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ABSTRACT 

This report presents a summary of onaiyr.is methods and digital computer 
programs developed to date in the conduct of the General Avistion Safety 
Development program of the FAA. This report is complete in itself but 
does not present detailed derivations of the numerous equations utilized, 
nor does it constitute a definitive text on digital mcihods, per so. 
It is designed to acquaint the Gonorol Aviation Industry with the methods 
and programs developed ror low cost simulation of aircraft dynamics and 
parametric studies of design parameters. The equations and programs 
presented are completely checked, and approximations, when they ore 
involved, are specifically described. Complete digital programs for 
longitudinal dynamics, (including air turbulence effects, propeller 
effects, configuration change effects etc.), three axis controlled six 
degree of freedom motion and spin simulation are presented as appendices, 
while a full description of the governing equations is given in the text. 
Programs arc written in rhe DICTATOR II language and a description of 
the DICTATOR II language is also presented. The DICTATOR language is a 
programming software system designed especially mo expedite solution of 
engineering and scientific problems on digital computers.  It can be 
learned in about 2 hours, and its use, on low cost computers, makes 11 
possible for almost anyone to effectively use a computer for even the 
most commonplace problems. To demonstrate such use, a chapter on the 
topic of digital programming is included in this report. 

This program is under the direction of Mr. Colin G. Simpson of the FAA 
and questions on the report content will he answered by Mr. Simpson or 
by DODCO, INC., the responsible contractor under Contract FA-',7A-4293. 
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I • ) I ~~T~CDU8T I ON 

The mi ssion of the General Avi ct ion Sa f et y Devel opment Progr em invo l ves 
c: na l y si !; c: nd i mprovement of t he oi l ots cnvironm:mt insof0r as th i s env i ronment 
in f l uences his c:b itity to safe ty, e~~i l y ~nd c~nvenientty l earn t o f,y 2nd to 
operEte his a irp lane under 2 1 I cond i t i ons . T. e opc r <.: t i ng envi ronment is 
detern i ned by i ·he a ircrafts hondl i ng c hu"' 2Ctcrist i c s, the i r.strumentc.:tion 
dispi oy , c c .. municotion system, dc:: t .::, dis s~~-; in 3t i on documents, cock p it 
visi b i lity end contro l p i<JCerr.ent <·nd ~·y pe . Tra ining operati ons are c onducted 
in ~ II ai rcr~ft ( at lea£+ f or c ~o ~ out · r po: es) , ~nd these as we i I as 
:1orr.:r: 1 ope ret i ons ore a I l'tays i nvo I vcd in a stuGy of t he p i I ot env i ron::ent . 

:l here ::~ s t he Gener c l Avi ation Sufcty Dcv · lopmcnt Program under the d i rect ion 
o f f,:r . C. G. Simpson involves .:: II <'s ,.ects o7 the opcr~tiona l envi ronr;.ent , 
tho p<:Jrt of the program ass i gn8c · o DCDCO, I ;c., under Contr act Ff,-·,.; r, -"~293 
is cor:cerned pr i nc i pa II y 1·Ji i"h h2:1 d I i .. ~ qua I it i es as t hese i n f I uence o i I at 
pe:-- forrr.:: nce . Previ ous r eoorts ( sec r c :·e:·ences ) pr e wred by OODCO, li'JC., 
for t, , ; ~ project have dea lt ma inl y w i t~ the cic 3 i gn and use o f pa~a l le i 
si'.Jb i I i ·;y c:ugr..en7ation systerr.s dcs i sncci t o c hc c ply i'a i t or hznd l ing cewl ities 
to better su it the needs of hum.:;n i I ots . f1s p;~ rt of t hese sted i cs , I O'.~ c ost 
di ;J i"7o l sy:1thesis nnd anal ysi s .• et hocis ·.~ere developed for rapid o ·CJ:n i nat i on 
of t he effects of cies i gn pe:r or.;ct er ch<:n9e on systems per for r.~ance . The 
~e~hods of ana lysis are appl icc~ tc to broader prob l em areas t han th i s, and 
c en be used t o effect cost r eduction i n the a irpl ane desi~n process i t se l f . 
Thus, t he methods and programs ~evc ! o~ed have si gn if icance i ndependently of 
ti'C r esults t h8y have prodeced to dctc . Th is report h .s been prepared t o 
provi de a present ation of the ancl~s is othods and assoc i ~tcd d i gi t a l progr ams 
rcc;u ired for i r;:p I emen-tat ion. The :rc·l· ~. -.:.~ 3 ::re a pI lc c:o I e to aerodync·r, i c 
c o:1f i gur nt ion ana lysis, perforw~ncc stud ies, ox arn inDt i on o f stab ili ty and 
c ontrol charac-ter istics, r educti on o f fli ght t est dat a, parameter si udy , 
synthesis and analysis of automatic contro l devices, and so on . 

The pcrticul ar adv antcges of t he r;ethocs r es ide in their f1bility to c;u icl:ly ........... 
e;-,d econ~rr. i ca lly produce qu i·re pr ec i se a n s•,o~e rs to comp l ex prob l ems . , ~ 

The use of digital computi ~g -techni oJes for ana l ysis o f perform~ncc, st bi t ity 
.:;nci con·;·ro t prob lems i s no-t nc·,., t~ i!' o a i r<:r c.: ~t industr y as a l'lho l e , however 
such ~sage has , i n the past, ~en~ c onfi ned ~a i n l y tot c ~ il i tary and trEn~pcrt 
t vces of o lrcr~ f-t bccuuse of' rr .::: r. ;:oc\':c~ end cost c ons i der c t i ons . Ho.,.:evcr , l o>·l 
c ost cc:ccuters C' f r e l nt i ve l y s, ::: I I s izu .:::rc no· .. : <wa il ab le l'th i ch are r,u i t1 c u ;::> ~b le 
o f h~nd l i ng G. A. nrob l ems c•nc pror.c.- usc of th i e-:; L: ip~;eni' c an .t eed to 
sc bstc nt i a t deve lop~ent sov i n ~ s . 

Bec :ese of t he difficu lti es i nvo l vc rl i n o~1·2 i n i n v a lid, closed for::- so l uti cns 
t o rFJ ~y 0crodyn~mi c pro~ te .s , pc::r·t i c ul ~,-ly i hose invcl v'ng presst:r e d istr i b•Jt i ons, 
v ii i ues of stab i I ity par <:!meters and .::-sscss~·'~nt of contro l f orce ch crc.c~-er i st ies, 
t he S . ,\ . i ndu str y hns depended hc:-v i I y in t he pnst u on ex oc r i 'rent~ I tcch n i r: liP 
fo:- des i g n dcv c l o ~ent. ~·;hcre•:: s , i'1' c:;~ t cchni c;ue3 vt i I I re a in esscnt i o l in t rre 
torose <:b l e futur·e , some red:.~cti cn in t he ~-.ount of c~p iric ::: J e tfcrt cue to 
c n 1 oy i:lent of s i mu I at ion procecu··c s i s i-''JSS i :., ! c , •::h i c h ut the v er y I co~t , w i I I 
pr ov ide ~ wey of not only En~ l y si n~ t est ~otD but of dcf i ni n~ t~e avcnt:cs of 
i nvest i g.:t ic:1. 



Exemination of dynamic processes through use of hi g~ speed c omput ing equ i pr.ent 
is k novm cS simulation. Either d i g ita l or i'!nC:J i og c omputers arc uscoh le f0r 
sin:ul ation, ho·:rever when nnulog c omput ers are used, every prog:- z•r. r. ~.; - ·; . ~ e 

" scn led" by the prograr.mer to ensure t h<:lt genernted numeric<:! ! v a lues do net 
f n l I outside of the usnble rfinge of socc i fi c Dn p l ifi er s of t he a n~ loo circuits 
and spec i a l provisions are requir·ec to h nd le non! i nenr prob l c~s. Cn t~e 
other hand, analog computers ure i ni eren7 1y c .J p.:'!b le o f prod•JCing " rc.:d ti rrc' ' 
outputs relatively mere cheap ly t han d i ~ it~ l equ i p~ent . Hardware and softw2re 
<:!Va ilnble in di g ital systems e liminat es t e r c:jui r cme:lt for prob l e·n "scl1 1ino'' 
and, di g itnl computers, since they f unct ion on an increment bcosis zrc 
inherently adapted to solution o f nonli near proJ i ems. 

Fer si mul ation efforts directed tol'wrd des i gn goa ls r ather thnn r ea l time 
inves·ri gCltion of man-machine interacti ons, t he s a ll er dig i t a l C"".1;:>utc:-s st:c;, 
as t he l m-1 11.30 series, CCC DDP-11 6 and s i mil cr equipment av a il :-.ble at a 
y ea:- ly rental of around $10,000 er e ve y we ll suited to econoMi(; :'! l end r a;:> i d 
solution of design analysis ~nd synthes i s prob l ens. Effective use of th ese 
low c ost, minimum systems, depends on t ie pro:Jr cmmi ng sy5tcms (sott·.'lar e ) 
utilized . If compiler type soft l'rur c ( such ns FC~~T' A1 1 ) is used, eff "ci ent 
o perDtion norma lly requi r es a cons i dere~ le Err8unt of periphere l cqui ~ant 
wh ich increases costs, ho·.rever i f systc~~s such as D I CTf.TC~ are used such 
peripheral units are not rec;u ired, <.:nd o. e:· at i ons arc nctua lly si m;:> l er end 
more r apid t nnn 1-:ith compilers. Sinc e cro cr eng i neering er::o loy nocnt o f 
d ig ita I computers depends so rr.uch on t he pr ogr cr·;, i ng technique or-.p I oycd 1 a 
s pecin l ch apter on computer prcgr cmming is provided in t h is report . 

The results obtained with D s i mul ci' ion progra~ c on be no more cc(;urcte th~n 
t he equnti ons and data used by t he proorc~ ond the accurac y i s a lso in~ l u c:ced 

by t he numeriC<:! I t ec hn i quos and word I c.• ::J+h ere. I eyed . I nherent! y ;-;,c d i ~, i 7a I 
c o:rputcr is a more nccurate dnvicc t i 0n " n cna l e system, ho·1ev c:- i t s full 
c:c cu:·<.::cy i s not r equired for a ll pro~ l c .. s , '.'lnd t;c b2s ic acvant c:}C of 'T r ;:: 
d i gi t a l equi ;:>~ent resi des in i'' e f cct t~at it i s si rrpl e to progr~m n di _ l t n l 
c or.ruter for mosi· prob I ems. 

Good si nul nti0n pr ograms f c: ith f· : t y :-e r o C:1JCC : he actu2 l :t'oti ns -"Jnd 
c · <.!racter istics of t e system bc i n::; si r.ut ;::·;cc c::1d this r"lC~n s t hat ·l !-J;:; c auotions 
o f mot i on nre not nearly so i dn~ J izcd ~ ~ +~o~v usc~ to obta in cl osec fo~m 

so I uti ons on a s I i de ru I e or by ;,;: ·1d co~ .put.y:· i 0 n . i.'or e::Jvcr, to p- ov i c!G 0 

_ d s i ~ul at i on an essenti c l !y C8~p l otc p:- c~ l c~ de f ini t i on is rcnu i ~ c d s ince 
compute~s are natura lly inc~c~b l o of ~ ~~ i ng ~~ ~u~ i b l e essu~ ti cns, ~~d ~-~isi cn 
pcths C!nd c o nd it i o na I test s .u s ; · e 8:;·;·a ·, I i shed by t ' e p:- ogr cr~;-;-.c r on Dn a- r i or i 
basis. The:-e fore , to obt a in v a l i d r c~tJ it s frc~ co~puters , one ~ust e i t her st~:-t 
._., i th a good orob I em ena I yst a~ ~ , r aven proJr ;:;·,; . Th is r epor t pres(?nt s sever a I 
::> :-oven prog~arns of broud c: ppl ic;··:·: on r!;ld o l so pr e::;cnts n di scuss i o:1 of nna lysis 
tcc~ ni cues p~ ·tinent to the G. A. field . 

Th i s r epor t is intended t o be o f usc t o t he G. A. industry, however n re~ort 

suc h cs this c annot a nsi'Jer a I I S;:>'.)C i f ! c q o::;t i on:; no:- be l•:r; "!-t en t o fit i n v: i th 
t he b~cv.g~ound of a lI its r eadc - s . Thc - cfcrc i t is anticipDt ed 7: at a nu~~e~ of 
questi ons wit I ar i se becau se of i t s o~ ~ : i c ntion 2nd t hese quest i c~~ ~eed to be 
ans~cr cd be fore the potcnti ~ l ' c~ci i t s of ~; '.) ~et~od s c zn be r eD I izod . 

?. 
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o n'ovI'Jo  for  such   ru^rAlcnc, 
"OV irriied L-n^ant of  cc-",r.ül 

■.TO Cfntcnt or  TU i 3  re 
or  clroctly to D:.3'JC, 

Of   ir; 'Xj   ICC,   nrc  :-.'-; I- -Ic; to 
■io 1 ^o   iricustry   in ccrin':c*ilc:i v.i-ih 

MM.'ld  be  oirtctod cHhcr  to -.'■■o  FAA 

Alth; the or: mhos is   in thi-, , i, 

c'icit'-l   co.r.putcr,   it   \v, rcCT'j!-, I .:c:i  t'-;^   '■-"■ 
":l   ''nr-y off   in ihc 1130 of   ■'■;;•;   i   c-     .'jtrrc 
/Justry  conendn on  their- d :y to  ;•  y  ■■ ■ "■iryrr.-'', 
o  CT.iycis of ihis  iyre of  o^'^'";   cvn  o^ly  :■;; 
-C'j   r-t-r/ncos   in  specific corn"0.ion.    To     ic   ■■.■ 

n  not rec'dily  r.olvtd wfthrut 
■; ,   1 no ■:'-or,c.-nic   Gtrnrjr' 

rc'Ji' i rc ccr'D'Jl 'f 
■r [cd rrut i n i r"; 
Tie lysis,   it   ic  r 

croretlnri 

thrt Chapter  0 on  dicitcl   pre--  ■,- 're  be  r.ludicd cre^ully. 



