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INTRODUCTION TO STANDARD TESTS 
This Test & Troubleshooting Handbook is built around standard tests for twoway 

odio equipment. These tests may be performed on any unit, big or lite. They apply equally 
To station, mobile or personalfpartable equipment. They yield results in numbers-watts, 
microvolts, Kilohertz of percent. They smploy methods which are recognized by the entire 
two-way radio industry. They allow you To compare your test results with norm 
istics shown in the published specifications for any equipment you service. 11 u 
specifications, it is OK.. It doesn’ need fixing! 11 unit, having failed to meet 1 specif does, the job is Finish o- 
Cations, the standard tests provide a series of clues which allow you to focus your trouble: 
Shooting efforts in the directions which are most productive. 

The “official” backing for the standard tests is in stondards published by Electronic 
Industries Association EIA]. The EIA Standards have been adopted by most major manufac- 
turers of twoiay radio equipment in the United States and elsewhere; they are endorsed by 
most major two-way radio user organizations. 

“The standards themselves aro avallable for purchase. They are catalogad in: “Index of 
EIA & JEDC Standards & Engineering Publications.” You may obtain a copy of this price 
no charge, by wr 

Electronic Industries Association 
Engineering Department 
2001 Eye Stet, NW. 
Washington, DC 20006 

rally dozens of standard tests are described! i the E1A Standards. Many of them are 
of interest only to an equipment designer. The ones highlighted in this handbook ae chosen 
with the two-way odio service industry in mind. These tests con be executed with the test 
equipment and <kills found in any Up-to-date twoway radio service facility. They evaluate 
equipment charactoristics which are of real importance 10 the users-the ones which influence 
the fundamental ability to communicate. And, these tests support the systematic approach to 
troubleshooting which is included as the final section. Thess standard tests 
outside the radio. 11 you Can reach the connections, you need not remove the 
Standard tests may allow you to complete some serv 
standard tests are the some for every radio, you don't need det 
Covering the unit on the bench uati tests confirm that you must go inside 

This booklet explains the standard tests. It tell how ta run them, and how 10 interpret 
the results, It includes helpful information on the test cquipment which is used. Put standard 
tosts 10 work! Proctico the procedures until they become second nature. That's when they 
relly help You 10 get maximum payoff from your most valuable resaurce-your own time. 
Introducing .... Standard Transmitter Tests 

‘When a transmitter puts out rated FF power, on the assigned RF frequency, with devia 
tion high erough and audio sufficiently free from distortion, the transmitter is doing its job. 
Inability to communicate may reflect trouble. somewhere, but the trouble isn" in the trans 
mitterl 

Transmitter Power Output, like ail standard tests, i a “how much?” evaluation. Th ro: 
sult in watts, ITs obiained by direct measurement of RF voltage across a known 50 ohm 
impedance. Transmit er Power Output becomes  “go/no 60’ est when the results are com- 
pared with the “right” answer, which is the rated power output shown in the maintenance 
manual. If 3 transmitter delivers rated power or more, every stage in the RF: chain from oscils- 
or 10 final power amplifier can be considered “good.” Zero power or low power calls for 
attention, which may range rom a simple adjustment to major surgery. 



INTRODUCTION TO STANDARD TESTS 
Power output higher than specified demands attention, 100, because of the impact upon 

current drain and the possibility of heat related premature failure. Unlike most standard teste, 
Transmitter Power Output tls you that you must do something, without tiling you what. 
Usually, there's not even a clue. When. the test is failed, get out the maintenance manual, and 
oo inside 

Transmitter Froquency is also obiained by direct measurement. The octval developed 
frequency is compared against an acceptable internal standard in tho frequency measuring 
equipment. Th results aro expressed in a number of ways: sctusl frequency, frequency dif: 
foronca (from assigned frequency) or percentago difference (from assigned frequency). How. 
ever expressed, it i a real number, related 10 time. Having determined what the frequency is, 
and knowing what it should bo (the assigned frequency), you must tll decide what (if any. 
thing) to do about it. This sn’ as simple as it looks at fist glance, becauso frequency error 
can result from two independent causes. These are: long torm drift which you can correct by 
adjustment, and environmental effects (mostly temperature: rated) for which you must make 
Sllowance. Frequency adjustment procedures aro not uniform. Oban. instructions for the 
particular transmitter from the maintenance manual 

If the radio is operating within specified temperature limits and frequency is outside the 
‘governmentally-approved tolerance or athe system specification, frequency correction is essen- 
tial. Less acute errors may justify correction or even demand it, but bo careful. If done with 
reckless disregard for the “fine points” (see maintenance manual, correction to assigned fro- 
quency at one temperature may guarantee out-of tolerance operation at another temperature! 

For oven controlled oscillators with the oven warmed to the proper temparture, imply 
adjust the oscillator to the assigned frequency. If the adjustment range fs insufficient, replace 
the crystal. Th same approach holds for non compensated lowestability oscillators, operated 
within their specified adjustment temperature range, For compensated oscillators, rely on the 
maintenance manual o separate long-term drift from environmental effects. Adjust to signed 
frequency only when the oscillator is within the specified narrow temperature range, O ther- 
wise, correct to the offsot specified for the actual oscillator temperature. If the proper frequen. 
ey cannot be obtained by adjustment, some component prabably the crystal) is defective and 
should be replaced. Do not replace crystals in packaged oscillator circuits which contain com- 
pensating components which have been matched to. a specific crystal, Replace the entire 
sembly. 

sitter Audio tests verifies proper functioning of four inter-related 
iret fametons: the ricasoer emmpianes eduenialohist modo of the AF ct) 

holds maximum deviation to a fixed evel, the modulation adjustment 
(sets this fixed lovel 10 the desired value) and audio gain (raises microphone input to the level 
required to drive the modulation limiter). We stretch a point by calling theso four separate 
tests. They are really four different test results obtained as we follow a series of programmed 
manipulations with a single test setup. A transmitter which passos all four “tess” is “good” so 
far a5 audio performance i concerned: 

& Maximum deviation is not t00 high. Governmentaly-imposed limits aro not exceeded. 
Excess oneray is not placed into adjacent channels during modulation peaks. Receivers 
do not receive a signal which is “100 wide,” creating distortion and squelch closure on 
modulation peaks. 

© Maximum deviation is no (00 Jow. Audio signal-to-noise performance is not restricted 
unnscassarly 

® Daviation is symmtrical undor peak conditions. Avoidable distortion is minimized 
during modulation peaks.
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® Audio gain is sufficient. A usr, properly addressing the microphona, will obtain high 

average deviation, which is desirable for good overall audio signal-tomolse ratio. 
© Transmitted audio distortion is within desion limits. Audio goin stages are properly 

linear: the modulator stage is working and not grossly misadjusted. 
All of the transmitter audio tess are run with an Audio Generator (at 1000 Ha) feeding 

the microphone input at specified voltages. For three of the test, the test result is deviation in 
Kilohertz, read directly from the deviation monitor. For the other, the deviation monitor 
serves 55 3 standard receiver which drives the Distortion Analyzer from which the test result 
obtained. 

ter Maximum Deviation verifies that legal deviation maximum s not exceeded, 
and standardizes the setting of the Modulation Adjustment (necessary 10 validate the remaining 
test). The 1000 Hz Audio Generator is set to a specified voltage, typically 0.5-1.0 VRS (x 
maintenance manual). This level, which is much higher than normal microphone output, qua: 
antes that a properly working iransmi ter will be driven info heavy limiting, The resulting 
deviation, the highest which the transmitter can produce, is the tet result. 

11 necessary, the transmitter Modulation Adjustment is set for specified Maximum Sys- 
tem Deviation, usally £5 kHz. Although this setting is used for the remaining wansmitter 
autho tests, transmitter figament instructions {se maintenance manual may cal for downward 
‘adjustment when the transmitter is placed into service. The recommended setting s typically 
24.5 itz, and reduced 10 £3.75 kHz when the transmitter is equipped with a Channel Guard 
one squetchl encoder 

1 the maximum deviation which you ean obain is ess than specified Maximum System 
Deviation, suspect a drastic oss of audio goin. 

Tronsmitter Deviation Dissymmatry is observed in the process of determining Trans: 
mitter Maximum Geviation. The higher deviation peak positive Gr negative is the maximum 
deviation. The difference between peaks, expressec in kHz or a a percentage, i the dissymme: 
wy. Transmitter Deviation Dissymmetry is usually specified as les then 10 percent (corres: 
poids © 0.5 kHz maximum in mos systems). 

