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FOREWORD

~ Following a Congressional mandate® to develop new and improved techniques, systems, and
equipment to strengthen law -enforcement and criminal justice, the National Institute of Law

-Enforcement and Criminal Justice (NILECJ) has established the Law Enforcement Standards

Laboratory (LESL) at the National Bureau of Standards. LESL’s function js to conduct research
that will assist law enforcement and criminal justice agencies in the selection and procurement of
quality equipment.

In response to priorities established by NILECJ, LESL is (1) ﬂubjectmg existing equnpment to
laboratory testing and evaluation and (2) conducting research leading to the development of several
series of documents, including national voluntary equipment standards, user guidelines; state-of-
the-art surveys and other reports.

This document, NILECJ-STD-0208.00, Personal/Poitable FM Recclvers, is a'law enforce-

ment equipment standard developed by LESL and approved and issued by NILECJ. Additional
standards as well-as other documents ave being issued under the LESL program in the areas of
protective equipment, communications equipinent, secunty systems, weapons, emergency equip-
ment, investigative aids, vehicles and clothing. ‘

This equipment standard is a technical document consisting of performance and other re-

quirements together with a description of test methods. Equipment which can meet these require-

ments is of supericr quality and is suited to the needs of law enforcement agencies. Purchasing
agents can use the test methods described in this standard to determine firsthand whether a
particular equipment item meets the requirements of the standard, or they may have the tests
conducted on their behalf by a qualified testing laboracory, Law enforcement personnel may also
reference this standard in purchase documents and requice that any equipment offered for purchase
meet its requirements and that this compliance be eith¢ r guarantecd by the vendor or attested to by
an independent testing laboratory.

The necessarily technical nature of this NILECJ standard, and its special focus as a procure-
ment aid, make it of limited use to those who seek general guidance congerning personal/portable
FM receivers. The NILECI. Guideline Series is designed to fili that need. We plan to issue
guidelines to this as well as other law enforcement equipment as soon as possible, wnhm the
constraints of available funding and the overall NILECJ program.

The guideline documents being issued are highly readable and tutorial in nature in contrast to
the standards, which are highly technical and intended for laboratory use by technical personnel.
The guidelines will provide, in nop-technical language, information for purchasing agents. and
other interested persons concerning the capabilities of equipment currently available. They may
then select equipment appropriate to the performance. required by their agency. Recommendations
for the development of particular guidelines should be sent to us.

NILEC] standards are subjected to continuing review. Technical comments and recommended
revisions are invited from all inferested parties. Suggestions should be addressed to the Program
Manager for Standards, National Institute of Law Enforcement and Criminal Justice, Law En-
forcement Assistance Admlmstrauon, U.S. Department of Justice, Washmgton D.C. 20531,

LESTER D. SHUBIN

Program Manager for Stanclardu

National Institute of Law
Enforcement and Criminal Justice

! Section 402(b) of the Omnibus Crime Control and Safe Sireets Act of 1968, as amended.
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NILECJ STANDARD
'FOR G
- PERSONAL/PORTABLE FM RECEIVERS

1. PURPOSE AND SCOPE

The purpose of this document is to establish performance requirements and methods of test for
frequency modulated personal/portable receivers used by law enforcement agencies. This standard
applies to voice-modulated, non-multiplex receivers which either do not have special subsystems
such as selective signaling or voice privacy, or in-which such subsystems are disabled or by-passed
during testing for compliance with this standard.

2. CLASSIFICATICN

For the purposes of this standard, personal/portable FM receivers are classified by their
operuting frequencies and their channel spacing,. :

2.1 Typel
Receivers that operate in the 400-512 MHz band wnth a channel spacing of 25 kHz.

2.2 Type ll :
Receivers that operate in the 150-174 MHz band with a channel spacing of 30 kHz.

2.3 Type lll
Receivers that opéerate in the 25-50 MHz band with a channel spaun;, of 20 kHz.

3. DEFINITIONS

The principal terms used in this document are defined in this section. Additional definitions
relating to law enforcement communications are given in LESP-RPT-0203.00, * ‘Technical Terms
and Definitions Used With Law Enforcement Communications- Equipment (Radio Antennas,
Transmitters and Receivers).”

3.1 Adjacent-Channel Selectivity and Desensitization

The ability of a receiver to discriminate between a desired sngnal and an undesired sngnal atthe
frequency of an adjacent channel. ,

3.2 Audio Hum and Noise Power

‘The average audiofrequency power dissipated in a load cross the output terminals of a receiver
having an unmodulated radio-frequency signal input.

