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’ FOREWORD

‘Following a Congressronal mandate*  to develop new and 1mproved techniques, $ys-
tems, and equipment to strengthen law enforcement and criminal justice, the National“In-
stitute of Law Enforcement and Criminal Justice (NILECJ) has established the Law En-
forcement Standards Laboratory (LESL) at the National Bureau of Standards. LESL’s
function is to conduct research that will assist law enforcement and criminal justice agen-

cies i in the selection and procurement of quality equipment.

In response to pnontres established by NILECY, LESL is (1) sub]ectmg existing

‘eéquipment to laboratory testmg and evaluation and (2) conducung”research leading to

the development of several series of ‘documients, including national voluntary equlpment
standards, user guidelines, ' state-of-the-art surveys and other reports. .

This document, NILECJ—STD—0203.00, vtPersonal/Portable FM Transmitters, is a law
enforcement equipment standard developed by LESL and approved and issued by NILECJ.
Additional standards as well as other documents will be issued under the LESL program
“in the areas of protective equipment, communications equipment, security systems, Weap-

==00s, ‘emergency equrpment investigative alds, vehicles and clothing,

This equipment standard-is a. techmcal document’ consrstmg of performance and
other requirements together with a descrlptron of test methods. Equipment which can
meet these requxrements is of. supenor quality and is suited to the needs of law enforce-
ment agencies. Purchasing agents can use the test methods described in this standard to
determme ﬁrsthand whether a partlcular equipment 1tem meets the requlrements of the
oratory Law enforcement personnel may also reference thlS ystandard in purchase docu-
ments and require that any equipment offered for purchase meets its requirements and
that this compliance be either guaranteed by the vendor or attested to by an mdependent‘
testing laboratory : v

'I‘he necessanly techmcal nature of thls NILECJ standard and 1ts specml focus as
a procurement aid, make it"of limited use’ to those 'who seek general guidance concern-

~ing personal/portable ‘FM transmitters, The NILECT Guidelines Series is designed to

fill that need. We plan to issue guidelines to this as well as other law enforcement equip-
ment as soon as possible; w1thm the r:onstramts of avallable fundmg and the overall

: ‘NILECJ program, : i

Gy
The guideline documents to be issued are highly xeadable ‘and tutorial in nature in

ycontrast to the standards, which are highly technical and intended for- laboratory use by
‘technical personnel. The gurdehnes will provide, in non-technical - language, information

for purchasing agents and other interested persons concerning the capabilities of equip-
ment currently available. They may then select equipment appropriate to the performance

-required by - thair agency. Recommendatrons for the development of partlcular guidelines
k'should be senttous. : -

o NILECJ standards are sub]ected to continuing review. Technical comments and rec- =

Ie

- 'ommended revisions: are invited from all interested parties. Suggestrons should be ad- -

*Sectnon 402(b) ‘of the Ommbus Cnme Control and -Safe Streets Act of 1968 as amended

v



and Criminal Justice, Law Enforcement Assistance Administration, U, S Department of
Justnce, Washington, D.C. 20531.

Lester D. Shubm
Manager, Standards Program
» National Institute of Law
" /’ - Enforcement and Criminal Justice

dressed to the Program Manager for Standardo National Institute of Law Enforcement

NILEC)-STD-0203.00

I.ECJ STANDARD .
FOR
PERSONAL / PORTABLE FM TRANSMITTERS

1. PURPOSE AND SCOPE

The purpose of this document is to estabhsh performance ‘requirements and meth—
ods of test for frequency modulated personal/portable transmitters used by law enforce-
ment agencies. This standard applies to transmitters which either do not have special sub-

systems such as selective-signaling. or voice privacy, or in which such subsystems are by- \

passed or disabled durmg testing for comphance with thlS standard

2. CLASSIFICATION

For the purposes of this standard, personal/portable FM transrmtters are classified by
their operating frequenc1es

2.1 Type |
Transmitters which operate in the 400—-512 MHz band.
2.2 Typ- i ' | :

Transmltters which operate in the 150-174 MHz band.

23 Type m

Transmxtters which operate in the 25-50 MHz band.

3 DEFINITIONS

The principal terms used in this document are deﬁned in this section. Addltlonal def-

uutlons -relating to law enforcement communications are given in LESP-RPT-0203.00,
Technical Terms and Definitions Used with Law Enforcement Commumcatrons Equlpment

-(Radxo Antennas, Transmitters, and Receivers) [1]. "

3.1 AM Hum and Noise

A measure of the amplitude: modulatlon presen* on an unmodulated carner

w32 Audlofrequency Response -

The degree of precision with which the frequency dev1at10n of a transrmtter responds

toa desrgnated audlofrequency srgnal level,

3. 3 Authornzecl Bandwidth

" The maximum width of the band of frequencres specxﬁed by the Federal Commum-"
' catlons Commission to be occupled by an emission,

‘34 Carrier Aﬂack Time

" The time requ1red ‘after the carrier control switch is actlvated for the transmltter to
,produce 50 percent of the rated carner power output e

e
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3. 5\ Carrier Power Output

lﬁor a transrmtter, the cartier radio frequency power avaxlable at the antenna ter-

minal when no modulatm;’ signal is present.

