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CAA TYPE I COURSE LINE COMPUTER 

SUMMARY 

The CAA Type I Course Lme Computer 
was deslgned and built at the Techmcal 
Development and Evaluation Center It was 
Installed m a DC-3 type axplane in August 
1948 and 1s still bemg used for test demon- 
st*atmrl purposes 

This report discusses the prmclples of 
operatmn, the details of the clrcults used 
and the cahbratmn and ad]ustments required 
to make the Type I C ours e Lme Computer 
operable Also, dlscusslon of the theory of 
basic computers which lead to the des,gn of 
the TypeICourseLinetomputer. andmethods 
of modlfymg the computer to use two bearmgs 
or twodlstances are presented and dlscussed 

INTRODUCTION 

With the conceptmn of d,stance meas- 
urmg and ommrange e qu~pme nt s. It was 
realized that data were avaIlable to operate 
a d e v I c e which would prowde gudance and 
distance mformatmn to a pomt remote from 
the radm statmn and that such a devuze could 
be very useful The DME and on-a-orange 
prowded an axplane with a f,x with respect 
to the radm 5 tat eon, but unless the course 
were along a radial to or from the radio 
statIon, there was no direct mdlcatmn as to 
whether or not a deslred c our s e was bemg 
made good, or of the distance to a desued 
destmatlon or waypoint The course lme 
computer provides such mformatmn When 
the co-ordmates of a waypomt remote from 
a r ad, o statmn are set mto the course line 
computer, and the course-headmg conrrol 1s 
set to the bearmg of the des,red course. the 
course devlatmn md,cator prowdes gudance 
along the selected course and the “distance- 
to-go” meter mdlcates distance tothe selected 
waypomt Also, when the co-ordmates of a 
w ay p 01 n t have been set Into the computer, 
the course-headmg control functions I,, a 
manner smular to the omnlbearmg selector 
The s t r a 1 gh t lme from the airplane to the 
remote pomt may be determmed by turning 
the course-headmg control until the course 
devlatmn indicator 1s centered The magnetic 
be a r III g from the airplane to the waypomt 
may be read fromthe course-headmg control, 
and the distance from the azrplane to the way- 
pomt may be read irom the “distance-to-go” 
mdlcator 

The fxrst wo r k,ng alrborne model of 
course lme computer was built by Mmnea- 
polls-Honeyuell Regulator Co on contract 

with the CAA T e c hn I c a 1 Development and 
Evaluatmn C en t e r This model was built 
usmg components ~mme d la te ly available 
wlthout regard to weight It performed sat- 
lsfactorlly and with a preclsmn nearly equal 
to the CAA Type I Course Line Computer 
The Collms Radm Co produced the first 
course line computer desIgned for commer- 
cull use 

RTCA Special Committee No 31 on 
AI= Traffic Control recoenlzed the value of 
course lme computers -That commIttee 
recommended that tests and development be 
completed so that computers would be ready 
for general use by 1951 In lme with that 
recommendat,on. to establish a m,n~mum 
state of the artwlth respect to the manner of 
settmg m the data and present&on of mdl- 
catmns, and to a r r I ve at some reasonable 
size andwelght requwements for an alrborne 
computer. the TDEC has been actwely III- 
vestlgatmg the computers built by v a r 1 o u s 
manufacturers, and has b u I I t one develop- 
mental model - the CAA Type I Course Lme 
Computer, which 1s the sublect of the report 

THEORY OF OPERATION 

Ooeratmn of the CAA Tvve I Course Lme 
Cbmputer 

._ 

The CAA Type I Course Lme Comwter 
requwes that three pieces of geographic- data 
be manually set m These are the polar co- 
ord,nates of the desired destmatlon with re- 
spect to the r ad I o statmn and the rnT;ye,k’r 
bearing of the desired course 
ordinates are designated as the destmatlon- 
distance co-ordmate and destmatmn-azimuth 
co-ordmate The destmatlon co-ordmates 
are derived from a map before the computed 
c our s e 1s flown. and are set mto the com- 
puter on the appropriate dials The bearmg 
of the des,red course 1s set on the course- 
headmg dial The distance measurmg equp- 
ment and ommrange recexvers are turned on 
and tuned to the desired statmn and the out- 
put of the ommrange receiver 1s swltched to 
the computer The computer has the distance 
and dlrectmn from the airplane to the radm 
statmn s e r v o e d Into It contmuously This 

1 Francis J Gross and Hugh A Kay, 
“ln,tx,l Fl,ght Tests and Theory of an Exper- 
u-nental Parallel Course Computer”, Tech- 
n,cal Development Report No 83. dated 
September 1948 



F,g I Components of the CAA Type I Course L,ne Computer 

mformatmn 15 combmed with the map data 
prev,ously set and the computer produces 
and presents off-course and d,stance-to-go 
,nformat,on on the course dev,atmn and the 
distance-to-go ,nd,cators s hewn ,n F,g 1 