,)     EOUATICNS OF f.'OTIOM A^D KCC'.TIC 

Tho equations governing oirplnnc rovicn ar1? derived  directly  '-rnr fXv.-ton's 
thrco hnsic   lows oc thoso opp'y to :: ■ ,\-.-;  p'.rti :! o ün^ to a rclstir':  ; ody- 
Conpl leal Ions üriso only  beco'j."'; ■:.::•/ r.^ir,  ryr,-'   ~! atrcched to i'n cMr   io-io 
is moving ond ncccl era i i pg   ir,   ir;-..rvini   rrrrc '...■it  bcro'jsu the corot'« rr-'ic 

I! -f-^r-,-..!+   r... ■;i  a  ciiitcront nxir;  r/.y^Tf forces arid moments ore   inhcr-.vt'y ..•■:.■':;■ 'I    .' 
than the body axes of tho uirp'      ;.    '.'. .i .::■,'•:  \:.:.:?.,   \:: their i.■ "ic  forn, 
apply only to an axis  syctc--  fir-J   in   i:rr-i:.:.l   [y-::cc and thorn fore ic-  .   r.cz 
to be transformed   Por  a  study  ■■f a;rpi.-.;.T- :Ciion.     J .crocver,  co-;verM' nt 
reve"rnce axes arc not  ncec:;r-i'i I'' t.'.o  [ "i n:;i c''!   '-xcs o': tho body LJ:'.ü -Ib-ro 
products of   inertia  and  cr^;;ö  pr^r-'jets  of  r:v;-y  velcciti 
i n  sorno cases. 

3 analysis 

Tns  study or aoroclar.Tic  pncncrcnc-; incii'ci r^   fi'.'TTor  ..^0 other  siructural 
doformatton effects) in vo I ves ccnsir-rrr.t 1 ;n of sir'.rcv'jr;.'-!   olost'oi^y ano damping 
influences as v;cll   as tho chnrncic-i st'cs of J, 0  s', n'-ryfo cc ^orv  ;"•■■; of il.e 
aircraft as they may novo and defer;,!  inccpon;'   -My of the i/'ics ccrrlcr rrotion. 

;-. ,~r-ri:; or a~rco!a.r.'ic err: V.'e shall not present a disscrintlon en ricoroi; 
it being outside the scope of this do :v -J: -'.-■■  do ■■eh norc '!!■,.'n 
such studies arc well conducted 0-, dieiS -i ev::;;-- ut. Thus 1hc •- 
which f^llcw opely to a struotur.iily ri ;'d :-':v> ■ . which, hewevur 
cont roi sur1 aces• 

Tha axes systc-is utilized have Sce-i cli 
angle of attack or sideslip and are ii!' 

rO :■ it studv cf fl at any 
in ngur 

Tue basic earth reference syslon is defined by iv.e coordinates h (g'x.r.e 
altitude), N (true forth) and E (true Dust). T.uo c^inut.h ongic ^t   is • 
frr- true i-.Vih in a clockwise s-u-u. 

uc 

If we were to consider a long r.rn"e n 
hypersonic speeds, recogniti ru; ■..::!'! 
cecrdincte grid is coincident' witn t; 
earth (geeid). That is. M end E '.■■r 
surface end are apgrcxif.avjly ci^rui". 
'„■'uld also have to account for ■;:■:■ :' 
space and is siru; 1 tan ;ous!y mvi.*- in 
the Spncds of flieht of 0. A, ruluu: 
is I'nwnrrentodj since they are too ■::' 
infl'uence.s on numerical results. 

, 1   r rci: [ 0.T or. -■ 1 !, 

■■'  of the  yrurt that 
.rely sehcrical   f!' 

: ■ -     . t'.      UA -,'.' r*r only or 
;f th' 
. r — \ 

t 1 li'-ü  JVI ai   ;!.   11 r:r 

•;■••-1 ■;;:-  earth   is rota-; ing   in 
...   r-;   7-    j;b.e;;-'-   the   S'.!'!.      r'.UUV 

ecisi'.b r: ; ■ en of ef f.-.-ct'S c' 
■k prevido significant, r. 

u-tlnl 
. -i- 

rn 1: 

l;;'jSj  we ireaT Ihe  r.-c   pie,   .■ c 
Tiie earths rotation acts to s! 
on ■flie earth  surface,  however 
finure of ihe value of  "g",  a; 
in the studv of G.  A,   dynamic: 

- a iruc normal   1o ilvat  rdere. 
v.? nravjtic ccccl eratjonj r'O.surod 
cn'v tho  fourth  si"nificant 
Ily neclcct this  influence 

r.croc\'na.-niC arc re 
c'ong ■;  ■-  eath of  f i irht of v ; 
(I'-E  plane)  and x.,,   is dcnovcit b' 

sysTon wn,cn  res   its x.„ axis 
igie  bot".-,"een the ho-ironlo! 
is  parei lei   to tho '.l-Z.  plane 



Dnd or+'-oqcnnl   to xWJ  v?hilo the  z 'vi-d sxis,   r,.   is c-thcimo!    l-o both x... r.nd 
y.,.    T'." \/ir;d  cxis "systom  is dorirr-1^   :J.-,; iy. I :   liy   in verra cf t'^o  r.crth 
rc-frrc-CQ axis  ovste-r by first  '•T",-. i .:;  --o^rr h ll.-rr.ufh tnc Dzir.j-l ;  on^Ic v 

iliO-co •„'•-■.■,■-rJ soout y,. tnrou" 
-•!■     r- crrol 1 y   lie   in  The :;.„ 

c .   ( rl.-ic cz r.h^v.n in FHuro 2:1. Tho -." 
r..■;■.v" i':-n o; oul xw only; since lift i.i d^'inr 
T-.Q ;::r:;c cf nttoc!-,, ex. is rr.ons'srpd ir. v-.j - 
rcvotion in this DlonG; end t.'is pi-.cii ":-,-tiv.i 
-'::■■;:;. Ti^c sides'ip önjlc 3 is s re:';- i'n :: 
:'",.;n in Firrjrc 2:1. R^tn-i'icns Thr^-j ■■ o, ; ' 
v.'ind  <:<:s   sysi'c-'   provido trensv .rr:; ':'.- •   i:    •; 

"v--f"   n-t   .-•■-.-rrlvr-   ■• ir-    I | •'-■     I 

.-.'C  bnnk  ■; nc-l o)   is o 
;crpGnci :o 

:,   •'  rnri   7.   in   Ficure  2:1.     'ictc; thi-t   'i:.? 

•' c:' L  arid xv;   (i.e.,   i~   i s .n 
' ■■ "! o 0   is rTO s'j-*-':^   ' f, the snjro 
endicu'er to the ;,   - x., p-cno os 

'. ■ '.y exis rysii: > dor.'-tc-d by 
-;'s Gveterr'   is a envc-ntios..! 

..' j. a:-is s;stn  has  it positive 
H    ^rri"-   "ir 

W 
xc":"i'-o rcvorcoo  rro-- tno rifi-v.   r :cn\"ri r i. 

Thn hedy rr.cs x, y end z ?rc f-rn-rrily d'/innr 
r.oy sr.-oly be the zero fusciccc S" 'i I : i c- -■'.- 
.;-;s • f the v^n^. The y axis Is nc.r- .liy '.o-f 

s,■ ■;-7r-1; ;-.f -;-i-::> airplane while "i-io 2 ;:<is is ' 
of the -xis systcn is tehen tc t o ti n enrer e 
this   is  "iso t:-o crinin  fcr t! o v.'trd ■{■•;'s  G'/s'I 

;    :.'..h"';  crbitrrri ly   ir ihnf x 
! "!   to the  non ■'"!   7/^^  ! i ft 

■ •inui.r  io the   n| c.r,-.<  of 
\\zy:\'j\   to x  one  y.     "inn, center 
t-rcvHy of  iho  nirnjeno end 

.red er computed with  res-jet 
Dern'netcrs r.re definoe   in 

c    r-' ' r-, r ■ c.X 1 ii    L. . L i s not 

/ ere;.y;-,e--ic  r,e,-ent   parercters .ere  ncr.-r;.| 1 v  rr 
to iho x,   y,   z  body axis systcn; id: i ! e i -e   fc 
tr-T.s of i-'G wind axis syste.r..    i'eoryec the ,>;   ,,  c, 
neecsse-i !y the  er i no i pa!   oxis s-S''.  . of  i'c eii   ' 
renien ebout those body axes  !nv.-'!ve beth   pre'^ct ef   inertie r:nd rrv-jlor 
vi-ei-'y cr  ss p-oduct tcr-s.     As   lc:r; es  ■:"'jl.:r velceitics ere re!:tive!y 
:: - e I! ,   I 
1 re-tie! 

■■ ^ n p n ore lany c-see '„h^n   ih   Is  ieeitireto to dree etl 
,+•-. •j otner than these i nv.-; vii-.e orcc 

ents of ;nertia. 
if angulör accolcreticns 

As i do from the case of unoce'cl fuel Iced in;; of wine and tip tenhs, the >:z 
piano is e piano of dynaH; S\'rn ■ ■.•■'T Ti';C y axis   is a  prircipe^   axis 
oHQ  Tee   ere-gucTs or   incrTia   i nve,'•'; en  y  ee:rc: i n: tcs,   J..v end   J,,-,,   vanish. 
Urdc-r dhose circumstances the oquadicn:; of rovr.ry motien  bccrr--6  (refe-erico  14) 

the  er.'d'jcts of  inertia  i nve: vi en 

1   D = J     Cr +  pq) -  (i     -   !   )r:r + i 
x X/. z ■      y   ■ 

I   a  =  J     (r2 -  p'-)  +   (I     -   i    i-r  + r 

l,r  =  J^(p -  qr)  -   (I     -   IJec + n 

"..'here i n: 

mass r.eTcnt of inertia ehr.n 

rass mcpient of inertia rd .';ef 

.-ass ncnent of   ie■"rt:n a;>ewt 

x reiI   exi s,   si ug-ft. ' 

y  (pii'"h} axis,   s!ue-f' 

•!   • 
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J - prodt'ct of inerti? in i'". y.z  pl-'1^, sI ■;;:-!''i". 

- external roll in;) r--■■-■'■ .   ■.':-': ■ . 

dt - external pi ich inn i;r.)-- ;v: _, .'•;-:,r, 

n - external yav.'inr; •,::■';"!, fi-I;-;. 

p - roll rcto, red./sec. 

q = pitch rcto, rod./seO. 

r ~ y: v/ rate, r-:;d./5oc. 

{') üt^nifies ihe first ti: . ';:; i\-..-'iv^ 

r-i 
r   ', 

rte:; icc   i nvc l v i ng on i y : 
v.;'..' wnd  pit"h  rr^ic.j rrc 

■; i i !;; r I u.r 

iO";Ci rc."'"c, C'0;JS pre :'.:c"i' 'i . ' ■•: .:'". ' r ~ :r ' :  cr,-.'- cno  ~  -,.■ 
e'f;:.1.  In such an evont ci '■..tic. '■ : I .;--■, simplified TO yi 

;. r  v. n c n 

can bo 

I   n   - 
X 

- 1 

'-/I ^ - m 

1   r   = - n 

The ocuatfons governing rotit pu'.ns r.-ee center   in  GTI I I   air arc: 

i     -'T        D' 

7  -   (l/V)   ;  jCC.    + CT3in  T)co:; 

-;• r. (o./vc,  cosr) ) (c   + c...' 

V" ' .,}'%- 

V        • w. 

c :s7 

;n ■.hich: 

V - t-ue airspeed  in  still  air.   f-i/ree. 

V = riV/'it,   ft/see.2 

o^ec i oraTion o, 
Inei'.idor. the  infl'jcrco of 
at 'r.'r' l   latitudo) 

(•!■■ '/.en  DG C" constant 
:- I re!icf due to c; 

.!7 whicn 
■ re", .v ? i en 

C- - thrust coefficient, '.' 



T  -=  p.-O'.cl lor  -Yr'-'~.   \\.%, 

q""' =- riync.-MC  pron^jr?.   iLVh.' . 

o 
S - wing cro:,   ft." 

p  - oir  density^   siU'n/fv.' 

r'-r -   i::-1 i i-oti "i  rf  t:;:-L--v  ■■•"- 

C-,  = ;"r:"~ cocfficlor."!',   -^   ■  -' 

0 = dr.--,   lbs. 

^ ,    ^   level   fl i-h-t   I iff ■:   : •;• 

7 --- fi in'rl-  p^-Mi   incl i,--rt;^-.   ' '■• 

7 - dr/o't.  ro-j/rcc, 

0,,  -  3 ice;   force en .'vie :■.■",'',   ".',■ 

\   - rctc of ci::'-ieo of crri •■••■?>, 

-;.-,;--, ,.~..-.;-j ^..^ c-.:-,|y only  in - '' ; I 

:,---, ;.■:    —■;■.':   :-•; c v i v;   VO  v'- ■: 
-;■'■.■,    •     -. riv:r.viv/.     Per  f! : ■"■,■   I ■     ' 

-■.... ..;...-•.   ..ir^   ct-;,.i-   ..   -;.   •;    , ■     ■. 

v- -■■ ie:-:v of  i---   : i -  ere;^ :r;  :.•   . 
\-,r;:e. liv e- hc^ri rre-i+T! ly,     ^ 
f.ro.'■,'"■".-  -;  r.;-'-'"-   r i :■-'- i; i; i • • ;;  ■ 

-r -;:■,   ■: -. c' ■ ■:. ■ •:■.    "'i;,': -i' ;■- -■    ■ 

i) 



i •:".  cf a  .•,■! do vir i "•: v  c 

y  o f   I en" i tue i '".i: I   !.'.'" 

■ I • ■•' 

.?  -.-r^'ipTi 

■".over 

"r. i VU'J '  ~n'J   '' \r''T.-'. '. '■ 

:.r:n ■.:'.i'r.   ; '^c ■        ; ii .."' 

