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IMPROVEMENTS m THE TYPE CA-1277 VOR MONITOR* 

SUMMARY 

This report presents the results of tests conducted at the Techmcal Development and 
Evaluatzon Center of the Clvll Aeronautics Admln~stratmn to determme whv the reference- 
channel phase-spllttmg stage in the Type CA-1277 VOR momtor 1s sens&e to tube changes and 
what corrective actmn 1s necessary to ~ve=come this design deflclency The effect of ,nc”=- 
poratmg filters ln the reference and the va=,able channels of the momtor “n Its cahbratmn 
accuracy was also determined 

It 1s shown that the modlflcatmns to the momtor decreased the over-all spread L,, the 
callbratlon-error curve from 4 2’ to o 9’. almost ellmmated all effects caused by agmg o= 
exchangmg of tubes. and reduced the effects of a-c hum on the monitor operatmn 

INTRODUCTION 

(VOR) 
One purpose of the mon,to= 1s to sample the transmttted very-high-frequency ommrange 

slgnal and to give alarm at the INSAC when the bearmg changes more than al 0’ o= when 
trouble develops I=, the transmttter Because of Its spec,fx use, the momtor must be extremely 
reliable and Its mdlcated beanng must be unaffected by normal varlatmns n, power-lme voltage 
o= frequency, temperature, hum,dlty, o= agmg tubes and other components If the mdxated 
bearmg of the momtor 1s affected by any of these varymg condltmns. the monltor may shut off 
the transmitter even though the statmn might be operatmg normally 

Durmg the past year. an exhaustive study was made by the Offlce of Federal Always to 
determme new methods and test procedures for reducmg statmn mamtenance time The Offlce 
of Federal A,=wuays requested that TDEC determme why the mdlcated monitor bearmg chances 
when tube V19 (OBS Input tube) 1s replaced and that they recommend corrective s&on to 
remedy this design defwency This report gives details regardmg the redesign of tube V19 
clrcultry and gives the results obtamed by the mcorporatmn of hlters I,, the monitor clrcults 

TEST PROCEDURES 

The VOR test srgnal from the MIXED SIG Jack of the Collms Type 479s audm generator 
was fed to the mput termmal of DET 1 ,n the momtor An oscilloscope was used to lndxate 
the zero phase relatmnshxp of the test s,gnals The vertical anpllfler was connected to the 
cathode of tube VI%%. and the horlaontal ampl,f,e= was swept at a 60-cps rate w,th the mternal 
sweep The omnibearmg selector (OBS) ln the momtor was set to the desired azxnuth, and the 
audm-generator omnlbearmg dial was rotated untxl the two p’ps on the oscilloscope screen were 
lmed up The aalmuth lndlcated by the dial was recorded as the correct bearmg 

Durmg the hum tests. tube-transconductance (Gm) tests, and variable-filament voltage 
tests, the power supply m the momtor was disconnected and an external hum-free power supply 
was substituted The a-c filament power was also supplxd from this external source TlYs 
was done to elrmmate bearmg e==o=s due to uncontrolled hum durmg the tests Prmr to makmg 
any tests with the mternal power supply. the momtor cl=c”,t=y was modlfled to reduce hum L=, 
accordance with Office of Federal Always All Regmn Letter dated September 18, 1952. and 
entItled “VOR Momtor. CA-1277, Hum Reductmn ” All tests we== conducted at room amblent 
cond,t,ons of temperature and hunxdlty unless “thewIse speclfzed 

Several Type 6SN7 GT tubes were tested, and those havmg the highest and lowest Gm 
mdlcatmns were selected for “se durmg these tests The highest-Gm tube mdxated a Gm of 
2500 mzcromhcs for we trmde se&on and 2250 mlcromhos for the other se&on The lowest- 
Cm tube md,cated 1550 and 1600 mxcromhos for the two tnode sectmns 