3.6 C\onducted Spurﬁous Emission

~Any spurious signal conducted over a tangrble transmission path, For personal/port—
able: }nsnutters, any spurious signal conducted to the antenna terminals and thus avail-
able for radmtron by the antenna ‘ : : :

3.7 M Hum and Noise
A measure “of the frequency ‘modulation present on an unmodulated carner

3.8 Frequency Deviation
In frequency mddulanon, the peak difference between the instantaneous frequency of

‘the modulated wave and the carrier freaasncy

3.9 Frequency Stabahw

The ability of the transmxtter to maintain an ass1gned carrier rrequency

- 3.10 Harmomc Dlstortmn

Nonlinear distortion of a \1ystem or transducer characterized by the appearance in
the output of harmonics, in addmon to the fundamental component, when the input wave
is sinusoidal.

o,
M

3.1 Moduluhon Limifing
That action, performed within the modulator, which mtenttonally restricts the signal
to the required spectral and power hmttatlons v

3.12 Occupied Bandwidth (By em Emission)

The width of the frequency band comammg those frequencies upon whlch a total of
99 percent of the radiated power appears, ektended to include any discrete frequency upon

\

~ which the power is at.least 0.25 percent of total radlated power

3.13 Radiated Spurious Emission

Any spunous signal radiated by the t' \nsmrtter components, rather than by the an-.

tenna ‘ e

3. 4 Sampler :

A series device which couples energy over a bread frequency range from a transnns-

"sion line into a third port. The attenuated output srgnal from the third port has “the same

waveform as the orxgmal signal,

3 15 Sideband Spectrum ‘ SR e
The emissions generated by a modulated transnntter Wthh are thhm 250 percent

 of the authonzed bandwrdth :

316 SINAD Ratio

A measure of the audio output of a recewer, expressed in decrbels, equal to the ratxo .
of (1) signal plus noise plus. dlstornon to (2) norse plus chstortlon, from Slgnal Noxse S

And Drstortlon Ratio.

3.17 Spurlous Emlsslon

- Any part of the radlofrequency output that is not a component of the theoreucal out-
put or exceeds the speclﬁed bandw1dth :

3.18 Standby Mode

The condition in a - transmlttmg and[/cr receiving system when the system is ener-
glzed but not receiving or transmitting. J

" 4. REQUIREMENTS |
4.1 Minimum Performance Requirements

The requirement for each transmitter characteristic shall be the value listed in table
1 (page 4). These performance requirements are in accordance with those given in the -
Rules and Regulations -published by/the Federal Communications Commission (FCC). In
addition to the requirements listed, all of the licensing and operatmg requirements of the
FCC Rules and Regulations shall .apply.

4.2 User Information

A nominal value for carrier output power, carrier frequency and each transmitter
characteristic  shall be included in the information supplied to the user by the manufact-
urer or distributor, The manufacturer shall specify the required power supply voltage, in~
dicate the audio input signal necessary for rated system deviation and provide sufficient
audio input impedance information to enable test personnel to design an. impedance

matching network for use between the audio generator and transmitter audio input cir-
cuits, -

4.3 Test Sequence

Each transmitter shall be subjected to the environmental tests before being tested for .
conformance with paragraph 4.5, 4.6 and 4.7.

4.4 Environmental CharacteriStics

The ability of the transmitter to operate in environmental extremes shall be deter-
mined using the test methods described in paragraph 3. 3

4.4.1 Temperature Stablhty

When the transmitter is operated at temperatures of —30° C (—22°F) and 490° C .
(140° F), its power output shall be within (Item 0, table 1) of the nominal value, its FM
hum and noise level shall be attenuated a minimum of (Item P), the carrier frequency
shall be within (Item Q) of the assigned value and the audiofrequency harmonic distor-
tion shall be a maximumof (Item R).

4, 4 2 Humldnty Stabuhty : .
Afteri/ he transmitter has been maintained at 50° C (122" F) and 90 percent rela- .

* tive humidity for ‘eight hours or more, its power output shall be within (Item S) of the'

nominal value, its FM hum and noise level shall be attenuated a minimum of (Item— T
and the carrier frequency shall ‘be w1thm (Item U) of the assigned value.