~ 3.3 Audio Noise Output Power

The average audiofrequency power dissipated in a load across the output terminals of an
unsquelched rece‘iver having no radio-frequency signal input. ‘

3.4 Audio Output Power

The audiofrequency power dissipated in a ioad across the output terminals of an unsquelched
receiver having a modulated radio-frequency signal input.
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3.5 Audnofrequenr.y Harmonic Distortion
The generation, in a system, or integral multiples of a smglc audiofrequency input sngnal

3.6 Audiofrequency Response

The variation in the output of the receiver as a function of frequency within a specified
bandwidth.
3.7 intermodulation Attenuation

The ratio, expressed in decibels, of (1) selected rf signal levels that produce an intermodula-
tion response to (2) the receiver’s SINAD sensitivity.
38 intermodulation Response ,

The response resulting from the mixing of two or more frequencies, in the nonlinear clements
of a receiver, in which a resultant frequency is generated that falls within the range of frequencies
passed by the réceiver. ‘
3.9 Modulation Acceptance Bandwidth

The maximum frequency deviation of an input signal which has twice the amplitude of the 12
dB sensitivity voltage and which produces a 12 dB SINAD ratio.

3.10 Noise Quieting
The reduction of audio noise output power caused by an RF sng,nal

3.11 Rated System Deviation

The maximum carrier frequency deviation permitted by the FCC; for law enforcement
communications. systems, it is +5 kHz, '
3.12 Receive Mode

The condition of a receiver when unsequelched and receiving information.

3.13 Selectivity
. The extent to which a receiver is cupable of differentiating between the desired signal and

disturbances at other frequencies.
3.14 SINAD Ratio

A measure of the audio output of a receiver, expressed in decibels, equal to (1) signal plus
noise plus distertion to (2) noise plus distortion; from SIgnal Noise And Distortion Ratio.
3.15 SINAD Sensitivity

The minimum modulated RF signal input level required to produue a specified SINAD ratio at a
designated audio vutput power level.
3.16 Spurious Response

The output of a receiver caused by a signal at a frequency other than that to which the receiver
is tuned,

3.17 Squelch Artack Time

The time required to produce a designated audio output power level upon apphcanon ot A of

input signal.

3.18 Squelch Block

A squelched condition resulting from excessive frequency deviation.

3.19 Squelch
A circuit function for preventing a radio receiver from producing audio output power in the
absence of tf si‘gpyals. .

3.20 Squelch Release Time .
The time required to reduce audio noise output power to a designated level upon removal of
the rf input signal.

3.21 Standby Mode
The condition in a transmitting and receiving system when the system is energized but not
receiving or transmitting. '

3.22 Threshold Squelch Sensitivity

The minimum rf signal input level with standard modulation required to unsquelch the
receiver ‘when the squelch control is in the threshold squelched position.

3.23 Threshold Sque!ched Position

The adjustment of the squelch control, starting from the maximium unsquelched position, that
first reduces the audio noise output power by a specified amount,
Al
3.24 Tight-Squelch Sensitivity
The minimum standard modulated rf signal input level required to unsquelch the receiver
when the squelch control is in the maximum squelched position,

4. REQUIREMENTS

4.1 Minimum Performance

The requirement for cach receiver characteristic shall be the value listed in table 1. These
performance requirements are compatible with those for transmitters which are licensed according
to the Rules and Regulations published by the Federal Communications Commission. In addition to
the requirements listed, all of the licensing and operating requirements of the FCC Rules and
Regulations shall apply. ,
4.2 User Information

The receiver operating frequencies and nominal values for the receiver audio output imped-
ance, the power supply voltage and each receiver characteristic listed'in table 1 shall be included in
the information supplied to the userby the manufacturer or distributor. In addition, the receiver
being tested shall contain provisions for disconnecting the integral antenna and for connecting a
signal generator to the rf input circuit.

4.3 Test Sequence

Each receiver shall be subjected to the environmental tests before being tested for conform-
ance with paragraphs 4.5 through 4.8,

4.4 Environmental Characteristics

The ability of the receiver to operate in environmental 2xtremes shall e determined using the
test methods described in paragraph 5.3. The receiver shull meet the minimuri performance
requirements (items A through T) after completing all environmental tests.

