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THE CAA TYPE III PORTABLE PICTORIAL COMPUTER 

PART I 

DEVELOPMENT AND INITIAL TESTS 

SUMMARY 

This report presents a descrlptmn of 
the CAA Type III portable plctorlal computer 
together with a dlscuss,on of some of the 
early modlflcatmns made to the computer, 
the results of early tests, and some general 
comments on pxtonal displays. 

Laboratory tests mdlcate that, when 
the computer was properly adJusted. max,- 
mum errors of one-half degree in azimuth 
mdlcatlon and one-fourth nautxal mile (nm) 
xn distance mdlcatmn may be attributed to 
the computer. When the computer was used 
wlthln 15 nm of the ommbearmg distance 
(OBD) station, a maxlmUm over-all system 
error in posltmn of less than 1 l/4 nm was 
experienced dunng the flight tests. 

Five Type III computers were built 
by Aero Electronics Company, ChIcago, Illl- 
rims, on contract w,th the TechnIcal Develop- 
ment and Evaluation Center of the Clvll 
Aeronautics Admmlstratmn. The develop- 
ment was sponsored by the Air Navlgatmn 
Development Board. 

INTRODUCTION 

Smce 1946. engmeers at the TDEC have 
been engaged m the Improvement of the cock- 
pit display of OBD mformatmn.l Thxs work 
has Included m-,provements in the basic 
mdlcatmg Instruments and the development 
of the course-lme and plctorlal computers. 

Earher stud,es of course-line com- 
puters have shown that a computer 1s aworth- 
while nav,gatmnal ald when the desired 
coarse 1s not a radml through, or an orblt 

1 H. C. Hurley. S. R. Anderson, and 
H F. Keary. “The Clwl Aeronautics Admm- 
lstratmn VHF Omrnrange,” Proceedmgs of 
the Institute of Radio Engmeers, Vol. 36, 
No. 12. December 1951. 

about, an OBD statmn.2z3 However, to 
receive accurate mdlcatmns from a course- 
lme computer with respect to a desued 
course, the operator must have accurate 
knowledge of three Items of geographical 
data (way-pant azimuth co-ordmate, way- 
pant dxstance co-ordmate, and course) and 
must set the data accurately on the controls 
of the computer. This necessary manlpula- 
tlon of controls greatly reduces the value of 
the course-hne computer for termmal area 
operatmn. Efforts to provide storage of the 
geographlcal data so that the co-ordmates 
could be set Into the computer automat,cally 
have resulted ,n large and comphcated 
equipment and ln restr1ctlon of the flight to 
preselected courses. 

The course-lme computer mdxntmns. 
mcludmg devlatlon from the desired course 
and distance to the way pant, are displayed 
symbolically on the e.ame md,cators that are 
used for the basuz OBD mdxatmns. This 
represents asavmg in alrborne mstrunents. 
However, before the data can be used most 
effectively for navlgatuxal purposes, the 
pIlot should convert this mformatmn to a 
mental picture of the aIrcraft posltmn. An 
even better method 1s to replace the symbolic 
mdlcatmns with a plctorlal display of the 
arcraft pos1ton on a map. 

Consldermg these characterlstlcs of 
course-lme computers, It appeared deslr- 
able to exam,ne the practlcablhty of usmg 
the OBD mformatmn to plot posltmn of the 
axplane on a chart to be contamed in the 

2 Francis J. Gross and Hugh A. Kay, 
“Imtlal Flight Tests and Theory of an 
ExperImental Parallel Course Computer,” 
CAA Technical Development Report No. 83, 
September 1948. 

3Hugh A. Kay. “Development and Fl,ght 
Tests of the CAA Type VI Course Lme 
Computer,” CAA Techmcal Development 
Report No. 143, May 1951 
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Fq. 1 Portable P~ctorlal Computer 

F’lg 2 Portable Pictorial Computer 
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compute r . The characterlstlcs desired I” 
sucha display were dlscussed with personnel 
of the Aero Medical Laboratory, Wright- 
Patterson Air Force Base, Dayton, Ohm, 
with personnel of theSpecla1 Dev~esCenter, 
Department of the Navy, Port WashIngton, 
New York. and wylth other Interested groups. 
In addltmn, the results of tests of plctorlal 
and symbalx displays of OBD Informat,“” 
conducted at the Unlverslty of lllmo~s were 
give” careful conslderatmn 4 As a result, a 
list of features that could be Incorporated 
was prepared, and a d,scusslon of them 1s 
mcluded I” Appendix II Speclfzatmns were 
prepared for three types of plctorlal com- 
puters which were designated 

I CAA Type III Portable 
2. CAA Type IV Rotatable Panel 
3. CAA Type V Pa”e1 with headmg, auto- 

matlc chart selectmn, and a”tomat,c 
receiver tumng 

The dlstlnctlonbetweencourse-line and 
plctorlal computers w,ll be clarlfled by the 
followmg bnef descrlptm” 

A course-11”e computer 1s aIrborne 
equipment whnzhaccepts mformatmn from 
the distance meas”rl”g equipment (DME) 
and the omnlrange recelv,“g equpment 
and, after properly processing this mfor- 
matmn. presents the results on meter type 
of mdlcators whxh provtde the pilot with 
“track guidance” and “distance-to-go” 
InformatIon for any selected course and 
destmatmn which are wlth,n the range of 
the DME and om”,range. When us,“g It as 
a navrgatmnal aId, the p&t or navigator 
IS required to set (1) the distance of the 
destlnatlon o~ way point from the OBD 
statmn, (2) the bearmg of the destlnatlon 
from the OBD statmn, and (3) the Intended 
course on the corresponding controls of 
the course-line computer. 

A plctorml computer 1s axrborne equ,p 
ment which ut,llzes ,nformat,o” from the 
DME and from the omnirange rece,v,“g 
equpment to move a symbolic represen- 
tatlon of the a,rpla”e automatxally and 
contmuously on a chart of the area over 
which the plane IS bemg flow”. 

Early 1” the program It was recogmzed 
that the sectmnal aeronautical charts conta,” 
much more mformatm” than 1s reqmred for 
1”strument flights and that the excess Infor- 
matmn clutters the charts and reduces the,= 
value. Therefore. the Coast and Geodetic 

4 
Roscoe, Smith, Johnson, Dlttma”, and 

WlllLarnS, “Comparative Evaluatmn of P,c- 
torlal and Symbohc VORNav,gat,o” Displays 
I” l-CA-1 Link Tramer.” CAA, Dlv,smn of 
Research, Report No. 92, Washmgton, D. C. 

Survey was requested to prepare special 
charts for “se ln the plctorlal computer. 
F,fty-six charts covering the routes from 
ChIcago to New York, from Boston to 
Richmond, and from Washmgton to St LOUIS 
were prepared. A dlscussmn of the features 
of the charts and samples that were prepared 
1s Included in Appendx III. 

0” April 18 and 19, 1951. a symposium 
on alrborne computers was held at TDEC. 
This meetmg was sponsored by the ANDB 
and was attended by representatives of 
varlo”s agencies Interested I” the problems 
of a,= traff,c control and naw@mn. Adlgest 
of the m,“utes of this meetmg 1s included I” 
Appendix IV. 

A crltlcal operatmnal evaluatlo” of the 
Type Ill computer 1s under way and ~111 be 
described I” a subsequent report. 

DESCRIPTION 

The portable plctorlal computer shown 
I” F,gs. 1 and 2 IS a” automatx. electro- 
mechanIca airborne mstrunent for mdlca- 
tmg co”t,“uously on a chart the posltmn of 
a” axplane with respect to an OBD statmn. 
The computer receives the posltmn data 
from an ommrange receiver and DME. The 
Instrument consists of two principal ““Its. 
the display unit and the amphfler umt. The 
size and weight of the display unit have been 
kept small so that It may be held 1” the 
p,lot’s or co-p&t’s lap or may be mounted 
on the ~“strwnent panel or on a bulkhead of 
the au-plane. 

The display u”,t consists of a flxed 
circular chart holder, the axplane posltmn 
,“dxator assembly, a control panel, and two 
servomechamsms. The chart holder accom- 
modates specially prepared aeronaut1ca1 
charts each of which has a lo-Inch diameter. 
The OBD statmn 1s represented at the center 
of these charts. The a,rplane pos,tm” I”- 
dxator assembly co”s,sts of a scale which 
slides 1” a gude extendmg dlametrlcally 
across the chart holder. The gutde can rotate 
over the surface of the chart holder. A 
small hole at one end of the scale mdlcates 
the locat,“” of the axplane A lead pe”c,l 
pant may be Inserted Into this hole to mark 
the posItlo” of the arplane at any time or to 
trace the a~rplane’s course. Craduatmns 
extend,“g from the center of this hole along 
the scale ,“d,cate the distance between the 
airplane a”d the OBD stat,““. The bear,“gs 
TO or FROM the ground statlon are mdlcated 
by a 360” azimuth scale engraved on the 
chart holder and by halrllnes at the two ends 
of the rotatable gude. 

