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(Annual Report January 1967 - January 1968)" by K.D. Cross and 

A.C. Bittner, Jr., January 31, 1969, Naval Missile Center, TM 

68- 23, JANAIR 680713, Unclassified, AD 833 - 302 

"JANAIR Vertical Contact Analog Display Evaluation Program 

(Annual Report January 1968 - January 1969)" by K.D. Cross, 

O.M. Powers, F.R. Cavallero and A.C. Bittner, March 20, 1970, 

Naval Missile Center, TP 70 - 12, P.O. 9 - 0100, JANAIR 690111, 
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"Electronic and Optically Generated Aircraft Displays" by 

J.M. Ketchel and L.L . Jenny, May 1968, Matrix Corporation, 

N00014- 67 - C-0517, JA~AIR 680505, Unclassified, AD 684-849 

"Digitally Computed Images for Visual Simulation" by 

R.S. Rougelot, General Electric Company, Technical Information 

Series, R69ELS- 17, March 1969 

"Computer - Animated Movies" by Kenneth C. Knowlton, Emerging 

Concepts in Computer Graphics, 1967 University of Illinois 

Conference, pp.343 - 367 

"The Role of a Hybrid Computer in Supersonic Transport 

Simulation" by W.A. Havranek, Simulation, Vol. 7, No. 2, August 

1966, pp.91 - 99 
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Simulation , Vol. 7, No. 2, August 1966, pp.54- 62 

"Graphic I - A Remote Graphical Display Console System" by 

William H. Ninke, Bell Telephone Laboratories, Inc., Fall Joint 

Computer Conference, 1965 

"Graphic Systems for Computers" by Christopher F. Smith, 

Computers and Automation, November 1965, pp.14- 16 

"CRT Displays for Simulation" by G.A. Guy, Simulation, December 

1965, pp.407 - 412 

" The CRT Display Subsystem of the 13M 1500 Instructional 
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Fall Joint Computer Conference, 1967, pp.169 - 175 

"Sketchpad ... A Man- Machine Graphical Communication System" by 

Ivan E. Sutherland, Simulation, May 1964, pp.R3 - R14 

"Sketchpad III ... A Computer Program for Drawing in Three 

Dimensions" by Timothy E . Johnson, Simulation, June 1964, 

pp.R3 - R8 

"Computer Generated Three - Dimensional Movies" by A. Michael 

Noll, Computers and Automation, November 1965, pp.20- 23 
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3 4 
lhe pktun, from A to 8 it teen In &be cop ticw &D be rw.a &.be 1M* of &.be &!~aft and the direc&Joa ol ooe 

Ill of 1M pll'llJel trid UIN laed with fill*' to DOrth. 
1M (w)-&M ~ .....,..d Ia &bt pwad plue aDd ~-A tan~ tan 1 

,.,..sic\llar to a pouDd liDe AI, from &be ~r 001 
' 

( .. .w.all) to .U. 11 aad tbt ~ide view abowalhe wrtkal clillaDce ID be IJ/e111 • · 
Let,._....., t.t... parallel liMa of the pettem.' 1be Tbe anJ)e • Ia deftnlcl uin FJOUR£ l ud ile IUfeDt 

illlllral panioD ol " iDclk:Uea that a particular line is c&preUed u : 
-* u AI is U.lllllliDe to the left of the poi.at direc:t· ta '"/co. 1- A tan • tan 1 ., eoe • _, ta 

1 1J u.dlr U. o-.¥W or aircraft. n a- Jl icoa • -A ca. 1 -•II • n 
Let AI•&M beiabt or altitude ol the aireraft above around. JO ( 1) 
Let ••lM ldualllope i.a the perspective view of the line 

AI. An arbitrary point on the line AB ia tbc picture is cSe6Ded 
'1\arai.q aow to FIGURE 2. It lhould be appreciated by X and Y, the boriz.ootal ud vertic:al diltaoces ftom 

&.bM tbe ICCGC coasidcred CODiists of a ainaJe Jine, (tiled point B. Sin(e th• point is Oil tbe line AB: 
A.B. pi~£~ the borUIOn. 'The top portion of FIGURE 2 15 x ... y tan • (2) 

dllpicta Ul entire lituatioo (obeerver, pus Uld eoene) in 1'be deflection vohaaes which deflect a apot on a cathode 
plaa view or 1op view lookina perpendicular to the 
JI'OUDd. AI the rilbt side of tbc ftlure, the entire situation ray tube from B to the point X. Y, are KX aod KY. 

wbeR K is the detlectioft flac:&or oi the dilplay tube. 
ia lbowa i.a prolle view or lidc view. 1besc views II.TC Multiplyina both aides of the above equatioo by K, 
Uled to CIQGitnKt a pi(ture on the alua. wled the Front 20 Equation 2 is obtained : 
Pmlpective View. 

'Be obecnocr'a eye is at point 0. The aJaa, reprnented KX =KY tan • ()) 
by PP (for picture pluw) in the ftaure, is ed,ewise in 
lbc IieSe view, aDd c:oiDcides with the paper in the front 
Yicw. Ia tbe top view, the JrOUnd plue coiotides with 2l 
the paper. n. al .. ia comidered to be in an eRCt 
pmiUoe direc:tly ill froat ot tbe obte-r'wr, and the point 0' 
ia 1M poiDt on die alMa ~y in front of the obltrver'a 
.,e. ne liDe oo·. therefore, is pc:cpeodicubr to tbc 
.... ud pwallel to the front~bKk axis of tbc aii"C'''aft. ao 
Ia me 1roa1 view Ibis liDc is tem endwi.lc at tbc point o· 
iatbc..... . 

