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! EFFECT OF THE EARTH'S ROUTATION ON TRAJECTO-IFS O !
THE ANMLED AFROW FRCJECTILE |

: 1

Preparad by: J

Oscar T, Jchultz

em A - ma

AUSTRACT: The effect of the earth'a r-*- n |
trajectories of the Angled Arrow Pro’~ i
obtalined by thrve methods: & numerica satiom

of the equatlorc <i motion including v e Zurinlie i ‘
force and b, Lwo approximate integration et xis
arplied to the limear A1ff re- 7 o latkions 1.1c¢h !
define the verietionsfw, © . - uige table Lrolec- ! \
torie roduced Ly Chwe earcn'. cotation., A com-
parliscn of sample comprta*r!on: vy thr ! ipee et
‘ndicates that the + - v a-a R COPrPe: o3,
ran-- “able { a ‘et v 3 filete.. ., aecrace
lor : purpoces vnli ¢ Tne less axact wethod 1
cufflicient to zive the zeneral magn’iude of the
effect of the earth's rotation but is provably in-
aleguate for use in the AAY fire control coumputers,

U, 3. NAVAL ORD:-ACT LABORATORY
YHITE OAK, RAFPYLAND
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¥Lile *. e existing range tables for the Angled Arrow Frojectile
ire rot regarded e fina! and their revizion will neceesitate
corresponding ehanges in the fire control conputers now being
designed, 1t 15 desirable that the ballistie design of these
computers be sufficlently somplete tinat any rodifications
heccinary Lo acccmouate ther to the final ranfe tables wil:
be of a rinor nature. Stpee the effects of the earth's ™ta-
tion ar. roy ineluded in the pPresent range tables and their
later ‘n~lucton Light recuire more extensive alterat-cns : -
the corruters than will ciher laproverents ‘n Lhe range
conelderntion should be 1iven 55 e ‘mate ne "5
accounting 'm0 £ o eart)lr rovas e

™t prejort - weth-de ror yrractical ¢ Lion of
trhe efl'ex. or © eartii's rotat‘ur, m the basis U wnhlch an
estiuate can be made of the err r cormitted Ly nevlecting thig
effect, These mathods also suggest possible means of ineluding
an eart’.', rotation correctior in t e fire contrel copputar

W, G. SCHIXDLEPR
Rear Admiral, USN
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EPFECT "% THE RARTH'3 ROUTATTON O TRAJECTOHIR
THE ANGLED ARROW PROJECTILE

INTRODUCTION

B The design of the ballistic section of tre Sperry
"iidance Computer for the Angled Arrow Projectile ‘s being

based on the 1{:%% Tables for the Angleu Arru:
frojectile contalne b Report 2160, and %Eesemea
are alsc being used in the conversion cf a Ford Mk 1A
Computer %o serve as an AAP Launching Computer. Az ‘mplled
by thelr title, these ca les are epdmittedly of a provinional
nsture and are subject tc revisiom as a result of changes in
the rojectile configuratiom or the obtaining of more mccurate
draz Informatlion on the present design of projectile. The
furpnce ¢f such tables 17 to ol low tie desigme ol Lne + o
computers 1o proceed velore the definitive tatvles hecome
avallable. The computers constructed with this balliztic
infmation will be used In the proposed tests of the ALP
Sy.tem at the Chesapeake Bay Annex of WAL. In these tests
no actual orojectiles will be fired end the imaginery pro-
fertiles of the tesis «1l]l be assumed t¢ have a ballistlic
el.avi~r which 18 exaclly described by the preszent range
Lebles. The'e ls no doubt that this assumption is ‘ustifiec
for oue rarposes of the CBA teria,

e In 3hip board irings, of course, 1¢ 1s necess=ary thet
the range teblee which are represented in the Ouidance
c~mp:ter aceurately deccribe the beravior of ‘he uctual
rojecttile. 1% 1s expecceed that this requirement will
nece3agliate & 1vevision of the preser’ ragge tatles, along
ZLtr corresdonding modifications of tine computer, hefore
“re =vstem 13 ingtall 4 aboard ship; and it is heped that
vott. the deglen of the projectile and the experinental
devermination >0 the drag coefflcient will be sufficlently
Cr®rive by that time that the revigions can be made with

e sriainty of finality. Since the Culdence Comruter,
AL.0 eorrect for the ballistic deflelencie2 of the Launching
comonter s 4t 13 not 8o imporctant that the Launching Computoer
e vared o7 eccurate range tables, and mmly the Guldance
Cr.ouner Lo coneldered in the following discussion.,

P The preger.” range tables are Iintended to e rulflcel-
e~ . Locurate tnat Ly vlnor changes (r the comprier will be
re uird €9 eccommodace 't Lo the final vables, Swuch cb inges
Joont consial ¢f chang!ng the values of fixed resisztances o
toe 1 uictinng reprecented by function poleriliometers, aecc.,

i g . e PO s
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Lo e oroadtfleatton reguiring the plddition of Juwet! o
1oLen. meters which were nut origlnally present W o [ ro-
LY. be regarded nn oA major change, especinilly LI trw einA
rrantiumeter: require? mecranicali ‘nputc repregantliy
varin, ey iMmiec’l vere not present at oll oripinaly,

b, It reems likely that any cnanges 'n the compuier
il e would be required to accommodote & refluemernt 7 the
‘ray ¢ oeffletent, or a change in the drag coelfic'eat vrought
als ot wy saall ecranges in the projectlie dexzlwn, could Le ar-
comoltLlen by tne winor changea described above, nere arc
rert e CLher refinements which might also U9 accoumted for
v Lt aey: the diminution of the gravitatimal force witn
nid, e, tne change in “the dlrection of thie “oree with the
"ortsantes Yravel of the projlectile, snd crunges ‘n the
Acmntt anG temperatiure struccures of the standard simogphere.

There 15, nowever, at leant nre Jdeficlency in the
renge ablen the retnesl ~f which mlight reruire a
ange .n ‘he commter, ard Lhat fn Loe neplect o Lhe
rota.lom, Toe earth'c rotetion br! 'ge abour s cde-
o' Sre prol-oatile el the vertical plane econtolning
Tl velezd ., wveelor, an effect ol a kind nich e
rhsent from the present tebles ercept 1n the pre-

# 24ind. Henc~ ‘he only posaibility o’ 2llowing ‘or
el with the present eomputer design iz to introduce
a ‘. voowind wnlel would have Lhe dane effec. o i
LIt r, a. the cartv.'e rotation, bit there 18 o regsor.
veoue teve tnnt thia seth sl would produee = sufiiclently

7 rote ccrreetion,  Purttermscre, tne defllectlon of the
rojectiic cxnined Ly the orritthi'a rotLaticon 12 a function cf

o Lattvde, a0 Lrat even 4 LU vere poculble Lo represont

e “Teetl by introducing a ffctiticiz wind, thie #ind would
e ¥ ¢ varied as a functiom of latitud~, a quantity

o

Yoo s nuy dAnvelven in the vicsent ballistic solntion.

