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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 (NIL~CJ) has established the Law Enforcement Standards 
Laboratory (LESL) at the National Bureau of Standards. LESL's function is 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 (I) subjecting existing equipment to 
laboratory testing and evaluation and (2) conducting research leading t.o 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-D208.00, Personal/ptjrtable FM Receivers, is a law enforce­
ment equipment standard developed by LESL and apr'roved and issued by NILECJ. Additional 
standards as well as other documehts al'e being issued under the LESL program in the ,areas of 
protective equipment, communications equipment, security systems, weapons, emergency equip­
ment, investigative aids, vehicles and clothing. 

This equipment standard is a technical document 90nsisting of performance and other re­
quirements together with a description of test methods. Equipment whic~ 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 labora,<)ry, Law enforcement personnel may also 
reference this stan~a\'d in purchase documents and requ~.'e that any equipment offered for purchase 
meet its requirements and that this compliance be eithC r guaranteed by the vendor Or attested to by 
an independent testing laoo.ratory. 

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 cOl'\i<erning personal/portable 
FM receivers. The NILECJ Guideline Series is designed to fill. that need. We plan to issue 
guidelines to this as well as olher law enforcement equipment as soon as possible, within 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 technica,1 and intended for laboratory use by tcchnical personnel. 
The guideUnes will provide, in nOI):-tcchnical language, information for purchasing agents and 
oth~r interested persons concernfng 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. 

NILECJ standards are subjected to continuing review. Technical comments and recommcnded 
revisions are invited from al) interested parties. Suggestions should be addressed to the Program 
Manager for Standards, National Institute of Law Enforcement and Criminal Justice, Law En­
forcement Assistance Administration, U.S. Department of Justice, Washington, D.C. 20531. 

LESTER D. SHUBIN 

Program Manager for Standards 
Natiollal Illstitute of Law 

Enforcement and Criminal Justice 

1 Section 402(b) of the Omnibus Crime Control and Safe Streets Act of 1968, as amcndcd. 

v 
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NILECJ STANDARD 
FOR 

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 thi.s standard. 

2. CLASSIFICATION 

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

2.1 Type I 
Receivers that operate in the 400-512 MHz band with a channel spacing of 25 kHz. 

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

2.3 Type III 
Receivers that operate in the 25-50 MHz band with a channel spacing of 20kHz. 

,I 

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 signalJl!l1d an undesired signal at the 

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. 
.1 

3.4 Audio Output Power 
The uudiofrequcl1cy power dissipated in a load across the output terminals of an lmsquelched 

receiver having a modulated radio-frequen.cy signal input. 

. , 
:1 
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3.5 ,Audiofrequency Harmonic Distortion 
The generation, in a system, or integral multiples of a single audiofrequency input signal. 

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 (I.) selected rf signal levels that produce an intermodula­

tion response to (2) the receiver's SINAD sensitivity. 

3.8 Int",nmodulation Response 
The response resulting from the mixing of two or more frequencies, in the nonlinearelements 

o( a receiver, in which a resultant frequency is generated that falls within the range of frequencies 
passed by the receiver. 

3.9 Modulation Acceptance Bandwidth 
The maximum fr.equency 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 signal. 

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 01 differentiating between the desired signal and 

disturbances at other frequencies. 

3.14 SINAD Ratio 
A measure of the audio output of n receiver, expressed in decibels, equal to (\) signal plus 

noise plus distOrtion to (2) noise plus distOliionj from Sf gnal Noise And Disiortion Ratio. 

3.15 SINAD Sensitivity 
The minimum modulated RF signal input level required to produce a specitied SINAD ratio at a 

designated audio ()utpU! power level. 

3.16 Spurious Response 
The output of It receiver caused by a signal at a frequency other than that to which the receiver 

is tuned. 

3.17 Squelch Attack Time 
:rhe time required to produce a designated audio output power level upon application ofO}i\ rf 

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 rf sj~llals. 
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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 condidon 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 1.0 unsquelch the 

receiver when the squelch control is in the threshold squelched position. 

3.23 Threshold Sque!ched Position 
The adjustinent of the squelch contro.l , starting from the maxill1um unsquelchcd position, that 

tirst reduces the audio noise output power by a specified amount. ' 

3.24 Tight-Squelch Sensitivity 
The minimum standard modulated rf signal input level required to un squelch thc receiver 

when the squelch control is in the maximum squelched position. 

