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INTRODUCTION TO STANDARD TESTS

This Test & Troubleshooting Handbook is built around standard tests for two-way
radio equipment, These tests may be performed on any unit, big or little. They apply equally
1o station, maobile or personal/portable equipment. They yield results in numbers--watts,
microvolts, kilohertz or percent. They employ methods which are recognized by the entire
two-way radio industry, They allow you to compare your test results with normal character-
istics shown in the published specifications for any equipmeant you service. | a unit meets its
q)emhcauocu it is OK. |t doesn't need fixing! 1f a unit, having failed to meet its specifications,
is repaired or adjusted until it does, the job is finished. Whaen a unit does not meet its specifi
cations, the standard ests 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 standards published by Electronic
Industries Association (EIA). The EIA Standards have been adopted by most major manufac-
tirers of two-way radio equipment In me United States and elsewhere; they are endorsed by
MOst major v rodio user it

The dards th Ives are available for purchase. They are cataloged in: “Index of
EIA & JEDC Standards & Engineering Publications.” You may obtain a copy of this price list,
no eharge, by writing to:

El ic Industries Association
Engineering Department

2001 Eye Street, N. W,
Washington, DC 20006

Literally dozens of standard tests are described in the E1A Standards. Many of them are
of interest only 1o an equipment designer. The ones highlighted in this handbook are chosen
with the two-way radio service industry in mind. These tests can be executed with the test
equipment and skills found in any up-todate twoaway radio service facility. They evaluate
aqummqm :mracw cs which are nf real importance to the users—the ones which influence
the f I ability 1o And, these tests support the systematic approach to

g which is incleded as the final section. These standard tests are performed
outsige the radio, |If you can reach the connections, you need not remove the covers, In fact,
standard tests may allow you to complete some service jobs with the covers sll intact! Since
standard tests are the same for every radio, you don't need detailed i i
cowering the unit on the bench until tests confirm that you must go inside.

This booklet explains the standard tests. It tells how to run them, and how to interpret
the results, It includes helpful information on the test equipment which is used. Put standard
tests 1o work! Practice the procedures until they become second nature. That's when they
really help you to get maximum payoff from your most valusble resource-your own time.

I ducing . . . Standard Transmitter Tests

When a transmitter puts out rated RF power, on the assigned RF frequency, with devia-
tion high enough and audio sufficiently free from distortion, the transmitter is doing its job.
Inability to communicate may reflect trouble somewhere, but the trouble isn’t in the trans-
mitter!

Transmitter Power Output, like all standard tests, is 8 “how much?" evaluation. The re-
sult is in watts. It is obtained by direct measurement of RF unltage across a known 50 ohm
impedance. Transmitter Power Output becomes a “go/no go™ test when the results are com-
pared with the “right” answer, which is the rated power output shown in the maintenance
manual. 1f a transmitter delivers rated power or more, every stage in the RF chain from oscilla-
tor to final power amplifier can be considered good.” Zero power or low power calls for
attention, which may range from a simple adjustment 10 Major surgery.
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Power output higher than specified demands attention, too, because of the impact upen
current drain and the possibility of heat-related premature failure. Unlike most standard tests,
Transmitter Power Output tells you that you must do something, without telling you what.
Usually, there's not even a clue. When the test is failed, get out the maintenance manual, and
go inside.

Transmitter F is also obtained by direct The actual developed
frequency is compared against an internal in the measuring
equipment, The results are expressed in a number of ways: actual frequency, frequency dif-
ference (from assigned frequency) or percentage difference (from assigned frequency), How
ever expressed, it real number, related to time. Having what the f is,
and knowing what it should be (the assigned frequency), you must still decide what (if any-
thing! to do about it. This isn't as simple as it looks at first glance, because frequency error
can result from two mdnpendml causes. These are: long term drift which you can correct by
1j and tal effects {mostly temperature related) for which you must make
i F ji are not uniform. Obtain instructions for the
particular transmitter from the mnhmnm manual.

I the radio is operating within specified temperature limits and frequency is outside the
governmantally-approved tolerance or other system specification, frequency correction s essen-
tlal. Less acute ervors may justify correction or even demand it, but be careful, If done with
reckloss disregard for the “Tine points™ (see m-n-w manuall, correction to assigned fre-
quency at one e may won ot another wemperatural

For oven-controlled oscillators with the oven warmed to the proper tamperature, simply
adjust the oseill 1o the eq v. I the adjustment range is insulficient, replace
the crystal. The same approach holds for non-compensated low-stability oscillators, operated
within their specified adjustment range. For cor oacillators, rely on the
malntenance manual 10 separate long-term drift from environmental effects. Adjust to assigned
frequency anly when the is within the ified narrow emperature range, Others
wise, correct to the offset specified for the actual occﬁ‘llw temperature. |1 the proper frequen-
cy connot ba obtained by SOME Cor bly the crystal) is defective and
should be replaced. Do not replace erystals in packaged osctﬂaw circuits which contain com-
pansating components which have been matched to a specific crystal, Replace the entire
ossembly

A series of four Transmitter m n-m-nnliu numr functioning of four inter-related
cireuit functions: the faccom dulation of the RF carrier),
the modulation limiter (holds maximum deviation 10 a fixed level], the modulation adjustment
{sets this fixed level to the desired value) and audio gain (raises microphone input to the level
required to drive the modulation limiter). We stretch a point by calling these four separate
tests, They are really four different test resolfs obtained as we follow a series of programmed
manipulations with a single test setup. A transmitter which passes all four “"tests” is “good™ so
far as audio performance is concerned:

® Maximum deviation is not too high. Governmentally-imposed limits are not exceeded.
Excess energy 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 not too fow. Audio signal-to-noise performance is not restricted
unnecessarily.

® Deviation is symmetrical under peak conditions. Awvoidable distortion is minimized
during modulation peaks.
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@ Audio gain is sufficient. A user, e a the mi will obtain high
average deviation, which is desirable for a good mnll audio signal-to-noise ratio.

® Transmitted awdio distortion is within design limits. Audio gain stages are properly
linear; the modulator stage is working and not grossly mis-adjusted.