Tbe borizoa canDOt be shown in the top view or aide 
.;e., tiace it ia at iD6Diae distucc, but ita position in the 
froDt view (aft be ddermined. 35 

1'be aircraft is --.amed to have a positive (nose up) 
piecllaqle • · To look at the borizlon, the observer must 
lower bia line-of..a,ht an anaJe • from the ltra.iJht-abead 
polition throuab 0'. His linc-of-tiabt now picrus the 
.... a dilbace p tan • below tbc point 0', wbc:R p is the 40 
dutaac:e from 0 10 o·. tbc lbortat distaace from his eye 
to die Jlua. All the points on die horiz.oo. when trans· 
fened aloft& the line~-tiabt into the atus. form the line 
labeled HorizDa in the front view, a distance p t.ul • 
below the point 0'. 

Tbo liae AB ia a line alon& the JI'OUnd. 'IbeRfore, in 

Tbc display is adjulted 10 that point o· is the loc:atioo of 
the spot when no defteaion volbiCS are applied. Tbcn 
tbe total deflection volta,e, V a and V,.. must include tbc 
bias volta~• to position the apot at B when X and Y are 
zero. 

Let X. and Y 1 be tbe horizontal and vertical dista.nc:ea 
from 0' to B. Tben: 

Va=KX+KX1 and V1=KY+KY1 (4) 

,. p t!'n I d y + 
"'•- - - - an o= p tan • 

('()g. 
(5) 

from FIGURE 2. 
Substitutina the expressions for Xo and Y 0 we obtain : 

l·.=KX 1\p tan I (6) 
('08 • 

V.,=KY +Kp lUI • 

Subititute for KX dle expression: KY tan • 

Then : 

l' .hT 1 _K.:_p ,_ta,_n_l .= an a- COl! • 

For tan •· substitute 

"r t'Ofl • 
l t'OS I A tan • Inn 1: 

(7) 

(8 ) 

the Dele view, it appcan to have a downward tilt • · The 
Jl"(llUDd IUrfKC is ~eea edtewise in the s.ide view, and is 
,..net to lheliaHil-eiJht from the observer to the hori· 
- Iince tbc JI'OUnd IUrfac:e contains the horizon an in· 60 
hice distaDce away. Tbe perpendicular distance from the 
obla Va' to the around plane is h. the altitude of the air- 1' [Kl'"r ('M ~ . t •] K p tan ' 
cntL ne pllitioo of abe lioe AB on the IUrfac:e of • - -. - ('-0-S 8 - sw • ~D ('()S • 

tile .-o&~od is de6ned by a distaDc:e and an anate, both "1\ 1 · r ro" ~ [ • . . 1\ p ] 
..,.iadletop'ricw. Tbedistanceiu.,wbichlbould, 6~ - •~osl .- Kl sm •+t'OS• tanl (9) 
for die time beiq. be reprded • a liaale I)'Jftbol. This 
diltaftce it meuurecl from tbe point on the rround beneath To trace AB on the display. the distance Y is st&rted at 
6c obeet ter, perpendicular to the line A B. Tbe aft11e 1 is aero and incre&SN uniform I y with the time to tbe limit 
die ftcraM:e between tbc bcarinl of AB and the beadina o1 tbe cliaplay. Both deft.."Ction voltaacs v. and v., are 
of 1M aim'aft. eo derived from the time-varyina quantity Y. 

The politioa ol tbc pictun of AB ce be detcrrrUned by FIGUREs) and 4 iUustrate the chu,n in the display 
loclliat two points on the line. 'The poinu choeen are rcaWtina from instantaDC'OUs velocities ,. and , .• where ,. 
die ,aials A and B. Point B is where AB appears to aepewnu the forw:a.rd touopoMnt ot around speed. and 
--~ tt.e borizlon. Poiat B • :ut inftnitc diataace from ' '• I'Cpi'UCDts the s.ide'a·ard c:ornponcnt of pound speed. 
die oboea wer. Tbe ~-tiaht to point B Is thus parallel 4.l Ia aiiDIII interval ol time ~~the air ,,.ft moves forward 
to AI. De ..,at where this line-of-tiJht pierces tbe alas i.a FIGURE 3 a distance vtlt. To an observer in the a ir· 
II poiat I' 1ft the pic:ture. Ita horizoetaJ dis&aDce from craft. a falure on dJe pound -..ean to move baca- a 
JJOiet 0' is fCIUDd. frocn the top view, to be disaaftce "'· The appuHt cbansc in the tocat.ion oft~ 

diaaooaJ liDC AB is that component of 1ts motion whic11 ;, 
iO aoswile to irs diftc1.ion. wit sin 1 . Tbe O(~r compon~nc 

ol the lnOCioe a aJona the di~ of the line aDd rnulh 
iD DO ~ chanae in the line. 

, tan' 

coa• 
ne horiDl haa alftady ben located. 

H the .... aed die line AI an nkftded far enouah. 
AI wfJJ pimle llw afass M point A. The JinM>f-liJtlt to A 
alto piercn the pa. • A. 'The horizontal ctisaancr, ill 

SiiDilarty, the sickr.lrd motion of the airCTaft t5 , ·_dt 
to die riJbt iwl FJGUitE 4; of 1~ line ,., ''to the ldt. Th~ 

j.; ~t petpendic\llar to the line is •,lit cos 1 . 



I 

1,081,888 
I I 

n.... hw\) aMiuna are dl••• in dw 4illlaol:c 1tq1 I tmploya conwntiooal ainc<Oilnc powntiomc&.cn 
dllillated "'· Tlw motiOI'I wit &ia I ia in a di*tion 110 •bkll totalt the coordiucea ill accordance wUb dw tum · 
• eo elK,...'"· while the motion v.Jt eo~' ii"Knuct nr. m1ry : 
If ~(IV) Ia &lie i~reut in IV in time dt, tbcn : X'-X 001 ,_y lin, 

d(IV)•v1 cw I tlt-v liD ldt (10) ~ Y' -=X aiD ,+Y COl, 

At this poia& in &he ~btioa it il QeCell&r)' to ex- In lhla equation X ud Y corrctpOGd to &he oriJinally 
,.ad lbe ~...,....atioa ol "'· 1lw liM AB ia OM of a dnived cldi«IJon vol&q~~ aDd &he variable, QX'r~ 
IMaily ol pvalW IU.. •ith uoifonn 11*-ina r. If lbe to the roU anaJe of the alraafL 
'flllbol tv ia DOW in&erpreted u .a- prod~.~et of " Umca r, lO llctunilila w the detailed daaiptioa oC FIGURE ' · 
" ....-en&a lbe DLimber ol intervaJa r coatained in the mtnlion will apjn be made ol &be ,..Uiive UOO p.p.a. 
dil&uct "'· •ave form derived by the pul• ICMf&IDr 4. Tbia time 