Geometry of Computed Paths 
ReferrIng to Fig 2, the rad,o statmn 

at pant S consists of omn,range and d,stance 
measurmg ground equpments. magnet,= north 
be ,n g mdlcated by the arrow The des,red 
destmatmn ,s ,nd,cated by po,nt D. the de- 
s,red COUI-‘se by 11ne CD, the posit,on of the 
arplane by po,nt P The polar co-ordmates 
of the dest,nat,on D w,th respect to the rad,o 
stat,on S are rd and 13~ Th,s ,nformat,on 
must be read from a map and set m to the 
computer on the dest,nat,on-d,stance co- 
o r d ,n a t e and the destmatmn-azmnuth co- 
ordmate d,als respectwely The polar co- 
ordmates of the axplane w,th respect to the 
ground statmn are r and 8 The magnetic 
be a r ,ng of the desired course IS B The 
d,splacement from course ,5 e and th: along 
track distance-to-go from plane to destma- 
tmn 1s D 

4 
It w,ll be observed that the 

d,stance- o-go Dd ,s the d,stance along the 
des,red c our s e from the destlnatmn D to a 
1,ne perpend,cular to the course and passnig 
through P The distance-to-go ~111 be the 
same as the d, s tan c e from the a,rplane to 
the dest,nat,on when the d,splacement from 
course e 1s zero 

A lme ,s drawn perpendicular to CD 
through stat,on S and mtersectmg 1,ne CD at 

pant E Angle PSE 1s des,gnated as c, and 
angle DSE as .x2 The d,splacement 1 ram 
course 1s 

e = rd co.5 m2 - r cos a1 

and the distance-to-go 1s 

(1) 

Dd = rd S,n 02 + r S,n a1 (2) 

A 1,ne FG ,s drawn through S, parallel to 11ne 
CD The angle NSG = 8 c 

Then 

u1 =e-EC-go’ 

and 

(3) 

a2 = ec - ed + 90’ (4) 

The computer cont,nuously and sim~l- 
taneously solves these four equatmns to ob- 
ta,n e and D 

8’ 
and presents the results on 

the course ev,at,on ,nd,cator and the 
distance-to-go ,nd,cator, respectwely 

The Computer Mechamsm 
To accompl,sh the above operatmns ,n 

the computer, the add,t,on of angles requred 
to g,ve ml and m2 are performed mechamcally 
The s,nes and cosines of ml and (I~ are der,ved 
zl;e;5an s of rotat,ng electro-magnet,c re- 

The v a 1 u e s are then mod,f,ed by 
potent,ometers to p e r for m the mult,pl,ca- 
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Fig 2 Geometry of a Computed Path Usmg CAA Type I Course Lme Computer 

tmns by r and rd, and the sums are obtamed 
by means of parallel summmg networks 
This 1s shown In Fig 3 

A 400-cps voltage E IS applied to the 
rotors of two resolvers, each having a 2- 
wmdmg stator arranged so that the output of 
one stator wmdmg ~111 be proportmnal to E 
multlphed by the s one of the angle between 
the rotor anda reference pomt on the stator, 
and the output of the other wmdmg 1s pro- 
portmnal to E multIplIed by the cosme of the 
angle The stators are mounted In a sdb- 
as s e mb ly so that they may be rotated to- 
gether, and are turned by the dial whxch XI- 
dlcates course heading One rotor IS con- 
nected to a dl al which reads Destmatlon- 
A z I m ut h Co-ordmate The other rotor IS 
se r v D e d to the omrurange receiver W Ith 
this a r r an g e m e nt, the angle between the 
rotor and s t ato r of one resolver IS o and 
the angle between the rotor and stator df the 
other resolver 1s p2, and the stator wmdmgs 
produce voltages proportmnal toE Sm ol and 
E Co* al from one resolver and E Sm a2 and 

E Cos e2 from the other resolver The out- 
puts from the destmatmn-azxnuth co-ordmate 
resolver are fed to a dual potentmmeter on 
which 1s setthedestmatlon-distance co-ordl- 
*ate rd The output from the omnlrange re- 
solver 1s fed to a dual potentmmeter whxh 
IS servoed to the distance measurmg equip- 
ment Thus, the voltages on the wipers of 
the destlnatlon-distance co-ordmate poten- 
tlometer are proportmnal to Erd Sm .x2 and 
Er 
of $ 

Cos .a2, and the voltages on the wipers 
he dxtance measurmg patentlometer are 

proportmnal to E r Sin o and E r Cos .a 
The two components of vo tage i having cos& 
terms are subtracted (one from the other) 
through summmg resistors to give a voltage 
proportmnal to the displacement from course 
e =Erd Cos e2 - Er Cos (I~ The voltages 
having sme components are added to give a 
v o 1 t a g e proportIona to the distance-to-go 
D 

$ = Erd 
Sm m2 + Er Sm 11 In order to 

m erpret these voltages on meters, they are 
fxrst fed to cathode follower ampllflers, then 
to dlfferentlal rectlfler clrcults to operate 
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Fig 3 Computmg Clrcults of the CAA Type I Course Lme Computer - SchematIc Diagram 