*Manuscript submitted for publlcatmn January 1955 



tAl STANDARO REFERENCE CHANNEL GlRG”lT 

Fig 1 Schematic Diagram of Modlfled Portmn of Reference Channel Clrcuzt 

CIRCUIT MODIFICATIONS 

A careful analysis of the standard V19 tube clrcmtry, Ftg la, shows that replacement of 
tube VI9 with another tube havmg a different Gm ~111 cause a phase shift m the OBS clrcult 
LIkewIse. a change of Gm caused by agmg of a tube ~111 also cause a change xn the lndxated 
bearmg Accordmgly, It was decided to redesign the clrcmtry of tube V19 to ellmmate the 
phase change with a change In tube characterlstrcs and to Incorporate filters m both the ref- 
erence and variable channels to reduce the error caused by hum The redesigned clrcmts are 
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(A) STANDARD VARIABLE CHANNEL CIRCUIT 

Fig 2 SchematIc Daagram of Modtfled Portmn of Varmble Channel Clrcult 
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shown m Figs lb and 2b The complete modlflcatmn follows 

Reference Channel (See Fig 1) 
After several prellmmary tests, It appeared desirable to operate the OBS clrcultry at a 

lower slgnal-Input level to prevent overloading and dIstortIon m the OBS clrcult Therefore It 
was decided to move tube V19A and the OBS clrcultry one stage ahead of Its present lccatmn 

1 ResIstora R144, R148, R145. and RI47 were disconnected from the OBS stators Nos 1 
and 2 Resistors R33 and R34 were removed from the cathodes of tubes V19A and Vl9B 

2 The grid of tube V14B was disconnected from the junctmn of C23 and RZB The grid of 
V19A was dlsconnected from the Junctmn of R94 and R31 and was reconnected to the Junctmn of 
C23 and R28 

3 Reslstor R25 was removed from between the cathode of tube V13B and the Junctmn of R26 
and C20 and was reconnected between the output of the OBS ststor No 1, m series with another 
resistor, to the grid of tube V14B 

4 An 0 05-mfd capacitor was connected between the output of the OBS stator No 2 and the 
grid of tube V14B 

5 A 4000-ohm wvlre-wound reslstor was connected between the cathode of tube V19A and 
the Input to the OBS rotor 

6 The phase-adJustment-vernier pctentmmeter Rll2 was moved from the Input of tube VBB 
and was reconnected as a variable reslstor In series with a 40,000-c&m wire-wound resxstor 
between the cathode of tube V13B and the JUnCtlOn of CZO and R26 

7 Capacitor C51 was removed from the grid of tube V8B Resistor R94 was disconnected 
from the Junctmn of R32 and C24 and was reconnected m serzes with R31 between the grtd of 
tube VBB and ground 

8 Resmtor R32 was opened at Its JUnctbZm with C24 The 30-cps filter, canslstlng of a 
lZO,OOO-ohm resIstor, a 704-henry choke, and four 704 0 01-mfd capacitors, was connected 
between C24 and grid of tube VBB 

Varmble Channel (See Fig 2) 

1 ResIstor R32 and capacrtors C26 and Cl1 were disconnected from RIO4 (Fig la) R104 
was reconnected between the grid of V19B and ground 

2 The Junctmn of C39 and R69 was opened, and C39 was reconnected to the grid of tube 
V19B 

3 A 5000-ohm reslstot was connected between the cathode of V19B and ground 
4 An 0 I-mfd couplmg capacitor was connected from the cathode of V19B to the Input of the 

30-cps filter The output of the filter was connected to the grid of tube V21B 

COMPARATIVE TESTS OF STANDARD AND MODIFIED CIRCUITS 

Change m Callbratmn After Hum Modlfxatmn 
Mmntor Serial No 15 was the only momtar avaIlable at the Center that had not been mod,- 

fled for the reductmn of a-c hum Prmr to modlfymg the eqmpment. It was decided to obtam a 
callbratmn-error curve so that a comparxson could be made of the over-all effect of the modlfl- 
catmn Figure 3 lndlcates the change of the callbratmn-error curve due to the hum modlfwatmn 
Prior to the modlfxatmn. the maxmum error spread was 2 6”. and, after the modtilcatmn, rt 
was 3 3” No measurements were made of the actual hum levels before or after the modlficatmn 