SU.CC ria a COftltant. it c:an be rernowd from the differ- .-ccd •rita of voltaiC impultcall UICd w proridc tri•r· 
.aJ &bow, aDd "can write : lnJ potential• for each ~banoel of &be double chanucl 

rd~t•v. coa IJt-v lin ldt ( 11 ) 1 ~ dtftec:tion ayatcm uacd for enerJi.z.ina t.bc X-uia dck· 
tlon plate• of &be uthodt ray tube. SiDcc each ptc:u&re 

Dividiq both aidea by rdt, traced on tbc ul.bodc ny tube contains two •ta of linea, 
dltldt-llr(v, cw ,__ ,. sin f) (12) a pair of X-ddlection ~banneb ia required. It will be 

appreciated that a ain&)e Y «ftect.ion cbannel common to 
11ae pitda anc1c • aad ain:nft bcad.ina I thus a~ utHiud 20 both •ta of linn in the JTid pattern la employed. 
M:ICOidina eo the iawntion in tcncratina the diaplay. The 2400 p.p.s. wave form produced by the pulac ICJICr· 
Tbe altitude It wilh the speed components and roll anJie ator 4 Is connected to aimultaneously encraiz,c a fint uw 
we &leo utilized. Since almolt aU modem aircraft c;on- tooth aenerator fA located in one X-deftcctioo chanDelaDd 
tllia u aJrimrter, a 8peed indiutor, a compass, and a de· a aecond aaw tooth aenerel.or fB connected in the other 
rice w deecnnine pitch and roll .Wtuck. conventional " :1 channel. The 2400 p.p.s. liJDI) is also supplied to a 
means for mcaswilll these quantities arc employed in - countdown 1111e It in order to dfect a frequency reduc-
~~~~ the ia¥Cftlion. The triJOftOO'C1ric functions of tion in the input aiJJlal. Such f~quency reduction or 
die aqln derived in the inYent.ion may be readily dcrived countdown proccu may be ~plisbed by suitabk ataan 
by hn~tion pokntiometen or other equally suitable de· of conventional circuitry auch u cuc:adcd ftip-ftopl or the 
Yic:u. 30 like. 

It will now be evident that aH attitudes and motions The output wave form from the countdown staae It 
ol the aircnft can be simulas.td as follows : takes tbe form of a 60 p .p.s. wave train which is utiliad 

aa a IWitduna tri,.er. Thi.l mtchina triuer is applied 
g~ =: ~ ~ to a multivibntor II which deri"es a 30 c.p.a. aquare wave 
(") llolJ · b of c.oonfnatc rotator 35 awitchina voiiiJie at its output terminalL An electronic 
" • rocate piCture Y means a 

1 
• awitch u is c.onDeCttd to ~~ive the 30 c.p.s. awitchina ( 4) Forward mot.ioo ud sideward motion. vary " : ac-

cordina t.o the ~lationlh.ip tlttl dt= lr ( , .• cos 1--v loin I ). voltate in order to alternately apply tbc output potentials 
($) VerUc:.al motion. vwy h. from the pair of X-dcftection chanoels to the X-ws deftec· 

tion plates or the uthocle ny tube. 1bc resultina com-
Tumina from the mathematical derivation of the en- 40 posite X-uil dcftcction potential is. of course. preliminari· 

crtiDna poc.entiah which must be aupplied t.o the cktlcc- ly applied to the coordia.atc rotator staae I to compensate 
tioo plaaea of the c:athode ray tube, ~fc-rcnce to FIGURE for airaaft roU. 
5 wiD DOW be made. Retumina now w that portion of the block diqram in 

Ia daia Iaure. lhc IIUmft"'l 2 bas been UICd t.o indicate FIGURE 5 which is employed in dewlopina the fint of 
~y the block dialfll"' of the circuitry and compo- the X-deftection potentials. the uw tooth ,enerator fA 
..ua employed in producina dcftec::tion potentials. In 

4
:; will apjn be referred to. 1bc saw tooth ,encrator fA 

die kfthaDd portion ol the d.iqram, tbc numeral 3 bas receives a value ol potential "tt" from an" aeocrator UA 
bem wed to. identify a con¥Cntional 2400 c.p.a. OIIC:illator. illustrated directly the~bencath. The input poCcntial for 
1bc oecillator 3 may take the form ol a conventional line the ,. ,eoerator 13 is received from the countdown stqe 
wave ltnera&.or'· It and takes the form of the repetitive 60 p.p.s. output 

The ouq,ut WliVe form from the 01eillator 3 u applied &ipa.l produced by the latter .uee. 
-..ly 10 a pultc ~tncraaor 4, whic:h includes auitable Ml The output of the saw tooth ,enerator fA tales the 
cimaitry for d«iviDa a 2400 p .p.a. output pulac train form of ttKY, which mtans that the amplitude of the saw 
froat &.bt OicilJaaory iaput aipal. 1bc fenctalor • may tooth voltaac in Ws X-cbannel is controlled by the quan-
'-Ncie coaneebon..l di&retltiatinc and/ or pul.e -.111 tity 
ciralitry for produciq die 2400 p.p.a. output pocential. ~ 11 KY potential thus derived is applied as an inrut 

A portioD of the output poc.cfttial from the put. ,entr· 63 liJftal to 1 computer sta,e 14A which d~rivn tbe expres· 
uar 4 is applied to a blankiaa pul.e ,eocrator 5. 'The &ion : 
ft1*,itive pu1.ac train from the put• ,eaerator 4 is also , cos • / It cos 1 

.,ied 10 t.bc input tenninals of a saw tooth ,cncntor 6 The computer sta,e 1~ also dcrivn t~ product of this 
clirect.ly 10 tbc fiaht. Tbe saw .tooth ~tor ' to fractioD with the ~tKY compoacnt received from &be aaw 

cllri"" tile KY COIDpoDtftl for~ Y-uu ~plates tooth tor fA. 'The computer llaJC 1~ thus has 