-C   r-l- 

^i v-: n  -v 

r i' ■" n i r   c' i v,"' ■. r' 

Iivo to vie c i 

70"   =   (Vccsr ■!■ V,;   T +   (•/.■;; 

r? i ,-   m-'-r,- 

o    i : 

i pet i notic.i cf  '.' r;r.   i! I'j ::■■;-■:."r'd   in  Fr^'tro  P:\ 

.vivo  '/olroii-y vco-1 ■:! no i COHT i. il.-; ■ o  .v n 

-   (Voin/ -   V'„ ,V(Vr:-- 

V or  o'J^o  Ic'ioi ,:•-. i n~ i sr.'ic  or  ri^-^OK   i~  ^ivon 

. ? • G 

br   ■->■-.-   -»SI- n i s ccvoi' ion   is ^ir-i- I s 

i -..     Ytc rc  ' 7tons wni; 
MT.1    II ion c. 

i no ■]>:-L    ■ ■   is kn'.vn 

■) :.70.,   iho  oq'.'oticnr. 
r : ; i :;c 



n L(CTCCST -CDcoc 4- -;,oir 

/   -   (n/V)  '   i'-LC'r 

-■   (f]/VCLLcoCv-3     CLcr: 

icroin :j is the incli.ir. 

r, •   ,,., 

'.,'iich r:! co crfif.o "f'i? vci c;'."/ 
ems'H •,-; nn firpt "/ho V"!cct'i'" 

h - Vsiny 

■ronvi'ji'ion  ; 

-T   '/'•Irr/   4-   "/Vro n? + 7Vccn7  "  V-;, 

n; i ■lortiicr I v ^r' nono.-r/ 

>c;:c 

ly cc-por 

err./si n; 

f.' r.nö  E err-   fixvl  ry 

i-  •■,'.■ 



tti 
.2:14 

IVhcrcas the equations for p, q and r (act 2:1) rr.ay bo integrated to defino p, 
c^ ry respectively, roll, pitch end yew ansics ere rrcasured botv/con ?ots of 
axes rotating with rospoct to one another so that a  second iTrcrf-otion cannot 
bo Ic'jit-ately conducted to define then;; relative angles, anc a , Inerratic 
rcso'uticn is required to dctcrr.in 
Figure 2:1) yields, for a still atmosphere 

-.nd ow. This resolution (refer to 

a --■■ qcos.: psin0 -  (ycoro., + >, 005751 ro  ) 

P = vcos/cos;-)^cosa - /sir;--) coy.  - r - vsinyslrn 

y    = pcos3cosa + qsfnScocr' + rslnrc + Csin-/ 

•••••••*cl\ J 

When the air mass is moving, :v and ß are obtained by using 7R in place of 7 
in the first and second of the above relations.  For longitudinal plane motion 
(i.e. 0) v,'s have that 

q - 7. .2:16 

since, for this case both 7 and q are measured with respect to the fixed 
earth reference axes, integration can be perfcrrrd to give 

a = 0 .2:17 

whore G = pitch angle, radians, so that 

AT: 7-7. .2:13 

These latter relationships hold only for flight in a vortical plane, since under 
other conditions the measure.~?nt plane for a.  and 9 is rotating in incrtial space. 

If the air mass through which the airplane flies is moving, the relative wind 
veclcr continuously changes for "hvo reasons, the first involving motion of the 
aircraft with respect to the ground and the second motion of the air with 
respect to the ground. Only the components of V^ (i.e., Vr?v and VRU), here 
assured independent of azimuth, are measured in a non-rotating system and 
therefore; only these components can be directly differentiated to yield 
acceleration components in incrtial space. The vectors V^y and Vtr^ ore defined by 
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VRv = Vsin-/ - VWv      I 

VRH = VccS7 + VvH 

.?:19 

DI ffcrontia+ing 

\'Ry =  Vsiny + 7VCOG7  -   V..,,  - h  -   V,;,, 

VR,,  =  Vcos7  - 7Vsin7 +  V,;     = x +  V ;,, 
•• ^ 

Projecting theso components along the  Vq axis,   inclined at tho Drn'o 7^ to 
th-3  horizontal 

Vr> = vRvsin7R + VRHCO37R ° 2:51 

V.'h i I o norma I   to Vp we have 

'/RVr; " VRVCOS7R " VRHsin/n 
?. o^> 

where 7nVn,  is a  ficticious ccntr i fij;a I   accolcroi ton >, Opponent baaed on the 
rote of- change of 7p. 

This ccr.plctos f':e prescnta+ion on  d'/T'-ic end 'ttneratic rolteticnr,  end  in 
Chapto;'  Z-,  we ch     !   consider the envire;—n^a!   inputs to the  si'~u!oticn 
oroir-.-.n. 

] : 

IB 1 ir riiilrtittyil r ..,^J,^.-..----   .■■■■«^.^.■.:... ■^-..■^.T.-,i.,l/,.m-w.a^itej«:- 



Th"1 oxt^rr^il   cprra*!nr rnvi:""'."■■ 
i.     .       ,'i5    i G   C    .. ^   . ^'. *    - y    ;J ,      -; 

■f:      "c^-jrc,  roiait-'rc en-..' •.■pi-.-i 
•fr-      irplr.'no   in  tTcs of ti; :3 :-r 

fer  -jync.r'tc cn.-lyGlo  ^•irrr:;"".'ii':' 
;'r,-r-; '>? cloud  ■x.rticl c:;;   r : i ■-  -- 
r   - r-.-r -.T;-.;   ci'u.i i .'.'S   it   i^   r.'.C'-;: 
..   -."f.   ic   !r::^  ' "n;o i;-.1-i  ci "/ ;.. i :" 
vr.-.-rT  re '■;■■:'.' . ir  'j'rncitv  -■.'  ^" ' 
r..,:',,.,.;.: ^ .,   |.,  ,;.••:,-;-;■•/  .'f^  r;-1.; ;.-.■■ 

i-'^-rc crl'l'ic~i   ccnJIticrio ;'■     r 

it   ' C  C '■i'TT   Cr;:.- -nv i-;. 1   ~lr;  c ■:" - i' .^ 

u"'."-  '---■•::'! KT-J   r-n^'r'i''-/  "rr 
_ .r..,„_..,^ -r-i:n  fcr orc-rctitr-.:|   c 

'-:!■"';-;'   ,^-io ■• :y vrc cxr.ct ^rf'- 

' y  ",;:?   f-l ;--:,. ir-   r--» | at! ":.h i;: i; 

-0.v-7h x  10"" 

i   !ti i^n of  clrr.^i-iy, 
ii 'i i n  vi: v  a ir r.: n 

inr;ro 

.--J h. 

vn^-c  uv-.i-cr v, ocr i r the 
^ I ly ccn-siccrt 

'■;   ''•c' 
''A'- r  fc 

. ,■■:■,■,   r.Incc  \ -.. .,_  , : r.   ■: 

•   -. -r^/: ion i'.'i' 

C I: 
:   1 or  ';-;•■ 

11"   i'j  ■ 
■ i •!;- i i ■: •;• 

ilarly, 

r:nj 
i '.'on 

"'ion  ,:;G 
-n,   end 

- density ratio  - p/p 

,. - prrr'.'vrc rat re  - t>/i 

P = crMont density 

p = c-hirnt prcsSLTC,   lbr/ft 

G.C:::37.;9 

rric hoichtj   f-l .   ( 



derivatives a enc   .%    ['■■.• air. •-. ;   ; 

a/a - - C.r-CVh x  IC~'' 

!i/S = - 0,347;n x   l0"/r 

v/hcro iho  (*)  si'ini'i^o ;j ti   ;• ■:,■■;■ 

7:-   si:::h'  rrf  ^'/---nic   f! i.-.v   '■. ■;-•■; 
he of  ( •-:.--;■   i: ; ■;■■;   r.cc^  Ir", : ■.':r   - - 
cc.' ''i ic;: of  $7-. . ' ■..i;i';ii y i'?:; ■; 

 .-.■;■.-  of   ;.;l   ■■ r.d   :■:;■ -;:  ;;■•!■.    , 

■•■   - v'-.-ric roll   :i  r -y  !-  re."- y.    ' 

(■):■■    3 ;MC-;V.-; r.r-cas -;-:(.; 
v  " ;;;-:■!   -r.   in -f ;■ r-r. :vi;r--•,   ''   -. •' 'y 
i-, ;-  cf  •;:•;  r-;v   : ■■-.•■■ io3,   -:,•:  : ■■.■■   c' 
i-.•.■•.' -n-  ü'!b^i   r.vini   t'.'r   ;.•!•■ : - y. 

.•"O.'i''"' '. 'iiirfrcc» r.'.r-jc c^'.iy.'r   "' 

"^ -r  .-■ "'-■J  n-JSTS  ;;::■:   rl'-r-   :y,-   ■ 

••:,   :•.- -viyns '.Min-r of ti- -■'.- 

—■,_, r   -•.-■^ r^-j.-ff-n-o of nir  ''..'  ■■'■ 
•'■■ -'■■;' --.r- -;   ;■"■ i)  end unc""-;.' ' 
i    •   .   r   i    ;"    ',■'.'■-'..   ("'J ti ! ^ ■, •  ■ 

■;: r' •.;!      ■;     .',"   1 n-: • '■ ■]■■.■' i r.'' 1   ■ ! 
I y    - .' — ir  '••• i   ■■   '   i :     ' ■ - 

-■■■\ 



M '. 1   a    i i i'i; L c 

iz to   I i vi'i - n,t: -   4, 

i-r.r:   ir.n 
r-, -    -   •■;.:p',    :,-,  '-;•;   of   Ti'.r;   c 1 1 """ 

13 prc:;< 

ic." I !•/ '     ; G I r   Ti i r~^ 

-!■.■'   in  i'o  j\r  r..-.--.z  r,,-,( 

ri i :.■■■ v;   - .■;)   ' ■?   o! ■!;!;>■    . 

.   r  ..;   ''.]r~A:r.-]:"  or   ih-,   '" 

t  ,.:- :-i cm !io crc-i   'i  :■■■ . 
.- J. ; -. j     ii.-    •.■,,---   Q f    ,■ ' p     f j" 

.:)■■;  -;/.• :;y   fr: ;i   its   r-->- n-   ci 

:.r i oc i ■;!or.co 

•,:..-ior.  r-::',ic. ■j c   .'; 

ti r.o   ""r ■ r,'I'c  r 1 r,:;r 

•-r!   ./iir.   vo-'i iciiv  ol 
;r:U  w Hi  '/  ■-.■ 

iC 

". CM ;*"   i 7  r ■::;•;   .': 

-.1   ".. ii M ;;  ■','.:■'   z z- ■ 
■.".  •;'   c':in+   i '•• ■'■'• 

■ -.■   r 5ri \:r'. i v    <.•- 
';■,':"■ i'.v: :■'■ i I i■'■^ to 

::-: ,,■   fr;  ■;.v 

r i'. .."i'ior.G 
r   ■: ■ r ! ^ J i c 
■•.      I ir   ri;; 

■: f  ovr 
Kc.r ■, -. 
y Lr.y tyro 
_ .■- clc-ng 

-••  n--  .-.ri - in '■' ■.■r,-ni -.-   ■:•■ 
: r'.:   M'   d  i o  c- fir-;  i-: ■:   ■.'•■ 

y.n.-.r;, 

r:.   ( 

;• i 
in" 7TC ccnvcnti^n Tü-T, 

.'i,-• ;;-i :i ncnitivo x hc-oir 
-' ■ -.■■■■   ; ^  r-; v-.n  !>v: 

a  piuc.  nir,"_,   V'~ 
... 1   '.;i r.r.   C'JC   to  V'-T*! . :•; 

n cirpl.-.'no 

l;-t 
;i nh(y - -■) ri;>':Cy -i- "):':-/s 

icoshCy r..  .i. - .i'■_ Y.lrJU - cr .:x--., . ;: -/c ' 

ticcil   v/ind  d'jc "i'- nuo U-./.T-,   i r, rrivon l-v: 

k-- 11 ;-■,-:■;/ci n^;:-:'/■)•-/;: 

.. :c::h(V 

k   in  tht"   circn-iii  of  en   : r- or  1 -.f 

:,  cs an untr r ■     T v 11 :i c vc I re i f,[r.„ja.,     ^s 

1.1 .....:.,:::i. 
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i ho  r-V-^tCTi also  inct'coc; o 
at "i lie ccp.+cri ! "C o' 

T  .-.iici  .i';; 

u~     ( 
■a v 

fan (:-) 

(this   is tho n-jrericcl   nvcTC.;;o cr " 
wir-^':  anccurii'cred a'cnri the s: ■■■ir} 

Tho   frequency of the heri;:"•-,■'   !     : 

a Ion'-: a ccn+rol   f reverse ivrii; ■'.'.  , 

Kor"cental   oust peric-.i.   ';:.".■■ 

v.'hero V  is the t-j-^ D:-*: 

Vertiecl   gust  perioo'j   :;:,::•:••.. 

■■    ^ 

-) 

rrc.r CCU'JTIon  .J: :i,   it cun '.c 
"■r   ^y1 - which   influence; ".':■. 

;■'.•" sir".;:crricn frjrpDSC5; IT IS r; •■ • , 
These Line r'-tcir.ed by Ic-^.r i-; ;: :.: -:;." 
of -Ihn  fer-i 

a ' 

-i- ;■:;: i r' , . -, 

;inn,„ 

( 
)  

(y-n/")--:; 

In 



;< - Vcosr 

y - !i - rate of chongc of CIITO:-!^ = Vsm:' 

whore V  is true speed and 7   is trvo  fli^'-.T pcth otfi+udc an^la. 

In fh'i r:;a.'r!ination of rp'jcific d/r-.'.-ic  pr^Mcrs on? requires vr'luo" of,  and 
dc-ivutivos of,  tho  indicaio-i c irr .■••"..-!,  or rr-.;-'-   t:-rcpcrly of califcrotod 
cirsrood.    At the  flicht r>p'-.T:::;   ■;:'.•:■!■.•'.■'' i;."?.   it   is  pornissiblo to c^v'atc 
irdicatcd,  equivalent emd co! i::ri. ";•'■;: c;irr:.:'" ;;Js one  syr-.bolizo tho "Itrco by 
tho tern Vj,  \/hcrc, 

 ^ 
V.   =  indicated airsreed,   f-i/:..—.  •-     •   r'o-Vo  5:16 

in which, 

r,-^-pVR    =-poV.  ^17 

p end \'Q are defined by co'jotions !•: I '■•■"■•''■  i"':'! respectively. 

By direct differcnfintion, we hnvc 

q-Vq* = P/P + CVR/VR ^ 2V./V.  3:13 

in v.nich 0 is given by equcticn 3:5 ona vr, by ecrr.'tion 2:21. 