Change m Cahbratmn With a Change of Tube V19 
The filament voltage was set at 6 3 volts, and the high voltage was 250 volts d-c from the 

external power supply Tests were conducted usmg a high-Gm tube and a low-G* tube In the 
standard and modlfmd OBS clrcults The 30-cps filters were not used dunng this test 

Upon reference to Fig 4a, it ~111 be noted that in the standard OBS clrcult the maxLmum 
spread between the two cahbratmn-error curves 1s 1 40”and occurs at a dml settmg oi 320’ 
In the modlfled OBS clrcuxt, the maxxmum difference between the two curves 1s 0 3’ and occurs 
at 290”. as shown m Fig 4b It 1s ewdent that there ~111 be less change m the mdlcated bearing 
m the modzfled OBS clrcuxt when the Gm of tube V19 varies between wvlde 1lmLts 

Figure 5 xndlcates the results of the data taken to determme the value of the cathode 
reslstor for use m series with the OBS rotor so that the phase shift between a high- and low-G* 
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Fq 4 Change in Cahbratmn-Error Curve With Change of Tube 
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Fig 5 Change of Indicated Bearmg With Change of Tube V19B Cathode 
Resistor for Hzgh- and Low-Cm Tubes 

tube would be negllglble The 4000-ohm value for the cathode resmtor was selected to provide 
the maxunum level ci the 30-cps slgnal with no phase shift between high- and low-Cm tubes 

Effects of Filament Voltage on Momtor Operatmn. 
The f,lament voltage was recorded while the a-c lme voltage was varxd +lO per cent 

When the lme voltage was 110 volts. the illament voltage was 6.3 volts, at 121 volts, It was 7 0 
volts, and at 95 volts, It was 5 5 volts The high-voltage d-c supply in the monitor remamed 
constant because of the voltage regulators The cathode d-c bms voltage and the a-c OBS 
voltage from each trmde se&on of tube VI9 were measured at each filament-voltage setting 
The change of the transconductance of the tube with a change in the filament voltage was 
measured w,th a Hlckok Model 533 tube checker. 

. 
TABLE I 

EFFECT OF FILAMENT VOLTAGE ON THE D-C BIAS OF TUBE V19 

Filament 
(volts) 

54 

6.3 (rei) 

70 

Maxmmun Cathode- 
Bias Change 

Low-Gm Tube High-Cm Tube 
Cathode d-c Bms Cathode d-c B,as 

Trmde A Trmde B Difference Trmde A Trmde B Dliference 
(volts) (volts) (volts) (v&s) (volts) (volts) 

7 15 69 0 25 a 35 a7 0 35 

a3 a.6 0.3 a.5 a.9 04 

a.6 90 04 8 65 9.0 0 35 

1 45 21 0 30 0 30 
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TABLE II 

EFFECT OF FILAMENT VOLTAGE ON A-C OUTPUT OF TUBE Y19 

Low-G” Tube 
a-c output 

No. 1 Statar No.2Stator Rotor 
(volts) (volts) (volts) 

Frlament 
(volts) 

54 10 09 1.3 

b 3 (ref) 12 12 15 

70 1.2 12 15 

Mammum a-c 
Output Change 0.2 0.3 02 

TABLE III 

EFFECT OF FILAMENT VOLTAGE ON 

F&ament 
(volts) 

54 

b 3 (ret) 

70 

Maximum Gm 
Change 

Low-G” Tube 
G” 

T rmde A Trmde B Dliierence 
(P “ho=) b “ho=) (w “ho=) 

1000 950 50 

1550 1600 50 

2250 2300 50 

1250 1350 

High-Cm Tube 
a-c output 

No. 1 St&or No 2 Stator Rotor 
(volts) (volts) (volts) 

