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PERFORMiXNCE TESTS OF THE NARCO VHF OMNIRECEIVER 

SUMMARY 

This reportpresents the results of tests 
conducted at the Technical Development and 
EvaluatmnCenter on the Natmnal Aeronaut,- 
cal Corp VHF omn,rece,vers developed 
under Clv11 Aeronautics Admmlstratmn con- 
tract These receivers provtde visual left- 
right I n d L c at 1 on s of omntrange and phase 
compartson locallzer courses and aural 
receptmn of modulated signals No attempt 
1s made to present performance data for all 
equipments delIvered under the contract. and 
the datapresentedare typwal ofthose obtamed 
from measurements of the performance of 
several equ,pments The equipment was 
tested to determme compliance with the re- 
qumements of CAA Spectficatmn ES-b3C 

INTRODUCTION 

Inorder topromote commercml interest 
,,, the development and productmn of a low- 
cost prwate flyer’s OmnlrecelVer. approm- 
mately 12 manufacturers were contacted to 
determme the possibllIty of producmg a low- 
cost ornn,rece,ver suitable for the p r IV ate 
flyer As a result of these contacts, CAA 
Speclflcatmn ES-b3C (see Appendm I) con- 
tammg rnlllmn”rn essent1a1 performance re- 
qumements of an omnxrecetver was prepared 
Negotmtrons wlthseveralrad~omanufacturers 
were contmued m an effort to obtam a quan- 
tlty of these receivers through a development 
contract mtended to establish facllltws for 
productmn at low cost 

A contract was awarded to the Natmnal 
Aeronautwal Corp of Wmgs Field, Ambler, 
Pa , for the development and d&very of ten 
complete ornn,rece~vers. together w,th com- 
plete sets of manufacturmg drawmgs, meet- 
mg the requmements of the spec,frcatmn 
Five vtbrator and f,ve dynamotor type power 
supplies were furnrshed with the receivers 
The test results m thw report were obtamed 
from equipments havmg vtbrator power sup- 
PIES In ge ne r al. the performance of the 
equipments havmg dynamotor power suppltes 
was slightly better than that of equipments 
havmg vtbrator power supplws 

NARCO also has developed a small 

ftlter-ampllfler unit which, when connected 
to the recetver and modulator-power umt. 
provides visual mdwatmns of tone local~eer 
courses The characterwtrcs of the ftlter- 
ampllfler unit are not Included m this report 

DESCRIPTION OF EQUIPMENT 

One complete ornn,rece,ver as furnIshed 
on the development contract consIsted of the 
following components All components, ex- 
cept the mterconnectlng c a b 1 e s and tram - 
m,s.s,on lme. are shown ln F,g 1 

VHF receiver. NARCO Type VRA-1 
Omnmange converter, NARCO Type VOA-1 
Course selector assembly, NARCO Type 

cs-1 
Modulator power unit, NARCO Type 

VlZMP-1 (vibrator) 
Course devmtmn mdlcator, NARCO Type 

MA-l 
Interconnectmg cables 
Antenna transm,ssmn lme 

The over-all weight of the equipment, 
excludmg antenna, 1s approxmately 15po”nds 
The over-all dmxnsmns of the various com- 
ponents are as follows 

He tght W rdth Length 
component (In ) (In ) cm ) 

ReCelVer 3 l/4 2 3/4 b 1/2* 
Omlnrange b q/lb 5 5/1b 9 

converter 
Modulator power b 9/1b 5 5/16 9 

un,t 

Course selector 3 l/4 5 l/2 2* * 
assembly 

* Excludmg control knobs whxh protrude 
I 3/1b tn 

* * Excludmg course selector knob whxh 
protrudes 1 l/8 tn 

The co”= s e devmtmn mdxator ,s deslgned 
for mountmg in a 3 l/&mchd,ameter mstru- 
ment panel cut-out 

Ftg 2 1s the schematw dmgram of the 
receiver The receiver 1s of the superhetero- 
dyne type and 1s tunable over the frequency 
range of 108 to 122 MC The osctllator fre- 
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Fig I NARCO VHF Ommrece~r 

quency 1s 8 5 MC above the frequency of the 
recewed signal This was done to prevent 
unage responses fromFM broadcast statmns 
The antenna Input clrcult 1s unbalanced to 
permit the use of coaxial Eaansm~ss~on luw 
whIchis smaller and more reltable than twin 
conductor or balanced transmtssmn line A 
radm-frequency ampltfler s t a ge 1s used to 
nnprove the reJectmn of undesired svgnals 
The grid and plate c lr cults of the radm- 
frequencyampllfler. converter mJectmn grid 
clrcult andthe oscillator are tuned by a com- 
bmatmn Iron core and slug assembly whxh 
provides lrnear relatmnshlp betweenresonant 
6-equency and movement of the tunlx ass?mbly 
T h r e e conventmnal mtermedlate-frequency 
ampl~fwrs are used The second detector LS 
operated at high level to provtde lmear de- 
tectmn charactenlstlcs Ano~se llmlter 
cwcult 1s used LIL the aural output cwcults 
to improve aural receptron under adverse 
radm-frequency noise &ondltmns The aural 
output from the first audmampltfler 1s fed to 
the modulator-power unit for further ample- 
ftcatmn and the audm output from the omm- 
Jack 16 fed to the omnlconverter unit 