zero center dc mstruments 

DESCRIPTION OF THE CAA 
TYPE I COURSE LINE COMPUTER 

General 
The various components of the equip- 

ment are shown In Figs 1. 4, 5, 6 and 7 
The equipment consists of four umts JoIned 
by an mterconnectmg cable a control box, 
an ampllfler unit, a dxtance-to-go mdzcator 
and a course devlatmn mdxator The control 
box weighs 7 5 pounds, and the amphfler com- 
plete with dust cover and shockmount weighs 
21 9 pounds, so that the mstalled weight IE 
29 4pounds exclusive of mdlcators and 
cables The control box contains the omm- 
range phase shifter and servo motor, the two 
resolvers. the destmatlon potenttlometer and 
the master power switch The resolvers 
are mounted mslde of a cylmder The cylm- 
der 1s supported on bearmgs at each end and 
can be turned by the course he adlng dial 
ConnectIons to the resolver are made through 
s11p rmgs as shown m Fig 5 The destlna- 
tmn-azxnuth co-ordmate dial 1s on the shaft 
of one of the resolvers The omnwange ser- 
vo motor turns the shafts of the ommrange 
phase shifter and the second r e so Iv e r as 
shown m Fig 6 The destmatlon-distance 
co-ordmate dial 15 connected to the shaft of 
a Z-sectlon he 1 lop o t potentiometer which 
may be seen m Fig 6 

The ampllfler unit contams the omm- 
range and DME servo ampllflers, the phase 
shzfter adapter ampllfler. the two mdrator 
ampllflers and the DME motor and potentlo- 
meter The servo ampllflers and phase 
shifter adapter ampllfler were built In mdl- 
vldual sub-c h a s s e s plugged into the mam 
c h a s s 1 s by means of octal tube bases and 
sockets as shown In Figs 4 and 7 A 
schematIc wxmg diagram of the computer 1s 
shown In Fig 8 

DME Servo 
To obtam a potentiometer settmg pro- 

portmnal to the DME range voltage. the DME 
motor IS made to drive the wiper of poten- 
tmmeter R12, Fig 8 Potentiometers R13 
and R42 are adJusted to give the proper call- 
bratlon of the DME servo The potentiometers 
are energized with a voltage from the Dh4E 
plate supply, so that varlatmn m the DME 
plate-supply voltage ~111 not effect the set- 
tmgs of the DME servo The DiVX distance 
sIgna IS fed through a rate network Rl6 
and ~6 to the Input of the Dh4Ei servo ample- 
fler and back to the wzper of potentiometer 
RI2 If the voltage on the wiper of R12 1s 
equal to the distance slgnal. there ~111 be no 
Input voltage to the DME amphfler, 1 e , 
across reslstors R14 and R15 The clrcult 
networkwhlch includes R14. R15. R17, R57, 
R58, C29. T4, RA5. RA6, RA7 and RA8 IS 
a ring modulator whxh converts the dc volt- 



Fig 4 CAA Type I Course Line Computer Ampllfler Umt Left Obhque. Cover Removed 

-ge appearmg across resxtor R14 and RI5 
Into an ac voltage appearmg scross the out- 
put termmalof transformer T4 Four stages 
of class A resistance coupled ampllflcatlon 
follow transformer T4 and drive a dlscrxn- 
mator stage The dlscrrmnator consists of 
two 6V6 tubes whxh have 400-cps volt age 
apphed to their plates from each end of the 
secondary wmdmg oftransformer TZSZ The 
center tap of the transformer wmdmg sup- 
plies the slgnal phase wmdmg of a 2-phase 
motor which drives the wipers of R12. R26 
and R27 Thus, If the r e 1s a change m the 
DME distance signal. there ~111 be adc 
voltage apphed to the amp 11 f 1 e r which 1s 
converted to an ac signal, amphfled and 
apphed to the control grids of the 6V6 tubes 
This slgnalwlll be m-phase with the sc volt- 
age applied to the plate of one 6~6 and that 
tube wvlll conduct However, It ~111 be 180’ 
out-of-phase with the voltage applied to the 

plate of the other 6V6. and that tube ~111 not 
conduct This p e r m 1 t s a half-wave rectl- 
fled current to pass through a smgle phase 
of the distance motor M2 A condenser In 
parallel with the signal phase of the motor 
filters the dlscrmnnator output so that the 
mo to r receives 400-cps signal voltage and 
runs to drive the wiper of R12, so that the 
voltage from that wiper to ground 1s equal to 
the DME distance signal The reference 
phase of MZ 1s s upp 11 e d from a secondary 
wmdmg of the power transformer through a 
phase shifter condenser C28 

Ommrange Servo 
Voltage from the ommrange recewer 

which normally would be fed to the c o u I s e 
devlatmn mdxator 1s brought Into the com- 
puter ampllfler unit through termmals D and 
E of the omnlrange recelwr connector It IS 
fed through reslstor R3 and condenser C4 to 
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Fw 7 CAA Tv~e I Course Line Commter “Plug-In” Amphhers, Removed From Mam 
Chassi; Left Side View _ 

a dc/ac converter network This network 
consists of R49, R50, R51, R52, R53. C21 
and c r y s t a 1 rectlflers RAl and RA2 The 
output 1s coupled through condenser C22 to 
the grid of an ampl,f,er The output of this 
modulatmg network 1s equwalent to that used 
m the DME amphfxr However. It elm,m- 
ates the need for an Input transformer Four 
s tag e s of class A amphfxatmn follow the 
modulator clrcult and feed the control grids 
of two 6V6 dlscrlmmator tubes as in the case 
ofthe DME servo The center tap of the 
secondary wmdmg supplymg the d~scru-nma- 
tor feeds the slgnalwmdmgs of the ommrange 
servo motor housed m the control box. and 
drives the ommrange phase sh,fter M3. re- 
solver M4 and velocity generator Mb 