4.4.1 Temperature Stability

When the receiver is operated at temperatures of —30°C (~22°F) and 60°C (I40°F), its
performance shall not vary, with respect to the appropriate value in table 1 (item A through T),
more than item U through AA, for the characteristics listed. In addition, the audio distortion at an
output power of (item M) shall be less than (item AB) for an rf signal with standard modulation.
4.4.2 Humidity Stability ’

After the receiver has been maintaingd at 50°C (122°F) and 90 percem relative humidity o
greater for at least 8 hours, its performance shall not vary with respect to the appropriate value
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TABLE L—Minimum Performance Requirements for Personal[Portable FM Receivers,

vad\'m (;‘lwrm wrmw

SINAD Sensitivity

SINAD Sensitivity Variance
{Supply Voltage Varied -+10% and
~20%)

Sclectivity Characteristics

C,
D,

"
3
7

o
B,

Modulation Acceptance Bandwidth
Adjacent Channel Selectivity and
Desensiiization

Spurions Response Attenuation
Intermodulation Attenuation

Squelch Characigristics

G.
H.,
1

B
K,
L.

Threshold Squelch Sensifivity
Tight Squelch Sensitivily

Threshold Squelch Sengitivity Variance

(Supply Voltage Varicd -+10%
and ~20%)

Squelch Block

Squeleh Attack Time

Squelch Release Time

Audiofrequency Characteristics

M,
N,
0.

P,
Q.
R 4
S.
'[‘l

Audio Qutput Power (Loudspeaker)
Audio Output Power (Earphones)
Audio Qutput Power Variance (Supply
Voltage Varied -+10% and —~20%)
Audiv Distortion

Aundiofrequency Response
(Loudspeaker)

Audiofrequency Response (Earphones)
Audio Hum and Noise (Unsquelched)
Audio Hum and Noise (Squelched)

Temperature Stability

AB.

SINAD Seasitivity

Modulation Acceptance Bandwidth
Adjacent Channel Selectivity and
Desensitization

Tight Squelch Sensitivity
Threshold Squelch Sensitivity -
Audio Quiput Power

Audio Hum and Noise

Audio Distortion

Humidiry Stability

AC.
AD.
AE.

SINAD Sensitivity

Modulation Acceptance Bandwidth
Adjacent Chamnel Selectivity and
Desensitization

Mininman Requirement
Frequency Band (MHz)

TR R B AT b RSS2 e e 85

%35 kHz

60 aB
70 dB
70 dB

0.3 v
3.0 uv

0,6 uv
*§ kHz
150 ms
250 ms

500 mW
3ImW

3 dB
10%

=10, +2 dB
—10, +2 dB
40 dB
50 dB

6 dB
20%

12 4B
6 dB
6 dB
6 dB
10 dB
18%

10 dB
20%

1[.50-/74

| 0.5 uv 0.5 nv
0,7 wV 0,7 wv
#5 kHz *35 kHz
70 dB 60 dB
60 dB 60 dB
60 dB 60 dB
0.4 uV 0.4 uV
4,0 uV 4,0 uV
0.8 wV | 0.8 wV
+5 kHz, 5 kHz,
150 ms 150 ms
250 ms 250 ms
500 mW 500 mW
3 mW 3 mW
JdB 3dB
10% 10%
=10, +2dB  ~10, +2 dB
=10, +2dB 10, +2 dB
40 dB 40 dB
50 aB 50 dB
6 dB 6 dB
20% 20%
12 dB 12 dB
6 dB 6 dB
6 dB 6 dB
6 dB 6 dB
10 dB 10 dB
18% 18%
10 dB 10 dB
20% 20%
12 dB 12 dB
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TAaBLE | —Minimum Performance chmlunm:t&ﬁn PersondliPortable FM Receivers—Continued
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Minimum Reqidrement
Frequenc y Bamd (MII~)

Receiver Characteristie T 2550 I)() ~I 74 4()0»‘)' /2
AF, 'l‘lghl Squclch Qonsmwty 10 dB 10 dB 10 dB
AG. Threshold Squelch Sensitivity 10 dB 10 dB 10 4B
AH.  Audio Output Power 3dB 3dB 3dB
Al Audio Hum and Noise 10 dB - 10 dB 10 dB
A).  Audio Distortion 8% 18% 18%
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in table 1 (item A through T), more than item AC through Al, for the characteristics listed. In
addition, the audio distortion at an output power of (item M) shall be less than (item Al) for an rf
signal with standard modulation.

4.4.3 Vibration Stability
No fixed part of the receiver shall come loose; nor mov(lblc part be shifted in position or
adjustment, as a result, of this test. '

4.4.4 Shock Stability

No fixed part of the recciver ghall come loosc nor movable part be shifted in pO ition or
adjustment, as a result of this test, :

4.5 SINAD Sensitivity ;

When measured in accordance with paragraph 5.4, the SINAD b(.»n‘alll\/l(y of the ceceiver shall
be (item A) or less at a SINAD ratio of 12 dB and at least 50 percent of the valug of audio oulput
power (item M). When the standard power supply voltage iy varied + l(}rpucum dm’( ~20 percent,
the SINAD seasitivity shall be (item B) or fess.