The modulator-power umt 1s deslgned 
to supply htgh voltage to the recerver. a 
small VHF transmitter (with or wIthout the 
receiver) and recewer and omnwange con- 
verter (wtthor wlthout the transmitter) FLY 

3 LS the schematIc diagram of thw untt The 
unit contams a speech ampllfvzr for rnlcro- 
phone SIgnal ampllfrcatlon and an audm stage 
which us used as a fmal ampllfvzr of the re- 
ceiver aural output or as the transmitter 
modulator The transmit-receive r clays 
provtde the swltchmg facllltles requned to 
switch the high voltage supply from the 
omnwonverter and r e c e Eve r to the trans- 
mltter. and to convert the receiver audio 
ampllfwr clrcutt to a transmitter modulator 
High voltage power E provided by the vtbra- 
tar, transformer and rectlflers connected as 
shown m the schematLc dngram Modulator- 
ppwer u n L t s havmg dynamotor htgh voltage 
power supplies also are avallable 

The omnlrange converter contams all 
the audm ctrcutts required for operatmn of 
the omntbearmg selector, TO-FROM meter 
and course devrat eon mdlcator Fig 4 1s 
the schematx cwcult diagram The frequency \ 
modulated 9.960-cps subcarrler component of 
the recetver seconddetector output 1s flltered 
to remove the 30 cps and voice components of 
the second detector output The remammg 
9.960-cps sIgna 1s then lnnited to remove 
30-cps AM which may have been Introduced 
by the transmlttmg equipment, prop e lie r 
modalatnxn or c r o s s modulation m the re- 
celver detector clrcult The 9.960-cps dls- 
crm-anator LS a ratmdetectorwh~ch recovers , 
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Fq 2 Receiver Schematic Diagram 





Fig 4 On-mrange Converter Umt Schematic Dmgram 
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the 30-cps reference phase s,gnal from the 
frequency modulated 9,960-cps subcarrIer 
The 30-cps sIgna 1s then ampllfred and fed 
to the course de v L at, o n rnd,cator and TO- 
FROM meter phase comparrson ctrcu,ts 
The phase of the sIgna fed to the TO-FROM 
meter 1s shIfted 90’ ,n the plate c,rcu,t of the 
fmal reference p has e channel ampldler to 
provide proper TO or FROM md,cat,on when 
the course dev,at,on mdrcator ,s centered 

The slgnal fed to the v a r I a b 1 e phase 
channel 1s filtered to I e J e c t the 9.960-cps 
subcarrler. voice and bo-cps propeller 
modulatmn s rgnals In s on-l= arrcraft It 1s 
posstble to select an engme speed such that 
the propellers c aus e the magnitude of the 
radro-frequency signal at the antenna to be 
varred at a bo-cps rate T h L s modulatmn 
process produces a bo-cps signal m the out- 
put of the re c e ,ve I second detector which 
must be attenuated to prevent oscrllatmn of 
the course dewatron mdlcator pomter 

The output of the fwst 30-cps amplIfter 
IS fed to a phase rnverter stage to obtam two 
svgnals which are equal mampldude andwhxh 
have a phase separatmn of 180” These s,g- 
nals are fed to the grids of two of the cathode 
followers and to the phase splitter cwcurt 
The phase spl,tter cmcult output consLsts of 
two signals of equal amplitude havmg a phase 
separatmn of 180” and a phase shift of 90” 
and 27O’wlth respect to e lthe r of the Input 
s rgnals The output of the phase splitter c,r - 
cult IS fed to the grtds of the other two cath- 
ode followers The voltages developed across 
the cathode I e s I s t o r s of the four cathode 
followers are equal m amplitude and have 
relat,ve phase relat,onsh,ps of 0”. 90”. 180” 
and 270”. as mdlcated on the schemattc dm- 
gram These signals are fed to the tapped 
potentmmeter or onmtbearmg selector. and 
the wiper of the potentmnteter ,s connected 
to the 30-cps ampltfler s ta ge s Nhen the 
w,per of the potentmmeter 1s set at the 0” 
tap. the stgnal fed to the amplIfter IS UI- 
phase w,th the sIgna fed to thw tap When 
the ,=xper 1s moved to the 90” tap. the phase 
of the s,gnal fed to the ampllfler 1s shlfted 
90” wlthrespect tothe phase of the srgnal fed 
to the 0’ tap If the wiper posztmnis between 
the 0”and 90-taps, thephase shift of the s,gnal 
fed to the 30-cps ampllfrer w,ll be between 
0” and 90” A caltbrated dml attached to the 
wiper shaft mdlcates phase shift m degrees 
It 1s possible to shift the phase of the srgnal 
any amount between 0” and 360” 