The velocity generator Mb IS a 2-phase 
asynchronous g e n e r at o I, one phase bang 
excited f r o m transformer T2S4 which also 
e x c It e s the reference phase wmdmg of the 
ommrange servo motor Ml When the shaft 
of the velocity generator Mb 1s not turnmg, 
there 1s only a very small residual voltage 
Induced in the slgnal phase However. when 
the shaft 1s tu rnlng, there 1s a voltage m- 
duced Into the slgnal phase whxh 1s propor- 
tmnal 1x1 amplitude to the velocity of rotatmn 
of the shaft and which 1s of a phase determmed 
by thedlrectlon of rotatmn of the shaft This 
velocity voltage 1s fed back through R3 and 
C4 to the input of the servo ampllfler. and 
supplies a dampmg or ant,-hunt s,gnal 

The phase shifter M3 used m this com- 
puter 1s equvalent to the ones used w,th the 
Collms Type 51R-1 and 51R-2 receivers 
However to use this phase shifter with the 
AucraftRadloCorp Type ARC-15ommrange 
receiver It 1s necessary to match the phase 
shifter xnpedance to the ARC-15 rece,ver 
This 1s done with the pha s e shifter adapter 
clrcults The 5 e clrcults cons,st of 1, OOO- 
ohm resistors m each phase of the mcommg 
slgnal and an ampllf>er ,n the rot o r cmcult 
of the phase shifter. so that the output to the 
receiver appears across a lOO,OOO-ohm 
res,stor R45 

Computmg C1rcuts 
The computer c,rcu,ts (descrlbedundder 

Theory of Operatmn) are energzed a5 fol- 
lows T lS5 supphes 15 volts, 400-cps, wh,ch 
:s fed to the rotor wmdmgs of the resolvers 
contamed m the control box Voltages are 
Induced mthe statorwmdmgs of the resolvers 
whlchare proportxmal to the sine and cosn~e 
of the angles between the rotor and stator 
wmdmgs In the destmatmn-azxnuth resolver 
the angle between the rotor and stator wmd- 
mgs 1s produced by turnmg the stator wmd- 
mgs through an angle equal to the course 
headmg, and the rot or wmdmgs through an 
angle equal to the destmatmn-azimuth co- 
ordmate In the omnlrange resolver the 
angle between the rotor and stator wmdmgs 
1s produced by turn 1 n g the stator wmdmgs 



throughan angle equal to the course headmg, 
and turnmg the rotor w 1 nd 1 n g 5 through an 
angle equal to the ommrange mdlcatmn The 
ommrange resolver rotor 1s posltmned by the 
omnlrange servo motor Referrmg to Fig 
8) the voltage appearmg between s11p rmgs 1 
and 51s equal to E Sm LI 
2 and 5 It IS equal to E t 

, between slip rmgs 
OS ~1 

and 5 It 1s equal to E Cos (I~, ‘an”, ebtrtyene z 
4 and 5 It 16 equal to E Sm o2 These volt- 
ages are fed to potentmmeters ~26, R27. 
R28 and R29. respectively The unpers of 
R28 and R29 are adjusted by the destmatmn- 
distance co-ordmate setting and the voltages 
appearmg on them are e qua1 to Er 
and Er Sm a 

Cos a2 
The wipers of poten mmeter El 

~26 an i R27 zre adJusted by the DME servo 
mote r and the voltages appearmg on these 
wipers are equal to Er Cos 01 and Er Sm el. 
respectively The voltage on the wiper of 
R28 1s added to the voltage on the wiper of 
R27 through summmg reslstors R30 and R31 
and the r e s u 1 tan t voltage 15 applied to the 
grid of the course devmtmn ampllfler The 
voltages on the wipers of potentiometers R26 
andR29 are added together through the sum- 
mmg resistors R22 andR23 and applied to the 
grid of the distance-to-go mdxator amphfxr 
The dlsplacementfromcourse 1s mdxated by 
the course deviatmn mdlcatorused for local- 
~zer and omnlbearmg mdlcatmns The course 
devlatlon ampllfxr has an output suffxcvsnt 
to give five dots deflectlon for a dlsplace- 
ment from course of five moles A modlfled 
radm altnneter lndlcator IS used for the 
distance-to-go lndlcator The dlstance-to- 
go arnpllf~er produces an output such that 
full scale on the mdxator represents about 
75 n-de* 

Alarm Clrcult 
The alarm clrcult monitors the plate- 

supply voltage m the computer, sxgnal In the 
DMFi gate and the phase shifter transfer re- 
lay. and performs the usual mdlcatmns for 
the omnlrange receivers The s e functmns 
are accomplished by a relay operated by the 
computer plate-supply voltage, another 
operated by the DME alarm and a par of 
contacts on the phase shifter transfer relay 
The contacts of the s e relays are connected 
m serves wlththe flag alarm of the omnlrange 
receiver 1x1 such a manner that the failure of 
any one of the four monltored circuits causes 
the flag clrcult to open and the course 
devmtlon mdlcator flag to come Into view 