4.4.3 Vibruhon Stublhty

No ﬁxed part of the transmttter shall come loose, nor movable part be shifted in

_position or adjustment, as a result of this test. During the test, the FM hum and noise

level shall be -attenuated a minimum of (Item V) and the carrier frequency shall be -
within (Item W) of the assxgned vaﬂue :

444 Shock Stability

, The transmltter shall suffer no more than superﬁcral damage as a result of thls test.”

o < - 3 ' v




TABLE 1

Minimum Per{Formunce Requiremenfs for Personal/Portable FM Transmitters

o my o0 ®p>

Requirement
R Transmitter Characteristic Frequency Band (MHz)
’ ‘ 25-50 150-174 400512
Radio Frequency Carrier '
Characteristics ) '
Carrier Power Output Variance ~5,+10% —5,+10% —5,4+10%
Power Qutput Variance (supply voltage -3,-0.5 dB —3.40.5 dB ~3,4-0.5 dB
varied * 10%)
Power Outpuf Variance (supply voltage —6,-+0.5 dB -6,+Q.5 dB —6,+0.5.dB
varied —209%) i
Carrier Frequency Tolerance 0.002% 0.0005% 0.0005%
Frequency Stability (supply voltage 0.002% 0.0005% 0.0005%
varied £15%) ; T ‘ _
AM Hum and Noise Level 34 dB 34 dB 34 dB
Carrier Attack Time 100 '‘ms 100 ms 100 ms
Audiofrequency Modulation
Characteristics
H, Audiofrequency Harmonic Distortion 5% 5% 5%
1. FM Hum and Noise Level 40 dB 40 dB 40 dB
1. Frequency Deviation 5% 5% 5%
Electromagnetic Compatibility
Characteristics - ‘ : .
K. Conducted Spurious Emissions 55 dB 55 dB ;5 aB
L. Radiated Spurlous Emissions 55 dB 55 dB’ 55 dB
M. Sideband Spectrum (+10 kHz frequency 25 dB 30 dB .30 dB
separation) :
N, Sideband Spectrum (+20 kHz frequency 50 dB 60 4B 60 3B
separation) -
Environmental Characteristics
Temperature Stability PR
Q. ‘Power Output : —3,-:0,5 dB £.3,40.5 dB —3,4-0.5 dB-
P. FM Hum and Nojse Level 34 dB 34-dB ’ © .34 dB
Q. Cartrier Frequency Tolerance 0.002% 0.0005% 0.0005%
R. Audiofrequency Harmonic Distortion 9% \_97%4 ' 9% .
Humidity Stability . ; N
.8, Power Output : —3,405dB -, —3,405 dB —3,+O,5 dB
T. FM Hum and Noise Level 34 dB . 34dB 34'dB
U.  Carrier Frequency Tolerance 0.002% 0.0005% .. 0.0005%
Vibration Stability ‘ ‘ CLET
V. FM Hum and Noise Level - 25 dB 25 dB 25 dB
_W. Carrier Frequency Tolerance 0.002% 0.0005 % 0.0005%

Sy

s

4.5 qulo Frequency Carrier Chaructensﬂcs »
The radio frequency carrier characteristics of power output frequency stabxlrty, AM

hum and noise level and carrier attack time shall be measured in accordance with para-
graph 5.4, .

451 Power Output -

Transmitter input power is specified by the FCC [2]. The carrier power output deliv-
ered to a standard output load shall be within (Item A) of the specified nominal value at
all times during the standard duty cycle except for the initial one second after applying
power when the equrpmcnt is operating in a standby mode. When the standard supply vol-
tage'is varied plus and minus 10 percent, the power output shall not vary more than
(Item B). When the standard supply voltage is reduced by 20 percent, the power output
shall not vary more than (Item C).

4.5.2 Frequency Stublllty

The carrier frequency shall be within (Item D) of the assrgned value at all times dur-
ing the standard duty cycle except for the initial one second after applying power when
the equipmeént has been operating in a standby mode. When the standard supply voltage

* is varied plus and minus 15 percent, the frequency stability shall be (Item E).

453 AM Hum and Nouse Level
The AM hum and noise level shall be attenuated a minimum of (Item F).
454 Carrier Attack Time

The carrier power output shall increase to 50 percent of its specrﬁed value in less
than (Item G).

4.6 Audlofrequency Modulation Characteristics

The audiofrequency modulation characteristics of harmonic distortion, FM hum and

~ noise level, modulation limiting, audiofrequency response, and frequency deviation shall

be meacured in accordance with the procedures of paragraph 5.5.

4,61 Audiofrequency Hurmomc Distortion
The audrofrequency harmomc distortion shall be a maximum of (Item H).

4,6.2 FM Hum and Noise l.evel
The FM hum and noise lével shall be attenuated a minimum of (Item D.
4.6.3 Audlofrequency Response

, The audiofrequéncy response shall not vary more than +1, —3, dB ﬁom a true 6 .dB
per octave pre-emphasis characteristic from .3 to 3 kHz as referred to the 1 kHz level with
the exception of a permrssrble 6 dB per octave roll-off.from 2.5 to 3 kHa. See figure 1
(page 6) o .