The output of the 30-cps amplkfrer 
stages IS transformer-coupledtothe dev,at,on 
mdlcator andTO-FROMmeterphase compar- 
LSOII CLrcults The phase relatmnshlps of the 
reference and “artable phase signals ,I, the 
phase comparison cx-cuts 1s such as to 
center the devratmn mdicator needle when the 
alrcraft LS on the course selected by means 
of the ornmbearmgselector and, to provrde a 
TO or FROM lndlcatlon dependmg upon 
whether the ommbearrng selector settrng ,s 
the bearmg of the awcraft to or fromthe omn~- 
range statmn 

Durmgoperatmnas a phase compar,son 
local~zer rece,ver, the control grid of the 
30-cps ampllfler. V-5B. 1s swltched from 
the ommbearmg selectorpotent~ometer wiper 
to a resistance voltage dtvtder connected to 
the 90’ tap of the potentmmeter For phase 
local~zer operatmn, the reference and-var- 
table phase signals 1x1 the phase comparison 
crrcutt are m-phase when the aIrcraft 1s to 
one side of the runway and 180” out-of-phase 
when the alrcraft IS on the other stde of the 
runway When the aircraft ,s on-conrse, 
the varmble phase signal component LS zero 
and the devlatmn mdwatorneedle 15 centered 
The TO-FROM mdlcator pornter ,s centered 
at all twnes s,nce the phase relat,onsh,p be- 
tween the reference and var,able phase slg- 
nals ,n the TO-FROM meter phase compar,- 
son clrcurt 1s either 90’or 27O’dependmg 
upon the positron of the awcraft with respect 
to the runway 

TESTS 

The followmg equpments we I e used 
durmg the tests 

Boonton Radm Corp Type 211A VHF Slg- 
nal Generator wtth BoontonRadmCorp Type 
505A b-db Attenuator 

Collms Radm Co 4795 Audm Signal Gen- 
erator 

Daven Co Type OP-182 Power Output 
Meter 

Hewlett Packard Co Type 200B Audm 
Oscillator 

General Radm W&Analyzer. Type 73bA 
The followmg cond,t,ons we r e ma,,,- 

tameddurmg alltests, unless otherwIse stated 
Battery voltage - 13 volts dc 
Audm output load - 300 ohms 
SIgnal generatorsettmg - 1.000mLcrovolts 

with 53-ohm. b-db attenuator connected be- 
tween stgnal generator and receiver 

< 
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Fig 5 Sensltlvlty vs Amblent Temperature 
var1atmn 

Modulation - 30 per cent of 1.000 cps for 
audio measurements, 30 per cent of 30 cps 
plus 30 per cer)t of frequencymodulated 9,960 
cps for omn~range measurements, and 13 
per cent of 30 cps plus 30 per cent of fre- 
quency modulated 9,960 cps for phase com- 
par1son localleer measurements 

S,gnal plus noLse-to-noLse rat10 - 4 I In 
pCAVer 

Temperature - approximately 25°C 
Warm-upperrod - not less than20mmutes 

For all measurements a 53-ohm, 6-db 
attenuator was connected between the signal 
generator and receiver A 11 microvolt 
read,ngs represent tvace the mIcrovolt level 
that exists at the receiver U,QUt. assummg 
that the Input unpedance IS 53 ohms 

The following test results were ob- 

Frequency 
MC 

10.9 
115 
120 

Radio-Frequency Input for 4 1 
SIgnal Plus Now-e-to-No,se 

Power Rat10 

PV 

3 5 
3 5 
50 

The rece,ver volume control and the 
slgnal generator attenuator were adJusted to 
provtde 50 mw audm output, and 4 1 slgnal 
plus noise-to-noise rat10 simultaneously 

Receiver Dual Caltbratlon Error 

Boonton 211 
Receiver Dial Signal Generator Callbratmn 

Reading Frequency Error 
MC MC MC 

110 109 777 -0 223 
115 114 865 -0 135 
122 122 067 +O 067 

Effects of Temperature and Battery Voltage 
var,ataxl (Receiver) 