‘.r,f‘ L] ‘t
U A e A
e of
,
+

e

o &,
PO

. Whether or not the neglect of the cartih's rotation

: ' ed dependns on the nagrltude of it effecs eonpapres
S ST errore in the ronge tables and alnc m tne nmagn!l-
Cde o7 all o men halliatie errors pelstive Lo other errors
‘r v e Ak Brotewn, In HAVOED Report 2160 an examnle io

‘ ien Uie error e e LYla sausc Lo oataut S0 rt

w0 Lgrt of 10 nen Tt unens culte porlible
teoermur Lr neeVigibly o courpared St abner  errors
renent tables, but 1t lr to Le hoped thel o wle ige
rag etz ient A7) inrove to the extert Lhat LhLis
Ler ey more seriog. Even !f all errors U otne drag
cler o 1i4 Le ellminated, there wmignt vemaln arrors
roant b Top o wind, etuorpnaric deusity, ete. which
ST ‘ors comparablie Lu e elfect of Lhe certh's
% o rrors, waver, vi..4 Appear nr randon

.
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cver a large rwher of ensogenents while (e crror
negleet of the earth's rotation is systemati. and
aore .crious,

A comparizon ~f the relat've luportan e Jf ovall'-tic
all zinds witl other errors in the AAr Syrten !. made
oy :'.xe grect influvence of terget reaneuver un tle
the prediction errcr, end this cuesii.n will not
erenad hern It shcild be pointed out that the AAS re-
prediction errors which iz expected to te brougnt
"y the us~ of high muzzle veloc!ty and corrective deflec-
juﬂ“fle.. a greater effort to reduce bailistie crrors than
Jld De Lne case fur a conventional antialrcraft systern,

The EQUATIONS QP MOTION

Varlcy degrees of refinement are possible ir a
rraatier of the «ffeets of the earth's rotation., In a
rigoroan treataent LU would Le desirable as & part of the prob-
lev. v comastder the variztlon of the zravitationel force wi.n

Le alllteds ana horirontal travel of the project’le and vith
“e latltude of the gun, These effects are negle~- ol In i
1.owieg iacussion beoecause shey have not been cexen Irto ze-
il L the present preliuinary range tables, If the computer
¢ ::,‘r Laned on these range -avlee included also i corisct.on

v he car-n‘e rotation baced on: the theory presented hLere,

Luhnr o suert ™finemerts of the thecry could almost cer-ainly

>

» e Jo0 by Lincr clangee in the computer,

..
o
i
~

et g be the position veeter Mpx‘esen.ed by the

T
tradney pange tables frow tre gun 10 the projec lo &c
Y]

i rer ‘au_uc'i_n,_. Uslag & prime to denote the "apparert’

“ve nf a yecior. l.,e. , the rate of change of the vector
21 chcerver vio 1g fixcd to the r™tating earil, i
Lhe :ﬂ.ccle 2utor of the prclectile (regerded ca 2
r!' as “he forse acting ™ it x be-ﬂg 1ts marg),
T2e 15 the reosultant of the forces of gravity and
ace, e ferce of gravily 1. taken as - ngk  where
toveenor 'a the direciicr of the zerith at tne run
o the sealsr "acseleration due Lo gravity”, Thne
& direcvion of «£ and velue of g ineclude the
c. func: due to the carth's rotation as well ag *.
roavitevtonel Toree and in clie sence the relivirary
oL gP L A% ~st entirel;, ignore the curth's rotstlon.
T4y ntgiannnt indleates Lhe 4diffteulty ! Lreating the
; Comegation riyorously wilhout at the rome Lime ‘ntrod.c-
‘¢t rear curerficially unrelated c¢o it

e [forer due 0 the alr rcefistance 18 gsaumed U
Tl L/?fvgw. Whers v, w '5'3| 1: the speed of

3.
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A
. fectile Lhiov b oche alr, ' tie done ) U 1
“he croosa seovional arena of Lhe prolectile, an "~
ray e tlcters, The Jengi.rt o the wir [, Ylan =t L :
* 4 o Lhe projectile and hence F= 2(r.). it dris coel e
> a. oupirizal funetlon € = C(6.) T tte Mac Vimder p oo v o,
2o q o= a{r,) 4¢ the spescd " f scond ab the nonltlor 2t Loe
fob SN TAR v B ) an® depends om the temperzture wt tho. %, <
Loreslstance acts In a diprectlorn o) proite Lo L vallpie A
& rctactile o that ir nagn:-ude and directlor Lie gin rest-=
UL ) atoll
r :“
WP AC'-:- 1 I ot
AN <) = ey eV AC- o
/ y'{‘.'.
-t}
Jae ooy ot iun o nctior of Lhe pocdectile 1s Shen

..LFH - u;)_ -__,L‘l,o’s' AC}: 5

-
~—

Wit 3(¥,) having the for Jeterwmined exver'menie’l; and e and

a erirn tne functions of aliliudz of the NACK standar~d a“r :-
were, the rmegent ppelipi-egm range -ables represent the

cotvylong of squation (1) f£orr various Inltial condi.ions &

covooslandard condiiions, obtaln.a Ly nuweericel inte. rat’inon,
LT, Cungfuering next he carth's wtatlon, let 1 oe the
~de

L VaC.or 9. tpe pin’ectile when this ‘nfluence Ts taken
tat. meseunt. A beltie, = orme will De uced to indicate “le
‘ayvaront” aerivazive % 3 vertor wlile, n additicr, a 4

7141 be dzed o denote 1.8 true derivative. The tolal force

¢Lin n The or lectile is now nr and, o8 before, Lo tlhe sm

pape ]

;e rrsvitational and a'r reoiatance forees., The fores of
raviil;r ic amaln ngY whi.e the air reslisvance 1'.oece 1 nom
- U0 VRCT', whepe ' 1o u.e velociss of the proccezile rela-
‘ve o Whe alr mase Ta: oimed Txed to ihe retaling eart:.;,
=i, and T = C(,T-.S with, W= v, 4. The egustlon of netlon
»r‘ N
r:'. = '-L,‘,'_‘_ =3 5o /) VMP' . ( )
2, No,o v 4y ox. vecticr, the relatior. hetecar Lo
e et fye mud tte o carent” Aerfvalive oo Trase o7
T tonle protatire with war .ar velocity w  {kerz the awular
T TILI e ear.n)

-

. — e

- e o s
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' = 1 [w o x H). (3)

hvolying equation (3) with E rerlaced by r,
d= (P) + (wxr).