Two controls are located on the display 
un,t panel. See Fig. 2. One 1s the power 
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TABLE I 

CALIBRATION ADJUSTMENTS ON FRONT PANEL OF AMPLIFIER UNIT 

Control 
NO 

Descrlptmn Nommal Settmg 

Flag-alarm bias 
for bearmg error 

Flag-alarm bias for 
distance error 

15-mile maximum 
range caltbratmn 

Operate flag-alarm relay 
for * 3” error 

Operate flag-alarm relay 
for * 2-mile error 

To caltbrate the 15-mile range 

4 

5 

6 

7 

8 

9 

10 

30-mile maximum 
range cahbratmn 

60-mile maximum 
range calibration 

Bearmg-servo rate control 

15-mile range zero adJustment 

30-mile range zero adJustment 

60-mole range zero adJustment 

Distance-servo rate control 

To cahbrate the 30-mile range 

To calibrate the 60-mile range 

For crItIca dampmg 

For crItIca dampmg 

11 Range hmlt control 

swtch, and the other 1s the three-posltmn 
chart scale selector switch which must be 
set to correspond to the scale of the chart 
bemg used. 

The servomechanlsms contaIned m the 
case below the chart holder operate the XT- 
plane posltmn mdlcator assembly TWO 
mechanIca drives are provided, one for the 
bearmg lndlcatmn and one for the distance 
mdlcatlon. The heanng servomechamsm 
Includes a motor and gearmg which rotate 
the axrplane posltmn mdlcator guide and the 
shaft of an Autosyn The distance servo- 
mechamsm Includes a motor, gearmg, 
sprmg belt, cord drum, potentiometer. cord. 
distance scale, and airplane posItIon mdl- 
cator. The motors are driven by two servo- 
amplIfters contamed m the ampllfler umt. 

The amplIfter umt contams a bearmg 
servoamplIfIer for drlvmg the be a r 1 n g 
servomechanism, a distance servoampllfler 
for drlvlng the alrplane positIon Indicator 
and distance scale, a power supply which 1s 

To disable distance servo 
at maximum range 

common to the two amplifiers. a flag-alarm 
clrcut for mdxatlng malfunctlomng of the 
computer, and a range llmlt clrcut which 
prevents the airplane posltlon marker scale 
from bemg driven beyond the chart edge 
and possibly Jammmg the distance servo- 
mechanism when the airplane flies beyond 
the area Included on the chart Thus llmlt 
system automatically re-establishes normal 
operatmn of the computer when the axplane 
returns to the area of the chart 

As shown m Flg.2. the ampllfwr panel 
has two cable connector sockets and eleven 
screwdriver controls for adJustmg the above 
cxrcults. The purpose of each of these 
controls 1s set forth m Table I. 

The portable plctorlal computer mcop 
porates the followmg clrcuts 

a. Bearmg servo. 
b. Dxtance servo. 
c. Range llmlt. 
d. Flag alarm. 
e. Power supply. 



FIE. 3 SchematIc Wkrmn Dlanram of Bearmg Servoclrcults of CAA Type III Portable 
Pbctorlal Computler - 

The bearmg servo (Fig. 3) consists of 
an Autosyn transmkter, an amplxher. a 
bearmg servomotor with rate generator, and 
an Autosyn receiver. 

The Autosyn transmrtter IS contamed 
m the ommbearmg mdlcator (OBI) and IS a 
dlfferentlal Autasyn whxch 1s normally used 
U-L conjunctmn w Ith the radm magnetic 
mdrcator. When used with the p~ctor1e.1 
computer, a voltage from the power supply 
transformer 1s applied to two of the stator 
wmdmgs . The amplitudes of the voltages 
mduced In the three rotor wIndIngs are de- 
termmed by the posltmn of the rotor with 
respect to the statcr. The rotor LS post- 
tmned by a servo controlled by the omnl- 
range receiver so that the rotor posltmn 1s 
a measure of the bearmg to the OBD station. 
The voltages Induced m the rotor wmdmgs 
of the Autosyn transmitter are applxd ta the 
three stator wmdmgs of the Autosyn receiver 

m the drsplay umt. 
The shafts of the two Autoryns are 

sad to be in electrIca alignment when the 
voltage mduced m the rotor of the Autosyn 
receiver 1s zero and when a small dlsplace- 
ment of the rotor of the Autosyn recewer 
causes a voltage to be Induced m the rotor 
wmdmg of a phase. This would be such a 
phase that when applied to the ampllher and 
bearmg servomotor the rotor would be driven 
In the dIrectIon that would reduce the voltage 
to zero. 

The voltage Induced In the rotor wmd- 
mg of the Autosyn recewer IS the bearmg- 
servo error signal. A veloc,ty sIgna IS 
added. and the resultant slgnal ~5 fed through 
a filter to the first ampllfler stage of the 
bearmg servoampllfler. The output of the 
first ampllfler stage E dlvtded Into two 
parts One part 1s fed to the flag-alarm 
clrcutts as described later, and the other IS 



fed to a phase-mverter ampllfler stage. The 
two outputs of the phase mverter are apphed 
to the grids of a push-pull power amphfier 
stage, and the output of the amphfier stage 
drives the slgnal phase of the bearmg servo- 
motor The motor IS two-phase and has an 
InductIon generator bult III the same motor 
frame with It. The reference phases of the 
bearmg servomotor and of the distance 
servomdtor are excited in parallel through a 
phase-shlftmg condenser by 110 volts at 400 
cycles per second (cps). This condenser 1s 
selected so that the output of the amphfler 
xv111 either lead or lag the voltage applied to 
the reference phase by approximately 90’. 
dependmg upon the phase of the voltage from 
the rotor of the Autosyn receiver. 

The bearmg mduction generator IS a 
two-phase asynchronous machme onthe same 
shaft as the servomotor. The reference phase 
of this generator 1s connected in series with 
the reference phase of the dxtance mductmn 
generator, and the two are excited duectly 
by 110 volts at 400 cps. The output of the 
bearmg ,nduct,on generator 1s fed through a 
condenser to a trimmer potentmmeter. 

When voltage IS Induced III the rotor 
wmdmg of the Autosyn receiver, It IS flltered 
and applied to the first amplIfter stage. 
The ampllfxd sIgna 1s apphed to the Input 
of a phase mverter where It 1s further 
amphfied, and a phase-mverted slgnal 1s 
produced. These signals are applied to a 
push-pull power stage the output of which IS 
applwd to the sIgna phase of the bearmg 
servomotor so that the motor 1s caused to 
run 11, the dIrectIon that reduces the voltage 
in the rotor wmdmg of the Autosyn receiver. 
For the motor to run when the error voltage 
1s quite small, the gam of the ampllfler must 
be large, but when the gam 1s large the 
momentum of the motor xv111 cause the motor 
to run beyond the zero error positmn, and 
the ampllfler ~111 apply a voltage to the motor 
to make ,t run agam toward the balance 
pant. If the ga,n of the ampllfvzr 1s suffi- 
clently h,gh for good servo performance. an 
osc,llat,on ~111 buld up and the servo xv,11 
hunt about the balance pomt. The mduct,on 
generator has been provided to ellmmate the 
huntmg. The output of the mductmn generator 
1s proportional ,n amplitude to the rotatmnal 
velocity of the generator and 1s connected to 
the amphfler so that, when the motor 1s 
drlvmg the Autosyn receiver rotor toward the 
balance pant. the output of the mductw,n 
generator reduces the error signalandcauses 
the motor to slow down as It approaches the 
balance pant. A trlmmer potentiometer 
provides an adJustment of the amount of the 
velocity s,gnal which 1s added to the error 
signal from the recelvmg Autosyn. 