Power Clrcults 
The power supply for the computer 1s 

q u 1 t e conventmnal Two transformers are 
energized from the arcraft I lO-volt 400-cps 
smgle phase supply by groundmg the power- 

supply switch m the control box One trans- 
former supplies slgnal voltage for the com- 
puter, the mdlcator ampllflers and the modu- 
lator clrcults The other transformer sup- 
plies the plate-supply rect~fle r tube, the 
dlscrnnmator tubes, the reference phase of 
the motors and the heaters of the tubes 

TESTS AND RESULTS 

Adjustments and Cahbratmn 
After the computer was constructed. It 

r e q u I r e d the control dmls to be properly 
orIented. the phase adapter ampllfler to be 
calibrated, and the distance-repeat-back 
potentmmeter to be cahbrated For these 
purposes a test mockup was made An 
AIrcraft Radm Corp Type ARC-15 receiver 
was connected to a Collms Type 4795 slgnal 
generator and the output of the recelyer was 
fed to the computer T hl s provided omnl- 
range signals for test purposes A Hazeltme 
Mode 1 1355 distance measurmg equipment 
and AIrcraft Radm Corp Type H-13A slgnal 
generator provided distance signals 

The dials were o r 1 e nt e d as follows 
The destmatlon-distance co- ordmate 

dml was set so that z e r o mdlcation corre- 
sponded to zero resistance betweenthe wipers 
of potentiometers R28 and R29 

The course-headmg dial was orlented 
by first settmg the destlnatmn-distance co- 
ordmate dml to zero mules A medium dls - 
tance s 1 gn a 1 (approxxnately 50 miles) was 
then fed to the DME servo clrcult The re- 
solver cylmder was rotated until the voltage 
across the slop rmgs 1 and 5 on the resolver 
cylmder was zero The course-headmg dml 
was then adJusted to read 180” or south 

The destmatmn-a zlrnuth co-ordinate 
dial was adJusted by first settmg a distance 
of approxxnately 50 miles on the destmation- 
distance co-ordmate dial The shaft of the 
destmatmn-azimuth co-ordmate r e s o Iv e r 
was adJusted so that the voltage between slop 
rings 4 and 5 was zero The destmatmn- 
aaxnuth co-ordmate dial was then set to 180’ 
or south The distance-to-go meter was ob- 
served to read a posxtlve distance 

The DME s e r Y o was cahbrated next 
Both the course-headmg dml and the destma- 
tmn-aelmuthdmlwere set toO’or north The 
destmatmn-dxstance co-ordmate dlalwas set 
to zero distance A zero miles slgnal was 
fed from the DME to the computer The DhIE 
servo zero adJust potentmmeter R13 was 
ad J u s t e d so that the distance-to-go meter 
read zero Next, the destmatmn-distance 
co-ordxate dml was readJusted to 70 moles. 
and a 70-m& slgnal was fed from the DME 
to the computer The DME servo lmearlty 
potentmmeter R42 was adJusted so that the 



distance-to-go meter read zero After this 
adJustment was made, the zero miles settmg 
was checked Then a cahbratmn curve was 
taken by companng the distance slgnal fed 
from the DME with the settmg of the destm- 
atmn-distance co-ordmate d I a 1 requxed to 
give zero distance-to-go mdlcatmn 

Next, the dxtance-to-go meter was 
calibrated Withthedestmatmn-distance co- 
ordmate dial set to zero. the deflectmn of the 
distance-to-go meter was noted for each lo- 
rmle slgnal from the DME These posltmns 
were laid out as a scale for the dlstance-to- 
go mdlcator The followmg procedure was 
used to adjust the phase adapter ampllfm 
The destmatmn-d IS t an c e co-ordmate dial 
was set to zero and a distance slgnal of ap- 
proximately 50 m 11e s was fed to the DME 
servo ampllfIe* Under these condltmns the 
course devmtlon mdlcatorwas centered when 
the dlrectmn s lgnal supplled by the omnlrange 
recemer was 0”. or north, and the course- 
headmg dmlalsowas set tonarth But, as the 
sIgna from the omnlrange receiver was 
v a r le d, the course devmtmn mdlcator did 
not center when the course-headmg dml was 
set to the same value as the ommrange re- 
celver signal A curve of receiver sxgnal 
versus difference between receiver slgnal 
and course-headmg dml settmg to center the 
course devlatlon mdlcator was plotted 
This curve had a promment double frequency 
component whxh IS characterlstlc of error 
curves ux omn~range receivers It was 
found that changmg the values of resistors 
R46 and R48 m the phase shifter ampllfler 
greatlyaffectedthe shape of the error curve 
Wlthsome selectmn Itwas possible to reduce 
this error to a satisfactory value After this 
was done, It was necessary to readJust the 
course-headmg and destmatmn-azimuth co- 
ordmate dmls as described prevmusly 
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Accuracy of Callbratmn 
After the prevmusly mentioned callbra- 

tmns had been performed, a number of 
tour ses were syntheszed. usmg the test 
equipments used for the cahbratlon Durmg 
the s e tests the course devlatmn error was 
never more than one-half mile, andthe arrival 
at destmatmn error was never more than one 
InIle However, It was found that the course 
devlatmn and distance-to-gomdlcatlons con- 
tamed variable errors of as much as ten per 
cent which were a fun c t I o n of the 400-cps 
supply voltage These percentage errors do 
not affect the zero mdlcatmns, but affect 
only the sensltlvlty of the mdlcatmns Thus, 
the course deviatmn mdlcator accurately m- 
dlcates when the chosen course 1 s bemg made 
good, but m case of a departure from course, 
the deflectmn of the c o u r s e devlatmn mdl- 
cator for a g IV e n departure 1s a functmn of 
the supply voltage LIkewIse, the distance- 
to-go mdxator accurately mdlcates the ar- 
rival of the alrplane at the waypomt How- 
ever, when ther e 1s an mdxatmn of other 
than zero on the distance-to-go Indicator. 
that mdlcatmn v a r I e d with changmg supply 
voltage 