All of the transmitter audio tests are run with an Auvdio Generator (at 1000 Hz) feeding
the microphone input at ifi | For three of the tests, the test result is deviation in
Kilohertz, read directly from the deviation monitor. For the other, the deviation monitor
sarves a5 a standard receiver which drives the Distortion Analyzer from which the test result is
obtained.

Transmitter Maximum Deviation verifies that legal At is not
and standardizes the setting of the © ion Adj [f v to validate the remaining
tests). The 1000 Hz Audio G isset toa itied voltage, ically 0.5-1.0 VAMS (see

maintenance manuall, This level, which is much higher than normal microphone output, guar-
antees that a properly working transmitter will be driven into heavy limiting, The resulting
deviation, the highest which the transmitter can produce, is the test result.

1 V. the i [t fon Adj is st for specilied Maximum Sys-
tem Deviation, usuolly 6 kHz. Although this setting is used for the remaining transmitter
audio tests, transmitter alignment instructions lsee maintenance manual) may call lor downward

whan the i is placed into service. The recommended setting is typically
+4.5 kHz, and reduced 1o $3.756 kHz when the transmitter is equipped with a Channel Guard
(tone squelch) encodar,

It the maximum deviation which you can obtain is less than specified Maximum System
Daviation, suspoct a drastic loss of audio gain.

Transmitter Deviation Dissymmetry h nhurud in m- process of detsrmlnlng Trans:

mitter Maximum Deviation. The higher peak | or negativel is the maximum
deviation, The difference between peaks, expressed in kHz or as o percentage, is the dissymme-
wy, Transmitter Devistion Dissymmetry is usually specified as less than 10 percent (corres:
ponds to 0.5 kHz maximum in most systems),

Lack of symmetry can arise in the lator, the modulation limiters or, Iy
in the audio stages. Difficulties in the MOUUIIIM are wsually corrected by proper lumng
Difficulties elsewhere require troublesh ibution of the modulation limiters 1o
this farm of distortion is easily confirmed (Iee' bleshooting section), Observe symmetry ot
lower audio input levels [which do not o aeiting)” I 3 ¥ . the modu-

lation limiting circuits are suspect. If not, the difficulty is el&mheruumoll. !Il(rh' in the
modulator,

it ity verifies the audio gain in a ransmitter. The output of an
Audio Generator, set 1o 1000 Hy, i applied 1o the transmitter’s microphane input. Audio Gen-
arator output is varied upward from rero until 60 percent of Maximum System Deviation is
kHz. The test result, usually in millivolts, is the output
valtage of the Audio Generator, Typical values are in the range 60-100 millivolts, RMS (0.06-0.1
valts), If no specification is given for Transmitter Audio Sensitivity you can guess that it should
be about 20 dB below the tone voltage prescribed for setting Maximum Transmitter Deviation.
Sensitivity which is too low indicates a lack of audio gain, and encourages low average deviation
in the system. Sensitivity which is 1oo high brings complaints of “background noise too loud™
and ''distortion from excessive limiting.” Failure to pass Transmitter Audio Sensitivity leads
toward troubleshooting in the audio stages.

Transmitter_Audio Distortion examines harmonic distortion (harmonics added to the
input audio signal) in the transmitter sudio stages. The test result, expressed in percentage, is
read from a Distortion Analyzer (DAY, Valises ranging from 3-10 poreent are typical. Sinen tho
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wst is run wilh input of 1000 Hz tone well below the level at which limiting occurs, distortion

d in the dulation limiter is not a factor. The possible contributors are
the modulator (already checked in the Transmitter Modulation Dissymmetry test) and the
audio stages. When Transmitter Audio Distortion is too high, troubleshoot the transmitter audio
stages firse.

Introducing . . . Standard Receiver Tests

Slam‘l:ald receiver tests are less gtraiuhtfonw'd than are standard transmitter tests.
T by intent, 0 physical--a signal. Characteristics of the transmit-
ter's signal can be measured directly to provide test results. Receivers, by contrast, generate
nothing; their job is to respond. For testing, a quality of receiver response is specified, and the
tests determine the characteristics of an input signal necessary to produce it,

For most standard receiver tests, the benchmark for receiver output quality under test
conditions is 12 dB SINAD. SINAD is vsually indicated with a Distortion Analyzer (DA},
You'll Tind a distussion of SINAD under “Distortion Analyzer” in the test equipment saction
of this handbook. 20 dB noise quieting is used as the output quality standard for one of the
standard receiver tests,

The standard receiver tests of onrnau |mponanne fall into a compact group: Receiver
Audio Distortion, 12 dB SINAD S n A Bandwidth, Critical
Squelch Sensitivity and Maximum Squelch Sunsllwltv Although listed as five different stand-
ard tests, they can be viewed quite correctly as five different test results, obtained with a single
1est setup. Nothing changes except the settings of the test equipment. They are combined into
@ single test procedure in this handbook, listed in the order which allows the entire series to be
mun with the fewest test equipment manipulations.

Receiver 20 dB Quieting is a diagnostic test, useful when Receiver 12 dB SINAD Sens
vity is failed. Receiver Frequency is not really a standard test, but is mentioned because of its
importance to System operation.

Receiver Audio Distortion is taken with a very high {1000 uV) input signal. It doesn't
verify gain—-an “almost dead receivier can pass this test with ease. If passed, the test does verify
a number of important receiver characteristics:  the detector is OK, normal audio gain exists,
and audio distortion won't cloud the 12 dB SINAD Sensitivity test results. Receiver Audio
Distortion is expressed in percent; typical specifications are in the range 3-10 percent.

