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Abstr;-ct 

The purpose of this paper is  to exhibit a new form of 
the Hitchcock-Kent Siacci treatment of flat fire ballistics. 
This form has proved convenient in certain aircraft-fire   ■ 
conputation. 

The principal feature of the netv form is that time of 
flight and drop are tabulated directly as functions of 
distance along the line of fire.     ("Ground coordinates"  are 
used).    Two "Siacci trajectories"  and interpolation suffice 
to give, vfith fair accuracy, ballistic data for forward fire 
from aircraft for all airspeeds  and densities. 
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Introcuction: 

In 
aircr:i 
cat--,, 
liE'teci 
to St a 
droD, 
this f 

fire froTi pursuit 
ciesirKfcle.    Tiie t: )ul^^r 

issuing ballistic data for for^jarci 
ft certain conaensed forjis aDoe-ireci 

furnished on this aroiect, consisted of C7 t, c ^ y, 
■inst ex,  where cr is the ratio of density at the muzzle. 

na 
an 
or: 

sra 
d 
m 

density, t, y,  ana x sj-e resDectively time of flight, 
Distance alohc the line of fire. Certain advi-mtages of 
;-ire set forth'^in the follo.-jing. 

Haj&LL20i:^ii^-y.. 
^ 

1.    Modified Siacci :Z"u^tions. 

Referred to mutuslly perr;endicul:-r :axes, l^n, in the pl;ine 
of the trajectory with origin r,t the muzzle of the gun tind the 
y-:~.xis Dointing vertically downvjard (see Figire l),~the (p.article) 
eou' tions of motion iii-jy be exDressed as 

(1.1) 

where, 
(l-O 

t = - - ^ 
'/ 

E = ^ G(v,  a,   P^) 1 

■:jKi    V denotes the velocity of the projectile ^t time t, 
c denotes the ballistic coefficient of the arojectile, 
(n) represents air density at aistance 

fixis, 
pQ represents stnnderd density at the muzzle, 

n from the horizont- 1 



R::^T''iTCT::ii 

n  ic: the velocitv of sound in :.ir v.t ttm-cri.ture T 
"■ (absolute te-^-er: ture) '\nc h's the lorm 

where a.  = velocity of so-ond  in -.ir at  strmdnrd temncr-.ture 
&      ' t  '-('■■■  1 f vel 

n,.     (^'  =^rxQ.6° F on the absolute sc.le .vhich 
^^'    Gorre-Doncs to 59" F) 

■-(^r   -   p^  U- the resiLt-:nce function which is cefiiicd -,s 
u(v,  -., P. ^vK (v/a);  ^-i^crc K^ is the CT3A function of 

the^'^ro^ectile ^^nd^is exoeriaeataiy deterniineQ. 

in this forn,  the e-u-tL.ns present t.o coniputation-1 cifiiculties 

1      TV'P r>esist-ice  Hincti-n is tobulvted from exp.i iments 
for a.i:a^r-d te:-er^..t.ires ^nd  st;;:.. ra density at ses level,     ^,  i.e. 

Therefore,  G(v,  a,    PQ) :nust be reLtec to a(v,  a^,   fg). 

■^      Tn ^^rcr-ft ^^-unfirG the altitade of the muzrlc chr^^jes. 
in the forn in .hich F is t^Xcn above,  changing the altituae o.  the 
Hiuzale re^:uires reco^iraiting the trajectory. 

The second difficulty is easily re-tdied,    aince. 

(1.3) 

we h':,.Ye 

0(v,  a, e )  =   e^Kjv/^^ 

Therefore,  .^e have 

(1.4) 

G(v, a, ej = e^vK/v/a). 

G(v, a, e„) ='fo^(fi^>  -» ^s^- 

the ratio of density -t the muzzle to 

cf no j-a  density at sea level, by CT, and reaiacing G(v, a, (^) 

In (1.::) ty (1.4), we obtain 

Lenoting (Q/^T; 

0'G(v, a, ''^„) 
1 . 

■a ^^ , 



i\...:: in.-.'-' i. iu 

It 
one 
to ;A  ^nd a)i :ma then cutctitute for <J to nnu the ^ -na . 
.4roDri-.te to the ^.Ititude of the muzzle. 

r:o. to rcl:::te G(v, ., Pj  to thr t^tul .ted 'Xv) .e note th-:^t 

Then replacing v in (l.o) hy [c.^lv, ..e h^vo 

But, 

G(v, a,, ^) = ^ V K^CvAO. 

V K^(v/a^).. 

Therefore, '«e h^i^ve 

U.7) G(^a /a]v) = :a,/a] G(v, :i, ^) . 

Re:!ie:aherine th'..t a = a^ 1/T/T^ and oenotlng y .g 

from (1.7) 

T,/i' T3y  A,  "^ obt-dn 

(1.8) G( ,\v)  = ^(v,  a,   o ) 
A 

Pln-nv    since tic r:.tio of £t..ncara air dencity -..t^-ny altituoe 
p above se:-  i.;vel to -tuna-ru sea IcVel  .ir ue.^ity i-  :,ivcn oy 

g-liR (^ ^ 0.31D8 X 10'"' if R i^ ^"iven in feet), 

we C'..n  -,rite 

(1.9) -  e    (   . 4^ 
:;ubstitutinr (l.G)  uio  (1.9)  in (I.D)  .e arrive .,t the following 

fonm for the ballistic equations 

-t;     = (Te^'   a (  >-v)   / , 

(I.10) ha 

t^    instead of rect-Ji^r-ilar coordin teo  {t ,'   )  we use  elant 
^rM-'tc'^ Cx    V),  the v-^is pointing vertic-lly cownw-ra and the 

boiH^ V>ln -lonr the t-ngent to the traicctory at the initi-1 
^'^}^..^.,^^[;^-;t^.cc an ancle r. .ith the horizontal (e mer.sureo 

' the"fcau'tions :'or the transfora-tion oi v.-ri- oles 

- rr^' 
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%  = X COS E v]   = -^tjin e + y 

^ = X cos s *'    "   vj ts,n e  + y 
etc. '' etc. 

anrl it can ren.cily be EJ:Own th-t  the e-u':ticni: (1.10) beco^Tie . 

X = - gre''''^r.(Av)    x , 
(1.11) ^^ 

y = - (J e-- '^r(.\v)    y + g. 
~cX 

The y-Go.>rGinste as used here is usually referred to ',:S the droD. 

Now, introduce a Dseudo velocity u defined as the co:r;ponent 
of the. velocity v along the t^ih^ent to the trajectory at the initial 
DOint. Clearly, 

u = X, 
(1.1^^0 , ., 

U = X. 

iVoDroxiinatin?* e^'^^hy e^"^'^ ^^" ^ -and ao roxi'Lating the actual velocity 
V b"^ the Dsuedo" velocity u as is done in the usual Siacci method 
(■   s^'tisfactory aoproximation if the trajectory is fairly flf't and 
we restrict o'jrselves to s'^ort rajif'cs),  the eruations of motion are 
approxiraately given hy 

u = - (Te^^ -^'^^  Q(Au) u, 
(1.15) ^^- 

y = - g-e^^ ^^' r^JM)    y ^ g. 
c7\ 

.* This approximation is cruder than that used by Hitchcock and Kent 
(see Ballistic Research Laboratory' Report No. Ill,  ), but appears 
adequate, and is simpler computationallyo 

'^  -r rjT- T • y 
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2.    CgnT}l-qj^JJen§iA^S2J^ 
ir IX is H.:sunea thut :..ir ce:.Eity aor;. tee trajectory ioes not 

hx'iiinr.  _ n   _. vi  = n)    f^p aifterenti'.l (>• actions of T;Otion m'ly 
ge lntc-T"te<l°e.'lly 1A ter."or the :„l.ccl ^.v.ce .no Time functions, 
The?;e 'ire definea 

T(u)   =  - \       ^7T(u7 

rrm (1.1-)  '^nd  (1.15)  ue o^t:.in 
c Adu   ■ 

(•->]_) (TX  =  c   [^-(Au)   -   S(AUQ)J. 

':tlC£. 
dx  _,-•    ., .v^y,,-. pop ^f ("^ 1)    wc find 

(o o-N (Tut = G_^^u;Aul_Aau 
u 

which intc;:rr.tt;£ into 

(P.3) o-t = cx!_T(Au) - T(/UQ)J. '      . 

Thus    crt is fo-niQ Dy cnterin- the ri'.cci Time runction t.hle .ith 
the vlue ol   Au I'rom eru--tioR (.vM;. 