o1 the cathode ray tube. It ..,u be ~ tn lhil COD- \he ru::= o1 assistina t.o dcriw t.bc cnei'Jizina potentials 
IIICtioa that tbe term KY tneftly compn~ the product for proctucina tbc Dor\h.south line patum on the face of 
o1 a lineel diataect on tbt ut.hode ny tube wtth the deftcc· ....... thode tube 
tiolt t.cuw ia .olD per uait distance. ...,. ca ny · 
n. KY ~~ deriftd ia tbt saw tooth aeaerator 6.l Tbe analot 'fOitate 

h ....,u.cs to the iaput tm~tinala ol a computer llqe 7 
wlllida ~ the JMthcmatic:al uprasion + ICp tan • 
aftC1 adda this value ol JM*IItial to the tmn KY. It will 
a.. ncalled fraln prntou. port.ioDa ol tht deta.Uid cleacrip- ' vcd f 
tiOft chat the Y-uil delectina potential V illiftD by \he TO from llqe I~ aDd the ~tile .KY den ~ s,a-.. . 

' tootfl JtMftlor 6 arc supplied dtreetly to the anput ter· 
e.\,..lllioe KT+K, tall~· 7 is aiMb ola .....__,., stqe l5A for the purpose of com-

llw v, _.,... poeeeual ol tbt compuler lltale . -:-·~ . ...._ft • -- ti 1 v .,.ild w a cocriiMie rotalior atate I. The •ate I is pletilll tht clcrintiOil of~ X-&11S.,... ~ .--n a •· 
..s to ... ,, tbt delectioft o1 the electron beam n. tete V a ~ ~ the . al,etrate sum ~ th~ 
wkl*a ~ ray tulle for aircratt roll. ao~Uor Tl cc r c 11 h as iBdicUtd Ul Equat1011 9. The speci6c ctr· 
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C\litry which ia employed In \be blocL UA Ia llluatratN 
in FlGU.E 9 aDd wW be uplaJDtd ln detail In COCifteC· 
Uae tMmrtth. 

Coadnlliq with U. detailed dMc:riptlon ol FIGURES 
uc1 .on ,.nicularly with the dn:ui\ry ud compoDtntl 
ia tM IICODd X-dellctioe dwaael, tbe •w tooth pnera· 
tor t1 In the lower portioe of tbe drawlq will DOW be 
Rftrred to. 

'Be aenenator tB ia COilnec:ted to receive Input potential 
ol value .. ,. .. from the 11 ~tnerator UB Illustrated im­
lnedjaRiy tbcrcabove. 11M aeocrator UB Ia ltaelt en­
e,p.d by the 60 p.p.L awildliq triQer deri¥Cd from the 
orilinaJ 2400 p.p.L lipal by the countdown ata,e Jt. 
n.. poerator tB produce~ the ualoa component 11KY 
at hs output terminal, where the amplitude of the aaw 
tooth voltqe ia apia controlled by the quantity "· 

T'lba aaa1ot c:ompoeellt ia supplied to a computiDa staae 
148 ill which tbeR ia derived tho quotient : 

r coa -"• coa 1 

8 
X-u!t deiiKtlon plata of &be cathode ray tube at the rate 
ot SO e)'dea per aecond by the electronic awlldJ JJ. It 
wiU be ~iatcd that oeber IU!table values for ot<"il. 
lator frequeDCy and llne·tncina rata would fall equally 

5 Mil wltbln tbe purview of abe appcDCW dUma. 
Tbt 2400 c.p.a. triuerina ol •w &oodl ftDCr&Sor ' iD 

the chaantl for produc:i.Da die Y-uil dellc:tioa pokn· 
Uala c:a\1111 the elec:tron beam of 1M calboclc ray tube 
to sweep venically. The ~aw loodl FDtraton fA and 

10 tB in the illctivldual X-ckftec:tion c:banncta arc triuered 
I)'Dc:bronously in order to c:au.c the electron beam to 
sweep horizontally. The amplitude of the ~aw tooCb 
potcDtial m e.ch X-c:bunel ;, c.ontroi.Jed by the mapJ· 
tude of "· u provided by the n ,eneratora UA ud UB 

1 J aaoclated with the rapec:tive c:banoela. Tbe boriwll Uoe 
in the arid pattcm ia traced by awecpina the X-dircc:tioo 
witb no vertical sweep potential ooc:e each eye:~. 

The quotient ol theae two triaooometric functions is 20 

eurtiplied by the value of &be 11KY component prettnt at 

Tumilla from the feDeralized Je..:ription of the block 
d.iqram to the details of the teverat individual atqes 
theRin, refeRDCC to FIGURE 6A ud FIGURE 68 will 
DOW be made. 

Tbc value n whic:b is supplied to the ~aw tooth teDen· 
ton fA and t8 in the X-c:bannela, ia attually comprited 
of two component wave forma. Tbe ftrat of thete ia 

the input termiaaiL 1be computer l&afe t•a will thus 
be ICC1I to derive u ualos potartial which is uted in de­
vclopiq the complete deftectioo •oltares needed for tnc· 
iq the east-welt penpective UDH on the srid pattcm of 
the cathode ray tube. 

The poklltial coatribution 

K}. coe • 
" "A eoe I 

derived by the computer stqe t•B totether with the volt­
ate KY derived from the ~awtooth cmer&lor 6 are IUP· 
plied to another computer state 158. Tbe ataae 158 
derives two additioaal contributions to the total analoa po­
ntial and electrooicalty adds thne values to the input 
component from 1•8 to produce an X-uia deflection po­
tential v •. 

2~ illustrated u a ltai.rcue wave 111 in FIGURE 6A. In 
order to pajnt eac:b of the Ji.Del of a complete 40-lioe tel 
in auc:ceaioo, the ltairease wave "' bep at a Deptive 
lower limit IUCb u - V. The potential of tbe "• aianaJ 
is then increued time-wiae by unit inc:Rmenta for each 

30 auc:ccuive line, up to an upper timitina value of po&itive 
potential auc:b u + V. In practicina the iDventioo. 
values of +20 volta and -20 volta for + V and - V 
yielded ~atiafa~:tory resultl. Durina the tncina of each 