The vector » 1n the right member of (4) can be expressed by

applylag equation (3) again with, now, H replaced by r, w't®
the result -

Fofe s (rn] o {ux(p+tex sl
= x4+ xr)rexp)+[ux (xx ). J

Since the angulur vel city of the earth ig constant, w' = O
and -

T=zx'+2wxr)+[ux (xxz)] . (5)

Kow the megnitude of w iz wa= 7.2921 x 10 e red/sec and
the Lhird term on the right of {5) involves w® and is
neglig!dle az compared with the Serm imvolvizg w to the
first power. Purthermeore, no significance sould be attached
to this tem without & the same time tresting k and g in
greater dstall., Neglecting this term in '5) and substituting
in (2), the latter equation becomes

mr'! - - mgk -1/2pvACr' - 2n{w x r') , (6)

which &iffers frou (1) the inclusion of the (fictitious)
Coriolis Foree 2m{x x r'). I{ would be possibie toc intesrate
equation (6) nume:TcalTy, as has been dome im & numericel
exauple considered later, tut the presence of the additiona)
tera would necessitate a coaplete Integration for svery leti-
tude and gun dDearing, in sdditien to the argwwnats of the
yregent rangs tables, so thiat a prokibvitive ssount »* work
would b3 requived. Furthermore, this procedure wwild meke no

: use of the gr»int tebles, nor the resulis be in
2 form which would {ndicats & 1e zatiom of the
Campuer.
;_" s A, AR '.f W
% A ‘i #' } i )
o f" -..’ ! — vi v, '%1 ¥ 'rz’* b o ige # :
/ “us . . . . ; :
{ . . e

-
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13. These diffioulties can be aveided by obtaining a
differeatinl equatiom for the differemee detween the wector
' r. of the present range tables i the westor y of equation
'(‘8). Approximations oan be maie im 8 equation making it
much easier to solve tham is equation (6,, and the solution 3 1
can be carried out im such & wxy that each trajectory of
the present range tables gives rise to the correstions to
. r, which are mecessary for &1l pessible values of latitude R .
and gun bearing, without the need of a separate numrical
integration for eash case. The method used .im based on
that of 7. R. Moultam's New Nethods in Exterior Ballistics.

1%, Iet o= P - r. be the veotor waish muai b added
%0 the positiom vestor B, of the presemt ramge tubles to
correst for the effect O the earth's rotation. 3ubstituting
(l)md(G mén_gn _gc.

S ome omm ooy

—_— e o e e W e A

4 = - 5 {p(e)ve(s - ple,ive e ey} - 2xz 2t ,

At = - Bl p(E)ve(n)(zg + 2') - plg)v e(R et } - i

‘2!_1(?.,&*9_'). ’ - l

a' =« BAIT) - Ale,IweB(,)] £ + plxIveln'}

: - zzg_x rd) - 2(xzxg') L (1)

—

{
4
t 1s convenlent in the following steps to work with scalxr ! ; !
iquationb instead of the veetor equation (7). To obtain these , .1
emations, let k, as before, be a wmit vector in the directiom ;
o tre zemith st the gun, end lat 1 &nd J be wmit vectors im

the hordzortal plame with J in the vertiocsl plane comtaining j
the initial veleeity of the projectile (the vertical plane of

fir~) and 1 perpendicular to this plana in such a sense that

1, i,gl'oxarmthaadsym.rhmht . ]

!_;!}_4-!,10!!,
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In writing the "apparont" derivatives r', etc. the derivatives
of x, etc. will Le indieated by dots, there being no distinc-
tion Letween the true amd apparent derivatives of a scalar,

T

\ 15, Lot ¢ be the latitude of the gun and B be the be
angle of the gwi, 1.e., the angle between the vertical ;lane of
fire and the vertical plane ocontainimg the North direction. The
vector w representing the carth's angular velosity lies in
the vertTcal plane contaiming the North direction and forms an
angle @ with the horizontal, as shown in Fig. 1. Prom the

p figure » A!

We-woos FetnB2+wocosy
North o8B J+wninf k,

BT S

; . ' Fig. 1
’ and the vestor products appearing ia (7) ave
wxr' = (wi, cos § cos B - ly'(.,m.in L

*
+(wx, 8in @ + wz, cos §f sin B)§
~(wy, cos @ sin B + X, cos @ oos B)k ,

in
|
L=
]

(w§ cos ¢ cos B - w1 sin #)1
+HwE stn @+ w S eoms g sin B)2
(W% cos # 8in B + wt cos ¥ cos B)k .

! 15, In the standard atmosphere the density ’(ﬁ and

speed of 3omd a(r) depend only on the altituda, t 18, on
the vesticel ccmponent of r, and will be denoted by , iz}
and of=z). inally, since The trajectories of the range tables
lle ir the vertical plane of fire and 1 1is perpendicwlar to !
*m.z lane, Xo = Xg = 0. The scalar equations corresponding y
t 1 e then .

v e — e T
-
-
/

e A B

e o — |

L = P o e i s e —

e ntl . A n e B s

o ——d —aamiaal

A ma b
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:x"= = %p(z)vc(n)g - 2wz, cos Fcos B+ 2wy, ain g -
- micoaﬁc‘osB-rzw’ilinﬁ »

5 8
5 e - Bllp(z)veln) - plzg)vgClio)] Jo + Pz IvC(R) 5] $0

- 2wi_ cos §sin B - 2wksin § - 2w 008 ¢ s1n B,

§= - A Aplz)va(m) - plzo)vob(M)] £ +plziveln) §)
+ 2wy, cos # sin B 4+ 2w9oos § sin B
+ 2w§oos # cos B,

THE LINEBAR BQUATIONS PCR THE DEFLECTTOKN

17. Up to this poimt ac approxinatinns have been made mﬁ
in the presence of (1’5 equations (8) are equin.lqnt to (6).
approximations which are first made equations {8) are Ioti-
va.ed by the desirabiliity of obtainimg linear differential
equetions for §, 1 , § and are justified by ihe asmumption
Lhat these quartiuu and thalr derivatives are sc small that
thelir products and powers ocan be riogleeted, ™ use of
this assuuption,- consider the sxpression p(hrc with