•    -ve trenUent of a trajectory in which air density is not considered 
to be constant ^vill be discussed in Section hk. 
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Finally, using Dederick's identity' 

c[x IHxy 

we find 

(:3.4) 
AX     rX 

cr y = g \ 
;o   jo 

cr •'^dx ex 
"    ■    '" €^ " 

These e;cu'.i.J:(ions sire thoce used in iiiakln^ the ruiiG:imontal tc.tle 
of    cr t ana cr'-y against crx,  for a fixea initi-il veloG:ty. 

In T;\ble 1 below,  tirp.e oT flight and droD corresnoncing to slsnt 
ryn^'es UD to 4500 yards have been co[Trut(;d in two ways for the 37 rum. 
:i-.rk 9 liT. 54 shell", fired horizontally (s = 0°) at sea level ^Ith 
st-jid^rd density (cr = 1) at te/iDeiature 59°? (A= 1). 

The 2nd and 3rd colunins resaectively sho«  tii;;e of fli,^ht srid 
droD comauted by nuineric'il intefration of the norm-il er'u.'-^.tions of 
iuotion -'Iven in (1)  and  (2).    Columns (4) .'jnd  (5)  show time 
of fli,r;ht ana drop coniputed from equations (1.13},   (2.1), (2.3)  and (2.4) 
which m'-il<e use of the Eiacci a^JDroxirnctions mentioned in section 1. 
Notice that throUi^h 3000 yards in sl-^nt r4ii-::e, crop and ti;ne of 
riiaht r-rp:^ec exactly for the two T;ethods of comrditcition.    '2ven at 
a si-ait r^Tige of 4500 yards,  the discreaancy in drop is unaer 
1 i. 

37 nun Mark 9 HE M5U 

Mur.zle      _ 2550 fps •          Airplane _ 300 mph         "0 = ^990 fps 
Velocity -    -"^      ^              Velocity 

e = 0°        T = 59OF         <r = 1           c r 1 

cr X j'ds ♦ 

Normal Eqi'-ations vrith h s h Siacci with h = 0 

cT t sec.                   C     j yds. (J" t sec 9 6"2 y yds. 

500 
1000 
1500 
20-X 
2500 

i  3000 
1 3500 
j uooo 

0.5h9 
1.203 
2.012 
3.010 
li.268 
5.777 
7.hli2 
9.2U1; 

11.197 
  

1.5 
6.9 

18 ol 
37.8 
71.3 

125.6 
207.0 
32O08 
\xl2.h 

0.550 
1.208 
2.013 
3.010 
1.265 
5.769 
7.hl9 
9.203 

11.122 

1.5 
7.0 

18.1 
37.9 
71.3 

125.I1 
206.3 
313.9 
U63.2 

Table 1 
♦   Wi4» l^«»"tity asiy be arrived easily from equations  (1.1) and (1.2) 

@^ -    : ■ r   1 . 



?. inter^ol^.tion for Time of q'li^ht_ •md wFOp. 

In orcPF for t'-bul'-tion of cr t r.nc cT'^y ^..^£.inst o" x to be 
comput--tionally successful it is necessary th'-t this t-:bul'.tion 
be done for as fc^j velocities -..s oossible. For rn-ny c-iscs, ns 
v/ill be seen, t'bles need be coristructcc for only two velocities, 
proviced inter. ol\tion is cone in \:. speciel /v-iv. 

r: consiGci ■ tion of the tr-jectory in v:cuo su;::rests a possible 
r.ethod of inter'ool'-tion for ti:r;e of flight uia uron. The eru;:.tions 
of ;Tiotion for the trujc^tory in v-..cuo ^re: 

X = 0 , 

y = g » 

rnc the initial concitions .^re: 

X = 0 ^ " ^0 

y = 0 y - 0 . 

The solution of the e^.ni-rtions is 

(:^.l) t = X 
u 0 

y = 1/2 gx-(^)^ 
0 

„., ^.o^w,.^ v-.-^y   ...^vv. ^^...^.    .-...-. to suspect th..it,  for --, ^jiven 
El:,nt ran::e,  it :nay be nossible to compute''time of fli.pht by 

i;cumtions (3.1)  'jbove leaa.    or 
It range,  it may be nossi 
Lne-T inter"^ol""tion on 1/ 

corresponding to tvvo initial velocities u 
a line-T inter "eolation on l/u^ between' t^o rano,-n ti- 

°i :.. 

In Table r a harmonic lint^:r intcraolation c-"::x-a on ti.:;eE of 
flight ccrresaop.aing to initi-1 velocities of i^SbO fT3s .no ^}4oO fas 
w's'usec to fine ti'-^e of fligbt for a x tarough ^EOn yxt^s. 

The interpolation formula for finding 0" t coiresaoncing to 
initial velocit-.^ u.^ is clearly 

{''.•'■) 

(T to 

■.^.„.- -y-, 



The results for tliiy iriternol'tion -.re r''^"..;n in cDlucin 4 
belo...    Tn coliHiR 3 • re liFtea ti:T.tz of fiift.t for -in initi'.l 
velocity of :i9£'0 fns co:ii^-^!ittCi, r, Irectly l:y .nc ns of e-u:.tioii 
(-..?:).    IJotice til-it the resultc 'ire the G^-,;:ie to the ne'^rest 
hunoredth of ;-, cecona through :,^5C0 y-irci  sivnt r;;fu-e.    The 
dir^cre^^'ircy beycnc V'-n-'-e, however, je cue not to 

^f \.j U     \J 1       ^ \J Lii * --' '^(■thoc  tut' to •. l'";Ok of ei'noothncso in the neirf-jborh 
in the d tables on ..hich the vi:.Gci co.aout-.tions for the .-7 
M-':rk i.  :::  shell  i:54 ..ere h-iece. 

■ 

TIITR OF : '■'IJOiIT 

By S: .acci Fomula and by Linear Tnte rpolation on (Vuo) 

37 imn- 1 'ark 9 HE She 11 }Sx, c r 1 ^■ 
= 00, = $9^, Constant 

Density 

crx for u„    r 2550 fps for u^ = 2590 fps for u„  = 3130 fps; 
yds. 1 ■"     "   1 

i 2 
SIACCI STACCI LIirRAP IT'TERPOLA rvjr N  i STACCI 
cr t. crt ON  (1/UQ) 

1 
i crt^                   1 

sec. sec. crt - a t^ + A 

sec . 

crt sec 0 

500 0.6U6 0.550 0.5)4? O.ltV? 
1 1000 l.u33 1.20.3 1.211 1.0h6 
' 1500 2 .h09 2 .013 2.021 1.732 - 
i 2000 3.633 3 .010 3 .02h 2.571 

2500 5.116 U.265 h.256 3 .616 
3000 6.753 5.76? ^.706 )4.?23 
3500 ],^2U 7 .U19 7.345 6.1i69 
Uoa) 10.1i32 

  

9»203 9.113 

. 

S.liil 

Table  2 

- 10 - 



In ru!":Dort of tliis vitw riiiil'T Gomnut';tion£ for tiie 70 Tim Ki: 
ir^cll il43 v-'lioce ^ILCCI t--t)l6£ -'re smooth •■■;re offered in the 
footnote hcao.i.* 

The ay)T)roxi:n^ltioR of cror hy a nu^.'.cr-.;tic function of (l/u ) 
is ca;f^,rested by the solution for crop in the V'.CUILTI c.se ;^iven in 
(Z.l).    Such '^.n anrroxi'r;,tion was used to find 0''''y tv inter-pol-^tion 
for the 37 :n;!: shell. 

Ihc interr^ol'^ition forsaula is 

cr'y = 1 

_1 1 

0 

u 0. uf 0 
1 

The results of this 
column 7. LroD as co:ia-i 
aiscrensjicy det^^een the 
to crx is shown in colu: 

i (T ■yi 

1 \ 
o -o- 

u^ u" 0 ^1 
1 -       1 

-T)  
""■")' ■- 

~ 

'-C u'" 0.-, ^1 / 

I    CT'-y 

the discr p'-'\- . VT,'-»l '/ exccccs 

mteroolstion ^re listed helo^ in T-ble 3, 
ited by (e.4)  is slio^n in colurm 4.    The 
Siacci  cornout':tion and the Internol-^ted crori 

in S.    It is only rx c x = 4000 yaras tiat 
1 ^ 'ind here but slightl^ -y- 

•;* TmF. OF FLir^TiT 

. 

75 mm IF. Shell iM 

c = 1.636 e - 0° T = $9° Constant dersity 

for u^    - 19^0 fps 

SIACCI 

sec. 