Receiver 12 dB SINAD Sensitivity, expressed in microvolts, is a multi-characteristic test.
FAesults which meet the specification verify RF and IF gain, mixer and injection chain perform-
ance, and confirm that selectivity is not grossly too wide or 100 narrow, 12 dB SINAD has no
real significance in system operation. It does not represent good signal quality, by any means,
Instead, receiver output of this quality is barely usable by on experienced operator. 12 dB
SINAD is simply an indicator, valuable for testing becouse it's about as close 1o "“no response’”
as one can measure reliably. 12 dB SINAD is produced in a normal receiver with a weak signal
fwhich demands normal gaind and with fairly high deviation lwhich requines receiver bandwidth
which is not too narrow). High audio distortion makes success impossible, thus imposing
limits on distortion produced in the detector or audio stages, Typical specifications are in
fractional microvelts,

Receiver Modulation Acceptance Bandwidth is d in kHz of deviati Itisa
follow-on test 1o 12 B SINAD Sensitivity, run with slightly increased RF signal level (up 6 dB).

It confirms that receiver bandwidth is not too naraw, since it subjects the receiver to deviation
much higher than that produced by a properly adjusted transmitter, Normal specifications are
in the range -9 kHz.

Racoiver Critical Squelch Sen anel Receiver Maximum Squelch Sensitivity confirm
proper operation of the sguelch circuits. Critieal Squelch Sensitivity finds the signal lovel
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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 nol WH m can uoeﬁ this level to be about B dB Jess

than the 20 dB Quicting Se it the RAF signal
level which will unsquelch a receiver uhen the squelch control is set to full rotation in the
lched directi Unless o ise stated, expect this level to be about 6 dB more than the

20 dB Quieting Sensitivity.

Receiver 20 dB Quieting Sensitivity confirms that gain is normal-and little slse. 1t's use-
ful 1o narrow the search for possible causes when a receiver fails to meet its 12 dB SINAD
Sensitivity specification.

Although It Is just as important as the tests we describe in detail, Receiver Freque
doesn’t lend itsell to o "canned’’ test procedure.  Different receiver designs demand different
approaches, The maintenance manual is your guide. However accomplished, it is essential that
the test procedure verify that the receiver oscillator is properly set. An on-frequency input
signal must be converted 1o the center of the receiver’s IF bandpass.
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The following iterms of test equipment are used in performing one or mare of the stand-
ard tests:

Signal Sources
Audio Generator
RF Signal Generator

Monitors

Deviation [modulation) Monitor

F M ing Equi
Meters

RF Wattmeter

Distortion Analyzer (DA}

Audio Voltmeter

DCIAC VoltfAmp Meter(s)
Orher

Audlo Lud anw

Dummy Mlcmplmne Circuit lwhen required)
Bench Test Accessories lwhen required)

Power Supply
The functions of AF Signal , Deviation Monitor and F I ing
Equipment are o8 into a "C Service N S The funeti
of Audio Vol is usually ided by & Distortion Analyzer (DA),
Audio Ganerator
This instrument furnishes audio input for i tests ation, sy

metry, audio sensitivity and sudio distortion). Since all of these tests are made at 1000 H: o
fixed frequency unit will suffice. Output may be single-ended or balanced, but must be ad-
justable over the range 0,01 VRMS 10 1.0 VAMS into B00 ohms, Harmaonie distortion must not
excred 1%: lower distortion is preferred,

RF Signal Genorator

The RF Signal Generator is uted for all standard receiver tests, Functionally, it ls a
specialized FM radio transmitter in which frequency, modulation and power output are ad-
justable and accurately calibrated, 1t should any fi used in b y radio
systems,  Output, at 50 ohms, must be variable from 0.1 microvolts 1o 1000 microvolts or
more. Symmetrical modulation at 1000 Hz is essential; distortion must be less than 1 percent,
External modulation capability is desirable. Peak deviation must be adjustable from 0 to more
than £10 kHz,

Most RF Signal Generators require an external attenuation pad [usually 6 dB or 20 dB)
to stabilize output and improve the output power calibeation. These pads also provide 3 degres
of protection against “burnout™ (when a transmitter is inadvertently keyed into the generator)
andd may include 5 protective fuss,

The RF Signal Generator must be et accurately to the frequency of the receiver under
test, A Communication Service Monitor includes o digitally-controlled synthesized generator
and meets this regui easily. Otherwise, you must use external Fregneucy Measuring
Eguipment for the initial setting, and manitor the frequency often berause of the possibility of
drift.
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Daviation {madulation) Monitor

In this i isa ialized FM radio receiver which can be set 1o the fre-
quency of a transmitter which is under test. Like other instruments, it should function on any
frecuency used for twoway radio systems. Iu deheclor output fesds a peak-reading valtmeter
wihich is calil to indi peak T Iﬂ kilohertz. The output indicator
may be an analog meter or digital meter, in which case a polari ing switch is ired
Some instruments use a cathode-ray :ubu display as the readout. Tllzse provide peak deviation
values (both directions) simul , along with indication of gross distortion.

The Modulation Monitor is the only indicator used for standard transmitter tests which
require measurement of deviation. These include: Maximum Deviation, Symmetry and Audio
Sensitivity. An external Distortion Analyzer (DA) is driven from an output of the Modulatian
Mumtur 1o perfolm Ihe Transmitter Distortion Test. This test requires a 6 dB-per-octave de-

the flat i the Modulation Monitor and the Distortion
Analyzer. If not provided internally, it may be added in the interconnection. A simple RC low-
pass filter {series 1.6K ohms, shunt 0.047 F] will do the job,

Full scale i of the M. ion Monitor should be *5 kHz peak deviation {or o
little higher) for the usual v radio systems. range labout 2 kHz peak deviation
tull seale) is desirable for measurement of modulation from tone squeleh (Channel Guard)
encoders. Accuracy must be within 25.0% when indicating peak deviation of & complex wave-
form.