4. REQUIREMENTS 

4.1 Minimum Performance 
The requiremcnt for each receiver characl.crisHc shall be the value listed in table l. These 

performance requirelnc.:mts 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 U·ser Information 
The receiver opcrating frequencies and nominal values for the I'gceiver audio output imped­

ance, the power supply voltage and each receiver characteristic listed In table I shall be included i.n 
the information supplied to the user'by the m:lI1ufacturer 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 panlgraphs 4.5 through 4.8. 

4.4 Environmental Charaderis.tics 
The ability of the receiver to operate in environmentai ;~xtremes shaH 'he determined using the 

test methods described in paragraph 5.3. The receiver shall meet the mil1imum perforrnance 
requirements (items A through T) after completing all environmental tests. 

4.4.1 Temperature Stability' 

When the receiver is oper~t\'!d at temperatures of -30°C (-22°F) and 60°C (140°F), its 
performance shall not vary, with respect to the appropriate value in table I (item A through T), 
more than item U through AA, for the characteristics listed, In addition, the audio distortion at .!l!1 

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 maintain~d at 50°C (122°F) and 90 percent '[dative humidity 01' 

greater for at least 8 hours, its performance shall not vary with respec\ to the appropriate value 
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. Tt\otu I.-Minimum Per/ormafll,'c Requirements .to/' Pt:rsolltll!f>o/,to/)/e FM Receivers. 

Mi"ill/lIl/1 Re11Ilil't,'/I/(!111 

" .. ~" ..... ~,_"." ... "!~::(~I!.C!::L~~I/d f~!!."~L ... " "~"', "_'"~"''" 
Ri'ce/\'I!I' Cltllf(iCIt:flslit' 2.5-S0 /50-/74 400..J12 

"~.;,,," .. "f""''"'"')'""'''''''~''''' "'"',.,., ....... " .. _ ,,_.," ~",.,.", .... "".",,<-<~_,. "'<,..._ ..• o-......-\ .• et·""'·~.·"'"''''''''.~~_ .... ",",'" ~ <, •• ,.~ -;"" .......... 

S/!lIsFliI'iIY Clwf'{lC/crislics 
A. SINAI) Sensitivity 0.5/kV 0.5/kV O,S/kV 
O. SINAD Sensitivity Variance 0.7 p..V 0.7/kV 0,7 p..V 

(Supply Voltage Vnrlcd + 10% and 
-20%) 

Selectivity Characteristics 
C, Modulation Accept!lnce Bandwidth ±5 kHz :±:5 kHz ±5 kHz 
D. AdJncent Channel Selectivity and 

Desensitization 60 dB 70 dB 60 dB 
l~ 
" SpuriOllS Response Atlcl\\I[\tion 70 dB 60 dB GO dB 

Ji~ [niel'!T\odulntloll Attenulltion 70 dB 60 dB 60 dB 
Sqlleleh Cltm'(J(,f.('f'is't'('s 
O. Threshold Squelch Sensitivity 0,3/kV 0.4 /kV 0.4 !-LV 
H, Tight Squelch Sensitivity 3.0 J.t V 4.0 p..V 4.0/kV 
l, Threshold Squelch Sensitivity Variance 

(Supply Vollngc Varied + 10% 
and -20%) 0,6 p.. V 0.8 /kV , 0.8/kV 

.I. Squelch !)lock. ±S kHz ±S kHz ;:tS kHz 
K. Sq(lelch AttHck Time 150 ms 150 ms 150 l~lS 
L. Squelch Release Ti me 250 I11S 250 IUS 250 ms 
tIll (11 ojr('q /I e 11('Y elta /'11('( e ,.ist i cs 
M. Auelio Output Powcr (Loudspeaker) 500 mW 500 mW 500 mW 
N. Audio Output rowel' (Earphones) 3 mW 3mW 3mW 
0, Audio OU(p1tt Power Variance (Supply 

Vollnp,e Varied + 10% and -20%) 3 dB 3 dB 3 dB 
P. Audil) Distortion .10% 101)'0 10% 
Q; AlIdiQfrcquellcy Response 