10'0 
2000 
3000 
iiOGO 
!^0'0C 

1.6U9 
3.552 
5.751 
3.237 

11.123 

for Uj, = 2390 fps 

SIAGCI 

I     crt 

j     sec. 
4  

FARNONIC LTflFAR 
INT. 
crt 

seco 

lo3l;0 
2.871 
U.630 
6.660 
9.007 

1.3)il 
2.376 
h.633 
6,66h 
8.966 

for UQ - 2630 fps 

SIACCI 

1.128 
2.I4II 
3.371 
5.5ii5 
7.U77 



Yov  er.s^ of cornriut'ition ■i L-'.rnionic line-v-r int£r"ol-:tion for 
droD .vOUlG be ^^refcrnble to ::. h^r^onic cu;:iGrr:.tlc for f en the 
s'LTie coefficients could be u£ed in inter^ol?,tin^': for crop ?:s 
r.re used in the tiT.e of flight intemol-'ition. In coluT.n 5 telow 
the results of h;:JTnonic linewr interDol';,tion nre li^tec. The 
hirmonic linenr results 'ire not '"uite as aciir^-te -ts those of the 
h-::i^.onic f-uri(ire-tic interr)ol',ticn e>cept for a~x ^ 3000 yaras v/iiere 
the linenr interpol-ition sn-e^^rs to he more 'i,cnir':te. This rev^rs-l 
however, ;^i^oesrs to be sn accicent s.f:'sin hue to lack of smoothness 
in the s'^^ell's Tiacci tables. 

oiraili.r coiriout.^tisns for the 75 nini shell sno./ the hsrmonic 
ouaciratic interrelation to be distinctly more acour-ite at -11 
rsnges th-in tbe" harmonic linesr interpolation (T'.ble 4). 

The choice between a harmonic linesr intersol: tion for srop 
•-^rd a hsrmonic suadrs.tic interDolation deoends upon the accur'- cy 
re'^uired in the results. In any case the use of harmonic inter- 
nolation on u can nroauce a ^fT'C'it s::ving in time •:!nd labor since 

it enables one to find tlTie of flii'ht and crop for inte; medi'ite 
airnl' ne saeeos simrDly from a tabulation of these r'u;..ntities first 
for initi'd shell velocity .,ith the airolane at rest -CTA  then ^-ith 
the -dr-l- ne h-.vin;^ another extreme velocity, say 600 mph 
(' Q p r\     f-r- (.-. ^ 



R::GTRICT'^D 

DROP 

B'/ Siacci Forimlae and by Interpolation 

37 mm Mark 9 IK Shell K^U      c = 1, s= 0°, T = 5?°^      Constant density 

Uo^ = 25^0 fpsjup    = 3U30 fp^ Uo = 2990 fps 

yds ol 

2 a-'^y-j 
yds. 

cr^y^ 
yds. 

STACCI 

2 

yds. 

HARMONIC 
LIfF.AR 
<r2y 
yds. 

f- "t" 

500! 
10001 
i^ooj 
20001 
2500i 
30001 
35001 
hoool 

2.11 
9.71 

25.60 
5U.)45 

103.27 
173.U3 
28I4.72 
U27.22 

1.15 1.53 
5=2U 6.95 

13.5U 18.11 
23.06 37.92 
52o06 71.31 
90.99 125.33 

152.11 206.32 
2U1.13 313.39 

1.56 
7.15 

13.68 
39o31 
73.90 

128.28 
208066 
320.li3 

DISCREPANCT j HARMONIC 
!    QUAD, 
i   cr2y 

i 
,1 
.2 
.u. 
=7 

loO 
1.0 

.7 

yds. 

DISCR'TANCY 

1.53 
6.93 

18.25 
38.36 
72.05 

125.13 
203 .8- 
313.73 

0 
0 

.1 

.2 

.3 

.1 
1.2 
1.7 

Table 3 

DROP 

By Siacci Formulae and by Interpolation 

75 mm HF. Shell L-liS      c = 1.636,        ^   r 0*^,      T = 59°      Constant density 

u. r 1950 fpsiu-    = 2330 fps _Uj2j: 2390 fps 

(TX 
yds.! yds. yds. 

SIACCI; HAHlvlCNIC:   DISCREPAKCY ,  HARMONIC j DISCREPANCY 
LpiKAR  I _ I    aUAD. 

i   yds. 
^7 
yds. 

i cr-y 
yds. 

1000 i 
2000| 
3000; 
Uoooj 
5000 i 

13.9 
61.7 

15U.5 
307.8 
5U2o6 

6.6 
28.7 
70.9 

139.h 
2U2.7 

I       9.2 
iiOo5 

i   100.7 
!   199»3 

3U9.3 1 

9.6 
I42.2 

105.0 
208.1 
365.0 

.U 

.3 
1.U 
2.2 
3.1 

9.3 
ho .7 

101.3 
200.6 
351.7 

.1 
ol 

.2 

.5 

Table U 

-  1?   - RT-nTcrT. 
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4.    lAtfereriti''! Correct Ions. 

The cr-uations of  ::otion h-ve so i^r teen solvec Tor the 
c- ^9 in which ^lir dcnE-itv at 'ill altitudes w.s ;.ssumed to rerr-m 
the s^iie \ii Et-ma-Tc oerisity 't  the i.uzzle.    This A-::S a^ccoiu-^lished 
hv scttinr;- h = 0 in the eeu^iti^nc of inoti^n.    wext ^e .ill \ttc;npt 
to concicer the eircct of v:ri-l)le - ir aensity. 

T-kin^   A= 1 for sii:ipl.^ city (a correction for tcnorrvture «ill 
be ciscussec l:ter),   equation (1.1/;)  leacc to 

(4.1)      (^ e-^ ^^^ ^  ox = c r3(u)  - 3(u  )] - 

=?or fixoG values of initi-:! velocity,  u^,  ana rn.^le of ulcv;:,tion,  R , 
er:!,r::tion I't.l)  determines u  .e a function of cr x ana of h.    Then 
crt and cry    >^iven respectively by 

rX 

(•;.^0 0-t = \    _^g^ix 

nnd 
rx   ^^ 

'''^  ''°      u^(crx,h) 

■re also functi- ns of crx .,na h. 

.-t a piven si- nt r.inge o^x,  then,  the effect of ^ ch-.n^-e in 
density on crt 'uia o-'^y   resoectively, a^cr t :ind t^cr^y, :n:.y be 

tliOUrht   of   'i£ 

zacrt = o't( crx,h) - a't(crx,0) n 

A^cr '-'y - <T "y (cr X,h) - cr" y (o" x, o). 

:p -vToxI'^a'tc   \,G t 'ind /vcr'"v b" the fiia't order dei'iv: tive terans 
"      ' n li      ■     ' <-,, 

in the Tc^ylor exr^-^isions of CJ't(crx,h) siid cr''y(crx,h) res^a:ctivcly 
' Dut h = C. 

■^indlr:.-- Bu from (4.1) and usin^ (4.; )  »ve obt-dn 
^ 5H 



R'^STRTCTI^D 

sin e    /"^ 
h = 0 ::C 

a^yr (T ex 
0   ir(cj x,o) s'(u) 

or, using cr x = c [[s(u) - '^^(u^)]   for h = C 

dh h = 0 

<;:•  3in e    /  ;,;  , 
\ 

"Q 

U 
0 

£(u)  - S(u^) 
uXcf X, 0 )"■ 

."1   2 Uu. 

This I'ltter form hrs the aav-.nt'.ge of fcli:nin-:ting S'(u)  from the 
cosDUtritlon. 

Fror^ H-'S) we obtain 

0-   ^^J^- 
dh h = 0 

_, ^"X   /'X      __ i^j  t'j   __ c, ■, 
S cin c ^   X    CT   ax ex 

Hence, the differentifil corrections for density on time of fli^rht 
;ind crop r:snectively ':re given hy 

(4.4) c '  Aucr t = n 
h sin E 
—I!c  

rx 

Jo 

CT   x ^ cr dX 

U^''3'(u) 

'jid 

(4.5) 0- . A^cr y = hr,  sin s (^ [^     <T "X" cr' dx dx 

JO   10 u'^(u) 

In order to ohserve how well the first order apriroxira. tion for 
the correction in time of flight «orks, we have tabul'^ted helo« in 
Table 5, for the 37 nun M-rk 9 K: M54 shell, time of flight cornrutec 
from the normal differenti-.l ecuii.ti.ns, yvith aensity vTvin^ with 
altitude, compared ».ith tim.e of flight com-utec for constant density 
and corrected by (4.4). The initial angle was taken as 60°  un^ard 
(e = -eo°)j an extreme angle of fire snd one for which extreme 
variation m density is to be exoected. Through a500 vards slant 
range there is exact agreement in time of flight. Beyond ::500 v-rds 
in slant range the differential correction seems very-inadernrte. The 
table also contains a comparison of droD. The y's in colia-rji ? were 
coinouted from the normial e^-^uations with variable densitv. Tbe v's 
in C3lui;ui 5 were comDuted with the Si-cci eouations with constant 
density -ijid are not corrected for v-'riable density. Through r,500 
^'Tt." £lnt  r-Jiges it sesms to be urjiecessary to make the complicated 



pT-^rTT—I 

correction on croD -ince the ci--rr- 
>nci uncorrectbd croo/rEji^^e io'^^^r- 
in Gorrectin- drop tevona ::50o 
Ox lli;'ht !3eyoM this'r':n,r'e is 

cy bet..eon ^ctu^a 
a.^cJ ciroo/ronr'e 

Mor ic ther'e .':n'^ ooint   " 
y;-:ras since even the corrected "ti-e 
•uite inaGcur--te. 