Froquency Measuring Equipment

Accuracy is the critical requirement in Frequency Measuring Equipment, With trons
mitters, the equipment is used 10 vorily or set the exact transmitting frequency . With receivers,
it is used directly or indirectly 10 verily or sot the exact recaiving Irequancy, Transmitting
frequency can be of legal significonce; “out of 1olerance™ operation may be a serious violation
of law or regulation,

Olf-lrequency operation of either transmitter or receiver can couse severe degradation of
system performance. When | v olfset tr i and receiver o xceeds the re:
celver's capability, increased noise and distortion is inevitable,

Uselul nents requine wmcn is much better (5 times to 10 times better)
than the issibl in the The frequency tolerance of
modern transminters and receivers ranges from * m percant to * 002 percent. This is equiva-
lent to & parts-per-million (PPM) w0 2 PPM.  Messurement uncertainty, from all causes, should
e in the following range:

EQUIPMENT FREQUENCY MAXIMUM MEASUREMENT
TOLERANCE UNCERTAINTY
2PPM 0.2 PPM 10 0.4 PPM
5 PPM 0.5 PPM 10 1.0 PPM

For a 150 MHz signal and the usual 5 PPM tolerance, you should be able 1o measure fre-
quency with an error no greater than 75—150 Hz. When 450 MHz signals are subject to a 5 PPM
tolerance, error should not exceed 225-450 Hz. When a 2 PPM tolerance applies at 450 MHz,
the maximum error should be no more than 30180 Hz.

The factors which influence measurement are in two t time base
accuracy, and resolution. *“Time base accuracy™ applies 1o the internal frequency standard
within the i 11, like the ina i or receiver, is subject 1o initial set-

ting errors, long term drift {from component aging) and short term drift from environmental
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factors {temperature, humidity, supply voltage). “Resolution™ refers to the precls.cn e u\'hpch
the indicator or display can hv.' rga\f Al time base s exp but

since it s the ultimate limi . The @ of the
time base plus errors from long n:nn drrift between ﬁi“lra‘llnm must not excesd the required
maximum measurement uncertainty. Regular calibwation is @ must!  Resolution must be good
encugh to be insignificant when compared 1o the limitations of the time base,

Fri Measuring should cover all of the frequencies used in twoswiry
radio systems. Sensitivity must be sufficient 1o allow reliable operation in the transmitter test
setups which are used. 1T it is used 1o set or verily signal generator frequency (lor receiver fre:
quency satting or measurement), sensitivity must be adequate for the signal generator output
which is available.

RF Wattmoter

The RF wattmeter serves dual purposes:  termination and power messurement, T hese
may be sccomplished with a single instrument or with two interconnected doviees,

Standard Itter st itions requine ion into a resistive load of 50 chms,
Ta insure proper termination and minimize interference to co-channel users, standard tests are
run with a nonaeactive 50 ohm load resistor. This resistor must dissipate the power output of
transmiiters under test lor long periods, without physical damage or impedance change.

An RF voltmeter across the nanummon line feeding the load resistor indicates power In
watts when callbrated on the basis P - E2/R. W'Mn the power-calibrated RF voltmoter is
combined with the load resistor, you have a termi . A power RF
woltmeter which is inserted in mlai with uu Iou n-mluc is m i n’nr wattmetar, Alrmsl all
indine wartmeters have directional "forward
powar' (that delivered to a load) and “refllected power” lIMt returnad from a non oplll'm.lm

inatian}, These i are called directional watimeters, Although directional watt-
meters ore ial Tor m i tenng system gl . they have no special merit for
conducting standard tests which are abways made into non-reflecting 50 ohm resistive loads,
In fact, the lmited | of most di jonal wattmeters (which necessitotes ro-

placeable elements for each frequency band) makes them inconvenient for the service bench,
Torminating wattmaters, by contrast, usually operate over a wide requancy range,

Accuracy [seldom better than £10%) is best near the top end of the scale, Wattmeters
should be chosen so that power levels of greatest interest fall within the upper third of o range,
Cable loss must be minimized, since it is a source of measurement inaccuracy, A minimum
number af connectors should be used between transmitter and load resistor (or terminating
wattmeter), and should be with great care, Each is a potential source of
impedance discontinuity and power loss,

Distortion Analyzer (DA)

The Distortion Analyzer is used 1o measure harmonic distortion (both transmitter and
receiver) and 1o indicate SINAD ratio (for most siandard receiver tests). The key elements in
the DA are an AC (audicl veltmeter, a mnah!e notch filter, function switching and range
switching, The names assig o i wary between currently available in-
struments. Figure 1 shows the block diagram uf @ typical Distortion Analyzer,

Tha notch filter is at the heart of the Distortion Analyzer. It suppresses the fundamental
frequency of the tone being examined, and leaves only harmaonic energy and noise to indicate
on the meter, General purpase analyzers cover the range 20-20,000 Hz. For the two-way radio
field where standard tests are run 21 1000 Hz only, specialized units may be fixed at 1000 Hz
or adjustable over a narrow range centered at 1000 Hz. Input impedance of the instrument is
high to minimize loading of the source. When any voltage range is selected, the INPUT ADJ
control and notch filter are bypassed: the unit serves as a conventional audio voltmeter. When
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e @
CIRCUITE

Figure 1. A Distortion Analyzer (DA) includes an AC (audio) voltmeter, a tunable noteh filter
and some simple switching. With the fundamantal of o tone liltered out, only
harmonic products and noise are presented to the meter.

o distortion range is selected, the matering circuits are fed through the INPUT ADJ control and
the noteh filter, The MODE switch allows the filter 1o be bypassed.

The meter face includes linear scales from 0-3 and 010 and a logrithmic scale marked
from —10 d8 to +2 dB, The 010 scale is used for the 1V and 10V voltage ranges, and the 1%,
10% and 100% distortion ranges. The 03 scale is used for the 3V and 30V voltage ranges, and
the 3% and 30% distortion ranges, The dB scale is used 10 indicate SINAD, The full length of
the scale, from —10 dB to +2 dB, is 12 dB which is convenient for indicating the usual SINAD
ratio of 12 d8,

When o tone is applied to the DA, the R ling meter shows the total voltage of the
tone (Signal or 5}, Noise (N) and harmonics of the tone (Distortion or D). Thus, the indication
in any wunfiltered condition is § + N+ D. If Noise {N) and Distortion (D} are negligible, the in-
dication is Signal 1S) anly, If only Noise (N) is negligible, the indication is 5+ D. 11 Signal (S)
is removed by filtering, the indication is N + D,

When the RANGE switch is set to any distortion scale and the notch filter is adjusted to
remove the fundamental (5] of the applied tone, indications are as follows:

