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WMle  .. c exlotlr^t rangd tables for the Angled Arrow Projectile 
are rvt  regarded as final and their revision wlli necesflltat« 
cf rreüpondln^ eharvjej In th# fire control computera now being 
dealgneö,  It  lo Uealrable thai the baJllatlc design of these 
computerc be suffIclently complete that  any modifications 
necearsary  to acccraouat« then: to tl* final  rar^e tablea will 
be ol   a nlnor nature.    Since the effects  of the earth's rota- 
tion ar, net  included In the present range tables and their 
later Inclucion lulgtit require nore extensive altermtic^na  vT 
ehe coriutera  than will  other  ia;yr<,V'?r'ents  In the rarjge 
2on» 1 deration should be tlven to the     '' '.nate tie 
accountiro; f"." t  r» ea^t.^'c robatl^ 

> ■ 
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HAVOKD Heport  J1'^: 

EFFECT OF IKE EARTH'S ROTATTOB  OH TRAoBCTOrtlJv.   ';P 
THE AHOLED ARROW 1'ROJECTILE 

DfTRODUCTIOK 

1.      The design of the balllatlc section of tne Sperry 
Oiildance Coaputtr for th« Aagl©<l Arrow Projectile le being 
based on the l-^lImjjiary Range Tables for the Arglcc Arroi 
Projectile contained in HATliJT lieport 2160,  and these  tables 
are  aJso T>elng used lr th«* conversion cf a Pord Nk 1A 
Computer to senre a« an AAP Launching Cooputer.     As implied 
by their title, thea« c&:Ie» are adalttedly of a proTlulonal 
nature «nd are subject to rerlsloti «JB a result of change» in 
th*  projectile conflguratior or the obtaining of »ore aocurata 
Jrag Inrormtiot) on the present design ef projectile.    TN" 
purpose of such tables In to a1 low the designs of u;»e t*c 
c^r.'ip-.i>eri;  to proceed «efore the definitive tables become 
available.     The computers cor-istmcted with this ballistic 
irif ):mation will be used in the proposed tests of the AAP 
System at  the Cheaapeak» Bay Annex of OTtL.    In these testa 
no actual projectiles will be fli-ed and the lasglnan pro- 
jectiles  of the tests *ill be assuoed t© hare a ballistic 
behavior which Is er.ictly described by the present range 
tables.     The1« Is no doubt that this assuaptlon Is Justlfiec 
fc-r  wi e   ;>urpo3es of the CBA terts. 

?        In .\hlp boari J'lrinss,  of course, it Is necessary that 
the range tables which are represented in the Ouidance 
Computer  accurately dercribe the behavior of the actual 
;.ro^ectlle.    I; is expected that this requlrenaent will 
necessitate a i'evlslon of the prosert i^mge tables, along 
.. Ltr  c :rreBpon<Jlrg aodlficatlons of the conp^jter, before 
the  ''vfltciB Is Instsll d aboard shlpi and It is hoped that 
ooth tiie d^Blsr. of the1 px*oJectlle and the experltient&l 
dttcnalnatlon o\' UM drag coefficient will be sufficiently 
cV-'nlve  by that time that the revisions can be made with 
• Tie certainty of finality.    Since the Ouidance Coaspater, 
will  corrvet for ehe baJllstlc  deficiencies of the Launching 
:j!"P"ter,  it Is not so laqwtaat that the Laune hinc Co« pa tor 
b*  oa-ed on accurate range tables,  and only the Guidanre 
C r.vuter  la considered ir; the following discussion.. 

3,       The preaer'   ran^je tables are Intendei to be suffici- 
ently  ^ocuratc ti:at   ■■;.iy uinor changes lr the comp'Jitei  will be 
re-.u'r^d  to acc^awoda^e .^t to th«  final tables.    Such ch :.^;es 
".' iht consls; cf chsrnglng the values ot fixed resistancos or 
'...o  f ir.ctlons reprotente«!  by function poter tloweter?,  etc.. 

- 
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l> u   ?i T'/dlflraulor,   p«!fjuirliui the  aAdili'jn of  '"'ixict''/r, 
f) t«n-''j'T«,t;i'r« «rtjich w^re nut orlglii«lly iyre3«*t,t w/u'd ;,ry- 
'.ably He  rftganJed  in  a major ohtnga,  «Bpeclally  ll" t,'(o  t/^ewl 
^ot^ntlvmetsrj re^ulrtJ rnacraülcal  Inputs r^pree^ntlKp; 
^ar1 <»/.«.J ifhlch vere not pre»«»nt at all  orlgljuüly, 

4.      Ii  neexfis lllcely that ariy caaiw*  In the con»pu^«r 
Wn'c,'. would k>« rfequlre«! to acsoBsnodfite a rtflihMMmt of the 
Ira« coefflel*nt,  or a change In tht« dra« ccxffic^ajit brr/u^nt 
UL-O;*.  üy ■i.ia.?]   changes In the projecdie design, coulj be a/:- 
om-illi)««^ by tr»e minor change« described abore.    Vuere ar»? 
rit-rt-j-lr   ^'-/^r rr.flneraentB which might also tf» tccotmted for 
li t. V  vfav:   the dlidlnutlon of the ^nrltatlceuLl fore«; wltr. 
aH,1i   :«',  tne chanfe In tlr*© direction of this force with the 
' irv.orituj  travel of the projectile, and cnunge» iji the 
i'.-^'.*■.„   ami temp^rat'U"« «truccuree of the -»tandartf atneepher^- 

7her«»  1»,  i.ü*»evei\ at leaut or»« deflolen^y In it* 
'.x-.v.'.t rHn/,e ' able«  the rer^o»»! ^^ v/h^ch niljlit re^'jlre a 

:.*'■>." -s.urize j.ii *he cainxtur, ard ihat jo ine neglect of u« 
"an        rotation.    T.ie narth'c rotatlor» brl 'jjsi about a «f.e- 
• art r^  o.' the proj^-.tlle fr';... the vertical plane containing 
xr.f  i/lt^J  yelccl',,/ rector, an effect of a kind vrhleh 1« 
o.-'tlreiv r.b»ent  from ti'ie present tables er.cept in the pre- 

■■r<* of »  rflnd.    Hence    he only ponniblllty o' «Homing ,'or 
*•' '    ffft-ct with the pr*a<ant eooputer design la to introduce 
a r.  t*\' -M ; wind  which would ha/e the  •»an© effect on ch- 
*,ra^ ■  - r.-  5,   the ta-Tf'-'u rotation, bvt  there in r.o resoor 
»,'   je.'ievr  that thl« aetl.'Al would uroduce  Q sufiiclently 
?■.:.: rc:te cTo-'-ctlon.    Piu'themcrc,  the deflection of the 
.-■r-.JcctlJe c&'-'üed by the earth's rot^tlc«* 1« a function ef 
\\.'-  .,»*■'v, ■d«-,   jo  ij-tat oven If It  were possible to repr«s«m* 
'.^-f   -"feet by Introducing a flctltlcus wind, thH >»1n5 woull 
,-,»,.. »-M    e vtriMd as a functloo of latitude  a quantity 
ihlc   ' ) not, invlve^l  ^-n t^ yiTftent: ballistic »ol«tlon, 

< .    ■ ■ .- 
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•   d<   - 
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«♦ 

MlfcC 

e rr »r  ! 
c Jeff i 

ro'. a'.. 