4.6 Selectivity Characteristics ,

The selectivity characteristics of modulation acceptance bandwidth, adjacent channel selectiv-
ity and desensitization, spurious response attenuation, and intermodulation. attenuation shall be
measured in accordance with paragraph 5.5,

4.6.1 Modulatior: Acceptance Bandwidth

The modulation acceptance bandwidth of the receiver shall be (item (") or more for an applied
rf Signal 6 dB above the measured 12 dB SINAD sénsitivity value,

4.6.2 Adjacent Channel Selectivity and Desensitization

The adjacent channei selectivity and desensitization of the receiver shall be (item D) or more
for a degradation of an on-channel signal from 12 dB SINAD ratio to 6 dB SINAD ratio caused by
an adjacent channel signal. ‘

4.6.3 Spurious Response Attenuation

The spurious response attenuation of the receiver shall be (item E) or more as compared to the
on-channel 20 dB noise quieting signal voltage for responses Qt the receiver between the lowest
intermediate frequency of the receiver and 1000 MHz.

4.6.4 Intermodulation Attenuation

The intermodulation attenuation of the receiver shall be (item F) or more for a degradation of
an on-channel signal from 12 dB SINAD ratio to 6 dB SINAD ratio by two relatively strong signals
located at one- and two-channel spacings, respectively, from the receiver frequency, both signals

. being at frequencies either above or below the on-channel signal.
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4.7 Squelch Characteristics

The squelch characteristics of sensitivity, block, attack time and release time shall be
measured in accordance with paragraph 5.6.

4.7.1 Squelch Sensitivity

The threshold squelch sensitivity of the receiver shall be (item G) or less. The tight squelch
sensitivity shall be (item H) or less. When th < standard power supply voltage is varied -+10 percent
and —20 percent, the threshold squelch sensitivity shall be (item 1) or less,

4.7.2 Squelch Block:

The receiver shall not squelch for modulation frequencies of 0.3 to 3.0 kHz when the squeleh
control is adjusted to the maximum squelch position and the frequency deviation of the input signal
is (ifem 1) or less.

4.7.3 Squelch Attack Time

The squelch attack time for the recciver to produce 90 percent of the audic output power (item
M) shall be (item K) or less.

4.7.4 Squelch Release Time .

The squelch release time for the audio vutput of the receiver to decrease to 10 percent of the
audio output power (item M) shall be (item L) or less,

4.8 Audiofrequency Characteristics

The audiofrequency characteristics of output power, distortion, frequency response, and hum
and noise shall be measursd i aogordance withi paragraph 5.7.
4.8.1 Audio Output Power

The audio output power of the receiver shall be at least (item M) if a loudspeaker is used at the
receiver output and (item N) if earphones are used, When the standard supply voltage is varied +10

percent and —20 percent, the audio output power shall not be reduced more than (item O) below
(item M).

4.8.2 Audio Distortion

Audio distortions at audio output powers of (item M and N) shall be less than (item P) foran «f
signal with standard modulation.
4.8.3 Audiofrequency Response

The audiofrequency response of the receiver, wiien used with a loudspeaker, shall be within
(item Q) of an ideal 6 dB. per octave de-emphasis curve with constant frequency deviation at
frequencies between 0.3 and 3.0 kHz. When used with earphones, the audlofrequency response of
the receiver shalt be within (item R) of the same curve at frequencies between 0,3 and 3,0 kHz,
4.8.4 Audio Hum and Noise

The audio hum and noise output power from the receiver in an unsquelched condition shall be
(item 8) or more, and in a squelched condition shall be (item T) or more below audio output power
(item M),

5. TEST METHODS

5.1 ; Standard Test Conditions

Allow all measurement equipment to warm up until the system has achieved sufficicnt
stability to perform the measurement, Unless otherwise specified, perform all measurements under
standard test conditions, Disable or bypass all special subsystems before testing.

5.1.1 Standard Temperature
Standard ambient temperature shall be between 20°C (68°F) and 30°C (86°F).

6
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5.1.2 Standard Relative Humidity :
Standard ariient relative humidity shall be between 10 and 85 percent,

5.1.3 Standard Power Supply VYoltage ‘

The standard supply voltage shall be that stated by the manufacturer and shall be applied to the
receiver power supply input terminals, It may be supplied by a battery of the same type as that
normally used in the equipment or, preferably, by a well-filtered clectronic de supply. In the latter
case, it shali be adjusted to within one percent of the voltage required.