4.6.4 Frequency Devmﬂon

The maximum frequency devratron ‘shall ‘be within: (Item J) of 4.75 kHz.
4.6.5 Modulqhon Limiting - - e : [T

.The instantaneous peak and steady state frequency deviation shall be wrthm (Ttem J )
of 4.75 kHz with a 20 db increase in audio above the rated audio mput level.

4.7 Electromagnetic Compatibility Characteristics ; :
“The electromagnetic- compatibility charateristics of conducted spurious emissjons, ra-

diated  spurious. emissions and sideband spectrum shall be measured in accordance with
"paragraphS 6. o 4 :

[
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47.1 Conducteci Spunous Emlsstons

Each conducted spunous emission shall be attenuated a minimum of (Item K) +10
logio (power output in" watts) decibels below. the level of the transmrtter output power

4.7.2 Radtated Spurtous Emissions

Each radtated spurious emission shall be attenuated a tnmrmum of (Item L) + 10

logi (power output in watts) decrbels below the level of the transn'utter output povzer
4.7.3 Sideband Spectrum ’ T B o
' Bach spurrous sideband.emission shall be attentuated piis

&

oy 5.. TEST METHODS
4‘5,1 Standarcl Test Condlhons :

CAlL measurement equipment shall be allowed to warm up unttl the system hes
achteved ‘sufficient - stability  to - perform the measurement. All measurements, unless'

) otherwrse specrﬁed shall be performed under standard test condruons

L
Sy T
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than “(Item "M\ when
the frequency is separated from the assigned. carrier by plus~aunds minus 10 kHz, and
. shall be attenuated greater than (Item N) when the: frequency is’ separated from the as-

: sxgned carner by plus and mmus 20 kHz. . :

equipment shall be of comparable quahty

-

5, ll s‘cmdard Temperature : ~ ; e TR e
Standard ambrent temperature shall be between 20° C (68° F) and 30° C (86° F). "

“5 1.2 - Standard Relative Hum|d|ty Do ’ SO

¥

Standard ambrent relative hunndrty shall be between 10 percent and 85 percent Fi

5.1 3 Standard Power Supply Voltage

+The standard supply voltage shall be that stated by the manufacturer and shall ber
applied to the transmitter power supply 1nput terminals. Tt may be supplied by a battery :
of the same type as that normally used in the equrpment or, preferably, by a well-filtered -

electronic dc supply. In the latter case, it shall be adjusted to wrthm one percent of the

voltage requxred

- 5.1.4 Rated System Dev;atlon ,

Rated system devratton shall be x5 kHz.
5.1:5  Standard Test Modulations

5.1 5.1 - Audiofraquency Tesi Modulahon '
. Audiofrequency test modulation shall be 1 kHz (from a source wrth distortion less"

“than one percent) at the level required to produce 60 percent of rated system deviation

(. e, 3 kHz).

5152 Electromagnetic Compahbilny Test Modulahon

Electromagretic.compatibility test modulatlon shall be a 2.5 kHz sine wave at an in-
put level 16 dB greater than that required to produce 50 percent of rated system devxa-

: tron at 1 kHz.

5. 1.6 Standard Oufput I.oad

~ The standard 1f output load for testing purposes shall be a 50-ohm resistive ter-
mination having a Voltage Standing Wave Ratio (VSWR) of 1.1 or less at the frequen-
cies being tested. If coaxial connectors and cables are used with the standard output load,

the combined VSWR shall be 1.1 or less. o

517 . Standard Kerdiation Test Slte

" The standard radiation ‘test site shall be located on level ground which has umform
electrical characteristics (i.., ground constants). Reflecting objects (especially large metal
objects), trees, buildings, and other objects which would perturb the electromagnetic fields -
to be measured should not be located closer than 90 meters (295 feet) irom any test
equipment or equipment under test. All utility lines and any control circuits between test

. positions should be buried underground. The ambient electrical noise level shall be as low

as possible and shall be carefully monitored to insure that it does not interfere with the test
being performed. Preferably, the test site should be equrpped with a remotely controlled
turntable located at ground level. «

5.1.8 Standard Duty Cycle

The standard duty cycle sball be 12 seconds in the transml Jn.ode followed by-68
seconds in the standby mocle —_ o B DT

‘ 52 'I'est Equtpmen” ~'t e

The test equrpment discussed in this sectlon is. hmlted to that equrpment whlch is
the most critical in making the measurements discussed -in this standard All other ‘test:

5.2.1- ‘Test Recelver

The test receiver used to. determme transmrtter audlofrequency drstomon and audio -