Whct)-»er or not the rieg1«ct ox the cartn'.j rotatl^ 
■'»'1 depend« on th» iwagnltude of Ite eff«-«4; eaaparc^ 
:rf»r «rrore  In t}^r fang« tab]«» and aluo .A--, toe inagnl- 

a.v. l   .luch balllstl« errors relative  to other  error» 
AA.   P-j-.iw..     IT. HAVOKD Repor4. ?a6o an exaoiole  Is 

i^.ic- the error lie tc   r.l la cause  la alout Oö ft 
of r igrt of 10 ner 11- aeenia  «-ulte  poealble 

■ er-^r If nef1.Iglblv   tws cw.par»'!  i^lt    otrier    errc-rr? 
■'f>*«nr,  tabi.«o,  but  It  la to be hoped that k;r,-~wle 145« 

;-«*■ c-eff 1 clen*    '11!   Iti; rove to too extert that thl- 
t,*'-   * ) i?>or« serlou/j.    fven if ali err-^m Ir* tne dra^j 
e'er.'       ilA ..-e ellalnatec, there wlgnt i^sftalj. err^jra 
■sin*    •   "''r wind, et'jiujpherlc d«t*alty, etc, which 
r.ro' '.      . 'ore cyttparai^e to '.he e/fect of tne earth'» 
'■■ . -rrora,     -/wevar,  K^.^d appear aa  randutn 

■■c 
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crer a   '.ai'«^ number of enjp;aseLientE while the crrir dje  to 
negJect  cf the earth's rotation  In systeiaatlc and tlierefore 
■aorr    .erlous. 

7.       A cjr-p&rlsor» cf the relatlre Import an *  -sf L)a1ll~t\c 
errors  of all kinds with other errors In the AJU  Syetet 1: made 
dlfi'fcilt by the great  Influence of target i;.aneinrer on the 
t-agnlt'ide of the prodictlon error, and this  quostl-n will not 
be concMered her^.    It  shcild be pointed out that  the lAr re- 
duction of prediction errors which Is expected to ce brought 
about  ':y the us^ of high muzzle Telocity aj;d correctlTv deflec- 
tion Justifies a greater effort to reduce ballistic errors than 
vojid be  the oaoc fur a cowTentlonal antiaircraft system. 

The EQUATIONS OP MOTIOR 

treat 
rigor 
1e\r. t 
:, :-e  2 
ehe :. 
folio 
c ,■•.•-. t 
deal^ 
r ■v   -k 

tt. .. 
ot-   «c 

8.      Various degrees of refinement are possible ir a 
-icrt of the •.-ffeet-s of tlie earth's rotation.    In a 
oa« treatjaer.t It would be deslrabla as a part of tue prob- 

~> consider the variation of the gravitational force  »Iw.! 
Itltv.do  AiitL horlrontaJ   travel of th« projectile and with 
atltude of the giji.    fhese effects «re negle^'-cd In the 
wing tllacusslon because  they hafe not been taicer  li":4::  ac- 

.n the present prellutnarjf range tables.    If the eooputer 
r  based on these range tables included also a correction 
he  ear.'h'f rotation based ost; the theorj' presented her«, 
vY--:  -uert reflnenertc  of the theory could almost certainly 
o:.m*eü f.j.1 by ulncr changes In the computer. 

pr -lltalr 
v Ime 
d" T'    V  w L ^ 

a.;   :.e'-' 
- ->    . I-JCK . 

a_ i ■   *■..' 
i.: r r ■ -1' 
.:     '' •   r» 
Xü .     s 
C "T. 'irr   . t 

...   : ;.r^ 

Leii    rß    b« ehe position vector rjpresented by the 
»ary rjU'ge tables frora the giun to the projectile at 

ft er Id'unchtrH:.     uai*ig a prlrae to denote the  " apparent' 
ve  of a vector,   i.e.,  the rate of change of the vector 
•r   an observer vrl.o IG  fixed to the r-'tating earth,    r^l,' 
^  the aoceleratlor  of  the p^c^ectll« (regarded as a 

•>.  '-r^'   as the force  acting f^n. it  (a being Its vnars), 
..  fr-rcc is the resultant of the forces of gravity and 

■,':..nee.     The force  of gravity It  taken a£   - Egk    where 
u.' It   vector 'n th* dlrectlar of the zenith at Fhe pun 
:.   the scalar "acceleration due to Gravity",     fhe 

'O'.a    dlrtci-ion of    k    and va.l'ie of    g    incl'ode  ^he 
■_,r,.   forcj .lue to the  earth'."; rotation as well  ae  the 
•vitatlanal  "orce aj:d   in  this senoe the prellnJr.ary 
faV'ea l- "jt en+'lrel;   Ignore the earth'a rotatloo. 
«it».OTnt indlcat»» the difficulty In treating the 

■f'-tBClon r'f.oroutly vlihout at the sane time introduc- 
;f  tcpic.   .u'c!   ce«»^ superficially unrelated  to it. 

.''Vt 

,*.     .';.e force due  to  r.he air resistance   Is a^jumed  t 
T-.a-uilt-.-'e    1/??VQAC,  wher-  v^ ■   Ir^l   la  the  opeed  oi 
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':.  the crc.^a jeovlonal  ai-ea cf the ;.ro,1ect: If,  ax. 
ira*.  ..• »e/Tlc4er.t.    The  j-eital«:' of the  air .i, tha'.  at  uhe 

'. ■"   ,; of  t-fic projectile and nerLC';/^^ ^(r-J.     Jhc •iruf  ^ >ef. 1- ' e: 
1?  A.  eiarlrljaJ   function    C =-  'j(i^)      7 ':\e Mac., r.r.h^r i-     «  v 
1   ?.■•■'    H »  a(r._)    1E the speed    f  3'-'xid at t}*e ^o-'tloi   c*  .;ie 
prt'ectlle an3" depeiidB yri the tenperature  a': that  -Int.      '..«: 
ulr Pfilstance  acts In a directlcr.  o, ;r:'lie t.- thy ve'lvcir;   of 
tae    rCoctlle tc that  in nagn^ tude and dlrectlor the air ^ ■■-,'' 
u-    furce  iu 

r>' 

-1A PV AC— -   -1, ^'f /.AC: 

V'tc .t ^.ur: 

irii 
mctlu!:   JI"  ..he  p.rv.jectlle is then 

TU' ;',' =   - ru^-h  -1/2PY ACrl   . f ) 

Wi'.;h 3(K0) having the  forrr-. .Jeterrrlned experiaentall:' and/» and 
a    b««lr.;; the Atfictlone of aJfltud? of the NAC-A etand«i*d atooc- 
; jer«",   thf»  : ^'aert pi'ellailrxrj' x-axige  sable» ropresotjt  the 
f-o'vtiona  of aquation (l) for varlona Initial conil,lont an^] 
ro»   standard condltlots, obtalrvd o'j numerical integration. 

i Coaalderlnft ne^t the earth'f mtatlon, iet    r 
Loii vec-cr -pi tne pi'ojftetile when this Influence Is t 

h-it- acoc-cr.t. A..: bef'i"_, a .u'lrae will be ured to indicate 
'ar'ar-T-t" acrlratlve cf a vector whlle^ lr addlt:-:., a d- 
■'ixl ue j.?ed to denote its true derlvatiTe. Tito total for- 
actinr m the crojectile is now ET and, as before. IG tli» 
/ t .e jr&vltatlona] and air rctiPtanee forcet. The fore-; 
rav!'.;1 1r a^n'-. a^y «rliile the air reslßtancc f:rce lr n 