It is readily possible to ar.-lify S-o cn\'trcr..'-,-t)t,~l definitions provided hero 
to inct'jde 'reh number co.TDMtatior.s, T','. T-|JS ■■"■■■ or  co.rputcitions end so en 
to handle other typos of pro'.lc-::, he -■:■-■:•  r-uch i-.pl if icatiens ere not required 
for this present study. This, trcrefcr-', ct." pieces tho environ "onto I definition 
sot, end in tho noxt chapier v/e sh.cil eensid r basic acrodyna.'nic inputs to 
Ihc SITU I at ion procra.-n. 
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L = lift, lbs. 

T = thrust, lbs. 

9 - pitch attitude arnlo, rcdicnr 

'\y  = incidence nnqle of t'iryst llr.^, rr.dinr.s 

i, = horizontal toil incicc';'.co '..'iti 
t :1" to zero lift wing axis, radians 

q = annular rotation rate in pitch, rrrJian^/src. 

q* = dynamic pressure, lb:7ft.~ « —-JV^'- 

p = air density, slues/ft." 

Vn, = true re'ative oirsDccr.',, ft/s'.~. 

c = mean aerodynamic chore, ft. 

3 = winq area, ft. ' 

J     - rr.crcnt of   inertia   in  pi:~^.   si ucs-ft." 

C        - rnorront coefficient a';."-"v the ■■ .\"..".'■"'::•,ic center,   no d'n-ensions rac ' 

5, = flap deflection,   rar/lans 

CT = T/q'x"S  - propeller thrust ceefficic-.t 

t    - distance  fror  propeller  eise to c.e,  alonq  fuscioca x axis.   ft. 

3 - sideslip angle,   radians 

D     - oropoller  dia.-noter, 

z    -■ -orrcnt arm of thrv.'S' CX I 5 

a r- oO /örv - lift slope of \-;',r^} 

a -  arqlo of attack with rr'' 

i  - incidence of zero Ir't axis 

.•t c.e., ft. 

';r  radian 

':  to V., rxi s. radians 

wind, radians 

x  = horizontal distance fr- 
ee 

CO 

,'-, to o.e., + if e.g. is aft of a.c., ft. 

vertical distance i.  c.e. to a.c, -:• if e.g. is above a.c, ft. 

;,
q - c^.^/crGc, no ei-e-ei-.ns 

S^. - total horizontal tail ■'--:- 

i.   -  horizontal tail r.c ertt : ■"." 



Gj. = dynonic pressure TT '• 

K,   =• c'ownwash d i sir i l-.ui" i' n 

.\   -■   J .r/ -' --,     ,   u i r   njir.i   , ■ 

f'0 = dcrr.pinn   in  pitch "•,.■•■>■ 
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wncre 
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v
+ = a i +  i_ - K,K Uc; 

^q -'        1       ■- ■ 
.C-?9 

The total   airplane  parasite ir-; -nv   i s r iven by 

:-0o ^ CDc0 - ~% .4:50 

whore CDCO  is tho basic  (rk 
Icnuino fc:ir and cCDc/cöf ar 

Propeller thrust   is civen b' 

■   ii t.io   incrcTcnv  cue to 
onts cue to 5f and  'i. 

who; 

•p R 

3FP   is the  sheft brake horc 

n     is the  propulsive ■onei i or 
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5. Duo to ruo'der    '. ; 

Aec'ii ionol ly   Istcral-directir 
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i .      Due to si'iesl i ■) . 
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3. Due to propol i cr 
propel 1cr  diue, 

Si-elifiec oquetionG  for  r>]''^   r 
1 ioted bolcw: 
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"/ sic'csl \o of the 

•olimg rodent equations arc 
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ob      ui     r- 
C,   -.r D.I23    - 0.5 -•- + T-   f-. + Q^InSA) 

b  - wina  spon,   ft. 

&    - rncon aileron deflrc-fion r.::v-l':.   rc 

idius.od noorr.ctnc r c,   rcüinn: 

a    - wirr]   I i f i   sloDO,  ro-  -c-inr 

A - vring  GVICGD anale,   r«!c'tc:,'.3 

'n'j.  ~ vertical   teil   roror-f  :rr,   ft. 

2r = CC/^/JO^   per redion 

ü - rudder deflection, rodienn 

Dvu. - vertical tail lift r.lo?c, p.'.r r: 

Sv. - total vertical tail area, ft. " 
T ' 

c--v/c 5 = side  force dcrlvstive 

i en 

For  specific aircraft the numerical   cc.isvants   in  equations 4:32 and <i:53 Kill 
have  to be modified,   however ibn val'jr.c   li^t'd  arc  broadly representative 
of G. A,  oquipmant.     In thene c ?,"•;.tic-ir, prcpol Icr   inf I uence; are not   included, 

,.,. A|1Cy c-jn L,c ac'C'Ctj q.j;-jG -,-.:. r;iiv   if •i;K. cnalysis v/arranls this. "lev/ever 

-,o next chapter  coals with the changes   in  the coefficients caused  by v/ing 
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r.  ■:  voluo of  opproxiricitci• 
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1f b I i r/i 

T." i I I -iory soi ns   (I r,r"0 i r. r.nile cf eitsck and bcnk annle 
in -.he   G-:ir,) 

er-b incd rolions 

inverted  spins,   follo.;,-'-  ,-  r/,:.;-) roll. 

(■)   inci i: 
roll    involves high  rcllirr 

ii .is.     Kcrol   sri i.s ■-''■'■ 

••rs ."-,■!! I y ere o"t cnglcs of ,:;■,-, 
,r.],:-,  c;r-r,0  -0  _9-:0# 

it" ;"''ili+v nf Ihr; nirplnnc tc cori 
'■ ;-Js "r; the feet ihet neriicl ;-■; 
•ich   rc'uccG  ""ho  toil   c:crpinr   r ■ 
:■-   r-i t-l   'J,:,-:■•   exis1 s to ceseri; 

i'M'rT'liv  1h?  v.,luo  ef  i"""   oro'■ 

; "v r.o^creto  flight path  enqio 
'0 of  eiioct'.   in  the nprroxirrato 
re-   ~lr)'-' to -83c  whliö   flet 

.es of c0o and ai   fIinht  pofh 

I i vr;  ai enelos of attack  abovo 50° 
-he  h-ri-vetal   tell    is   irwoivod 
in i"   ' ""o-•;   and  very   little 
iiy •,'■ ;t c.ec'.TS   in  actual   aircraft. 
11 . vr -ii. I n  Tnc  cqua.Tions 

„.-   ri,...;-,_„ ,.0-i.jrn [,-,c a  ^jrr,] j:|,:r,r.;.   ], 7'|,,,.,^0 ,,r)  .|,0 -j.ypQ 0f   spjn v;hich  can 
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CLpfa - r/J 

w   " "lo        jt/C 

••'■•  r-ay  be wriiton a; 

^Lp/(l-^p/.) 

CLp/U/n%) 

For C '•'^   !<a   - 2.C55  and  i; 

-e drv.r coefficieni   i: 

'Do + K^ 

lo  r 3>; i r-jn  vi I uo of  CQ   is   ! , - ; ■ 
•''!:;   is ,2   I irrn'tinn valuo  for c   ■ 

- !'lg/!<d v;" bsvo that, 

Cn    r:    Cp        +    1~ 
D LQ K , 

'■■Dc   :T CDC0 
(äCß /ö'i V3/ 

,•-! i |. •"he side  force coefficim- 

cY = - 3(ÖcY/ö:})^ 

In  il-.n   drori  ccuaticn.CDn  hns  3   voi 
f.-.-'Mcd  r.irplr;no   fro;i   I TO r:. 

•mq, 

C ^ :DW ^ % + ^r'   0r   CDr   '- 

 5:6 

 5:7 

 5:5 

 5:9 

 5:10 

: -.ly ^r.y thai Kji  < K|d, where 
A+ r.n^lcs of üttr.ck creoter 

 o 5:IGA 

 5:!l 

...    5:12 

O.C^ while Kjj varies, for a 

■^         3:13 I'. . a 



I r,'    ",. r 

;;l in   iiv;r 
ift   ;:;v;   rjr 

14 

C  = 

c ":O" 

l-r-i        f-  -    -■• I'icn p   olc.-rcrr;      t 

h'     C--;    3 11 
•■•,   in   rc-Tf, 

i'" '.i 

■■ .    IV   if   •■■ 

A(ciL i,-:;. :_) + r;(-;L VJ-:c:)u.:-...;r: 

^-Ji-^-j,)   "  0(d   ;.. -■^iJ   -   -CcD; 

p-rtion  nr is^   I ; Ft cuf- 

:nc v;iTh 

^o c 

:rv(n  v: 

-D, ccy(C0    + 

■MMM^^M^^^^MMMMM 



V     ..   v  -   -v 

o  + — = ex + /!■:•: 

n o 
/ry + 

C    ■;'•- 

rood of   ICO   f^s   if  r 
'■;  -:-;  V"   :.   10/.'.:)  -■:.■: 
vo-rr;:!   r.ntn  whicn   h:;5 

■;   ö  v  or-   cf^lO   P.,   r-'vr   -  ■vOO 
■   -•■-..■  -i-^rn f y'   ccn bo   tcnored 
.'.,•.• ;.r 1hon a rr-ir.n per  second, 

v.- - V (I   -—) .5:2;) 

UVJD   tor-  the  rcgicn  of   flight 

r;L;   -  c/cdyd   - —) (^ a^a' ) 

dD.  = q--cy(l   -~:(CD+ ?i<fi-^ + Kr..lr?;) 

dLjt  +  cLjr   - q-^ccy  U •!■ -----   (■ 2c A') I 

c'Li,  + dL;     - q*cdy  [•'o,-':/ -V ^\-^-' 
cO;.   + a 

Jr 

dDj^ - dDjr   r. q*cdy  L-'i' '• ,.'02)1. 

U"lm  5:IS  and  5:19 one   irno'.r^ti r-:  frcn- y - C io y = b/2  fcr  en un+aoored 

^^^^1^ IJ-iilniiiili'ifflniiii^irMiiMali^-iiinirti^illi'iriitiirriiiUfci^ifci^^-ifiT^.^^^ 



■■1       I 

(■->• ~ ^ ' 
, j i n 

_   /... \ 1 | Tr :    +    ,'    ,'-.•'■. ' 

r'-       is I        r 
+ K .): 

~ '-)  lir-^r / . y n r^.r-   .   ] 

+ f~  (r)   LC.    oir- 
0 l-w 

,'■.1 n 

~  (VT;)      (V)   1 (-a. a,   - Kd}..-^ 

al i   ^^  re:.. 

•; tv^r? I 1 i ft cur'-'"'-. 
-,' Cnv/ r.ro c:-v-:i;-cri b,' 
pc   'I   curves,   wo heve 

in   ;^::M   ono  i3:: ^,   v;- f In   f( 

q-rr.'v  (1  - :>>■/'/; 

crxdy   (I   + ;:ry/V) 

Jr -•■/ ■ /      ' i" 

•  .     „   i*  

-Dl 1 ir.n  ~~",  >/.: ■■,•1 nc ■lr!'  ar.d   loft  ci :■;   rits  r r?: 

d-!.   - c^:-.":'.   LC"^ '   f— 
/.rv 
 K - /''"■)  -;-  ■''fC   ) 1 

■.1   -   ::' -yv/ 
/.rv 



-r -r. iTcviouni y r.y.r :■ \ -■:';, 

C:JC  -o tiio   lift vector clonn,   i.-o "ü-.on 

-•--—    +  (:—)   ir-r.' r i'.t-j,sirr^ 

ry^, T:\ir   - 
-'j   " rh     I 

-r,-J   t'O   CcnplOTO   CCU'jtfOnS   ::r-c 

-p    , I 
"D-' 

^  (4)   [C,    cos-; + .' I U 0 

"7 #5     ^^   [?KdC +   (r;. ,   +   K}r irv;] . o5:2.5 

'■ "•  pre'.'!our.!y noted the nuToricd 
\ r, ccr-.oi rcrcri. 

'■.'■r.i   be reduced  if c tcrcrod wing 

pb 

\--2V  C6)   [CKai   -%^i; )C'JP.- 

ro 
+ —7  (-)   LQ    si no1 - 

i i o 

rb   ,Db/   ,| 
•   'd)C':r   i 

■slatfcnG  r.-'G  cbtr. ii;.Hi 
a,   - K0| . 

;;:^ by  petting a2 = 0 and 

-■ --, n    . 

•:: I   stiOCt   in   2  norr-nl   p"in.   ■. ■: 
r, I I .    Thun,   duo to si^o^lip t*' 
ccciso of dihedral, /r/ :- ■•■' i:. 

il'v  3*lr||pc winp   ip revcoed  by 
.'5 ■" f   i!"1  r.nplc of  nil nek  WB  hrve 

•■3;   (!'   - dihocral   v.r.^lc,  r.-di.-ns). 

dl. - ia, (a + /lo) - o0('-; + ..v }' ;C;VC'-:Y 
J I 2 

;::T.~O .a?   is  PTIHI I,   drag c'nongss cr n bp   i'■.-,;--:• and   fcr  eppesinp i?lcn-onts 
■t + y 



J ' ■      I 
)   '• - A' -■'<.)'-i 

yrfcci-A-n   Y 

lonricionnn n c r.stant ch-" I   ;■■    I nr    V   -   -    TO  V 

( ',   -  ^o) 

T   (5,   -   2;),^.:)   - -r   r 

"no sinn of ü.>,A;.?   is sc-n TO rc,,?rf 

Frr "iho typ!- 
curve 

iVT curve, i.ilo  fcr tho t  p-   I I 

y^cdy  [K_  - Kr   (' 

ir.'-! 

(2K01) 

:n  "i: c  r.rnlc»  cf  oft.':cl'   ctcn 
.  •:•   C;<id;2/Kd end tho ic- -, .   3:> 

I ivi  vo i uc  C>i 
: ;;';'  3:;:4   „re 

•.:c' •? i cl o ^cr r   I I i r oi-icns s.m,  th.in 

'"/j       -"VJ 

n p -   r ■ ■ 

V.r.   -7...     -'V.r 

rur- 
-   : 3 d   r.-ctcr   i n-rro.';;-c -- 
"'rn-i vcrtic: I   toi |   -J-;-. ■ 

'Z-C^CJC   cC'-oini   in   vr"-'   CUG 
." i: 1   "'ho   y.T.v i nn   rr- ':nvs . 