4= v/a(~). Because of the presence of v, ea:mcuu is
af‘untionotxef ¥ 7°+7,in and through the
orourpunce cf the funetions o() ma a(f 1t 18 gius & fumc-
tion cf z =« 75 + 3 . On the ssgumotion tt, 7,3 and
thetp & 1ut¥vu ae szxall, P(z)ve(N) at ay ttu vul be
nenrly ecmal to P (2.)v c(ua) whose tx pertain to the
range table traaectm I o (z)ve(K) is expanded 'n a power
ceries in § , % » §, § , “he first torms of the expansion
are

PLz)VC(H) = plaglv ClH) + "o[P (zo)a(xs)e(my)- plz,)at (=, nc (Mobs

+ n(z,_))[_c(;do) + M:_C'(MO)J é‘li’-f p(zn)[c(iin) (9)
0

+ 10 ()] ‘Z‘;n._i, 2oy

t".e reglected terms involving produst. M povln ct ¥
The prines in this expression denote des

to time, Wt uith m‘t ih
s

! 4 e —

—
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functions concerned. Substituting this expansion in equations
(8) and again neglecting products and powers of f, %, ¢, 5,

t - - 55P(zc,)voc(x'la)i + 2usin g - 2w $ cos g cos B
+2wiosin¢-2wiocosﬁcoan.
: .2
§a - 2t g - A{ Uz )volhg) +p(z)etn) + mo' (n )] 8} 5
- {’?ﬁ Plzo)c(n,) + ns' (my) 1329 + 2% cos ff sin B} £

- 3 Mol 91 (2 )8z, )0 (M,) - £ (zo)e" (2o Ml ()] 3, §

- 2wz, ocs ¢ sin B, (10)

§ =+ owicos g cos B & plz)om,) + noc'(uo)]?ggﬂ

- 2w cos # stn B} 4 .

- 35 { Plzo)vet (o) + (2 )[60M) + Mou' (Mg} 20} §
]

- 75 Mol P (20)a(z Jo(My) - plzo)at (24100 (M )] 4,5

+ 2wy, cos § al» B,

The quantities with subscript zero refer to the t: tory
which 4~~< not include the effest of the earth's rotation;

they can & ~>btaiped from the tables and can be re-
garde] a lmown fNmotions of the time. Bquations (10) are thex
lineay ¢ .fferential equatioms in ! , 7, S with ¢ icients
funci.ni ., of the time. Owing to the presence of the terms whioh
do not involve ¥,4, S,5, the equatious are nonhomegeneous. 17
these turms are on-&ttod and the generel solution of this resulting
equations determined, the method of variation of parss “ers allows
the nonl'omogoneous term.s Lo se talken into ascount. With the equa-
tions ‘n their pmesemt form ihilo is not feasidle becaise  the
accurrence of fumctions of 2 nd B in the coefficients of ¥, », 8
would neces3itate & separate ~eneral solutiom for each combi:;uiu
c? these quantities, smd t! inearity of the equatioma would he
of little sdvantage &8 coof .-ed with @ direct integration of
equation (6). '




E-Pls +X '
4 e Qi+ Qe Qs + Y (11)
'.f" ™ Rl” + 5254- 535 +2
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1 18. This difficulty can be oversoms by making a further

. ajproximation in equations (10). T™is approximstiom eonsists
of neglecting Punctions of J apd B where they oceur as ooes.
fielents of ;5 , 1,5, and Justifieation £or this 15 the
fact that a term such as 2w Scos § cos B is mmall relative to

' Mo cos § sos B which 1s retained. The resulting equations
are

P = - B Al5oIveelny)

Q = - #;,—i{)(zo)'o"(“o’ + P N 0m,) + MeC' (,)] %?7}

Q2 - - ‘5 P(Zo)[c(no) + HOC'(.O) :I'-& - nl

Yo

- 3 ‘é’i "o‘("(ZO)‘(”o)c('o) = Plzglat(z M et (1)) Yo

—n cane 3

= - g a(z)oom,) + mer(n,) ‘io:'a o (12)

2
R, = - o lplzadvaein,) +p(z )en) + "o"'(”ou;g-}

W
n

- 5 * Lp' (2, )alz, )0 (i) Az Jutts e (n )]

x-+2ny‘csmj-2nz'ocoa,cos}3
Y = - 2wz, cos J sin B
2 =~+2uy,008fsink

lx,;,“ ‘ lo

, J-i‘% 34 P
ML i R 45
T N AT ™

% o j}t:' e % & b - f
- d e ?’1 VV el sIRR ,“5( g TR e 8
PN - o IR S TR

P

. W Y Py §
L
e
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FIRST APPROXINATE SOLUTION OF THE LINEAR EQUATIONS

19. The coefficients Py, ... in equations (lll are
functions of tities whioch pert to the range tabdle
trajectory could be computed as functions of the time
without regand to the values of § and B, The general solu-
tion of the homogemeous equations corresponding to (11)
could then be obtained by numerical methods and the solution
of the nonhomogensous equations obtained by variation of
paraneters. A method Lased on this proeedure will be des-
crived presently. Pirst, however, it seema desirable to
consider am approximation t» the solution of equations (11
which might be sufficiently ascurate for some purposes. This
solution 1s obtained simply by neglecting all terms on the
right of (11) except X, Y, Z. This is equivalent to aasum-
ing that the air resistanee wnich acts on the projectile
which i3 defleocted by Lhea earth's rotation is at all times
exactly equal to.the air resistance act on the range table

) projectilc., Usi.g the expressions in (12) for X, Y,Z, the

solution of the equatians 41s obtained by two integrations

of each equation and 1s

1 f\l(t) cos J cos B +A2(t) sin ¢
e m(t) cos #asinB (13)
Sw V(t)ocos #sinB

where

' t
3 AL (6) () = -au)' . at
' ° (18)

37

&
AGLE) =V (E) = 42 joyodt .

For each range table trajectory, the fumotions /Ag) and vV (t)
' can be computed easily from quantities eomtained the tadles
and arranged as auxiliary columms im the renge tables, From
these auxiliary tities the components of the deflectiun
due to the earth's rotation can be found from equations (13)
for any latitude @ and gum bearing B, Equasions (13) also
appear to indicate a simple method of incorporating a correction
for the earth's rotaziom into the cemputer. It will be seen
' presently that the exaect solution of equatioms (11) has the
4 form «f equations (13) with ecoefficient fupetioms of the time
which are more oomplicated than are equations (18), eo that
while the exaot solutiom 1s more lahorious to compute it
offers little more difficulty ip spplichtiem Sham does the
appraoximate :ol;m n, : T N N
e e il !

——

—~v —e

-

4l
!
B
b
1
p
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SECONC SOLUTION OF THRE LINEAK EQUATIONS

20. Before attempiing to solve equations (11), it is
desirable for reference purposes to write the scalar equa-
tions equivalent to (1). These are

.io_ 0

S ; B3
%= - Plalvtll)i, = By (15)

fo= - 5 P (2NN )i, - g = Pi -g,

where P, has the came definition as in (12).