12 1 19 15 

12 12 15 

1.2 1.2 1 52 

0 0.01 0.02 

THE GM OF TUBE V19 

High-Gm Tube 
G” 

T rmde A Trmde B Dxfference 
(II “ho=) (P “ho=) (P “ho=) 

2200 2400 200 

2250 2500 250 

2350 2550 200 

150 150 

An exammatmn of Tables I. II, and III shows that the cathode d-c bxas voltage, the a-c 
cathode output voltage, and the tube Gm vary between the two trmde sectmns with a change m 
filament voltage It 1s noted that the Gm, the a-c output. and the tube Impedance of the low-Cm 
tube all vary more than those of the high-Gm tube for the same change in filament voltage 

In the arqmal momtor clrcmt, Fig la. the Impedance of each trmde sectlon was m series 
with one of the OBS stators Any change of Impedance m either of the cathode clrcmts would 
cause a phase shift m the OBS arcultry and a resultant shift m the mdlcated bearmg A close 
correlatmn of the data contamed m Tables I, II. and III 1s mdxated m Figs. 6a and 6b, which 
show the resultant phase shaft with change m ltube impedance Flgure 6a (high-Gm tube) mdx- 
c&es the change m bearmg when the filament voltage 1s changed from b 3 to 5 4 and to 7 0 volts 
These new bearmgs are referenced to the bearing obtamed with a filament voltage of 6 3 volts 
Figure 6b shows the same data except that the low-Cm tube was used The maximum change m 
the mdxated bearmg was 0 5’ for the high-Gm tube and 5 0’ for the low-G” tube 

Data for Figs 7a and fb were obtamed after the OBS clrcmt had been modlfled. These 
curves mdlcate the change of bearmg, referenced to the bearmg obtamed with a filament voltage 
of 6 3’. when the illament voltage was changed to 5.4 and to 7 0 volts The maxlmurn change in 
the mdlcated bearmg was 0 4’ for the low-G” tube and 0.2’ for the hrgh-Gm tube 
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Fig 6 Change of Indicated Bearmg With Change of Filament Voltage Usmg 
Standard OBS Clrcult 

Effect of ResIstaxe m the Stator Output Cxrcult 
It ~111 be noted m Fig. lb that the value of a resistor I” the stator output clrcmt 1s 

selected to reduce the quadrantal error This 1s necessary because of tolerances of the OBS 
umt and the reststance and the capacLtance of the stator cxcmtry. Figures ga, gb, and SC 
graphlcally show the effects of this reslstor when used with dliferent OBS umts Figure Sa 
shows that a maximum cahbratmn error of 2 0” obtalned wxth an 8500-ohm reslstor may be 
reduced to a maxxmum error of 0 4” by replacmg that resIstor with a 4500-ohm reslstor 
Figures 8b and 8c mdlcate the errors obtamed when other OBS umts were used m the same 
momtor before and after selectmg the correct reslstance for the particular OBS 

Hum Levels III the Modlhed Momtor. 
Hum measurements usmg the momtor power supply were taken after all modlflcatzons 

were completed, and the results are mdlcated m Table IV. 
The hum level measured at tube VlZ-2 m the variable channel was 33 0 volts wlthout 

the filter umt connected and 7 0 volts wwlth the filter connected 

Effect of Filters un a 60-cps Interiermg-Signal Level. 
These tests were made usmg the momtor power supply In the reference channel, the 

normal 30-cps sagnal was measured at the grtd of tube VSB The 30-cps signal was then removed, 
and an mterfermg signal of 60-cps was mJec+,ed at RI12 through a one-megobm reslstor. The 
amplitude of the mterfermg slgnal was adJusted to a level of 10 per cent of the 30-cps level 
measured at the grid of tube VgB. 
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Tube 

VlZ-5 

VIZ-5 

VIZ-5 

Vl2-5 

V12-5 

TABLE IV 

HUM LEVELS IN THE REFERENCE CHANNEL 

Hum Level 
Aslmuth Selector Filter Out Filter In 

(degrees) (volts) (volts) 