(L()udspea\.;~r) -10, +2 dB -10, +2 dB ~ 10, +1, dB 
R. Audiofrcquency Response (Earphones) -10, +2 dB -.10, +2 dB -10, +2 dB 
S. AutlioHlI1l1 nnd Noise (Unsqllelched) 40 dB 40 dB 40 dB 
"r, Audio Hum and Noise -<Squelched) 50 dB sO dB SO dB 
Trmpf'/'ntlll'L'S/abiUtj' 
D, S.lNAD Sensitivity 6 dB 6 dB 6 dB 
V. l'vlodulation Acceptance Bandwidth 20% 20% 20% 
W. Adjacent Channel Selectivity and 

Desensitization 12 dB 12 dB 12 dB 
X, Tight Squelch Sensitivity 6 dB 6 dB 6 dB 
y, Threshold Squelch Sensitivity 6 dB 6 dB 6 dB 
Z. Audio Output Power 6 dB 6 dB 6 dB 
AA,' AudiO Hum and Noise 10 dB \0 dB IOdB 
AIJ, Audio Distortion 18% 18% 18% 
/fumit/it." StlIbilify 
AC. SINAD Sensitivity 10 dB 10 dB 10 dB 
AD. ~'lodulution AcccplUnce Bandwidth 20% 20% 20% 
AE. Adjacent Channel Selectivity ,md 

Desensitization. 12 dB 12 dB 12 dB 

4 

Tt\lH,B I ,-Millimum Peljf}/'ll/aTlce Rcquil'cmelltsjQr Pe'\\'oftf/I!Portable fi'M Rccclvers--Continued 

At~. 

AG. 
MI. 
AI, 
AJ. 

Tight Squelch Sensitivity 
Threshold Squelch Sensitivity 
Audio Output Power 
Audio Hum tlnd Noise 
Audio Distortion 

10 dlJ 
10 dB 
3 dB 
10 dB 
18% 

Mil/ili/lWI Retl"lrl.'tlII!/I1 
Frequel/cy 1I/l/IiI (Mllz) 

1./10 .. 174 

10 dB 
10 dB 
3 dB 
10 dB 
18% 

400-S./2 

10 dB 
10 dB 
3 dB 
10 dB 
18% 

in table I (item A through T), more than item AC through AI, for the characteristics listed ... In 
nddition, the nudio dist()rtion al an output power Qf (item M) shall be less than (item AJ) for an rf 
signal with standard modulation. 

4.4.3 Vibration Stabilitv 

No thed part of the receiver shall co:ne loose, 1101' l1lovable pal't be shined iii position or 
adjustment, as n result of this test. 

4.4.4 Shock Stabilitv 

No fixed pan of the receiver shall come l60se, '"1101' movable part be shifted in position Qr 
adjustment, as II r(:j$ult of this test. 

4.5 SINAD Sensitivity 
When measured in accordance with pamgraph 5.4, the SJNAD sensitivity of the :receiver shall 

be (item A) or less at a SINAD ratio of 12 <In and at least 50 percent of the valuc of audio output 
power (item M). When the standard power supply voltage is varied + t(},pc)'cent and -20 percent, 
the SfNAD sensitivity shall be (item 8) or tess. 

4.6 Selectivity Characteristics 
The selectivity characteristics of modulation acceptance bandwidth, ad.iac~;nt channel selecti v­

ity and descl1$ilizati()ll, SpuriOliS response attenuation, and intermodulation attenuation shall be 
measured in accordance with paragraph 5.5. 

4.6.1 Modulation Acceptance Bandwidth 

The modulation ac:.ceptance bandwidth of the receiver shall be (item C) or more for an applied 
rf Signal 6 dB above the measured 12 dB SINAD sensitivity value. 

4.6.2 Adjacent Channel Selectivity and Desensitization 

The. adjucent channel selectivity anu desensitization of the recch'er shall be (item D) 01' more 
for a degradation of an on-channel Signal frol11 12 (fB SINAD mtio to 6 dB SINAD ratio caLlsed by 
an Ildjaccnt channel signal. 

4.6.3 Spurious Respo"se Attenuation 
The spurious response attenuation of the receiver shilll be (item E) or more as compared 10 the 

OIl-chllMel 20 dB noise quieting signal voltagc for responses of the receiver between the lowest 
il.lten"nediate frequency of the receiver and 1000 MHz. 