21. Consldering now equations (11), the first equation
is evidently independent of the other two and can be treated
separately, To apply the method of variation of parzmeters
we first write this as a normal system of first order equations,

Ww. i,
. (16)
%ES—:: Pli + X,

and then attempt to find the general solution of the correspoading
rLonogeneous equations

R

gfi—- Plgo

(17)

We nctice first that 1f b, 1s an arbitrary constant, then
t= % ,%= 018 a pa.rt.icnﬁr solution of (17). Next, the
scoond of equations (15) could be written as an equivalent
3v2ven of normal equations which would be idemtical with
(17). Etince the equations obtained from (15) are satisfied
by the range table value of y_, the function: fe y,., -7,
ecnatitute a sgoond partienhg solution of (17). Ag a sons
sequence of the linearity of equatioms (17), their general

Y ———— e

— _/ -

I N R




v
TR >

v
LT e

L e oann

r—- e w———y ¥’

N . o aad
XAVORD Report 2353

solution is therefore

Ew bl + b2y°

] 0 (18)

To obtain the solution of the nomhomogeneous ecuatioms (16),
b; and b, are regarded as functions of the time and equationms
(}8) as 2 change cf depandent variables from ¢, & to b,, b, to

be made in equations (16). Maldng this substitution and us 1
the fact that equations (18) smatisfy (17),

E |
dby dbs P
¥ tagTo=0 |
2\
b, |,
.&T yo - x-

Recalling that X is & known function of the time, the general
solution of these equations is

0 yx
by j:?i—dt-rblo

.

S

",

t
be'*j ?—-dt+b
0 7, 20 '

b -] and b,, arc arbitrary constants. Substituting these
vaiues 8% b, and b, in (13) and determining b__ and b, 8o that g
{ 2E= J at“t m 0, the sclution of (16) 1s thef

11}

£ t |
§°>det- ¥ at
o) e ) 7
1
t

anojgdt. |
oﬂ

Ivstituting in the first of these equations the oxpression

-\(“.‘ X 1“ i 1:.). 1 ‘ » | 3 {

o 568 st

P
| .‘A.&“‘ A e —~ oL .

2oad




Yoi
s- 2w -3;“ dt - yo
()

and this has the same form as
coeflficients which are more ¢

22. To cbtain 7 amd 3

J

= ONPEH NPy
NAVORD Report 2353

t
L 4 .
yﬂ-dtJ 60s § cos B + 2w[
0

(o]

ve written as the normal systen

&

To apply the method of vepi: 4~ . parenete
to find the general solution of the eorr- _ponding homogeneous

equations

= Q +Q2§+Q35+Y

-R1ﬁ+n2S+x35+z.

&

(<3

(-]

w

|

(=7

17 &)

-Qﬁ+Q2$+Q35

(|
ve-

FTmMI+RIARS

t

Yot -J y ¢
(9]

the first of (13) with, however,
omplicated funetins of the time.

» 16t the last two ef equations (11)

(

.8, we wish firszt

Jsinﬂ. i

(19)

.

(22)

an<! thie lacter solution can be written as a linear gombination
of fuur independent partieular solutiens. Sush paxticular

solutions can be obtained from an interp =t
(°1) arteing frow a problem whieh is

Le‘.n’ considered here.

value of r, being of course

ation of ¢
quite Jfferent

Consider ion (1) together with
vhe "normal” initiel values of P! which define the

particular range table trajectoly undes comsideration, the

1h

B gy e o e et e

zero vhile ¥} 1s the initagl

4

o b e | R A ﬁ%;‘ﬁﬂﬁ LR

tions
rya that
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velogity. Oomsider also oqnatm (6) with w set o?m to zero
together with "shmopmal” initial valwes of r amd whioh are
slightly diffom from r, and 1!, mmtinly. ""l'ho solution
of squation 6& ul'm 9 gives the of a projectile,
unaffected by the earth's rotatieu -hieh is lamnched with

adbnormal initial comditioms 4if ll 17 from thou :
defining ths ringe table Tos
equation (7) with ww O 18 aqnta.on Bnnm

the position of the snormal projectile relative to she nermal
projectile; equations ('l with Ye l are the scalar equivalents
ofi 7); equations ( 10 th v« O, are the linenr approximstions
to equationo 8)) i, with ue 0, L0, With X =« Y u Z @ O, -
equations are lilpl an abbrevisted fomt of (8); so thet
equationg 11 are the IL&’!I“ oguations de the dis-
tance uoum a botween the normal and shnormal projectiles.
But equati we valent to.the assomd and third of
equatiocne im} with » = It is emoluded, therefore, that
equations with luitlllo initial eomditions define the
distance compommmtu between & normal (Yange tzdble) projestile
and an ahrnormal projestile im the ssw plame which Aiffers

from the nomal projectile only in being lewmched with d4if-

ferent initial comditions, the earth's rotttiaa not being
considered in ailther ocame.

23. As & ypescial abmormal trajectoery, commider e for
vhislhi the initial velocity is the ssms 8z that of the noml
trajestory sut the point of lammchimg is displaced horizestally
a distance -;L- 1l in the common plans of fire. Thwrowghout i{ts
£11akt the kdnormal projectile will simply by unluud harizont-
ally a dictance 7 » 1 from the normal projectile, and hence
the a'mormal trejestory is defined by tha quaatities

7}- 1, '?i- o, = O’ g’o. (,z)

That these quantities do, iu fact, commitute & partioulsr
gnluticn of equations (21) is seem by substitution.

24, To oblain & second partisular solution, we canlmr
an abnrrual projeetile whieh 1s launstwd frea the seme point

and wi1th the same velocity ar the mozmil pro, tilc. t a
smal. Llwe &t earlier. It <:r clear that octﬂu,
wiil T . 1low the asame h m tae ples- of fire that the

ebnormel projeetile ¥lll be cisplace: rox the normal projec-
t!le b ~omponent distances egqual to the components of travel
of the n~rmal projectile in time St. The distance amd

velocity components of the ahmormal prejestile relative to
the nurral projectile, for &% sufficofently small, are then
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.

g4 *reme functione must constitute 2 solition of eguations
(21). C‘inee tie differential equations are linea-, the
oo oportional quantities

"7' Jor ']'ycp = z.C" A ;-'l'.'l

it aiso be a solution. Although the second derivat!ves
en! ©  are not given in the range tavles, they can be exprefzed
L terms of quantities which are in the range talles Lty megns
T - mations (1), Making these substitutions,

3= 5’3’ "i 2 Plﬁlop b= io, S= PIZ.O”E . (25)
Irat these functione &2tually do conatitute a particular
at?en of equations [21) can be werified by substitutiom.