line, the wave "• ia held at a constant value. lbia wave 

3;; form can be limply produced by applyina pubes of bed 
amplitude and duration to the input of a conventional 
inteantor circuit conn«ted within the n feDerator stqe. 
Such pulln are Rpeated at the buic rate of 2..00 p.p.s. 

It ia to be recopir.N that the anale I utilized in the 
fint X-ckftection channel difren from the anate 1 utilizlcd .o 
in the leCOCld X«ftection channel by euctly 90 de,rees. 

and the complete cycle ia repeated at a coa.stant rate auch 
u 60 c: .p.a. in the embodiment of the illventioo illustrated 
iD FIGURES. 

In ,meratina the oorth·IOUth linn in the fint X-ckftec­
tioa c:banoel, 1 is the airc:nft bcadina with respect to the 
aortb direction. In ,eoentina the eut·wett linn in the 
ICCODd X-ckftection channel. 1 ia the aircraft headina with 
rapec:t to the eut direction. Both anales &R Radily 
obtaiDabk from fliaht instrummtl in the aircraft. 

For the earlier portions of thit specification, it will 
be RCaDed that the X-u.ia ckftectina potelltial for the 
nlt·ftlt lines is forced by the elcc:tronic switch 12 to 
ahtraate with the X-uia potential employed in tncina 
tbt north...auth linea on the cathode ray tube. 

!utboup the north-south and east·"'nt Jrid patterns 
would theoretkally procea an illfinite number of lioeL 
the invctltion provida a finite number of linn in each 
lldl tet Half of dw lfOUP of linea are pcllitioMd to 
the left ol the wrtic:&llllia of the picture. and the Rmain· 
cW are poeiticntd to the riJht of the vertieal axis. Ac· 
cordina to tbt prdemd embodiment of the invention. 
.eo lines may be provided in eath tet of lines. 

Since each ~ntation of the terrain on the ~thode 
ray tube coetains two IUCb tetl of linea. tbe reasoa for 
ptovicliaa l)'lftlnCtrically identical X-deftec:tiocl c:baftoeb 
ia FJOua£ S will DOW be more fully appreciated. By 
INiaftl ol the eleetronic switch 11, one pict..;re ia first 
paieeed by tncina all of the li.Des iD one 40-l.iDe tet, fol· 
lowifta which all the linn in tbe other .o.tine tet are 
tnced oe dw illDH lllrfacc of the cathode ray tube. 

In dw bloct diavam ol tbe invention Wustnteod in 
FIGURE 5, dliny complete pictures per leCOftd 1R tnccd 
opoe lhe iMcr encllllrfacc of the cathode ray tube. The 
O¥er-.ll rate of t...eiq linea is then 40-linn per aecond 
timn 2 times )0 pictures per leCODd, or 2400 lines per 
IICOftd. As earlier esplaifted. the output voltatrS ol the 
two X-dclec:tioll c:baMeh aR altemaRI)' applied to the 

Tbe other component of potential produced in each of 
the " feDerator l&aFS takes the form ol a andual laW 

tooth wave form "•· Tbe component 111 ia a slowly vary. 
,a;; iDJ c:ompoaent which simulates motioo. To prevent un· 

be.lanc:e in the picture, the potential 111 is Rtumed to a 
lower Umitina value - V' wbenever it bas andually as· 
ccnded to the upper limitina value of potential + v·. 
Tbe upper and lower limitina values m:lY be let at + .S 

;;o and -.S volt rapectively. 
Tbc component n1 bu the func:tion of maintainina the 

aamc number of lines on each side of the center line of 
the cathode ray tube. Thus, whenever lines which are 
tr.ced upon the tube move around from ldt to rirht as 

~~ a result of the aircraft motion, and the last line on the 
riJht disappears. a new line immediately appears on the 
left of the arid pattrm to l.;eep the picture balanced and 
aymmetric:al. Tbe component "a abown in FIGURE 68 
ezbibtts a rather alow time variation, and is characteriad 

eo by a period measurable in teconds. AccordiDa to tbe 
pracnt invention. a linear potentiometer ia arnn~d for 
coati.Duoua rotation of a motor driven slider tap to Fft­
erate the aaw tooth compoamt ,.,. Tbe ~ of the 
IDOtOt ia proportional to "• c:oa 1-" sin 1. 

4J Ia order to uplain in det&U the circuitry and compo-
.eata wbicb make up each of the " ,enentor 1ta1n shoYt'll 
ia block diqram form in FIGURE S, refeteGCC to FIG· 
UltE 7, wbicll illustrates an 11-Jen<-rator, will no"' be 
made. 

70 Fn. alae earlier portions ol the detailed detcription. 
ucl mare ,.nic:u)arty from Equatioo 12 it will be re­
called that die quantity " oc:t'W'S in the expression 
tl~tl•=llrl..•·· ros ,_,. sin 1). Tbc derivatioo of an 
aaalot 1"'*8tial which proprriy rt~ -nents this function 

;:; ol alae aircraft •actina anak 1 is ac:cornplis.bed by the 



I 

' 
1,081,818 

• • aystem Uluatrated in FIOlJRE 7. To KCOmpUab thla, 
.. Ullt I ia applied aimuJtaneouaJy to I COline po&ln· 
*-e-r 16 ancla UDI potlr. tiocntter 17. Tbe electrical 
lilftll ''• ~h Nprtllnts the aldeward component of 
JI'OUCIIPMCI ia IJIPiied &o the coelne potentiometer 16. 
'I'M •ptive unplitude of ,., which reftec:ts the forward 
compooent of pouDd apoed ia apptied &o the UM poten· 
tioMe-r n . The output potentials from each of the 
JIC*fttiometen are applied to a aummina amplifier 11. 