The distance sensmg and callbratlon 
c,rcu,ts are shown in a s,mpl,f,ed schematIc 
dxagram III Ftg. 4. Except for the sensmg 
elements and cahbratmn prov~s,ons, the 
distance servoclrcuts are similar to the 
bearmg servoclrcults. The slgnal for the 
distance servo 1s obtamed from the distance 
sensmg potentiometer contamed ,n the DME 
The distance repeat-back potentmmeter IS 
III the display unit. Basically, the two poten- 
tmmeters make up a Wheatstone bridge. The 
ends of the wndmgs are connected together 
through the cahbratmg potentiometer and 
are excited by the power transformer. The 
signal for balancmg the bndge 1s taken from 
the w,pers of the potentiometers. The w,per 
of the DME one 1s grounded, and that of the 
repeat-back 1s connected to the Input of the 
distance servoampllfxr. Thus, If the cah- 
bratmg potentmmeters are properly adJusted. 
no voltage ~111 be fed to the amplifier when 
the wiper of the repeat-back 1s I= a posltmn 
correspondmg to that of the DME. Under this 
condltlon the bridge 1s sad to be balanced. 
Both of the wipers are connected mechanl- 
tally to the distance mdlcators which should 
show the same distance when the bridge 1s 
balanced. 

The callbratmg resistors and range 
switch provide a mean.s for using charts of 
different scales. The range of the DME for 
which this equpment was deslgned 1s 100 run 
(one nm equals 6,080 feet). The radll of the 
area represented on the various charts to be 
used II, the computer are approximately 
17.1 nm for the 1 250,000 scale, 34.2 nm for 
the 1 500,000 scale, and 68.4 nm for the 
1 1,000,000 scale. Each chart has a radius 
of five Inches. The constructvan of the com- 
puter ,s such that the wiper of the repeat- 
back potentmmeter travels over a large part 
of the potentmmeter resistance wmdmg 
,vh,le the distance mdlcator travels the 
distance represented by the radius of the 
chart. To produce an mduzatmn of a distance 
equal to the d,stance represented by the 
radms of a chart havmg a scale of 1 250.000. 
the wiper of the DME potentiometer travels 
approxnnately one-s-x&h the length of the 
D ME potentmmeter resistance wndmg. 
S~m,larly, when usmg a chart havmg a scale 
of 1 500,000, the w,per travels approximately 
one-third the length of the wmdmg. and with 
the scale of 1 l,OOO,OOO, It travels two-thirds 
the length. To cause the computer distance 
xnd,cator to track properly. addItIona re- 
slstance was added HI serves with both ends 
of the repeat-back potent>ometer 

The cord drum was made large so that 
the arplane pos,tmn marker would travel 
the radxus of the chart before the wiper of 
the repeat-back potentuxneter travels the 



Fle 4 Schematx Wlrme D~aeram of Distance Servo and Callbratmn Clrcuts of CAA Type III 
Portable Pxto&l Computer 

entxe length of the resistance wmdmg This 
provides complete chart coverage but requres 
adJustable callbratmg resistances at both 
ends of the repeat-back potentmmeter. By 
adJustlng these cahbratmg resistors, It 1s 
qmte easy to calibrate the distance mdlcator 
over the entlre range of each scale. 

The error voltage 1s added to the 
voltage produced by the mductmn generator 
In the dtstance servomotor. and the resultant 
voltage 1s fed through a filter to the distance 
ampllfler that consists of a phase mverter 
stage which dr,ves a push-pull power output 
stage transformer-coupled to the distance 
servomotor. 

A range llmlt has been provided to 
disable the distance servomotor when the 

alrplane posltxcn mdlcator has reached the 
maxImum range of the display A slmpllfied 
schematx diagram of this clrcut 1s shown 
I* Fig 5. The range-llmlt-adJustlng potrn- 
hometer 1s connected In parallel with the 
dxstance repeat-back one and, with the call- 
bratmg resistors and the distance sensmg 
potentmmeter, forms a secondarywlxatstone 
bridge. The output of this bridge 1s fed to a 
Class A amplifier stage, the output of whxch 
drives a relay stage. The plate clrcut of the 
relay stage 1s supplled with 110 volts at 
400 cps. When the DME distance mdlcatmn 
1s less than the radius of the chart. the vol- 
tage on the grid of the relay stage xv111 be of 
opposltc phase to that of the voltage on the 
plate acd xv111 bias the stage to cutoff. In 



Fig. 5 SchematIc Wlrmg Diagram of Range 
Lm-ot Clrcults of CAA Type 111 
Portable Plctorlal Computer 

this condrtmn the llmlt relay ~111 be de- 
energized. The normally closed contacts of 
this relay are m the cathode clrcult of the 
power stage of the distance ampllfler. When 
these contacts are closed and the relay de- 
energized, the distance servo operates m Its 
normal manner. When the DME distance 1s 
greater than the radius of the chart, the vol- 
tage on the grid of the relay stag@ ~111 be m 
phase with that on the plate, under these 
condltmns the tub@ ~111 conduct, energlamg 
the hmlt relay and openmg the cathode clr- 
cult of the power amplifier stage of the dls- 
tance servo. In this condltmn this servo 1s 
disabled. and Its mdlcatlon does not change 
until the distance agam 1s wzthm the range of 
the chart. When the distance IS returned to 
a range wIthIn the radius of the chart, the 
plate and grid voltages agam ~111 be out of 
phase, the relay ~111 be de-energized. and 
the operatmn of the distance servo wxll be 
restored. 

The flag-alarm clrcults open the con- 
tacts of the flag-alarm relay when any of the 
following malfunctmns occur 

a. Failure of the bearmg servo to follow 
to wIthIn * 3’ of the OBI. 

b. Fatlure of the distance servo to fol- 
low to wlthm * 2 miles of the distance 
mdratmn. 

c. Fatlure of the B+ supply voltage. 
d. Failure of the llO-,olt, 400-cps supply. 

The grtd of the flag-alarm tube, Fig. 6, 
normally has a small negative bias permit- 
tInI: consldcrable plate current to flow. and 
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the contacts of the flag-alarm relay are 
closed, completmg the external flag-alarm 
clrcult. If the error voltage In either the 
bearmg or the distance servoampllflers be- 
comes excesswely large a large negative 
bias 1s applied to the grid, the plate current 
1s reduced, and the relay opens, mterruptmg 
the external flag-alarm clrcult. Fallure of 
the plate supply voltage (B+) causes plate 
current to stop flowing In the relay co11 and 
causes the alarm clrcult to open. Failure of 
the 400-cps supply causes the B+ supply to 
fall and also de-energlaes the heater of the 
flag-alarm tub@. 

The power supply consists of a power 
transformer, a rectlfler tube, and a 
resistance-capacitance filter. In addltmn to 
supplymg filament and Bt power to the 
amphilers this power supply also iurmshes 
26 volts at 400 cps for energlamg the OBI 
dliierentlal (the sensmg clrcult of the on-au- 
bearmg servo) and 40 volts at 400 cps for 
energlsmg the distance bridge clrcmt. 

Fig. 7 1s a complete schemstlc dxagram 
of the electromc clrcults of the Type III 
computer. 

INSTALLATION 

In normal operatmn It 1s Intended that 
the display umt should be held on the lap of 
the pllot or co-pllot as shown In Fig. 8. For 
this purpose, the cable which IS an mtegral 
part of the display umt must reach to a suit- 
able receptacle. Where practical. the display 
umt cable should plug directly Into the amp- 
llfler umt. where this 1s not practical, an 
extensmn cable must be provided as part of 
the mstallatmn. Care should be exercised to 
keep any extensmn cable as short as practl- 
cable to avold excessive noIs@ p~kup and 
capacltlve loadmg In the slgnal clrcults. 

A rack should be provided for stormg 
the computer when It IS not m us@. See Fig. 
9. This rack should provide some protectIon 
agamst vlbratmn and should be located m 
such a way that the display umt ~111 not be 
subJected to excesslYe amounts of dirt or 
fluId of any kmd. Protectmn from damage 
due to collxslon with baggage, cargo. or 
personnel should be provided. 