Lack of symmetry can arise in the modulator, the modulation limiters or, occasionally, 
in the audio stages. Difficulties in the modulator are ually corrected by proper tuning. 
Difficulties ol sewhore require troubleshooting. The contribution of the modulation limiters t© 
this form of distor on is easly confirmed (ses Troubleshooting section]. Observe symmetry at 
lower. audio input levels (which do not produce limiting). 1 symmetry improves, the modu 
lation fimiting Gfcults re suspect, 18 not, the dificulty is elsawhare-most likely in the. 
modulator. 

Transmitter Audio Sensitivity verifies the audio cain in a transmitter. The output of an 
Audio Ganerator, set to 1000 Hz, 1s spplied to the transmitters microphone input. Audio Gen: 
erator autput is varied upward from 7ero until 60 percent of Maximum Systom Deviation 
nicatod. For most systems, this # +3 kHz. Tho test result, usually in millivolts, is the output 
voltage of the Audio Generator. Typical values re in the rango 60-100 millivolts, RMS (0.06.01 
Volts. 11 no specification i given for Transmitter Audio Sensitivity you can guess that it shoulal 
be about 20 dB below the ton voltage prescribed for seting Maximum Transmitter Deviation. 
Sensitivity which i 100 low indicates a lack of audio goin, and encourages low average devistion 
in the system. Sensitivity which is 100 high brings. complaints of “backaround noise toa loud” 
and “distortion from excossive limiting.” Failur fo pass Transmitter AUGio Sensithity leads. 
toward troubleshooting in the audio tages. 

Transmitter Audio Distortion examines harmonic distortion (harmonics added 10 the 
put audio signal in the transmitter audio stoges. The test result, expressed i percentage. 
road from a Distortion Analyzer (BA). Values ranging from 3-10 percent Sinen the 
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fest is run with input of 1000 Hz ton well below the level at which limiting occurs, distortion 
necessarily produced in the modulation miter not a factor. The possible contributors are 
the modulator llready checked in the Trans 
udio stages. When Transmitter Audio Distor tion is 00 high, troubleshoot the transmitter audio 
stages first. 
Introducing... Standard Receiver Tests 

Standard receiver tests are less siraighiforword thn are standard transmitter tests. 
Transmitters, by intent, generate something physical-a signal. Characteristics of the transmit: 

al can be measured directly to provide test results. Receivers, by contrast, generate. 
nothing; their ob is to respond. For testing, a quality of receiver response is specified, and the 
tests determine the characteristic of an input signal necessary to produce it. 

For most standard receiver tests, the banchmark for receiver output quality under test 
n Analyzer (DA) 

INAD. under “Distortion Analyzer" in the test equipment section 
of this handbook. 20 dB noise quieting is used as the output quality standard for one of the 
standard receiver ests 

Th staadind receiver tests of primary importance fall into a compact aroup: Receiver bs hd 
Sauelch Sensitivity and Mosinurs Savelch Sensitivity. Although listed os five different stand: 
ard tests, they: can be viewed quite correctly a five different tes results, obtained with a singe 
test sotup. Nothing changes except the settings of the test equipment. They are combined into 

i lows the entire saris to be 

Roceiver 20 dB Quieting is diagnostic tes, useful when Receiver 12 dB SINAD Sons 
vy is failed. Receiver Frequency s no realy 3 standard test, but is mentioned because of 
importance to system operat 

Receiver Audio Distortion is taken with a very high (1000 uV) input signal, I1 doesn't 
verify gain-—an “almost dead" receiver can pass this tst with ease. 11 passed, the test does verify 
a number of important reeciver characteristics: the dotector is OK, normal audio gain exists, 
and audio distortion won't cloud the 12 dB SINAD Sensitivity test rests. Receiver Audio 
Distortion is expressed in percent; typical specifications are in the range 310 percent. 

Rcrivor 12 dB SINAD Sensitivity, exprossed in microvolte, is a multi characteristic test, 
Results which meet ti spociication verify FF and IF goin, mixer and injection chain perform. 
ance, and confirm that selectivity i not grossly 100 wide or 100 narrow. 12 dB SINAD has no 
real Significance in systom operation. 11 does not represent good signal quality, by any means. 
Instead, rocever output of this qusity is barely usable by an sxperiencad operator. 12 dB 
SINAD is simply an indicator, valuable for testing because ts sbout a close 10 “no response’ 
a5 one can measure: reliably. 12 dB SINAD is produceel in » normal rocoiver with a weak signal 
{which demands normal gain) and with fairly high doviation (which requires receiver bandwidth 
which is not 100 narrow). High audio distortion makes suceoss impossible, thus. imposing 
limits on distortion produced in the detector or sudio stages. Typical specifications are in 
fractional microvolts, 

Recriver Modulation Acceptance Bandwidth is oxprossed in kHz of doviation, 1t is o 
follow-on test © 12 d6 SINAD Sensity. run with siahtly incrossed RIF signal level up 6 iB). 
1 confirms that rocsiver bandwidth i not toe narrow, since it subjects the receiver to deviation 
much higher than that produced by a properly adjusted transmitter. Normal specifications are 
in the range 6:9 kHz. 

Buscriver Critical Squeich Sensitivity and Roceiver Maximum Squelch Sensitivity confirm 
proper operation of the sauslch circus. Critical Saunich Sensitivity finds the signal fouel 
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which will unsquelch the receiver when the squelch control has been set to the point which 
barely silences the noise. When not specified, you can expect this level 10 bo about 8 dB ess 
than the 201 dB Quiting Sensitivity. Maximum Squelch Sensitivity mesures the RF signal 
level which will unsqueleh a receiver when. the squelch control 1s Set 10 full otation in the 
sauelched direction. Unless otherwise stated, expect this level to be about 6 dB mare thon the 
2048 Quieting Sensitivity. 

Raceiver 20 d8 uieting Sensitivity confirms that ain is normal-and lite ele. 1s use- 
ful 10 narrow the search for possible causes when a rectiver fails to meet its 12 dB SINAD 
Sensitivity specification. 

Although it is just as important as the tests we describe in detail, Receiver Frequency 
doesn't lend itself 10 a “canned” test procedure. Different receiver designs domand different 
approaches. The maintenance manual it your guide. However accomplished, it is sential that 
the test procedure verily that the receiver oscillator is properly set. An onfrequency input 
sional must bo converted to the center of the receivers IF bandpass 
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The following items of test equipment aro used in performing one or more of the stand- 

rd test: 

Freausncy Meseing Equipment 
Meters 
TRF Wattmeter 

Distortion Analyzer (DA) 
Audio Voltmeter 
DCIAC Volt/Amp Meters) 

Other 
Audio Losd Resistor 
Couplers or coupling methods) 
‘Dummy Microphone Circuit (when required) 
Bench Test Accessories {when required) 
Power Supply. 

The functions of RF Signal Generator, Deviation Monitor and Frequency Messuring 
Equipment are sometimes combined into a “Communications Service Monitor." The function 
of Audio Voltmeter is usually provided by a Distortion Analyzer (DA. 

Audio G 
This instrument furnishes audio input for standard transmitter tests (deviation, 

metry, audio sensitivity amd auc distortion). Since ll of thes 16s re mada af 1000 Hs 
fixed equency. unit wil suffice.  Gutput may be single endoct or balances, but must bo 60. 
justable over the range 0.01 VRS 10 1.0 VRMS into 600 ahs. Harmonie distortion must not 
exceed 1%: lower distortion is preferred. 
BE Signal Generator 

The RF Signat Generator is used for all standard receiver tests. Functionally, it i a 
specialized FM radio transmitter in which frequency, modulation and power output are ad 
justable and accurately calibrated. 11 should generate any frequency uscd in two-nay radio 
systems. Output, at 50 ohms, must be variable from 0.1 microvolts 101000 microvolts or 
more. Symmetrical modulation at 1000 Hz is ssentia: distortion must be ess than 1 percent. 
Extrnal modulation capability i deiabe. Peak deviation must be adstble from 0 10 more than +10 

Most RF Signal Generators require an externa attenuation pad (usually 6 dB or 20 dB) 
to stabilize output and improve the output power calibration. These pads also provide a degree 
of protection against “burnout” (when 3 transmitter is inadvertently keyed inta the generator] 
ond may include a protective fuse. 