4.6.4 Intermodula~lon Attenuation 
The intennodulation attenuation of the receiver shall be; (item F) or more for a degradation of 

an on-channel signul from 12 dB SINAD ratio to 6 dB SINAD ratio by two relatively strong signals 
located lit one- lind two-chllnnel 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 lint! 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) 01' less. The tight squelch 
sensitlvity shall be (item H) or less. When tI; 'standard power supply voltage is vnded + 10 percenl 
and -20 percent, the threshold squelch sensitivity shall be (item I) or less. 

4.7.2 Squelch Block· 

The receiver shall not squelch for modulation frequencies of 0.3 to 3.0 kHz when the squelch 
conlrol is adjusted to the maximum squelch position and the frequency deviation of tlie input signal 
is (item J) or less. 

4 7.3 Squelch Attack Time 

The squelch attack rime for the receiver to produce 90 percent of the nudio olltput power (iteln 
M) shall be (itcm K) or less. 

4.7.4 Squelch Release Time 

The squelch release time folthe audio output of the receiver to decrease 10 10 percent of thc 
audio output power (item M) shull be (item L) or le8S. 

4.8 Audiofrequency Characteristics 
The audiofrcquency charactcdstks of output power, distortion, [requCticy response, and hUIll 

agel noise shall be nteasllr~d in accordance wittl paragraph 5.7. 

4.8.1 Audio Output Power 

The auelio olltput power of the receiver shaU be at least (itemM) if a loudspeaker is used at the 
receiver output and (item N) if earphones are \lS("<1. When fhe standard supply voltage is varied + 10 
percent and -20 percent, the audio output power shall not be reduced more than (item 0) below 
(item M). 

4.8.2 Audi() Distortion 

Audio distortions at alldio output powers of (item M ancl N) shall be less than (item P) foe an cf 
signal with standard modulation. 

4.8.3 Audiofrequency Response 

The uucliofrequcncy response 01' the receiVei:', ,,,hen used with a loudspeaker, shall be within 
(item Q) of nn idelll 6 dB per octave de-emphasiS curve with constilnt frequency deviation at 
frequencies between 0.3 and 3.0 kHz. When uscd with earphones, the uudiofrequellcyresponse of 
the receiver shall be within (item R) of the samc curve at frequencics bctwt~Gn 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 unsquolchec! condition shall be 
(item S) (II' more, and in u squelched condition shall be (item '1') or more below audio output power 
(item M). 

5. TEST METHODS 

5.1 Standard Test Conditions 
Allow aLI measurement equipment to Warm up until the system has achieved sufficient 

stability to perform the measurement. Unless otherwise specified, perform all mensurements under 
standard test conditions. Disable or bypass all special subsystems before testing. 

5.1.1 Standard Temperature 

Standard umbient temperature shall be betwe~\n 20°C (68°P) and 30°C (86°P). 
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5.1.2 Sfandard Relative Humidity 

Standard HI wient relative humidity shall be between 10 and 85 percent. 

5.1.3 Standard Power Supply Voltage 

The standard supply voltnge ,~hall be that stated by the manufacturer and shall be applied to the 
receiver power supply input tel'minnh, It may be supplied by a ba.ttery of the sarne type as that 
normally lIsed in the equiplUl::nt or, preferably, by a welHiltered electronic de supply. In the latter 
case, it shall be aujusted to within one percent: of the voltage required"-

5.1.4 Standard Te!;t Frequency 

The standard receiver lest rrequency shall be anyone of the operating frequencies as speeined 
in paragraph 4.2. 

5.1,5 Standard Test Modulation 

Stnnuard test modulation shall be n I kHz sinusoidal modulating signal having less,than one 
percent total distortion nt the level required to prodti\,:c a ±3 kHz frequency deviation. , 

5.1.6 Standard Squelch Adiustment 

The squelch contl'nl shall be adjusted to the maximum unsquelcheel position fbr :)11 measure­
ments except where otherwiRe specified. 

5.1.7 Standard Du~y Cycle 

The ,;lnntlard dUly cycle shall be 60 seconds in the receive mode lollowed by 20 seconds in the 
slandby mocie. 

5.2 Test Equipment 
This section is limited to that equipment which is the mo&t critical in making the measure­

ments discussed in this standard. All other lest equipment shall. be of comparable {\ua Ii ly . 