5.1.4 Standard Test Frequency

The standard receiver tesi frequency shall be any one of the operating frequencies as specified
in paragraph 4.2,

5.1.5 Standard Test Moduiation

Standard test modulation shall be a 1 kHz sinusoidal modulating signal having less 4han one
pereent total distortion at the level required to produce a 3 kHz frequency deviation. «
5.1.6 Standoard Squelch Adjustment ‘

The squeleh controt shall be adjusted to the maximum unsquelched position for all measure-
ments except where otherwise speeified, ;
5.1.7 Standard Duty Cycle

The standard duty cycle shall e 60 seconds in the receive mode tollowed by 20 seconds in the
standby mode,

5.2 Test Equipment
This section is limited to that equipment which is the most critical in making the measure-
ments discussed in this standacd. All other test equipment shall be of comparable quality.

5.2.1. FM Signal Generator S

The FM signal generator shall have a 50 ohm output impedance, a maximum standing-wave
ratio of 1.2, and a calibrated variable output level accurate to %2 dB when terminated in a 50 ohm
load. The generator should include a digital frequency counter having an uncertainty no greater
than r=¢ part in 0%, and & deviation monitor or calibrated control for determining the peak
frequency deviation with an uncertainty of no greater than 5 percent. If an integral frequency
counter is not included, a separate frequency counter having the required accuracy shall be
provided.

5.2.2 CW Signal Generator

The CW signal generator shall have the same characteristics as described in paragraph 5.2, I
except that the BM capability is not required,
5.2.3 Standard RF Input Load

The standard rf input Joad shall consist of a shielded 50 ohm resistor whose standing wave
ratio is less than 1,05,
5.2.4 Standard Audio Output Load

The standard audio output load shall be a resistor having a resistance equal to the nominal
output impedance of the receiver and a power rating equal to or exceeding the nominal audio output
pawer of the receiver, A filter network shall not be used between the audio output terminals and the
audio output load. If an external monitor speaker is used, a matching network to maintain the
standard output load impedance at the audio output terminals shall be provided.

5.2.5 Avdiofrequency Voitmeter
The audiofrequency voltmeter shall measure rms voltage rather than average or peak voltage.
lts measurement uncertainty shall be one percent or less. '
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5. 2 6 Signal Combiner

A signal combiner shall. be used when two or more signal generators are connected to 'the - -
receiver under test, Its amphtude imbalance shall be no greater than 0.2 dB, its standing wave ratio *

shall be no greater than 1. 3, and. the isolation between input terminals shall be a minimum of 30 dB.
A variety of multiport devices may be used as signal combiners,’ mcludmg power dividers,
drrecuonal covlers, and hybnd junctions,

5.2. 7 Environmentul Chamber

The environmental chamber shall produce air temperdtures from —30 to 60°C (—22to 140°F)
and relative humidities in excess of 90 percent, while shielding the test receiver from heating or
cooling air currénts blowing directly on it. The temperature of the test receiver shall be measured
with a. thermiozaeter separate from the sensor used to control the chamber air temperaiure
Likewise, humidity shall be measured with a hygrometer separate from the sensor used to control
humidity,.

5.3 Environmental Tests

5.3.1 Temperature Test

Place the receiver, with outer cases installed and with power tumed off, in the environmental
chamber. Adjust the temperature to —30+2°C (~22+3.6°F). Allow the receiver to reach tempera-

ture equilibrium and maintain it at this temperature for 30 minutes. Turn the receiver power on.

Fifteen minutes after turn-on, test the receiver to determine whether it meets the requirements of
paragraph 4.4.1. Repeat the above procedure at a temperature of 60+2°C (140:3.6°F).
5.3.2  Humidity Test

Place the receiver, with power turned off in the envrronmenta] chamber. Adjust the relative
humidity to a minimum of 90 percent at 50°C (122°F) or-more, Maintain the receiver at. these

conditions for atleast 8 hours. With the receiver still in this environment, turn the receiver power

on, allow the réceiver to stabilize for 15 minutes, and then test it to determme whether it meets the
requirements of paragraph 4.4.2.

5.3.3. Vibration Test

Perform a two part test for a total of 30 minutes in each of three directions, namely the
directions parallel to both axes of the base and perpendicular tc the plane of the base.

