
TECENICAI, DEVZUXWJT FINPORT NO. 188 

EVALUATION OF PHOTOT.. CA-7344 
loKC GoNlumm~ LIMIms 

EOR LCMITED DIS~X.KJ'I'W~ ---_- 

ElectFbnlcs Divielcm 
Technical Developmnt 

November l952 

cIvlLAlmoNAwrI~ADMIBfsauL'pION 
TEcmIcAIl - 
AIQ EVALUATION CEWIZR 
INDIAmLIs, lmIANA 



Nwe&erla,1%2 

EV".LIJATICN OF PLTOTYP: CA-29h4 
10 XC 00NIOE5TZR &l.UTLRS 

Laboratory Tests 

Two Type CA-1277 Hoffman monitors were used durtig these tests. Gne of the 
monitors rras modified to operate on an external power supply. This mtificatlon 
consisted of substitutq the rrrternal a-c power supply r&h e well-filtersd 

/-voltage d-c supply and a storage battery for the filamsnt pcwer. 

4orutcr Tests 

1) AZ llodulation Tests with Lvnlter-Filter kit 

A '&pe CA-1231 gomometer (Con v2) was adJusted an accordance with standard 
wactlce and used as the signal source. The tone wheel syal (fed through a 
mtilter-filter unit to ellmlnate all amJll+dde modulation) tias fed to a qecial 
aodulatmg amplifier u order to produce 3C c?s (phase of the 30 c:x signal rras 
arlable through $0') am@tude modulation of zero or 7.5 per cent on the tone 
* -a signal. This signal was fed dwect or through a limiter-filter unzt to 
.he test input tmdnals of either monitor. 

iionitor 

Test Condltlon 
Zexo Phase Control Setting 

Standard Hodtiied 

Iiodulation OFF, limiter OFF 
II ON, " OYFF 
10 ON, " OUT 
II OFF, fl IN-Filter OUT 
11 OFF, M IN- I1 
" ON, " IN- '1 0" 
II ON, " IN- 11 OUT 
I, ON, " IN- " IK 
II ON, " I& " IN 

-0.1 
-1.5 
l 2.0 
+o.a 
+0.L 
+1.1 
+o.a 
+0.6 
+0.7 

+0.2 
-l.ll 
+2.2 
+O.a 
a.3 
+1.0 
+0.? 
+0.6 
co.7 

2) Tests Using Improved Limiting in Iionitor 

Curing these tests, additional Lmiters, tubes VU6 ard v117 in two Collins 
;lR-2 receivers, were used in the monitor circuitry to deternnne if this Would 
Luninate the effects of Aii modulation on the tone wheel s-al. The signal 

F fed Into iJo. 1 test input. 



Phase of 33 cp5 
AK Nodulation 

Normal OpeTationl 

Test Condition 

kdulatlon OFF 

la: 
II ON 
II ON 

lhiter connected between tubes V6B and V6A: 

ilodulation OFF 

18: 
!I ON 
II ON 

One lyniter wnnected between tubes V& and V&i and a 
secoti limiter connected between the output of 22 and 
input of VYBr 

Zero Phase 
contro1settvlg 

a.1 
+2.5 
-2.5 

+O.& 
+0.7 
to.1 

r;odulat]oa OFF 

la: 
II ox 
0 ON 

3) 479s Elxed Signal Tests (Au&o) 

+0.5 
to.6 
+0.4 

For these tests the tone &eel slgnal (with al3 amplltuda mcdulation 
removed) was fed to a special modulating anplifier in order to protice 30 cps 
modulation at a depth of 7.5' per cent on the tone wheel signal, and this signal 
was then fed back to the h7Y5 audio amplifier. The 4795 audio generator output 
from the xdx signal jack was fed to the ,;'l deteator input. The zero phase con- 
dltionwas observed on an oscfioswpe which was connected to the junction of 
C62 andFtl34 (phase comparisenrm;ter circuit). 

Phase of 30 cps 
MI Modulation Test Condition 

External cOllins Limiters Off: 
Modulation OFF 

0 II ON 

4:: power switched OFF 
II ON 

then ON Modulation ON 
479s power switched OFF 

then ON Hodulation OFF 

External Collins Limters Connected as in 
the Third Condition of Test 2: 

IIodulation OFF 

la: 
II OH 
II ON 

479s power switched OFF 
then ON Modulation ON 

Var. Fhane: 
on 479s Gen. 

