ // x -
o6 . Nu/ ._ L/ L Oy | p
e R 1
10311dNOD ) _/)A //_/ B
OEGsd %@v./l/.“./ ﬂ . ) 000"
gy .
168X 53544 009+ 1 &/ﬂwf/v 4 ) ]
202-:8 @m0 0020M R 7.// W\oi
‘31dmvX3 o&% o] T4 o .
&3 IVIN M
6,503 .n _ * 4 3 4
L-ﬂﬂ«l +@ NvL-=2 NV B .
—d

[#]

D R o S P AV

T SE

-
L]

oy ‘o s ey my ey e ] e r—e t~ it it

121

Best Available Copy

1334 '39NVH ONAOND "X



WOTS TP 39T R -

Nomograph 18,

Time of Flipght or Ground Ranpe (Retarded Bombs)

This ncmograph uses eq, 52.

Use of nomograph:

1.
2,
3.

4.
5,

6.

7.

122

Locate ground range on left scale, label as A,

Locate § on otlique scale, label as B,

Construct line AB; label as C intersection of AB with vertical
"ve¢, terminal velocity" scale,

Locate i{nitial velocity on right scale and label as D,
Construct line CD: label as E intersection of CD with oblique
index line,

From point C, proceed horizontallv until appropriate terminal
velocity curve {s intersected, then proceed verticallv to upper
horizoatal scale; label point on horizontal scale as F,
Construct line EF; time of flight given by intersection of EF
with lower horizontal gcale,
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gomogranh 19, Altitude (Retarded Porhs)

This nomograph uses eq, 5Sla. It should be noted that a small change
in ground range cen cause a large change in altitude, This can be veri-
fird by reference to the bomb tables, and may be understood by recalling
that for the retarded weapons, the X-componant of the velocity i{s damped
out rapidly, Thus the velocity vactor of the bomb is directed aimost
perpendicular o the earth after a certain flight time,

Use of nomograph:

1.
2.
3.
be
5.
6.

7.
8.

9.
10,
11,
12,

124

Locate desired ground range on upper left scale, labcl as A,
Locate terminal velocity on upper oblique scale, lahel as B.
Construct line AB, label as C intersection of AB with left index
line.

From point C, follow horizontal over to appropriate f curve,

then down a vertical line unt{l horizontal index line {s inter-
sected, Label {intersection as D,

Locate initial velocity on lower scale, label as E,

Construct line DE, label as F intersection of DE and oblique
index line,

Locate desired ground ranpge on lower left scale, label as G,
Construct line FG, label intersection of FG and "Z, with § =

0 deg" scale as H, If § = 0 deg, point H gives value of 2.

1f J » 0 deg, locate correct value of § on two oblique scales to
right of graph. Label as point J,

Locate ground range on appropriate portion of extreme right scale,
1f >0, use upper portion; 1{f # <0, use lower portion, Label as K,
Construct line JK, label as L intersection of JK and right index
line,

Construct line HL, read altitude where HL crosses scale,
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NOTS TP 3902

Nomograph 20, Grouad Lag, Ground Ranpe, or Altitude, Level Release
(Retarded Bombs)

This nomograph uses a variation of eq, 51a for level release condi-
tions, With this nomograph, it is possible to determine the ground lag,
ground range, and given altitude, The nomograph may also be used to
calculate altitude, given ground range, but this suffers from the insta-

bility pointed out in nomograph 19,

Use of nomograph:

1. Locate altitude, label as A,

2. Locate velocity, label as B.

3. Construct line AB, label as C the intersection of AB and {ndex
line,

4, Locate terminal velocity (or k*), label as D. (k* {8 chosen to
give a best fit in writing U = exp k*X sec ¢).

5. Construct line CD; ground range is given bv intersection of CD
"1th X-l 1ne .

6. Construct line from point C to point k* = 0 deg (or infinite
terminal velocity)., Note i{ntersection of this line with X-line,

This number given bomb range in a vacuum,
7. Ground lag is given by difference of answers in steps 5 and 6.

DISTANCE: PLANE
TO RELEASE POINT
AT IMPACT TiME
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Beorograph 21, Ballistic Lead Angle Using Cround Range Data [Retarded

Bombs)

This nomograph uses eq. 54b.

Use of nomographt

1,
2,
3.
4.
5.

6.

7.
8.

9.
10.
11,
12,

Locate terminal velocity on upper horizontal scale, label as A,
Locate # on lower scale, label as B,

Locate ground range on left vertical scale, label as C,
Construct line AB, label as D intersection of AB and index 1line,
Construct line CD, label as E intersection of CD with center
index line,

Note that right side of center index line is divided into groups
of ten subdivisions, as is left side of cente~ "X~-feet" scale,
If point E s a certain number of subdivisions belew a main
dividing line, locate the point on the left side of X-feet scale
which {s an equal number of subdivisions below the¢ :1me main
dividing line, Label as F,

Locate U on far right scale, label as G,

Construct line FG, label as H intersection of FG and right index
line,

Locate ground range on X-feet scale in center, label as J,
Construct line JH, label as K {ntersection of JH with U-gcale,
Locate § on center vertical scale, observe sign of #, label as L,
Construct line XL, read Y where KL intersects Y-scale,

i
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NOTS TP 3902

Nomograph 22. Change in Ground Range Due to Small Change In Angle of
Release About Level Release. (Retarded Rombs)

This nomograph solves the relation

X x2

ax - : . A0
= k¥ -

aAg 27(1 + 1/2 iny) ° Lny k*X , 8 0

k* = f(k} , 2 = constant

giving the ratio of the change in ground range, 4X, due to a small de-
viation of release angle, Af, about level release.

Use:
1. The value of terminal velocity VT’ if not known, can be

obtained from Nomograph 16,

2. With V_ or k*, X, and Z known, the solution steps are as
indica?cd by the diagram in the nomograph.
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NOTS TP 3902

Nomograph 23. Time of Flight or Altitude, level Release. (Retarded
Bombs)

This nomograph solves the vrelation
thz

e

1/3.5

~N
~N

t =

Given V_ and Z, t may bhe found, or, given V
may be obtained from Nomograph 16.

T and t, Z mav be found. V
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From: Cormander, U, S, Naval Ordnance Test Station
To: Di-tribution of NOTS Technical Publication 3902

Subj: NOTS TP 3902, Ballistic Handbook, dated July 1965; transmittal
of errata sheet for

Encl® (1) Errata sheet dated 17 November 1965 for subject report

1, It is requested that the corrections described on the enclosed errata
sheet be incorporated in NOTS TP 3902,
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NOTS TP 3902
ERRATA

Title page: Chenge the publishing date of August 1965 ¢o rcad July
1965

Abstract cards: Change the publishing date of August 1965 (3rd line)
to read, July 1965,

17 November 1965
Encloaure (1)