The RF Signal Generator must be set accurately to the frequency of the receiver under 
test. A Communication Service Monitor includes a digitally controlled synthesized generator 
and meets this requirement easily. Otherwise, you must use external Freaneucy Measuring 
Equipment for the initia setting, and monitor the frequency often because of the poss ait. 
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Doviation (modulation) Monitor 

In function, this instrument i a specialized FM radio receiver which can be set to the fre- 
quency ‘of 4 transmitter which is under tst. Like other instruments, it should function on any 
froquency used for two-way radio systems. 1s detector output feeds a peak reading voltmeter 
which is calibrated to indicate peak modulation deviation in Kilohertz. The output indicator 
may bo an analog meter or digital meter, in which case a polarity reversing switch is required. 
Some instruments use a cathode-ray tube display as the readout. These provide peak deviation 
values (both dire tions) simultaneously, along with indication af gross distortion. 

The Modulation Monitor is the only indicator used for staadsed transauiter tests which 
require measurement of deviation, These include: Maximum Deviation, Symmetry snd Audio 
Somsitvity. An external Distortion Analyzer (DA) is driven from an output of the Modulation 
Nonitor 10 perform the Transmitter Distortion Test, This tes requires a 6 dB per-octave de. 
emphasis characteristic between the lat detector in the Modulation Monitor and the Distortion 
Analyzer. If not provided internally it may. be added in the interconnection. A simple AC low 
pass iter sorios 1.6K ohms, shunt 0.047 F) will do the job. 

Full scale indication of the Modulation Monitor should be 45 kHz peak deviation (or a 
Hitl higher for the usual two-way radio systems. Another range {about +2 kz peak deviation 
full scale) is desirable for massurement of modulation from tone squelch (Channel Guard) 
encoders. Accuracy must be within £5.0% when indicating peak deviation of a complex ave: 
form. 
Fraquency Mossuring Equipment 

Accuracy is the ertical requirement in Frequency Measuring Equipment. With trans 
mites, the equipment is used to verify or Set the exact transmitting frequency . With receivers, 
it is used directly of indirectly 10 verify or sot the exaet receiving frequency. Transmitting 
frequency can be of logal significance: “out of tolerance’ operation may be a serious violation 
of aw or regulation. 

Off-froquaney operation of either transmitter or receiver ean eause severe degradation of 
system performance. When frequency offset between transmitter and receiver exceeds the fo 
enivor's capability, increased noise and distortion i inevitable. 

Useful measurements require accuracy which is much better (6 times to 10 tins better) 
than the permissible tolerance in the quantity being measured. The frequency tolerance of 
modern transmitters and receivers ranges from +0006 percent to 002 percent. This if suiva- 
lent 10.5 partsper.million (PPM) to 2 PPA. Measurement uncertainty. from al causes, should 
be in the following range: 

EQUIPMENT FREQUENCY MAXIMUM MEASUREMENT 
TOLERANCE UNCERTAINTY 
2pem 0.27PM 10 0.0 PPM 
spRM 05 PPM 10 10 PPM 

For a 160 MHz signal and the usual § PPM tolerance, you should be able to measure fre- 
quency with an error no greator than 75150 Hz. When 450 MHz signals are subject (0.0 5 PPM 
tolerance, error should not exceed 225-450 Hz. When a 2 PPM tolerance applies a1 450 MHz, 
the maximum error should be no more than 90-180 Hz. 

“The factors which influence measurement accuracy are in (Wo categories: time base 
accuracy, and resolution. “Time base accuracy” applies 10 the internal frequency standard 
within he instrument, 1, like the oscillator in a transmitter or receive, is subject 0 initial et 
ting errors, Tong term drift Irom component aging) nd short term rift from environmental 
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factors (temperature, humidity, supply voltoge). “Resolution” refers o the precision o whict: 

can x read. Adequate time bse accuracy is expensive but essential 
tation of measurement performance. The inherent accuracy of the 

base plus errors from lon term drift between calibrations, must not excoed the reat 
maximum measurement uncertainty, Regular calibration is a must! Resolution must be good 
enough to be insignificant when compirid to the limitations of the timo bis. 

Frequency Measuring Equipment should cover all of the frequencios used in two-way 
radia systems. Sensitivity must be sufficient 10 allow reliable operation in the transmitter 1051 
setups wich are used. 11 it is use 10 sot or verify signal generator frequency (for receiver fro 
‘quency setting or measurement), sensitivity must be adequate for the signal generator outpul 
which is available. 
RE Wattmeter 

The RF wattmeter serves dual purposes: termination and power measurement. These 
may be accomplished with a single instrument or with two interconnected devices. 

Standard tansmitser test conditions require operation into a resistive loa! of 50 ohms, 
To insure proper termination and minimize interference to co-channel users, standard (sts are 
run with 2 nonreactive 50 ohm load resistor. This resistor must dissipate the power Gutpu 1 of 
ransmittors under test for long periods, without physical damage or impedance change 

An RF voltmeter across the transmissign line feeding the oad resistor indicates power in 
watts when calibrated on the basis: P = E2/R. When the power calibrated RF voltmeter is 
combined with the load resistor, you have a terminating watimeter. A powsr-calibrated RF 
voltmeter which is inserted in saris with the load resistor is an inne wattmeter, Almost all 
inline wattmeters have directional characteristics, allowing individual measurement of “forward 
power” (that delivered to a load) and “reflected power” (that returned from a non-optimum 
termination. These instruments are called directional wattmeters. Although directional watt 
meters re essential for measuring antenna system performance, they have no special merit for 
conducting standard tests which are always made into non reflecting 0 ahm resistive loads, 
In fact, the limited frequency response of most directional watimeters (which necessitates fo 
placeatle olements for each frequency band) makes them inconvenient for the service bench, 
Terminating watime ters, by contrast, usually operate over a wide frequency Fang. 

Accuracy (seldom better than 10%) is best near the 0p end of the scale, Watimeters 
should be chosen so that power levels of greatest intrest foll within the upper third of a ange 
(Cable loss must be. minimized, since it is a source of measurement inaccuracy. A minimum 
number of connectors should be used between transmitter and load resistor (or terminating 
wattemeter), and connectors should bo assembled with great care. Esch i 3 potential 50urce of 
impedance discontinuity and power oss. 

cortion Analyzer (DAY 
The Distortion Andlyzer is used to measure harmonic distortion (both transmitter and 

receiver) and 10 indicate SINAD ratio (for most standard rocaiver tests). The key elements in 
the DA are an AC (audio) voltmeter, a twnablo notch filter, function switching and range 
switching. The names assigned 10 controls and switches vary between currently available in. 
struments. Figure 1 shows the block diagram of a typical Distortion Analyzer. 

“The noteh filter i at the heart of the Distortion Analyzer. 11 suppresses the fundamental 
frequency of the tone being examined, and leaues only. harmonic energy and noise to indicate 
on the meter. General purpose analyzers cover the range 20:20,000 He. For the two-way radio 
Field where standard tests are run at 1000 Ha only, specialized units may be fixed at 1000 Hz 
or adjustable over narrow range centered at 1000 Hz. Input impedance of the instrument is 
high 10 minimize loading of the source. When any voltego range is elected, the INPUT ADJ 
control and noteh filter are bypassed: the unit serves as a conventional audio voltmeter. When 
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i 
Figure 1. A Distortion Analyzer (DA) includes an AC {audio} voltmeter, a tunable notch 

and some simple switching. With the fundamental of a tone 
Harmonic products and noise are presented to the. meter 

only 

 ditoron rang siete, the otring circus ae fod hgh ths INPUT ADJ contol ana 
the notch filter. The MODE switch allows the filter to be bypassed 

The moter face includes linear scales from 0-3 and 0-10 and a logrithiic scale marked 
from —10 dB to +2 dB. The 0-10 Scale is sed for the TV and 10 vol age ranges, and the 1%, 
10% and 100% distortion ranges. The 0-3 scale is used for the 3V and 30V voltage ranges, and 
the 3% and 30% distortion ranges. The dB scale is used to indicate SINAD. The ful length of 
the scale, from —10 dB to +2 dB, is 12 dB which i convenient for indicating the usual SINAD. 
ratio of 12. 

Jinn tones apni 1 the OA, the RMS eading metr shows the total vols of the 
tone (Signal or S), Noise (NJ and harmonics of the tone (Distortion or D). Thus, th 
nny antitied condion +3 N 3D If Note I) and Orr (91 ore. nites oe in 
ication is Signal (5) only. If only Noise (N) is negligible, the indication s 5+ D. 1 Signal 18) 
is removed by filtering, th indication is N + 0. 