- ^'^AvAOr', stiere r' It- t..e veZocltj' of the prcjectllo 
tlie air ma;;'' [ar; mied  fixed to the rotating earthJ 

tnc 
aicer? 

and - c{n] with /!   '-=   'i?/ a, :»e couat: ü
T

,  JV act 

of 
''V. 
rela- 

Ion 

/■ 
> VM,T< {'-) 

2.    ho,   if    V.    1'   tx.   vector, the relatior. ^<?r..^_-: :„;• 
ure  -i  rlrr*. 've ai-I it?  "o,. ■iarent'1  derivative  lit a r'rawe  of 

'^■■nü<  rotatlrj»; «Ith  ai/r ^ar velocity    w    (hero the  a^uiar 
,'e" oc it.   -.0  t :* earth)  ' 

i i'I ft j 

■ ■'^- 
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r1      (w x a) (3 

Applying »quatlon (3) with   H    rerlac^d by    f, 

The vector   f    In tb» rieht tmmhtr of (4) can be expressed by 
»PPly3*e ««jwtlcm (3) again with, now,    H replaoee by   r, vtV 
the result ~ 

I - [£* + iH* t)]' ♦ ( H x [£' ■•• (£ x r)]j 

"   £' '  + (w1 x H) **- 2{w x r1) + [w x (w x  •)]   . 

Since the angular vel >olty of the earth Is constant,    w' • 0 
and 

r • r'' + 2(w x r') + [w x (w x r)J (*>) 

-•5 / Now the aagultude of   w   la   v > '1.2921 x 10     rad/eec and 
the ihird tar» on the right of (5) iBWolves   w?   nA Is 
negligible as eoapnred   with the term larolTlrig   «   to the 
flrat po'mr.    Purther,5?»r«, no algnlflcanoe uoultf be attached 
tc thla Wn without at the aaaa tlae treating   k   and   g    In 
rreater JUttall.    Negier'ting thla tam In   5) and'sul^t:: ^ing 
In (2), the latter eiuatlon baeoaaa 

r* • - - m* -l/Zpwmr' - an(w x r') rar (6) 

which differs fro&: (1) \a the Inclualon of the (flotltlouc) 
c^rlolli Foree 55a(« x r'J*    It would be poaslbie to Integrate 
•quation (6) maMiToalTy, aa haa been done In a nnaerlcal 
«xauiple oanalderad laver, but the presence of the addltlasial 
&erM «vml< neoesaltate a eajplete latagratlop for eeery lati- 
tude and gas bearing. In «MitlaB to the arguswats of tlic 
present range table», ae that a prohibit 1-re ■Wt if verk 
would b9 rafnlnaA.    Furfcbaanaoc*, thla proeadure would aaiee ns 
use ef the praeant nsage tables, nor would the resets be In 
a fOMI which «mod indicate a slagle aMHynicafcl:» of the 

ftlÄ 

;*^ ̂  -.,> 
\ 
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13. TtotM OlffioultlM o«n b« arold«* by obtalrlnir a 
diffoT^/itlal «fuatlott for the dlffiyin lMtwi«n th« factor 
?» of the praaant ■—1 tablae nnA tha faotor r of aviation 
T6).    Approxlaatloaa can ba WM Xm thla a«iu«tto» atklAg it 
much easier to •ola* than la aouatloa (6), and tha solution 
can ba oarrlad out la such a mqr that aaeh trsjaotory of 
the present not* tatoles gltas rise to tha correction» to 
r» which ere naeeaaary far all paaalbla ralaaa of latitude 
and gun bearln«, without tha need of a separate auntrloal 
integration for each ease.    Tha aathod used ;iB baaed on 
that of F. R. Nonltaa'a W/tm Usthada In tefrlor Ballistics. 

14. Let 4 • r - r. ba ths factor which auai b* sdded 
to tha position TactorTk of ths present iwca tables to 
correct for tha affect of tha earth's rotation.   SUbaUtutlac 
(1) and (6) ln4•, - r" - 3*, 

4" - - s frKshcftk« -^^^«(«ofe} - 2(ix r«) , 

- aw x (^ + 4« )♦ 

.1 • 

- «(I» Si) -«(I «A1) • <7) 

It is confWilant In tha following steps ^ »o*.»1*!» »J*1«* 
equations instep of the vector etnatlon (7).   To <*tal» these 
eouatlQM, let   K,    as before, ba a uMt vaotor In the «Irectiosi 
of the zaiith at-iha gun, and let   1   and   1  be mit fwtora In 
the horizontal plane with   1   ^JJJ.^^ä^i'S^?8 

the initial falaolty of the proJaotlla (the fartloal plane of 
n—) and   1    perpendicular to this plane In such a sense that 
1»   1»   ^   ^02,', ft rt«h* hand systan.   Than let 

r-xi*y4.*ak, 
■ 

th 
^•iE9% 

'il&s^m tmm 
4 5 

■ . 

fc   -A - - *- ^^. -    ^ ^^ m—tm 
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In writing th« "mppirent" derlratlve»    r', «to. the derlvttlves 
of x, ttc. vri.ll b« lndloRt«d by doto, tRtre b«lng no dlatlnc- 
tlon betwon tim trwt nd apparent derlratlye« of a scalar. 

15.    Let ^ be the latitude of the gun end B be the bearlxu 
angle of the gun, I.e., the angle between the rertlcal plane of 
fire and the rertlcal plane oontalnlag the Horth direction. The 
rector   w   representing the earth1» angular teloclty lies In 
the vertteal plane oontalnlng the lorth direction and forn« an 
angle 0 with the hortaontal, as ahowi In Pig. 1.   Pr«n the 
figure, k 

'f £ ■" ~ v 0OB 0 •i« B 1^ + w cos ^ 

«tort«i   008 B J, -f « llA ^ k. 

€«J. 

Pig. 1 

and the vector products appearing la (7) are 

w x r* • (wt0 cos 0 tern B - wy0 -sin 0)1 

+(wi0 aln ^ ■»• wz0 cos 0 »In B)J[ 

-(wy0 cos 0 »In B + «Q cos 0 cos B)lc , 

w x ö' ■ (w i cos 0 ooa B - w ^ sin 0)1 

+(w I sin 0 + * i cos 0 sin B)^ 

-(w IT cos 0 sin B + w i cos 0 co« B)k . 

16. In the standard atmosphere the density/»(r) and 
np«8d of 3o md a(r) depend only cm the altitude, thSfc la. c® 
the nij^ioal component of r, and will be denoted by /o (z) 
and a(s). i-'lnally, since Tn»  trajectories of the range tables 
I Le In the vertical plane of fire and i    Is perpendicular to 
thla plitne, xc ' x0 «» 0. The scalar equations correaponAlng 
c (7) are then 

1 Ik ■ ■ 
i ,, - '^ ' ft . ^ _ 

■ 

■ ii tim.n 
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- ?w S cos ^ ffos B ♦ 2w 7 Bin 0 , 

- ?«fs0 cos ^ »In D - 2w I »»in 0 - ?w ioos $ sin B, 

S- " SiH/^^W ^(«O^O«(«O)J «O ♦^(x)tC(Jl)s] 
■f 2W70 oos 0 oln B «f 2w ^ 808 ^ ein D 

4- 2w |QO8 0 cos B. 