Ty




a ref ?nse charactenstrcs shall include a standard audio output load specrﬁed by the man«
ufasturer (paragraph 5.2.1.6) and shall have the charactenstrcs specxﬁed in- the follow~

; l.l Audio Respcnsa .
The audio response charactenstlcs shall not vary ) more than one decrbel from 2750

-the modulation is varied between 05 and 3 kHz
52 1.2 Harmomc Dmorﬁon '

~ The audxofrequency distortion shall be less than one percent at standard modulatxon
The harmonic distortion at 1 kHz (for larger than rated system deviation) shall be less
'than~ three percent. The harmonic distortion shall be measured when the test receiver
is tuned to a nominal 1 millivolt rf source which is modulated by a sine wave at a level
which produces a system dev1at10n 50 percent greater than rated system devxatxon (1 €
7.5 kHz), n : .

>5213 Hum and Noise Ratio : : ‘ . o R pe

The unsquelched hum and noise ratio shall be at least 55 dB when measured with a

1 millivolt input signal,

52, 14 Ad|uconl Chunnel lnterferanco

‘ ‘The test receiver shall differentiate by 85 dB or more between a deS1red modulated“ .
, srgnal and a modulated adjacent channel signal 30 kHz on either side, when the adjacent

chzmnel mterference degrades the. destred sxgnal from 12 dB SINAD to 6 dB SINAD.

LR AE 5 Sulecnva
The test recewer shall have a bandwxdth of 24 to 30 kHz at the 80 decrbel pomtsr

53 1,6 Stundurd Audlo Output Load

The standard audio output load shall consmt of a res1stor whose resistance is equal’

to the load 1mpedance mto whtch the recerver normally operates

‘5 2.2 Devmhon Monitor

“The deviation monitor shall be eapable of measunng the, peak devratton of a mod—w
plating waveform w1th an- uncertamty no greater than five percent of the devratron being

monitored. , o R P -
523 Standurd Audno lnpul Load R 1 S A

The standard audio input load shall consist of a low-norse res1stor whose resrstance

i cqual to the specified input unpedance of the transmrtter :

o 524 Band Re|echon Filter -~ -
The band rejection filter shall have a minimum insertion 1oss of 40 dB for all fre-'

- quencies within £0.01 percent of -the carrier frequency o

53 Env:ronmeninl Tests

" The envrronmental tests shall be performed usmg standard supply voltage and the
v-measurement techmques descnbed in paragraphs 54, 5.5 and 5.6, as: requlred

.'4,5. Temperature Test

;mamtamed at —30*2° C (~22+3.6° F). The outer cases shall be in place and air cur—

*rents from- heatmg or cooling elements shall not be allowed to blow directly on the trans-
L mxtter The transmrtter shall not requlre adjustment of mtemal controls to meet the nnm—

Ky

" ‘mijcrosecond. deaemphasxs characteristic when the system devratron is held constant and'~

mum requrrements Further, the unenergrzed transmrtter shall be allowed to. reach tempera— ‘

ture.equilibrium with its surroundings aftér each temperature change. The transmitter shall be
kept at the desired temperature for 30 minutes before energization. While  still in the
chamber, the transmitter shall be placed in the" standby mode for two minutes, operated
at the standard ‘duty cycle for 15 minutes and then tested for the designated performance

’requxrements This test shall be repeated at a temperature of 60 *2°°C (140-*-3 6° F).

5.3.2 Humidity Test ~

‘ The unenerglzed transmitter shall be kept for erght hours in an environmental cham-~
"berata temperature of 50° C (122° F) or more and a relative humidity of at least 90 per-
cent. All covers and shields shall be in place and air currénts from heating elements shall

not be allowed to blow directly on the transmitter, While stili in the chamber, the trans-
mitter shall be placed in the standby mode for two minutes; operated at the standard duty
cycle for 15 minutes and-then tested for the designated performance requirements. The
transmitter shall not require adjustments of any controls during this test,

533 Vlbrahon Test :
A two-part test shall be applied for a total of 30 minutes in each of three drrectxons,

namely the directions parallel to both axes of the base and perpendlcular to the plane of

the base.

The unit shall complete three five-minute cycles of s1mple harmonic motion havmg
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 two and

one-half minutes; then decreased at a uniform rate to 10 Hz in two and one-half minutes.

The unit shall next complete three five-minute cycles of simple harmonic motion

having an amplitude of 0.19 mm (0.0075) inch) [total ¢éxcursion 0.38 mm (0.015 inch)]
applied initially at a frequency of 30 Hz and increasing at a uniform rate to 60 Hz in

two and one—half mmutes, then decreased at a uniform rate to 30 Hz in two and one-’

half minutes:* e

534 Shock Test

The transmltter shall be dropped once on each of four or more sides not having an
antenna connection, from a height of one meter (3.28 feet) onto a smooth’ concrete floor.
Guldes shall be.used to insure contact w1th the floor by the correct equipment surface.

i
i

54 qulo Frequency Carr.er Tests

541 Power Qutput Test

The transmitter shall be ’operated without modulatxon The power output shall be
measured as shown in figure 2 (page 10) using the standard 'supply voltage and a power

- meter accurate to five percent. The standard supply voltage shall then be changed plus
- 10 percent, allowed to stabilize at least 5 seconds, and the power output recorded, Repeat
the above using mmus 10 percent and mimis 20 percent changes in standard supply vol-_

tage.