First, subject the receiver to three 5-minute cycles of simple harmonic motion having an
amplitude of 0.38 mm (0.015 inch) [total excursion of 0.76 mm (0.03 inch)] applied initially at a
frequency of 10 Hz and increased at a uniform rate to 30 Hz in 2% minutes, then decreased. at a
uniforr rate 17 10 Hz in 2'4 minutes. Repeat for each of the other two directions.

Then subject the receiver to three S-minute cycles of simple harmonic ‘motion having an
amplitude of 0.19 mm (0.0075 inch) [total excursion of 0.38 mm (0.015 inch)] applied initially at a
frequency of 30 Hz and increased at a uniform rate to 60 Hz in 2% minutes, then decreased at a
uniform rate to 30 Hz in 2'4 minutes. Repeat for each of the other two dxrectlons ~

534 Shock Test

Drop the receiver once on each of four or more srdns (all sides not having a protrusion or
antenna connection), from a height of one meter (3.28 feet) onto a smooth concrete floor. Turn off
the receiver power during the test, and use guides to insure contact with the floor by the correct
equipment surface. ‘ ' |

5.4 SINAD Sensitivity Test

Intérconnect the receiver and test equipment as shown in figure 1. Modulate the FM signal

generator with. standard test modulation and adjust the generator to the standard test frequency.

Adjust the generator for 1 millivolt nutput and the receiver volume control for audio output power.

(item M). Do not readjust the volume control for the remainder of the measurement; Decrease the

output tevel of the. generator until the SINAD ratio of the receiver is 12 dB, as determined with the

l5 5.2 Adjacent: Channel Selectivity and Desensmzcmon Test ' " Ry
- Interconnect the receiver and test equnpment as shown in ﬁgure 2. With the output of

distortion analyzer. Measure the audio output power to make certain it is at least 50 percent of item
M and record the generator output voltage. Repeat the above using plus 10 percem and minus 20
percent changes in standard power supply voltage.

FM SIGNAL | RecEwER | ST
GENERATOR |~ UNDER OUTPUT
5 ~TEST LOAD
DISTORTION
ANALYZER

. i

FIGURE 1.« -Block diagram for SINAD sensmvnt modulztion acceptance bandwidth, squelch sensmvxty, quelch block

and a\lle dmomon messurements,

5.5 ‘Seleceivify Tests
5.5.1  Modulation Acceptance Bandwidth Test

Interconnect the receiver and test equipment as shown in figure 1. Adjust the receiver and FM
srgnal generator in accordance with paragraph 5.4 forthe 12 dB SINAD signal sensitivity. Increase
the ou.,fut of the generator by 6 dB, and increase the frequency devxahon of the generator urml the

SINAD ratio is again 12 dB. Record the frequency deviation.

generator #2 set to zero, adjust the receiver and signal generator #1 in actordance: wrth paragraph
5.4 for the 12 dB SINAD signal sensmvrty Adjust signal generator #2 for 3 kHz frequency

deviation at 400 Hz, and set it to a frequency correspondmg to the ccnter of the next higher adjacent ...
channel. Then adjust the output of signal generator #2 to produce a 6 dB SINAD ratio with. both TR

srgnals present. The ratio, expressed in decibels, of the output: voltage of 91gnal generart F#2:t0
that’ of signal generator #1 is the adjacent channel selectivity: for ithe: upper channel. Repeat the‘

aoove procedure for the next lower adJacent charmel The smaller of the two ratios is the reqmred :

measuremcnt

CENERATOR S
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FrourtE?.——-Block diagram for adjacent channel selectivity and desentitization measunemen‘tf Y
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5. 5,3 Spurious Respome Anenumion Test : .
- Interconnect the receiver and les' equrpment as shown.in ﬂgure 3. Adjust the unmodulated g
N : (CW) signal generator to the standard test frequency With the generator adjusted for zero output, s
o " adjust the receiver volume ¢ontrol-to produce 25 percent of rtem M. This output power is entitely:
noise power. Do not I’Cdd_]uﬂ the volume comrol for the remainder of the imeasurement. Increase
the output of the generator ¢ uuul the audio noise output power of the receiver is decreers_ed by 20 dB,
e 20 dB of noise quletmg Note the generator output in decibels at this frequency ;" Then increase’
the ‘output of the gcnerdtor to approximately 0:1 volt, and. slowly vary the generator frequency
wnunuously from just below the lowest intermediate frequency of the receiver 10, 1000 MHz. Note
cach frequency that produ(:es a receiver response as mdrcated “by noise quretmg in the receiver’s
dudio output. Iznore harmonic frequencies of the generator 1hat fall within'the chdnnel to which the
receiver is tuned, For each réspense, adjust the geuerator: oufput to produce 20 dB of noise
quw!mb Record the ;,Lnerator output in decibels, The generator output at the- spunous response
lrequency minus the generator output at the standard test frequency is the spunous response
.\t\enuuuon Repeat for all spunous responses. The smallesr attenuation 1s the value sought.