THE LDISArt EQUATTOKS PCS THE J)BWJBTT0|l 

J.7. Up to this point nc approxlvtstlcns hare b««n Mtto soC« 
In the preser.ce of (1), equations (8) «re equivmlfnt to (6). The 
approziaatlons which are first Made la •quations (8) are aoti- 
▼a.ed by the desirability of obtaialn« linear differsntlal 
equation's for \ ,   1 , &  and are Justified by the assussption 
that these quartltles and thair derltatires are so aaall that 
their products and powers can be nc^laated. T > aake use of 
this assu^i/tion, consider the expression ^(sV«C(9() with 
M »• v/a{-). Because of the prssenoe of v, tbia exprecaioofi Is 
a fvai^tion ofx« i»y»J0 + i*i''ic+i on* througb th» 
orourrunr«G of the functions ?{*.)  and a(f) It is alt: a fu»c- 
tion c^ z . -/^ + s . On the aaauRptlon that t # ^ * * and 
th94r ^riratlves are »aall, f>\z)iQ{ln.)  at «oy tiae will be 
nearly eot^l to /O (7C)T0C(M0) whose «riuMents pertain to the 
r«rige table, trajectory. If /«»(z)ve(K7 is expanded la a power 
Berlea in | # ^ t S » S » ^ flrat tox»s of the expanaloo 
are ' 

p(=)TO'(K) - ^U0)VoC(i.!0) + rio[/B'(20)a(«o)C(M0)-p(s0)a'(n0)Hoc'(W0^ 

fcr« 

(9) 
To  ' 

t  c neglected t-rws InTclrlnß produot. and powers af  t .   "7  ,  .$ , S 
71)« prUe» in thin expreaaior. denote dertfatlwas, net «l%h tea* >•; 
to ■ me, >^ with rea^eet tc the lnlla«t«d aMBWMrtft of Ua    f^. . 

'   /^:\,   :       , 

lri_ 
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functions oo«o«med.    Substituting this expansion In equations 
(8) and again neglecting products and powers of >, 7, f, 5, 

i - - srtzo)Toc(Mo^ + 2lf78l,1 ^ ' «w^oo» ^ cos B 

+ 2wy0 sin J^ - 2ws    cos ^ cos B. 

if- - 2wisln ^ - |j|^«0)V<M«) *^(^o)fc(W0) ^ V'^o)]^!^ 

"   ^^(^^c^ V(^    ^+^co#|rslnB}i 

- 2WB0 ocs ^ »In B, (10) 

?   - + 2wi coa ^f 00a B - IJ /o(z0)to(M0) + WU^)]^ 

- 2* coa 0 sin BJ ^ 

- »^(«ohroedio) ^ ^(z0)[e(K0) + V"<Mo)||ä]i 

+ 2w3r0 00a ^ aly B, 
« 

The Quac^lbles with subscript     zero refer to the tra-Jactory 
which do«;  cot Include the effect of the earth's rotationj 
they con TO obtained from the range tablea and heaoe can be re- 
gardol A   :jio«m f^awtlon» of the tine.   Iquatlone (10) are thae 
linear   c .^'erentlal equations In 1 , ^, S with coefficients 
funcc.ri o of the tltae,.    Owlns to the presence of the tern» which 
do not Involve i, {, i, * , the equations are nonbOMfeoaeua. If 
these turms are ocltted and the geaeral solution of the resoltlng 
e<|uatlons determined, the aettood of variation of pnraav t^rs allows 
the nonl omogoneous tert.:* to ae taken Into account.    VIth the equa- 
tions in their preaent for»,   thla Is not feasible becaiae .the 
occurrence of functions of 9 rod B in the coefficients of j, ^ , 5 
would neceaaitate a anparac«.  -eneral aolutlon for each comblriaticm 
cf these quantities, and tl       utearlty of the equatlona wsuld be 
of little adTantage as cow .-l with n dlreol Integration of 
equ&tlon (6). 

¥,• 

&■< 

jM   . .1 
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1 18. This dl/floiüty can be ov«r»ow by uklng a furtlwr 
a^prazlaatloa In equAtlow« (10). Tüll approxlBattan «oaslats 
of rwglttetlog functions of 0 an« B «bars thsy ocsuj» as ooef- 
flelants of i , ^, j , and tba justlflostlon for this Is tba 
fact that a tarn suoh as Sw s cos 0 cos B Is saall relativ» to 
2w* oos ^ soa B Khloh Is xttalnad. Tba resulting squat Ions 
ars0 

+ x 

(11) 

I? ■ 
* 

p 1 - - S f («oKc(«o) 

M . A 

- - A. 

lp(S)V(»0) ^^«o^'Äo) ♦ VK^j i 

-o  •% 

To   ^2 

^o 

^3 - " ^^'(«oW^XJ^) -^^)Ä'U0)V
,<«o)]^ 

(18) 

•o'J © 

X   - + 2if7c sin ^ - 2*i0 oos ^ oos B 

I   « - ?ifz0 oos ^ sin B 

1   - ■»■ awy0 ooa ff sin B 

10 
Ufett 

*•, a,      -;-. ^^r...      , 

^.^ a_^_ 
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FIRST AFPROTUUTl SOLUTION OP THE LIRKAR EClUATIOWS 

19. Tbe coefficients Pi, ... R« la equations (11) are 
functions of quantities whion pertain to the range table 
trajectory and could be eonputed as functlona of the tlae 
without regard to the values of 0 and B. The general solu- 
tion of the honogeaeous equations corresponding to (11) 
could then be obtained by numerical Methods and the solution 
of the nonhomogeneoua equations obtained by variation of 
parameters, k method oased on this procedure will be des- 
cribed presently. First« however. It seens desirable to 
consider an approximation to the solution of equations (11) 
which might be sufficiently accurate for soae purposes. This 
solution la obtained alwly by neglecting all tenu on the 
right of (11) except X, Y, Z. This Is equivalent to aasun- 
ing that the air resistance which acts on the projectile 
which is deflected by the earth*a rotation la at all tlaes 
exactly equal to the air resistance acting on the range table 
projectile. Usitig the expressions la (12) for X, Y,Z, the 
solution of the equations is obtained by two Integrations 
of each equation and Is 

where 

| •   A1(t) eos ff cos B ♦ A (t) sin ff 

-»j ■   /^(t) cos 0 sin B 

I m    v (i) ooa 0 sin B 

A1(t) -^(t) - -2w j aodt 

(13) 

^2(t) -V(t) - ♦2w j yodt   . 
Jo 

(14) 

For each range table trajectory, the functions  /«(t) and  "(t) 
can be eonputed easily froc quantities contained In the tables 
:uid armnged as auxiliary columns In the range tables.    From 
the®* auxiliary quantities the components of the deflection 
due to the earth's rotation can be found from equations (13) 
for any latitude 0 and gun bearing B.    Squaglons (13) also 
appear to Indicate a simple method of incorporating a eorreotlort 
for the earth's rot«;lon lato the computer.    It will be seen 
presently that the exact solution ef eqcatlons (11) has the 
fox« 'f equations (13) with coefficient funetlans of the time 
which are more oomplloated than are equation» (14), so that 
while the exaet solution Is «ore labor]oua to compute it 
off em little more difficulty la a»l 
approximate »olutJLcn. 

