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PERFORMANCE TESTS OF THE NARCO VHF OMNIRECEIVER

SUMMARY

This report presents the results of tests
conducted at the Technical Development and
Evaluation Center on the National Aeronauti-
cal Corp VHF omnireceivers developed
under Civil Aeronautics Admimistration con~
tract These recelwvers provide visual left-
right indications of omnirange and phase
comparison localizer courses and aural
reception of modulated signals No attempt
1s made to present performance data for all
equipments delivered under the contract, and
the data presented are typical of those obtained
from measurements of the performance of
several equipments The equipment was
tested to determine compliance with the re-~
quirements of CAA Specification ES5-63C

INTRODUCTION

Inorder to promote commercial interest
in the development and production of a low-
cost private flyer's ommreceiver, approxi-
mately 12 manufacturers were contacted to
determine the possibility of producing a low-
cost omnireceiver suitable for the private
flyer As aresult of these contacts, CAA
Specification ES=63C (see Appendix 1) con-
taimng minimum essential performance re-
quirements of an omnirecewver was prepared
Negotiations with several radio manufacturers
were continued in an effort to obtain a quan-
tity of these receivers through a development
contract intended to establish facilities for
production at low cost

A contract was awarded to the National
Aeronautical Corp of Wings Field, Ambler,
Pa , for the development and delivery of ten
complete omnireceivers, together with com-
Plete sets of manufacturing drawings, meet-
ing the requirements of the specification
Five vibrator and five dynamotor type power
supplies were furnished with the receivers
The test results 1n this report were obtained
from equipments having vibrator power sup-
plies In general, the performance of the
equipments having dynamotor power supplies
was slightly better than that of equipments
having vibrator power supplies

NARCO also has developed a small

filter -amplifier unit which, when connected
to the recewer and modulator-power unit,
provides visual indications of tone localizer
courses The characteristics of the filter-
amplifier unit are not included in this report

DESCRIPTION OF EQUIPMENT

One complete omnireceiwver as furnished
on the development contract consisted of the
following components All components, ex-
cepti the interconnecting cables and trans-
mission line, are shown in Fag 1

VHF receiver, NARCO Type VRA-1

Omnirange converter, NARCO Type VOA-1

Course selector assembly, NARCO Type
C5-1

Modulator power unit, NARCO Type
V1ZMP-1 {vibrator)

Course deviation mdicator, NARCO Type
MA-1

Interconnecting cables

Antenna transmission line

The over-all weight of the equipment,
excluding antenna, 1s approxiumately 15 pounds
The over-all dimensicns of the various com-
ponents are as follows

Height Width Length
Component (in ) (in ) (in )
Receiver 31/4 23/4 6 1/2%
Omnirange 69/16 55/16 9
converter
Modulator power 69/16 55/16 9
unit
Course selector 31/4 51/2 2% *

assembly

* Excluding control knobs which protrude
13/16 n

* % Excluding course selector knob which
protrudes 1 1/8 in

The cour se deviation indicator 15 designed
for mounting 1n a 3 1/8-inchdiameter instru-
ment panel cut-out

Fig 2 1s the schematic diagram of the
recewver The receiver s of the superhetero-
dyne type and 1s tunable over the frequency
range of 108 to 122 Mc The oscillator fre-
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Fig 1 NARCO VHF Ommreceiver

quency 15 8 5 Mc above the frequency of the
received signal This was done to prevent
image responses fromFM broadcast stations
The antenna imput circuit 1s unbalanced to
permit the use of coaxial tfansmission line
whichis smaller and more reliable than itwin
conductor or balanced transmission line A
radio-frequency amplifier stage 1s used to
improve the rejection of undesired signals
The grid and plate circuits of the radio-
frequency amplifier, converter mnjection grid
circuit and the oscillator are tuned by a com-
bination i1ron core and slug assembly which
provides linear relationship between resonant
frequency and movement of the tuning assembly
Three conventional intermediate-frequency
amplifiers are used The second detector 1s
operated at high level to provide linear de-
tection characteristics A noise limiter
circuit 15 used mn the aural output circuits
to tmprove aural reception under adverse
radio-frequency noise tonditions The aural
output from the first audio amplifier 1s fed to
the modulator-power unit for further ampli-
fication and the audio putput from the omni-
Jack 15 fed to the omniconverter unit