The var,atlon of sensltwty with am- 
blent t e mp e I at u r e and battery voltage LS 
shown ,n Figs 5 and 6 respectively For 
each sensltwty measurement the receiver 
volume control and the signal generator at- 
tenuator were adJusted to provtde an audio 
output of 50 mw LII a 300-ohm reswtlve load 
for 30 per cent l,OOO-cps modulatwm, and an 
audw output of 12 5 mw for an unmodulated 
s ,gnal F,g 7 n-,d,cates resonant frequency 
drift due to tWIlQei-?dUre The receiver was 
tuned to a 114 9 MC srgnal under room tem- 
perature condltuxxs and the tunu-,g knob posl- 
tlonwas not changeddunngthe test. Frequency 
var,atlon was measured by vary,ng the s,g- 
nal generator frequency to produce receiver 
resonance and by noting the var~atron of the 
signal generator frequencydtalreadu,g The 
SIgnal generator attenuator settmg was ap- 

Fig 6 Sensltlvlty vs Battery Voltage 
variation 



Fig 7 Resonant Frequency Drift from 
114 9 MC vs Amblent Temperature 
var1atmn 

proxwnately four mlcrovolts and the frequency 
dml was calrbrated for each measurement 

Selectw1ty 
The selecttvltyof the recewer us shown 

m Ftg 8 The receiver volume control and 
s I g n a 1 generator attenuator were adJusted 
for 50-mw audm output and 4 1 slgnal plus 
noise-to-noise ratm at the frequency of 122 
MC The generator frequency was v a r L e d 
above and below resonance to determme the 
devlatmn from resonant frequency required 
to reduce the audio output to 50 mw as the 
radm-frequency Input level was mcreased m 
steps 

Automatx Volume Control Actmn 
Fig 9 shows the automatic volume 

control characterlstws of the recewer The 
volume controlwas adJusted for an audm out- 
put of 300 mw m a 300-&m resrstlve load 
whenthe radm-frequencymputwas 500m~~o- 
volts The radmfrequencywas 115 MC The 
radm-frequency Input 1 eve 1 was mcreased 
m steps from 1 to 100.000 mwzrovolts and 
the correspondmg audio output levels were 
recordedandplotted The resonant frequency 
dtd not vary appreciably with change m 
radm-frequency Input level 

Harmonw Dtstortmn 
The results of harmonic dlstortmn 

measurements are 

Audm Frequency Dlstortmn 
Per Cent of Fundamental 

Second Third Fourth F,fth Resultant 
Har - Har- Har - HaI- Dlstor- 

monw monw montc monlc tmn 

62 12 0 26 0 07 63 

The radm-frequency Input signal was 
modulated 30 per cent at 400 cps. and the 
volume control was adJusted to provide 300 
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mw aud,o output The slgnal generator at- 
tenuator settmg was 10,000 mwrovolts 

Undestred Responses 
The followmg table lists the undesired 

responses measured with the recetver tuned 
to 108 MC 

Frequency MIcrovolts 
of Undesrred Radm-Frequency ReJectton 

Responses Input for 50.mw Ratlo 
MC output db 

125 0 2.400 56 4 (mnage) 
116 5 32.000 79 0 
112 2 22,000 t5 7 
106 3 14.000 71 BJ- 

99 5 23.000 76 1 

The radm-frequency Input level re- 
qurred for 50-mw audm output at resonance 
was 3 6 mvzrovolts The signal generator 
attenuator was set at approxmxately 0 2 
volts and the frequency was varied from 88 
to 140 MC At each response frequency the 
attenuator settmgwas reduced to prowde 50- 
mw output The reJectmn ratm was calcu- 
lated from the attenuator settmgs for reso- 
nance and the undesxed response frequency 

Audm Fidelity 
Audm fldellty characterlsttcs are shown 

10 Fig 10 The volume control was set for 
rnax~murn audm output and the modulation was 
30 per cent for all modulatmn frequencies 
The modulatmn frequency was varied from 
30 to 10,000 cps and the correspondmg audm 
outputs were recorded. 