5.2,1. FM Signal Generator ,I 

The PM signal generator :dulll have a 50 ohm out.put. impedance, a maximum standing-wave 
ratio of 1.2, and a calibmted variable output level accurate to ±2 dB when terminated in a 50 ohm 
lond. Tho generator should include n digital frequency counter having an uncertainty no greater 
than ,.'~" nart in lOG, nnd n devhllion monitor or calibrated control for determining the peak 
frequency'devintion with an 1111certainti of no greater than 5 percent. If an integral frequency 
counler is not inducled, a .sepnrate frequency counter having the required accuracy shall be 
provided. 

5.202 CW Signal Generator 
The CW signa! gent!l'ntor shall have the same characteristics as described in paragraph 5.2.1 

except that the FM capability is not required, 

5.2.3 Standard Rf Input lOlld 

The srandard 1'1' !npm load shall consist of II shielded 50 ohm resis!or whose standing wave 
ratio is less than l.05. 

5.2.4 Standard Audio Output Loed 
The standard audio output load shall Iy;: a resistor having a resistance equal to the nominal 

output impedance of the receiver and u power rating equal to or exceeding the nominal audio output 
power 0[' (he receivei'. A mtcr network shall not be used between the audio output terminals and the 
uudio output loud. If an external monitor speaker is used, a matching network to maintain the 
standard OlltpLlt load impedance at the audio output terminals shall be provided. 

5.2.5 Audiofrequency Voltmetcr 

The audiofrequem:y voltmeter shall measure rms voltage rather than average or peak voltage. 
Its measurr.ment tl ncertainly 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 amplitude imbalance shall be no greater than 0.2 dB, its standing waveratio 
shall be no greater than 1.3, and the isolation between input tenninals shall be a minimum ,of 30 ,dB. 
A variety of multiport <ievices may be used as signal combiners, including power dividers, 
directionrtl cor.')\ers, and hybrid junctions. 

5.2.7 Environmental Chamber 

The environmental chamber shall produce air temperatures from -30 to 60°C (-22 to 1400 P) 
and relative humidities in excess of 90 percent, while shielding the test receiver from heating or 
cooling air currents blowing directly on it. The temperature of the test receiver shall be measured 
with a thermo:,leter separate from the sensor used to control the chamber air temperature, 
LIkewise, humidity shall be measured with a hygrometer separate from the sen.>or used to control 
humidit~. 

5.3 Envil'C)nmental Tests 

5.3.1 Temperature Test 

Place the receiver, with outer cases installed and with power turned off, in the e,nvironmental 
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 environmental chamber. Adjust the relative 
humidity to a minimum of 90 percent at 50°C (l22°F) or more, Maintain the receiver at these 
conditions for at least 8 hours, With the receiver still in this environment, turn the receiver power 
on, allow the receiver to stabilize for 15 minutes, and then test it to determine whether it meets the 
requirements o~ paragraph 4.4.2. . . , . 

5.3.3. Vibration Test 

Perfonn 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 te, 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 u~iform rate to 30 Hz in 2\12 minutes, then decreased at a 
uniform rate l,) 10 Hz in 2Y.i minutes. Repeat for each of the other two directions. 

Then subject the receiver to three 5-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\12 minutes, then decreased at a 
uniform rate to 30 Hz in 2'12 minutes. Repeat for each of the other two directions. 

5.3.4 Shock Test 

Drop the receiver once on each of four or more sides (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. . 

SA SINAD Sensitivity Test 
Interconnectthe receiver and test equipment as shown in figure LModulate the FM signal 

generator with ,standard test modulation and adjust the generator to the standard test frequency. 
Adju<;t the generator for 1 millivolt output 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 
outputlevel of the generator until the SINAD ratio of the receiveris 12 dB, as determined with the 
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distortion analyzer, Measure 'Ihe 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 percent and minus 20 
percent chahges in standard power supply vol,tage. . 

FM SIGNAL . RECEIVER 
UNDER GENERATOR 
TEST 

" 

STANDARD 
AUDIO 

OUTPUT 
LOAD 

,.>, 

DISTORTION 
ANALYZER 

FIOURB 1, ... "Block diagram for SINAD se~sitivitl" modulation acceptance bandwidth, sqUeIchsenSitiYitY;Sq~~ICh block 
and aildio distortion me:;surements, . 