‘5.4, 2 Frequency Stability Test

‘The transmitter shall be operated wrthout modulatron The frequency shali be meas-

"ured as shown in figure 3 (page 10) using standard" supply voltage. Change the standard
' supply voltage plus- 15 -percent, allow -it: to' stabilize for 5 seconds, and record the change
-in frequency. Repeat this for a change in. standard supply voltage of mlnus 15 percent '

”5 43 AM Hum' and Nolse level Test

, . Connect the equipment as shown in ﬁgure 4 (page 10) In addmon, connect the ‘
‘_sstandard audio input load to the transmitter audio iniput. The linear peak-carrier. responsive
S AM detector i is used to detect the sample output of the transrmtter Adjust the transmltter, L




ORI AT . —— = — , ‘.TANDAR‘D
ABLE | .| TRANSMITTER , OWER - ST/ ;
=1 wggwglﬁ o UNDER . Fh’llET,zR : OEgng
| sUPPLY s TEST | g e L
~ FiaURE Z—~B lack d{qgfam for pawer output measurement.
k | FREQUENCY
¢ - COUNTER
e [T | STANDARD
‘ V%%@EERE - TRGNSDMEIng SAMPLER OET/F&%T
SUPPLY . TEST | . - 0
| FiGURE 3—Block diagram for freqaency stability measurement:
. | HIGH
' ‘ L IMPEDANCE
' —_;////’0__ DC VOLTMETER
_DETECTOR' L —
a —— ‘ O, ‘OSCIL!_OSCOPE‘

‘ TR STANDARD
TRAﬁﬁgégTE 1 SAMPLER 1 ouTPuT
TEST | oo} LoD

FiGure 4—Block diagram for AM hum and noise measurement.

; or with no modulation and measure the d¢ voltage across the’detgctor loasi re-
.E,?srtg? t:v?tgot:: rh‘izh impedance dc voltmeter. Without adjusting the,tr‘an‘smnter,lmea;gr?the
Pé.r;;k ac voltage with the oscilloscope. Calculate the .‘AM>hum and noxse;l‘ev_.i tgs foI:gﬁ
(V,/ Vo) Where Vs the peak ac voitage and Ve is the dc vpl"gage, Modula 1c;]'r]1:v Ot M
transmitters is usually not a critical factor to AM hum and noise level when the trans

hitter frequency deviation is 10 kHz or less.

;.5‘5.4,.4 Carrier Attack Time Test

J  Although carrier attack time is defined in terms of rated carrier output power, the
1 et method described herein uses a voltage measurement technique fo defermine the value:
of this characteristic, This measurement shall be made using a calibrated oscilloscope and

peak detector connected as shown in figure 5 (page 11). The trigger circuit of the oscillo-

scope shall be closed through the transmitter control switch to start the time interval. The

~ peak detector, sampling the 1f carrier; provides a voltage to the oscillosgope vertical input.

The peak detector should have a short time constant (less than 10 milliseconds) and pro- .. .

vide a linedr response with amplitude, The time required for the".tra‘c‘g to ?eéct; 71 pcrqz\an i

|

5

. of peak detector maximum output shall be measured. o

10

“Tg”u«v,.‘Hv .
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FIGURE 5~Bilock diagram for carrier attack time measurement.
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' FIGURE 6—Block diagiam for harmonic distortion and FM hum and noise medsurements.

55 “Audicfr’equen;y Méduluﬁon‘yfests‘ : |

5.5.1 "Hurh‘lonic Distortion" Test o ,‘

 The transmitter shall be terminated in a standard output load and the audio oscilla-.
tor adjusted for audiofrequency test modulation except that the 1kHz modulating signal.
shall have a total distortion of 0.5 percent or less. The' test receiver (paragraph 5.2.1)

shall be connected so the transmitter output can be sampled (figure 6). -

A distortion analyzer connector across a_ standard audio output load removes the 1

- kHz tone and measures the signal which is a fcombination of all the noise and harmonic-
. - components.. - : . 2 : S

552 FM Hum and Noise Level Test

"~ The transmitter shall be terminated in a standard output load and the audio oscilla~

tor adjusted for audiofrequency test modulation (figure 6). Connect the test receiver and