When the RANGE switch is et to any distortion scale and the notch filter is adjusted to 
remove the fundamental 5) of the applied tone, indications are a. follows: 

“SET LEVEL" S+N+D 
“MEASURE DISTORTION" Posiion: ~~ N +0 

Since distortion is measured with noise-free input 10 the DA, the N te 
indications are a follows: 

it remaved and 

“SET LEVEL" Pasit 
“NEASURE DISTORTION" Poston: 

s+0 
o 

Distortion, as specified in the two way radio field and measured in standard tests, is the 
Voltage ratio between the two measurements, expressed in parcent, thus: 
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Distortion o Your 
(percent 545 * 1%" Voltage | 

is seldom measured. Instead, the specific value 12 dB SINAD is used 35 the output indication 
for most standard reser ts. Wher ecshar ouput 1208 SINAD, oie (N] says of 
major significance. Distortion (0) is of mi nce {often negligible) when the receiver 
isn proper working condition. 12 dB SINAD condition indicated when the readings on he 

re 04 follows: 
Indication, iter “out” 208 
Indication, filter “in Zi0as) 

Measuring Distortion with the DA 
“The Distortion Analyzer is arranged to read out distortion in percent, avoiding the need 

to calculate a voltage ratio from voltage readings. Since the exact arrangement and marking 
vary among commercially vailable instruments, this procedure uses terminology from Figure | 
Translation to. specific DA is a simple task 

1. Apply proper input to DA. For standard receiver tests, see Test Procedure. 
2. Switch the DA MODE switch to SET LEVEL and the RANGE switch to 100% 

distortion). 
3. Adjust INPUT ADJ to indicate 100 percent (10 on the 0-10 scale). 
4. Switch DA to MEASURE DISTORTION. Adjust the noteh filter for maximurn re- 

jection {minimum meter indication) sing the FREQ RANGE switch, and FRE: 
QUENCY snd BALANCE knobs. Switch to lower distortion rangos o the null is 
approached, maintaining the moter indication well upscale. 
When the deepest null lowest meter indication) is achieved, the meter reading fread 
on the scale ppropriste for the RANGE switch setting is Distortion in percent 

If input voltage is 100 low to achieve a 100 percent indication in Step 2, use the 
highest RANGE switch distortion position which allows you to adjust To the mater's 
100 percent mark. Consider the position actually used as 100 percent full sca, and cach lower 
position 10 which you Switch at the next normal range down. For example, if you use the 30% 
Tange a: the starting point in Step 2, the next position down (marked 10%) reads 30 percent 
full sale. The next lower position (marked 3%) is interpreted as 10 percent full scale. 

betweer 
on 3 DA which has been properly nulled is 12 0B, input 10 the DA is 12 dB SINAD. This con- 
dition exists when the SET LEVEL indication is +2 dB on any distortion range, and the MEAS- 
URE DISTORTION indication is ~10 dB on the same range. 1f the spread between the two. 
measurements i less than 12 dB, SINAD is loss than 12dB. If the spread is more than 12 6B, 
SINAD is more than 12 dB. To increase SINAD, noise must be reduced, requiring increased 
Signol to the receiver under test. If SINAD is too high, reducing signal to the receiver being 
tested increoses noise to the DA and allows you 10 get to 12 dB SINAD, The procedure for achieving 12 dB SINAD, again using the designations in Figurs 1, follows: 

Apply proper input to DA. For standard receiver test, see Test Procedure. 



TEST EQUIPMENT 
2. Switch the DA MODE switch to SET LEVEL and the RANGE to the highest % 

Flange (distortion) which allows compliance with Step 3, 
3. Adjust INPUT ADJ for +2 dB on the meter sale. 
4 Switch the DA to MEASURE DISTORTION. Adu the note ir for masimum 

imum meter indication) using the FREQ RANGE switch and FRE- 
GUENGY ond BALANGE knots. De not enone th ranga scloced by the RANGE 
switch. 

5. Switch DA alternately between SET LEVEL and MEASURE DISTORTION. Ob. 
surve the meter readings while adjusting RF input (from RF Signal Generator) to the 
roceiver under test. 

6.12 4B SINAD is achieved when the difference between readings is 12 dB (+2 dB to 
1048) 

SINAD Meter 
Specific needs in the twowa industry have encouraged the design of specialized 

instruments which indicate SINAD directly. They eliminate all of the mechanical operations 
necessary 10 indicate SINAD with a Distortion Analyzer. 

Theso instruments use selfleveing circuits 10 perform tho function of INPUT ADJ (see 
Figure 1]. Operation is adjustment-ree over a wide input voltage range (typically to 4 maxi- 
mum). The Notch Filter is fixed at 1000 Hz. Some versions provide a smal frequency trim to 
‘accommodate signal sources not precisely an 1000 Hz. If no trim i provided, the 1000 Hz tone 
must be held t© +5 He. Operation is automatic. When drive 10 the SINAD Meta is 12 dB 
SINAD, the meter shows 12 dB. 

Standard receiver tests require that receiver output power be maintained at a specific 
level when SINAD indications are taken. This necessitates measurement of audio voltoge at the 
receiver output. If an AC voltmeter is not included within the SINAD Meter, the function must 
be provided externally. 

At east one commercially aveilabl instrument includes both AG Voltmeter and Distor- 
tion Analyzer functions with a se adjusting SINAD Meter. 

Audio Voltmeter 
“The Audio Voltmoter is used in standard transmitter ests 10 set the output of the Audio 

Generator. In standard receiver tests, it is used 10 monitor the audio output from the récaiver 
when an AC voltmeter function is nat available in the Distortion Analyzer 

A wide range of suo voltages must be measured in the two vay radio field. The Audio 
Woltmeter should provide full scale indications ranging from 00.01 volt 10 0.300 volts. A 
1310 ratio of scales (approximately 10 dB per step) s ideal. dB scales are desirable and should 
oe based upon the reference: 0 ABN = 1 millwatt into 600 ohms. 

High input impedance is desirable to minimize loading on the circuits measured. 10K 
ohms i acceptable but 1 Megohm is preferred. Frequency response should extend from 20 Hz 
20 atleast 20,000 Hz 
DC/AC VotAmp Meterts) 

Al standard tests roquire that equipment under test be supplied with “Standard Test 
Voltage.” Appropriate DC or AC voltmeters sre required to sot this voltage and 10 verify that 
itis maintained during the ests. 



TEST EQUIPMENT 
OC motering of voltage andlor current may be required to determine power input 1 the 

final amplificr and, possibly. other ansiter stages. While only desirable: to confirm rans. 
mitt efficiency, this metering is essential 1 validate the standard Transmitter Powor Output 

Some of the required motering capability may be provided by Specialized Metering 
Testsots rocommended for the pacific equipment. Other requirements may bo mot by volt 
motors and ammetors which arc part of the bench power supply. When sential metering s not 
provided otherwise, extornal meters ae required. 
Audio Load Resistor 

Standard receiver tests are not porformed into a speaker. Instead, they are performed 
with the Foceiver terminated by a resistor with resistance equal [0 the spocified speaker im. 
pedance. Receivers which normally feed a telephone ine are terminated with a resistor of 600 
ohms for standard tests. The power rating of the resistor must allow it o dissipate mare than 
rated receiver audio power for extended periods without damage or impedance change. 

With a load resistor substituted for the speaker, it becomes impossible 1 listen 10 the 
receiver output. This may make troubleshooting inconvenient. Monitoring may be obtained by 
bridging the Audio Load Resistor with a higher impedance speaker (at least ten times the 
load resistance). Alternately, a series build-out resistor may be used with a low-impedance 
speaker. 

A build-out resistor may also be needed f the audio voltage exceeds the maximum input 
voltage of the test equipment (41 MAX for some SINAD meters) 

Most standard receiver tests require that specified audio power be delivered to the Audio 
Load Resistor, Voltage is measurod across the rosstor as the receiver volume control i st for 
the required power output. Poser is converted 10 equivalent voltage by the formula: 

€- PR, whee: 
€ = RNS voltage 
P= Power in watts, and 
A = Load resistance in ohms 

Voltage across two common values of Audio Load Resistor which correspond to. 
of paver outputs aro graphed in Figure 2. ange 

Certain standard tests require that recaiver output be set to a specified fraction of “full 
rated power output.” The voltage corresponding to the desired fraction may te determined 
from the voltage corresponding to full rated power output as follows: 

Fraction of Matiplier for voltage 
Full Rated Power Output corresponding to 

Full Roted Power Output 
One-Quarter (25%) 5 
One-Halt (50%) 707 
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TET HEE PR OY 

Figure 2. These graphs convert FMS voltage across » 0ad 10 power dissipated in the ad for two 
common audio lad values. 