5.5 .• , Selectivity Tests 

5.5.1 Modulation Acceptance Bandwidth Test 

Interconnect the receiver and test equipment as shown in figure I. Adjust the receiver and FM 
signal generator in accordance with paragrapl15.4 for the 12 dB SINAD signal sensitivity. Increase 
the;:<)u.,lut of the generator by 6 dB, and increa'se the frequehcy deviation of the gene,rator until the 
SINAD ratio i& again 12 dB. Record the frequency deviation. . . 

5.5.2 Adjacent Channel Selectivity and DesensitizationTest, .. 

: Interconnect the receiver and test equipment as shown in figure 2. \V.ith the output of 
generator #2 set to zero, adjust the rece~ver and signal generator # 1 in aGCordance'with paragraph 
5.4fclr the 12 dB SINAD signal sensitivity. ~djust signal ge,nerator #2 for 3 kHz frequency 
deviation at 400 Hz, and set it to a frequency corresponding tothece,iiterofthe next higher adjacerlt 
channel. Then adjust th.e output of signal generator #2 to produce a 6 dB SJNAD ratio with both 
signais present. The razlo, expressed in decibels, of the output. voltage otsignaI gei1er~!9t .. #2fto 
t~at;9f signal generator #1 is the adjacent channel selectivityforthe upper channel. Repeat tll.e 
aoove:procedure for the next lower adjacent channel, The smaller ,of the two ratios is the required 
measurement. '.' 

FM SIGNAL 
GENERATOR 

1 NO, I 
RECEIVER STANDARD ii' SIGNAL 

f0- UNDER AUDIO· 
COMBINER TEST OUTPUT 

. FM SIGNAL ' . LOAD 
J lGENERATOR 

.' NO, 2 
.. ' 

DISTORTION . ANALYZER 

FIGURE2,-Block diagram for adjacent channel selectivity and desentitizatioil measurement .. 
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5.5.3 Spurious Responl., Atten~~tion Test, ' 
Interconnect the receiver an(de!)n~quipmenqs showninflgure 3. Adjust the unmodulated 