10 30.0 48 

90 49 0 53 

180 34 0 4.5 

270 45 0 66 

340 20.0 4.9 

TABLE V 

INTERFERING-SIGNAL LEVEL AT GRID OF TUBE VBB 

1nterfermg 60-cps Signal Level 
Azrmuth Selector 30-cps Level Filter Out Filter In 

(degrees) (volts) (volts) (volts) 

240 14 0.18 

240 11 0 005 

2.90 1.4 0.14 

280 11 0.0035 

340 14 0.1 

340 1 1 0.003 

Durmg the varmble-channel test, the normal 30-cps slgnal was measured at the grid of 
tube V2lB The 30-cps sIgna was then removed and the bO-cps mterfermg slgnal was con- 
nected to the JU”Ctl0” of R50 and C31 through a one-me@m resistor The amphtude of the 
mterfermg signal was adJusted to a level of 10 per cent of the 30-cps level measured at the 
grid of tube VLlB When the 30-cps level was 1 2 volts, the mterfermg-sqnal level ‘u&s 0 12 
volt wzth the filters not connected. With the filters ln the clrcut. the 30-cps level was 1.1 volts 
and the mterfermg-sqnal level was 0.0035 volt. 

Errors Caused by 60-cps Hum u, a Standard Momtor 
A standard dehummed momtor with Its mternal power supply was used for these tests. 

1 The bo-cps mterfermg slgnal was fed through a one-megobm reslstor to the J”“Ctl0” of R25 and 
C20 in the reference channel, and the level was measured at the cathode of tube Vl4B The 
amplitude of the 60-cps mterferlng sIgna was adJusted to produce 5 per cent of the level of 
the 30-cps signal at tube V14B. It w,ll be noted I,, Fxg 9 that the momtor had a maamum error 
spread of 3 3’ v,hen operated under normal condltmns When an mterfermg signal having an 
amplrtude of only 5 per cent of the 30-cps level was mtroduced .n the reference channel. the 
ma~l~~l,,r,, cakbratmn-error spread changed from 3 3’ to 10.7’ 



Fig 9 Change in Galrbratmn-Error Curve of a Standard Dehummed Momtor 
Caused by 5 Per Cent of Interfenng bO-cps Slgnal 

Errors Caused by 60-, 90-, and 120-cps Signals m the Modihed OBS Clrcult 
Durmg these tests, the momtor was operated from a hum-free external power supply. 

Signals of 60. 90, and 120 cps were used; and the amplitude of each signal was adJusted to 
produce 5 per cent of the level of the reference and variable 30-cps signals The signals were 
fed Into the reference channel through a one-megohm reslstor at the Junctmn of C20 and R26, 
and the amplitude was measured at the cathode of tube Vl4B The signals for the variable 
channel were Inserted at the JUnCtlOn of R50 and C31 (mput to tube VIA) through a one-megobm 
reslstor, and the amplitude was measured at the cathode of V3B The tests were fzrst run 
wlthout the filter umts and then were repeated with the filter umts mserted m tbelr proper 
clrcults Figures IO, 11. 12. and 13 mdlcate the change m error caused by the mterfermg 
sagnals. Figures 10 and 11 show the change of error when signals of 60 and 90 cps with an 
amplitude of 5 per cent of the reference-signal level are superimposed m the reference channel 
Figure 10 (no filters) shows a total change of error spread of 36.2’ for the ho-cps sIgna and 
18 0’ for the 90-cps slgnal. Data for the 120-cps slgnal (not shown) mdlcated a change of 
error spread from +4 4-k 50’ bearmg to -5 3’ at 230’ bearing for a total spread of 9.7’. 