The mountmg base for the amphfler 
umt should be securely mounted to a suit- 
able horizontal member of the alrplane 
structure. The cables to the amplifier unit 
should be suifxlently long and sultably routed 
m order not to put arnechamcal stram onthe 
cable or mountmg bases. Sufi1c1ent space 
should be provided to allow for vlbratmn of 
the amplliler unit and to permit easy place- 
ment and removal of the ampllfler urnt on the 
mounhng base which should be adequately 



Fle. 6 Schematic Wlrme Dmzram of Flag-Alarm Clrcuts of CAA Type III Portable Plctorml 
computer _ - 

grounded to the metal frame of the airplane. 
Ventllatmn to the ampllfxr umt should be 
provided In addltmn to the extension cable, 
a cable connectr,g the ampllfler unit to the 
navlgatum rece,ver, DME, flag-alarm, and 
400-cps power-supply clrcuts must be pro- 
wded. A contmuty swlich must be added to 
short-c,rcu,t the se~les combmatmn of the 
DME and the Internal computer flag-alarm 
relay contacts, ,f normal operatmn of the 
receiver flag-alarm clrcuts 1s to be obtamed 
when usmg the navqatmn receiver only 
This 1s necessary because the fall-safe 
operatmn depends on an energized closed 
clrcut for normal flag-down mdlcatmn 

PREPARATION OF CHARTS 

The portable plctorlal computer re- 
qures charts cut to the proper ~lze and 
shape. These charts may be readily cut 
from World Area Charts for the 1 l,OOO.OOO 
scale, from Sectional AeronautIcal Charts 
for the 1 500,000 scale, or from Local Area 
Charts for the 1250,000 scale. This process 
1s fac~lltated by use of the template supplied 
with the computer and shown in Fig. 1. The 
charts are prepared as follows 

a. Locate on the chart the posltmn of the 
OBD station. 

b. Place the template on the chart with 
the center of the template comcxlmg with the 
locatmn of the OBD statmn. 

c. Orlent the north-south lme of the tem- 
plate w,th those on the chart. To fac&tate 
tlus operatmn, addltlonal lmes are engraved 
an the template parallel with the central 
north-south hne. One of these ~111 be found 
to come very close to one of the north-south 
grtd Imes, and the template lmes can be 
readily orIented by eye to be parallel to the 
grtd lme with an accuracy of 0.5’. 

d. With a pencil, mark on the chart the 
location of the large notch on the north side 
of the template and the small V-notch on the 
south side of the template. 

e From the chart, deternune the mag- 
netlc declmatlon at the location of the OBD 
station. 

f. Bang careful to keep Its center exactly 
over the OBD statmn, rotate the template 
clockwise or counterclockwise (dependmg 
upon whether the declmatmn 1s east or west) 
so that the north-south hnes of the template 
are oriented in the dlrectlon of magnetic 
north. An aznmuth scale IS prowded on the 
template to iacllltate tins rotat,on. 

g. With a sharp pew& clrcumscnbe the 
template and mark the three notches vath 
particular accuracy. 
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Fig 8 Display Umt 11, Operatmg Posltmn 

h With a pa,= of scissors cut out the 
chart, agam paymg attent,on particularly to 
the locatIon of the three V-notches. 

OPERATION 

Navlgatmn of an amplane equipped wth 
a portable pxtonal computer 1s smnlar to 
ordmary navlgatmn usmg landmarks, except 
that It 1s no longer necessary to track 
manually the fhght path c,n the map. To use 
the plctonal computer ,n normal flight, pro- 
ceed as follows 

a. Tune in the nearest OBD statmn on the 
nav,gatmn I-ece,ver and defmltely ldentlfy 
the statmn by Its call letters. 

b. Turn on the computer and select the 
chart which has the locatmn of that partlcu- 
lar StatIon at 1ts center. 

c. Note the scale of the chart, and set the 
scale selector switch of the display unit to 
correspond to that of the chart. The data 
tabulated in Table II may be of some 
assistance in this connectmn. 

d. Lift up the airplane posltmn mdlcator 
guide and place the chart on the map plate 
of the display unit being careful to have 
the three V-notches 11, the map fit Into the 
correspondmg locator studs under map 
chps. 

TABLE II 

CHARTS FOR COMPUTER USE 

Display Unlt Corresponding Correspondmg 
Scale Selec- Chart Chart 

tar Switch Scale Deslgnatmn 
PosItIon 

60 1 1.000.000 World Aero- 
nautical Charts 

30 1 500,000 SectIonal 
Charts 

15 1 250,000 Local Charts 



Fig. 9 Display Umt Storage Rack in N-182 

e. Return the alrplane posItIon mdlcator 
guide to Its normal posItIon 

f. In approximately 30 seconds from the 
tnne the computer 1s turned on. the flag of 
the devxatmn Indicator ~111 go out of sight 
mdxatmg that tht computer md,catlon 1s 
accurate and may be used for navlgatlon. 
If desired, the posltmn of the arplane may 
be marked on the chart by lnsertmg the 
sharp pomt of a pew11 throughthe small hole 
located at the center of the airplane posltlon 
mdlcator 

g. As the airplane approaches the edge of 
the area represented by the chart, the OBD 
statmn correspondmg to the next chart to be 
used should be tuned m and the above pro- 
cedure repeated. 

h. To turn off the computer, set the power 
switch to the OFF posltlon Dependmg upon 
the particular airplane mstallatlon, It may 
also be necessary to turn off the navlgatlon 
receiver and the DME. 

Durmg use, should the axplane fly be- 
yond the reliable distance range of the OBD 
station concerned or should the computer 

error become excessive, the flag alarm of 
the course devlatlon mdlcator ~111 lmmedl- 
ately warn the observer that computer mdl- 
catIon 1s not rehable Thus, there 1s little 
chance that the pllot will follow an Incorrect 
path. 

EARLY MODIFICATIONS 

Prototype equipment was completed in 
March 1951. After exammmg this, seven 
changes were recommended to the contrac- 
tor These were Incorporated m the r?- 
malmng equlpment, and later the prototype 
was modlfled to Include them. The changes 
were 

a. Ellmlnatlon of droppmg resistors m 
the InductIon generator reference wmdmgs. 

b. Ehmmatmn of the requirement for any 
28-volt dc power. This was done by supply- 
mg all the heaters of the electron tubes 
from the 400-cps power transformer 

c. Provlslon of separate transformer 
wIndIngs for the bearmg-servo signal 
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excltatlon and for the distance-servo sIgna 
excltat1on. 

d. Provlslon of lOO,OOO-ohm potentmme- 
ters for the InductIon generator loads Instead 
of the lO,OOO-ohm potentiometers orlgmally 
provtded. 

e. Addltlon of ventllatlon and mspectmn 
holes in the display unit cover 

f. Revlslon of the flag-alarm clrcult to 
provide flag mdxatlons when the alarm 
relay was de-energized, thereby maklng It 
fall-safe. 

g. Redesign of the airplane posItIon 
marker to use plastic Instead of metal guides 
and to accentuate the airplane poslaon. 

The remammg equipment called for In 
the contract was received m August and 
September, 1951. After some bench and 
flight testmg, these further modlflcatlons 
were made to all of the umts 

a. The zero adlustIng reslstors which 
were orlgmally wired In the low ena of the 
DME potentiometer were transferred to the 
low end of the repent-back potentiometer. 

b. The values ofthe maximum range call- 
bratlon resistors were Increased to provide 
a greater range of callbratmn adJustment. 

c. The range llmlt clrcults were rewred 
to prevent mteractlon with the range call- 
bratlo,, adjustments and to reduce the 
distance between the cut-out and cut-In 
pomts This required a complete rewxmg of 
the range hmlt tube and the substrtutlon of a 
different type of tube. 

In accompllshmg those modlflcatlons 
whlchwere necessary to achxve satisfactory 
operatmn of the computer. several condltlons 
were encountered which (had they been con- 
sldered m the design of the equlpment)would 
have resulted In easier callbratmn and ad- 
justment and probably In more dependable 
operation of the equipment. Some of these 
are llsted. not to call attention to the short- 
comtngs of the equipment but rather to 
point out the condltlons so that they may be 
properly considered in the design of future 
equipment. The more xnportant of these 
condltmns are 

a. Standardlzatlon of the characterlstlcs 
of the output clrcults of the OBD equipment 
available for computer use. 

b. Method of signal summmg. 
c. Method of range hmltmg. 

The need for the standardlzatmn of the 
output clrcults of the OBD equipment avail- 
able for computer use 1s Important. The 
Type III computer was desIgned specIfIcally 
to receive ommrange InformatIon from the 
dlfferentlal Autosyn prowded m the omm- 

bearmg mdlcator of Collms Radxo Company, 
Types 51R-1 and 51R-2. and Bendx Avlatmn 
Corporation, Type NA-3 navlgatlon equip- 
ment. Because It cannot be used with the 
qpe III computer wlthout elaborate converter 
umts, the nawgatlon equipment of the fol- 
lowmg IS not satisfactory Axcraft Fiadw 
CarporatIon (Type ARC-15). NatIonal Aero- 
nautical Corporation. Lear, Incorporated, 
and Mitchell Industries. 