Goupters (and Coupling) 
When standard transmitter tests are performed, the transmitter must be directly con: 

nected to an RF Watimeter or some other 50 ohm resistive termination. But, some transmitter 
Dict connection between transmitter and test cauipment is out of the question. Most trans 
rittors olive many watts; most test equipment in this class is badly domaged when input 
poner approaches a few milliwatts. Lossy coupling between transmitter ond sensitive test 
oauipment is essential, 

The simplest approach uses a small antenna at the input of the test cquipment, Stray 
radiation from the transmitter, the RF Watimeter and the interconnecting cables drives the 
Instruments. The test equipment is protected from burnout, but operation may be unsatisfac. 
tory. Digital frequency counters of en give eratic indications: est equipment may respond 10 
nearby RF signals or nase sources. Whilo usable, this arrangement is far from optimum 

“Closed” systems are much moro satisfactory, 
controlled Toss. These fall into several classes: 

ince they provide shielded path vi 

1. Indie power attenuators {usually *T” pods) used in place of the AF Watimeer, 
Those dovices provide a known loss while maintaining 50 ohm resistive terminations 
in both directions. Sufficient unis, in series, attenuate the transmitier POE 10 the 
leu required by the instruments, and dissipate the surplus porer. 

2. Directional couplers, used in the line between transmitter and RF Wattmater. Loss 
from ranseniter to RF Wattmeter is normally a fraction of decibel; proper rans- 
mitier rmination is. maintained. Output at 3 third “port” is normaly attenuated 
about 20 dB. Instruments are fed rom 1hs port through addition fixed or variable: 

. Capacitive Couplers, used in the line between transmiier and RF Watumeter. Enargy 
is Couple rom Wh “rough” pth 10 2” pickoll port rough mall cope 

Capacity provides attenuation (to protect the instruments) and isolation {to 
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proper transmitter termination). Unfortunately, loss varies with frequency. 

Capacitive couplers often include 3 mechanical arrangement which sllows the user to 
control loss by changing capacity. 

All of the devices required for these “closed” coupli 
commercially. 

1 arrangements are available 

Improvised Capacitive Coup 
A workable capaci 

For details, see Figure 3 
coupler can be built from commonly available coaxial cannsctors. 

22205 T ADAPTER 

(AMPHENOL 83.17) 

FROM, 
TRANSMITTER 

© unscrew ano; DiscARD CENTER : 4) Yo BO — i 
© wen nae —"F 
Oh B18 mea 2R22P4 STRAIGHT ADAPTER 
Screw (AMPHENOL 83.) 

Figure 3. A capacitive coupler, improvised from common coaxial connectors, llows you 1G set 
up “closed” coupling 10 sensitive test equipment. Proper transmitter termination is 
maintained while instruments are solated from external RF signals and noise. 

The male center pin of the common UHF-series T adaptor threads into the tube which 
serves as the two female contacts, Unscrew the pin and discard it. Thi leaves the tube loose. 
Stake it in place with a drop of epoxy 50 it won't be lost. When a straight adapter is screwed 
into the modified T adapter, there i no dict contact between the center condustor of the T 
adapter and the center conductor of the straight adopter. However, there is capacitive coupling 
between the two masses of metal, The T adapter is installed n-ine between transmitter and RF 
Wattmeter, Test cquipment is energized from the straight adapter. 11 loss i too great, capacity 
and coupling) can be increased by threading a machine screw into the unexposed end of the 
straight scaptor. Coarse adjustment is available by running the screw in and out. Of course, di 
ect contact between the screw head and the “through” path must be avoided. 
Dummy Microphone Gircuit 

A Dummy Microphons Circuit inserted in series between Audio Generator and Trans- 
mitt) is needad to perform standard transmitter 16st on some transmitters. When it s ro. 

1
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quired, this component or network i specified in the transmitter maintenance manual. This 
circuit” usually 9ppers as 0 single Fesstor or capacitor, 3 series shunt arrangement of two re 

sistors, or a simple A.C filter. 

Most frequently, the Dummy Microphone Circuits single capacitor which blocks DC at 
the wansmitter microphone input from the Audio Generator. DC is found when microphone 
input circuits are design for €arbon or transistorized microphones. A Dummy Microphono 
Circuit may be needed to make the Audio Generator simulate the source impedance and fre- 
quency characteristics of the microphone normally used with the transmitter. If the required 

dio voltage to the transmitter is vory low ( few millivolts), a Dummy Microphone Circuit in 
ne form of 103s pad may be specified. This llows the Audio Genorator 10 operate wel above 

the erratic area at the low end of the output vol ogo control. 

Specialized Metering Testsets 
Many transmitters and receivers include cic 

Critically important circuit tuneup points, along with supply voltages, are wired (0 pins on the 
Connector. When current measurement important, a with current supplied ta transmitter 
ower amplifiers, both sides of a resistor in series with the current path ore wired 10 the con- 

ly designed metering testsot plugs into the connector. The testset includes a 
ther components which coordinate with the metering concept. Different 
usualy require different testsets. In addition 1© pure metoring, most 

ent ways to apply and recover the audio signals required for standard 
ansmiter and rocaive tests. 

1s ant connectors for centralized motering, 

When the radio squipment is designed to use spec 
perform standard tests without them. In their absence 
or current measurements) must duplicate the characte 
101 study of the eauipment maintenance manual. 

od metering testsots, it is difficult to 
the metering methods used (especially 

of the tosset. This requires care- 

Boneh Tost Accessori 
For standard tests 10 bo valid, the cablos and controls used must clupliate conditions of 

normal equipment uso. DC drop in supply cables i important; standard tost voltages are sp 
fd at the input terminals of the cables nommally supplied with the equipment. Control cables 
and controls used for testing must not introduce their own noise or distortion which invalidates 
the measurement data obtained, Standard cables and controls {or tems with du 
teristics) should be used 10 perform standard tests of “trunk mounted” radio units 
setup for other equipment should conform exactly with that specified in the equipment main: 
tenance monual. 

Power Supply. 
“The power supply used to perform standard tests must be adjustable to the Standord Test 

Voltage specified for the cquipment and maintain that voltage while delivering the required 
Current. Regulation, ot the very least, must be sufficient 10 avoid equipment damage when 
Toad current s reduced or suddenly removed. The power supply must be roe of “ripple” (which 
appears 1s noise 10 invalidate mossurements) and transient voltage “spikes” (which may damage 
equipment. 

Internal metering of output voltage and current, adjustable current limiting, snd re. 
settable overload protoetion aro desirable features 

15



TEST VOLTAGES 
Standard tests are run with Standard Test Vol tage powering the equipment being tested. 

For mobile cquipment, the test voltage is measured at the battery terminals of the standard 
cables suppl with tho unit. To simulate charactoristics of vehicular installations, equipment 
chassis is connected 10 the ungrounded battery terminal with 7 feet af No. 6 copper conductor 
For AC powered equipment, the test voltage is measured ot equipment input terminals, or the 
input ond of a furished fing cord. For personal and portable equipment, both Standard Test 
Voltage and the measurement pain are specifi in the maintenance manus. 

NOMINAL OPERATING CURRENT STANDARD TEST 
SUPPLY VOLTAGE AMPERES VOLTAGE 

svoe Loss than 10 56 
10-22 65 
22-3 6a 
36-54 63 
54-70 62 
More than 70 61 

12voe Loss than 6 138 
6-16 136 
16-36. 134 
50 132 

More than 50 130 
24v DC any 26.4 
32v DC any 360 
a8v DC any 525 
64v DC ony 72.0 
110v DC any 100 
120V AC any 1210 
2107 AC any 220



TRANSMITTER TEST PROCEDURES 

TRANSMITTER POWER OUTPUT 

TRANSMITTER 
RE 
WATTMETER 

oc 
M) ames 

oc 
vours 

power 
suppLY. 

Terminate transmitter with RF Wattmeter, 
‘Supply wansmitter with Standard Test Voltage. 
Meter" Power Input to transmitter final power amplifier, 
Adjust a confirm) wansmitter tuning, loadiig, coupling andor 
POWER ADJUST control setting. 
Verity * that maximum rated power input 10 the final power amp: 
lifer stag0 is not exceeded. 
Flood Transmitter Power Qutput in watts from the scale of the 
RF Witmer. 