., To obtaln the general solution -f (21) we require
Tore particuler solutlons, There arce nc Jther particuler
Tuttons which are as easily obtalued a=  (22) and (23) &
would ordinarily be necessary to obtola the necessery
add Tticonal sclutions by numerical integration of 2quations
{2.). However, the AAl range tables ax¢ sufficlertly complete
ciat guanticvles can be obtaiaed {rowm them which wil! zppraoxi-
racely saticsfy the cquet.ons., To obtelm such gquntitlies we
< *t'nue with the interoretation of (21) as equaticac defining
“he variations from a normel trajectory due tc abmormal ‘nlclal
s mdlitions, the rotation of the ear<h pot being conaldered.
ome that the normma® trajectory 1s deflned by values of
“r elevation and muzzle veloecity for which a range tadble
Jreli tory 19 tabulated. Suppose further that the abnowaal
:'esunry ip defined by the same muzzle wvelocity (actallr
2 sca'ar: =peed) DUt a gun elevation ore degres greater,
oo abnormalities in the inltlal velceity (vector) .ould
b sxtpeamed in terms of inftlal values of 7 and 3 anc the
bt Ling solutlon of equatisne (2.) would give approxirately
T ferements 0f dlalance ang ve.ocitly components in passing
¢ Lhe morual cratectory to the abnomeel trejectory. Sinee,
ever, wone range tables contain trajectories fur every degree
elevation at lue normal muzzle veloclty of 4000 ft /smec,
:ocnact values of these inerexents can be found by taking
n fferences nf vabulated quantities nertaining ¢r two
~. = “chle tratectories, and theme differences chould con-

£ e asproxinate solutlong of emquations (21). Using
~ “ipt O, as befire, U2 refer to the normal trajectory
ar cthering 2 (which i3 ‘ntemded to guggest the third

erivoular eoiution) ¢ refer to the range table trajectory
& ean elevation ¢ne legres groater, Lhe approximate
=2om ontained by trie provess ean be written

»

R O A O Y
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e lnuica i of the accuvracy =f Lhlyu sulution can me
pel et %y notleling trhat the luc~caent: - range tabls
s 1l lee [or 2 two depree llieToabe in go, elevailon are
o cearly Aoutle the :croesponding inerements Jor a ons
pET e ipaTeare,

A Temmth yervlcocular acliucion of eguesiwmc I72)
w ohteined ar proxiartellr Oy LBLlerinT L@ abnormal
‘rp oapL_ g~ havir: e Tane Tun elevatlon aF the oo

s oy e |_.,.-L - ....',‘* L ,‘E:-* _lll‘l':.{'.l _._ .r,_.t_l: :"Et':'r'_ o A,

[ wadtarips 4 refer. t: the roange tadle trajestor; having

e veloglty 0 4100 It /see, FHere agair, ar erapinat?-r
tlated guantisies for muizzle velocliy Incscuents of
and 200 £t faec suzeerts thet thig spalatior 4o act

e &

e o T b i Sl F e

T T
K = m

P (s &t w  AvH - 1

W:.1le - 7 Eruleiip: aoltitmx ~mAn W
@ T noMmagl tla‘ectorles at every degres of nun oeleva
' : £ 000 fi/sec, the fact that .ne
‘ *;{f:: Lraiect ortas _.r_"_:,r at eaver
atlirwe the Tourtl. partieu ar

s

! i orniv Af Shase values of un ele
! Liwe pormmetlion for the ea—tt s
At cthnl aitl. & alevaL. 1 thAgt .
b h 5 :
v every Tlve
} : ‘

w File FUT SR
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cref’Lelonte satisfy eaquations (21) being of In-identa’ benetit
1n sUiplifying the resulting equations. The result L tolie
gubmsituiion and simplifica:ion is

de - deo de de
. ! h
i N RN

. den ch . dCL‘

*.—'P? + ,7433__:'1’

0 dC2 den dcu

-0
3 ST

N
[}
g
i
+
A
-+

o« den - de. . dcy
A S A + - 3 4 ;
(}1. o .)ab )‘:‘ t + gl‘afc—‘- = .

e
o osclve Lhese ~quations fer e derivatives 3"1_ , ene, 1t 1=
v

conrenent Lo have the detemiylnant of thelr coefficlensn

ce st oo D) am a Ascuion of 4 could e comiuted Gliectly
vt deflrdclon usiry suancltles tauniiated 1 the ranze

av: ~s, oo A ripler T ume & provevss 7 ek determlnancs
i proved fu ¥, Wtliim'y DifTeren® 4, Gguation?, 3. 238,




Liue gquantities
ln S Zin ele

P.,
var

*onslderatlion and

¥ _» ®iC,

have thelr ‘ni:lal values
108 angle

for the ncewmal t“rajestory
la taken fopr this

purpose as °
rrzie valoeity, then these 1nitial values ars

T
Lad

Lu=

=

It;
i

[ ]

1 eanvenlan: at tlis point to eonsider a.ao

o a0
v 29 ¢ Ca,
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aolan oy ~f (e op b x

i t,i I (‘. ). For the deflection producad b Lvie  artate
:1 d,éul;? n = »Y: 'S e Oat t = 0, Putting ¢t « 0O {n (""’-)w'eb
aerel.re obtaln lour similtane us 1inear equations fop *“;

LT IS B |
8] al values of ¢, Co, c3, o4 . The detemilnant < the anpf -
cictents of these equmbions 13 D(0) and, since D(0) # O ang

[

. the ~quations are homogeneos, the initie" values of

€1» Coy %5, ¢y are 8ll zero.
-

30, Hetwmning Lo the ovalvation of D(% L
proved by HMoul%on, when apylied to thi. prﬁggé"h’f P

-

s
"

D(t) = D(0) exp '\) (Ql + RZ) dt. (29)

rer tae deitnttdons of Qv and R, in (17,
| , E g
- + 1(2 = - fzm [-’ f")(z—))vjc(rdo) +ﬂz(- )vqnﬁc.(y"o}] ’ (30)

ar he evaluated from o
L cuantlitle: P e o .
anier and D = D(t) ooumibnd Litles convalned in the Tange
ape oo g RNV oCuplued as & fimetion ©f t. The solutiom
F aticns (O7) for de- etc. 1s than
’ =