Figure 11 shows the change of calibratmn error when the filter LS used. A total change 
of error spread of 1 2’ for the 60-cps sIgna and 3 0’ for the 90-cps slgnal was shown Data 
for the 120-cps slgnol gave a changed error spread of +O 7’ at 290’ bearmg to -1 0’ at 110’ 
bearmg for a total spread of 1 7’ Incorporation of the filter unit m the reference channel 
gave an tmprovement m the OBS error cnrve of 35 0’ on the bO-cps szgnal. 16.0’ on the 90-cps 
algnal, and 8 0’ for the 120-cps sIgna 

Figure 12 shows the effect of 5 per cent of 60- or 90-cps slgnal in the variable channel 
when no filters are used. These data show a total change of error spread of 7.2’ for the 60-cps 



Fig 10 Change m lndxated Bearing Caused by 5 Per Cent Interfermg Signal 
m Reference Channel Usmg Modlfled OBS Clrcmtry Without Filters 

Fig 11 Change m Indrcated Bearrng Caused by 5 Per Cent lnterfermg Signal 
m Reference Channel Using Modxfled Ohs Clrcutry With Filters 



Fig. I2 Change m Indicated Bearmg Caused by 5 Per Cent Interfermg Signal ln 
the Variable Channel Usmg Modlfled OBS Clrcutry Without Filters 

Fig 13 Change m Indicated Bearmg Caused by 5 Per Cent Interfermg Signal 
m the Varmble Channel Usmg Modihed OBS Czrcultry With Filters 
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Fig 14 Calrbratmn-Error Curve of Modified OBS Circuit With and Wlthout Filter Umts 

Fig. 15 Frequency Response of 30-cps Filter Umt 



F,g 16 Errors Caused by Change I” Power-Lme Frequency 

s,g”al and 6.5” for the 90-cps slgnal Data on the 120~cps s,g”al (not show”) showed a changed 
error spread of +1 4” at 320’ bearing to -3 8” at 110’ bear,“g for a total spread of 5 2’. 

Flgure 13 conta,ns data complied under the same condltmns as for Fig. 12. wth the 
except,“” that filters were mcorporated I” the “amable channel A total change of error spread 
of 0 3’ for the 60-cps signal and 1 3” for the 90-cps signal 1s show” The 120-cps signal data 
showed a spread of +O 1” at 260’ bearing to -0 9’ at 50’ bearmg for a total spread of 1 0”. 
Incorporatmn of the Alter unit m the vanable channel gave an xnprovement of the cahbrakm- 
error curve of 6 9” for the 60-cps signal, 5.2” for the 90-cps s,gnal, and 4 2” for the ILO-cps 
sIgnal. 

OBS Cahbratmn Error With and Without Filters 
The modlfled OBS cxcultry and the mternal power supply were used durmg this test 

The 30-cps f,lter for the vanable channel was Inserted between the cathode of V19B and R69 
at the Input to tube V2lB The filter for the reference channel was connected between C24 and 
the mput to tube VgB The tests were first run without the filter umts and were then repeated 
,.,,th the fxlters mserted Figure 14 shows the xnprovement that may be obtalned by using 
30-cps filters ,,I both the reference and variable channels The over-all error spread 1s 3 3” 
when no filters are used and 0 9’ when filters are used ln both channels. The frequency 
response and the schematIc dmgram of the 30-cps filter umts are shown 11, Fig 15. 

Error Caused by Varmtm” I” Power-Line Frequency 
The pawer-lme-frequency varmtmn was srnulated by mtroduclng a variable-frequency 

s,g”al from a” audm-sIgna generator t., the DET 1 Input for the variable channel and to the 
,.‘nctmn of R2b and C23 for the reference channel The varmble-frequency slgnal was fed 
srnultaneously to both channels and was varied m I-cps steps from 21 to 33 cps This was 
equivalent to varying the power-lme frequency from 54 to 66 cps A 2-megohm resistor was 
connected 1x1 parallel with the lZO.OOO-ohm resxtor of the filter wh,ch was used m the variable 
channel to xnprove the frequency characterlstlcs 