If a servomechamsm 1s used to follow 
the OBI mdlcatmn, in the case of the Collins 
and Bendix receivers, then two servo- 
mechanisms are cascadedwlth the addItIonof 
servo follow-up errors. This 1s because the 
OBI lndlcatlon 1s produced by a servo. The 
power output of theOB1 servoampllfler m the 
navlgatlon receiver 1s not sufflclent to drive 
the bearmg servomotor m the computer, and 
the design of the amphfler IS such that there 
1s no practical way to extract a control slg- 
nal from the omnlbearmg clrcuxts except 
from the dlfferentlal Autosyn which 1s pro- 
vlded for use m conJunctIon with the radio 
magnetx mdlcator A better design would 
be to have the computer mdlcatmn produced 
by the prxnary servo 

LIkewIse. in the case of the distance 
mdlcatmn, there 1s a cascadmg of servo- 
motors which 1s undesirable. However m the 
case of the DME, the derlvatlon of the basic 
mformatlon 1s so complicated that It 1s very 
dlfflcult to produce a satlsfactary lndlcatlon 
wlthout a servomechamsm At present the 
standard DME output provided for computer 
operatmn IS sxnply to rotate the shaft of a 
Falrchlld Camera & Instrument Corporation 
Type 747 potentiometer havmg 1,000 ohms 
resistance. In general, this choice 1s satls- 
factory. The low Impedance helps to avoid 
capacltlve loadmg of the potentiometer due 
to long cable runs. There has been some 
“wre hoppmg,” or step Increments m the 
output of the potentmmeter as the wiper 
moves from turn to turn over the resxtance 
wmdlng of the potenttlometer. The choice of 
a higher reststance potentvxneter havmg 
more turns of fmer wire (2.000 or even 
5,000 ohms total resistance) would Improve 
this condltlon, but It 1s doubtful that the 
resistance should exceed 5,000 ohms. 

Assummg that linear potentmmeters 
are to be used for the DME output and for 
the computer repeat-back and assummg that 
series slgnal summmg 1s employed, then the 
relatlonshlp between the movement of the 
potentiometer wiper along Its resistance 
wmdmg and the change in distance mdlcatlon 
1s of wnportance because this relatlonshlp 
determmes the values of callbratmg resist- 
antes required. Smce It 1s not pract1ca1 to 
set the mdlcator to mdlcate zero miles when 

. 
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the potentmmeter w,per IS at the zero end of 
the resistance wmdmg or to set the mdlcator 
to ,ndlcate a maxunum number of rmles when 
the potentmmeter w,per 1s at that high re- 
slstance end of the potentmmeter wndmg, 
either ,n the DME distance mdxator or III 
the computer distance mduzator, It 1s neces- 
sary to provide two trnnmer resistances for 
each chart scale to be used. To obtam maxi- 
mum resolution from the potentmmeters. in 
the case of either mduzator, It 1s desirable 
that the rn,n,mun~ and max~murn values of 
resistance correspond as nearly as 1s prac- 
tlcable to m~n~rnurn and maxxnum values 
of distance. In the case of either mdxator, 
It 1s also necessary that the travel of the 
wiper along the resistance wmdmg of the 
potentmmeter be less than 100 per cent for 
full travel of the distance mdlcatmn. This 
reqlnrement 1s necessary to U-Lsure full 
range of mdlcatmn A further requirement 
for the zero-trunmer resistance 1s that It be 
,n sertes w,th the d,stance potentmmeter 
which has zero rmles set nearest to zero 
resistance. Thus, with the zero trxnmer ,n 
series with the repeat-back potentmmeter, 
the wiper of the repeat-back potentmmeter 
should be at a posltmn between zero and 
2 l/2 per cent of the resistance of the wmd- 
mg. and the wiper of the DME potentmmeter 
should be at a posltmn between 2 l/2 and 
5 per cent of the resistance of the wmdmg 
for zer~rmle mdxat,on. After some testmg. 
It was decided to set zero moles on the com- 
puter at 20 to 25 ohms on the 1,000-&m 
repeat-back potentuxneter and to set zero 
n-ales on the DME potentmmeter at 40 to 50 
ohms. This permits adequate ad]ustment of 
the zero settmg with comparatively small 
values of res,stance. 

In the case of the max,mum range 
callbratlon, the trimmer resistance must be 
in serves with that potenttometer which has 
the smaller full-scale distance mdxat,on. 
Thus. for the 1 250,000, 1 500,000, and 
1 1.000,000 scales, the five-Inch radius of 
each of the computer charts represents 
17.1 nm, 34.3 nm. and 68.5 run, respectwely. 
Full scale on the distance mdlcator IS 115 
m-n. If both the DME and the repeat-back 
potentmmeter w,pers were ad,usted so that 
full-scale distance was mdlcated when the 
wipers were at 97 per cent of the reastance, 
then trimmer resistance would have to be 
added to the high end of the repeat-back 
potentmmeter for all three scales. For the 
1 250.000 scale, the active resistance (the 
reslstance ‘aver whxh the potenttometer 
wiper travels) ofthe repeat-back potentmme- 
ter would be approxmately 15 per cent of the 
total resistance in the repeat-back s,de of 
the bridge. For the 1500,000 and 11.000.000 

SCSlSS, the resistance would be approxl- 
mately 30 and 60 per cent respectwely. 
For a scale of 1 2.000.000. the chart radius 
represents 137.1 m,les. To use th,s scale 
the trmuner resistance should be added to 
the d,stance mdlcator potentmmeter. With 
this arrangement the active resistance of the 
DME potentmmeter would be approxmxately 
84 per cent of the total resistance ,n the DME 
stde of the brtdge. Actually, the computer 
was so constructed that only about 65 per 
cent of the resistance ,n the repeat-back 
potentmmeter was active. This reduced the 
resolutmn of the repeat-back potentmmeter 
and required reconstderatlon of the values of 
trmlmer res,stance. Had the 1 2,000,OOO 
scale been used, a much larger value of 
trimmer resistance would have been 
*eCeSSa*y. 

As has been mdlcated, series summmg 
of signals was used in the Type III computer. 
There are some advantages to be gamed by 
parallel summing Ch,ef among these 1s 
that parallel surnrmng permits the use of 
more than one computer or the use of a 
computer and a servo type distance mdxator 
from one DME. It also reduces the effect of 
capacltlve pwkup in a sensmg element, since 
the only Impedance from the plckup element 
to ground 1s the mxpedance of the sensmg 
device. One disadvantage IS that at least two 
slgnal supply voltages are requ,red With 
parallel surnrnmg, the DME and the repeat- 
back potentmmeters would have to be sup- 
plied from separate voltage sources which 
are 1.30’ out-of-phase. 

The electromc apparatus required to 
achieve range lumtmg seems too elaborate 
for the results obtamed. There was an 
obJectIonable amount of mteractmn between 
the lmut adJustment and the range callbla- 
tu,n of the computer when It was recelved. 
Readlustment of the hmlt required recall- 
bratIon on all scales. There was also an 
obJectmnable amount of spread between the 
cut-In and cut-out pants. When the lwmt 
was adlusted to cut out at 18 moles on the 
1 250,000 scale, the cut-m pant was about 
14.5 miles. 

SOME COMMENTS ON CONSTRUCTION 
ANDGENERALAPPEARANCE 

The design of the Type III computer 
Incorporates sOme umque features. It was 
mtended as experimental equipment, and 
as such the requrements were different 
from the requrements for productmn or 
preproductmn equpment. 

In the display u-at. some shaft and 
beanng brackets were mounted on the flat 
base plate with roundheaded screws. The 
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screws loosened under normal handlmg. and 
the shafts became rmsallgned. One end of 
the corddrum depended on the bearing m the 
repeat-back potenttlometer for support. The 
stress on the corddrum due to tensmn In the 
cord resulted m bmdmg of the potenttlometer 
shaft. To adJust the value of reslstance In 
the repeat-back potentmmeter for zero 
mdxatlon, It was necessary to s11p the cable 
drum on the shaft of the potentmmeter which 
often resulted In Its bmdmg. The cord was 
made of a good grade of flshmg lme. but 
after some use It stretched, resultmg m 
backlash III the posltmn mdlcatmn. The cord 
was ongmally attached by tymg It to the cord 
drum and posltmn mdxator slide, but this 
method was abandoned In favor of pmnmg the 
cord m place m a hole m the same manner 
that the halrsprmgs of clocks are pmned. 
The case was dlfflcult to remove from the 

display unit. It required the dtsmountmg of 
the range selector switch and caused flexmg 
of the wxmg m the display umt so that some 
of the connectmns were soon broken and had 
to be replaced. 

LABORATORY TESTS 

To determIne the performance that 
might be expected of the Type Ill computer, 
laboratory tests were performed. Tne omm- 
beanng signals were obtalned from an OBI, 
and the distance signals were obtamed from 
a potentmmeter which had been calibrated 
agamst an alrborne DME currently m use. 
The flag-alarm clrcuts were connected to a 
dry cell and to the alarm mdlcator clrcults 
of a Type ID-48 course devlatmn mdlcator. 
A schematIc dtagram of the clrcults used for 
these tests 1s shown In Fig. 10 Computer 
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Serxal No. 105 was used Power was ap- 
phed to the equpment. and a 20-minute 
warm-up period was pernutted before any 
measurements were made. 