T4

,7"*
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%

| _

3
Plzo—g -S3

: : . Eubs “1tuting the exrrecsiors for ¥ and 2 given in (12), these
# e one

1 B N,
4 ,'u
Sp | cos Fcin B

S“l

Ty |
’?l'r

B - e Spup !l cos @eink

et T LR

Sh

cos # sin B
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{
~
|
i i
P2 : " 1
1% % J
[
'y axpanding the determinants, the integrals of these axpres- '
glons can be writien 1
{

o, = w 'fl{tj cos ff sin B

c, = vaglt} cos § sin B

oy = 2w ?a{t) cos # sin B

o, = 20 ?h{t} cos  =in B ,

.‘
i
1
4
1
1
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Substituting €12 850 245 €y Trow (31) into (26), the particular
soivtion of cquation- [20) required for the problam of
earih's rotavicn is cbtuined, The resulting expression
and 5, together with the expras=1sn (19) zor §
be written in the form (13)

the
8 for 4
s C&Nn again

| 2% Al(t) cos ¢ cos B 4 /\2(’0) sin ¢
M= u(t) cos @ sin B (13)
S= v(t) cos @ 5in E,

vhere, wuow,

: r- ) . t . t
: u Jof. z i
oy Al(t) v "f;“ at -y 73 at
! e

L ]

)\2(‘1;) . 2w

(33)

- (o]
. . pee) = 2y, (0) 43 P (o) S RAORER ROY
: V() = 2..'[ ERALAS S XOEE AT

m addis!‘on ¢o the coordinate ‘rerements produced Ly the earih's
U tat’on, the Culdanoe Comrute chodd, in principle, take ssszm:
T e velo~ity herements ¥, M . 5. These couid easily be
eroncased 1n terms of quantities already derived, but it ceems
Iely tiat it te unnecessary L. practice to talm into aceount
“Le influence of the ear.'- ~otation on “he velocity components
o7 e ARAD,

A,
e R L
23,
e

To evaluate numcrically the integrals in (32) and
» W Tequire the nocsitic:. and velocily components for the
nl trajectory, the 31 f ™encas betwzeen these and the

|
A
B

. a4

-

AT,

o S

by <7
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corresponding quantities for the two abnormal trajectories,
and the valuee of P, and D for the normal <rajectory, ) being
obtained in termn o} the integral of Q + R2

APPLICATION T0 AAP TRAJECTORIES

,,,ardmg tlie functions p(z), a{z), sad C(W). T™he parttoular
rerm C{M) on which the preliminary range tables are based
us c(n) = k; M -k2, ~rom which M c'(m) - -k c(n) Substitut-

ing this in the second term of (30),

32. Up to this point no ﬁmptim have Dbeen made

G+ Ry = - B (3) PLag VR ) ~(3-pEy

o ¢vaivate P. we consider also the functions f z) s n{z).
The preliminady range tables are based cn & A 8t
Mac.rhery for hick £ (z) m P(0)(1 - kyz)™ end alz) = a(0)-
(kg 2)172 Hemce

k Xy + 1-k,
Pl - %P(ZO)VOC(MC) = %21 kl["(O)_} .(1 = 1‘35) 4 ?’o 1

33. For the present design of Angled Arrow Projestils.
' 2
4.4
-5 (%2) (rt?)
n = 2,261145 (slug)

(Note: The value of = has been adjusted to remove an incom-

gl iLensy in FAVOIL Report 21650. A smaller ir~ongistency st4lil

r 2’15 in the derived quantities which follow., The preliminary

rayce tanles were computed with the expression for Py which &=

~lven Lelow, and the comstauts should be further ad listed to
iice .he numerical coefficient in this expresalon.)

. = 0,660h7
1

kg 3 006775 »
anld for the FACA “tandars Atnosphere,
aﬂ »

:’1_. A b i

. :I'l;r ﬁ!
i l"..f -ih_}.f -.."'

- «r *i

— ik - S T i e ———— % B S R
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o - 6.87919 x 1o~6 (rs71) ) j
k, - b.255 |
P(0) = £.002378 (slug/ct3) _
a(0) = 1117 (£t/sec) . :

b

With thess values,

%—9—)— - 5.5793% x 10 '. J,

IV X -
02D Ia(o)] 2 - 4.350695 x 1073
. JiC toe expregsion for P1 becones

¢, = - 1.350495 x 1073(2 - 6.87919 x 10’6zC )h.59375v°e.3225

EXAMPLE

24, A8 e numerieal exmmple of the computation of the
% st fae? the earth's rotation, an AAP ¢ tory with a gun
! levat i, of 30° end a muzzle veicsity of 4000 ft/sec hes been
! - ., cons'dered. The auxillary funetions needed Tor application ‘
& ceunclors (13) heve been computed by the approximate for- .
mules (14) and by the more exact formulas (%3) and are tabulated .
tn TaLle 1, Some explanetion 13 nsoessary for the evidemt rough- "
wor ¢ the values eommuted from formmlas (33). Part of this
rouginens arizes from the necessity of forming the diflerences
N2 2te. belween ramge table trajectories. While the coordinates
apd ve' 't ier in the preliminz-y range table are tabulated
with suf’icient accuracy for the princip2l uees of the table,
1 o ocuraey 1s not great enough to produce smooth valuas of
‘. tie recevsary differences. 3Since the tsbulated vilues hawe
bers mounded off, 4t would be preferable to obtain the aAiffer-
enca: ', ete. from the umrounded veiues. It is wderstood

! | :

o = S—— PV SRS A A s g ~
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they Lre numerical Integratious for the preliminary range
table war- copducted 1in sveh a manner that the unrounded valuer
nave nct Heern precerved, 80 thal thies refinement asould not bLe
made in “Le present computation., If, whem the final range

tau e ‘s prepared, it has be«n decided {0 correct for %he
rarth's rotution by means of cquations (13) and (33), them

(e nmerical integracion could probably be arrangsd sc that

ne required differences wou'd be available and fermulas (23)
night uve 2valuated At the same “ima. Another source of rough-
nes. in “hese quantities was the malfunctioning of the calcula-
ting machine which was used in evaluating formulas (33) amd
wag noi Jetected until the work was nearly finished. In the il
Jresence o0 the unmveidadble roughnegs due to insufficignt ac- J
c.iracy of che differences, 1t did not seem wor:h while to | -
repea. “he entire calceculation. .