«^ doe. the 

■'- 

*l 
#'"«» 

•SfjR , 

#1; 
■litl.. 

^ ^_^A. 
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SaCOKE saLUTIQN OP THB LUBUaC EQUATIONS 

20. B«for* attemptItjg to solr» «quatlona (11), it Is 
dee Iraki« for referener; purposas to writ« the scalar equa- 
tion« equlTalent to (1).    These are 

(15) 

where P   ha» the BOBS definition as In (12), 
J» a 

21. Considering now equations (11), the first equation 
is evidently Independent cf the other two and oan be treated 
separately. To apply the method of variation of paraoeters 
we first write this as a nomal syste« of first owSer equations. 

(16) 

r-) 

and then attenpt to find the general solution of the oorrespoadlac 
honogeneous equations 

If"- 
dl 

!. 

h* 
(17) 

Ve nctloe first that If b,  is aa arbitrary constant, then 
^ >• bx, I • 0 la a particular solution of (17).    Hext, the 
socond of equations (15) could be written as an equivalent 
ays ten of normal equations which would be Identical with 
(IT).    Cine« the equations obtained fron (15) are satisfied 
by the venge table value of y , the funetloos  t • y0# I • y 
ocnatltute a eeoond particular solution of (17).    At a con- 
sequence of the linearity of equations (17)* their feneral 
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solution Is therefore 

5 " bl + Vo 

»•Vo ' 
(16) 

To obtain the solution of the nonhomogsneous equation» (16), 
b1 and t>9 are regazdsd as funotlons of the tine and »quatlone 
(IS) as a chance of dependent ▼•rlablea from s 0 i  to b,, b« to 
be nade In equation^ (16). Making this substitution and using 
the fact that equations (18) aatlafy (17), 

dbj  «bg 
3r" + ar"yo 

db. 

dt 
2 . 

yo 

Recalling that X Is a known function of the tins, the general 
solution of these equations is 

>! - -f M dt ♦ '10 

■if— 20 

l/l ,.■   Tl -.ia and b20 arc arbitrary oonstanta.    Substituting these 
values «r b,   anfl b0 In (13) and determining b      and b      sc that 
i "i ~  3 at t « (Vthe solution of (16) Is thiß ^ 

dt 

:'v>-5titutlne In the first of these equatiens the expression 
cr Z  In %l«./t 

- «?'■ 

-a.. - .. ^ A   MM 
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003   0 008   B  +   2K| 

öo«mci#nt8 whl«h ar» aore 0(wplic»t«d functions of tht tlae. 

•^ w^?;^T2 0Bialn T •?• 5» !•* t5»t last two •t equation (11) «^ written as the nonnl eyitea 

I?- i 
di il - ^ + (^s + ^s + Y 

(?* 

Äi. 

Tc apply ti» m^hod of Tarl; •"- 
to find t" 
equations 

a- 
to««. th. .Äff roiÄii „r .h. jSRÄSChSSÜS 

V 

j?-%if +V+^s 
(21) 

azy! this latter »olutlcn can be written a« a linear oomblnatlon 
of four Independent particular solutlere.    Such partlevlar 
solutions can be obtained from an latent** tat Ion of equations 
(?I) su'lfling froar a prr>ble« which la quite different frw that 
belru considered here.    Consider equation (1) togettor with 
Lhc   noraal" Initial values of r. and r* which define tne 
particular range table tsajectof? under consideration, the 
ralie of r^ being of course zero while £& is the Inltltl 

1 

'^m/ 

■ ~   ^    ■*■■ - *■ -- ^^^^^^ta 
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Yeloolty,    OottBlter also «quatlOA (6) with « Mt •qiul to MZT 
together with "akaoHMJ" Initial vftlntfl of r Mi r* whlate ere 
slightly different fre» r_ «■• rl, reiftetlwly. "^Thi eolutlon 
of ecrtatlon (6) therefer» glvM Clw twajeet^ry of « pro^eotlle. 
un&frooted l»y the earth'» rotation, «hieb la InoAehed with 
ati.cnaal Initial eoolltlon» dlfferlJMC illfhtly fron thoee 
d«flnlng the range tiW.e trajaetory.   Again defining 4 - r - r«, 
equation (7) with w •• • la the diffaraatUl eqontlon leflnäag 
the po&itlon of the Opovaal proJaatlXa relativ» to Hie Bemal 
prciectHe; equatloni (8) with w - 0 ire the scalar efolvalaata 
of ( , ); equation« (10) with w - 0, «re the linear «pp^orinÄtlon» 
to eqnatlons (S)j «nd, with w • 0, i.e., with X« T * Z » 0,   ^ 
eqvfit\x'B (ll) «re slaply an abtomlaM for» of (8); so that 
equ&tiCTiu (11) are the Ilaaftrtaatt «fiaatla«» döfmlng th* dlt- 
tanoe uonponenji« between the noraal and afenornal proleetllea. 
But eqviatlon« (atl) «r^ afoiYalerit to the aaooad and third of 
equatianc; (ll) with * • 0.    It la eenoluAed, therefere« that 
equations (21) with aultahle Initial ooedltlon» define the 
distance ocaponontü between a nontal (faaga tahlej projectile 
and an ahnonaal pro jeetile In th« »anrt pine which differ« 
froze the nontal projectile only in being linaahed with dif- 
ferent  initial coodltlone, th« earth*« rotation not being 
conaldered la either eaaa. 

23.    As * itpeslal «bnormal trajectory, eewatder     one for 
which th« initial velocity 1« the ««■« «s that of th« nontal 
trajectory «ut fchf; point of launching 1« iiaplaecd horlscntall^ 
a distance •*■ 1 In th« conax» pl«n« of fire.   Thain»#iOMLt it« 
fllghit the h^norn«! projectile will «Inply ha displaced iMorlscnt- 
ally a distance >i • 1 fror» the noxnal projectile, and hence 
the abnoinaal trajectory Is defined by the qtaaatltlna 

1,   >j« 0,   S « Oj 0 . 

That tbene quantities do, lu fact, «onadtot« a partleular 
solution of equations (21) Is seen by substitution. 

,*4.    To obtain a seeond particular selutlon, we consider 
an aJmcmal projectile which la launsheci frt« the «ana point 
and with the sane velocity «r th« nornal projectile, but at a 
snail tine   St earlier.    It la clear *hat bath projectiles 
will  fvll'ow the s«na path In tm pl«i»-   of fir« but that th« 
ahnorcnal projcetll« "«.ll be d^plnce:   froa tka nomal proJ«c~ 
tile toy 'osfipcuvcnt distances equal to tbM oonpenents of travel 
of the nntaal projectile la tine   St.    rhe dlstane« «ari 
velocity oo7BTH?n«nt8 of the  ahnonaal project He relativ» to 
the numal projectile, for   «t «ufflelantly small, are than 

T^y^t,  j-y0it, $-«oUf i. z#4t. 
/ 

"*1 

i.., t. 
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BSA tY*BB rur.ctlonc must constlcute a solution of equations 
(21).    :;tn«e the differential eqtuatlona are linear, the 
proportional quajntlt^.es 

«  >   5 o 

:.>..:. t also be a »olutlon. Although the secoiid derlrat ■ re« y 
ani 3( are not given In the range tables, they can be expreß 
in tents of quantities which are in the range tables by »w«na 
of   Tuatlons  (15).    Äaklng these substitutions. 

ir pi; 
0' 5- V 5 Plzo-S (2j) 

That  „hese fitfictlone actually do constitute a particular 
 ul Ion of equations (21) can be verified by substitution. 