The modulator-power unit 1s designed
to supply mgh voltage to the receiver, a
small VHF transmitter (with or without the
recelver) and receiver and omnirange con-
verter {withor without the transmatter) Fig

3 15 the schematic diagram of this unit The
unit contains a speech amplifier for micro-
phone signal amplification and an audio stage
which 15 used as a final amplifier of the re-
cewver aural output or as the transmtter
modulator The transmit-receive relays
provide the switching facilities required to
switch the high voltage supply from the
omniconverter and recei1ver to the trans-
maitter, and to convert the recewver audio
amplifier circuit to a transmmitter modulator
High voltage power 1s provided by the vibra-
tor, transformer and rectifiers connected as
shown in the schematic diagram Modulator-
ppwer units having dynamotor high voltage
power supplies also are available

The omnirange converter contains all
the audio circuits required for operation of
the ommibearing selector, TO-FROM meter
and course deviation indicator Fig 4 1s
the schematic circuitdiagram The frequency
modulaied 4,960-cps subcarrier component of
the recewver second detector output 1s filtered
to remove the 30 cps and voice components of
the second detector output The rernaining
9,960-cps signal 1s then Limited to remove
30-cps AM which may have been introduced
by the transmitting equipment, propeller
modulation or cross modulation 1n the re-
cewver detector circuit The 9, 960-cps dis-
criminator is a ratio detector which recovers

e
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the 30-cps reference phase signal from the
frequency modulated 9, 960-cps subcarrier
The 30-cps signal 1s then amplified and fed
to the course deviation indicator and TO-
FROM meter phase comparison circuits
The phase of the signal fed to the TO-FROM
meter 15 shifted 90° in the plate circuit of the
final reference phase channel ampiifier to
provide proper TO or FROM indication when
the course dewviation indicator 1s centered

The signal fed to the variable phase
channel 1s filtered to reject the 9,960-cps
subcarrier, voice and 60-cps propeller
modulation signals In some awcraft 1t 1s
possible to select an engine speed such that
the propellers cause the magnitude of the
radio-frequency signal at the antenna to be
varied at a 60-cps rate T his modulation
process produces a 60-cps signal in the out-
put of the recei1ver second detector which
must be attenuated to prevent oscillation of
the course deviation indicator ponter

The output of the first 30-cps amplifier
1s fed to a phase nverter stage to obtain two
signals which are equal in amplitude and which
have a phase separation of 180° These sig-
nals are fed to the grids of two of the cathode
followers and ito the phase sphitter circuit
The phase splitter circuit output consists of
two signals of equal amplhitude having a phase
separation of 180° and a phase shift of 90°
and 270° with respect to e1ther of the input
signals The output of the phase splitter cir-
cuit 1s fed to the grids of the other two cath-
ode followers The voltages developed across
the cathode resistors of the four cathode
followers are equal 1n amplitude and have
relative phase relationships of 0°, 90°, 180°
and 270°, as indicated on the schematic dia-
gram These signals are fed to the tapped
potentiometer or onmibearing selector, and
the wiper of the potenticmeter 1s connected
to the 30-cps amplifier stages  When the
wiper of the potenfiometer 1s set at the 0°
tap, the signal fed to the amplifier 15 -
phase with the signal fed to this tap When
the wiper 1s moved to the 90° tap, the phase
of the signal fed to the amplifier 1s shifted
90° withrespect tothe phase of the signal fed
to the 0° tap If the wiper position is between
the 0°and 90°taps, the phase shift of the signal
fed to the 30-cps amplifier will be between
0° and 90° A calibrated dial attached to the
wiper shaft indicates phase shift in degrees
It 1s possible to shift the phase of the signal
any amount between 0° and 360°

The output of the 30-cps amplifier
stages 1s transformer -coupled to the deviation
indicator and TO-FROM meter phase compar-
ison eircuits  The phase relationships of the
reference and variable phase signals i the
phase comparison circmts 1s such as to
center the deviationindicator needle when the
aircraft 1s on the course selected by means
of the omnibearing selector and, to provide a
TO or FROM 1ndication depending upon
whether the omnibearing selector setting 1s
the bearing of the aircraft to or from the omni-
range station