'1111 alilebraic IUm of ( v,· cos 1- ,. sin 1) appcan at the 

ol the amplifier II and ia multiplied by the ratio 
a eonwntional multiplier at3Jt If. The resultina 

is applied directly to the motor 2t to control the 
output speed thereof. 

Directly 1o the left of the motor 21 the~ is provickd 
a linear potentiorMter 11 whi<:h hu a •lickr tap J.J. con· 
Bided &o receive torque from the motor lt. Potential 
from a su.itable IOUrte of unidirectional voltaae 2J is 
dropped acrou the rniatanc:e portion of the potentiometer 
21. The volta,e drop sampled by the motor driven llidcr 
tap 21 is applied by way of conductor U to a aummina 
UIPiifier 2.5. Directly &o the left of the summina am· 
pliler 2.5 the~ is illustrated 111 inteJT'lltor staae 26. 1'be 

10 
channel• of the ayatem. The complete kX eoo&ribution, 
ol ~. Ia Jiven by &he u,nllion 

KY(~rr QOI ; I ll COl I-liA; &aD I) 

1 Tumina &o the circuitry aDd 4fiUJa 8ICilllary 1o derive 
the nmainina terma ol V •· nfeNDCI 10 fiOlJil£ 9 will 
now be made. 

In thia ftaure KY from aawtooth JIDiriiOr 6 ia multi· 
plied by lin • by means of line potenliomewr Jl. Tbe 

10 potentiometer J2 ia connected 10 rdeet chan~• in abc 
varimble • in terms of llider or tap dilplac:cmcnt within 
the unit. An analoa voltate -Kp ia applied to hip pin 
amplifier 33. The output aianaJ from ampli6er JJ ia sam· 
pled by a c01ine potentiometer J4 wbicb rdlecta challftS 

u in the variable • by npcrieocina ch&Dftl in the position 
of a movable &lider or tap within the unit. It wiU be 
apparent to lhote akilled in the art that the quantity cos 
• deflMS the pin of the feedbaci. loop around the hiJh 
pin amplifier J3. 

20 The output aiJnal from amplifier 33 takes the form 

+Kp 

c:oa• 
ia~earator staae 26 is connec:ted to ~ceive ~pctitive input while the output sian:~J from sine potentiometer 32 takes 
potentials of 2400 p.p.s. and 60 p.p.s .. respecti\·e ly. It 25 the form KY sin • · These two liJnals a~ applied to 
will be recalled that the production of the n1 siJnal may the input terminal) of summina amplifier 35 1o derive the 
be IIXOmplished by applyina pulses of fixed amplitude IUm 
ud duration &o the input of aucb 111 intearator. In 
FIGURE 7. thex pul~ea ~ delive~d at the rate of 2400 
p.p.s .. ud the cycle repeats itself 60 tirMS each second 
in rnpome &o the 60 c .p.s. trigerina potential which is 
IUPIIlied &o the mteara&or. 

Tbe output contribution 111 of the inteJTator atare 26 

ao 
This IUm is multiplied by lin I , utilirina a leCOnd si.ne 
potentiometer 41. The output of potentiometer 41 is a 
voltaF analoa of the quantity 

is combined with the potential contribution from the 
potentiorr~~:r 21 in the summina amplifier 2.5 to produce 3.> 

complete n ai,W. 
( KY sin •+ Kp ) 

ro.s • 
lin 1. which is applied to the input terminals of hiah pin 
amplifier 42. The output of amplifier 42 is sampled 111d 
applied &o a aecond COline potentiorMter 43, which is 
reaponsive &o c:ban~s in the variable 1. The ellpresaion 
coa 1 defines the pin or the feedback loop around hiah 
pin amplifier 41. The output aiJnal from amplifier 42 
therefore ia 

Continuina with the deta.iled descript ion of other 
apects of the invention, 111d more p:1rt icularly with the 
ellpllllation of the computina blocks 14A and 148 in 
AGURE S. the c ircuitry for derivina the analoa contri· • 0 

bution 

will now be nplained in conjunction with the FIGURE 8. •~ 
In this fiaure . the 111aloa component nKY is applied to 

( KY . ""+ Kp ) sin 1 
-

8111 
• eos • eos I 

which, of course, is identical wilh 
111 amplifier 27 which is characterized by a pin of r . . 
Tbe output potential of the amplifier 27 consequently cor· 
responds to the product -nrKY. 

Tbis product is applied to a conventional cosine poten· 
tiometer 21. Tbe potentiometer 21 receives the variable 
• in the form of a shaft input 111d ckrives the cosine 
of abe input aiJnal. The output potential provided by 
die poteftriometer 2a thus takes the form _,., coa foKY. 
'l1lil \'Oka~ is applied &o a hilh pin amplifier 2t ahown 
immediately 1o the riJht of the potentiometer 11. 

Tbe output potential of the hiJh pin amplifier 2t is 
*'Oflllld ~ero. a linear potentiometer H . The fraction 

-(KY sin++ KP ) tan I 
ros • 

&o This Iiana! is applied to the input terminaJs or summina 
amplifter 4C, to,ether with the liJn:U 

" derived from earlier computer staaes. ~ two contri­
butions ~ IUmmed in amp)ifier 4C to complete the de­
flection YO!tqe V •· 111d produce the total vollaft 

the YOita~ drop received from the potentiometer 3t 
controlled by a llider arm which varies in position in eo 

llccOC"ClLanc:e wilh the instantaneous value of the quantity 

aKl'r roe+ -[KY . ""+ K, ] tan 1 A C'Oil 1 11n .. eoe • 

It wm be rec:alh:d that this form of the V • detlectinc 
pc*Dtial was .et for1b iD Equation 9 earlier in the &~-« i · 