37 ram Mark 9 

X 

yds. 

500 
lOCO 
15C0 
2000 
2500 
3000 
3500 
ItOCO 
ii500 

TBE OF 

HE s-ell 

FTIOHT Am DROP WITH VAP.TARLE AIR DR'STTY 

airplane velocjtys300 mDhl 
^Oii,  c_ 1,   (T= 1,    P^oo", muzEle velocity=2550 fps  T ;'- u„a2990 

fpE 
NOR?,{AL EQUATIONS 

t(lx,hj y(ixVh) 
sees. yds, 

0.5]i3 1.14 
1.201 6.7 
1.933 17.7 
2.920 36.'^ 
li.0% :       66.7 
5.383 113.5 
6.322 :     151.0 
8.335 '     271.8 
'.920 383.1 

- ., ^ SiACCI EQUATIONS 
t(lx,h) = t(i>c,0)  fAt  

0.51i9 
1.201 
1.931, 
2.923 
li.Ocl 
^Mh9 
6.936 
8.616 

10.323 

'y(lx,0)' 
yds. 

1.5 
7.0 

18.1 
37.9 
71.3 

125.1; 
206.3 
318.9 
1;63.2 

-4- 

TABLE 5 

\ 



TCT::L 

i-on_-fanQ-.ru Te-nocr': ture 

rr, ., o.....^ r.-t •n-lc^'ous f/.thiori to th; t of 4.; ^.c c-ri 'irrive • 
■ t -^'—rr')vi-^,tion for the effect of h. dovi-.tion fron. ;jt:.aa--ra 
t;.:^"^ "V4c -n n-e of ai--ht -na croo. This tl-e, conciaering 
-^Ir'de-oitv to be"const-nf^-lon.- the tr-jector-, .c have lor ;: 
riven ran^e •^nu .. fixed initi-;l velocity, from cru;-:.tions (...1), 

/o '-') (- /;) 0-t -ihd cr^y cefinea as functions of sl-nt r-nge, 
^-;','^r-^;';'tHe e^uare root of the r.tio of standara te-er'::ture 
to'actual tenaer-ture.   

The effect of a deviation in the r^.tio A -'JjJ"^ on  tiae of 

fli-ht -no crop will he cenoted by A^o" t and /,.CT-'y  respectively 

and defined '.,s follows: 

(z.o)   A^crt = o-t(cr x, A) - cr t(a-x, 1) 

■-;nG 

(.,.7)    <^-.cr'-y - o-'vCi^ X, >,) - cr"y((Tx, 1). , 

.arain /.^a t ;:^d /^cr^y .ill he a'.^.roxiaated hy the l^irst order 
terms in their resoectlN/e,Taylor expansions about  A - 1.      u.erchtr 
iation -vith resoect to \ in (a.l),   (-./;,  anu   (a.a)  le as to 

(4.8)        A.CT t   =   (A-  1)    - or t(crx,l)   +  C  S'CUQ)   ! 1!O_ -  1;   ;'   , 

(..9)      a.cr-y = a( A- 1) fcr^CcT x,l) - gu.C'Cu^)    T ^^   Z^lLJlZ. 
' u ^    '       u"s'(u) 3 

•j^or the ^7  -^ ■'I-rk 9 ^r^ M54,  .-e h-ve t-hul-ted heiow in colu'nn 4 
ti-(   of fli'-ht  for A= 1.1^-5*  as correctec by the first oraer 
ar^T^roxiartion -iven in (4.8).    Ti^e of fliclit coaputed cirectly 
fror^crmala (-.:^)  .ith  .A set e^^Mi-.l to l.Vi& aaae::rs_in columri 5. 
';;^ou-'-. -700 v--rds,  the discrcD^ncy between the entries m colu^ms 
^"■nd'b is no' '-ore thr.n one hundreath of a seconc.     i.eyond < 70a 
v-rd^    the discrepancv becomes consicer-ibly 1-r^^er. 

■K-  A = 1.12=^ corresDonds to a temperature of - )i9.3 F, as extreme a 
'deviation from the standard temperature of 59° F as is likely to be 

- 17 - 
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Taz^ OF FL^OHT CORRT^TED FO? ri-f-STAIJJARD T^'F^:RATURE 

37 .n. Mark 9 HE s.ell M5i.,  c  . 1, s   = 0°,  u, = 2990 fos,   constant density 

0" X 
yd s. 

(Tt 
for A = 

1000 : 1.205 
1500 : 2.013 
2000 1 3.010 
2500 it. 265 
27';0 
2900 
3100 
3300 
3500 
3700 
39CO 
ItlOO 
1300 
li^OO 

h.Sh3 

6.033 
6.7li5 
7.U9 
8.115 
3.S3)i 
9.57li 

10.339 
11.122 

is^a-t o't(o-x,   1.125) 
fcr^ r 1.125 i at(crx,l)   +ZA.crt  |   c AfJ^su)  - f(Au 

-.010 
-.207 
-.O6I1 
-.103 
-.102 

f.0C^9 
f.C56 

.106 

.157 

.210 

.265 

.321 

TABLE 6 

ti-o A- ^r^   ^ i^ "^'  -^^^^^■^•^■'-^ ^0 huncireaths of  -  second >^p^-..-^pn 
co'-ruted for the  ;.ctu/„l te:;:rer:.tiire. ^^ ^-"-"^ exiictly 

1' 



"f^ilT'.TCT'X' 

TllIE OF FLIGHT C;0RRF.CTED FOR KOK-STAKDARD TE>'P!HATTJRT:; 

75 mm HF, Shell lli3, c = 1.636,   e B 0°, Up = 2390 fps, constant density 

CTX crt a-t for A a 1,125 
yds. for A - 1 

sees. 
a-t(crx,l) + A^cr t CACTCAU) - TCAUQ)] 

1000 I.3I1O 1.337 1.336 
l^'OO 2.079 2.071 2.073 
2000 2.871 2.356 2.859 
2500 3.713 3.692 3.697 
3000 U.630 h.589 h.596 
3500 5.606 5.5U8 5.553 
IiOOO 6.660 6.58U 6.591 
h?00 7.739 7.693 7.703 
5000 9.007 3.39I1 6.896 
5500 10.308 lO.lSii 10.182 
6000 11.696 11.607 11»530 

 .   ,  

TABLE 7 

I'iO  correction on drop has been r.-^de since for cr x less than 
2700 yarob, the crop correction is under 1 pi.. 

I II  -  I     m"\     in 



^^■•^oin-)-|-'~irn—'Tj 

■.:{y 

It ii; sur::e£teG from the preceding stuay on the 57 iiiiL 
projectile t';V:.t the e'-'u-tions oi i:iotion be solved for cr t 
•ni (j "y :iS functions of cr x first for const-^nt --ir ce^isity '.ilon£^ 

the trajectory,  for st' nd^rd -dr ter;.'"^er;i,ture :ind for st^.na-ira 
muzzle velocity by the euu::-.!! .ns: 

cj-x = c [.d(u) - 3(UQ)1 

cr t = c [T(u) - T(UQ)J 

cr   y - ^  ^— 
/ 0 ; 0 u 

These results m?y be t^bulrtcd with initi;J velocity •-d.lustec 
for two :drT^lrine sne'eds:    0 'ind 600 mph.    Corrections m-":y be 
• deed to these results for conciitions'different from the' j.ssumed 
ones. 