During operationas a phase comparison
localizer recewver, the control grid of the
30-cps amplifier, V-5B, 15 switched from
the omnibearing selector paotentiometer wiper
to a resistance voltage divider connected to
the 90° tap of the potentiometer For phase
localizer operation, the reference and var-
table phase signals in the phase comparison
circuit are m-phase when the aircraft 1s to
one side of the runway and 180° out-of-phase
when the aircraft is on the other side of the
runway When the aircraft 1s on-course,
the variable phase signal component 1s zero
and the deviation indicator needle 1s centered
The TO-FROM indicator pointer 1s centered
at all times since the phase relationship be-
tween the reference and variable phase sig-
nals 1n the TO-FROM meter phase compari-
son circuit 1s either 90° or 270° depending
upon the position of the aircraft with respect
to the runway

TESTS

The following equipments were used
during the tests
Boonton Radio Corp Type 211A VHF Sig-
nal Generator with Boonton Radio Corp Type
5054 6-db Attenuator
Collins Radio Co 4795 Audio Signal Gen-
erator ‘
Daven Co Type OP-182 Power Ouiput
Meter
Hewlett Packard Co Type 200B Audio
Oscillator
General Radio Wave Analyzer, Type 736A
The following conditions were mawn-
tained during all tests, unless otherwise stated
Battery voltage - 13 volts dc
Audio output load - 300 ohms
Signal generator setting - 1,000 microvolts
with 53-ohm, 6-db attenuator connected be-
tween si1gnal generator and recewver
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Fig 5 Sensitivity vs Ambient Temperature
Variation

Modulation - 30 per cent of 1, 000 cps for
audio measurements, 30 per cent of 30 cps
plus 30 per centof frequency modulated 9,960
cps for omnirange measurements, and 13
per cent of 30 cps plus 30 per cent of fre-
quency modulated 9, 960 cps for phase com-
parison localizer measurements

Signal plus noise-to-noise ratio -4 1 1n
power

Temperature ~ approximately 25°C

Warm-up pertod - not less than 20 minutes

For all measurements a 53-ochm, 6-db
attenuator was connected between the signal
generator and recelver All microvolt
readings represent twice the microvolt level
that exists at the receiver input, assuming
that the input impedance 15 53 ohms

The following test results were ob=-
tained

Sensitivity
Radio=-Frequency Input for 4 1
Signal Plus Noise-to-Noise
Frequency Power Ratio
Mec PV
108 35
115 35
120 50

The recewver volume control and the
signal generator attenuator were adjusted to
provide 50 mw audio output, and 4 1 signal
plus noise-to-noise ratio simultaneously

Recewver Dhal Calibration Error

Boonton 211
Recewer Dial Signal Generator Calibration

Reading Frequency Error
Mec Me Me
110 109 777 -0 223
115 114 865 -0 135
122 122 067 +0 067

Effects of Temperature and Battery Voltage
Variation (Recewver)

The variation of sensitivity with am-
bient temperature and battery voltage 1s
shown in Figs 5 and 6 respectively For
each sensitivity measurement the recewver
volume control and the signal generator at-
tenuator were adjusted to provide an audio
output of 50 mw 1n a 300-chm resistive load
for 30 per cent 1,000~cps modulation, and an
audio output of 12 5 mw for an unmodulated
signal Fig 7 indicates resonant frequency
drift due to temperature The receiver was
tuned to a2 114 9 Mc signal under room tem-
perature conditions and the tuming knob posi-
tion was not changed dunng the test. Frequency
variation was measured by varying the sig-
nal generator frequency to produce receiver
resonance and by noting the variafion of the
signal generator frequencydialreading The
signal generator attenuator setting was ap-
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proximately four microvolts and the frequency
dial was calibrated for each measurement

Selectivity

The selectivity of the recewver 1s shown
tnh Firg 8 The receiwver volume control and
si1gnal generator attenuator were adjusted
for 50-mw audio output and 4 1 signal plus
noise -to-nolse ratio at the frequency of 122
Mc The generator ifrequency was varied
above and below resonance to determine the
deviation from resonant frequency required
to reduce the audio output to 50 mw as the
radio-frequency input level was increased in
steps