: : o STANDARD
| CW SIGNAL REGEIVER 1% AUDIO
GENERATOR INDES 7 oUTPUT

AF 'VOIC_)EMETER
POWER METER

RGuRE 3.-—Blovk diagram for spurious responge attepuation measurement,

"'i:“S 5 4 Intermoduluhon Attenvation Test . S ~ SRy
lmereonncct lhe receiver und test equlpment as shown in figure 4. With the output levels of
signal gencrators #2 and #3 scl to zero, adjust the receiver and FM signal generator #1in
accordance with prnragraph 5.4 until a.12 dB SINAD Tratio is reached. Adjust the unmodulated
generator #2 1o the center frequency of the next higher ad jacent channel. Adjust generator #3c 3.

. kHz lr(,quency deviation at 400 Hz, and set it to the center frequency of the second higher adjacent'
r’m/(‘\"&hunnelf i,¢., two channels,aboye the standard'test frequency. Then adjust: the out,'ut levels of
AR generators

LR

abOVe proeedure ,_.or the lower two adjacent channels, with generator #3 setio the lowest channel,
The smaller of the two ratios is the value sought. :

5.6 Squelch Tests

Rt lmereounect the receiver und test equipment as shown m ﬁgure 1. Adjust the receiver and FM
signal gem,mtor in accordance with paragraph 5.4 for the 12 dB SINAD signal sensitivity. Set the
cutput level of the generator to zero, and measure the audm lmse output power. Slowly adjust the
sguelch <.ouu*ul until the audio noise output power drans ,abruptly (40 dB or more). Do not adjust
the squelch control any further, This is the threshold squelch posmon Increase the output level of
the signal generator unul the measured aucho output power is w:thm 10 dB of the audxo output

2
\\\

’.Z and #3 to'producé’a 6 dB SINAD ratio with all three: signals present. Maintain g
g:nermoru #2 md #3 at equal output volmges throughout the measurement Adjust sllghtly the

2 FM SIGNAL

" GENERATOR

= NO.1
] CW SIGNAL r r RECEIVER- STANDARD
| GENERATOR |~ GieNAL. L UNDER AUDIO
1 s : OUTPUT

: No.2 TEST LOAD _

FM SIGNAL .

, r o DISTORTION
GE%%S/%TOR L ANALYZER

FIGURE 4.—Block diagram for intermodulation attenuation measurement,

powe‘ (nem M). The signal generator output voltage is the value for threshold squelch sensmvrty
Repeat using plus 10 percent and minus 20 percent standard power supply voltage.

. Repeat the above procedure with the squelch control in the maximum squelched position, The
resultant srgnal_ generator output voltage is the value for Ught squelch sensitivity,

5.6.2 Sqguelch Block Tesr

Interconnect the receiver and test equipment as shown in ﬁgure 1. Adjust the receiver and FM -

signal generator in accordance. wrth Section 5.4 for the 12 dB: SINAD signal sensitivity. Set the
output level of the signal generator to zero, and measure the audio noise output power, Then set the
squelch control to the maximum squelched position. Adjust the output level of the generator to 12.
~_dB above the measured value of the receiver’s tight squelch sensitivity voltage. Then increase the
frequency deviation of the g generator until the audio output power drops abruptly. (403ng or more).
Repeat the above: procedure with modulation frequencies of 0.3, 0.5, 2.5, and:3,0 kHz. The
frequeéncy deviations of the signal generator modulation are the values for squelch block

5.6.3 Squelch Attack Time Test
" Interconnect the receiver and test equipment as shown in hgure Sa. With the SPST switch
closed, adjust the receiver and EM. signal generator in accordance with Section 5.4 for the 12 dB
SINAD signal sensitivity. Set the output:level of the signal generator to zero, and measure the
audio noise output power. Slowly adjust the‘squelch control until the audio output power “drops
abruptly (40 dB or more). Do djust the squelch control any further. Adjust the generator
output:level to 12 dB above the: asured value s the receiver’s threshold squelch sensitivity
voltage. ‘Adjust the volume ¢o for audio output power (item- M). ‘Adjust the osulloscope
vertical controla for full-scale deﬂectlon ‘Adjust the'oscilloscope trigger o controls to'start the trace
upon switch closure. Then close the SBST: swuch and adjust the oscilloscope horizontal sweep