(CW) signal genel"cltor to the stand~rd test frequency. With th~ ,generator adjusted for zero output, . 
adjust the receiver volume 'Jontrol to produce 25 percent of item M. This output power is entirely 
n~il!C powel'. Do not readjlfst th~ volume control for the remainder of theI11easure:,glent. Increase 
the ~,'Utput of the generator unti I the audio noise ()utput power of the recci ver is decrell:sed by 20 dB, 
i ,e.,,20 dB of noise quietini, Note the generator output in dedl:>els at this frequency/,;·;rhen increase' 
the, output of the genera!!):!' to approximately 0.1 volt, and slowly vary the gen~r,ftor frequency 
continuously from just below the lowest intermediate frequen~y of the receiyer toJPOO MHz. Note 
endi frequency that produces Ii receiver response as indicat~~:~by noise qtiietin~~{n the receiver's 
audio output. 19nol'e h~.rlilOnic frequencies of the generator that fall withinthe chii,ilOel to which the 
receiver is tuned, For each rcsp(~nse" adjust the generator' output to producq", 20 dB of noise 
qUkting. Record the generator output1r1 decibels. The gener~tor output at the~,~urious response 
freqlienc,y minus the generator output at the standard test frequency is the s.p"urious response 
attcn1Juth)n. Repeat for all spurioliS responses. the smallest attenuation i~ the v.~Juesought. 

~~~~~. 

cW SIGNAL 
GENERATOR 

RECEIVER 
UNDER 
TEST 

STANDARD 
AUDIO 

OUTPUT 
LOAD 

AF VOLTMETER 
OR 

POWER METER 

':"?',: 
':"'fic!U!UI 3,""':Block diagram for spurious response attenuatiQiI measurement. 

5.5,4 Intermodula.tlon Attenuati@n Test 

>\'f{i!c~c()nnect th~ recciverill1dtest equipment as shown in figure 4. With the output levels of 
signal gc'ilcrators#2 and #3 sct to zero, adjust the receiver and FM signal generator #1 in 
accordance with pllragmph 5.4 until al2 dBSINAD ratio is reached: Adjust the unm<;Kl~lated 
gCl\e.uitor #2 to the. center frequency of the next higher adjacent channel. Adjustgenerator¥3't'o.t3,; 

:"'it;ff.;::\hJJ7..'Jr~w~ency deviation at 400 Hz, and set it to ,~ecenter frequency of th~ se~.ond higher adjacentl!i,::.;. " 
,~,&,q::hlll1nel,il .. ,e., two cha\1neIs:~nl){lye the standard test frequency, Then adJ~~tthe out.'ut levels of "':~;,\;;;,: 

genemtQrs'it.2 nnd#3 to 'produce a 6 dB SINAD ratiQ with all three sigrials present. Maintain .'~,,}., 
generators #~umd#3 at equal output voltagesthrciughout the measarement. Adjust slightly the 
frequency ofggi!~t'!\tor #3 to obtain the 6 dB SINAD ratio with th~imjnimum signal levels from 
generators #2;#~d #3. The mtio, expressed in decibels, of the OUlp'ut voltage of generator #2 (or 
#3) tQ that o( g~!}eratQr # I is the intermodulatlon attenuation for:the upper channels. Repeat the 
above protedUl:e'for the lower two adjacent. channels, with generat.Qr #3 sen,o the lQwest channel. 
The smaller of tti~twb mtios is the value sought. 

;~.6 Sq.M~lch Tests 
':~'t1~~~1' :~~~:.~'\)~~,'~ 
/',5.6.1 ~:$q"elchSensitivitv T!lata 

,,<, .. Int~rconnect the receiver and test equipment as shown~pfigure L Adjust the receiver and PM 
signal generator in accordance with paragraph 5.4 for the 121\dB SIN AD signal sensitivity. Set the 
output level of (.he generator to zero, and measure the aud~9tlpise output power. Slowly adjust the 
squelch controt untll the audio noise ,output power drQ,v;~~~brJ~tly (40 dB or mo:;e). DQ not adjust 
Ihc squelch comtrolany further. This is the threshold squelch p~)sitioll. Increase the output level of 
the sigmkl genemtonU'ltil the measured audio ,output PQWer is .within 10 dB of th~ audio output 
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FM SIGNAL 
GENERlnOR 

NO. 'I 

CW SIGNAL SIGNAL RECEIVER STANDARD 
GENERATOR t-- .COMBINER I-- UNDER AUDIO 

':, NO.2 TEST OUTPUT 
LOAD 

,';. 

FM SIGNAL DISTORTION GENERATOR 
NO. '3 ANALYZER 

FIGURE 4.-Block diagram for intennodulation attenuation measurement. 
, t 

PO,Y:'~:{(item M). The signal generator output voltage is the value for threshold squelch sensitivity. 
,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 signal generator Qutputvoltage is the value for tight squelch sensitivity. 

'< • , 

5.6.2 Squelch Block Test 

Interconnect the receiver a~d test equipment as shown in figure L Adjust the receiver and PM 
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. Then set the 
squelch contrQI to the maximum squelched position. Adjust the Rutput level of the generator to 12. 
dB abQve the measured value ,of the receiver's tight squelch sensitivity vQltage. Then increase the 
frequency deviation of the gene~ator until t~e audio outp~t power drops ~bruptli(1.;~)~IB or more). 
Repeat the above procedure wlth moduiatlon frequencles ,of 0.3, 0.5, 2.5, and\3.0 kHz. The 
frequency 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 figure Sa. With the SPST switch 
closed, adjust the receiver and PM signal gell~rator in accordance with Section 5.4 for the 12 dB 