5;5,;425




 sample the transmitter output. Connect the standard 2 put [ogd, £0,tho-test réomusts
i?l&il’z) 'dﬁtput and measure tiie* audio voltage, V3, using the distortion analyzer.as a Vo :

&

t thé stahdard\audio output load to the. test receiver

a

‘nefér, Remove the modulation:by disconnecting the audio oslciliatorvand tc;);ine:it:?fﬁ;x
‘ dio i ¥ me resulting ~audio voltage, V., at toe ‘
d audio input load and measure the resultm_g_gu > Vi = at tio
nggfc;z;cr:crl aCual'c.ulati the FM hum and noise level as 20 10gsw (V,/V). The method provides

reliable measurements up to 50 dB. . S ”
553 Audiofrequency Response Test _ 3 o ;
~ Figure 7 illustrates the equipment connections for bpergom;mg kauwcllllic::;regzctaggzs tr,;e
; s. The i ietwork is a broadband networ
sponse measurements. The matching network 1s and netw :
al\)xdio‘gencrator output impedance to the transmitter ;?tttldxobzrgl;’t ;mﬁ]:ncs:lected i
s o Ly gk i transmitter kHz, st )
. To determine the audio response of the bel e i s T
; jes f ‘ anplied to the trapsmitter, ‘while adjusting th
frequencies from .3 to 3 kHz shall be app ! e, e Nty wding &
- audio level for , d system deviation (i.e., 1. ) using
ut audio level for a constant 30 percent of rate em de ‘ 2
Eleviation meter. The aundio voltmeter feading in decibels shall be determmedlfor, eac
test frequency and a graph similar to figure 1 shall ‘be‘ drawn.

5.5.4 Frequency Deviation Test , . S |
Tn order to measure the maximum frequency deviatlon,dthe a:llc;w mpﬁgl(g)gzarg:;t
aged ir plituds el with: the itter controls adjusted for nor .
be changed in amplitude level with the transmutt » s ad o
ollow ) i ‘ . The audio input shall be adjusted !
Follow the block diagram of figure 8 (page 1.3)5 audio ing i ) i
audiofrchuency‘ test modulation, and the audio input level increased until maximum fre

quency deviation is observed. The frequency deviation shall then be measu.reyd‘thhytvhe‘

deviation meter.
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DEVIATION:
 METER

. TRANSMITTER
- UNDER
. TEST

" VARIABLE
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y
aup1o -} [| TRANSMITTER . | . STANDARD
GENERATOR ~ |44 UNDER L1 sampLER  |—| oUTPUT
© T (KkMz) -} TEST LT LOAD

FicUure 8—Block diagram for freq’uency deviation arfd‘modulagion’limiting rneasuremeﬁts.
5.5.5 Modulation Limiting Test

For this measurement, use figure 8 and adjust the transmitter controls for normal
operation. Adjust the audio input for audiofrequency test modulation and increase the
audio input level approximately 20 dB. Measure the frequency deviation with the de-

. viation meter. Hold the audio input level constant, vary.. the “frequency from 0.3 to 3

kHz and measure the frequency deviation. -

5.6 Elecfrgmagnéﬁc Compatibility Tests

5,61 Test for; Conducted Spurious Emissions at the Anfenna Ter‘m:'mals .

A block diégrarh for this- measuremcnt is illustrated in ﬁgure, 9. Use a signal gén-
erator with a calibrated output. The selective 1f voltmeter or spectrum ahalyzer shall be

 capable of measuring signals at least 80 dB below the carrier level. This method requires

that the transmitter be modulated with the electromagnetic compatibility test modulation.
Measure the ratéd transmitter output power in decibels above 1 milliwatt (dBm)

~(step 1). Record the spurious emissions from the transmitter using the selective volt-

meter or spectrum analyzer. Disconnect tke transmitter from the circuit and ‘connect the

_signal ‘generator as shown in step 2. Adjust the signal generator to obtain the same fre-

quencies and magnitudes of spurious signals recorded above, and record the corresponding

~outputs of the signal generator in. dBm. The transmitter output power minus the signal
'generat‘or output (in dBm) is the value sought. e S '

' Mea:slure“ all frequencies from the: lowest fréquency generated within the tratjsmitter
to the tenth harmonic of the carrier. ' : ‘ o

! ' STEP.| S
RSN ') (2048 MINIMUM) o
1] aupio F | ‘ POWER SIGNAL -STANDARD |
| TosciLLAToR TRAV/SMITTE‘R METER 1] saviER [ OUTRUT -
. o T gTER 2]
 SHIELDED ENCLOSURE 5 Y e — TSy
' | _sienaL ] BAND, ; L_‘ VARIABLE LT'VgLTh%g;EY?EOR
~ | GENERATOR REJECTION [~ ATTENUATOR [~ SPECTRUM
[N SR [ ANALYZER |

" FIGURE ‘B—Block'dz‘agram for measurement of conducted spurious
T ' - emissions at the antenna terminals. ~ :
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5.6.2 Radiated Spurious Emissions Test ) .