“SET LEVEL" Position: S+N+D
“"MEASURE DISTORTION™ Position: N+D

Since distortion is measured with noise-free input to the DA, the N term is removed and
indications are as follows:

“SET LEVEL" Pasition: $+D
“MEASURE DISTORTION™ Position: 2]

Distortion, as specified in the two-way radio field and measured in standard tests, s the
voltage ratio b the two expressed in percent, thus:
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Distartion o Woltage (filter “in")
(percent] §+6 * "% " Vaitage (fiter "ourn * 1%
SINAD is the voltage ratias + M+ D,

N+D  tEe in ibels. In two-way radie, SINAD
is seldom measured. Instead, the specific value 12 dB SINAD is used as the output indication
for most standard receiver tests. When receiver output is 12 dB SINAD, noise (N) is always of
major significance. Distartion (D) is of minor significance (often negligible) when the receiver
is in proper working condition. 12 dB SINAD itian is indi d when the ings on the
DA are as follows:

Indication, filter “out™: +2dB
Indication, filter "in"'; —10dB

Measuring Distortion with the DA

The Distortion Analyzer is arranged to read out distortion in percent, avoiding the need
1o calculate a voltage ratio from voltage readings. Since the exact arrangement and marking
vary ameng commercially available ins this uses terminology from Figure 1,
Translation to a 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 1o SET LEVEL and the RANGE swikh to 100%
{distortion}.

3. Adjust INPUT ADJ to indicate 100 percent (10 on the 010 scale).

4. Switch DA 10 MEASURE DISTORTION. Adjust the notch filter for maximum re-
jection (minimum meter indication) using the FREQ RANGE switch, and FRE-
QUENCY and BALANCE knobs. Switch to lower distortion ranges as the null is
approached, maintaining the meter indication well up-scale.

5. When the deepest null (lowest meter indication) is achicved, the meter reading (read
on the scale appropriate for the RANGE switch setting) is Distortion in percent,

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

Indicating 12 dB SINAD with the DA

When the difference between indications at SET LEVEL and MEASURE DISTORTION
on a DA which has been properly nulled is 12 dB, input to 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 B on the same range. |f the spread between the two
measurements is less than 12 dB, SINAD is less than 12 dB, If the spread is more than 12 dB,
SINAD is more than 12 dB. To increase SINAD, noise must be reduced, requiring increased
signal to the receiver under test. If SINAD is 100 high, reducing signal to the receiver being
tested increases noise to the DA and allows you to get to 12 dB SINAD. The procedure for
achieving 12 dB SINAD, again using the designations in Figure 1, follows:

1. Apply proper input to DA, For standard receiver tests, see Test Procedure,
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2, Switch the DA MODE swiich 1o SET LEVEL and the RANGE 10 the highest %
Range [distortion) which allows compliance with Step 3,

3. Adjust INPUT ADJ for +2 dB on the meter scale,

4. Switch the DA 1o MEASURE DISTORTION. Adijust the noteh filter for maximum
rejection [minimum meter indication) wsing the FREQ RANGE switch and FRE-
QUENCY and BALANCE knobs. Do not change the range selected by the RANGE
switeh,

5. Switch DA alternately between SET LEVEL and MEASURE DISTORTION, Ob-
serve the meter readings while adjusting RF input [from RF Signal Generator) to the
receiver under test.

6. 12 dB SINAD is achieved when the difference betwesn readings is 12 dB [+2 dB to
~10dB).

SINAD Metor
Specific needs in the two-way radio industry have encouraged the -dn:ngn of specialized

instruments which indicate SINAD directly. They eli all of the I operations
nncessary to indicate SINAD with a Distortion Analy zer.

These instruments use selfdeveling circuits to perform the function of INPUT ADJ (soe
Figure 1). Operation is adjustment-free over a wide input voltage range [typically to 4Y maxi-
muml. The Noteh Filter is fixed at 1000 Hz, Some versions provide a small frequency trim to
accommodate signal sources not precisely on 1000 Hz, Il no wrim is provided, the 1000 Hz tono
must be held to 26 Mz, Operation is sutomatic. When drive to the SINAD Mete, is 12 dB
SINAD, the moter shows 12 dB,

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

At least one il ilable i ineh both AC Vol and Distor-
tion Analyzer functions with a self-adjusting SINAD Meter,
Audio Voltmeter

The Audio Vaeltmeter is used in standard transmitter tests to set the output of the Audio
Generator, In standard receiver tests, it is used to monitor the audio output from the réceiver
when an AC voltmeter function is not available in the Distortion Analyzer.,

A wide range of audio voltages must be measured in the two-way radio field. The Audio
Voltmeter should provide full scale indications ranging from 0-0.01 volts to 0-300 volts. A
1:3:10 ratio of scales (approximately 10 dB per step) is ideal. dB scales are desirable and should
be based upon the reference: 0 dBM = 1 milliwatt into 600 ohms.

High input i i m inimize loading on the circuits measured. 10K
ohms is acceptable but 1 Msgchm is p d. F should extend from 20 Hz
ta at least 20,000 Hz.,

DC/AC Volt/Amp Mater(s)
All standard tests require that equipment under test be supplied with “Standard Test

Woltage.” Appropriate DC or AC veltmeters are reqguired 1o set this voltage and to verify that
it is maintained during the tests,

1
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DT metering of voltage andfor current may be required to determine power input 1o the
final am er and, possibly, other transmitier stages. While only desirable to confirm trans-
mitter efficiency, this metering is essential 1o validate the standard Transmitter Power Output
test.

Some of the required metering capability may be pm\rlded by Specialized Metering
Testsets recommended for the specific i . Other may be met by volt-
mieters and ammaters which are part of the bench power supply, When essential metering is not
provided otherwise, external meters are requined.