±  .-..   ..   - 



*• f !'■*'*-"■•''*■•■• *r*riwwp:vy 

Tic co-Dlete  cruaiions  for  ro+sry rr.olion ore 

I   p =  J      (r+pq)-(l     -1    )-i-  +   I 
;< XT. KM z y 

1   q   r- J      (r     -  p   )  +   (I      -   I    ;r.r  +  rn 
V XZ Z X 

r  = J     (p - ar)  -   (1 
: xz ' y 

)pq  +  n 

io first and lost equations must be solved siru linrccusly for r,  v.'honce 

qr (   "•,   y  +   I )   -   pq (—, 
J lv-l 

XT V      X :) 
c;:C,Sb       q*C  3 b 

n 

(-j j-) 
X XZ 

XZ 
,.5:30 

• XZ       * T       * 
p   ~    (r  +   pc)   -   (—"-j—-)   qr 

X X 

CT''-. So 

.5:31 

J _ ~ I   -I q:"C cü 
• XZ^2 ZX Mr" 
q    =      (r-   -    p     ) +     (■— ) D-    +    j  

y y v 
. -J : L:-! 

the  spin   is   "power  off" 

C 
V - - g (-— + s i ny) VC Li 

. 3: J 5 

7  -   (g/V)   [ (C. coscp    - CLsin^J/D^!    - ccs>] 

(g/VCL  cos7){C Sinc^ + Cycoo7,i?;  * .J:JO 

The  rotary  kincretic  equations ?re ; 

o;  -  qcosß -   psinf^ -  7COS/„,  ~  ',cosysii .».5:36 

= VCOS7COS','' cos^: - ysm" cos'. - r - vsmrsin: 

?visod  /pr iI   7;   '565 



+ qsin .,■:. 

iho tcoic of  progr.^ining or-u^t'on'-.  - 
cc "Lrro:-,   os well   ns tho -rcc..-.:.'•.■•■•■.- 
c:.-.-'J'. :iicn3  ^"0 ccns i r'crcrl   i"   ■,:■:   • 
on   i! I ustrctivc o>c:'-plo_,   -.-:•  —--■•, 
cpln ocuctior.s  in a  form c'irc-'iiy UDC 

'"•O i U7 i .- 
■o r.-„•■;■; 
"rfc   '■' 

mmumammmt 



..    r i n-:   •:.;;'i'Vi   •• n--;  ',..■.',/■                          ;,          i^cr   ft cr-ifi ■v.'iicn  -  o-  the 
"■"■■:  of     ■■-,   ■■/'! T.": m   "■■-;■.'!•         ■.':•'',   -   ii  •":'-■;•:  \f'i~r,  ctiio-   ^rc'.i 1 cc:  ci 

-in'-  r-   'T io'-.i i f ic ■'   ■   ,   -      ■"•"    ■   r,   ' r      ■'■unt  "f c.'-p'jti r-; offcft, 
- ic ; u L) 

:■,  of   r. :■; r.  of   :;"-':■,•   ■    •'■• ■ '        •:   'I k-.n   i "1  .T-t•'■':: i! iiy    ■ :■.:: ' \'" i 

■j'  of io-i 
nvc I vr"; 
•In'-,-'-,   -r- 

1 i " i f " I   <"■:■   ■■_■'! '" .     i ! ■■ ■   ' "' '"'c i"''! '•   ■' vcv  f I ■">; ibl o cr-'Tüti n ' 
;'•;"   c^^r.'ii"   !'        :;■,■   '   ■'  '■      i,rcrvntc-cd   in   reichere  ''T  cr:';irrc'-:,"ir,' 
'■   not,   :.'     ■•■-•- -. - ■::;-•;   •-•-  ■;-.-   in  ;-■  r.',:'   ■    . :•■•-jn i -  ti— 

T   ':" i n  c '   ! • ■,      " '      ''":'.. ""   i r   i I/.T 17?:J ihrru"'i   i tr.  uro. 

■ ■ir.ji :t---;'    .-'   ■■    ■ r :' ' • • ;■     re cennr'..o^O'i ''■-'.'"r.i co'1'   i'o 
i ; ■'- c i r: :,: -j;": y   i n 

c   n  r: r.v    '. ol '   c.'-'. '   ."I,        ,        r    ..   r •■   '.■'::'  'i' i ^  .;;•-vjnt  c'   i    ■:■:.'/   i z- 
"O  f    n   f'o  '-';:•;■;■''•;   ".   '     ■.      '•   ■      -,1;      r  v'' M  OVCf'T^   •.'   i -   inci'JO^dj 
":.:i^   i nv  -■-'':nt   !;•■'■":' :~;  :.   i :   .-■•   ;"-':;"-C3   it   i "  -■:'■.•".: My ccsi'.'cr 

'J'-'''7':\   cr'^utc-'o  h'::':.  "'',        ''■■   r'   -:■-   -. ■.'  v.'or i'r.e ycrc   3:> tr>';t  ct t1"! G 
c--i   r'.itrin   :;   rcv-.T~l   • ' z ■ : i   -"Zl:   ■:•■  : c-.T-^ttc-   C;t  c   frrr.-.l   cost   3f 
■'    yy..'. .'.'.Z   ':  r-r/.'i   (--'_' z   :   ■■•,.•■      r..r;  r-]r.Tf.r,--rzz  ccziz],    in  wh"i'   is 
t?   .-  r;   '- iri--;- c ,1 f i ■ ■•■  - :    f .     '• -   --; tc-ts,   sir:"-.- vh-.y  .-;■-'■   leer; tV.n 

. ;-   o    | , -y   07'    ■;   "iv-i"!    i.,-   -' -.     ■:     ";   '   ■ ' .   -'.   ■;::-[■ rz   '.;cil    v; ' V h i n   tilC 
con  ?" n t I   c"~:r.cc":'". ~  • ■■ :■'.:■  ■'.'■■     ,.      i. ■, •':v.n~   in  fl'ccc  c-'-.^-utcrs 
io'.'   if th^'v c:n be; L;:';. ; ■. : !::■■'.      "  o-.-i \' i n~ c-nn'O.'-r >*r.^ o'.r.y-jt   Cby 
'"■'..".cc}   bv   3O"0ih'""'  ■"""   v ; ■'   '"      :   ■   ..:   i.'": ."'„■: oc  r ■evtced  !-y   i   si.T'ic 

■i   c'V'iroc'-. 

■,   3- ;ll,   hii:i  r^DCOc c    •■■■;■—   in  ' '•■■•   i .. ■  TOG"! fi'cory  z.-a  ro-r'-'ly 

.   -i ■■■■■c  ■',-IM 
: .■-  1;. ■-.:.   '.; :.■   ■,.    ,     in ■.   i ;•. r-z'-zzi •;',-y  "■-::  ci  .i';-  to 

■""'',   r^v ::"i   .;   r,-"';o;   ' ;;v   •■ . y   i- ";-..■      n  o-o-'.'tj on  c>''Str   ""inrc   it 
,     '■  -.hz   'L:?:.   vb"   ■"   -vi ■   - ■■   ■   .-   :-i-.,,;::;r   --:-..--:---,^   •rC,  p0 with  tho 

■"■■'.-•;■   '-ro  '■"'"      ' .     .     '    •■■     ■ ' ■■   '•.'■'■::•   •■•rr •■^-'■'oz  of   v^rici'G 

''i'-'-r.   in  t-'C  "r.;;'~"   '"    " ■.'       •    '■'■ir.:_.   i-u't  .'-OJ  r-'epo'-fd   in  o 
f-v-   u-.;;-)   c-ior-:-r!  I    ■-.!   ■        ■•■■   lz i- .r.r.irtcci Ly -ihe cc-ru-i 

MM 
^^^jMMjjj-jjLiiiiiiUjiuiiii lun^nhiMri^i'-'■■-i-"Mrt"-j--'- : 

Lj,*=t»t<«i.a'Wa w 
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T'   i ■ " ^   pJ    r 

.■   J 

•; co:   ■   ::.;:■!  bdr.- 

„   ,'..,„^   ., 

TT   i"--. 

"cr icncr. 

. ~,-,   i 

-I     in 

".■;T^'J    .j.c 

, ....    ?.-CVK'c 



•   : jn'    Or    i '.   '11; 

-    :r  ';   c, Ic :! -■; 
v.      .1     n  en-:-.,:: 

n   f.r;^ i :-.< 

■"' i;   i 1 v  n'": '■ i r/' 

■ '.ZiC 

•,.-■1 ly 

••III        -!- 

■;   v ". r 

I r 
- -   -r-;   ::rir,-:'  ctr   ■. 
• ).   f--'j i -c.   '   - i n : 

,   c' • • ■ r, ^ ■."   in  ■.''-■;   r 
ri,.,..:...,   .,   p_0-..:;,.c 

C i 

;nn 

i :i   "   n c 

i", ';   o ■ n   L; 

-.I ■■:.■■■   -i ccrpilc-) 
■uci ir r, r:   i r, 

\' to-.':;   c 
TV     c-"   ''' ' I     l~-7, 

■ -   i n   i 

":.'■"■ ~*i: r   ■ i' 

i 

■■■:~n:c  .,r   . ! •■ s   T'-.'O 
:    ic   r-y,    ^'•-•;!;. Ir 
■ i'O   lern   •;   r,  ■■'   - 
i""".  i r. i " ':   ,:■-< "■   :u.- 

-:  -  .;  •       | 
. ■  - '■   F    f ■ • 

V i C 0   i r.' 

i"!   i r. i' 

•c-r-c   r-c-r;-   ci-.;t,;| 

IS   C. 51CT   ~0    ! C 

I '     i       ' •■ I', 
^,.J    — • - ..    i 

• • I ■-.   ,,   i ■ 

•n   ,"c 
i"  rcf-i 

-i-i iic  r,-ri   cnly 
■;■?   of   the ; I ~.  i : y   "i    , C 

I   ~ h :IT ■.. ;Tn '■.' 
'v ni 

-v-r   ti 
c i. 

..,_  ...,.- n 

tiin  -"'/or 

-oi r.-: ;:•. 
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;:cd 

• 1 D I •>' 

I v I ". "■ 

'•; y -. ] VG rul ri pi y   (: 
;:v;r.   !) 

•<y-'    rr^r ilt   is  ruliipl icd by 

:vv':   (•,'-tis rove cmi-her) 

!':':■,   up   '.' 
;•;■  to  M   i: 

:';   piers  UD tin TWO words 
cc^DUTor to 

■,   ,-)i.'..n  .; Tajl c) 

i r*uct i on 

Micvc: '-.'j"')?■■: v,c wrntod to 
;   in  c.'Mrcrrc ■'".' w:-.i!o tho 
-c'.ro,-., i':':.: (for f-tjturo uco) 

)   into  n'J'.-cns .;c:;)   TIC 

on  :: i 'bulr.r   fnrT.)   end then 

' '? co^v'"'nicnt pddrc*"   (*,   i ~   > 
: ■.;  rr r.v ' t   in col t'":i  •'•,' 0   --;   ■:, 

■    : ■':■. 1 I   -:-'o c-'-putor to     ■   •;;: 

■•;•-' ,   "ihis CDnr;tttu"'!5  u-i"'   " 
:! • icr   (-..h ic;'   i r;  n-:'-:   '.'•. ry  r , 
•, o -e or the d,-?c;-    I   r-i-r: }.   ■ 
:i-r~t   ■:'   sour'-o ron-;-.   or   ''.■-' 
■■■;■  l^o  obt-.-incd rccurotoly  :;■  ■■; 

; ■•.]-.■  '.dd colurrn 4-50  to coiurrn  592  ?rid 
■■'■i-.--i   ;:;   ■'■  -",   'VJ I r.r-   fo-n) .      I i'   we  put 
''•■■'j   :•--":-; -,'-o ccnsclo,   or  by   intcrn.-;l 

;  :.-'-'--,   workino.     If   '.I I   -'0 '..'rntcd to do 
'  iiv  ■ '■-.•It.   we  w.-yld   red  n c-r -'nd 
er. ■•■.■.'.•- wr.'uld tyDC cut f-o result, 

C'      i.-.■-   j ^ "jho  r.i' o v/'v {JT  I'' dor'' 

!•':   ■; • :  Cinic  ci^.co  tho co-putor 
■r .•   I r;  '."■".,i,':;t ifco  used whon ono hr.s 

i   !~': or  r.:"-.c  r.irilor   function which 

-■ ,''-c'"..'cntly   in cr.lcul ~i i "•': 

• ' :otc; -.:-'■  './ry  .■••o nor: .-'l Iv  h"n-; 
"•■   is r ■- M .   cosino (.L,,:'" oJc. 
loo.iion  .':•?■'- r.nd wnntcd ^'"C r. 

:;ntlrl   functions   end   GCM'TO roots 
~   .:  '.■pociol   not of   instructions 
r-:   inptri:ottonG   is rcfc'"rcd to 

wo oddrcss"   si nee th i s 
ions.     Tho co:*rr::-c   for 

•o   sin::  of   n   nu^h^v   (in  r;:dicns) 
instruction  or^C'-rs as 

11: r c 

P'-ni ■•, 

'■ n,   ;■: nr; I i np  of   rv.-itr ix  r.:' "; h- 

■•'cd,   ■-nd  which   provide  for 
'A'':',   CnotCC  of   ocr :"j'; .:t ienci! 

■'■hv   functions. 



TT  Qc-^.ro' 

CCCU-T 
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Cl 

a. 

b. 

c. 

d. 

5r i",:r.Dry 

Sot  parity srjitch  to rt' 

Sot   I/O sritch to r.tcp. 

Ec-t 0 f-to'-v sv-'itch  to  [-.T; 

.JOI   prc^rto cvit".'.-?"   !; 

r. IIrr~'--W' _ 

rnj 4 to off. 

o. Depress "rrzi-i 

f. CoorccG Hin', crt". 

q. Typo 16 OCOiO COLJ'J 

h. Dcpross "relc:.:.'-". 

i . Dc?rc:.5 "stcrt" . 

j.    After tho "I ii i'-- 
i;.A.R.   f lecher,  et   icrt v   \co, 

■n rhcuc-CRds  r':'si'!'icn of tho 
!linGtcnt stcp/sco". 