179.9 
180.0 
179.8 

179.5 

179.7 

180.0 

179.9 
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k) AN M-dulation from Gonlometer Tone Wheels 

The percentage AN modulatxon of the tone wheel cutput was measured using a 
wave analyzer and a vacuum tube voltmeter. The follotJing We the results 
obtained: 

Con. No. Dire& 

1 
::R” 2 

5) Calibration of klonltors 

ThXlugb Through Umiter 
rhlter and Filter 

0.104 % 0.22 % 
0.03 0.0055 

ilonitor #?i21 was modified to operate on z.n external hum-free porrer supply 
l4onlt.m A5 was for the higb voltage source an3 batt? y? fcr filament power. 

operated as a standard monl~cr. %&l--J "ES fed through the 
erator to the pick-up head. 

211 signal gen- 

Honitor j21 (See Fkgs. 1 and 2) 

An inspection of these two figures lndlcates a general correlatzon between 
goniometers .;l and ;2; also Letrrean the two lirmter-filter units. The error 
spread under the test cotition is as iollorrs: 

blrect 
'tcror Spread m Degrees 

Gan. No. Lkuter In Limit er & Ffltar in 

1 +3.3X.25 = 4.6 +3.45-1.75 = 5.20 
2 +3.0 -2,s - 5.15: +3.0 -1.95 = 4.95 

:;.yf:.zr 1 21% 
. - . 

Iionitor 215 (5ee Figs. 3 and h) 

Figs. 3 and 4 shcru a general correlation ard indicate small differences 
between the tone wheels YI Gon. 2 and the k79S audio generator. The total error 
spread under the test conditzon is as follows: 

Tone Vheel Direct 
Zrmr Spread in Degrees 

er Limit ihrdtm %Fil.ter 

+3&2.6 - 6.0 +3.&-2.9 = 6.3 +2,7-3.6 - 6.3 
+3.8-3.1 = 6.9 +3.5-3.1 0 6.6 +3.0-3.h - 6.11 

6) Receiver Calibration (See Figs. 5 through 11) 

In this test the outpts of the tone Iheels (9960 cpa) were fed to the in- 
put of the 479s audio amplifier. The output of the amplifier modulated the 
Boonton Type 211 signal generator. The 30 cps alternator in the 479; was used 
as the variable phase signal. The effect of tbe limiter-filter units on 
receiver errs is tabulated below. 



-4- 

Tone Pmr Spresd iaDegreee 
Wheel Receiver Direct Lindt er Limiter& Filte 

ARC 
Con. #2 5Pe 15 +l1.6-2.8 = 6.4 +5.3-2.9 - 8.2 +!Lo-o.y - 5.9 
II $2 ml (ColUns) +0.14.7 - 0.6 +o.B-0.9 - 1.7 +0.8-O.& - 1.2 

4;s 
i/2 ml +0.3-0.7 - 1.0 +0.6-0.5 - 1.1 *1.2-0.1 - 1.3 

g 

+0.3-m - 1.1 s.7-1,o - 1.7 *0.7-o.& - 1.1 
Con. #l 0 -0.5 - 0.5 -0.2-0.7 - 0.5 

4;YS 
22 ~1.3-0.3 - 0.6 0 -0.3 = 0.3 

4$yj - ;.; 

5-2 +0.5-0.7 = 2.2 +0.3-O-f - 1.0 -0:2:1:2 1 l:o 

Field Tests 

The two limitera were mounted 0~1 Type CA-l.231 goniometsze which had been in 
service frr au unknown penod of tzxe. Both gonlometers were installed at a 
VOR station using a Type CA-655 modnlation driver unit, a Type CA-663 carrier 
modulator unit, and a IVN tranmaittk'. The new four-loop antenna arraywas 
used. The CA-1278 monitor field detect&r had been modlfled to use a vacuum 
tube detector; however, the CA-1277 monitor was unmotiflsd. The sane modulating 
and transmitting wipment was used rr-th each gonlometer. AstudMColl.ins 
5lR-2 receiver and CoUvls 479s test roqxnent, located in the TDEC recedver 
labordozy, were used for these tests. 