The test site shall meet the requirements of paragraph 5.1.7. The equipment shall be
connected ag illustrated in figure 10. The transmitter (step 1) shall be adjusted for rated
putput power and modulated with the electromdgnetic compatibility test modulation. Re-
cord the transmitter output power in watts. The spurious emissions shall be measured with
‘the receiving antenna 30 meters (98.4 feet) from the transmitter. The selective voltmeter
shall be tuned from the lowest radio freqiiency generated in the equipment up to the tenth

" harmonic of the carf‘ée&:_k ! ‘ n

§
y)

. For each spurious frequency, the receiving antenna shall be raised and lowered in a
horizontal position to obtain/ a maximum reading on the spectrum- analyzer or selective

" yoltmeter. The transmitter ghall be positioned to further increase this maximum reading,

This procedure of raising a;;'fd lowering the antenna and rotating the transmitter shall be
repeated until the largest sjgnal has been obtained and recorded. The antenna shall be
then placed in a vertical pc?sitic’m and the procedure repeated for each gpurious signal.

Remove the transmifter and substitute a signal generator and a dipole antenria (step
2). The antenna shall be/{placed in a horizontal position and the frequency of the genera-
tor adjusted to each of "t},{e, spurious frequencies previously measured. With the transmit-
i}ing ‘antenna fixed, the /Z)horizontally -posjtioned receiving antenna shall be raised and low-
ered to obtain a maximum reading on the selective voltmeter. The output of the signal
‘penerator shall be adjusted until the received signal strength is the same as the previ-
ously recorded maximgim readings for-each of the spurious fréquencies. This procedure
shall then be repeated;for each spurious frequency with both antennas vertically positioned.

The spurious pqzi(’av.er, in watﬁs, vdeliveted to the transmittiﬁg Hélf—wavelengt’h dipole an-

tenna shall be calcu,?;éted; from the antenna and generator impedances and the largest val-
ue of generator signal power, The attenuation of the spurious emission is calculated as 10

log,s of-the ratio of the transmitter power to the spurious power.

CsTERY B o sTEP 2
: AUDIO - “STGNAL
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' 4 STANDARD ' CDIPOLE A/2 } B DIPOLE /2
1 TRANSHITTER ouTRUT ANTENNA S NP B .ANTENNA/ ®
. : LOAD . (RECEIVING) N . * :.“J(TRANSMITTING) :
il I e ‘ I ‘ s 1 ‘ . . B /‘}_;: o :
CRTran S ‘ BAND g SR SR
: g : A E Lo FILTER . . » i (RECEIVING)
” R R © SELECTIVE b s
S St o onOLTMETER ‘ o REJECTION
PYEERN EERE : by o 00} COR SPECTRUM. SR N - FILTER
1 % v e ANALYZER ° TR ‘ ; : :
Y F S O R o s A | ..
| "/% I A T e SO © SELECTIVE
P il R S T U o YOLTMETER -
I , RN : L : s L OR SPECTRUM "
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~ FIGURE 1Q-Blockvdiagraliz for radiated spurious emissions ineasurement,
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Y 5,63 Sideband Spectrhfm Test

T - e - X ".7 . o ;T_ 'y,f ,.;;A'l “ . RETE B S .
bands gv?t;?:t?:virﬁsézgegf i‘?lre;,n );lsesf ahsp ectrunt ahalyzer to meusure transmitter ‘side-
ith O Kilohertz of the center frequency. The equipmienf -
n e e UL L £ quipnient shall be con-
ected as shown in figure 11, |Using the variable atténuator, adjust thg unmodulated ::arrl-

rier signal for a full-scale signal of at least 60 dB above the noise as displayed on the

trum is centered on the displ i ~ * e
. : play. The im . ) i G
zer should be similar to ﬁgureylz (pageafz )cfn the cgthoc?e ray tube of the spectrum analy-

fe sideband spectrum is  then recorded as the difference between the center fre-

quency amplitude and sideb it ; e
cente frequeney, , and élljphtudes locatec? at £10 kHz and 20 kHz from the

~ RF
VOLTMETER
AUDIO
OSCILLATOR |
TRANSMITTER |4 | - SiaNAL .. " . | STANDARD -
~ ]| SAMPLER. [T oUTRUT
varRasle | | [ o ‘
|ATTENUATOR | o] DENIATION.
| sPecTRUM "
| ANALYZER

: FIGURE 11—Block diagram for sideband ‘spectru‘m measurement, .
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FIGURE 12—-—Typical sideband spectrum on.a tubetype transmztter usmg a 2 5‘ kHz tone 16

db greater than that required to produce +2..5 kHz deviation at 1.0 kHz.
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