; ,■  a crin« 

encvuntr: 

x step  ic encounteredj   'nt 
? :.t ■,-•.-   I-5  to   l-j.   t:'-n  r. 
od,  prcccrd to rccd  tcp". 

r;-:~d Tnpo 

a'   ir",T. l,s",t ^J".". .■".■u'V"-' 
(to tho rieht). 

b. Throcd tepo   (rr:r,-;..r.c:-. 
re.) I   ond   incic'o or   re. 

c. Furh "reel   pcrr" en r" 

d. DsprcsG "rcr.-t"  on  cm: 

o. Copro'-s "insert". 

f. Typo 56 CCCCD CO:O0. 

g. Dcprcs« 

h.    Dnpro?3 "j 

ivy rr.J   I/O switcher*  to prcgr.v.i; 
ncuto   Ic to   IJ.     If   no check crop 

.1 f'. J.l.:. JJl JJ1 Hui Jl^lL-'J/vl 

si-.'"- c;  t?r-o to bottc.-n of  feed 

If  "rcr.c'er no fc:dl!   licht cc.v  :• G.";  ehre'.-, thr   :dir.g of  tcpo   in ro'Czr. 

\,    After tcp    hc!>  b'on r  :J   in.  n."i trco threvgh  render by 
depressing  "nor.  -roc.  s.O." en r.:ce':.r  (it   is  not neccssory 

r 
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;   D CC3 C?0 

^    '.    J /"     -    ", ^y- r 

cx 

/-■'—(    A^ D eco 

Stln 

Intcrp,  Trrnsfcr 

Reed Tyr ;;-.-! t:•- 

R:::d Tcpc? nir^cr 

P. ..-interpret tho   lest   instruction. 

Tr: ■■.''■.•- to tho  instruction at  lecatien 
O'.Z end Ljin executing  interpretivoly. 

J  fre;: tho typ writer   into   locations 
CCO.   C'C v   l,   CCC + 2     etc.,   until 
;■   -•. l/t rn trrrUnato  infut c:-.':1 or 
■ ;. r/.Ticn or  4-Li'jtton scqycac". 

f:- '  i'rci tho tec?, rcrd'r.    Tho tape 
r .■..:■ coctcin    a stcrt fill  cc-o ct tho 
J;   -;nr.in"  Lnd o tcrr.-incro   input cc^o 

Print TypCtfritcr int en t;v-  ty;-• ■.:."■■ itcr tho contents ot 
-   MoiU  f'j thrcvh CCC    '..-hero i   3 

c:.; Punch Tape ich  tho contents of   locr-ticr^ £~3 
•. vh   CCC en   p^pcr  tr,p-3.     1    ': < 
%      i'i;-  cc.". .;,TJ cute uviCO i I y rcn- 
..    ■  s  :t-.rt till  cc-!) und £ trr:n- 
/.o  irpvt coc'3 on tho pzpor t.".;.p. 

cr-^i-i 

c:o 

■.: c: c:? C:D 

Stcrt Fill Cod" on 
P" n ^ r Tc ^ o 

Tcrriincito  Incut 

Thi.c cc'':   ic ccnirally not uzcl by tho 
••-■;-:"..    .-»     it  is Catc-Jtict" ! ly 
r   :   r'. ,    ,' ::y tio pundi cc'-.-^nd. 

intrrprotcr to tTrr.ir.r.to 
..•:;it o new keybcerd cc..' 



■3 CX fiac Iccc^i"n 

.>'J3; r-.CT 

;-j 11; p i • 

D i V i'.' ^ 

N'r3.   ilvltip1' 

r.CV-) 

c- .:   -.-  o~   ;c;-;.v: :n ,' ".'. :;--   r • ;- 

:■■'.    v;.'  of    Ic ::■.■;■ im .'.'.'   '■■:  :!;••!!•! 

'       :    ir   ■.■.■;';:;   in   ir;   iicn C-'^ :,.  ..; 

c.       -iv- o'   Icc.ticn ."','. ' "   ;  'I-Mpli' 
■.■;    ':::■:'■   vr  cf   \c:   : < '; ■      .    \./.:.' 

•.     ',.■     f\r.-:l   ~r     ' ; •   i."  r. :.■    !   in 

■   ■ :   ■"■''"(.'';' i r "'',■." "i  ' '? 

'   , ;■■     '"   ■"."■'■■!,■    '  ' .   ..,   '      :■ 

. ■   •■■..   - ■••-    r    ■.  ■     r ■■ • . ■ /- •>.-->       • „ l 
i   .        -j        ...       ,  p      :        ..- .       • # A     V.   ,   > .    . i   • 

•! •;•■:. ' ■ :•■  ■ ■.-;; :,        ■;•;-■ in 

ir'   ■    ■•,'"". t •■"Mo  :;•!""s:!   in   Icr'vicn 
.■;,'■      '■";   ...•■.     :;:  i ;■  re; :-:v -1 

■; ,t   ii   !<~c' 'i'i 'XT ,'.'.■",.     ''  :n 
ir     ;■■.-.'v-t ■;■ ^ i:  '    i'-i   is  \c-:,ni  ■':-ro 

..    :■:  vci;*?   i3   ! :-3  "r   n   t^ot ov   'iiiO 
• ■;-;   •;>'.■  ;—rch   i r   v  r.' in" i'  d.     V.: z 

'" ; '.b Ic «/n I'.''^   i." '   ."..i:.' !y 
■■,;•■.';;"■"  v.": arf:';i      i-  v'. i-.;;  "■";■  pi".cc'J 

. ;  : ;-\5 C-71 o'-d c: ; (■;■;■- r   .! !?.•- 



0 CZO OCO  CCC Halt and transfer Tho progrc.-n ho!t5. Upon rccoipt of o 
r.Tcrt signal,  the prcgrc.-n trensfors to 
.'ocction CCC. 

0 CO I CCO CCC 

C02 CCO CCC 

0 C35 CCO CCC 

0 CO't COD CCC 

c c:5 coo ccc 

0 c::5 CCO (XL 

3 007 C23 CCC 

a CT: ceo coo 

c cc: ceo oco 

Halt and tronnfor 
on switch I 

HDlt and trensfer 
on switch 2 

Halt and transfer 
on switch 3 

Halt end trensfor 
on switch 4 

H2lt and trensfer 
on zero 

Halt and transfer 
on negative 

Halt and transfor 
on cxponont 

Halt and transfer 
out 

No Op 

If switch or.e is sot to "on11 instruction 
is tho sr.r.-;!3 ns halt ond transfer.  If 
suitch r-:n is sot to "off", the pregre-n 
trenofors to location CCC withc^jt halting, 

Sc..~;o zz  obevo but involving switch 2. 

SS.T,2 as ctovo but involving sv.'itch 3. 

Scrro  a-, cboyo but involving switch 4. 

If tho cccufiX/lotor contains zoro, 
instruction is tho scrn C3 he It ond 
trorrf cr.  1 f accurr-j Iator contf.i i ns 
orr.ors ti'-,r.n roro, tho prcgr^v.T transfers 
to CCC without halting. 

If ths itccurj later contains a negative 
nur.jcr, instruction is tho sccro  as halt 
and trensfer.  If accurru later contains 
a positive) nuOor, tho program transfers 
to CCC without halting. 

If tho nu.-^rrical value exprcrsod by £3 
(TC dcos not refer to a r?."ory location 
in this instruction), is equal to or 
lergrr them tho tro digit exponent of the 
nur.'-.-r in the accu.Ty later, instruction is 
tho ar~3  as halt and transfer. O-i-horoise, 
the procrcTi transfers to CCC t'ithout halting. 

The pnxrc.-n halts. Upon receipt of a 
start tho intorprotor is sot to receive 
c keyicr.rd ccrf.nond. 

f-o Operation is porformed and the progrcoi 
proceeds sequentially. 

i ■i 



■r ' ■"-■    --C-,;p 

0 OJO COO ccc Uncond i ticnal 
transfer 

Tronsfcr  to   location CCC. 

0 Oil   D-3 CC Trcnsfer on 
switch   I 

'.vitch  cr.o   is cn;  transfer to   location 
1'   r.'itch  ono   is dt,   rr.v-ns"l',cr  to 

it i o.i  L J.3. 

0 0 12 Cr:2 CC Transfer   on 
switch   2 

■itch  t:.c   is  on,   tnn;fcr  to   location 
i f   s-:'-'-ch  tvo   is   ^f;   tr-nsfcr  to 

i cr.  L   "l 

0!3 CIS CCC Transfer on 
switch 3 coc 

i,; 

ten   ,;■,r.-'-   is  -jn,   tronc-fcr  to   icccticn 
•f   ::   !-';::i   t.Hrco   is ovf,   trunr.f'r  to 

i   fl I '   - ~ r.   rrv Transfer  on 
switch   4 

-h S ,:■ our is en, rrens,-r to location 
I ■' f;; tch four ir- off, tränst or to 
on J ''.. 

D !"• f'" 3 CCC Transfer en 
zoro 

i-.^cr ccntnins Z'-.rr-.   trr.n'f' 
ir. i,.,. ■•:•,.>( 

::~Q,   tr: ICI :, 

0 ' ' ■—' CCC Transfer on 
s i c n 

' .- in th? rcc. 
•; r-?..-" ^?r to 
!:• ■■ cccv' '..i Ic 
.~ icccticn L 

vh r 

1 CCC Transfer on 
oxponen I" 

1 f 

i r   f "'.; " i   YD cr i''".• '■■'•' "  ''•':- 'r\ 
■   .    ; •;•;'■:,-1   i n  '';]:"■   "'.C'-'r   ' ■_'.'"c r^ 

■rci.ricn CCC.    Ovru r•..■]'■ o  rrcc: 

i ranstcr ou r "nc r-iCrci frc^r i~  ':~ ■"■'. r.r. 
■•7 rd 

J      U^s_. fransfor and 
sot CCC 

/rDrsfnrr.  to  icc.ticn CC-C end 
.rs  of  tiio   instrycticn  3"ror'j 
C"rjO i   to E'-J ! ' 'ere   it   is 



0 CCO LZ3  CCC ta-ito typarrritor.   The  contonts of locotior, ES3 through CCC 
full length        inclusivo ere printed vio tho typoBrltor. 

0 C2I cC3 CCC Write typ-sr-ritcr,   Sz'-.o  cs above but tho jest dioit cf  tha 
loss I digit      mantissa is not prinlod. 

0 022 EC>3 CCC Write typewriter,   Sor-,0 cs cbove but tho lost tiro digits of 
loss 2 digits      tha n^ntiüso ore not printed. 

0 025 E33 CCC Write typswritor,   Szr.-a  cs cbove  but tho lest threo digits of 
less 3 digits      tho mantissa oro not printed. 

Ü Q?A  G33 CCC Write typoiritctr,   Szroo  cs cbovo but tho lest four digits of 
loss A digits      tho mentissa ere not printed. 

0 023 000 COO Reed tcpo R'.od frcrn tho paper tspo rccdor. Tha tcpo 
must contain a start fill codo ond a ionvn 
incto input codo. 

0 C~.S LZ3  CCC Punch tape Tho contents of locations F23 throunh CCC 
inclusivo cro p<jnchod on papor tcpo. Tno 
start fill codo ond torminots In,r,jt ccd3 
err cutcT-r-tical ly goneröted by this 
i pstruction. 

0 027 0C0 CCC Read typowritcr    R-rcd frcri the typewriter into locations COC^ 
CCC+I, CCC+2, ... etc. This instruction is 
terminated by receipt of o tcrmincto Input 
code. Each  fcrd entered from tho typewriter 
must be follcv^d by depression of tho relc~co 
end start buttons. 

0 C20 000 000 C.R. Execute a corricgo return on tho typewriter. 

0 CZ'5  CCO 000 Tab Execute a tob on tho typewriter. 

r 



■: c?: Set o, -"licit of tlv;  ii 
n "   'i Is re ^!r-: 

mictici r .- 

0 Oil   : 3 CCC I ncrc:. :r, i" ,\'. .::■  of  th?   instruction  ; 
i .■   incr;     ■.:'':  -'  I'v "i- ; 

0 co: !.-)crc"-vnt L 
ir  ircr 

ir'rrucTien 

0 03: Incrc. rnt u..^ -s cv •;:- 
i"  iicr 

i ri;; true '. i en ct 

C';crc--nt  ,'- 
;      I .. Zl 

C  

D" crcvrnT ... 
i ■;  c'.-cr '" "it .    ':v t,'i: 

ocro;-;;t CC of   til :    ir ■ tPjct ('...n   "t 

Sst A.". I    .    I     < - . 

Err r:3 

Sot CCC 
■ .   I        * .    .'   I 



C C-V» OCO CCC 

0 05A COO CCC 

0 C'lA  COO CCC 

0 O'/'A cZS CCC 

o C:A L:3 CCC 

Incrernont   indo>; 
r&gistor A 

Decromani index 
register A 

Set index 
rogistor A 

Branch on aqui I 
inci^x FGQistor 

Branch on low 
indox rc-gistor 

Index rcgistor A (0 < A < 9) is 
incrcr.-.ontcd by The c.rount CCC. 

Indox register A (0 < A < 9) is 
docrcr.-ntsd by the n.-nount CCC. 

indox rrciistor A CO < A < 9) is 
sot equal ro the nutr.bor CCC. 

Drench to locction CCC if index 
re-ist^r A (0 < A < 9) is equal to 
r .'■. Othorwiso procGGd scqi.-ontial ly. 

Branch to location CCC if EZ3  is 
creator thin indox rcgistor A (0 <; A < 9), 
Qlf.orwise proceed sequent id ly. 

■-■'"-cci.lT.tnl Groi.io 

0 Or'.) E~3  CCC Sq. Rt. 

0 031 E:3 CCC Sine 

The square root of the contents of 
location E33 is stored in location 
CCC ond the accumulator. 

The si no of the contents of location 
G"3 is stored in location CCC and the 
cccurxj lüicr. 

D2 F.Z3  CCC 

& C?3 E23 CCC 

0 074 L.Z3  CCC 

0 £35 ÜS3  CCC 

Cos i ne 

Arctanoont 

Exponent!; 

Log. 

The cosine of the contents of locction 
LZ2   is stored in location CCC end tho 
CCCU.-;J lator. 

Tho arctangent of the contents of 
leer-! ion CC3 is store; in location CCC 
and the accumulator. 

3 re iced to the power dosignatod by tho 
contents of location E'33 is stored in 
locution CCC and the accumulator. 

Lo2„ of tho contents of location BCD is 
stored in location CCC and tho eccumulotor. 