Audio Load Resistor

Standard receiver tests are not performed into a speaker. Instead, they are performed
with the receiver terminated by a resistor with resistance equal to the specified speaker im-
pedance. Receivers which normally feed a telephone line are terminated with a resistor of 600
ohms for standard tests, The power rating of the resistor must allow it to dissipate more than
rated receiver audio power for extended periods without damage or impedance change,

With a load resistor substituted for Iha spcakur n becomaes |lnsts|bIc to listen to the
reciver output, This may make nt. M mary be ined by
bridging the Audio Load Resistor with a higher impedance speaker lat least ten times the
load resistancel, Alternately, a series build-out resistor may be used with a low-impedance
speaker,

A build-out resistor may also be needed if the awdio voltage exceeds the maximum input
valtage of the test equipment (4% MAX for some SINAD meters).

Maost standard receiver tests require that specified audio power be delivered to the Audio

Load Resistor. Voltage is measured across the resistor as the receiver volume control is set for
the required power output, Power is converted to equivalent voltage by the formula:

E= PR, where:
E = RMS voltage
P = Power in watts, and

R = Load resistance in chms

Voltages across two common values of Audio Load Resistor which correspond to a range
of power cutputs are graphed in Figure 2,

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

Fraction of Multiplier for voltage
Full Rated Power Output corresponding to
Full Rated Power Output
One-Cuarter (25%) -]
One-Half (50%) qo7

12
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Figure 2. These graphs convert RMS voltage across a load to power dissipatad in the load for two
common audio load values.

Couplors {and Coupling}

When standard tronsmitter tests are performed, the transmitter must be directly cone
nected to on RF Wattmeter or some other w ollm rmlllhm 1lrminltion But, some transmitier
enorgy must bo di to tho F i 1w and the Deviation Monitor.
Dirget connection b i and 1051 oqui is out of the {? Most trans-
mitters dolivor many watts; most test equipment in this class is badly damaged when input
power approachos o few milliwartts, Lossy coupling between transmitter and sensitive test
wquipment is essential,

The simplest approach uses o small antenna at the input of the test equipment, Stray
raclation from the transmitter, the AF Wattmeter and the interconnecting cables drives the
instruments, The test equipment is protected from burnout, but aperation may be unsatisfoc.
tory. Digital frequency counters often give erratic indications; test equipment may respond 10
nearby RF signals or noise sources. While usable, this arrangement is far from optimum,

“Closed” systems are much more satisfactory, since they provide a shielded path with
controlled loss. These fall into several classes:

1. Indine power attenustore (ususlly T pads) med in place af Ihe FtF W:mmumr
These duunoec nrovide 8 known loss while maintai 50 ohm
in both ctions. Sufficient units, in series, attenuate the transmitter power to the
level required by the instruments, and dissipate the surplus power,

2. Directional oouglers,. Lﬁed in the Iine between transmitter and RF Wattmeter, Loss
frorm a fraction of a decibel; proper trans-
mitter telmlnallnn is rnanl.nned. Outpul at a third “part” is normally attenuated
about 20 dB. Instruments are fed from this port through additional fixed or variable
attenwators.

w

. Copacitive Couplers, used in the line b itter and RF W. . Energy
is coupled from the “through®™ paih io a "pickoff™ port through a small capacity.
This capacity provides attenuation {to protect the instruments) and isolation o
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proper i ination]. Unfort ly, loss varies with frequency.
Capacitive couplers often include a mechanical arrangement which allows the user to
control loss by changing capacity.

All of the devices required for these “closed” coupling arrangements are available
commercially.

Improvised Capacitive Coupler
A workable capacitive coupler can be built from commaonly available coaxial connectors.

For details, see Figure 3.

2R22P5 T ADAPTER

{AMPHENOL 83T}

FROM
TRANSMITTER

H TO RESISTIVE
‘ TERMINATION

UNSCREW AND

DISCARD CENTER

PIN

WJ SCREW TOGETHER
TIGHTLY
WHEN TIGHTER — £
COUPLING IS NEEDED,
. ZR2ZPA STRAIGHT ADAPTER

RUN IN 8-32 MACHINE

st (AMPHENOL 83-1)
Figure 3. A capacith r.ounlm ed from coaxial connectors, allows you 1o set

up “closed" itive test i Proper transmitter termination is

maintained while irnuurmnu are isolated from external RF signals and noise.

The male center pin of the common UHF-series T adapter threads into the tube which
serves as the two female contacts, Unscrew the pin and discard it. This leaves the tube loose.
Stake it in place with a drop of epoxy so it won't be lost. When a straight adapier is screwed
into the modified T adapter, there is no direct contact between the center conductor of the T
adapter and the center conductor of the straight adapter. However, there is capacitive coupling
bBetween the twe masses of metal, The T adapter is installed in-line betwsen transmitter and RF
‘Wattmeter, Test equipment is energized from the straight adapter. If loss is too great, capacity
fand coupling) can be i d by threading a machine screw into the unexposed end of the
stralght adapter. Coarse adj is awailable by ing the screw in and out. OFf course, di-
rect contact between the screw head and the “through™ path must be avoided.

Dummy Mi ne Circuit

A Dummy Microphone Circuit linserted in series between Audio Generator and Trans-
mitter) is necded to perform standard transmitter tests on some transmitters. When it is re-

14
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quired, this component or network is ified in the itter i manual. This
“eireuit" wsually appears as a single resistor or itar, a series-sh arrang of two re-
sistors, or a simple R-C filter.

Most frequently, the Dummy Microphone Circuit is a single capacitor which blocks DC an
the transmitter microphone input from the Audio Generator, DC is lound when microphone
input circuits are designed for carbon or transistorized micropt A Dummy Micropl
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. I the required
audio voltage to the transmitter is very low la few mi . & Dummy Microp Circuit in
the form of a loss pad may be specified, This allows the Audio Generator 1o operate well above
the erratic area at the low end of the output voltage control,

Specialized Metering Testsets

Mamny transmitters and receivers include circuits and connectors for centralized metering.
Critically important circuit tuneup points, along with supply voltages, are wired 1o ping on_the
connector. When current measurement is important, as with current supplied to transmitter
power amplifiers, both sides of a resistor in serbes with the current path are wired L the con-
nector, A specially designed metering testset plugs into the tor. The testset imcl
meter, switches, and ather components which coordinate with the metering concept, Dlﬂelem
equipment “families” usually require different testsets. In addition to pure metering, most
tests include convenient ways 1o apply and recover the auwdio signals required for standard
transmitter and receiver tests.