Range of Distance Callbratlon AdJustment. 
The tests were made for each of the 

three distance ranges of 15, 30, and 60 
IIlIl‘ZS 

statlon, and when full-scale signals were 
applied, the computer lndlcated the corre- 
spondlng distances of 15, 30, and 60 nules On 
the respective ranges BegInnIng at zero 
miles, distance lndlcatlons were checked at 
each five-mile Interval 0x1 each scale. as 
shown In Table IV. 

1. Range of zero adJustment 
The zero adJustmerIt was set to give a 

munmurn distance Indlcatlon. The distance 
sIgna was arbltrarlly adJusted to cause the 
computer to lndlcate zero mzles. The zero 
adJustment was reset to give a maximum 
distance Indlcatlon, and this lndlcatlon was 
considered to be the range of eel0 adJustment 

2. Range of full-scale adJuStment. 
The full-scale adJuStment was set to 

give maxxnum Indlcatlon. The distance 
slgnal was arbltrarlly adJusted to give 15, 
30, and 60mlles On the corresponding scales. 
The full-scale adJustment was reset to give 
rn~nnnum lndlcatlon. The dlfference between 
this lndlcatlon and the corresponding 15-, 
30-, or 60-mile Ones was consldered to be 
the range of full-scale adJustment. These 
results are shown In Table III. 

TABLE IV 

LINEARITY OF DISTANCE lNI;ICATlON 

Distance 
Slgnal 

(miles) 

0 

Computer lndlcatlon 

15-Mile 30-Mile 60-~,i~ 
Range Range Range 

(m1les) (m&es) (miles) 

0 0 0 
5 

10 
5.0 5.0 5 1 

10.0 10.0 10 3 
15 
20 
25 
30 
35 
40 
45 
50 

15.0 14.9 
19.9 
24.9 
30 0 

15.3 
20.2 
25.2 
30.1 

TABLE Ill 

35.1 
40.0 
45.0 
49.9 
54.9 
60.0 

RANGE OF 
DISTANCE CALIBRATION ADJUSTMENT 

Range of Distance Lunlt AdJustment 
Range 

(m1les) 

15 

30 

60 

Zero 
AdJustment 

(nules) 

8.75 

8.2 

6.2 

Full-Scale 
AdJustment 

(miles) 

2.9 

10.2 

18.4 

With the distance lndxator cahbrated. 
the distance signals were varied and the 
cut-In and cut-out points of the distance 
hmlt were observed on each dxstance range 
with the lnnlt adJustment set to give cut-out 
at mmrnum range. The test was repeated 
with the hrnlt adJustment reset to give cut- 
out at maxunum range, and the results are 
shown In Table V 

Change of Lunlt AdJustment 
With Range Selected 

Llnearlty of Distance lndlcatlon. With the llrnlt adJustmerIt set to oper- 
Each range was adJusted so that when ate at 17 miles On the 15-nxle range. the 

zera distance signals were applied, the corn- lxnxt operated at 32.5 m&s On the 30-m11e 
puter lnduzated zero distance from the OBD one and at 61.2 miles On the 60-m11e. 

TABLE V 

RANGE OF DISTANCE LIMIT ADJUSTMENT 

Range 
LIznIt AdJustment 

cut-out 
Cut-l* 

15-Mile Range 30-Mile Range 60-Mlie Range 
Mm. Max. Min. Max. Min. Max. 

15 24 l/4 28 47 54 90 
15 l/4 24 l/2 28 47 54 90 

. 
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TABLE VI 

DISTANCE SERVO BACKLASH 

15-Mile Range 
Indicated Required 

30-M11e Range 
lndlcated Required 

(rmles) (mles) (&es) (rmles) 

60-~~k Range 
lndlcated Required 

(mles) (mles) 

0.4 0 0.5 
0.25 20 0.3 
0.1 40 0.2 
0.1 60 0.1 

dashed lme of Fig. 11 was obtamed by 
applymg the proper correctmns to the s&d 
lme from an error curve of the omnlrange 
ground equipment. 

0 0.4 0 
5 0.25 10 

10 0.2 20 
15 0.1 30 

Distance Servo Backlash. 
The change m distance slgnal required 

to give avIsIble change Ln distance lndlcatlon 
was observed at four pomts on each dxstance 
range. The results are shown m Table VI. 

Flag-Alarm AdJustmats. TABLE VII 
The adJustment of the flag-alarm cx- 

cults was extremely crltlcal. A small change 
caused the flag either to stay ln mew or to 
be out of sight contmuously. It was nut pos- 
slble to obtam rehable data concernmg the 
lmnlts of adJustment available. 

CALIBRATION OF BEARING INDICATIONS 

OBI Settmg Computer Indlcatmn 
(degrees) (degrees) 

Callbratmn of Bearmg lndlcatmns. 
The OBI (Collms Type 337-A2 OBI, 

Serml No. 376) ws.s set at 10” Intervals 
from 0 through 360’. and the computer m- 
dlcatmn was observed for each settmg. The 
preclsmn of readmg the OBl was to the 
nearest one-fourth degree. These results 
are shown m Table VII. 

Bearmg-Servo Backlash. 
One-tenth degree change In the OBl 

caused a notxceable change m the bearmg 
mdlcatmn. Backlash m the bearmg-mdlcator 
drive gear perrmtted this mdlcator to be 
manually displaced one degree from the true 
mdxatmn. The sensltlvlty of the servo, 
however, was such that the mdlcatmn would 
wmnedlately return to wlthm one-tenth 
degree of the orlgmal. 

0 
10 
20 
30 
40 
50 
60 
70 

9”: 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 

Fhght Tests. 
Fw. 11 shows the results of a flleht 

made m-the lnd~anapol~s termmal area to 
test the accuracy of the computer. The air- 
plane was flown over roads m the area under 
wsual flight rule (VFR) condlhons. The 
track IS shown as a dotted lme m Fig. 11. 
The mdlcatlons of the computer were 
recorded cm the chart in the computer by 
holdmg a pencil pant m the hole provided 
for the purpose m the alrplane posItIon xndl- 
cator. These mdlcatlons are shown as a 
solld lme m Fig. 11. Durmg the fkght. a 
cahbratmn error of 0.6 rmle m the computer 
was observed. This was corrected durmg 
the flight, as mdxated on the chart. The 

l/4 
10 l/4 
20 l/4 
30 l/4 
40 l/4 
50 l/4 
60 l/4 
70 l/4 
80 l/4 
90 l/4 

100 l/4 
110 l/4 
120 
130 
140 
150 
160 
170 
180 
189 3/4 
200 

230 230 
240 239 3/4 
250 249 3/4 
260 259 3/4 
270 269 3/4 
280 280 
290 290 
300 300 
310 310 
320 320 
330 330 
340 340 
350 350 
360 360 l/4 

, 
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Fig 11 Chart for Plctorlal Computer Use (Reduced Scale) 

CONCLUSIONS After a few flights It also became obvmus 
that some prov~smn must be made to mount 

The CAA Type III portable plctorlal the computer m Its operatmg posltmn, 
computer, in its present form, provides the because it 1s not practical to hold the display 
most easily used presentatmn of OBD mfor- on the operator’s lap durmg long fhghts. 
matmn that has been made available to the The errcars of pos,tmn due to the com- 
pllot to date. Crltlclsms of the eqmpment puter are small compared to the ei-rors m 
have been made of the mechamcal details the OBD data. Therefore, until Improvement 
rather than of the basic design. For exam- of the OBD data 1s accomplished, gams in 
ple, the auplane posltmn mdxator 1s some- computer performance can be made much 
what obscured by the mechamsm of the more rapldly by u-nprovmg the features of 
bridge, and the changmg of charts 1s unduly the display rather than the accuracy of the 
complicated by the bridge over the chart. computer mechamsms. 

. 
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APPENDIX I 

SUMMARY OF CHARACTERISTICS OF CAA TYPE III 
PORTABLE PICTORIAL COMPUTER 

PHYSICAL ELECTRICAL 

Display Unit. 
Weight 10 pounds 
Height 3 3/4 Inches 
Diameter 11 7/S Inches 

Amphfler (Wxth Mountmg Base). 
Weight 14 pounds 
Height 9 Inches 
Width 5 Inches 
Length 13 l/4 Inches 

Power Source. 115 volts. 400 cps, 
smgle phase 

Power. 125 watts with both 
servos balanced 

140 watts with both 
servo5 m operation 

Power Factor. 0.93 

Charts. 
Diameter 10 Inches centered on OBD 

statmn 

Scales 1 250,000. 1 500,000 
and 1 1,OOO.OOO 

SLEWING SPEEDS 

Bearmg Servo. IS’ per second 

DME Servo. Approxunately 0.3 mch per 
second (3600 nm per hour 
on the 1 250,000 scale) 

ACCURACY 
(AS REQUIRED BY SPECIFICATION) 

Range. 