Bearmg AJxuracy and Stablllty 
Ftgs 11 and 12 show bearmg errors 

for omntbearmg selector settmgs at each 45’ 
pomt between 0” and 360” for eq”Lpment am- 
blent temperatures of 0’. +23’ and t6O’C 
The amblgulty meter readmg was FROM for 
the error curves shown m Fig 11 and TO 
for the curves shown m Fig 12 The errors 
were measured by adJustmg the audm gener- 
ator 30-cps phase control knob to center the 
c ou r s e devmtmn mdlcator for each omnl- 
bearmg s e 1 e c t o r settrng The sign of the 
errors 1s posxtrve when the omnlbearlng 
selector settmg 1s greater numertcally than 
the correspondmg readmg of the audio gener- 
ator 30-cps phase dial 

Figs 13 and 14 show varmtmn of m- 
dwated bearmgs, for the omnlbearmg selec- 
tor settmgs shown. due to radm-frequency 
Input level and battery voltage changes The 
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Fig 10 Audm Fldellty 

Fig 11 Bearmg Accuracy (“FROM” Amblgulty Meter Readmg) 

variation 1s consldered to be zero at the Effect of Amplitude Modulatmn and 

reference pomts of 500 mlc revolt radm- Varmtmn of Subcarrter Frequency 
frequency rnput level and 13 volt, dc battery Upon Bearmg Accuracy 

voltage The sign of the bearmg varmtmn 1s The addltmn of 10 per cent of 30-cps 
pos~t~vewhen the mdxated bearmg 1s greater AM to the 9.960-cps subcarrler caused 

numervzallythanthat of reference condltmns bearmg changes of approxlmately+O 5” 
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Fig 14 Bearmg Varlatmn (O-range) ve 
Battery Voltage 

Varlatron of the subcarrler frequency from 
9,760 to 10,160 cps with 10 per cent 30-cps 
AM applwd to the carrrer also caused lndl- 
cated bearmg changes of approxwnately 0 5’ 
The variable phase modulat eon frequency 
and percentage were constant durmg these 
tests 

Fig 15 Course Sensltlvlty (Omnxange) YS 
Temperature 

Omnlrange Course Sensitwlty 
Figs 15. 16, 17 and 18 show thevarm- 

tmn of ~mnlr ange course sensltwrty with 
varlatlons of am b 1 en t temperature, radm- 
frequency mput level. bat t e r y voltage and 
omntbearmg selector settmg COU-Se SellSI- 
twlty was measured by adJusturg the audio 
generator 30-cps phase control knob to pro- 
duce full-scale left and full-scale right de- 
flectmns of the course devlatron mdlcator 
The deflectmn LS full scale when the pointer 
deflectton 1s at the a, ut s Ed e end of the blue 
or yellow sectors of the dial The dlf- 
ference between the readmgs of the audio 
generator 30-cps p h a s e dial was recorded 
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Fig 17 Course Sensltlvlty (O-range) vs 
Battery Voltage 

as course sens~tlvlty The omnrbearlng 
selector settmg was 0” except durmg meas- 
urements to determrne course sensitlwty at 
va~mus omnlbearmg selector settmgs 

Course Devmtmn Indwator Cmcult 
Lmearity (Omnuange) 

The Imearlty of the c o u I s e devmtmn 
mdxator phase cornpar~on cmcu~t 1s shown 
m Fig 19 The phase of the 30-cps modu- 
lation was v a r ie d from that for on-course 
condltmns to provtde valmus deflectmns of 
the devlatmn md~cator Deflectmnpercentages 
g r e ate r than 100 per cent were calculated 
from measurements of Y o 1 t a g e across the 
devmtmn mcluzator termmals The deflectmn 
1s full scale when the pomter deflectmn 1s at 
the outstde end of the biue or yellow sectors 

l?lg 18 Course Sensitivity vs Ommhearmg 
Selector Settmg 

Lmearlty (Ommrange) 

of the dml 

Course Devmtmn Sensrtiwty and 
Centerrng (Phase Compar~on Locallzer) 

The e f f e c t s of radio-frequency Input 
level and battery voltage upon course dewa- 
tmn sensltivlty and centermg are s hewn m 
Fogs 20. 21 and 22 The 30-cps modulatron 
was 13per centforsensltiv~ty andOper 
cent for centermg measurements Negatwe 
deflectmnpercentages mduzate per cent full- 
scale deflectmn to the left and pos~twe de- 
flectmn percentages mdwate per cent full- 
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Fig 20 Course Devlatmn Sensltlvlty (Phase Locahzer) vs Radio-Frequency Level 
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Fig 21 Course Devlatmn Indicator Centermg (Phase Localmer) vs Radm-Frequency 
Level 

scale deflectmn to the right The deflectmn parIson localmer operation IS shown m Fig 
1s full scale when the pomter deflectmn LS at 23 The deflectmn of the devlatmn Indicator 
the outstde end of the blue or yellow sectors was recorded for varmble phase modulation 
of the dial percentages from 0 to 18 per cent Negatwe 

deflectionpercentages mdwate per cent full- 
Course Deviation Indrator Cwcuit scale deflection to the left and positive de- 
Lmearlty (Phase Locallaer) flectmn percentages mdxate per cent full- 