When the radio equipment is designed to use specialized metering testsets, it is difficult to
perform standard tests without them. |In their absence, tha rm-termg methods used {!spsclilll\r
for current ) must dupli the char ics of the testset, This requires care-
ful study of the equipment maintenance manwal.

Bench Test Accessories

For standard tests to be valid, the cables and used must i itions of
narmal equipment wse. DC drop in supply cables is important; standard test voltages are speci-
fied at the input terminals of the cables normally supplied with the equipment. Control cables
and controls used for testing must not introduce their awn noise or distortion which invalidates
the measurement data obtained. Standard cables and controls (or items with duplicate charac-
weristics) should be used 10 perform standard tests of “trunk mounted” radio units. The test
setup for other equipment should conform exactly with that specified in the equipment main-
tenance manual,

Power Supply

The power supply used to perform standard tests must be adjustable to the Standard Test
Voltage specified for the equipment and maintain that voltage while delivering the required
current. Regulation, at the very least, must be sufficient 1o avoid equipment damage when
Ioad current is reduced or suddenly removed. The power supply must be free of “ripple” {which
appears as noise to invalidate measurements) and transient voltage “spikes™ (which may damage
equipment).

Internal metering of output voltage and current, adjustable current limiting, and re-
settable overload protection are desirable features.

15



TEST VOLTAGES

Standard 1ests are run with Standard Test Voltage powering the equipment being tested.
For mobile equipment, the test voltage is memnd at the batwery terminals of the standard
cables supplied with the unit. To simul isties of vehicular installations, equipment
chassis is connected 1o the ungrounded battery terminal with 7 feet of Mo. 6 copper conductor,
For AC powered equipment, the test voltage i mesured at mupmnnl input terminals, or the

input end of a furnished line cord. For and both 5 d Test
Voltage and the point are ified in the mai manual,
NOMINAL OPERATING CURRENT STANDARD TEST
SUPPLY VOLTAGE AMPERES VOLTAGE

6V DC Less than 10 6.6
*10-22 6.5
22-36 i 64
36-54 6.3
54-70 6.2
Mare than 70 6.1
12v De Less than 6 138
6-16 136
16-36 134
36-50 13.2
Mare than 50 13.0
24V DC any B4
aavpe any 6.0
48V DC vy 52,5
B4V DC any 72,0
1oV pe any 1Moo
120V AC any 1210
240V AC any 242.0



TRANSMITTER TEST PROCEDURES

TRANSMITTER POWER OUTPUT

RF
WATTMETER

TRANSMITTER
oC
T %
DC
b VOLTS

POWER
SuUPPLY

1. Terminate transmitter with RF Wattmeter,
2. Supply transmitter with Standard Test Voltage.

3. Meter* Power Input 1o i final power Ll

4, Adjust lor confirm)® transmitter tuning, loading, couplding and/or
POWER ADJUST control setting,

B, Verily® that maximum rated power input to the linal power amp-
lifier stoge is not excesded.,

6. Read Transmitter Power Output in watts from the scale of the
RF Wattmeter,

*See transmitter maintenance manual
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TRANSMITTER TEST PROCEDURES

TRANSMITTER FREQUENCY

COUPLING
/’_\\\ RF
TRAMNSMITTER | WATTMETER
T
FREQUEMCY
:3:‘;& MEASURING
EQUIPMENT

. Terminate transmitter with BF Wattmeter or other 50 ohm resistive load,
. Supply transmitter with Standard Test Voltage,

. Read Transmitter Frequency lor frequency error) from the calibration of

guency Measuring Equipment.

fications landfor governmental regulstions):

A, Frequency Error {Hz) i
Assigned Freq (Hzl  ~ 100 = Error (percent)

Examples:
1. #310

165130000 100 = +0.0002%
2180

156120000 #1100 = —0.00012%

B. Freg. lactual] — Freq lassigned)

Freq lassigned % 100 = Error {percent)

Exarmnples:

the Fre-

. 1 necessary, convert data to the form required for comparison with equipment speci-

1. 156.130310 — 165,13 _ 000310 o
TEEgE X 100 = 3peies X 100 = +0,0002%
2. 156.1298 — 156.13 —0.0002
AEAT o amans on Sl
If frequency must be reset, verify® that tr i ambient tempe ® is within

permissible range. Determine® and apply frequency offset which is appropriate for

the ambient temperature.

*See transmitter maintenance manual



TRANSMITTER TEST PROCEDURES

2,

3.

TRANSMITTER MAXIMUM DEVIATION
TRANSMITTER DEVIATION DISSYMMETRY
TRANSMITTER AUDIO SENSITIVITY
TRANSMITTER AUDIO DISTORTION

oUMMY MIC
eIRCUIT COUPLING
AUDIO M RE
GENERATOR 1 TER WATTMETER
AUDIO L POWER DEVIATION DISTORTION
VOLTMETER SUPPLY (madutation] ANALYZER (DA]
MONITOR

PRELIMINARY

A, Terminate transmitter with RF Wattmeter,

B, Supply transmitter with Standard Test Voltage.

G. Remove deviation from Channel Guard (tone squelch) encoder, if present,

D. Use Dummy Mi Circuit, if*

E. Apply output from Audio Generator, preset o 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 Deviation Monitor for bn!h Doiillw and nnunliw peaks.

For monitors with ‘scope resdout, these are . For ather
instruments, the POLARITY REVERSE switch must be operated.

B. The my_—._ar of the two resdings (potitive peak or negative peak) is Transmitter Maximum
Deviation in kHz. This value is lly 5.0 kHz. R ded® 1 itter adjust-
ment procedure may call for final sétting 16 & lower value, This is normally 4.5 kHz
excopt: a value of 3.75 kH: may be specified when the transmitter is equipped with
Channel Guard (tone squelch) encoder.