^5.    To obralr» thr general  solution  :f' (21) we reqnlre 
Vw.y -pore ^articular solutions.    There »re no ^trier paitlcular 

: utions which are as easily obtaliiea a«      (22) snd (23) find 
v.  would ordinarily be necessary to obtain the necessary 
addlr,ioual solutions by nuawricaLl integration of equationis 
(2^).    However,   ;hc AAl range tables are sufficiently coaplete 
cuat quantltlea can be obtained froa them which will approxl- 
»atel^  tjatiafy the equat^ona.    To obtain such qxutntitles we 
c-r.tlnue with the inter^retütion of (21) as equatioos defining 
the variations froas a noraal trajectory 4ue to abnormal  Initial 
condltl^na, the rotation of the ecrth act being considered. 
- :.i .Jose that the nonaal trajectory Is def laod by valt^es of 
.-rci elevation and muzzle velocity for which a range table 
-raj-;   sory l«? tabulated.    S'o^pose further that the abnor*al 
.ra.'eswOiv is defined by the sam» muzzle v»lo>elty (actually 
a '.'.ca'ari  •rpeed) but a gun elevation ore degree greater. 
.'he«? abn^rtfiÄlitles in th<s Initial velcelty (vector) »ouid 
v   ixT'resBed  ir. terras of initial values of i  and s and the 
re- Iting solution of equatloixs (21) would give approxiaately 
o* e l.^creaMnts  -if distance and velocity cotiporiant^ In passing 
i'r'.v. the nonaal  c;raJectoi*y x,o the abnc^aal trajectory. Slnee, 
•--.v.-ever,  o:.e range tables contain trajectories T JT every dfigree 

." ,;-TI elevatl'on at the »oraal nuzzle velocity of 4-000 ft/aec, 
i exact values of these Inereaenta can 'oe found by takliog 

.ho dlffereneea of tabulated quantities pertaining tc two 
ra.-.',* Table trajectories,  and these differences should con- 
t ■':"..* a^proxlTaate solutions of equations (21).    Using 

—Ipt  0,  a3 before, to refer to the normal  trajectory 
3';, ".■■■ -.crloc  3 (which 13 Inteoded tc suggast the third 
.■artuular soxutiun) tc  refer to the rmjge ratle trajectory 
.'&• ftf-in elevation one iei^ree greater, the approximate 

tl w ohtalned by tMs prooess  eari be written 

wik 

r 5- z- 

i - 
(2*: 

- -    ■      -A.  ^ - ^- *^^mt*» 
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c^ei'i'lolents  aatlsf" equatlnna (?1) being of Incidental benefit 
In slnplifyln« the resulting equations,    'ha result  of t:.ir> 
suV'-.^ltutlon and slnpllflcatlon la 

+ 

+ i T4 - v ^dt 

dco do dc2 ««3 acn 
'odt 

(27) 

(>1';       '% MF*   +    ^ir1-^ 

ClCl CC1 
To aolvn tiiese equations for the derivatives -yri , etc. It  ! 

catven'ent t;  have the doteralnant  of their coefriclents 

A-) - 

c   . 

5o 5>. 

5 
4  1 

. re ::■■ 

:>-■ 
1 

>.- al" ] *ii 

v'...:. 

oi'  D{t)  as a  ^-x.rviun cf t  could be c-reputed'ü'.i^ttctly 
defli.itton u-air.~   .•uanu.'.'.eti tal-nlaheä iu the raa?e 
.1  1-,   1^  ,: ai-ler t    uwe a prot'Crt:-   ,:"    ich deconalnan«! 
pi-o-G.i  11; F..I.  a- t-jn'-. r^n^rerv^, ^1^125?.» -• ^J^- 

'81W^iB1i|ii 

^.■/••- 
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thei^efore obtain four slnwltanojua  linear equation.", for ti« 
irltlal   values of en, Cp, c^, o^. The detcnnlnant . :' the coef- 
ficients  of  thoae cii-mfciona  Is  D{0)  and,  since D(0) f 0 anci 
ehe «»quatloiia aiv homogeneona,  the  Initial values of 
c"'''   c?'   -3'   c/4  ar,e  &:5-   "err: 

'JO.    Returning to the craluation or D(t)    th» nr»n^.^, 
proved by Moulton, when applied to thl° pj^l^m ^ Pr0pf!rt* 

D(t) - D(0) exp j    ((^ + HJ dt. 

■ rcr   v.)« deilnltlons of Q,   and Rr   in (l?^, 

(29) 

^   + 'A2 "      ^[3^(e0)v0C(M0)  +/fl(ZcKM,C'(K0)J   , ( 30) 

'arve^in^ !Vn?St!n ^^-^»tltlea containeci 1:: the rang« ao.e.  and ... * Dft) ootiputod as a ^mctlon of t      - 
-  ". -lat^ons  (.->/) for    dc-      etc,  is  then 

It   ' 

' i. 

■• 1 

13 

S, 
J 

'V4 

Tlio solution 

V 

l| 

dt 

^3 k 

i4 
^ ^ 

^3 ^ 

i 
&_; ^ '■    . 

?0 

.A    -..-...- ^  ^..   ..     _^.._   ^r^ 
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de- ^"o 

plzo-8 

yo ^3 0 

0 Wo ^3 Y 

Ü 
• 
20 53 

0 

0 
^l^o-2 it. 2 

Subabltutlng th« expreeslüns for Y md Z given In (12), these 
become 

1 > 
0 Yo • 13           74 

E 1 
■BÜH at          D 

-zo 

0 
• 
r 

13          ^ 

^3          H 

cos ^ rln B 

ao2      2» 

dt          D 

1 

0 

0 

0 

1 

0 

0 

• 

^3          ^4 

i3     in 

^3          H 

0          74 

cos ^ ein E 

• r--3      2if 
dt"-Tr 

0 

0 
^0 0           ^4 

cos jl sin E 

1     / 0 Vo"6 "^o        H 

■ 
m^. "> }k^ .■ü  .»   .., .«B^Jl? .ijjr ■'■'*--»ÄS1!    . '^Pf^^ k,..<    , . 

1     H mmm*m^- *m*s-m^ ̂ *l^äü 
» 

.7. 

• 
—*=-«^ —    1, ■ ^,- 

—   ■—■    - — - ■ — --■--■■ 

*   -■'■--- A ^. 
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I-   A1{t) cos f* COB B +   ^^(t) aln 0 

^-   .«(t) aos ^ sin B 

5-     W(t) co» 0 sin B, 
(13) 

>^ere, now. 

A1(t) • 2a ut  - y •f k "I 
^2^) - 2» *S y dt 

(3»J 

Tu addition tc the soordlnav« 'r.ar^nents produce! by the earth's 
r tat'on, t»ie Guldar^Ä Ca«sp\rte    ehotild. In principle, t$k» acscun; 
f ;:;;e velocity increnentE   !' ,    -»7  ,.    5 .    These could easily be 

tv'r-c-.sed It: terms of quantltie« already derived, but It see«s 
likely Oi.at  it te lamecestjar:   U: practice to tifee into nccoiait 
' .'.e  Influence of the ear. h'?  -notation on th« velocity co«ponents o-: . -.e kk) . 

n.    To evaluate nuBcrl-aJly the integrals in (3?) aad 
133'»  *e reqn.Jlre the posltlot! and velocity components far tlie 
T^rml  trajectory, the difference» twtweeen these and the 

■ .'«*» ä^ä •:,■- 

i -#" i 
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correspjndlng quart It lea for tha two abnortnal trajeotorlaa, 
and the raluaB of P,  and D for tha norma]1. trajectory, D being 
obtained In ternm of the iategral of Qj + R-. 