Automatic Volume Control Action

Fig 9 shows the automatic volume
control characteristics of the recewver The
volume controlwas adjusted for an audio out-
put of 300 mw i a 300-ohm resistive load
when the radio-frequency input was 500 miao-
volts The radiofrequencywas 115 Mc The
radio-frequency wnput level was increased
in steps from 1 to 100,000 microvolts and
the corresponding audic output levels were
recorded and plotted The resonant frequency
did not vary appreciably with change 1n
radio-frequency input level

Harmonic Distortion
The results of harmonic distortion
measurements are

Audio Frequency Distortion
Per Cent of Fundamental

Second Third Fourth Fifth Resultant
Har - Har-~ Har- Har- Distor-
monic monic monic monic tion

6 2 1 2 0 26 0 07 6 3

The radio-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 audio output The signal generator at-
tenuator setting was 10, 000 microvolts

Undesired Responses

The following table lists the undesired
Tesponses measured with the recewver tuned
to 108 Mc

Frequency Microvolts
of Undesired Radwo-Frequency Rejection
Responses Input for 50-mw Ratio

Mc Output db

125 0 2,400 56 4 (1mage)

116 5 32,000 79 0

112 2 22,000 15 7

106 3 14, 000 71 B=

99 5 23,000 76 1

The radio-frequency input level re-
quired for 50-mw audic output at resonance
was 3 6 microvolts The signal generator
attenuator was set at approximately 0 2
volts and the frequency was varied from 88
to 140 Mc At each response frequency the
attenuator setting was reduced to provide 50-
mw output The rejection ratio was calcu-
lated from the attenuator settings for reso-
nance and the undesired response frequency

Audio Fidelity

Audio fidelity characteristics are shown
in Fig 10 The volume control was set for
maximum audio output and the modulation was
30 per cent for all modulation frequencies
The modulation frequency was varied from
30 to 10,000 cps and the corresponding audio
outputs were recorded.

Bearing Atcuracy and 5tability

Figs 11 and 12 show bearing errors
for omnibearing selector settings at each 45°
point between 0° and 360° for equipment am-
bient temperatures of 0°, +23° and +60°C
The ambiguity meter reading was FROM {for
the error curves shown in Fig 11 and TO
for the curves shown in Fig 12 The errors
were measured by adjusting the audio gener~
ator 30-cps phase control knob to center the
course deviation indicator for each omni-
bearing selector setting The sign of the
errors 1s positive when the omnibearing
selector setting 1s greater numerically than
the corresponding reading of the audio gener-
ator 30-cps phase dial

Figs 13 and 14 show variation of in-
dicated bearings, for the omnibearing selec-
tor settings shown, due to radio-frequency
input level and battery volitage changes The
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varitation 1s considered to be zero at the
reference points of 500 microvolt radio-
frequency nput level and 13 volt, dc battery
voltage The sign of the bearing variation 1s
positive when the indicated bearing 15 greater
numerically than that of reference conditions

Effect of Amplitude Modulation and
Variation of Subcarrier Frequency
Upon Bearing Accuracy

The addition of 10 per cent of 30-cps
AM to the 9,960-cps subcarrier caused
bearing changes of approximately 0 5°
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Variation of the subcarrier frequency from
9,760 to 10,160 ¢ps with 10 per cent 30-cps
AM applied to the carrier also caused 1ndi-
cated bearing changes of approximately 0 5°
The variable phase modulation frequency
and percentage were constant during these
tests

tivity was measured by adjusting the audio
generator 30-cps phase control knob to pro-
duce full-scale left and full-scale right de-
flections of the course dewviation indicator
The deflection 1s full scale when the pointer
deflection 1s at the outsi1de end of the blue
or yellow sectors of the dial The dif-
ference between the readings of the audio
generator 30-cps phase dial was recorded
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as course sensitivity The omnibearing
selector setting was 0° except during meas-
urements to determine course sensitivity at
various omnibearing selector settings

Course Deviation Indicator Circuit
Linearity (Omnirange)