The effect on time of fli/^ht of v^ri-ble -.ir density -^lonff 
the trsdectory cun be comouted by the formula 

•X 
C ■ /^KCJ" t   =     - 

h sin r   \     {iJ yOj'' o ^x ,j ^ -   _   —_—        — — 

^ '^^      h     u^o'(u) 

I'ven in the extreme c-se of dO" up-^urd fire this correction yields 
•^cciT-:te results through o" x = ^500 y;:irds.    density corrections on 
drop -^.opeur to be unneccssixy.    dven' in the uO'^ ueu/j^d ■.ji-de of 
fire c'lse,  the ciscrep-ncy between corrected 'inc uncorrectec crop 
coT*-^'"Ted ,vith crx is imuer d. )ix zs fzr out z,s 2d00 yzrds. 

The correcti:;n on time of fli..>nt for non-stzuno-;Td temperature 
is  Ti de MI the formulhi. 

A.crt = (A- 1) ■^' c3-t(crx,l) ^ cs'(u^)  (''o - 1) I 

The corrections so obtztined will be pooa to z.nproxim; tely ,': 700 
y-rds in cr x.    The tem.oer'-ture correction on   'TOD izzy very ..ell 
be omitted since tbr uoh cr x = 0700 y;;.rds ^i-jj-vj (y'x is under 
1 56. ^^ " ^ 

FrcTi the tzbulztions of cr t .and cf'^y for Initi-1 velocities 
obt- ined  Aj--n tl^e z-irsoeed of the niruie is 0 nnd 000 m-^hi,  one cz.n 
find cr t  -.M cr "7 «hen the ziirpl^ne h-ms intermedizte  speeds. 



The time of ni;-"ht -ma crcD ;\re given by 

l/u^ - l/u. 
(Tt 1 - 

-,      -Q 

T/ir iTur" ' 
1    ; cr t,   + 

''    On  - a 1,. 

cr t. 

'.na 
P        /'        1/u.,  - 1/u^      :     .,      ; 1/u    - 1/u 

1 / 

O" ■ y-. 

)r,  whci^e {Te-..ter ^cciirucy in reouired, 

cr   y = ; 1 - ^  
l/u^" - 1/u 

Oo '   °l/ On 

1 

'■ -'0 

J-   y,-, 

1/ 

A. K.  Gclc~:ttne 

/ 
/ /   kkjJjL^j 

n. L. Kellcy 
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BALIISTIC DATA FOR CAT  n <^r^  ,r„ 

Ordnance Research Center 
Project No. 1.00^ 

^» Definitiong: 

X r distance along line of fire 

y = drop from line of fire 

tf r t^^ + At^ Sin e - ti:ne of flight 

*f z tims of f 
for e r 0 

~-2-£iii2ILI*k 

"^SLII^'"" = density ^.t,„aard 

2» Assimptionsi 

Temperature ~ S9°F. 

Drift',i:;^.0 

^*    Accuracy: 

At (o:"x) ^ "^oon r+      ^.u 

1" (-trX-oJ ..osf%'^t r.Z ^So^^^' '=<^ ^'•. the er.o. 
-nd the tahl, cannot be co„.l.„ea to .""^^TtTT ''"= °'' '''^^' 

••-=°"* the facts adequately. 



Ordnance Research Center 
Project No, UOO? 

BALLISTIC DATA FOR CAL. O.^O API MARK 8 FIRED 
FORWARD FROM AN AIRFUKE   (Cont'd) 

V.  z Velocity of Airplane = 600 mop.h. 

Muzzle Velocity r 2870 f.p.So 

crx cr2y atf^ O-^At^ 

ft. ft. SftC. Sffitfn 

100 .0 .027 
200 .0 .051 
300 .1 .082 
llOO .2 .110 
^00 .3 .138 .000 
600 .U .167 
700 o6 .196 
300 .8 .225 
900 1»0 .255 

1000 1.2 ,286 .000 

1100 io5 .316 
1200 1.8 .3U8 
1300 2.2 .380 
lliOO 2.6 .iil2 
1^00 3oO .UUU oOOl 
1600 3.it .U78 
1700 3.9 .511 
1800 UcU .516 
1900 Uo9 .580 
2000 5.5 .616 .002 

2100 6o2 .652 
2200 6.9 .688 
2300 7.6 .725 
2l|00 8.3 .763 
2^00 9.1 .801 .005 
2600 10.0 .81;0 
2700 10.9 .880 
2800 11.9 .920 
2900 1?.9 .961 
3000 lli.O 1.002 .009 

3100 15.1 1.0U5 
3200 16.3 1.088 
3300 17.5 1.132 
3U00 18.8 1.176 
35X 20«2 1.222 .015 
36C0 23.6 1.268 
1700 23 •! 1.315 
3900 2**.? 1.363 
ymo i^k 1.U12 

"■«.!      _j IJU62 .025 



Ordnance Research Center 
Prooect No, UOO^ 

MUISTIC DATA FOR CALo 0,^0 API MARK 3 FIRED 
FORWARD FROM AN AIRPLANE  (Cont'd) 

7.  - Velocity of Airplane r 600 m.p.ho 

Muzzle Velocity = 2870 f.p.So 

crx 
ft. 

Uioo 
U200 
U300 
UUoo 
ll500 
U600 
U700 
U800 
U900 
5000 

5100 
5200 
5300 
5U00 
5500 
5500 
5700 
5300 
5900 
6000 

6100 
6200 
6300 
6U00 
6500 
66'00 
6700 
6300 
6900 
7000 

7100 
7200 
7300 
7U00 
7500 

ft. 

29.9 
31.8 
33.8 
3.^.9 
38,1 
hO,h 
U2.7 
U5o2 
U7o8 
50.5 

53 .It 
56 o3 
^9»U 
62.6 
66 »0 
60,5 
73.1 
77 «0 
30.9 
85.1 

39 oU 
9U.0 
98.7 

103 c6 
103.8 
1114 o2 
119 c7 
125.6 
131.7 
138.1 

ll^U.7 
151.7 
156.9 
iCt>M 

cr t. 
sec/ 

1.503 
1.565 
1.617 
1.671 
1.726 
1.782 
1.838 
1.396 
1.956 
2.016 

2.078 
2.mi 
2.205 
2.270 
2.337 
2.L06 
2.U75 
2.5Ii6 
2.619 
2.693 

2.769 
2.at 
2.926 
3.007 
3.090 
3.175 
3.261 
3.3U8 
3.I439 
3.530 

3.623 
3.717 
3.&12 
3.909 
)4.006 

?r^M, 

■■?ffC,i 

.039 

,060 

.088 

.128 

.181 

.2U3 

.288 



Ordnance Research Center 
Project No» U005 

BAIXISTIC DATA FOR CAL. 0.^0 API MARK 8 FTREP 
FORWARD FROM AN ATRPUIIE  (Cont'd) 

V    - Velocity of Airplane x 3S0m,p.h. 

Mugzle Velocity = 2870 f.p.s. 



Ordnance Research Center 
Project No, 1^005 

BAILISTIC DATA FOR CAL. 0.^0 API MARK 8 FIRED 
FOITwARD FROM AN ATH^LA?:E (Cont'd) 

7 - Velocity of Airplane = 300 mop.ho 
A "■ 

Muzzle Velocity = 2370 f.p.s. 

vx crV 
0 

cr^At^ 

ft. ft. sec. sec. 

Uioo ■  IjOol 1.76U 
)|200 U2.7 1.826 
I43OO u?.u 1.889 
UUoo U8.3 1.953 
U$oo 51.3 2.019 .050 
U600 5U.lt 2.086 
U700 57.7 2.15U 
1800 61.2 2.22U 
h900 6U.8 2.295 
5000 68.5 2.368 .076 

5100 72.5 2.l4i3 
■^200 76.6 2.519 
5300 80.9 2.596 ■ 

5U00 G5olt 2.676 
5500 90.1 2.757 .113 
5600 95.1 2.81iO 
5700 100 o2 2.92U 
^a-x 10^^ 3.011 
5900 1110 3.099 
6000 117.2 3.139 .159 

6100 123,1 0.251 
6200 129^ 3.37I1 
6300 136.5 3 .!i68 
6li00 lii3,5 3.561; 
6500 150.8 3.660 i         «202 
6600 158.U 3.757 
6700 166.3 3.356 
6800 I71i.5 3.955 
6900 183.1 li.053 
7000 192.0 h.155 1          .226 

7100 20a .1 U.256 1 
7200 210.7 J4.359 ■ 

73C0 220.5 U.ii62 
7I400 23 c.7 U.565 
7500 211.3' h.670 .262 

• 27 - 



Ordnance R-^search and 
Develonr.ent Oenter 
Project NOc hOQ$ 

BALLISTIC DATA FOR 20 M.  H.E. SHELL T23, PoDo FT'Z?', T71E.U 
FIR-'^D F'-^^vk^B  FROM AN AIRPL^^'E FROM 

20 m. AIRGPJIFT GUN  (TCTST OF RIFLTWG - 1 TURN IN 25-586 CAL.) 