Fhght Tests 
The CAA Type I Course Lme Computer 

was first mstalled m TDEC alrplane N 181 m 
July 1948, and was checked and found oper- 
able Although prmrlty of other work pre- 
vented the makmg of a flight speclfxally to 
determme the over-all accuracy with which 
courses could be made goodover the ground, 
observatmns made by engmeers and p 11 o t s 
substantiated the fmdmgs made d u r in g the 
bench tests The computer was used very 
extensively m ConJunctlonwlthdemonstratmns 
of omnlrange and Dh4E equipments and was 
still m operatmn durmg 1950 
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APPENDIX I 

Same General Cons~deratmns 
of Computed Courses 

The CAA Type I Course Line Computer 
evolved from analytxal geometry consldera- 
tmns andpolar co-ordmate data that could be 
obtamedfrom omnxange and distance meas- 
urmg lnformatlon Thus, referrmg to Fig 
lA, ,f north 1s used as the reference dIrectIon, 
the angle 8 measured clockwIse from north, 
and the distance D measured from the radm 
stat,on to P (any pomt wlthm the range of the 
radio statlon) then the two pieces of data, 9 
and D. defme a umque fix with respect to the 
statmn 

A course hne computer can be any 
mechamsm or electric clrcult which ~111 m- 
dlcate w he the r the posltmn of an airplane, 
as given by the above data. satlsfws a pre- 
determmed formula A smnple formula 15 

Sm 0 - D = e 

where e 1s the error voltage and IS a meas- 
ure of the d,splacement of the airplane from 
the computed course This equatmn describes 
a circle of diameter D passmg through the 
s tat 10 n and havmg I s center on a line 90’ k’ 

if om the reference line and at a distance 
+fromthestat~on The mechamsm of a 
computer which ~111 s o Iv e this equation 1s 
s hewn in Fig 1B and consists of a poten- 
tlometer energuxd from a voltage source E, 
having Its wiper movement proportmnal to 
D, and a sme-tak,ng resolver havmg voltage 
E unpressed on Its primary wmdmg and Its 
rotor turned through angle 8 The outputs of 
these two components are connected in series 
and the 1 r difference IS measured For an 
airplane to make good the desired circle, It 

12 

would be f 1 own so as to keep the difference 
equalto zero Aconce~vable apphcatlonwould 
be to have the r ad 10 statlon aboard an a~=- 
craft carrier w 1 t h the reference lme along 
the ax,s of the carrier Then the z-plane 
could be made to approach the fantail of the 
carrier ,n a pattern similar to that which 1s 
often used aboard arcraft carriers today 

Another conceivable use of this type of 
computer m lght be to replace the local~zer 
for rnnway approaches This would provide 
a turn out of a down-wmd approach, much as 
1s used under present day visual flight rules 
condltmns Thx rmght prove very desuable 
under certam traffic condltmns HOWeVer, 
present day ommrange and DME equpments 
do not prov,de sufflclently accurate data for 
this applxatmn A second type of computer 
1s mdlcated I,, Fug 2 In th, s type of com- 
puter, a straight-lme parallel to thereference 
ax15 1s desired F’ram analytical geometry 
cons,deratmns, Fig 2A the equatmn of the 
straight lme AB 1s 

For computer operatmn, this equatmn should 
be rewritten 

DsmB-K=e 

where e 1s error and can be used to correct 
the axplane back to the lme AB The electrl- 
cal clrcut shown III Fig 2B c on 5 1 s t s of a 
voltage source fed to a manually adJustable 
potentmmeter, w he r e the constant K 1s set 
I,,, and to a potentmmeter which 1s adJusted 
proportmnately to the distance D The output 
of th,s potentmmeter mturnfeeds a resolver 
which takes the sine of the angle B The two 
voltages are then connected so as to rneas- 
ure their d,fference, e = D sun 0 - K 

F,g 1 Basic Computer for a Circle 



This smnple computer xv111 give course 
g u 1 d an c e along the lme AB, but does not 
p r o Y Id e a way to show progress along that 
lme or for choosmg 1 ln e s at any angle ex- 
cept parallel to the reference dxrectmn The 
bearmg of the lme AB may be changed If the 
frame of the resolver can be adjusted from 
a reference pomt mdependently of the rotor 
of the resolver If this can be done, then the 
angles, through which the frame and the 
rotor are moved. are mechamcally added 
and the computatmn 1s done for a lme havmg 
a bearmg of e1 as shown m Fig 3A 

Progress from the base of a perpen- 
dlcular to the course lme through the statIon 
can be obtamed If the resolver gives the co- 
*me of the angle e2, or the difference of the 
angles e - e 

I 
Thus, m Its simplest form, 

a computer o supply off-track and dzstance- 
to-go InformatIon consists of the equipment 
shown m Fig 3B 