The linearity of the course deviation
indicator phase comparison circuit 1s shown
in Fig 19 The phase of the 30-cps modu-
lation was varied from that for on-course
conditions to provide various deflections of
the deviation indicator Deflection percentages
greater than 100 per cent were calculated
from measurements of voltage across the
deviation indicator terminals The deflection
1s full scale when the pointer deflection 1s at
the outside end of the blue or yellow sectors
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of the dial

Course Deviation Sensitivity and
Centering (Phase Comparison Localizer)
The effects of radio-frequency mput
level and battery voltage upon course devia-
tion sensitivity and centering are shown n
Figs 20, 21 and 22 The 30~-cps modulation
was 13 per cent for sensi1tivity and 0 per
cent for centering measurements Negative
deflection percentages indicate per cent full-
scale deflection to the left and positive de-
flection percentages indicate per cent full-
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Level

scale deflection to the right The deflection
is full scale when the pommter deflection 1s at
the outside end of the blue or yellow sectors
of the dial

Course Deviation Indicator Circuit
Linearity {Phase Localizer)

The linearity of the deviation indicator
phase comparison circuit for phase com-

parison localizer operation 1s shown in Fig

23 The deflection of the deviation indicator
was recorded for variable phase modulation
percentages from O to 18 per cent Negative
deflection percentages indicate per cent full-
scale deflection to the left and positive de-
flection percentages indicate per cent full-
scale deflection to the right The deflection
1s full scale when the pointer deflection 1s at

Y -
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the oufside end of the blue or yellow sectors
of the dial The variable phase signal was
180° out-of-phase with the reference phase
signal for left and in-phase for right deflec-
tion readings

CONCLUSIONS

The NARCO equipment described n
this report meets the essential requirements
of the specification and the performance 1s
satisfactory for use in small aircraft An
equipment of this type must represent a
compromise between the performance char-
acleristics desi1red and other factors in-
cluding cost, weight and space requirements
The performance 1s not as good as that of
navigation recewvers designed for use wn
commercial airline and military aircraft
However, the weight and dimensions of such
navigation receiwvers are somewhat greater
and their cost 1s considerably higher The
equipments furnmished on the contract repre-
sent a satisfactory compromise with regard
to the various technical and economical
factors involved
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APPENDIX 1

Specification ES-63C
Rev May 5, 1949

Development Specifications for a
Private-Flyer VHF Navigation Receiver

1
General

11

This specification covers the requirements
for an airborne VHF receiver having appro-
priate controls and indicators to operate 1n
the frequency band of 108 to 122 Mc for the
reception, use and visual display of signals
received from phase comparison localizer
and omnirange stations which are operated
by the Civil Aeronautics Admumistration

12

Because of the type of operation of this re-
cewver, reliability of performance 1s of ut-
most importance inthe design Furthermore,
it 1s essential that there is no aging effects
in any of the recewver components which would
necessitate frequent readjustments The
complete equpment will be expected to give
at least 500 hours of service-free operation

1 3 Service Conditions
The receiver shall meet the performance re-
quirements of this specification under any
combination of the following service condi-
tions
{(a) Temperature 0°C to +60°C
{b) Relative humidity 10 to 90 per cent
{c) Continuous operation for 4 hours
{(d) Battery voltage supply +5 per cent
from 13 or 26 volts
{e) Normal aircraft vibration (small
aircraft)

1 4 Material to be furnished
One complete navigation recewver shall con-
sist of the following
(a} One recewver umit complete with tubes
and mounting base or shock mounts
{(b) Control unit and all necessary con-
necting mechanical and electrical
cables and plugs, if required
{c) Omnibearing selector, course devia~
tion indicator and ambiguity TO-FROM
indicator
(d) Instruction book

16

2 Electrical Requiréments
The recei1ver shall use a superheterodyne
circuit The intermediate frequency shall
be chosen by the contractor

2 1 Frequency

The recewver shall be capable of being man-
ually tuned to any frequency within the band
108 to 122 Mc The frequency channels are
at 100 kc intervals beginning with 108 1 and
ending with 121 9 Mc Thedialshall be cali-
brated at leastevery 0 5 Mc starting at 108 0
Mc