“See transmitter maintenance manual



TRANSMITTER TEST PROCEDURES 

TRANSMITTER FREQUENCY 
covering 

TRANS TTER ] Wartheren 

Fncauency rower MEASURING Sore Fave 

1. Terminate teansmittr with RF Watimeter or other 50 ohm resistive load. 
2. Supply transmis with Standard Test Voltage. 
3. Read Transmitter Frequency for frequency error) from the calibeation of the Fre- 
venc Wosmuring Equipment 

4.1 necessary convert ata 1 the form required for comparison with equipment speci- 
fications (and/or governmental regulations) 

A. Frequency Error (Ma) x 109. Error (percent) Resigned Freq (zh 
Exomplos: 
1. 1310 
155130000 X 100 0.0002% 

—0.00012% 2-180 
165130000 X 10 

6. Freq, loctual) — Freq lossigned) 
= a— pal X 100 = Error (percent) 

Examples 
000310 1. 155130310 = 185.13 % 155.130310 2 16613 109 X 100 - +0.0002% 756.13 

2. 155.1208 15513 (00 ar E5798 219913 x 100» 300% X 100+ -0.00012% 0.0002 

5. 1 frequency must be reset, w 
permissible range. Determine” 
the ambient temperature. 

+ thot wansmitter ambient temperature is within 
ind apply frequency offset which is appropriate for 

“Ses transmitter main tenance manus



TRANSMITTER TEST PROCEDURES 
TRANSMITTER MAXIMUM DEVIATION 

TRANSMITTER DEVIATION DISSYMMETRY 
TRANSMITTER AUDIO SENSITIVITY 
TRANSMITTER AUDIO DISTORTION 

corr courimg 

id TRansTTER = 

Tin (modiaion) [4 ANALYZER (0A) 
HONITOR 

1. PRELIMINARY 
Terminate transmitter with RF Wattmeter. 
Supply transmitter with Standard Test Voltage. 

A 
5 
C. Remove deviation from Channel Guard {tone squelch encoder, if present. 
D. Use Dummy Microphone Circuit, if* required 
€. Apply output from Audio Generator, preset 3 follows: 

(1) FREQUENCY: 1000 Hz 
(2) AUDIO OUTPUT: Voltage specified” to set Maximum Transmitter Deviation 

MEASURE: TRANSMITTER MAXIMUM DEVIATION 
A. Observe Deviation in kHz on the Davstion Monitor for both positive snd negative peaks. 

For monitors with ‘cope readout, these readings are available simultaneously. For other 
instruments, the POLARITY REVERSE switch must be operated. 

jv peak or negative peak) s Transmitter Maximum 
normally 5.0 kHz. Recommended” transmitter adjust 

“ment procedure may call foe final setting to a lower value. This is normally 4.5 kHz 
except: a value of 3.75 kHz may be specified when the transmitter is squipped with 
Ghannet Guard (tone squelch) encoder 

“The. higher of the two readings (pos 
Den 

CALCULATE: TRANSMITTER DEVIATION DISSYMMETRY 
Deviation (higher) — Deviation (lower) | Deviation Dissymmetry 

Deviation tigner) 199 in percent) 
Example: 5.0 kHz =. 

SOKH: TSHHL 5 100 5.0% 

See transmitter maintenance manual
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TRANSMITTER TEST PROCEDURES 

MEASURE: TRANSMITTER AUDIO SENSITIVITY 
A. Observe deviation on the peak (positive ar negative) which yielded the higher reading in 

Step 2A. 
Reduce AUDIO OUTPUT of Audio Generator until deviation is reduced to 60 porcent 
of Transmitter Maximum Deviation (Step 28). 

©. Read Transmitter Audio Sensitivity (usually) in Millivolts from the Audio Voltmeter, 
MEASURE TRANSMITTER AUDIO DISTORTION 

> ‘Audio Generator FREQUENCY remains at 1000 Hz. 
Gonerator OUTPUT remains at the voltage which produces 60 percent of Trans. 
Maximum Deviation (Step 4 

° Output 10 the Deviation Monitor must be from a deemphasized source. Refer to: TEST 
EQUIPMENT, Deviation Monitar (see Table of Contents). 
Remove deviation from Channel Guard (ion squelch) encoder, if present. 
Operate the Distortion Analyzer (DA) as follows: 
(1) Set DA MODE switch to SET LEVEL and DA RANGE switch to 100%, 
12) Adjust DA INPUT AD control for DA Meter 
010 

ation of 100% (fll deflection on 

(3) Switch DA MODE switch to MEASURE DISTORTION. Adjust DA notch filter for 
maximum rejection {sinimum meter Use DA RANGE, FREQ and BAL- 
ANCE controls. Switch to lower percentage (5) ranges as the aul is approached. 

F. When minimum DA Meter reading s obtained, read Transmitter Audio Distortion in per: 
‘cent on the DA Meter scale appropriate for the DA RANGE switch position.



RECEIVER TEST PROCEDURES 
RECEIVER AUDIO DISTORTION 

RECEIVER 12 dB SINAD SENSITIVITY. 
RECEIVER MODULATION ACCEPTANCE BANDWIDTH 

‘RECEIVER CRITICAL SQUELCH SENSITIVITY 
RECEIVER MAXIMUM SQUELCH SENSITIVITY 

1 1 
24 

ronen 

1. PRELIMINARY. 
A. Terminate receiver with Audio Load Resistor 
B. Supply recoiver with Standard Test Voltage 
C. Disable Channel Guard (tone squelch) decoder, if present 
0. Adist rover SQUELCH control for minimum saul {ul rotation in usauechd 

Apply output from RF Signal Generator, preset 3s follows: 
(1) FREQUENCY: to receiver operating frequency. 
2) MODULATION: 1000 Hz 
13) DEVIATION: 60% of Maximum System Deviation (normally £3 kHz 
14) RF OUTPUT: 1000 u¥ (~47 dBm; ~77 dBW) 
Set receiver VOLUME control for rated Receiver Audio Power Output. Use Audio 
Voltmeter or voltage scale of DA. See Figure 2 for “Watts to Volts” conversion. 

. MEASURE: ‘RECEIVER AUDIO DISTORTION 
A. Set DA MODE switch to SET LEVEL and DA RANGE switch to 100%. See Figure 1 

For identification of Distortion Analyzer switches and controls. 
8. Adjust DA INPUT ADJ control for DA Meter indication of 100% (full deflection on 

0-10 scale) 
C. Switch DA MODE to MEASURE DISTORTION. Adjust DA notch filter for maximum 

rejection (minimum meter reading), Use DA RANGE, FREQ and BALANCE control 
Switch to lower perconti%) ranges as the nul is approached. 

1D. When minimum DA Meter reading is obtained, read Reciver Audio Distortion in Percent 
on the meter scale appropriate for the DA RANGE switch positon. 
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RECEIVER TEST PROCEDURES 

MEASURE: RECEIVER 12.48 SINAD SENSITIVITY 
» Switch DA MODE 10 SET LEVEL (leave DA RANGE unchanged). 

® Adjust DA INPUT ADJ for reading of +2 dB on DA Meter. Switch DA RANGE (0 next 
higher percent (%) range if necessory. 

0 . Determine SINAD by switching DA MODE between SET LEVEL and MEASURE DIS. 
TORTION, observing DA Meter readings in each position. SINAD, in dB, s the dif- 
ferenco between these readings. The Initial indication is much greater than 12 dB. 

® Reduce RF Signal Generator RF OUTPUT while observing SINAD (compare meter read- 
ngs while switching DA MODE between the two positions). When the difference be: 
tween readings is 12 dB, reod Receiver 12 dB SINAD Sensitivity in Microuols from the 
RF Signal Generator RF OUTPUT calibration. Allow for pad 0ss. 

MEASURE: RECEIVER MODULATION ACCEPTANCE BANDWIDTH 
A. Increase RF Signal Generator RE OUTPUT by 6 dB (in microvolts to two times the 

12 dB SINAD Sensitivity measured in Step 3). Note that SINAD is naw more than 
12 68. 
Increase RF Signal Generator DEVIATION while observing SINAD. When SINAD is re: 
duced to 12 dB, road Recoiver Modulation Acceptance Bandwidth in + kHz from the RF 
Signal Generator DEVIATION calibration, 

MEASURE: RECEIVER CRITICAL & MAXIMUM SQUELCH SENSITIVITY 
A. RF Signal Generator 

(1) DEVIATION: Restore to 60% of Maximum System Deviation (normally 3 kHz) 
(2) RF OUTPUT: Reduce to zero 

B. Rotte receiver SQUELCH control slowly unt 
Voltmeter reads zero). 

receiver is barely sauelched (Audio. 

0 Slowly increase RF Signal Generator RF Output until receiver is barely unsquelched 
{Audio Voltmeter reads more than zero). Read Receiver Critical Squelch Sensiti 
Microvolts rom the RF Signal Generator RF OUTPUT calibration. Allow for pad loss. 