F,gure lb lndxates the error that would result with power-lme-frequency varlatro” The 
errors resultmg from a power-line-frequency varlatmn of ~1 0 per cent (+O 6 cps) would be 
approximately f0 3” for present momtors, f0 4” for the modlfled momtor with unmodified 
Collrns filters I” both channels. and +O 05’ ior the modziled momtor using the modlfred Collins 
fxlter m the variable channel and the unrnodliled Collr~s filter m the reference channel 
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Fig 19 Change ,n Cal,bratmn-Error Curve of the Modliled Momtor No. 15 
(WIthout Filters) Caused by Change I” Amblent Temperature 

Change of Callbratmn Error ai an OBS Umt With Change of Temperature 
A standard dehummed momtor was used during this test A callbratmn curve was run on 

the momtor at a room ambwnt temperature of f25’ C, after which lhe OBS was removed from 
the momtor and was reconnected wltb an extensmn test cable The OBS was then placed I” a 
small heat chamber, and the temperature was raised to +65’ C The momtor was operated at 
room amblent temperature Figure 17 rndxates the change m bearmg caused by the change of 
temperature of the OBS 

Change of Callbratmn Error With Change of Temperature 
This test was conducted on three ddferent momtors. a standard dehummed momtor and 

two others that had been modliled. Durmg these tests, the complete momtors were placed m 
the heat chamber and a callbratmn error curve was run on each at room amblent temperature 

Fig 20 Change m Callbratmn-Error Curve of the Modlfled Momtor No 15 
(With Filters) Caused by Change I” Amblent Temperature 



Fxg. 21 Change m Callbratmn-Error Curve of the Modlimd Monitor No. 21 
(WIthout Filters) Caused by Change m Amblent Temperature 

After this run, the temperature was raised to +65’ C and the equpment temperature stablllsed 
for approxunately 30 mmutes before takmg the caltbratmn 

Figure 18 shows the callbratmn-error curves, taken at t25’ C and tb5” C temperatures. 
of a standard dehurnmed momtor These data show that the mdlcated bearing of the momtor 
would drift apprcxxrately 1 2” with a 40’ C change of temperature 

F,g 22 Change m Cahbratux.-Error Curve of the Modlfled Monltor No 21 
(With Filters) Caused by Change in Amblent Temperature 



Fxg 23 View of the Installatmn of the 30-cps Filters m Mcmtor Type CA-1277 

Figure 19 shows the drift that occurred on a modlfled momtor wxthout the illter umts 
when the temperature was mcreased 40” C These data mdlcate that the drift would be reduced 
to approxmmtely 0 2’ over a 40” C temperature change. 

Flgure 20 illustrates the same condztmn as XI Fig 19, except that the falters were con- 
nected m the clrcults It should be noted that the mcorporatmn of the filter umts mto the 
momtor circuits does not affect the temperature characterlstlcs of the over-all momtor and 
that It does zmprove the cahbratmn-error curve 

Figures 21 and 22 are srnllar to Figs 19 and 20 except that these data were taken on 
another mod&zd momtor and lndxate approrlmately the same amount of drlit with temperature 
change 

Installatmn of Filter Umts 
Flgure 23 shows the physxal sxae of the two 30-cps izlters used 1x1 the modlilcatmn and 

also the mountmg locatmn on the momtor 

CONCLUSIONS 

1 The complete clrcuzt modlixatmns ~111 almost elrnmate the change I” the OBS 
caltbratmn-error curve caused by the agmg or mterchangmg of the VI9 tube m the OBS Input 
clrcult 

2 The addltmn of 30-cps illters m the reference and variable channels greatly reduces the 
errors due to bo-, 90-, and 120-cps signals. wnproves the over-all OBS cahbratmn-error 
curve, and almost elwnmates errors caused by change m power-lme voltage and power-lme 
frequency 

3 Incorporatmn of the complete modlflcatmn ,n the Type CA-1277 momtor ~111 reduce 
mamtenance tune and costs and ~111 mcrease the momtor accuracy and rehablllty 