Absolute TiiC ctToiuto valuo of  tin  ccnt"r.tG of 
; ^ ■., „i i cn  ['."'i   iCi   5'iQrod   in   leci'ion  CZZ 
;••■ ;   ■;■■■:;  :,cc:.- ■; icitcr . 

o o?? r;3 cec Roverso 
storüoo 

contmts of   lecotiens C" ^nd CCC cro 
.•■::.   :■"   1.     ,it   ''i'.it  c    ilr.icn ov  t!.o 
:-■..•'.-■      ■','■)':: azcvr:j',L't-.r   i r-   ?"i'  C'jal 

o c?3 n:3 CCC 

Lnrger 
aIqcbraic 

Lorger 
ob:;oluto va luo 

..■ or icCvTiens .. i ::r:; 
h\-j rtij:.:::r  h -vlr^ i;-,: ■ 

'.■luo is c.ror- ; in i1- r:.'! 
>',C'/ir'.-' 1hc I...-"-,- -;■■ 

■'TO 

■   s;:.!"..:'   in   Icjotion CX 

i';   c;.-r; . :"■':•  of   ioco-;- io.ir 

- i 

C?:  ;:;-o 
ij,.. 

■„.- ■    ;•  h ■■/:r:- 

:). 

.tion  CCC  . ;v'J 

rr;  of  T;, -.  r.- 

;r-   \z the  total   list of   inrtfjei ;<  .' 
tc  /t   is r-:.cj  to   interpret c   J .1 
! 1   ::c r^r.crctoci.     Ko' ivnr,   i f  "i , • >' 

:-.nvic< ; I v  rc:;.   C I 

i n v.     , i - 

los r.n ir:•■■.■'■.: 
v 11 :. ; cn i nstruet !■; 
a und   instructions r.: 

;   I I   -;; ! I   r':^nr.lzc.      !f   ."n 
;c!- Ion  :?."'_,   r: ;i  ■~':r::r  c ': 
-::;, ic'jr nioi of   ■; ir i i .:  r >, ich 
• .u-; no r.:-~c"Tsr  cvr-'r './■ ■ n 
i : c  c"n   i: ■  ■■•   '■ '   tc   C n  ;. : ■    ,!'. ' 
■   j !•/ :'-.■: J !■'.;  rucli   t;i ,  ;i: ■ j er i. 



GAT":: ■i  i 

r.r".!.^ CC;:,7.S cro i?fincd by tha print irj cf o rir.jlo din it (i thrcjgh 9) 
prcsc;' ' by :. 3 digit nuirJror. Tn;: ."ir.rlr digit identifies tha typ^ of 
error cr.d tho 3 digit nur-bor is tho r. .-ry ; ...r::-.' of tho instruction 
cL.;;;ir.i tho error. This 3 digit r-';.-• - enly Vr.z  3 irni f icanco if the 
error occurred during intcrprctntio-i of z i.-'.~r::\  prcorcrj.  If tha error 
occurred during irciing of r,.;; sry cr '.n:!o cxicutirg koybc-ard cc~::^r,do, 
tlia 3 digit cJdrccs hc^ no signi-Mcr.-.co. 

P'ip 1 ro_l ^-''I r- rr_i_f"' -1-•''■'■] r^ r,,-inn ! rvl'^rp re';''"t''"l of 

1. Attempting to enter c:n illr-gTil    Attempting to interpret an 
conf iguroticn of digit:;. il!\-y.-| conf iguroticn of 

digits os en instruction. 

2. Attempting to lord boyend       Attempting to intorprot 
L"."ory location C.Z?. i r,^vructicr.3 frevi beyond 

Iccr.tion P?3j cttrptir.g to 
r.cvo to or frrei tcv::n'J 
loeeticn 9>9;   ctt'r.itir.g to 
r---ch a tcblo lev"-. ^ lce:;tion 
970;   or ctte.ptirg to incr:.r..::nt 
r.n eie'rees boyend 5?0 cr 
decrrrant on cjiross be lev; COO. 

3. to start fill codo at beginning   Attempting to generate en 
of tapo c'-penent I erg er 1hcn 39 cr 

e-.el lor thot CO. 

4-. Attempting to  incrcreint en 
index rc^ist'er be-, end 909 
cr attesting to index en 
e-Je'reeo  toyond S03. 

5, Argument for   Icgerithia equal 
to raro or nrge.tivT. 

6. Attempting to teko tho r.rucro 
root of o ncgotivo nur.bar. 

f, ArguTO-nt for sine or cceino equal 
to or grce.tcr than   ICO rod iera 
(or.eonont > L;2>. 

S. Attcrpting to divide by zero or 
en un'icctcd  number. 

9. Argument for ox-onentiol  ccuel  tc 
or nrcntor then   :00. 

r-- 



ihe Tvpiccl   scn'iT'ncQ o'  or,'T .■ ■ 

r.Li'', 1; ^ :";.     .'I'G  cfvil !   "the: c ■'crn c-T" 

"C';',i; re, curve lo*' :: r;iv»<n  if 

1 r' c, **tC ''f!   r f!0 "^ '' 

?C I 

CCCff iC ic.TlT. VCSU". lift CC'.ffi' 

;.i  • c , 

r.   ■.■■;- i -/: r-   C.,' 

r..'i ■  '■ y c;'. - .r 

"01 r-T]-:r, :•.;•, 

-■ 1 i it c-j 

-,,.. ., . , J- ,> ,_  - ,- 

•'-t cf 
;■ ;: i 7 i redo 

c v c r ^ 'j 
- Cn + IX' 

If- cv.rvcc.  p.t (r.';ny sltitudc 
Eutcr-.jtlcsl ly cc~DutG r^i- 

ta 
i . r,  c.,    i nmi'" 

iho  pu^DD'O'; o i   ^.. 

"'■  ■■,) 

f"-   un   (th; 

M^-l    IPO   C 
,   1 , 1 

vo  rj"'.;n 
:;r-,-::   in 

wciqht, •;, 

si-o   cr.~g 

f r---    r.iio   TO 

ccnsif-', 

'■"■■"   -r^-,   3,   I ?■. 

;,   ■ ■ i. 

•d '■:■■■?■:   (dc-iv.-j   in r.-^t 

„/ ■..7P:C, 

n;  rcc ./■-:-<;:. 

':o " c^ + y\ 

i1-  "rnMc-,   v-, 
-   t--u-jl ■ -  r----! 

5   i n   .,. . ■ '   ro  TI ■ ■ 
i... i  c,:, ,v -.,;. .r;r;   j 

i T we v,'?re 
re  rut  ".r-.c  rn:'. ic  caTa 

i -^,. J. ( ■,:i':^   fcr 
,r i i v czc-jTA 



so that if the output of an instruclIan is caly noodcd for use by the next 
instruction it docs not have to ho  7,-:• r.-J in c Dor.r.ii.tnt address). Locution 
GCO is called on "occur.ul ctcr".  ..'o ,-.-■; i T,- ;-i ! y st'-rt ossiqning eddrcsses for 
d.-iTO ct ICC. Thus, wo rrsko the fc'lev.i ■•.-: -c ■•■-y ö-sr.ignrents: 

^odrcs; 

ICO 

101 

IC? 

103 

iCC 

105 

106 

IC7 

106 

ICQ 

I 10 

vunrrr 1 Ty 

gross weight, .. 

wing are.:, S 

Coe 

K 

eir density, P 

I .467 (conversion f.-cicr rnph to fps) 

the ccnstr.ni .-■ 

the const'-nt 110 

decrement  frctor   for C,  (- 0.05) 

Floated Ku-bO" 

r .i 2500 0000 

53 1 700 0000 

49 ?:oco 0000 

49 5000 ccoo 

51 1500 0000 

s,-] 2376 9GC0 

5 3 O^^Q 0000 

51 \i6" coco 

51 20C0 cooc 

53 5500 ccoo 

49 500C ccoo 

HTV1ng p 
co^rutcr 
ci+hcr c 
in  the   f 

2. 

3. 

4. 

1C    pre "i were wr 1 tten. 
"Cnc-ed  this  tnble,   wo ecu! d   if   we   ./":;■; cd,    ir.rried iotol y   store   it   in  the 

C" we could wait   until   the ■■"■■st  ' ' 
'so,   it would  tc  stored   (referring 
■I l ow : no   f csh ion: 

're  DICT/TGP   inst-uront   list) 

7. 

J. -,,-4.1' Push the 4 console buttons "reset", "inset", "rclo-cso'1 Fnd "STnr 
i n sccuence. 

Type 9 C02 000 ICO 

DcDress release-start key (^5). 

Tyr-e the first dota word, 54 2500 COCO 

Deoress releaso-sta'-t '.ev 

Type the next data wc^d. 53 1700 CCCC 

Depress rel casc-5'i a-t key 

Continue until all dato words have boon tyced into the computer, 

6i 



ii   n r.. sl'v.e   i o r ce   i n  "•.;   ■ 
';u"v'   T i :■:. 1 1 v  ly^e  in  err'.-- 
Cor.T'.ri ions  '-o r:.-.<.'3 by   ni-p 
9 3C;-~ OuO xx;< MS whcT '■<■■-'■'•.  I 
Sy th'3 c'-rrccticn.    MS  r*i "•;■: 
10 bosiCJlly   invol'-'o  the   :;!■.- 

Iv 

■■-:.:   cere  "'•? c    r-T1---'   v.; ! I 

lltton1'    '".f "■; i ■:■■.:    ,.   ":yD:T"    in 

-t l.oy.     [n?ui in 

V.o rev/ n-ust wriTc n.ie prorr 
to have cor.Dtnni' VJJIUOSJ t!' 
T'-v;   rr-f:;;--'-:-cc of   prelirir. 

.-o  re i r.q 

o  <:~c   sirred   fe''   l;.;tor  vzo. 

• .1 1--.i icn",   rro  Ihc  b l ■ 
-1   „      .-, -. ;r+ bloc' 

I ! 

refO'-i 

f-jl jorrV'bv   - 
Of.t ! i .■•■■;   f C   r C''; i " ic- 
V   -■.  '    r boon ■• :<r,,.c'-'J   i ■;:■  ri 

;-• rrc-ntcd by 0.05  .■•.-.,-; 
. -  "■.:'.'.■ ■.'')~.,     .\'hon t'1 i r. 

■ ;t   -   -f;'-v-nri   frcti  -r 

i i--- rv.: 
. ■ i   <■■■■- 

...    .u.f.   v   . r..   ■.,•, 

i •;- 

■no   is   ~rbi1 - i ! v   I 
(•nny      !"hcr   rc:rrs3 ecu M   h   -'• 
of   r- i :■.■"   i nn'jt) 

;.-   r---•: ir ..'d   to  '.'r  •'- i 5   is cor.;,-.only 
f:;t';.' i :•:  i i on v; 

: ■■   : I    fcr  ;>.   rri: 
■    '  ■■■;-'- i'   r--j-/if,r a   ! -".•rricn   vc- 
. i •■        i .':■""  rn.     /-  "["r.t to <i;.o   if 

I J   V.    ,,  h 'S   not  !-c.,:n  c;;rc::::;;;,   Ci 
•: .     '>:   ril   -iho   test   or-,   ".rvt   V 

:.-  -    c   ' : o  for  ihc cr- ■r-.-U r  to  ri or 
r    ■ to :coc-'':rn  "!'-in  of fort 
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4. irj i:^ coo 

0 OSC CC?. 122 

4 CCO   10? \?A 

3   I OP   10° COO 

5 coo ic: coo 

1 000   ICO 000 



215 

216 

217 

213 

21 1 CD/n, A 000 122 000 

212 vcycL 3 000 123 000 

215 Tl-Preq. = ilVO^/C^O,   store i n 125     3 000 121 125 

214 output V(mph) and THProq. to 4. places  0 024 124 125 
of accuracy 

N'OOP 0 009 000 000 

test for rrsxiir.L'ir speed 2 I Co 124 000 

transfer on si in, if + continue       0 016 210 220 
i f - stop 

dec,-crr°nt CL by Ü.C5 2 122 110 122 

219 transfer bnc/ to 2-3 to cycle program  0 010 000 205 

220 end of prenrr/n, hit and wait for      0 003 000 000 
operator co-.r-nH 

This completes the program, and as era be soon, the actual prcgram.T.i ng procedure 
and tir-e of prcoa-ation is aboui the s-ane as rcquired to design a t:>'DuIar form 
for hand computations. 

The program is placed in the rrchine ly tha same orocedure as used to input 
data, excepting that the kcyborrd cc-r nd is 9 00° CC0 200 to start the entry 
at location 200. 

Individual data items such as ■'<'■*<:  vei-aht, wing area, drag parameters, lift 
CC-jfficient ;ncrcmnnt am all ha c!' '-•'.■■; by simply filling new data into the 
proper locations.  The input c rrri  automatical 1v erases old data in o given 
location to avoid overlap. 

Cpcration of the program is initiated by pushing the console buttons (in secuence) 
reset, insert, release and si rt :iid ihan iypir.g 9 001 000 200 RS which causes 
the computer to start executi :■- ire proa-am. 

An actual trace of the prcgra.ii is rea^ednead a? Figure 6:1 and Figure 6:2 is a 
roprcducticn of the actual output, Vi-a to c^:plcto compuiation and print 
out the power required data was 1 minute 7-5  seconds on an IPt-' 1620 model 1 
corputor with typewriter output,  Froqraa-ming involves under 20 minutes of 
engineering ef^dt, so that the direct cost of obtaining the power required 
curve is only a few dollars. 

The example here, v.-hlte simple in nature nicht well occupy a days time to 
comaute by non-electronic pf-occdurcr, i-'o-oa-.'or, ence the program is available 
it can be anplicd to any airplane configu-ation and need not be rewritten 
in the future. 
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Progrör-ning  for mort corrDlcx  problers   involves exactly "the seme  procedures 
as  presented here^   but replied to  lengthier  equations.    Elaborate or  complex 
equation sets,  v/hich   in many ceses cannot be readily solved by hand conputation 
procedure-" because of  the  prohibitive  nur'bor  of man-hours  involved,   are 
solved   in  a  straight  forward and economical   monner on an electronic  digital 
computer. 