lcatioD. 

It or altitude. 
By this meaM. the analoa counterpu1 of the altitude 

ia dewloped and is applied to COline potentiometer 31. 
'1111 COline potentiometer is condition rnpom;>~e to the 
variable ' · which repraents the beadina 111p of the air­
craft. Variations in I are allowed to control the cosine 
potentiometer )I by !'Mans of a shaft anile input. or the 
like. The output aiJnal developed toy the potentiometer 
Jl ia applied to the hilh pin amplifier 29. The pin 
of lllle feed-*k loop around this amplifier will be teen 
a.> ecwrespond 1o the -rm It cos 1. 

The camposiw Cl'ltput poknlial made availablt by the 
hilll pin amplitcr 2t comprnn pan of the KX coatri­
butiofl wtlldl is dew~ by each of the two X -deflection 

Circuitry for c:o~D~~Utor •• 7 wbicb deriW~~ the eenn 
~ +KI' laD • is 11CD by rcfaeace &o F1GURE 10. In 

dais Iaure aa aaa1ot coatn'budoo +Kp is applied iD the 
lara ol aa input D.C. potential to a siDe JM*D~r 
.._ 'l1le potcetiometer is COGDOCkJ to relect c:hanaes 
Ia .... variable • in wms o1 stideT' oc tap dispUac::anent 

70 witlaia tile IIBiL From the poeentiomeeer 44 the output 
~ +KI' lia • is applied to the input terminals of 
a IUIIa ... alllplikr 45. Tbe output lipa1 deriwd by 
die Ulfliler 45 is sampled by a c:o&ir e polellticxnekr 46. 
Tille ,_.,w-.wr ~ reflects chana., iD the value of 

11 1lle nriable • by expa imci.na c:banJn ill the physic:al 
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JIC)Iitioa ot a movable &lidor ()( tap provided within lhc 
\&Alt. 
n. <*PUt ot COiiDc potentJometer " ia reapplied to 

.. laput ot 1M ~ pill amplifter .S. It wiU be • 
J~UUt eo*- lk.Uied lp the art that the quaDllty, eo1 • 
..... tt. pia ot tbe feedback loop around the blah pin . .,., ....... 
n. output alpal from ampUJier 41 tat.oa the form 

+K aln • 'oos• 
wllicla ia of coune ldatical with +Kp tan •· Thia term 
it IIIIJIIjled 10 IWDiftint amplifter 47. The cootribution 
ICY fi'Oducod by saw tooth ,enerator 6 ia abo applied to 
........ , ..... ..,_ ne output aipal of the amplif\er 47 
ClOiftlll'ilea the v, delledioe potential for the cathode nay 
tube. ud tak• lbc form KY+Kp tan • . It will be re· 
caUed that dais form ol the v, ddectioo potential was 
at fonb ill Equation 7 earlier in the .specification. 

12 
cleac'tJon potential• for the Y·axia dcllc,tina plate. u( 
said cathode ray tube. meana includina a .. w tooth ~rn· 
«alor connecud mpontive to a ftnc n-,ennacor flK dr· 
rlvina dtftecllon Pl*Dllab for appiK:atioo &o the X·uia 

3 ddlctlna platea of sald cathode ray wbe &o &race a "' of 
DOrth·eouth linea, means indudina a IIW &oodl ,enera&or 
ooaneeted reaponsive to a eeeood a....,..aor for derivina 
.1aftection poccntials for applk:aUoo 10 &be X-uia dcllcc­
Lion plates of aald cathode ray tube to trace a wt of cut· 

JO Wilt linea, and mcana iocludiDa clecttoak mldt meaas 
for applyin& saJd deftection potentials for said eaK·Wnl 
Una to sa6d X-axia deflection plates alternately with laid 
dcllctioa potential• for said north-south lines. 

3. In an airborne ele<:tronic: ayi&em for visually indi· 
14 catin1 the poMW'e of an amraft with retpect to the &fOUnd 

terrain beneath the aircraft on a cathode ray tube. a fi~ 
channel for derivina Y -axis deftectioo voltapes which in­
cludea a saw tooth ,enerator ar.J ;. .;omputer staae con­
nected &o laid saw tooth aenerator for wmputina the 

20 analoa contribution Kp tan •; second and third chan­
n-:-!' for derivina a pair of X-axia def'lection voll.afea, 
aaid channels each i.Dcludina a saw tooth aeneraror and 
computer stages connected to uid saw tooth ;enerator for 
computina and cornbinina the analoa contributions KX 

2.> and 

-~I!.J.~ 
cos. 

Ill COI!dudina the detailed clesaiption of the several 
llqea and components ol tbe invention, reference to 
FlGUilE 11 •ill DOW be made. 1bt performance of the 
i.Dwntive s)'llem in accordance with the mathematical 
re&atioalbi.- deriwd from FIGURE 2 may be reprded 
aa aa.tial~ tbrouP mbstantially all ran,et of the 
YWiabb IUCb u I, •· It and tbe like. When the beld­
iDa aqle 1 approKbea 90•, the limitation of thole ex­
Piewioal wllcre COl I appears in the denominator to suffi. 
aeatly 1artt biac values may be advisable. Such limita· 
tioa produces ODly imperceptible deviations from the ick.al 30 electronic switchina means for renderina said X-uis de· 
lrid paUenl ICJUiht to be produced. ftection voltaaes alternately available to the X-axis de· 

1bt modified coaiDc JIC*Dtiomcttt ~re illuatrated ftection plates within said cathode ray tube, and compen-
ia FJGURE 11 mey be employed in order to completely satina means electricalJy interposed between said Y-uis 
avoid the problem. Itt tbe potentiometer system iliUJ· deflection potentials, Wd X-axis deflection pocenti3ls and 
lraled ill this ftaure the 90" aro voltaae point ia actually 3;; the deftec:tion plates of said cathode ray tube to simulate 