Tests were conducted as follows. The positions of the tone wheel yokes 
were adjusted to produce the same course at the receiver laburatory with eith- 
gonioneter connected and their tone bdnee.3 outputs connected directly to the mod- 
ulator driver. Tests weremadewith thefilter rn andoutoftb circuit. 
The antenna array was rotated rn ulcrements of h5' for 180' and a -plate set 
of readings was taken on each position. 

I4kxmtor Calibration (Figs. I2 and 13) 

For these tests the pick-up head was located at 0'. The ant~lna was 
rotated180* ard themon~tor adjusted to read the aetith. The error sprsad 
as tabulated below will include transrmtter and antenna ermrs. (It should be 
mentloned that the antenna and ~UnterpoisewerereplacedQr~g the month Of 
September.) 

Pmr Spread in Degrees 
Gon. No. Monitor Ro. w er Limit Limiter&Filter 

1 15 +1.&I-1.3 q 3.1 +2.0-1.3 - 3.3 +1.6-1.7 = 3.3 
2 l5 +1.5-3.0 * 4.5 +1.7-2.7 - 4.4 41.9-3.1 = 5.0 
1 2l +2.0-1.0 = 3.0 +2.3-1.0 b 3.3 +1.6&o - 2.6 
2 21 +2.3-0.2 = 2.5 +2.4-0.4 - 2.8 *l&1.2 = 2.7 

Station Calibration (Figs. lh ard 15) 

Rig. U mdicates the station calibration. The signalwasfecBived at the 
laboratory (appmximately 10 nules distant) using a Collins 5lR-2 receiver. The 
bear% between the Iabmatozy arrl station was 119' FROI4. 



Fq. 1s shous the bearings received with a CO~~UIS 5lR-2 receiver installed 
m a truck setting at $7' FhtE ti approximately 0.25 mile fmm the station. 
The antenna array was rotated 180' for these two tests. The tabulated data 
helm trill indicate transnutter and antenna errorsz 

Receiver 
Gon. No. Location 

Error spread in Degress 
Direct Limit- Limitter&Filter 

1 Laboratory +1.0-2.0 - 3.0 +1.1-2.2 - 3.3 +0.3-2.6 - 2.9 
2 Laboratory +0.5-2.1, l 2.9 +a.&2.5 q 3.1 +1.2-3.2 l &.& 

1 Truck -1.8 - 1.8 
2 Txuck -1".1-3.9 

+o.&-3.6 - 2.0 
- 2.0 -1.2-3.6 n 2.b 

-$;-;.; = 2"; 
,-. = . 

The lo-kilocycle wavsfom~ was observed as it passed through the various 
trananutter modulation circuits. A slight mcrease in amplitude modulation 
was observed. 15th apprcximatelp one par cent anqlltude modulation observed 
at the vlput to the modulator driver unit, about seven per cent appeared at 
the out@ of the carrier modulator. r!ith the exception of this small amount 
of mnplltuds modulation, the lo-kilocycle waveform remained undistorted in the 
mockdation czmcuits. 

comment s 

1) A canparison of the data taken in Test ii1 Smith arrl wlthcut the lirmtsr- 
fflter unit indicates that the Waiter alone rmuld reduce the possible calibra- 
tion error frcm approximately t2.0' to approxynately M.3' when the tone wheel 
Signal was amplitude uodulated at a depth of 7.5 psr cant by a 3Gc.p~ signal. 
Use of the filter In conjunction with ttm llniter further reduces the callbra- 
tlon error from ?0.3' to hO.1' error. 

2) The adding of additional Lirmtlng circuitry in the variable calibrating 
channel (Test ,[2) reduced the calibratlan ermr frcm 22.5' to 20.3'. Increasillg 
the limiting In the reference channeil (Tests $2 and 3) further reducsd this 
kO.3" error to rO.1' error in zero calibration. 

3) lhth the exception of improving the molutor zero teat corditim, there 
appears b be no reduftion h error of ather the monitor station slgnals or 
receiver operation when the li&ter-filter unit is placed in the output of the 
goniometer (see Tests il tbrougb 313.) 

Conclusions 

The limiter-filter unat Type C4-2944 is satisfactory only whenused, with 
the filter in position. for calibrating the monitor on the test channel posItion. 
'*en used for station monitoring purposes, thelmitezcfiltsr does not improve 
the statlon operation. 
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