APPLICATIOW TO AAP TRAJBCTORIBS 

32.    Up to this point no aasuvptlons have been made 
r^arding the fnnetlcnii   /»(z), a<a)# att4 C(m). Th» particular 
iorti of 3{M) on which the prelladniry range tables are baaed 
XB C(M) - ^ M -^2,  rro« which M C»(M) - ->c9C(ll).    SuDstltut- 
Ing this In the second tera of (30), 

to evaluate P   we consider also tha functions fiz) and «(«). 
Tac prellmlndrjr ran^e tables are bas&d en the HiCA Standard 
Atmoapharr /or «hich   fiz) m   f>iO)(l - k-z)1^ and a(z) - ^(0)- 
(1  k33)1/2. Hence 

33. For the preaent design of Ingled Arrow Projeatlla 

»2 

A {f(^f (ft2) 

B - 2.261145 (slug) 

(Rote: The value of    m    has been adjtxsted to reraove an Inocn- 
slatenay In SATTRD !te>o^ 2160.    A smaller ^"onsls^-^vcy still 
r^: alns In the derived quantities which follow.    The prellalnarj 
rnrj:« t8:>lfiS were eowputed with the expression for ?-,  which Is 
(-iver: 'jelow,  and the constants shou?.d be further adjusted to 
-;  4uce »he numerical coefficient In this expression.) 

k   - o.66oh: 

ks « 0.6775 , 

an^ for the VAC A ^tandar^ Atnoaphare, 

J 
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-6 i 
6.87919 x 10        (ft"1) 

*.S55 

0.001378 (slu«/ft3) 

a(0) -   U17 (ft/sec) 

With the^e xraluea, 

2ra -    5.6793S x 10 
-5 

^Sr^li**0^ -   4-35949? x IQ"3 

imd tii'3 t^presslon for P,  b»com«a 

,-3 ^.359495 x XO'^il  - 6.8T919 x 10   sc) -6    ^.59375., 0.3225 

EZMPLB 

3^.    As  ft nMucrieal «xBaiie of the easputAtian of thm 
effeci        the •«rth1« rotation, aui AIP trtjiotorjr with a gun 
lev^l^. -.-f 30* «ad « aussl« »«Icalty of 4000 ft/ne« hM tee«u 

co!i3'.def«d.    Th« auxiliary ftmctlon« needed for the «ppiloa^lon 
r fcqui.ölorB  (13)   ^ave been sooputed liy the approxlwat« tor- 

mals.n (14) and by the nor^ exact foraulas (33) and «re tatralated 
la. Tabue 1,    Soae explenation Is aeoessar^ for the erldeot rough- 
ic^r cf the  va-iues ao»rnt«d fro» fonaalaa (33).    P«rt of tkl» 
roug^neas arises frrw the necessity ef femiilm tlie dlTfeveaaas 
l^, etc.  t>«:rfeen raage table trajectories.   While the ooondlnates 
aftd ve'^cttlee In the prellmljiajy wm^ß table are tabulate* 
.ich aufftctent acitLrar-y for the principal ueaa of the table, 

1 1-0 a ouraoy le not great enough to produce swooth ralvws of 
t're r.cct- 'sarj differences.    31nce the tabulated ralues h«re 
be»- rounded off. It would be preferahla to obtain the differ- 
sneea  ' ,    etc.  from the unrounded Taxueß.    It is tnderstoed 

25 

•> ^* ■■«fä> ^,, j?. 
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thio-.the numerical  intcgrationa for the vrellmiiuory rang» 
table wer-  c:onduet«d In snch a oanner that the unpoiAMed valu«? 
nav« net ".xjen preserved, »o that thle reflnsaent eould not be 
nadft in the present eompvitttloii.    If, «lien the final range 
tab:8 'H prepared.  It has be*:n decided to correct for the 
earth's nt*tlc« by neana of ^quatloj» (13) and (33), then 
the numerical integration could probably be arrangaA so that 
the required differences wouM be avall?ö>le and fettnulas (53) 
might ue avaluatcd at the tame '-Ann,    Anotiier source of rough- 
nes« in   :n*-sz quantities was the aalfimctioning of the calcula- 
ting naohine which was used in evaluating fonulas (33) sad 
«as not detected until the work vas nearly finished.    In tbe 
presence  o£ the aaajarcldable roughneic» dt» to insuf fie lent ac- 
curacy of the differences. It did not, seesi ifor:h ^liile to 
r^peav the entire calculation. 

$0$' 

rahj.« 

35.    iO exhibit ehe effects of tbe earth's rotation oa 
. >tf" nates of the projeetlle, both bets of function^ la 

have been used to - jrapute   \ ,   7 , '   by aetfae of aqua- 
X-A r™ 1 la-iiuae Jf » 45° aad a gun boerlng angle 

E - ^3*,   --e rea'-ilt» belag jl^an Ir. lable 2.    An exaatinatloa 
c; t^e    ci^:*  shows thai there are appreciable differtticeB 
^r «»er, t:« values obtained 'jy the two Methods and the ques- 
f.-." ar'?«s whether the values obtained froat (13) sad (33) 
za.   '0*.  c^garried as oonwot, or wheti*ar bha approxlaatlons 
Involved in these e<iuatloas introduce luportai-t errors. To 
sr. > >.   tt.:.  question, the cewponent equations eorresputtding 
• > (   i have   yeen integrated miaerlcalll for the initial 
zzviii'. .ns being considered and fro« the resulting values 
x, -,  -  oT the coordinates, the coordinates x0 * 0, f^., z0 
-:' t'.e i,r<-jectlle on th».  range tahlfe tira^.^ctory have been 
»abtructed, to prod-aoe values of  f ,  7 # s which Involve no 
^prrr. iratlon except for the justifiable neglect of w« tercs 
Ir  v :)      "lies*» /alues are also given la Table 2, froo sblch 
it  li ne«n that ti^e approotlraate fornulaa (13) and (33) ar*? 
...•rac«..^?,!!    wlviiojt error. 

e   - 'xl i 
Taeie 
tud:     V 
! f the 

To slspllfy  the co-r.ariion betWMti the different 
.<i co'^'itin« the sffeet of the eartn'a votatlon, 
'hich has been dei^ired frca Table ? gives tbe Ngal- 

' whe reBsalnlng error (vestar   evm of thi-ee oo^ynnentsj 
ö'-rth'a rotation uorrectlan is tande by four asthoda: 
a'.,  DV the use,of equations  (13; «id  (i4), the use 

if cj'-n.io'.j  ^13) and (33)» and by tbe direct nunsrical 
.r-.'-tTratl-r.  -f (o),  thla last saethod being regarded a» exact. 

1- ?6 

-^-^*- .. .. l&tiM&ffi      -   -^-^    jf't'jE'"-! 

3     BaB    BSl»k$N'*: "^H^lKll 

I . 