2 2 Input

The antenna wnput circuit shall be inductively
coupled, and shall be designed for connection
to a 52-ohm coaxial line

2 3 Sensitivity

With a 5-microvolt signal modulated 30 per
cent at 1,000 cycles fed through a dummy
resistor to the mnput circuit, the audio power
from the headphone circuit must be 50 mw
into 300-ohm resistive load and the signal-
to-noise ratio shall he greater than 6 db at
all points 1n the radio-frequency range

2 4 Selectivity
At any resonant pownt in the frequency band
the total bandwidth shall be as follows

Ratio Total Bandwidth
6 db More than 35 kc
60 db Less than 360 ke

2 5 Undesired Responses

40 db down
40 db down

Image
All others

2 6 Stabulity

There shall be no evidence of parasitic xadio-
frequency or audio-frequency oscillations at
any setting of any controls or under any serv-
1ice conditions li1sted under paragraph 1 3
Under any combination of these service con-
ditions, the over-all sensitivity shallnot change
more than 10 db Tuning stability 1s essen-
tial

2 7 Automatic Gain Control

With all gain controls fixed, the automatic
gain control shall maintain the unfiltered audio
level constant for any degree of audio gain to
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within a total of 5 db for radio-frequency 1n-
put voltages from 10 to 10, 000 microvolts

2 8 Power Supply

The power supply shall be either a separate
unit or an integral part of the recewver It
shall be possible to substitute power supplies
inorder for the complete equipment to oper-
ate on either 12 or 24 volts dc A 5 per cent
ripple voltage in the battery supply at 100 to
10,000 cycles shall not decrease the recewver
performance below the requirements specified
herein

2 9 Aural Qutput

An aural output circu:it shall be provided
which will supply at least 300 mw of power
to a 300-ohm resistive load from a radio-
frequency signal modulated 30 per cent with
1,000 cycles The maximum permissible
harmonic distortion shall not exceed 20 per
cent at 10, 000 microvolis radio-frequency
input

The over-all audio response to the headphone
circutt shall be such that the difference 1n
response between any two frequencies 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 Electrical Requirements - Omnirange
System

Omnibearing and course ndications are ob-
taned by comparing the phase of two 30-cycle
voltages The phase of one voltage 1s a func-
tion of the azimuthal position of the receiver
with respect to the range station and 15 re-
ferred to as the "variable'' phase voltage
The second voltage 1s one of constant phase
at all azamuth angles and 1s referred to as
the "reference'" phase voltage and 15 trans-
mitted on a subcarrier of 9, 960 cycles which
1s frequency modulated with 30 cycles ata
deviation ratio of 16

The range station radiates a carrier which
15 amplitude modulated 30 per cent by the
30-cycle variable phase signal, 30 per cent
by the 9,960-cycle subcarrier and 40 per
cent by voice The phase of the variable
and reference 30-cycle voltages are in-phase
at magnetic north frorm the range station

3 1 Phase Comparison Circuit
The reference and variable 30-cycle voltages
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shall be used n a phase comparison circuit
to provide direct current for the operation of
a sensitive zero-center type of course devia-
tion meter which will be mounted on the in-
strument panel The meter shall be designed
for aircraft use and shall not be less than
21/2 inches or more than 3 1/2 inches n
diameter The meter shall be submitted for
approval

The receiver shall provide a course width of
an omnirange of full-scale left to full-scale
right on the course deviation meter for a
change 1n azimuth angle of 25° to 30° with
a radio-frequency input of 500 microvolts
The dc output of the phase cormnparison circuit
shall be a linear function of phase shift up to
full-scale deflection of the meter

3 2 Ambiguity Indicator
A zero-center, up-down type meter shall be
provided to perform the following functions
{a) Meter shall be labeled "TO" and
"FROM'" tomndicate the proper reading
of the omnmibearing selector
{b) The center section of the meter scale
shall be pawnted red to indicate when
the recelved signals are too weak for
satisfactory reception or fai1lure of
the omnirange station
{c} The ambiguity indicator shall also be
used as a tuning meter for omniranges