° Rotate receiver SQUELCH control to maximum squelch (full rotation in the squelched 
direction). Audio Voltmeter reads zero. 

m Slowly increase RF Signal Generator RF Output until receiver is barely unsquelched 
(Audio Voltmeter reads more than zero), Read Receiver Maxi el Senitivi 



RECEIVER TEST PROCEDURES 
RECEIVER 20 dB QUIETING SENSITIVITY. 

1 

2 

xn 

ar ono Avpio Sova 4 £3 ad meceen jn Seneaton too’ 

FrEauENcY EAS rower avo 
EaOmEnT Sey oreren 

PreLmIvARY 
A. Terminate receiver with Audio Loo Resistor. 

‘Supply receiver with Standard Test Voltage. 

° Disable Channel Guard fone squelch) decoder, if present. 

° Adjust receiver SQUELCH control for minimum squelch, (full of tion in unsauelched 
direction. 

. Apply output from RF Signal Generator, preset as follows: 
(1) FREQUENCY: to receiver operating frequency 
(2) MODULATION: none 
@) DEVIATION: zero 
(4) RF OUTPUT: initially zero 
Set receiver VOLUME control for 25 percent of rated Receiver Audio Power Output 
fon noise). Use Audio Volimet igure 2 for “Watts to Volts” conversion. 

MEASURE: RECEIVER 20 dB QUIETING SENSITIVITY 
A. Increase RF Signal Generator RF OUTPUT while observing Audio Voltmeter. Fead- 

ing decreases a RF OUTPUT increases. When voltage is reduced by 20 dB (to one-tenth 
of the voltage set in Step 1F, read in Microuols from 
the RE Signal Generator RF OUTPUT 



PERFORMANCE VERIFICATION WITH STANDARD TESTS 

Not al testing is done in connect 
assurance that equipment is 300d. 

with troubleshooting. Sometimes, you test for 

® Vou may want to test now equipment for acceptance bofore it 508s into a warehouse 
for later installation or use. 

© You may be instaling at a location where it is inconvenient 10 deal with unanticips 
ted problems. You may prefer to handle inital defects in the eomfort of your own 
shop. 

© A unit may come in for service with no clear statement of the problem. You must 
stot somewhere! 
You may want to evaluate the performance of your shop to make sure that repaired 
equipment is leaving in good operating condition. 

© You may wish 10 attack a reported system problem by first verifying that the sauip- 
ment involved is doing its job. 

Although there aro many ways to approach equipment checkout, performance of the 
Standard Tests listed in this handbook gives you the most assurance for he least effort, Any 
transmittor or vecsiver which passos al of the tests in this handbook is unlikely to fil to per- 
form when used in a reasonable system. 

The order in which Standard Tests ore listed in the troubleshooting chorts ond test pro 
endures is optimum for checkout aso. In some cass, the order is dictated by the tests them 
elves-one must bo passed before another is valid. In other cass, order is chosen ta minimize 
ost equipment manipulations. 

For transmitters, the right order is Power Output, Frequency, Maximum Deviation, 
Deviation Dissymmetry, Audio Sensitivity and Audio Distortion. If your tost equipment s well 
arranged, and includes a Service Monitor and a dedicated Distortion Analyzer (already nulled to 
your Audio Generator, the entire sequence requires ess than one minute from the time a unit 
is on the bench and hooked up. That's a small investment for a 1ot of assurance 

For receivers, stat by verifying normal reactions as you rotate the squelch control. This 
gives you fair confidence that the receive is in normal condition from the output of the mi 
all the way to the loudspeaker. Then, the Standard Tests should be performed in this order: 
Audio Distortion, 12 dB SINAD Sensitivity, Modulation Accaptance Bandwidth, and Critical & 
Maximum Squeich Sensitivity. Again, if your test equipment is well arranged and includes a 
Service Monitor, & SINAD Meter and o dedicated Distortion Analyzer, the entire sequence 
kos no more than one minute! 

Froquency verification is necessary. of course. When you use a Service Monitor (ith 
Known RF output frequency), receiver frequency should be set or verified just as soon as the 
receiver is found operational end-to-end. When a VFO-controlled RF Signal Generator is used, 
frequency verification can bo. postponed provided the generator is maintained on the actual 
receive center frequency until the Standard Tests are completed 

ES



TROUBLESHOOTING WITH STANDARD TESTS 
“The twansmitter and receiver troubloshooting charts (lst page in this handbook) give 

You a systematic troubleshooting process which assures you that transmitter or receiver is in 
functional condi hen a test is failed, the chart suggests the most logical next step. Tha 
discussion in this section fill in some of the gaps within the charts. 
Transmitter Troubleshooting. 

When Transmitter Power Output filed, you know something is wrong, but you don't 
for stage. Verify that it has proper supply voltage and 

or Power Adjust control setting. If proper tuning i 
found, suspect the output fiterls) or antenna switch. If final smpl fier civ is not correct, go. 
through the RF stages, ane by one. Make use of all of the builtin metering points which are. 
provided Use an RE Vliet or Spectrum Monitor 0 check sages hich are nc monitored 
by the builtin mete; 

11 power output and drive to the final amplifier are both oro, start your investigation at 
the oscillator stage. Use an oscilloscope or RF voltmeter to make sure it is running, and then 
chock the following stages, one by one. 

1 a transmitter foils Transmitter Frequency, adjustment is caled for. Refer to page 2. 
Frequency” for some of the considerations which must be kept in mind 

nsmitter won't “rim” ta the corset frequency, a defective crystal is the most 
likely cause. In compensated oscillators, however, al suspect the compensating components 
(thermistors, voltage variable capacitors). When voltage on the compensating line can be mess- 
ured, do so. Since this line is invariably at high impedance, use 3 high-impedance voltme 
“Bad” readings on the compensation line may lead you to 3 defective component other than 
the crystal. Don't attempt to replace a crystal or compensating comporent inside a packaged 
compensated oscillator. Thess components havo boan chosen to work together: you don't have 
the facilities 0 select andi test to be sure that th repaired assembly will operate properly at all 
temperatures. 

When a transmitter passes Maximum Deviation, you know that the entire audio chain is 
alive and working. 11 it fails, the trouble <an lie anywhere between microphons input and mod: 
ulator. If Maximum Deviation is 100 high, it can be adjusted downward with the MODULA. 
TION ADJUST control. If too low, you may be sie to adjust it upward. If you con's, it ind 
cates a lack of audio gain or » modulation limiter which limits at a level which is 00 low. Prop 
er readings, with or without acustment, don't guarantee that every thing in the audio chain. Is 
proper, but it does give you starting point. 

11 Deviation Dissymmetry is 
ot full deviation (ond safest or 

If failed, trouble possibilities include the modulator, modulation limiter, and all sudio 
stages. To narrow the possibilities, check: for dissymmetry with oudio input recuced to got out 

od iting [deviation fess than +3 KHz). 1 dissy mmetry stays the same, suspect 
the modulator {occasionally an audio amplifier): the modulation limiter should not contribute. 
distortion when operated below the threshold of limiting. Dissymmetry in the modulator is 
usually corrected by tuning the modulator stage. In multi-frequency transmitters vith phase 

dissymemetry increases a frequency s switched away from that at which the mod 
ulator was tuned. Tune the madulator to a center (ar compromise) frequency. 

passed, you know that mod: 
in to be s0 at lower levels). 

tor distortion is acceptable 

Dissyrarvetey contributed by the modulation limiter can be confirmed by examining the 
imiters. Bias problems are tho usual cause of dissymmetry. In code limiters, 100k for im.- 

proper bias and open diodes. Distortion in audio stages preceding the modulation limiter can 
up as dissymmetry., but only in very sggraveted cases. This distortion is most likely 

“picked up i the Audio Distortion test. 

2
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While Maximurn Deviation shows up a gros lack of audi gain, Audio Sensitivity verifies 
ect ond confirms tha the modulation limiter does, indsod, limit, Alinouh Max 

oct that one can adjust for £5 kHz doesn't guorontee that the audio is in heavy limiting. 
{Waveform obseevetion when the deviation meter has ‘scope display doss give you that assur 
ance). When a transmitter passes Audio Sensitivity, you know there is sufficient audio gain to 
ot £3 kHz deviation (a level normally below limiting) after the MOD ADJUST control has 
been set for £5 kHz under moximum (normally heavly limited) conditions. So, passing At 
Sensitivity hes two implications: (1) Audio gain s adequate, and (2). Audio was heavily limi 
ed when Maximum Deviation was set. 