Tae gon is fired along the line 
of flij'ht of an alrclane flying with 
s-.-eod v.,  at dive a^igle    6. 

X    = distance along line of fire. 

y    - dron from line of fire. 

t    - t^    f ^t^ sin e  = tine of flight. 
o 

t£.    r ti!ne  of fli>:ht for £   ~ 0 

Hoft^ZOA/TAL 

TMTecTifty ^   \ 

^ t|. sin e - correction for variation 
of density, 

d*   z. density ratio - density at muzzle -7-standard density at sea level,. 

2 0     Assunntions: - 

Terccerature = 59° Fo 

Drift =0. 

- 28 - 



Ordnance Itesearch and Development 
Center Proiect !-'o, LOO'^ 

>TCT^ 

BALLISTIC DA'^4 FOR 20 W/,. ^.■^. C'^^-LL T23, P.?. FUZ^ TTIEl, 
F'IR.nD FORWARD FROM AN AIRPIAN5 FROM 

20 E:. AIRCRAFT aUK  (T¥/TST OF RIFLIl'G = 1 TURN IN 25;»^66 CAL.) 

V^ = Velocity  of Airr.lane  = 6C0 ra.p.h=, 

}'v2z 1 p Ve 1 oc :■ tr a 2 ? ^'C f, r) o s o 

crx 
Yclr. 

cr'-y crt.- o^'i^t^ 

bCC o 

50 
100 
150 
2X 
2^0 
3 CO 

liOO 

500 

550 
600 
650 
700 
750 
800 
850 
900 
950 

1000 

10',; 0 
1100 
1150 
1200 
1250 
1300 
1350 
liiOO 
ili5o 
15C0 

1550 
160(0 
1650 
1700 
1750 
IdPO 
1350 

200© 

oO 
r': 

,<j 

.1 

.2 
3 
.h 
.5 
.7 
.9 

1.1 

1.3 
1.6 
1.9 
2.3 
2.7 
3.1 
^6 
h,0 
!, .6 
5.2 

5 08 
6o5 
7.3 
S.l 
5.0 
9.9 

10.9 
12.1 
13> J 
Hi,6 

16.0 
17 .U 
3.9.0 
20.7 
22.6 
?li.6 
?6.7 

3lJi 
31* .0 

.0J,2 

.oai, 

.128 

.173 

.21? 
> 2o5 
.313 
.362 
.U12 
.U6u 

.517 

.572 

.623 

.685 
„7ML 
.301 
.367 
.931 
.997 

1.066 

1.136 
1.2 OB 
1»2&2 

lJi39 
lo521 
1.60s 
1.692 
1.782 
I0876 

1.973 
2 .072 
2.175 
2.282 
2.393 
2.507 
2.625 
2.7iL7 
2.373 
3.30L 

»0001 

.0005 

.0015 

.001I6 

.0107 

.0210 

.0382 

.0503 

.065u 

.CS39 

.1062 

.1321 

-Oi.'- 



Ordnance P.03earch and Develooment 
Center Proj-ct No, I4OO5 

RK S "^ •^ '^^' 'V^'"'}) 

BALLISTIC DATA FOR 20 M. H.E. SIWLL T23, P.D. FUZE T7IBli, 
FIRED FOR.YARD FROM AN AIRPLA:'?. FROM 

20 W:.  ATOCRAFT Cl'N  (T'/JST OF RIFLING  = 1 TlHaN IN 25o536 GAL.)   (Cont'd) 

V.  r Velocity of Airplane - 6OO ro.p.hc 

Muzsle Velocity r 2750 f.p.So 

crx 2 a- "-y crt^ 
0 

cr 2^t^. 

yds. Yds. Secc Seco 

2050 36,8 3.13a 
2100 39.8 3.271 .1852 
2150 U3»G 3.113 
2200 li6.li 3o556 o2086 
22=^0 50.0 3.701 
2300 ',3^9 3.8U9 =2317 
2350 53.0 3a999 
2100 62 ,h U.150 .255U 
2li50 67.0 U.30!4 
2500 71.8 U.ii6l c2806 

2550 76.9 H.619 
2600 52.3 !j.780 .3053 
2650 sa.o h.9h3 
2700 9U.0 5.109 .3385 
2750 100.3 5.277 
2800 106.8 5.U46 .3716 
2850 113.7 5.613 
29C0 120.9 5.793 .i+082 
2950 12 a,h 5.970 
3000 13 S.3 6.150    , .)iU91 

f?T-.sr5T'—iPT) 



Ordnance Research and Development 
Center Proiect Noo iiOO^ 

PT?CT'5-^r T-H'£) 

BALLISTIC DATA FOR 20 Mf. H.E.  S-WU. T23,  ^X, ?V7^ T71Bh 
• FIRED FORiVARD FROM AN AIPJ'LAr^.- FROM 

20 P''. AIRCEAFT orii  (T';7TST cf RIB'LTNG z 1 -TcN IN 2$.^"^6 GAL./ 

VA  ~ Velocity of Airplane - 300 n.p.h. 

I'u2zle  Velocity = 27^0 f .p.So 

cr t. 

i;ec. 

cr  ^t. 

>GCo 

.017 

.096 

.1U6 

.l-'7 

.2^0 

.30U 

.359 

.kl6 

.i!75 

.^3? 

o97 
o66l 
.7?? 
.791) 
.86h 
.935' 

1.009 
1.035 
l.l6)i 
1.2L5 

1.329 
1.U15 
1.5ch 
1.596 
1.692 
1.791 
1.893 
1.999 
2.109 
2 o222 

.0001 

,0006 

.0023 

,0061 

.0136 

.0268 

.Oil 38 

,06U0 

2o339 
2.160 .0321 
2.585 
2.71U .1021 
2.8b. 7 
2.?83 0I2II- 
3 .122 
3 .263 .1391 
3 .'i07 
3.55!* .1565 

iiy*'"^"''Ty 



Ordua'ice ''.osearch and Development 
Center Project Vo^ hOO^ 

p-p<.-'Tipjr']vD 

BALIISTIC DATA FOR 20 mi. Ho^»  S'-FLL T;0,  P.B. FUZE T71EU 

20 M!-. AIRCftA^T CIN  (T-IST ^F RIFLIKG = 1 T^RM IN 2^o566 CAL.)     (Cont'd) 

V    - Vel^f^-^tv of Airr-lane - 300 nop oh. 

MuKzle Velocltv = 27?0 foOoSo 

Yds, 

20^0 
21J0 
2150 
2200 
22^0 
2300 
2350 
21:00 
2U^;o 
2500 

2600 
2650 
2700 
27<0 
2800 
2850 
2900 
2950 
3000 

2 

Yds» 

51.6 
55.3 
60,2 
61.9 
69 oS 
75.0 
30.5 
86.2 
92,2 
9^.6 

105 o3 
112.3 
11^'. 6 

135=^ 
lli3»6 
152 »3 
151.U 
170,9 
130,3 

crt. 

&ec< 

3.703 

U.008 
1;.165 
[1.323 
b .:,i32 
),.6lil, 
) 1.309 
I..976 
5.3J!5 

5.317 
5.!491 
5.667 
5.8L6 
6.027 
6.211 
6.398 
6.5S7 
6.779 
Oo9fu 

0- ^^t,. 

.17U7 ' 

.19U2 

.2156 

.2393 

.265U 

,29U8 

o3276 

o3639 

Ji0b6 

o!-,502 

- >2 - '^CT 



RESTRICTED 

Ordnance Research Center 
Project No. .'iCO^' 

BAUJSTIC DATA FOP. 371.?: HoS.  SHELL,  ?>?5h,  Fl-ZE W^Sy 
FTRED FORWARD FROI! A^' ATEPLAIIE FIIOM TFE 37K.' <^VJ KK.  9 

1.    Definitions: 

The gtm is fired along the line 
of flj^ht of an airplane flyinj'^ r.ith 
speed v., at dive angle   E o 

X - distance along line of fire 

y r dj'op from line of fire 

t.> - t^   + At„ sin e r time of flight 
0 

^ J..t£ = time of flight for £ = 0 

At^ sin e - correction for variation of 
density 

C s density ratio - density •!■ standard 
density 

2. Asswaptions: 

Teispsraturs - 59°F. 

Drift z 0 

3, Acc\irac;/: 

HOB-IZONTA L. 

At  (cr x) = 2vOOO yds,,  the error in  ((T'-y)   is< =1? yd.,  the error 
in (crtf) <: .02  sees.    Be^'ond (T x s 20iX yds,,   accuracy falls off badly, 
and the table cannot be considered to  renn^sent the  facts adequately. 