The lmearlty of the devmtmn mdvzator scale deflection to the right The deflectmn 
phase c o m p a r L s on circuit for phase com- LS full scale when the pomter deflection is at 

.-~ _~ / _ _ , \ - -,” , -~ “_~ -, _ --y.T\-/l, - 
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Fig 22 Course Devlatlon Indicator 
Sensltwlty and Centermg (Phase 
Locallser) vs Battery Voltage 

the outstde end of the blue or yellow sectors 
of the dial The variable phase signal was 
180’ out-of-phase with the reference phase 
sIgna for left and In-phase for right deflec- 
tton readmgs 

CONCLUSlONS 

The NARCO equpment de s c r I b e d in 
this report meets the essential requrements 
of the specrflcation and the performance LS 
satisfactory for use In s mail awcraft Ah 

equrpment of thw type must represent a 
compromtse between the performance char- 
acterwtics de s ore d and other factors m- 
cludmgcost. werght and space requirements 
The performance 1s not as good as that of 
navlgatton receivers deslgned for use in 
commercial a I r 1 III e and mllltary alrcraft 
However, the weight and dwnenstons of such 
navlgatmn recewers are somewhat greater 
and their cost LS constderably higher The 
equipments furnwhed on the contract repre - 
sent a satisfactory compromrse with regard 
to the various technical andecononucal 
factors mvolved 
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APPENDIX I 

Speclfwatlon ES-63C 
Rev May 5, 1949 

Development Speclftcatmns for a 
Prwate-Flyer VHF Navigation Recetver 

I 
General 

1 1 
Thts spectfxatmn covers the requirements 
for an airborne VHF receiver hawng appro- 
prtate controls and mdrcators to operate m 
the frequency band of 108 to 122 Mc for the 
receptmn. use and visual display of signals 
received f r urn phase compartson localuer 
and omnrange statmns which are operated 
by the Ctvrl Aeronautxs Admmxtratmn 

12 
Because of the type of operatron of this re- 
celver, relLab,llty of performance 1s of ut- 
most importance lnthe design Furthermore. 
It LS essential that there 1s no agmg effects 
many of the recewer components whwh would 
necessitate frequent readjustments The 
complete equipment ~111 be expected to give 
at least 500 hours of servxe-free operatmn 

1 3 Servtce Condttlons 
The receiver shall meet the performance re- 
qutrements of thw speclflcatmn under any 
combmatmn of the followmg servxe condo- 
tmns 

(a) Temperature 0°C to t60”C 
(b) Relative humtdtty 10 to 90 per cent 
(c) Contmuous operatIonfor hours 
(d) Battery voltage supply +5 per cent 

from 13 ~r 26 vdts 
(e) Normalalrcraftv~bratlon (small 

ascraft) 

1 4 Maternal to be furnIshed 
One complete navlgatmn receiver shall con- 
slst of the followmg 

(s) One receiver umt complete with tubes 
and mountmg base or shock mounts 

(b) C ontr 01 unit and all necessary con- 
nectmg mechanIca andelectrlcal 
cables and plugs, If requued 

(c) Omntbearmg selector. course devla- 
tlon mdxator and amblguty TO-FROM 
mdwator 

(d) Instructton book 

2 ElectrIcal Requuements 
The re ce over shall use a superheterodyne 
circuit The mtermedlate frequency s ha 11 
be chosen by the contractor 

2 1 Frequency 
The receiver shall be capable of bemg man- 
ually tuned to any frequency wtthm the band 
106 to 122 MC The frequency channels are 
at 100 kc mtervals beglnnmg with 108 l and 
endmg with 121 9 MC The dIalshal be call- 
brated at least every 0 5 Mc startmg at 108 0 
MC 

2 2 Input 
The antenna Input clrcutt shall be mducttvely 
coupled. andshall be desIgned for connectmn 
to a 52-ohm coaxial line 

2 3 Senslttvity 
With a 5-mIcrovolt stgnal modulated 30 per 
cent at 1,000 c y c 1 e s fed through a dummy 
resistor to the Input crrcu,t, the audlo power 
from the headphone cwcu~t must be 50 mw 
mto 300~ohm reswtlve load and the sIgnal- 
to-now= ratlo shall be greater than 6 db at 
all pomts m the radm-frequency range 

2 4 Selecttvlty 
At any resonant pmnt m the frequency band 
the total bandwidth shall be as follows 

Ratm Total BandwIdth 

6 db More than 35 kc 
60 db Less than 360 kc 

2 5 Undeswed Responses 

Image 40 db down 
All others 40 db down 

2 6 Stablllty 
There shall be no ewdence of parasltlc zadm- 
frequency or audm-frequency oscrllatmns at 
anysetttngof anycontrals or under any serv- 
Ice condLtlons 11s ted under paragraph 1 3 
Under any combmatmn of these service con- 
dltmns. the over-allsenslt,vltyshallnot change 
more than 10 db Tunmg stabll,ty IS essen- 
t1a1 