In this computer, the factor K1 1s the 
d I s tan c e along the course from the foot of 

the perpendicular through the statmn to the 
desired destmatmn. or waypomt The factor 
K2 1s the distance along the perpendicular 
from the c our s e to the statmn Smce It 1s 
desirable to work with a given destmatmn or 
waypomt rather than a perpendxcular to a de- 
slred course whxh changes with each course 
he adIng to the desmed destmatmn. It was 
decided m deslgnmg the CAA Type I Course 
Lme Computer that a destmatmn potentlo- 
meter and resolver would be used to obtam 
the perpendxular component of voltage and 
the along-track component of voltage neces- 
sary to set mto the computer In Fig 3A to 
get off-course and dlsrance-to-destlnatlon 
mformat1on. a 1 s 0, for Impedance matchmg 
reasons, the resolvers were put ahead of the 
potentiometer This resulted m the resolver 
circuit shown In Fig 4. which IS dlscuesed 
in the earher paragraphs of this report 

Glvmg further conslderatmn to the com- 
puter shown In Fig 1, a 4-leaf rose pattern 
1s generated If the resolver 1s geared toturn 

Fig 3 Development of Straight Lme Computer to Provide for Any DIrectIon of Course and 
“Distance-to-go” Computation 
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Fig 4 Further Development of the Straght Lme Computer to Ehmmate Need for Offset 
Distances - The CAA Type I Course Lme Computer 

twice as fast as the angle 0 The mathemat- 
,cal equation 15 

D - Sin 28 = e 

The computer clrcut 1s the same as that of 
Fig 1B However. the pattern 1s as shown 
in Fig 5A 

If the equatlonD-Sln38=eisused 
I* the same computer, then a 3-leaf rose 1s 
generated as shown II, FIN 5B Thus, It 
,s famly obvmus that any figure which can be 
represented by a s 1 mp 1 e equatmn based on 
polar geometry can be r e p r e s e nt e d by a 
number of potentmmeters and resolvers con- 
nected m the proper order Thus, consider 

Fig 5 Multi-Leafed Rose Computer Courses 



6 A Computer for a Remote Circle 

the polar equation for a c 1 r c 1 e located re- 
motely from the Oregon Such a circle 1s 
s hewn m Fig 6A The computer equation 
1s 

D2 +D1 2 - 2DD1 Gas (0 - 0,) - R2 = e 

In Fig 6A. D represents the distance from 
the arlgm to any pomt on the circle along a 
11n e at an angle e from the reference hne. 
Dl represents the distance to the center of 
the c I r c 1 e along a lme at an angle 0 from 
the reference lme and R IS the radluslof the 
circle The electrlcal c~rcult 1s shown III 
Fig 6~ Each factor m the orlgmal equa- 
tlon 1s representedby an element In the com- 
puter clrcult and each term, as shown m this 
equation. 1s energxed from an Isolated volt- 
age source It ~111 be noted that. throughout 
these examples, the resolvers have been In- 
dlcared as electro-mechamcal devices havmg 
magnetlcally coupled rotor and stator wmd- 
mgs This type of resolver 1s readily avail- 
able commerclallyandppresents the advantage 
of having a relatively low Impedance level and, 
therefore, be in g comparatively free from 
loadmg effects However, any devuze which 
~111 extract a sme or cosme as needed and 
~111 fit XI with the Impedances bemg used m 
the related cxcuts can be used one com- 
puter has been bult us In g potentmmeters 
wound on a square form with twowIpers 
wnlch moved In a circle around the center of 

the square wmdmg. thus producmg sme and 
c o s 1 n e voltages of the displacement of the 
wipers from the axis of the wmdmg 

The circular pattern mdlcated m Fig 
6A I e adI ly suggests a method of farmIng a 
circular holdmg pattern In the presence of 
strong cross wmds, and a method of smoothly 
transfernngfrom one straght-lme computed 
course to another 

The circuit shown m Fig 4 can be 
mod 1 f 1 e d to produce circular patterns as 
shown m Fig 6A by changmg It as shown In 
Fig 7 The c OUT s e devlatmn slgnal mdl- 
cated xi Fig 41s usedto drive a servo 
motor which 1s connected to the course- 
headmg dial A pomter on the shaft of thla 
motor ~111, at all tunes, mdlcate the dlrec- 
tmn to the destmatlon, or center of circle 
Then the distance-to-go mdlcatmn 1s com- 
pared with a voltage set proportmnal to the 
radius of the de s ore d circle Thus If the 
distance fromthe destmatlon or holdmg pomt 
1s held c on s t ant, the airplane ~111 make a 
circle about the holdmg pomt, the bearing of 
the ho 1 d in g pamt from the alrplane always 
bemg mdlcated by the positIon of the course 
headmg servo 

This approach to the problem of course 
hne computers prowdes afalrlysxnple meth- 
od of producmg any desired t r a c k m space 
which can be defmed by an algebrax equatmn 
havmg only llnear or sme and cosme terms 
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Fig 7 Modlflcatlon of the CAA Type I Course Lme Computer Clrcults to Provide a Remote 
Circle Course 