- 33 - 

'?F'"7^'^C?Sn 



RSSTRTCTED 

BALLI-TIC DATA FOR 37 l^.N "^'^.  SWJl., M^li,  FlIZE \i56, 
FIRED FOR^rARD FROM AF kJ^U'lAV^ FROM TOF 37 M. GUN,  W, 9  (CONT'D) 

V»  - Velocity of Airplane = 600 n.o.h. 

VMZZIO Velocity r 2^50 f.p=t3. 

crx <r2y crtr. T^^t 
yds. yds. 0 ■'- 

Sec. Sec. 

100 .oil .089 
200 .17 .131 

, 

300 .39 .276 
liCO o72 .37U 
<00 1.15 .li77 .0007 

600 1.70 .533 
700 2.37 .692 
800 3.13 .806 

\        900 1.13 .92U 
■ 

1       ICOO 5.21; 1.01.6 .0066 
! 

1100 6.$1 1.17h 
1200 7.96 1.305 

. 

13 CO ?.60 l.Uhl 
1        11400 11,15 1.5BU 
1       l^^OO 13.5U 1.732 .0263 
i 
i     1600 1$»86 I.6R7 

1700 13. h5 2.OI47 
1300 21.314 2.215 
1900 2L„52 2.339 

!      2000 ?3o06 2.571 .0789 

2100 3 L.'96 2.762 
2200 36,27 2.961 
2300 la.oh 3.170 
21400 li6o28 3.339 
2500 52o06 3 .616 .1957 

2550 55 a6 3.737 
2500 53oli3 3.356 
26^0 6lo85 3.981 
2700 65ol43 ll.lOS .2697 

27*^0 69o20 1;.236 
■'.      -^ 73.3.6 U.371 

7 7.31 I4.506 
- [:1.66 U.6I45 .35It3 

prff^Tf^'ri 



REST-RTCTSD 

FIRED F 

P/ILini-G ^il^A rc:^ 37  1^5« H.E.  SHELL, V^i, FUZE M56, 
';^R'/A:?D FROM AN AIRFIAira FROi; TIE 37  L^'. 0U>^ ^^K,  9  (nO!'T' P) 

V,  = Velocit,7 of A^nlane r 600 m.n.h. 
A ~ 

2950 
3000 
3050 
3100 

3i'?o 
3200 
32?0 
3?6o 

3350 
3 Loo 
3h50 
3?00 

3550 
3600 
3650 
3700 

37^0 
3 300 

3900 

3950 
1)000 
!iC<0 
hlOO 

bl^O 
1200 

1^300 

!i3?0 
W.0O 

)i^00 

?6o22 
rOo99 
>6o00 

irio22 

ic6o70 
r2Jjl 
n8o38 
libo59 

i"lo07 
l37o3l 
li,Uc83 
1:2 oil 

m9o68 
167.^3 
175.67 
isuai 
192002 
201.88 
211«22 
22O086 

23bo83 
2I4I0I2 
251.7U 
262 o69 

273o97 

.297 c56 
309oS6 

322 0^7 
335=60 
319 cGl 
362,79 

. •»- 
R^STPICTED 



RESTRICT?:D 

BALLISTIC DA^^A ^OR 37 n^  H.S.  S!!SLL, M51, FUZE }l% 
FIREB FOirV^RU FHOF All A ; R'-'UTIE FRCL: T^ffi 37 I",:.  GUN M.  9  (ajKT'D) 

Vj^ B -;olocit>'  or Airplane r 3C0 n.p.h. 

Kuazlc Ve loci-by - 255' 

55o30 
1C0.81 
1C6.57 
112o58 

kMoS 
U.5H9 
U.695 

li.993 

5.1J5U 

*937 

.3l^lt8 

-^- 
T^-»<^ <»^*-n T'^^*'' ZSL 



RESTRICTSD 

BALIJSTTC DATA FC'R 3? ]U,  H.E.  C^'Zll,   W.^Li, FUZE ¥%, 
F"!IED FOR;?;ARD FROl' AN AJRPIATIE FROM T^'E 37 K^.  OW, im.   ?  (CONT'D) 

V.   - 7-lo:^lt.'   of Airplane 
A - ■    ■ 

300 in.p.h, 

? ■■..; s ". 1 e Ye loc 1 ty - 2 J^O f. p. s o 

Yds • 

3X0 
.^ ^ ^ ^ 
"! -1 ^f^ 

31>0 
32X 
3250 
3300 

3li50 

3550 
3600 
3650 
3700 

3750 
3800 
3350 
3900 

3950 
hooo 
LC50 
lilOO 

U150 
IJ200 

h?5o 
ijoo 

ii35o 
hiiOO 
h;i5o 
1500 

llSoPll 
125.38 
332,13 
]39,25 

IL6062 
l,.h.26 
l.-2ol9 
170oU2 

:'-78o93 
197,76 
i96033 
206o32 

2.160O7 
?'6ol5 
236.55 
2it7.23 

253c3'5 
269c75 
281.50' 
293 061 

306 c06 
318.89 
332c07 
3li5o6I'i: 

359 o57' 
373 «90 
385.60 
103 c?2 

IiI9.-22 
!35.11i 

1;63.2^ 

9.013 
9.203 
9.3^3 
9.57I1 

9.762 » 
9.953 

IO.1I46 
10.339 

10.532 
10.726 
10.922 
11.122 

.7203 

.31U8 

.9227 



p r* n T '^ "^ r '^^T^'^ 

BALLISTIC DATA FOR 37 }^'.  Ti.E, SflELL, K^U, FLZE k56, 
FIRED FORVfAPD FROM ATI ATRPIATE FROM TI!S 37 13,' GUN, I'K. 9  (COIIT'D) 

Temperature Effect on Time of Flight 

tf. (at Temp. T) = t„ + sine At„ 4 (X- 1) St 

X zWstandard Temp., Abso 
^ ^ Temp., Abs» 

Standard Temperature z 59° F. 

[Thus the A corresponiing to 0° F. ls\j^^^    z. 1.06U] 

(Sec.) 

— ' [ 

^    ^A              i 
]  

0- X ^^■"^-■^^m.p .h.) 300 600 

(Yds.) ^"\^ 

500 -  .01 ,00 
1000 - .08 - .02 
1500 -  .22 -  .11 
20C'0 - .51 - ,28 
2500 - ,37 - ,62 

2700 -  .32 - .78 
2900 -  .60 - .90 
3100 -  .29 - .85 
330G .07 - .63 
3500 0I45 - .32 
3700 .35 .03 
3900 1.26 .li2 
Uioo 1.68 .80 
li300 2.12 1.22 
li500 2.57 I.6I1 

SE5>?R~C?^r 



Ordnance Research Ce-i-ter 
Project ifOc  4005 

BALLISTIC DATA ?02 VStfyi H.S.  3H2LL, 1148,  F.D.  FUZE l!56, 
FIllfiD   :'Q\mmD FROI."; AI:   AlKPL/C-rS J'liOM T[\S  75ia,: GUI, K5A1. 

1.    Definitions: \jt* 

The .^UB Is fired slon- tiie lino of 
flit~ht of eji airplrjoie flying v;ith speed 

,.TiV» '^ dive angle   e , S-^.. 

j: u  distancs'-alone line of fire \ 
\ 

■y s drop fcon line of fire x^ 

tf = tf    -* *■ t^ sin €  r tiiie of fli^rht - ^ 

t\p   - time of flidit for £" « 0 ~   .      — \ •  

■^ tf. sin e  - correction for variatiO|i 
of density 

S - density ratio ^ density at muzzle * standard density at 
sea level 

2»    Aaaffli-ptjona; 

■,  Tejrn)ernture - 59°Fo 

. Drift - 0^ 

5. AccuracY; 

Tlirough. C X. - 4500 yds., 6 tf    is-correct to 0,02 sees,  and 6 % 
to 1 yd,    Beyor^d 6" x » 4.500 yds.^,  the accuracy falls off so that by N 
(T X s 6000 J'fis,, <f t,*.    is in error by about  0,07 sees,  and -O" % by .3.5 yds. 

1   ■ 



I3ALLI3TIG DATA ?GK  75LK R.^.   31:I;LL,  1.^48,  ?.D.  TUliS InOo ^ 
;^IHi:D FO^^-^iARD  F2QI.1 AL^   --.IlffLAiffi  jROLi S:i.  7^^. GUiv M5,a.   (0017:'D] 

7^ s Yclocity of Airplane -  600 n.poh, 

I/uzzle Velocity ss ^^50 T.p.s, 

 ■-- ■ —-.         '—~" 
-,..-   ...fc.,-*,.-~-     ■    - -.^       -v^^.u^^.-^...-        ^.   ——1*-. 