“controls so that the change in audio output lével can be easily determined as a function of time,
Open and close the SPST switch and photograph, the trace. The time between the start of the -
oscilloscope trace and the time at which the audio level reached 90 percent. of audio output power :

(item M) is the value for squelch attack time.: k
Note that relay pull in and drop- out times dre usu'ally inore than one- tenth the squelch attack

and release times.” Generally, it: will be necessary, therefore, to measure the time dlfferemlal
between the two setsof contacts shown in figure 5a, and to correct the measured squelch a altack and =
release times accordingly. Remove the receiver and FM signal generator and connect the dc power. L;j»'.’-
supply as shown in figure: Sb. Connect the rel“ty to the vertical input of the osc1lloscope and: adjusr o

the oscilloscope as. in the previous paragraph! Close the SPST switch and photograph thé frace,
Subtract the relay pull-in tzme observed in the photograph from the time determined i in accordarce
_with the previous paragraph to obtain the squelch attack time. :

e i i
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P uura St Block (m m for squelch attack time and squelch release titieé measurements,

5.6, 4 $quelch Reloase Time Tesf :
Interconneet the receiver and test cqmpmo.,m as shown in figure Sa. Adjust all equtpmem in

accordance with Seetion 5,6,3. Thcn adjust the oscilloscope trigger controls to start the trace when
the SPST gwiich is apened. Open thu switch and photograph the display, The time between the start

of the oscilloscope trace and the time at which the audia level falls to 10 percent of the audio output

power (tem M) is the value of squelch release time:.
Adjust the reading, as in the aecond pacagraph of 5.6.3, by subtracting the relay drop-out tum,
observed in the photograph from thc tmm determined in .nccnrdunce with the previous paragraph to

obiain the sqm,lch mlcam umc
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‘fe"muks 5b,Block diagram for relay pull-in and drop-out time measurements,

5.7 Au&ief\ié‘cﬁ.ie‘my' Tests

‘AS ? 1 Audio Qutpm Power Test -

Interconnect the receiver and tcs( equipment as shown in ﬁg,ure 6. Modulate the FM signal
gencmmr
zenerator d)usmzi for1 millivolt outp it, set the receiver volume control to the maximum position.
Mnasum and record the audio-output: powu Repeat using plus 10 percent and minus 20 percem
Qt&mh\!ﬂ power: supply voltage;

$.7.2 Audio Distortion Test
[nuacemeu the receiver and (esl eqmpmcnt as shown in ﬁgure 1. Meodulate the FM sngnal

dth standard test modulatmn and set it to the standard: test frequency.” With the signal -

1

FM SIGNAL RECEIVER STAUDIO
GENERATOR Test |71 outeut

AF VOLTMETER'
POWER METER ‘

FiGure 6.—~Block diagram for audio output power, audio frequency response and sudio hum-and noise measurements.

s

generator with standard test modulation and set the generator to the standard test frequency, With
the generator ad msted for 1 millivolt output, adjust the receiver volume control for the audio output
power (item M), Measure the audxo distortion. Repeat for an audio output power of item N,

5.7.3 " Audiofrequency Response Test
Interconnect the receiver and test equipment as shown in figure 6. Modulate the FM signal
generator with standard test modulation and set it to the standard test frequency. With the signal
generator adjusted for 1 millivolt output, adjust the receiver volume control to 50 percent of the
audio output power (item M). Do not readjust. the volume control for the remainder of the
measurement, Reduce the generator frequency deviation to 1 kHz and measure the audio output
power for modulating frequencies of 0.3, 0.5, 2.0, and 3.0 kHz. Compute the ratio, expressed in
decibels, of each of these latter power levels to the qutput power at 1.0 kHz.

'5.7.4 Audio Hym and Noise Tests

Interconnect the receiver and test equipment as shown in fi guxe 6. Modulate the FM signal
generator with standard test modulation and set it to the standard test requency. With the signal
generator adjusted for I millivolt output adjust the receiver volume control for audio output power

(item M). Do not readjust the volume control for the remainder of the measurement. Remove the -
modulation from the signal generator and measure the audio hum and noise output power. Compute.

the ratio, expressed in decibels, of the audio output power (item M) to the hum and noise output
powcr This is the value for audio hum and noise (unsqueiched).
Set the squelch control to its maximum squelch position. Set the output level of the generator

to zero and measure the audio hum and noise output-power. Calculate the ratio in decibels of the -
" audio output power (item. M) to the hum and noise output power. This is the value for audxo hum
and noise (squelched) :
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