Decisions on the benefits to be provided by computers   In a given organization 
can only be based on managements understanding of how computers are most 
efficiently usable,   and   it   is hoped th-'t toe  short deserip-tion of  programming 
procedure  presented   in this chapter  provides  a  basic understanding of  this 
topic   insofar  as  coy to day typo  problem  solving   is concerned.     In the 
following chapters ere presented programs  for rrorc   involved type analyses 
concerning  orcblems one would  not normally  r.ttc-.mpt to solve without a  digital 
computer.    These  programs  provide an   indication of the  scope of work  which 
can be handled by even the   lowest coot,   rrod^rn digital   computers of the 
CCC DDP-II6 and   IBM  1150 type.    Programs arc written   in  the DICTATOR   II 
language for the   IBM   1620 system since  such  equipment was   in use at DCDCO 
when the programs were developed. 
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Rq = n(yc)(S+/Sw)  7:16 

W/S 7:17 

(tVt/b)(SVt/Sw)  7:18 

av+(iv+/b'2(Svt/Sw)   7:19 

2ov+UVt/b )2(SV+/Sw) EK, ,)  7:20 

Spin entry definition requires the specification of the follov/ing quantities 

a 

9W 

P 

q 

r 

V 

h 

5e 

Br 

6 

Fron stnrt the program transfers to the rain block while during running the 
integration block precedes the main block. The integral'ion block is as 
follows: 

t , = t + At  7:21 
n+l    n 

h  . =h + h At + h At /2  7:22 n+l    n   n     n ' 
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.7:36 
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Be = /(t)  7:38 

5r = /Ct)  7:39 

5  ,   5a and 5r ray also be set by the oporo+or at any time during the run. 

Fron here wc  proceed to the  ncrodyn3"iic  and dlffcrontial   equation  block. 
Conputc 

CLW = a,« - a2a2  7:40 

or  i r a > a 

Ci      = K    - Ka,a 7:4! Lw        a 1 

0!+ = a +  i+ + <.+q/V  7:42 

CL+ =s^+ + ae6c 7:43 

q+* = Tiq*  7:44 

CL  = CLw •.- CL+q+*S+/qS 7:45 

%  = CDeo +   (dCDe/Ö3)/fV  7:46 

CD = CDo + V2'  % = CDo + K/  7:^ 

or,  when KQa. > K| , 

2 ? 
(K,   r (K,   )'" 

Cn  =  CP     +    ■ ,   Cn     =  Cn     +        „  7:46 
D        L'8 K ,    '     uv; ^o K , 

d d 

CLL  = W/q*S  7:49 

V = - g(CD/CLL + sinr) 7:50 

CY  = -   OCY/a3)p  7:51 
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':  - ■. cosycocj cosn - vc^nv rror.    - r  -   : s\ r.yz'■ nz 
w 

pcoGz-cos^ + qsi n,:f~f,.;    + rnm.   +   .si';'. ,7:6:? 

inc-OTtc  cjcirr; n i T; .TO o; tomo-j   r; 

Vs i ny 

Vccsy 

h  - Vsin/ + 7x 

'.'cosy - yVsin/  a Vcoc/  - 71 

'US -   XC03V 

y,,,,, - xsinJ' 

V..^  = xccsv - xvsin-. 

'EW xsi■V + xvcoj 

7:'13 

7:6.' 

. 7:6:: 

.7:C7 

.7:C3 

. 7: 69 

.7:70 

-1 r." 
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9.;    ; •• :: :■■:- R. c; IC.'r, 

This chontcr  presents E  strrary  cf  tno  ^r'.'r.?r-i unod TO cy.aT.inc  pure 
1 O.T^ i tijni iiil   rorion   in  Hie  prc^'.re cf ccu^lcd cunirol   and  onviron.-emol 
c1; "turi-.-jrcor^,  one a  nop2-c-io  prc'ir,-,-, p.'r-j-i'ti nn Gtu'iy of conirolled cix 
d'^rco  cf   frcor.'rr  flir;;-ii   -rfrih  c. .T; ro I   ■./■■-"■;':  r;b'ijt  all   three  rot..:: ion 
c!X';;i.     Consi'ic i n;-!  first iho   : c:-;" i t;.."ii ■"" I   ■'O^icn  p'-c^ro-,   an   initial isotion 
'-'^ck   in  provided which cz^:-b   1:;'AO?, ihc -v.ir-^Ir.no   in trl-iricd   level   fl'jht  for 
any   r.'.t of   specified  start cc.i '' i :c !■: ccr'-iGf ir.g of  the   following: 

t_,   i i-^o,   seconds 

UQ,   ncor-ielrlc hoicht^ f 1. 

Vj true airspeed, ft/sec. 

7,   f I iglit path attitude, dc'TCT-s 

d0, initial elevator setting (if i": i ■ .^ncc trir is used) 

Given  -.'"icsc   initial   conciti-n 

reqirrod hersepev/er,  angle '  t'    rj*r 
:"■■';"'! iir.--  v;ith  a  sei tine   for  the 

"iven airolanc configuration the 
nd pt'ich aifitude arc determined 
;■;■   ?- tail    incidence   (if an 

cdJusiT.blo  stabiliser   is e-nlcr    )   ihreueh a clcsed   lonp   iterative 
Drcccdure.    Previsions ore r.ado   far  varit'iinn of throttle and elevator 

as  for oust ■,(:  o'Mor   r. t sturnaeco   tDCTor jpacc 
is  provided  for  si-nulaticn cf r/r-'l    l';:c   si/ulrt'or,  and   for  use  of  various 
tyres  et  tccchack control    lo-ic  '.vhirh e ,r,irol   .^ra.retcrs  such as speed, 
ho'fiiit,   pitch attitude and  so on.     The !"■ ■■.;•.tions c.ployed   in  t; e  program 

OSlny  -   (D/rrJcopJi.;  +   (L/iOeie'v +   (T/rr.)co3C0-7-i-) .....9:1 

ccos7   ,   LcosA-i Usir.'r.'       i        .... 
.....9:2 
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I s.      OC OJ, f ■■ ■   I C I C 
y f 

^^        CM + JT c 

ÜI xr„ 

+  a (D.  + —rr-'-J, ) ( COS aof   f       ^ 
--•■T.i:r:)  - ?. p..    lo- +   iT  -  KK, 
c q +    i T 

a(p.' + TT—o.) 
oo,   f 

(KK.ai./y)(ä + -~:-l  } 
It (.,;,   r 

r 

K   c  P 

—-r1-   l    -Rao 
\ q c e .9:3 

id  orrecTS are rcorcsen tr-l    :-\ n oquotions: 



fVcos-/ + V.; ) " + fVr.i. 

where: 

nGl^nrcncouj ".er i ;■:••,■ 'if' .   i 

'/,■/,, -  inrror.icncous vcriir   i   ■.' 

\c\ny0  -  (Vsiny -  '•'„)/i\'r.':- 

Lc -. y 

c = 9 

V    = V-i  s i ny    + ''-. 

V[7V, - Vs'n? + 7VC057 

V-,, ^ Vco 2/   -  / 

V.-j./rcsTr,  -  V-.^'n-v, 

R 

a->:- - py„ v> 

 1 

V.   --    7-',T>Vo„    ,   incMc: 

q  ' D       y„ V. 

:•■:::! -ir  r.rcn   15 r.ns-.r:; 

•DJ T--1^ 

>     +  ■•■•' 



CD^  = CDC^ + -r-2"^  + ^D-.-. + 2 /?J  9:15 
i 

Where; 

C[5o    ~ basic   parasite  drcn oof fie • cut,   dir.onsicnlcss 

il—Q0„ =  increment   in  drng  cue to   irr,'; I no  r-nr 

cCOn/c-Of .ond oCDe/öß are the pomsito Cr.y   coefficient   ercdicnts due 1o 5f 
and  5 respectively. 

Fmpollor thrusi  is obtained  f--'"' 

7 = 550^ BfP/V^  o .i o 
'p r\ 

■ 

whore: 

r\    --  prcpcller efficiency 
P 

P'-f3   = brake horsepower 

A-irosnheric  proocr-iies {;rc dc'tnnd   in -iorrs cf  stonderd NASA conditions by Ihe 
following  approxima+o re I ai ions VDWC  fr r  zee   level   to   10,000  ft. 

p  = 0.0D25769c~0"2?7Ch  K   ]'J   '   (air  donsity)  9:20 

.. . , -0.?74h x   IG-4   ,     . .      ,                    , „  ,, 
D = 21luo Co'bion+  pressure)  0 9:2! 

The kinematic  rolotions  definino   looe.iion ere: 

x  = VcosT ...o 9:22 

h  =  Vsin/  -9:23 

For   simulation of  periodic  clo-.r   ^ir turbulcocc 1he vertical   and horizontal 
winds arc defined by the K'arr.an street rcl.:oiors 
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O    TYPrVlL  PES'JLTS OF TKH  S_VA lY'r "  rr: FTf^Cj Afp LO.'.'GITUDI MAL   DY'-'AriCS PROGRAMS 

"o  illUG+rcic  •t'^c  results cb';;.:i ^. I'! "    ■iih •;u.'-,   prof;r*t
;;r;i2 ccccribed   in Chapter 9 

;n rirsl^no with  the  folk.wir" i:i'...r;:c".cri r,t ics '//C-G nssur.od: 

■./;  weicht,   3100   lbs, 

3;  wing  ores,   175.5  ft.'" 

Sj,,   hortzontol   tail   nren,   5".>5.;  fi.'' 

Sv,;   vorticöl   tail   coa,   |fJ.,-37  ft/' 

b;  v/inn  spnn^   1>6,:'.o5 ft. 

c,   rrcan ccrodyncr.ic chord,  C. >  ft, 

'•  ,   herizentnl   tail   rrcr-ent r,ri,   15.00   ft. 

1VA}  vertical   tail   rrrront DTP,   \'l.n^ ft. 

^"y/Z .,,  rote  ..if chanrc of Cy wlv'n  siooslip angle,  0.295 rad." 

o,.,   lift   Glope  of  wine,   4-.. "   red, 

''_,_,   lift slope of horizenv.-1   Ir-II,   3.6','.' rad. 

-   ,  elevator offoc+;veneso,  ?.;*65 rod. 
C "^ 

a ,  rudder effectivenesr,,   I. k' rad. 

DVJ.,-   !'■?+ slope of vcrt'cal   tail,   2.06 rod." 

p 
I,,,  rolling nor.cnt of  inertia,   1.3,     sli.es-fto" 

p 
I   ,   Dttchioq  nrrrent  of   mcrtio,   ,'C30  slucs-ft. y. ,       J ; ., 

I.., yawing rr^-c-'-.t of ine-tia, ::"/"3 !jl'.;gs-ft."" 

CQ^ , basic drag cocf f ic ior.t, 0.0.71 

33,-},^., dreg coefffeient in-recn-f C
:
;:G -Ja lowering landing goar^ 0.025 

^•Orj/ü'., rate of chanfo of Cjn  wi-;r, sir:.-clip angle, 0.025 rad." 

c3r)/;>3f, rote of chcn~o of 3-^ with flop dni'loction, 0.C63'
:- rod." 

;<, :'rao cue to I i f i facicr, ^3,./33.", O.C'ö 

r,,   propel Icr  efficiency,   0.35 

!:.,  downwash  distribution  factor,   1,0 
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rudder rcte S.TS^/scc. 

■ ' -Yctor rote I O'/cc. 



Fr."     II   "v.ni  c\cv~:io'   ccv-c'   '.;, n   ' ."'  i'nirio c velocity PSAS  systc 
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Initiate with trimmed flight at Vj = 176.33 fps, r = - 3°, h = 1010 ft., 
a = 6.31°, &e = 0.0°, thrust = 44.97#.  Speed select is set to approach 
speed of Vj = 132 fps = 90 mph. At 1000 ft. the landing gear is lowered. 
At h = 600 ft. flaps are started down (0 to 40°) at 8°/sec. At h = 200 ft. 
power is increased by 53 HP to naintain a glide slope of -3°. At h = 15 ft. 
power is increased by 52 HP for performance of a throttle flare. The task 
of the velocity PSAS system is to reduce speed gently from 176.33 fps to 
132 fps and maintain this speed in the face of power and configuration 
variations.  Integration intervals were set to 0.1 sec. The figures are 
seif explanatory. 

This concludes the presentation of typical outputs of the computer programs. 
The programs are flexible and are usable for many other purposes than 
illustrated. Their use for other purposes depends, however, on understanding 
how to input data and set transfers and so on. Complete coding sheets and 
the instruction list for the DICTATOR II program method are included in the 
appendices to this report to permit further study on the part of the reader. 
Additionally D0DC0, INC., is prepared to answer questions on the methods. 
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_ll .) CONCLUDING REMARKS 

The modern high speed, relatively low cost dioital computing systems are 
oxcollent tools for rapid and low cost analysis of oircraft performance, 
handling qualities and for study of hehavior of automaiic control logics. 
They are also useful for design studies, pariicularlv as regards the 
effecis of parameter variations and for examination of nonlinear and 
'"ross coupling effects. Applications to structural, weight and balance, 
flutter and related problems are of equal significance. 

Use of tt is equipment in engineering des ion is by no means new to the 
aviation industry as a whole, however fast, low cost computers have only 
been available for the past five years and just in the past year have there 
appeared units in the SI,000 a month rental category which are capable of 
rapid handling of the types of problems involved. 

Additionally, until relatively recently the use of executive programming 
procedures (e.g., FORTRAN, DICTATOR, etc.) which greatly simplify use of 
computers, has not been wide-spread and either extensive personnel training 
programs or employment of additional personnel were involved in engineering 
application of computers. This, plus the earlier nigh cost of computers, 
limited aviation applications (particularly of digilal units) to design 
programs on military and large commorcial transport equipment having 
substantial ennineering budgets. 

The "cost" barrier on digital corrpute-s no longer exists, and the presence 
of "conned" programs of the type presented here eliminates the need for 
computer specialists for effective utilization of the newer low cost 
equipment. Proper employmenT of the computer still requires a rather 
complete understanding of the problems to be solved however, so that 
initially a fair amount of study is required on the part of potential users 
of an\   set of digital methods and equipment. This report presents methods 
which were developed in the -onduct of research programs under the FAA 
General Aviation Safety Developmeni Program, and is designed to aid 
General Aviation activities to evaluate their need for incorporating digital 
techniques into their engineering operations as well as to encourage such use. 

D0DC0, INC., will bo pleased to answer questions or receive comments concerning 
this report. 
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