--    ^     llgl   " —- -- -- ^^^MHMl 
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COKPARIGCB 0? METHOD-, 

37.    With some apoloc;' for attwnji^lng to asaeja ouch 
questlonn  In a purely quantitative raanner. Table 4  is  an 
a;.;eapt to ooapare the illative cost« of the four •aethoda 
and   .-he value» of the oori'ectlona obtained from theE.    In 
the first row, the laat «atry 1» InteBded to indicate tn&<- 
tl«  method inquiring the nunerleal integratlun of equation 
(6)  ^s completely unfeaalble for the large number of cases 
that vculd have to yc treated.    The maabers 1 and 20 for 
the   jec ind and third entries are a good indication of the 
relative tines that were required for the computation of 
the   v rrectlona by these two methods.    Considering the 
aecond row, the comparison between the se-iond aad third 
":iir.'-or3  Is probably fairly reliable, equations (13) indica- 
ting now a oorrecticm obtained by either of these methods 
::.isvt bo incorporated in the Suidaace Conputer.    The uae of 
equaJii ona  (3 4) would require th* empirical representation of 
^*r  fijactlonf of time of flight for each range table trajectory, 
vrv,i:e the represeritatioTv of the correction« obtained from (33) 
would require f'var such functions.    The fourth entry In this 
row is  based or the belief that  if the oorreotiens vfere ob- 
talned üy this method the corrospondlag Modification of the 
cc'.-Hy   ;er would have to be  arrived at entirely enpirlcaliy 
and might require a complete alteration of the existing bai- 
Lirrtic solutltm.    The last row of Table 4 gives an eatlaate 
of the relative val'Jes of the corrections obtained by the 
different methods, but  ignores the fact that the effect of 
the earth's rotation.  If not corrected, is only one of many 
other error« that will be prese-t In the complete AAP System, 
arid the removal of this single error ■might not produce a 
significant Increase in the effectlvtnea« of the sjsten.    In 
comparing thla error with other ballistic errorr,   it should be 
r^nenbered that trie quantities in Table 3 are wise distances 

wuret positions of tine fuzed aswunltiaji.    For VT fuzed 
arj* rnition, a more appropriate measure of the error la the 
tdnimuQ distance bevween projectile and target.    31nce the 
c'sr   llBtance produced by neglect of the earth's rotation is 
approximately noxval to the trajectory (tbo Ooriolis cccelera- 
tlon y^ x r' being perj-endicular to the ▼eloelty vector r'), 
the miss dTstanoea for both typea of aBmunltlcm are nearTy 
•:-vii.i for target alx^crai't which «re approaching the g^«i. 
PJT» certain other ballistic errors (e.g., thoee due to incor- 
rect muzzle velocity of air density correction») the VT fuze 
t-ljs ai  tance for approaching targets la rlg»iificantly smaller 
^/ar  the tiüae f-ase nlas distance, and In this respect the 
nr   erected effect of the earth's rtitatlon is especially 

Vcr*mental. 

27 
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RELATED TOPICS 

1« rvT^JT^ a P^J*0^10 (le!3lSn ^8 ^«J ÄChlevtd which Is ro-.rMe^ ae satisfactory from the points of Tie» of per- 
..nyc? and Bultablllty for production, It It inUmtod to 
ffianu.a^u« a number of projectiles for use in experU»nta: 
.r;;i.F,..' on the results of which the final AAP raafe MULM 

based.    While the detailt of the axpertaental flr- 
avc not been decided upon, the principal obserratlon» 

r-«   iade will furnish for each round a record of projectile 
o&itlon aa a function cf tine.    Various secondary obaerva- 

tlwv  nljht also be desirable: tlae Intervals measured fcy 
the In-Bore Chronograph, munzle Telocity ad deteralnad by 
sorK.  other Tom of chronograph, photographs to Indicate 
whether the aabct separation is normal, etc. 

39-    The principal object of these firings will be the 
verifloation or revision of the best previously avallabl« 
dra«  •.«efficient, whether that dirag coefflclsnt Is tt» one 
• so ■ ±ix the oooputalfloo of the existing preilmlnary rence 
tables or some improved drag coefficient which night be ar- 
r'ved  at    later on the basis of theoretical cons Herat Ions, 
rt..del experiments, or earlier firings of full scale pro- 
jfctlles.    Certain other Infomation should also be Cbtalned 
fror  these firings as, for example, whether the angle of 
d^par'.rre is equal to the gun elevation angle (they are 
not  eqnal  for the 5"/38 gun). 

'to.    The determination of such unknown factors fro« 
;he results of experimental firings requires that all Known 
depart ires from the stsnd&rd ti'ajentoriea shall be taken 
into aocc-in*.    Attdng these el'fects are that of the earth's 

non-standard atmospheric conditions, etc.   By rot at U 
eiplOTing nethods similar to those used In this Report, it 
ucstui   likely that a systematic procedure can be developed 
for eilo-iaj for known Influences on the standard trajectories 
ane      ;erminlng the changes in drag coefficient and angle of 
d.part'.re necessary to remove the remaining discrepancies 
set ween ooservatlons and theory.    Snch a procedure would 
yrola^ly require the conputatlon, for each range takle 
refectory^ of auxiliary functions somewhat slillar to those 

of equation" (33). 

41 .    It seems desirable that these questions should be 
-horoughly luvectdgited well In advance of the planning of 
t.ie v Tpartawntal firings.    Such a study would Indicate the 
most useful data which might be obtained fro« the firings 
au d  mould allow an early start on the extensive ooaqmtatlor.s 
w'rtloh right be neoessary to wake the most effective use of 
';he oD^arvatlyns. 

. ■ 
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TAELI \ 2 

COMPARISGR OP RESULTS 

(14) (33) '6) 
^"^ 

 ^-^^__ 
*N N S 

t 1 ^ 5 1 ^ 3 S 7 5 
sec f^ ft ft ft ft ft ft ft ft 

0 0 0 0 0 0 0 0 
1 c 0 0 0 0 0 0 0 0 5 c 0 + 1 0 0 0 0 0 0 

I + 1 - 1 , 1 ■♦- 1 - 1 + 1 +1 - 1 + 1 
2 1 9 1 1 2 p 1 2 

6 

9 

+ 3 

> 

- 2 
2 

i 
5 

+ 3 

5 

5 

+ 2 

5 
7 

_ 1 
2 
3 

1 
+ 3 

? 
8 

5 
( 

. 2 
2 
2 
3 

+ ? 

I 
8 

10 + n - 6 +■11 + & - 5 + 9 + 6 - 5 + 9 
li IJ 7 13 9 5 11 ID 5 11 
-2 1 - A 15 11 6 13 11 6 12 

^ 
15 9 IT 13 I 15 13 I 15 
18 10 20 15 17 15 1" 

L5 + CO -12 + 22 + 16 -  S +19 +16 - 9 + 19 3_P 13 2* 18 9 21 13 .-0 21 
17 25 15 2^ 20 10 24 20 11 23 
1. '^ r.O 16 v. 23 11 26 23 12 23 
i Q 31 13 3-;l 25 12 28 25 12 ÜO 

SO + 5* -   T_n + ^3 
41 

+ 27 + 31 + 27 -14 + 30 
01 

41 
- > 

29 
^ 

3^ 29 14 33 22 22 
■^ 

32 3«; 32 
34 

1^ 35 
iM4 24 K'\ 34 14 ^Q 16 3y 

•4 4 2C 52 37 15 42 37 17 4i 

+56       +4o -16 +45 +39 -17 +44 
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