An omnirange signal of 10,000 micro-
volts shall not cause the pointer of
the ambiguiiy meter to hit the stop
The pointer indication shall be outside
of the red sector for an input signal of
ten microvolts

3 3 Omnibearing Selector

A phase shifting inductive or resistive de-
vice having a scale approximately 3 1/2 inches
in diameter with a pointer shall be provided
to select the omnibeari1ng courses The
scale shall be marked every 5° with slightly
longer marks every 10° The scale shall be
nurmnbered every 10°

3 4 Stability

With the recelver operating with a radio-
frequency 1nput signal to provide normal
reference and variable voltages as defined
in paragraph 3 1 and the bearmg selector
set for an on-course indication, the course
deviation meter shall not deflect more than
the equivalent of 2 0° change 1n azimuth
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angle at any bearing selector setting under
any of the following conditions
{a) Radio-frequency input to receiver is
varied from 5 to 10, 000 microvolts
(b) Whenthe 9,960-cycle frequency modu-
lated subcarrier 1s amplitude modula-
ted at 10 per cent with 30 cycles, and
the mean subcarrier frequency is
shifted £166 cycles
(c) Battery voltage varies +5 per cent of
13 or 26 volts
{d) When the radio-frequency input to the
receivetr 15 modulated 10 per cent
with frequencies from 45 to 75 cycles
per second (Simulated propeller
modulation)

3 5 QOver=-all Omniaccuracy

When a simulated radio-frequency omnirange
signal of 10 microvolts or 10, 000 microvolts
1s applied to the input of the receiver and the
variable phase voltage 1s varied in-phase
through 360°, the ommbearing selector shall
indicate the siumulated course within +3°
Also, the reciprocal on-course indication at
any course setting shall not be greater than
+2°

36

With a simulated radio-frequency omnirange
signal of 10 microvolts or 10,000 microvolts
and having 35 per cent voice modulation, the
course deviation meter shall not vary more
than the equivalent of 1° from on-course

4 Electrical Requirements - Phase
Comparison Localizer

The phase comparison localizer course 1n-
dications are obtained by comparing the
phase of two 30-cycle voltages The ref-
erance phase voltage 15 one of constant phase
at all azumuth angles The variable phase
voltage 1s in-phase with the reference phase
voltage on the left side of course and 180°
out-of-phase on the rightside of course, when
approaching the localizer The reference
phase voltage 1s transmatted on an FM sub-
carrier of 9,960 cycles which 1s modulated
with 30 cycles at a deviation ratio of 16
The wvariable phase of 30 cycles amphtude
modulates the carrier except on the on-
course line

4 1 Phase Comparison Circuit
When on-course, only the 30-cycle reference
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voltage 1s received, and this voltage shall
not cause a deflection of greater than 1/20
full-scale deflection from center of the
course deviation meter Also, the ambiguty
indicator shall indicate 1n the red sector

When off-course to the left approaching the
station with 1, 000 microvolts signal and 30
per cent reference phase modulation and 13
per cent variable phase modulation, the
course-deviation meter shall indicate full
scale 10 per cent to the right and the am-
bigmity indicator shall read in the red sector
Similarly, when off-course to the right ap-
proaching the station under the same condi-
tions of signal modulation, the course devia=-
tion meter shall indicate full scale £10 per
cent fo the left and the ambiguity meter 1n-
dicator shall read 1n the red sector

A switch shall be provided to select either
omnirange or localizer facilities When 1n
the localizer position, the omnibearing selec-
tor shall be disconnected from the circuit.

5
Mechanical Requirements

5 1 Construction and Design
The receiwver shall be designed for minimum
s1ze and mimimurn weight

5 2 Recewer Panel Facilities
Facilities shall be provided on the receiver
panel for
{a) Tuning control with calibrated dial
{b) Audio gain control

513
The control unit shall contain an on-off
switch and one phone jack

5 4 Plug Connections
(a) Satisfactoryplug connectors and sock-
ets shall be used throughout
(b) A low-loss antenna plug (coaxial line)
shall be mounted on the rear

6 Tests

Tests will be made at the contractor's fac-
tory to determine 1if all the requirements of
this specification have been provided All
test equipment shall be furnished by the
contractor

QPO BI-1041l8