.. jumped ~r" to eliminate the problem. lltis potentiom- the effect of aircr.lft roll upon the c:athode ray tube dis-
CIIer it modified in order to pr0¥ide 1 jumper 37 con- play. 
lleCied to the resistance windina 41 at the 89" and 91" 4. In an airborne electronic I)'Stem for visually iDdj. 
poeitioas, said jumper 37 havin& a pp 31 at the 90" posi· catina the posture of an aircraft with respect to the 
tion of t.bc wiDdin, .... The potential on 51ider 36 is 40 around terrain beneath the aircraft on a cathode ray tube. 
~ prevented from aoin& throuJh uro in order to a source of time-spaced voltqe pulses, first means con-
elimiiWe atlemph by thr computen in the system to uti· Deeted to laid aource of time•paced voltaae pubes to 
lU.e map.itudea of zero in the denominator any expres· deriv~ a Y-ax.is deflection si~l for application to the 
lions where COl 1 occun. Y-ax•s detlect•on plates of the cathode r.~y tube. fre-

Wbile partiallar embodiments of the in~ntion have ,:; quency reduction means connected to said IOUrC'e of volt-
ben sbown and described herein. it is noc intended that a,e pulses, second means c:omprisina a pair of symmetri· 
tbe i.Dvention be limited to such di,closurn but that cally idctltical channels, the first channel c:onnected to 
c:bantes aod modifications can be made and incorporated said source of time-spaced voltqe pubes and to the out-
widllift tbe ICIQPie of the claims. put of said frequency reduction means to derive a first 

What ia daimed ia: ~ X-uis deflection sicn:ll and the second channel connected 
I . Itt &ll airbome eledroaic sy.&em for visually indi· to said IOUrce of volt.,e pulses aDd to the output of 

catiaa the polture of an aircraft with respect to the &round said frequency rtduction means to derive a second X· 
terrain beoeath the aira'aft on a cathode ray tube. a first axis de~ction siJnal, and electronic switch means con· 
chuDCl few deriviaa Y -u:is deftectiOft volt.ates wbicb ia- nected to the first and second channels of said sec.md 
dudea a saw toOth acnerator and a computer ata,e con- 53 ~~ to render the ti~t ~nd the second X:-&'is dcrt_«:· 
~ to aaid saw tooth ,enerator for computin' the tJon 51Jnals alternately avaalable to the X-a,as deflectiOn 
uaJos coatributioo +Kp tan • · teeood aDd third chan· plates ol the cathode ray tube. 
arls for cleriviDI a pair of X-ax~ deflection voha,es. said '· 1bt system of claim 4 in which the fl.nt and the 
channels cacb indudiq a saw toOth ,merator aDd com- leC'ODd ebannela of ~ .IKOnd mean~ each include a 
putcr llqcl eonnecled to said saw tootb ,enerat« for 00 computer sfale for ~IVlDJ and operauna upon 
derivin& and combiDin& the analoc contributions KX and pitch anaJe and budina anale data of tbe aircraft eo 

derive the X-uis dcll«tic>n si~ftllls. 
- ~_l_la~ 6. In an airborne electrooic aystem for vilually indi-

C'08 • c:atina the poiiUre o1 an aircraft with respect to the vouod 
aad dectroajc swilchinamtans for renderinr~ .-.id X-uis GJ e.niD beeeath the airaaft OD a cathode ray tube. ftnt 
~- '¥Oita8DI alternately available to the X-uis de· meaDS includiq an oscillaor aDd a pulle aeoerator COil· 
ledioe plaees within said c:atbode ray tube. aected to aid c.c:illator for proctudna time-&peced ...olt-

2. Ia an airboree dectroDic sf*m for 'rilually lndi· .. pubes, ltCOftd meaDa iDcliMfina a sawtooth ~tor 
caAinl the po11We ol all aireraft with respect to the pound ~ to said pube ~tor and a romp.tlf'r sta;e 
tern1Je beeeetll the aircnfl Oft a cathode ray tube, meus TO C08IMICtelt to said sawtooth ~ne;:~tor to derive a Y -uis 
iaduclille • «*illaaor aBd a pube aenerator ~ .aectiaa lipal. lrequeDcy reductioll means cocnmed 
to aiel OldDMor for producina a time-spececl aries ol eo aaicl .,_ ..... third meus tOMtCted to said tim 
..attqe ,.._, ....,., iftdudint a saw toodt ,._ralol" - Met eo the output of said (requmcy reduction 
coeMCtect 10 IMd puhe ,enerator and a ftnt comput~ ...ns for derivina a fil"\t X-axi~ deft~ion si~:t.J. fourth 
11qt coelleded to •id •• tooth Jtntrator for cltririaa ;s ...as eo.cctrd to said fint means and to the output 



I 

•••••••• lS . 
of uid frequency rtduc:tion means for dcrlvlna a eecood 
X-a~i~ dellection aianlll. 1:00rdinatc rotator means con· 
ncctt\1 to uid ~~~ means for •*trically modifylna 
the Y -axis onJ the ftnt and ~nd X-axia dtftectlon 
W,nala prior to application to the Npectlve pain of de- 6 
~lion platea of the cathode ray tube, and electron!~ 
awitch means connect~ to aald frequency reduction 
means and to said third and u ld founh means to render 
\h~ lint an\1 the aerontJ X-uis dcl\e4;;tion sianala alter· 
natcl)' 1\'ailablc to ~aid coordinate rotator meana. 10 

2.529,601 
2.SJ2,UI 
2,596,471 
2,616,0'71 
1."'.061 
2,149,707 
2,179,002 
2,967,263 
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