SINAD signal sensitivity. Set the Qutput''l9,y8f;b'ft,he signal generator to zero, and measure the 
audio noise output power, Slowly:.adjust thee squelcl! cQntrol until the audio output power'drops 

,,;(;:a~ruptly (40 dB or more). Do ~RM~just t~e sqUi?\9Jl contrQI any further. Adjust the generator 
,. outputl~~el to 12 dB above}h~;Vl~asured value .p.[.::the receiver's threshold squelch sensitivity 
voltage.;4,d~yst the volun:k~ C6~!FPI for audio outP.·lIt power (item M),Adjust the oscilloscope 
ve,,!ical co'otr'ols for full-scale det1e;ctip!!;'.1\djust th#':oscilloscope trigg~r' controls tQstart the tface 
upon switch closure. Then close theSPST:;sWitch; and adjust the oscillosC()pe horizontal sweep 
controls so that the change in audio output level can be easily determined as a function of time. 
Open and clos!! the SPST switch and photograph, t~etl'ace. The time between the start of the 
oscilloscope trace and the time at which the audio lev~1 reached 90 percent of audio output power 
(item M) 1S the value f9r squelch attack time; . .". '. . ... '. ..' 

Note that relay pult·in and drop-out times are usually more than one-tenth the squelch attack 
and release times. Genenilly, it will be necessw'Y i therefore, to measure the time differenthll' 
between the two sets"of contacts shown in figure 5a, and to correct the measured squelchatt'ack and ' 
release times accordingly: Remove the receiver aM PM signal generator and connect the ,de power,. 
supply as shown in figu,t:~::5b. Connect the rel~y to. the vertical input. of the oscilloscope and adjust • 
the oscilloscope as in the:previous paragraph~ Close the SPST switch and phQtograph lhefrace, 
Subtract the relay pull-in time observed in the photograph from the time detennined in accordance" 
with the previous paragraph tQ obtain the squelCh,att;lCk time. . " .. 
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STANDA.U··O .. AUDIO 
OUTPUT 

LOAD· 

':'i"~ 

f110(JRfI SIl • .....:Bh)CK dl!l£rulj1ifor squelch attack time and squelch release time measuremcnis. 

5.6,4 Squelch RoloQse Time Test 
interconnect the receiver and test equipment as shown in figure Sa. Adjust aU equipment in 

Ilccot'd:lnce with SectiOn 5.6,3. Tlicln adjust the oscilloscope trigger controls to start the trace when 
tile SPST switch is opened. Open tI;~s\;itch and phOtograph the display. The time between the start 
of the osclHoscopt:: trace lind thc timent whi.ch the lludio leve.! falls to 10 percent of the audio Olltput 
power (item M) is the valuc of squ~lch rcicase time. 
. Adjust thcreildil1!S, as ill the se.cqlld pU(lIgraph of 5.6,3, by subtracting the reillY drop-out time 
observed in the ph<m?grflph from thc>tfmc determined in accordance with the previous paragraph to 
<>blain the squelch telcase time. .. 

STANDARD 
AUDIO 

OUTPUT 
LOAD 

OSCIlLOSCOPE 

VI;RTlCAl 
INPUT 

TRI GGER 
fNPUT 

FlOUR!} 5b • .....:Block diagralll fo( relay pull-in and drop-oul time measurements. 

5.7 Audiofrequ&ncy Tests 

5.7 • .1 Audio Output Power Ted 

. ,ln~e~tmnect the receiver and tc~t equipment as shown in figl.ire 6. Modulate the FM signal 
generaIQX;,5~'itlt$tandard test modu)ati~m and set it to the; standard test frequency. With the signal 
gcneratd'r'AUjlisted for .1 millivolt outprit, sel the receiver volume control to the maximum position. 
~1,~aSllfC and re~ord the audioQutpu(power. Repeat usingpl~;s 10 percent and minus 20 percent 
statl{1Ilt,d. po~er' s\lpply voltage, 

'. ',','.: \. . . .. 

5.7 .1A~dio Ditto,rtion 1a'. 
{mercof\,ne<:\ the, receiver and tcst equ'ipment as shown in figure 1. Modulate the FM signal 
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FIGORP. 6,.':'-Block diagram for audio· oUipul power, audio frcquency re~ponse and audio hum and noi$c measurements. 

generator with standard test modulation and set the generator to the standard tesl frequency. With 
the generator adjusted for I millivolt output, adjust the receiver volume control fOlt the audio output 
power (item M). Measure the audio distortion. Repeat for an audio output pow(\r of item N. 

5.7.3 Audiofrequency Response Test 

Interconnect the receiver and test equipment as shown in figure 6. Modulatt\ the FM signal 
generator with standard test modulation and set it to the standard test frequency. With the signal 
generator adjusted for I 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 gynerator t'l'equency deviation to 1 kHz ancl 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 H'.lm and Noise Tests 

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 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 
p(lWer. This is the value for audio hum and noise (unsquelched). 

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 (itemM)to the hum and noise output power. This is the value for audio hum 
and noise (squelched). ' 
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