Bearmg. 

* 0.4 mile maxunum error 

* I/2” or l/32 Inch, 
whIchever 1s greater 

VACUUM TUBE COMPLEMENT 

3 each 12AX7 
2 each 6BL7GT 
1 each 5U4G 
1 each lZAU7 

APPENDIX 11 

SUMMARY OF CHARACTERISTICS CONSIDERED 
FOR A PICTORIAL DISPLAY BASED ON OBD INFORMATION 

In plannmg the pxtorlal computer pro- 
gram. an effort was made to progress toward 
anultlmate computer design with a munmum 
of experunental work and yet not to overlook 
any worth-while characterlstlc. After some 
study of the problem and before any specs- 
flcatmns were wrltten. a list was prepared 
showmg most of the characterlstlcs that 
rmght be mcorporated Into a plctorlal dls- 
play of OBD InformatIon. An examlnatmn of 
the list showed that all of the characterls- 
tvzs could not be mcorporated Into two or 
even three types of computers. 

Two prmclples were kept m mmd 
when the speclflcatlons for the three plctorlal 
computers were prepared 

1. Each computer should Include only 
those characterlstlcs that are compatible I” 

an over-all design. 
2. Each lIsted characterlstx should be 

Included m at least one computer. 

Orlentatlon of the Chart. 
Three methods of orlentmg the chart 

were constdered (1) chart fxed, north up, 
(2) chart manually rotated with either the 
course or north up, and (3) chart rotated by 
a servomechanIsm to have the alrcraft head- 
1ng up. The charts were to be onented 
north up m the Type V computer and were to 
be manually rotatable I” the Type III and 
Type IV computers. The headmg-up fea- 
ture. with the chart rotated by a servo- 
mechamsm, was not Included m any of the 
three computers. 
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Mountmg of the Display Unit 
The dlsolav umt of the ‘Type III compu- 

ter was desIgned to be held onthe operator’s 
lap while m use, however. the dxplay could 
be placed m a rack on the control pedestal 
when m use and stored in a rack outslde the 
cockplt when not m use. Although the display 
units of the Type IV and Type V computers 
were deslgned for mstrument panel mountmg, 
the displays may be mounted on the control 
pedestal m cases where there 1s msuffflclent 
space on the Instrument panel. 

Display of Headmg. 
AIrplane headmg was to be dlsplayed 

at the airplane posltlon mdlcatmn m the Type 
IV and Type V computers. Consideratmn 
was given to a peripheral display of headmg, 
but this was given up m the Interest of me- 
chamcal slmpllclty. The headmg mdlcatmn 
was omltted from the Type III computer. 

Alrplane Posltmn Indicator. 
The alrplane posItIon mdlcator was to 

be nondlrectmnal mcharacter unless a head- 
ing mdxatmn was Included. Anondlrectmnal 
mdlcatmn was used m Type III and m one 
model of the Type IV computers. One model 
of the Type V computer Included distance 
circles and magnetlc dlrectmnal radials wtth 
the aIrplane posltmn lndlcator. Another 
model of the Type V had both a small com- 
pass rose centered on the alrplane’s posx- 
tmn and a headmg arrow. One model of the 
Type IV computer had a small arrow at the 
airplane posltmn mdlcatmn. 

Relative Motion. 
The three plctorw.1 computers to be 

developed as part of this program were to 
have the charts fixed and centered on the 
OBD statmn. Other configuratIons consld- 
ered were (1) to have the airplane flxed at 
the center of the display while the chart LS 
moved by servomechanisms. (2) to have the 
OBD statxon faed at the center while the 
chart 1s rotated by servomechamsms to 
mamtam the aIrcraft’s headmg toward the 
top of the display 

Methods of Recordmg Track. 
The methods of recordmg track which 

were constiered mcluded (1) the use of 
facslmlle paper for charts. (2) the use of 
heat-sensltlve paper for charts, Type IV 
computer, (3) markmg of the posltmn by the 
operator, Types III and V. and (4) markmg of 
the track by pen and mk arrangements. 

Preparatmn and lnsertmn of Charts. 
The Type 111 and Type IV computers 

were to use charts which were cut from 
sectmnal aeronautical charts or others of 

the proper scales and were manually m- 
serted mto the computer. The Type V com- 
puter was to use charts photographed on 
film and proJected on a screen. Several 
characterlstlcs of proJected charts were 
consldered, for example. mdlvtdual charts of 
each scale and each area could be moved 
each time a new omnlstatlon was selected, or 
one large film could be moved about the air- 
plane m the center of the dtsplay. Indlvldual 
charts could be stored on a roll of film and 
the roll posltmned by an electromagnetic 
device. This method was used m the Type V 
computer . In the case of mdlvldual charts, 
a mechamsm could be used to select the 
charts from a storage magazme and return 
the last used chart to the magazme when the 
operator sets the statmn call letters on 
sultable dials. 

Automatic Features. 
Conslderatmn was given to mcludmg, 

as a feature of the charts. mformatlon which 
would enable the computer to perform auto- 
matlcally some of the functmns requtred to 
put the computer mto operatmn. When the 
desired chart was selected and put on the 
display (m the case of the Type V computer) 
the scale mechamsm of the computer was 
automatlcally set to agree with the scale of 
the chart, and the associated OBD equipment 
was tuned to the StatIon represented on the 
chart. 

Alarm Clrcults. 
It seemed desxable to have associated 

w,th the equipment a flag alarm which would 
momtor not only the operatmn of the asso- 
elated OBD equipment but also the clrcults 
of the computer. 

Appllcatmn of Computers. 
The uses of the computers were to be 

evaluated as a part of the program. The 
varmus computers were to be used for raw- 
gatmnal purposes, and If experrence showed 
them to be acceptable. It was proposed to use 
them where possible as flrght mstruments. 

Size of the Display. 
It was desirable that the display be as 

large as 1s practical to get It Into the cock- 
pit. A chart diameter of ten Inches seemed 
to be about the maxxmum for experimental 
llmts . 

Auxlllary Functmns. 
Smce the computer was to contam 

bearmg and distance servomechamsms, the 
problem of provtdrng a course-Ime computer 
functmn seemed relatively simple. Acourse- 
lme computer mdlcatmn was mcluded as part 
of the Type IV computer. 
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, APPENDIX III 

FEATURES OF CHARTS PREPARED FOR PICTORIAL COMPUTER USE 

From the begmnmg of this prolect It 
was obvmus that the exlstlng sectmnal aero- 
nautical charts are not well-sulted for plc- 
torIa computer operatmn. Therefore, the 
Coast and Geodetic Survey was requested to 
prepare special charts for this use. 

After some d,scuss,on. It was decided 
that the charts should Include the followmg 
features 

1. Symbols for alrports, except on the 
1 250,000 scale where aIrports to be shown 
by exaggerated runway patterns If necessary. 

2. Circles mdlcatlng distances from the 
OBD faclllty, at two-m& mtervals on the 
1 250.000 scale and at ten-mile w,tervals on 
scales smaller than 1 250,000, with Identl- 
flcatmn of the distance circles to be on the 
north side. 

3. Danger,warnmg. and prohIbIted areas. 
4. The highest altitude ,n each geographic 

quadrant, except that in some cases ,twas 
desirable to mdlcate the mlnnnurn safe 
altitude. 

5. Terram features m relxf only where 
there were hazards or obstructmns. 

6. Relief by spot elevations with the 
highest alt,tude shown ln a box. 

7. Fan markers not associated with an 
Instrument landmg system (ILS). 

6. Double-line streams and very large 
lakes, however, where there was no other 
visual Informatmn, smgle-lme streams to 
be marked. 

9. A route sequence serial number 
asslgned for each chart. 

10. Longitude and latitude marks outs,de 
the aexnuth circle of the chart. 

11. The symbol used to mdlcate VOR 
factlltles to be the center of the symbol 
developed by the U. S. mapplng agencies. 

12. The prmtmg on the charts orlented 
to magnetic north, not true north. 

13. Letters “ILS” and the frequency and 
ldentlficatlon of the ILS faclllty in a note 
adJacent to the alrport symbol. 

The charts should not Include the fol- 
lowmg features 

1. Low frequency radw mformatmn. 
2. ILS local~eer. back local~zer, inner 

and outer markers, or compass statmns. 
3. State lines, roads. raIlroads. or dram- 

age (except as mdlcated ln the foregomg 
features under 6) 

4. Axways. 

Two charts prepared as part of this 
program are shown in Figs. 11 and 12. 