35, o exhidli the effecta of the earth's rotztion oa s

Lo cLort 'nates of the projestile, both sete of funetions ia
_eb.e o have been used to compute ¥, 7, 5 by meams of equa-

Sirus b} for a lacisuae ¥ » 45° gnd & gun bearing angle
F = 43%, ..e resultas be ng zivan ir Table 2. /n examinatiom
¢ the  ohle 3hows tnat thero are appreciable differences

yervesr tie vealued obtained by the twe wethods and the ques- Lk
© - ar’-~s whether the values obtained from (13) amd (32) gt
sa = cega-ded as correct, or whethar she approximations A
nwoived in these equations introduce Lmportant errors. To A
er.» 0 vy guestlon, the component equations correspanding
*5 () have “»een integrated numerically for She initial
tiriit !l n: being considered and from the resulting values
x, 7, ° of the cocrdinates, the coordinates x, = 0, ¥, z,

" le projectlile an the range tahle trajsctory have been
subtructuea, %C rroduce values of F , % , 5 which imvolve no
enrroiration execept for the justifizble ameglect of we terms
v 7). Taesc values are als3o glven in Table Z, from which
‘t 17 veen rhav the approximete formulas (13) and (33) are .
rach.tell witioat error.

-

Tr 3izp11fy the eommarison betwaen the different

e ode LD eonyating the efieet of the sarth's votatiom,

Table | uirh has deen derived from Table 2 gives the magni-

tid: o7 e remsining error (vector sum of three somponents) -
T othe colth's Totation correcstlan 13 ¢ by four methoda: )
mouoor at., Ly the use of squations (13) smd (18), the nuse

feyn.log (13) and (37), and by the dircst numerical

L

TG R ?>), vils iast nethod telng regarded as exact.

- - e —
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27. With some apoloygy for attempiing to assess sueh
questions in a purely quantitative nmanner, Teble 4 i3 an
1,004 to cempare the relative costa of Che four wethods
G the vaiues of the corrections obtained from them, In
. the Tirst row, the last entry is intended to irdicate that
tie method requiring the numerical integratlon of eguation
() 's completely unfeazible for the large number of caszs
thuat would have to De treated, The numbers 1 and 20 for g
he 3leecond and third entries are a good indication ol the ;
rlative tinmes that were required for the computation of
“he ~  rrections by Lhese tw) methods. Consliderirz the
second. row, the comparison between the sencnd and thiid
~iiries is probably fairly reliable, equationz (13) “ndica- A
ting now a eourreetion obtained by either of these methods
it be lneorporated in the Zuidance Computer. The use of
equa’’ ons (14) would require tiw empirical represemtation of
“wc T oantions of Lime of flight for each range table trajeciory,
W .la the reprasentation of the correotions chbtained from (33)
would requipe foup such functions, The fourth entry in this
row 1o bazed or the pelief that if the sorrecticns were ob-
a’ned by this peithod the corresponding nodification of the
¢ cer would have to be arrived at entirely enpiricaliy
and mfiht require a zoaplete alteration of the existirng hal-
‘ * {«.i~ solution. The las* row of Table 4 zives an estimate
AR T Sie relative values of the corrections obtained by the
# d“::r :n% methods, but ignores the fact that the e¢ffect of
e e earth's retation, 17 not corrected, is only cne of many
el :/th‘?r er~crs that will be prese~t in the complete AAP System,
aid the removal of this single error 'might not produce a
sigrnificant increase in the effectiveness of thw systenm. In
ceararing thls errorr with other balllstic errorn, 1¢ nhould be
renesbered that the quantities in Table 3 are uisz diatmcea
T oLavsl positions of vime fuzed ammmition. For VT fuzed
a"* mition, & more appropriate measure ol the error is the
~inim. distance bevwecn projectile and target. Jince the
¢ a0 distanee produced by neglect of the earti's rotation is
(o rorisately nomal to the trajectory (the Coriclis eccelera-
Aon 2w x 7' being pe:c'pend*cular to the walocity vector '},
. v 7156 dIstances £or botl trpes of amiunition are nearly
mol 7ur target aircm‘t whiich are approaching the gwmn.
For certain other ballistic errors (e.g., those due to incor-
~ect rozzle valoeity of alr demsity corrections) the VI fuze
Lizs u* tance Jor arproaciiing targets is sigaiflicantly smaller
“tar the time M™ize miss distance, and 1n this respect the
> e ~rected offect of the carth's rotation is especlally
L * oo tmental,

e
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RELATED TOFICS
“u. When a projectile design has been achleved which
g8 To ovied 48 satisfactory from the points of view of per-
imerce and sultabllity for produstion, it is intended to
--.rc 8 number of projectiles for use in experimental
o on the results of which the final AAP range tadles
beeed. While the details of the experimental fir-
¢ l.ave not been decided upon, the principal observations
"2 “wde wili furnish for each round a record of projectile
Too.Tion w3 a funetion of time, Various secondary obaserva-
tltons night 3lso be desiradble: time intarvals measured wy
“he In-Bore Chreonograph, murnzle velocity as determired by
some other Corm of chronograph, photographs to indiecate
vne“her the sabot separation is normal, ets.

19 The principal object of these firings will be the
veriticeation or revision of the best previocusly avellable
Arag coefficient, whether that drag coefficient 13 the one
WS - the computation of the existing preliminary reage
raoles or some improved drag coefficient whigh might be ar-
r'‘ved 4. later on the basis of theoretical considerations,
model axreriments, or earlier firings ol full scale pro-
Jedi1les, Certain other information should 2lso be obtained
fror these Tirings as, for example, whether the angle of
deparire 18 equal to the gun slevation angle (they are
not equzl for the 5"/38 gu).

0. The determination of such umiown factors from
~he results of experimental firings requires that all known
ie~arvurce from the standard ¢rajecteries shall de taken
inzo acccnt. Anong these effects are that of the esrth's
rotation, non-standard atmospheric conditicnn, etc. By
e-plovirz nethods similar to those used in this Report, it
scaw 1iXely that a systematic procedure can de developed
for 2710 ving for known influences on the standaxd trajectories
and 7o lemuining the changes in 4rag coefficlent and angle of
Gopertire neceesary tn remove the remaining disercpsncles
netvesn obhservations and theory. Sueh a prosedure would
yTOL 0y require the cormputation, for each range table

ratectory, of suxiliary functions somewhat similar to those
7% oquatiorne (33).

47. It seems desirable that these questions should be
horvughly luvecstigated well in advance of the planning cf
tue crparimental firings. Such a study would indicate the
unst o s2l data which uight be obtained from the firimgs
ar ¢ would cllow an early start om the extensive ¢omputations

walnoy right be necessary ¢ make the wmost effective use of
ohe cboervations,
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TALLE 2
COMEARISON OFP RESULTS
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COMPARISON OF METHOD3
TABLE 4
Ro Correction
Computati-n of coriections 0
Cryr:ter enginsering C

Value ol enprroctions 0

e

(18)
1

2
3

(33)
20
3
g

(6)
10,000
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