2 7 Automat,= Cam Control 
W Lth all gau, controls f,xed. the automat,c 
gam control shall mamtam the unfiltered audm 
levelconstant for any degree of audm gqln to 

. 
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w,th,n a total of 5 db for radm-frequency m- 
put voltages from 10 to 10.000 mwzrovolts 

2 .9 Power Supply 
The power supply shall be erther a separate 
un,t or an mtegral part of the receiver It 
shall be possrble to substdute power supplres 
morder for the complete equipment to oper- 
ate on either 12 or 24 volts dc A 5 per cent 
npple voltage 11, the battery supply at 100 to 
10,OOOcycles shall not decrease the rece,ver 
performance below the requxements specified 
here,,, 

2 9 Aural Output 
An aural output c L r c ” L t shall be provided 
whwh ~111 supply at least 300 mw of pourer’ 
to a 300-ohm res,st,ve load from a radm- 
frequency stgnal modulated 30 per cent wrth 
1,000 cycles The maximum permissible 
harmonzc dwtortlon shall not exceed 20 per 
cent at 10. 000 mwrcwolts radm-frequency 
mput 

The over-allaudm response to the headphone 
c , r c u I t shall be such that the dtfference II-, 
response between any two frequencres be- 
tween 400 and 2,500 cycles shall not be 

greater than 6 db The response of 30 and 
10.000 cycles shall be 20 db or more below 
the response at 1.000 cycles 

3 Electrwal Req”,reme,,ts - Ommrange 
system 
Ommbearmg and course mdrcatmns are ob- 
tamed bycomparmgthephase of two 30-cycle 
voltages The phase of ane voltage 1s a func- 
tron of the azimuthal posltmn of the rece,ver 
vnth respect to the range statmn and is re- 
ferred to as the “variable” phase voltage 
The second voltage 1s one of constant phase 
at all az,m”th angles and us referred to as 
the “reference” phase voltage and LS trans- 
m,tted on a subcarrIer of 9.960 cycles whrch 
IS frequency modulated w,th 30 c y c 1 e s at a 
devlatron ratm of 16 

The range statmn radtates a cari-,er whrch 
1s amplLt”de mod” 1 ate d 30 per cent by the 
30-cycle variable phase signal. 30 per cent 
by the 9. 960-cycle s “b c a r r 1 e I and 40 per 
cent by YOLC~ The phase of the “artable 
andreference 30-cycle voltages are m-phase 
at magnetic north from the range stat,“,, 

3 1 Phase Comparison C,rcu,t 
The reference and “artable 30-cycle voltages 

shall be used m a phase comparison crrcuit 
toprovtde dwect current for the operation of 
a sens,t~“e zero-center type of course dev1a- 
tmn meter whrch wvlll be mounted “n the ,n- 
strument panel The meter shall be destgned 
for a L r c raft “se and shall not be less than 
2 l/2 ,nches or more than 3 l/2 Inches m 
dtameter The meter shall be submrtted for 
approval 

The receiver shall prov,de a course w,dth of 
an ommrange of full-scale left to full-sca:e 
rrght on the c”“rse devlat,on meter for a 
change LII az,muth angle of 25’to 30”wrth 
a radm-frequency Input of 500 mlcrovolts 
The dc outputof the phase comparison crrcuit 
shall be a lmear funct,on of phase sh,ft up to 
full-scale deflectmn of the meter 

3 2 Amblgulty Indtcator 
A zero-center. up-down type meter shall be 
pronded to perform the followmg functmns 

(a) Meter shall be labeled “TO” and 
“FROM” to mdlcate the proper readmg 
of the ommbearmg selector 

(b) The center sectmn of the meter scale 
shall be pamted red to mdlcate when 
the received s,gnals are too weak for 
satisfactory receptron or farlure of 
the ommrange statron 

(c) The amblgulty mdrcator shall also be 
used as a tunrng meter for ommranges 

Anommrange sIgna of 10,000 micro- 
volts shall not cause the pomter of 
the amblgulty meter to htt the stop 
Thepomter u-.d,catmn shall be ““tstde 
of the red sector for an mput s,gnal of 
ten mlcrovolts 

3 3 Omntbearmg Selector 
A phase shtftmg mductlve or resrsttve de- 
vrce havmg ascale approxlmately3 l/2 Inches 
in diameter with a pomter shall be provtded 
to select the omnlbearlng courses The 
scale shall be marked every 5” w,th slLghtly 
longer marks every 10” The scale shall be 
numbered every 10” 