APPENDIX IV 

DIGEST OF MINUTES OF AIRBORNE COMPUTER SYMPOSIUM 
HELDATTECHNICALDEVELOPMENTANDEVALUATIONCENTER. 

INDIANAPOLIS, INDIANA, APRIL 1.8 AND 19, 1951 

The symposium was attended by 66 Company the AN/ARA-21 (XA-1) and the 
people representIng 2S different organlea- Collms Type 560A-1. Mr. Logan E. Setzer, 
tlons from mdustry and government. TDEC, dIscussed the CAA Type II Auto- 

The purpose v/as twofold (1) to m&c Flvght and Navlgatmn Equpmentt, the 
acquamt the group with the ANDB develop- CAA type III Portable Plctorlal computer, 
ment program xn airborne computers, and the CAA Type IV Rotatable Panel Plctorlal 
(2) to obtam the oplnlons of both operatmnal Computer, and the CAA Type V Panel Plcto- 
and techmcal people on the many problems r,al Computer w,th headmg and automatic 
Involved I= deslgnmg and usmg airborne chart changmg. Lt. W. G. Muntean of All- 
computers. Weather Flymg Dlvlsmn described the chart 

Mr. Francis J. Gross of the TDEC d,splay which IS a part of a 5,000-megacycle 
described the Mmneapolls-Honeywell offset (MC) Rho Theta navlgatux system built for 
course computer, the CAA Types I and IA them by SperryGyroscope Company. Colonel 
course-lme computers, and two models of JohnD.Kay of the Coast and Geodetic Survey 
course-lme computers bult byCol11ns Radio discussed the charts which were prepared 

. 
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Ftg 12 Chart for Plctonal Computer Use (Reduced Scale) 
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for use m the plctorlal computers Dr. A C. 
Wllllams of the Umverslty of lll~nols told of 
work that 1s bemg done there on the compara- 
tlve evaluatmn of symbolic versus pxtorlal 
displays for the presentatmn of omnlrange 
and distance lnformatmn. Mr. V I. Welhz of 
the Air TransportatlonAssocIatlon dlscussed 
the operatmnal aspects ofthe use of xi-borne 
computers from the vlewpomts of pllots and 
traffic control personnel. 

Afterthe formalpresentatmn of papers 
was completed, Mr. J. W. Leas acted as 
charman and moderator m a dlscussmn of 
various aspects of alrborne navlgatmn com- 
puters. The followulng aspects of plctorlal 
computers were discussed. 

1. Orlentatlon of Charts. 
It was agreed that the charts should be 

orlented with north at the top If they are to 
be used by a navigator. however, for pIlot 
usage there was no a gr cement on the 
orlentatlon. Headmg orlentatmn did not seem 
to be desired. As a general conclusion, It 
appears that the charts should be capable of 
either north or course orlentatxon by manual 
adlustment 

2. The Airplane PosItIon Indicator 
For posltmn reportmg, the posItIon 

mdlcatlon should be such that the posltmn 
can be read to essentially the same accuracy 
as with a symbolic display. The positmn 
marker should be omnldlrectmnal unless 
headmg 1s dlsplayed. 

3. Headmg. 
No defmlte trend was noted concernmg 

the best kmd of headmg mdlcator. It was 
agreed that the addltmn of headmg and of 
lines for mdlcatmg courses would convert 
the display to a flight mstrument Extreme 
accuracy of headmg mdlcatlon did not seem 
to be requred, smce the dIrectIona gyro 
was to contmue to be used. Should the head- 
mg mdlcatmn replace the du-ectmnal gyro, 
then an accurate heading mdlcatlon would be 
requred. 

4. use. 
To Justify Its use, the plctorlal com- 

puter should be consldered afhght Instrument 
rather than a navlgatmnal ad. 

5. Relative M&on 
Smce the simplest presentation was to 

have the OBD faclhty at the center of the 
chart (and there was no defmlte mdlcatmn 
of desire for change), It was agreed that this 
arrangement should be followed. 

6. Mountmg. 
When employed as a flight Instrument, 

the plctorlal computer should be mounted on 
the Instrument panel or control pedestal. 
Use of the portable display wIthout provlslon 
for temporary cockplt mountmg received 
very little encouragement, although It was 
recogmzed that further development of this 
display may alter this reactmn. 

7. Track Recordmg. 
It was agreed that recordmg of the 

track would be desirable for test and trammg 
purposes but otherwIse would have little 
value. The method of recordmg did not 
seem Important. 

8. Type of Display. 
Electromechamcal displays seem to be 

preferred. It was panted out thar. a display 
of poslhon wlthout St&Ion, route, or runway 
was not enough. 

9. Size of Dxplay. 
“The bigger, the better” seemed to be 

the feelmg. The ten-Inch diameter appeared 
a good compromise, except for the problem 
of mountmg the Instrument In the cockplt. 

10 Chart Changmg Methods. 
Except for automatic chart changmg, 

the problem seemed troublesome. Charts 
on film, roll charts, and smgle charts were 
dlscussed, but no partuzular declslons were 
made. 

11. Charts. 
It was agreed that special charts would 

be needed and that most cltles, nvers,lakes, 
state boundaries, and the like could be 
omItted. It was beheved that a chart m 
black, white, and halftones can supply the 
required InformatIon and slmpllfy prmtmg. 
Much dlscussmn centered around the choice 
of chart material to be presented on the 
varmus scales. Halftone circles were favored 
to show distance from the ommstatmn, with 
halftone lmes for radials shown every 30”. 

12. Method of Scale Selectmn. 
It was recommended thar provrsmn 

be made for alertmg the pllot agamst selec- 
tlon of a chart of one scale and settmg the 
mechanism of the computer to a different 
Scale. 

13. Automatic Frequency SelectIon. 
This feature was considered desirable 

but not requred. Its use should be evaluated 
In terms of Its cost. 
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14. Automatxc Flight 
This feature was also consldered 

desirable but not required. 

15. Combined Course-Lme and Plctonal 
Computer. 

UnIted States Department of the Air 
Force (USAF) representatives mduzated a 
requrement for both mdlcatlons. The Navy 
representatives wanted to evaluate both 
displays before selectmg,elther. 

One off-agenda Item was consldered. 
Mr. Robert B. Sleight of Johns Hopkms 
Umverslty told brlefly of the work he was 
domg onthe determmatlonof numerlcal legl- 
blllty and on the attention-gettmg value of 
geometrIca figures which have apphcatmn 
to charts. -. 

Durmg the second day of the sympo- 
slum, the entlre group Lnspected the mstal- 
latlon of alrborne 5.000-MC equpment m an 
All-Weather Flymg Dlvlsmn C-54 airplane. 

Flight demonstrations of the CAA wpe 
III portable plctorlal computer were given 
to 50 observers In a TDEC DC-3 axplane. 
The summary of tne comments made durmg 
and after these flight demonstratmns does 
not purport to be complete, nor can any 
particular weight be attached to the order In 
which the followmg are presented. 

The bridge carrymg the alrcraft 

mdxcator was too bulky, obscured too much 
of the chart, and gave the effect of Indlcatmg 
heading mstead of ommbearmg. It was 
suggested that the bridge be ellmlnated and 
that the posltmn of the alrplane be mdlcated 
by a spot of hght proJected through the chart 
from underneath The alrplane posltmn ln- 
dlcator was too obscure. and the three dls- 
tance scales were confusmg Some warnmg 
of the selectlon of the wrong chart scale 
should be provided. An mdlcatmn of distance 
out to perhaps 50per cent of the chart radius 
beyond the periphery of the chart seemed 
useful. An improved method of recordmg 
track would be of some value. A small 
amodnt of huntmg by the posItIon mdlcator 
seemed desirable, smce It showed that the 
computer was functmnmg. Unless the weight 
and thxkness of the display umt can be con- 
slderably reduced, some method of mountmg 
It should be provided so that It ~111 not have 
to be held on the co-pllot’s lap. The svze of 
the dxplay was about the maxImum that can 
be put Into the cockplt. The 1 250,000 scale 
1s sufflclently accurate for termmal area 
flymg. Lmes markmg the course to be flown 
were consldered very Important 

A i-evlew of the *mutes shows that the 
symposium contributed conslderably to the 
establishment of a common understandmg of 
the importance of the plctorlal computer In 
solvmg future air navIgatIona problems. 