If Audio Sensitivity is failed 50 that it takes foo many millivolts of audio to produce 
£3 khiz douiaion. look fo low audio gan, but also suspect @ modulation limiter which may not 
limit, If it takes toa few millivolts, suspect that audio gain is abnormally high--a possible indi- 
ator of regeneration. 

Failure 10 pass Audio in causes one to focus directly on the audio stages; the 
modulator and modulation miter have aircady been evaluated with the Deviation Dissymmetry. 

Stage by-stage exomination of the audio portion of transmitter is one of our easier 
tasks, Gain is easly measured with a high-impedance AC voltmeter or a "scope. Almost say 

tor can bo used for signal injection. Gross distortion in any stage shows up with 
examination of waveforms with an oscilloscope. Lower-level distortion can be tracked 

by spplying audio to the Distortion Analyzer (through an isolating probe or resistor when 
necessary ta minimize losding). 

Receiver Troubleshooting 
The Receiver Troubleshooting chart starts out with a “test” which is decoptivaly simple. 

1 requires no test equipment, but gives you a wealth of information. 11. receiver, with no si 
nal applied, sauelehos and unscuelehes normally 3s the squelch control is rotated, you can 
assume that about 75 percent of the receiver circuitry is in “pple pio” order! 

The fact that you heor noise under unsauelched conditions assures you 
© Noise is bring generated in the front end, implying that the mixer (and probably the 

jection chain) is working. 
© There is sufficient IF gain to drive the dotector. 
© The detector is working, conve this amplified RF noise to audio. 
® The audio amplifiers (including stages switched by the squelch circuit) are working. 

“The fact that the recsiver wil also squelch, so that you don't hear noise, aves addition 
information: 

© The switched audio stages will switch “of under squelched conditions. 
© The squelch i 

working, 
uit functions (noise ami noise rectifier, DC amplifiers) are 

© IF gain is high enough and detector performance is good enough to properly excite 
the noise responsive part of the saueleh circuit, 1's highly unlikely that any IF gain 
or detector problems exist. 
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What you don't know at this point, makes a much shorter lst, and includes: 
© RE goin (that which precedes the mixar) is unknown. 
© Condition of te chain is unknown. The osc 

Voltage may be low o 2610, 
tor may be dead: injection 

“The frst Standord Tost on the chart, Audio Distortion, is taken with  rock-crushing RF 
signal (1000 uV) and with +3 kHz deviation. 1 serves five useful purposes. First, any response 
at all verifies that the oscillator and injection chain are working, at eas to come extant. Even 
if the pre-mixer gain is lowe (even “dead"), something should bist through at this RF level 
Second, with the receiver working end-to-end, you aro abla to verify or so frequency. With a 
synthesized Service Monitor which generates a known n-channel signal, bring the receiver to 
the generator frequency. With a VFO-type RF Signal Generator, you may profr to move the 
generator tothe receiver froquency and defer final frequency setting. Third, the Audio Distr. 
tion test verifies that the receiver will develop full rated audio output powsr. Fourth, you 
measure Audio Di . the Distortion Analyzer (DA) is sat up 50 that you can 
move through the remaining tests in the seies with minimum effort, 

If you get no response at all, look for trouble in the injection ehain-mast probably a 
dead oscillstor. The metering provisions in most receivers help to confirm this condition. If 
ihe nfcton chin ses ded, sar your investigation a the oslo. ‘Observation with 3 
“scope will confirm that the oscillator fs running, 50 you Your troubleshaoting atten: 
tion hrough the various multices anc files betwee oclstor an mise 

Unless the receiver output appears completely free of noise (as befits 2 1000 uV input 
signal, there's no point in trying to messure distortion-y ou're doomed 10 failure. There's » 
105s sensitivity problem. Improve sensithity until receiver output 1s noise-free, and then pro: 
ood with the distortion measurement. 

If the receiver fais to develop rated audio power output and the detector ouTpU is nor: 
a inferred by proper squelch operation and can be confirmed by measurement), there's a loss of 
goin somewhere between detector and speaker output. You're foced with a simple signal tracing 
ob. Measurements can be. made with a high-impedance AG voltmeter of an oscilloscope. 

If distortion exceeds specification, the detector and audio stages re the proper ploces (0 
look. Measurements can be made stage by stage with the Distortion Analyzer. ‘Scope observe 
tions of the waveforms are easier and will usually pinpoint the trouble areas. Gross regular 
ties in the IF bandpass may show up as excessive distortion, but this is quite unlikely. Cross. 
‘over distortion, which causes complaints from users but seldom degrades measured distortion, 
Shows up best when audio power output is reduced to 10 percent of rated, or less 

With test equipment set up for measuring Audio Distortion, a few changes i test equip: 
ment control settings allow measurement of 12 dB SINAD Sensitivity. If receiver performance. 
is up 10 specification, RF Generator ou ut will be low-a fraction of 8 microvolt. 

Pasing 12 dB SINAD Sensitivity eonfirms that a lot of things are sight in the rcoiver: 
® Gain and injection are adequate 
© Bandwidth is sufficiently wide to pass marginal signal with +3 kHz deviation 
© Distortion (already measured) is within reason. Its impossible to achieve 12 dB 
SINAD if distortion exceeds 25 percent.
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Failure to pas 12 dB SINAD Sensitivity implios “100 much noise” since low recovery. 
from the detector and audio distortion are already ruled out by the Audio Distortion test 
There are two likely noise sources: Noise from inadequate receiver quieting because of lack of 
opin (RF, IF or injection), and Noise due to selectivity problems in the IF strip (bandwidth too 
arrow; passband regular). Gain is verified by: running 20 dB Quieting. If a receiver passes 

‘dB Quieting, it has adequate ain: selectivity related matters must be the problem. Selec- 
Sivity problems can bo confirmed by examining the shape of the selectivity curve, using a sweep, 
alignment setup. Once found, some selectivity problems are cured by alignment. Others. re- 
aire replacement of a filter crystal or a crystal filter assembly. 

Modulation Acceptance Bandwidth continues the evaluation of the receiver's selectivity 
characteristic. By possing 12 dB SINAD Sensitivity, the receiver demonstrates it can accep 
signal, modulated at 1000 Hz with £3 kHz deviation, at an RF level slightly sbove threshold. 
Selectivity is not 100 narrow, st that evel, Modulation Acceptance Bandwidth measures the 
deviation (from 1000 Hz tone) which con be accepted with signal 6 0B higher, a level which 
Should permit 900d communication. The specification tals us what this deviation should be: 
he measurement tells us what it is. Typical specifications fall within the range £6 kHz to 
229 kh. If the receiver passes Modulation Accoptance Bandwidth, we know that selectivity is 
either too narrow nor 100 wide ot this signal level. Failure in either direction is bad. If 100 
wide, unnecessary nove it presented to the detector, detracting from. receiver quieting. If 160 
narrow, properly modulated signals will exceed the bandwidth, generating nase pulses which 
detract from communication and may tend to squelch the receiver on each moclulation peak. 
Except for rare component falures, most failures 0 meet Modulation Acceptance Bandwidth 
ore caused by mistuning in the IF strip. Since is difficult (olmost impossible) to tune the 
Crystal filters in 3 modern receiver 100 wide, most problems will show up 35 “bandwidth 00 

rites Squelh Sensitivity and Maximum Squelch Sensitivity check the performance of 
the squelch circuits in & receiver known 10 be in good shape otherwise. If all other Standard Re 
iver Tests ore passed, foiure to. pass these tests points vary clearly 10 the squelch circuits, 
themselves. 

Since the squelch circuits work by processing nofse delivered by the detector under no- 
signal conditions, the frequency normally 6.9 kHe) and amplitude of this nolse must be con- 
firmed. 1 a receiver passes 12 dB SINAD Sensitivity and Modulation Acceptance Bandwidth, 
Vou Gan expect this noise to be “right” when it leaves the detector. You should then signal 
trace the noise through the filtrs {which separate it from the: audio) and through the noise 
amplifiers,” Operation of the n or must be checked to make sure that noise is con 
verted to the proper DC voltage. If OK to this point, you must then examine the DC ar 
Hers and switches which control the audio path. Ty 
nothing in between. Thay respond to the techniques used to 
Gates can be switched on and of, to sectionalize trouble, with a well placed clip lead. 

When receiver won't unsquefeh, but otherwise appears normal, look for trouble in the 
squelch circuit. I receiver wan't squelch, be sure that the receiver is devoid of gan or salec- 
ity difficulties before attacking the squelch circuits. 
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