APPENDIX II 

Computers Based on Two 
Bearings or Two Distances 

Thus far In this report, all computer 
operation has been based on distance and 
bearmg InformatIon received from one 
ground statmn locatlon Undoubtedly. t h 1 s 
type of mformatlon prowdes the srnplest, 
most straight-forward data for the operatmn 
of course lme computers However, under 
certain ccndltmns, It may be desirable to 
have courses computed from other data In 
view of the fact that the present omnlrange 
p r o g r am 1s well advanced, while distance 
measurmg equipment 1s avallable only on an 
experImenta basis (at this wrltmg), there 
may be a permd when courses based on data 
fromtwo ommrange statmns ~111 be of oper- 
atlonal value Also, It 1s possible that 
courses based on distances from two statlons 
may be of some value The followmg dls- 
cussmn ~111 show how data from two omm- 
range statmns or from twoDMFi statmns can 
be used for course line guidance The two 
bearmgs. or two distances ~111 be used to 
fmd a bearing and distance from one statlon, 
and the course lme computed by the methods 
used with the Type I Course Lme Computer 

The 2-Bearmg Computer 
In Fig 8, two omnlrange statmns are 

located at pomts S1 andS2 The dxtance be- 
~;~sth;os;at;n~s~s 

to S %he 8 ‘k 

r,k21hz1bz IS the bearmg 
earmg from S2 

at P’l, a 
earmg ram Sl to the axplane 

P 
1, and O2 1s the bearing from S2 to 

In the triangle Sl S2 P. 

e12 = e21 + 180” 

a3 = El12 - e1 

a4 = e2 - ezl 

(I 5 = 180’-(a3 +a*) 

Usmg the law of smes, 

&$=k4 

or 

r12 sm a4 = r sm a5 

For computmg purposes 

From this equation, r may be computed 
using the electro-mechanical clrcut shown 
,n Fig 9 Using this clrcmt, r and 13, give 
a d 1 stance and bearmg fix of the axplane 
poslhon P from statmn S1, and may be fed 
Into a Type I computer 
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Fxg 9 A Course Lme Computer Based on Bearmgs From Two Omnlrange StatlorE 



F,g 10 Geometry of 2-Distance Computer 

The 2-Distance Computer 
InFq 10, two DME stattons are lo- 

cated at points S1 and S The axplane P 1s 
at distances r 
S2’ respective y i 

and r f ram statmns S and 
The?“, e1 1s the bear& of 

the axplane Pfrom S1, and e12 1s the bearmg 
of s2 from s1 

The” 

a1 = e12 - e3 

Us ,“g the law of cosines I” the triangle S, 

S2 p 
2 2 

r2 = r12 + rl 2 - 2’12 r1 cos cl3 

or rewrltmg the equatm” for servo “perat,“” 

2 2 2 
=2 - r12 - r1 + 2’,2 rl co.5 m3 = e 

Th,s equat, on may be solved for a by the 
electro-mecha”,cal clrcut shown I” 8 ‘g 11 
and the results combmedwith OIL and set IntO 
the Type I computer 

Disadvantages of the 2-Bear,“g 
and 2-Distance Computers 

The methods presented for the course 
hne computers, based on two be a r , n g s or 
two dxtances, are not Intended to represent 
the only solutmns to these problems HW?- 
ever, as comparedwth the course l,“e com- 
puter, based on one bearing and one d,sta”ce , 
the 2-bearmg computer and the 2-distance 
computer each possess the followng d,s- 
advantages 

1 Two addAmnalpleces of map data must 
be set mto the computer These are the 
d 1 s tan c e and dxrectm” between the ground 
stations 

2 One add,tmnal servo must be added to 
the computmg clrcults 

3 There are certal” regions where 
small e r r o r 5 I” the radm mformatlo” gl”e 
unreliable c o m p u t e r mdlcatmns This 1s 
show” for the 2-bearing c o m p ute r 1” FIN 
12 

The method used for the calculatlo” of 
the contours of e r r o r 1s developed I” Fig 
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Fig 11 A Course Lme Computer Based on Distances From Two DME StatIons 

13 Assume pants L and M are ommrange 
statlons located 100 miles apart and pomt P 
1s an urplane In the d Lh4P measurement. 
theanglesAa”dCmaybemerror bykl” 
Then the area around P, bounded by the 
quadralateral NOSR, 1s the regmn of error, 
and the maxn-num error ~111 be e,ther NP or 
OP Values of NP and OP were calculated 
and the larger of the two plotted to give the 
contours shown I” Fig 12, the errors bemg 
shown I” miles for statlons located 1OOrnles 

apart, and loover-all bearmg error for each 
statmn 

Asnnllar plotcan be made for courses 
based on two distances In addltmn. the 2- 
distance computer IS subJect to an amblgulty 
due to the fact that the pant P. F,g 10, may 
lx on e lthe r s,de of lme Sl St This am- 
blguty can be r e s o Iv e d, but 1 s resolution 
“-“poses an addltlonal mechanxal requre- 
ment on the eqmpment 



Fig 12 Maximum Errors m a Course Line Computer Based on Bearmgs From Two 
Ommrange StatIons 
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NP 

OP 

= A+s+c 
i A+s’+C’ 
= A’+ s + C’ 
= ‘ 
= A 
= a’+,-+B+c’-I- 
= L!+s+c = A”+s”+c’ 

s 

v c: + c; - zc,cl co* (0 

Fig 13 Method of Calculating Errors I” 2-Bearmg Computer 