0" X <r2y 
yds. ydso 

100 Ool 
200 0.2 
300 0.6 
400 1.0 
500 1.6 

600 2.3 
700 3.1 
800 4.1 
900 5.3 

1000 5.S 

uoo 
1200 
1300 
1400 
1500 

1500 
1700 
1800 
1900 
2000 

2100 
2200 
2300 
2400 
2500 

2500 
2700 
280) 
2900 
SOOO 

}  

3.0 
3.6 

11.4 
13.3 
15.4 

17.7 

22 o6 

2B.7 

31.9 
rziT,     rl 

39.0 
42.8 
4G.9 

51.2 
55.8 
60,6 
55o6 
70,9 

crtf. 
seCi 

0.105 
0.214 
0.324 
0,435 
0.548 

0.661 
0o77G 
0.892 
1.010 
1.128 

1.249 
1.371 
1.495 
1.622 
1,748 

1.878 
2.003 
2.140 
2.274 
2.411 

2.548 
2.587 
2,827 
2,971 
3.117 

3,262 
3.412 
3.563 
3.716 
3.871 

e*^-tf 
•^c. C,   -■'.y  » 

.0003 

.0023 

,0033 

.0203 

.01139 

.0906 

-10 - 



BAIXIS^'IC DATA I^OR 75B5 H.i;.  SEiXL, m8, P.D.  1:V2^ 1,156, 
riR^w jORurJiD Fimi m .\IRPLA:.E i-^Roj.; Tins 751.2^ GTO: MSAI. (GO!.:T'D) 

''^A = Velocit;/ of Airplane s SOO m.p.h. 

I.^zzle Velocity = 1950 fop.s. 

crx 
yds, 

3100 
3200 
3300 
3400 
3500 

3500 
3700 
3800 
3900 
4000 

4100 
4200 
4300 
4400 
4500 

4600 
4700 
4800 
4900 
5000 

5050 
5100 
5150^ 
5200 
5250 

5300 
5350 
5400 
5450 
5500 

yds. 

7G.4 
- 82.3 

68.4 
94;. 7 

101.4 

108,4 
115.5 
i23o2 
131.2 
"139.4 

148.0 
157.0 
166.3 
176.0 
166.1 

196.6 
207.5 
218.8 
230o5 
242,7 

249.0 
255,4 
251.9 
268.5 
275,3 

282.2 
2SS.2 
296.3 
303,6 
310o9 

crtf 

sec. 

4.028 
4,186 
4.348 
4.513 
4.630 

4,047 
5.018 
5.191 
5,367 
5.545 

5,726 
5.908 
6.097 
5,285 
5,476 

6,672 
5.8G7 
7,066 
7,270 
7,477 

7.582 
7.686 
7.791 
7.897 
8.005 

80113 
8,221 
8,331 • 
8,442 
8,553 

o-^^t^ 

seci; 

.I36I1 

.?109 

.33lil* 

Ji90^ 

.5661 

.6502 

^■'3. '^.■-■■y 

-   11 — 



BALLISTIC DATA FOR'73.11 ii.E.  i2ISLL, M48, P.D.  FUZZ M55, 
i^IES 70Rv?ABp I^'aOH-AN  AIHPlAt'::; Pl^OIl TiXE 731^ GDK li5ja.   (GOtr'D) 

V^ = Telocity of Airjilaiie - 600 is.n.h., 

Muzzle Velocity = 1950 f.p.s. 

cr z orSy ,                j              o-t-o 2  . 

yti.s. y(iso o 
. "           aec. sec. 

5550 318.5 

r "    '    ' 

,8.666 , 
5500 S.779 .7li29 
5C50 353.9 8.692 ," 
5700 341,9 9,005 
5750 O'lg.g ,,. S.120 

5800 35E,g     , S.102 .3U.^0 
5850 365,5 i?» KJOC 

5900 375.0             '    . . 9.470 
5950 383.7 9.590 
6000 392o5 9,710 .-'^71 

- U2 - 



:      :■    '"BALLISTIC DXTk FOR 75lM T.S.  SKJii, 1^0,  r,D.   RUZE I.S5, 
FlZiED iflORii/AHD S'xiOK AI' AIRPUTiS'^^'RCK TE.S' 75r,i;: GUTi M5A1.     (COiiT'D). 

V^s Velocity of Airplane z 300 ii,p,lL, 

Mussle Yelocity - 1950 f.B^EO ' . 

',.'«■..■■ 

(Tx cr%        . <^*fo '^^^^ 
yds* yds. 

39Co 3ec. 

100 0.1 o.ige , 

200 0.3 0,253 
soo 0,8 0.384 i 

4€K) '    1.4 . 0.516 
500 2,2 0.647 .000^ 

/ 600 .  3.2 0.784 
700 4,4      ■ 0.919 

.,.     SOO ■     5.8 _ 1.057 
900 7.4 1,199 

1000 9.2 1.340 ■ .0051 

uoo 11.2 1.404•   ; 
,1200 1S.5 1,630 
1300 15.0 1.777 

- :    1400 . 18.7 1.929 
ISOO 21.7 2.079 .0112 

1500 £4.9 2,234 . 
1700 £3.4 2.391 
1800 •     32.2 2,548 
<1900 36o2 2.708 
2000 ..     40,5 2.871 .0272 

£100 45,1 ■'     ,   -3.036 
2S00 49,9 3.303 
2300 OO 9 X 3,372 
2400 60.6 3.544 
2500_           >■ 56.4 3.718 '0^S9 

2600 
■ 

'72.6 •   3ofe95 
-:          ,:    2700 79.1                      • 4o075 

'"::               2800    ,          -:, 85,9 ■    4.255 ;■: 

2900 93.1 4.441 
3000    , 100.7 4.630 .1033 

" ? ! 

■.,'" j'''-.          ''■; " 

-"^^K. -.'■:■■   ■ 

1 .„ -_i-i_™-^ 

li"?^ 



B^iLLIsnC DATA ?0H 75^M H.E.   SF^SU^ M48, P,D.  i'TJZK M55» 
FliM) fOlWiuG :iROM A:>' .\IKF1*AI^B fROM TF^f^Sl ^JS M5M.   tCOTi'D) 

VA a Velocity of Airplane c SOO ia,p.li. 
Muzzle Velocity « 1S50 f»p,So 

ydso 

5100 
3200 
3300 
3400 
3500 

3600 ' 
3700 
3800 
3900 
4000 

4100 
4S00 
4300 
4400 
4500 

4600 
4700 
480Q 
4900 
5000 

5050 
5100 
5150 
5200 
5250 

5300 
5350 
5400 
5450 
5500 

yds. 

108.6 
116.9 

134.8 
144.4 

154,5 
165,0 
175.9 
107.4 
199.3 

211.7 
224.7 
235.2 
<c.o2.2 
266,9 

282,1 
298.0 
314.4 
331.5 
349.3 

358,4 
367.7 
377.2 
386.8 
396.7 

'406.7 
416.9 
427.3 
437,9 
448.7 

<^tfo c- ^A*f 

sect> vsec o 

- 4.819 

- ■ ■ ■  --, 

5.012 
5.208  , 
5.404 
5,606 pl7l7 

. 5.812 
6,019 
5.223 
6,442 
5,660 ■ .2776 

5,879 ; 
7.103 
7.329 . 

■ 

7.557 
7.789 .lil73 

8,027 ♦ 
8,265 
8,509 
8.755 
9.007 ,6021 

9.133 
9,260 
9.388 • 

9.515 .6897 
9.646 

9.777 
9,909 

10.042 .733'9-' 
10.175 
10.308 

1 

J 

-hlr- 



BAI1I3TIG DATA 5X)R 75tti U.K. ^nSLL, MS, F,D.-K?^ M66, 

FIRED iOHWARD mOi: M^ AlLiPlJim^ raOKTKl '733^ GtS^ M5AX,   (COIff'D) 

7A - ^'''elosity of Airplane « 300 Eiop.h, 

mizzle Telocity = 1950 f,p,s» 

W 

.   % 

cr X ar^r '   crtp 
yfls,- '    yds. ..    ""0 

,'"        ■ seci,' 

5550 459,6 1J3,44S 
, 0600 470.8 10,581 

,   5650 4S2.2 10,718 
5700 493.7 10,854 
5750 505.5 ■     ,10.994 

5S00 5X7.5 11.134 
5850 529.7 11.274 
5900 542.1 11.414 
5950" 554,7 11,554. 
6000 557,5 11.695 

'~7 

,8853 

,9320   ;:4.. 

1.o?71 