3 4 Stablltty 
W,th the r e c e L v e r operatmg w,th a radm- 
frequency Input sIgna to prowde normal 
reference and variable voltages as defmed 
,n paragraph 3 1 and the bearmg s e 1 e c t o r 
set for an on-course mdvzatmn. the course 
devlatmn meter shall not deflect more than 
the equtvalent of 2 O0 change “I az,m”th 
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angle at anv bearme selector settmzz under 
any 01 

(a) 

(b) 

(4 

(d) 

the followmg condltlons 
Rad,o-frequency mput to rece,“er IS 
varwd from 5 to 10, 000 mlcrovolts 
Whenthe 9,960-cycle frequency modu- 
lated subcarrIer LS amplitude modula- 
ted at 10 per cent wtth 30 cycles, end 
the mean s “b c a r I- I e r frequency LS 
shrfted +I66 cycles 
Battery voltage var,es +5 per cent of 
13 or 26 volts 
When the radio-frequency mput to the 
I e c e IV e I LS modulated 10 per cent 
wtth frequencres from 45 to 75 cycles 
per second (Simulated propeller 
modulation) 

3 5 Over-all Omnlaccuracy 
When a stmulatedrad~o-frequency ornnrrange 
slgnalof 10 mxrovolts or 10.000 mKrovolt* 
1s appl,ed to the mput of the receiver end the 
varmble phase voltage 1s varwd m-phase 
through 360”. the omnlbearmg selector shall 
~nd~c ate the simulated course wlthm *3” 
Also, the reciprocal on-course mdlcatlon at 
any course settmg shall not be greater than 
+2” 

3 6 
W,th a simulated radio-frequency omnwange 
sIgna of 10 mvzrovolts or 10,000 mlcrovolts 
and havmg 35 per cent voice modulation. the 
course devntlon meter shall not vary more 
than the equwalent of l* from on-course 

4 Electrwal Requwments - Phase 
Comparison Loealizer 
The phase compartson localner co”rse m- 
dlcatrons are obtamed by c omp a I ~ng the 
phase of two 30-cycle voltages The ref- 
erence phase voltage IS one of constant phase 
at all azimuth angles The varmble phase 
voltage ,s m-phase wtth the reference phase 
voltage onthe left stde of course and 180’ 
out-of-phase on the right stde of course. when 
approachmg the localwxr The reference 

phase voltage IS transmltted on an FM sub- 
GK-I-I~~ of 9.960 cycles whrch LS modulated 
with 30 cycles at a devlatlon ratlo of 16 
The varnble phase of 30 cycles amplitude 
modulates the carx,er except on the on- 
Course lme 

4 1 Phase Comparison Clrcult 
Whenon-course, only the 30-cycle reference 

v o 1 tag e LS recetved. and this voltage shall 
not cause a deflectIon of greater than l/20 
full-scale deflectton from center of the 
course devmtlon meter Also, the amblgulty 
,nd,cator shall mdlcate III the red sector 

When off-course to the left approachmg the 
statton with 1, 000 mxrovolts sIgna and 30 
per cent reference phase modulation and 13 
per cent varmhle phase modulation. the 
course -devntlon meter shall in d L c at e full 
scale *lo per cent to the right end the am- 
blgulty mdlcator s,ball read m the red sector 
Sm.&rly, when off-course to the right ap- 
proachmg the statIon under the same condi- 
tlons of slgnal modulation, the co”rse dewa- 
tlon mete I shall mdrcate full scale i10 per 
cent to the left and the amblgulty meter m- 
d,cator shall read ,n the red sector 

A svntch e hall be provided to select etther 
omnc-ange ot local~mer facIlltles When m 
the localreer posItton, the omntbearmg selec- 
tor shall be dIsconnected from the clrcult. 

5 
MechanIcal Requwements 

5 1 Construction and Desrgn 
The receiver shall be deslgned for mmxn”rn 
s,ze and mm,mutn weight 

5 2 Receiver Panel Facllttles 
Facll,t,es shall be provtded on the receiver 
panel for 

(a) Tunmg control with calibrated dwl 
(b) Audto gam control 

53 
The control unit shall contain an on-off 
switch and one phone Jack 

5 4 Plug Connections 
(a) Sat,sfactoryplugconnectors end sock- 

ets shall be used throughout 
(b) A low-loss antenna plug (coaxml lme) 

shall be mounted on the rear 

6 Tests 
Tests w,ll be made at the contractor’s fac- 
tory to determme If all the requirements of 
th,s speclflcatlon ha,” e been provided All 
test equipment shall be furmshed by the 
contractpr 
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