CALCULATE: TRANSMITTER DEVIATION DISSYMMETRY

Deviation [higher] — Deviation (lower} X 100= Deviation Dissymmetry
Deviation (higher] {in percent)

Example: 5.0 kHz — 4,75 kHz

= i X 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 or negative) which yielded the higher reading in
Step 24,

. Reduce AUDIO OUTPUT of Audio Generator until deviation is reduced to 60 percent
of T itter Maximum Deviation (Step 28|

. Read Transmitter Audio Sensitivil

lusually) in Millivolts from the Audio Voltmeter.

. MEASURE TRANSMITTER AUDIO DISTORTION

A, Audio Generator FREQUENCY remains at 1000 Hz.

B. Audio Generator OUTPUT remains at the voltage which produces 60 percent of Trans.
mitter Maximum Deviation (Step 48).

€, Output to the Deviation Monitor must be from a deemphasized source, Refer to; TEST
EQUIPMENT, Deviation Monitor (see Table of Contents).

D, Remove deviation from Channel Guard {tone squelch) encoder, if present.
E. Operate the Distortion Analyzer (DA) as Tollows:
{1} Set DA MODE switch 1o SET LEVEL and DA RANGE switch to 100%.

(2) Adjust DA INPUT ADJ control for DA Meter indication of 100% (full deflection on
010 scale).

(3) Switch DA MODE switeh 1o MEASURE DISTORTION. Adjust DA notch filter for

maximum rejection (minimum meter reading). Use DA RANGE, FREC and BAL-
ANCE controls. Switch to lower percentage (%) ranges as the null is approsched,

F. Whan minimum DA Meter reading i obtained, read Transmitter Audio Distortion in per-
cent on the DA Meter scale appropriate for the DA RANGE switch position.

20



RECEIVER TEST PROCEDURES

RECEIVER AUDIO DISTORTION
RECEIVER 12 dB SINAD SENSITIVITY
RECEIVER MODULATION ACCEPTANCE BANDWIDTH
RECEIVER CRITICAL SQUELCH SENSITIVITY
RECEIVER MAXIMUM SQUELCH SENSITIVITY

RF PAD DISTORTION
AUDIO
b—a SIGNAL ._{ }_.. RECEIVER ANALYZER
GENERATOR CENERATOR 10l
i
i l
FREQUENCY AUDIO
POWER
MEASURING SUPPLY VOLTMETER
EQUIPMENT

1. PRELIMINARY

2,

21

A, Terminate receiver with Audio Load Resistor
B, Supply recoiver with Standard Test Voltage
C. Disable Channel Guard {1one squelch) decoder, if present

0. Adjust recoiver SQUELCH control for minimum squelch (full rotation in unsquelched
direction)

E. Apply output from RF Signal Generator, preset as follows:

(1) FREQUENCY': to receiver operating frequency

12  MODULATION: 1000 Hz

(3]  DEVIATION: 60% of Maximum System Deviation (normally £3 kHz
(4] RAF QUTPUT: 1000 uV (47 dBm; ~77 dBW)

F. 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 1o SET LEVEL and DA RANGE switch 1o 100%. See Figure 1
for identification of Distortion Analyzer switches and controls.

B. Adjust DA INPUT ADJ control for DA Meter indication of 100% (full deflection on
0=10 scala)

C. Swit:h D.n MODE to MEASURE DISTORTION. Adjust DA noteh filter for maximum
meter reading). Use DA RANGE, FREQ and BALANCE controls,
Switeh 10 lower percent{%) ranges as the aull is approached.

D. When minimum DA Meter reading is obiained, read Receiver Audio Distortion in Percent
an the meter seale appropriate for the DA RANGE switch position.
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3. MEASURE: RECEIVER 12 dB SINAD SENSITIVITY
A, Switch DA MODE to SET LEVEL (leave DA RANGE unchanged).

B. Adjust DA INPUT ADJ for reading of +2 dB on DA Meter. Switch DA RANGE to next
higher percent (%) range if necessary.

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

D. Reduce RF Signal Generator RF OUTPUT while observing SINAD {compare meter read-
ings while switching DA MODE between the two positions). When the difference be-
tween reaings is 12 dB, read Receiver 12 dB SINAD Sensitivity in Microvolts from the
RF Signal Generator RF QUTPUT calibration. Allow for pad loss.

4. MEASURE: RECEIVER MODULATION ACCEPTANCE BANDWIDTH

A. Increase RF Signal Generator RF OQUTPUT by 6 dB (in microvelts to two times the
12 dB SINAD Sensitivity measured in Step 31, MNote that SINAD is now more than
12 dB.

B. RF Signal G DEVIATION while observing SINAD. When SINAD is re-
duced to 12 dB, resd Receiver Modulation Acceptance Bandwidth in £ kHz from the RF
Signal Generator DEVIATION callbration,

5. 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. Rotate receiver SQUELCH control slowly until receiver is barely squelched (Audio
Voltmeter reads zerol.

C. Slowly increase RF Signal Generator RF Cutput until receiver is barely unsquelched
{Audio Voltmeter reads more than zero). Read Receiver Critical Squelch Sensitivity in
Microvolts from the RF Signal Generator RF OUTPUT calibration. Allow for pad loss.

D. Rotate receiver SOUELCH control to maximum squelch {full rotation in the squelched
direction). Audio Voltmeter reads zero.

E. Slowly increase RF Signal Generator RF Output until receiver is barely unsquelched

{Audio Voltmeter reads more than zero). Read Receiver Maximum Squelch Sensitivity

in_Microvolts from the RF Signal Generator RF OUTPUT calibration. Allow for pad
loss,
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RECEIVER TEST PROCEDURES

RECEIVER 20 dBE QUIETING SENSITIVITY

RF PAD
AUDIO

SIGMAL ._{ }—b b RECEIVER § LOAD
GENERATOR RESHEVOR

i |

'
FREQUENCY
MEASURING POWER AUDIO
EQUIPMENT SUPPLY VOLTMETER

1. PRELIMINARY
A, Terminate mceiver with Audio Load Resistor,
B. Supply receiver with Standard Test Voltage.
€. Disable Channel Guard {tone squelch) decoder, il present.
D

. Adjust recelver SQUELCH control for minimum squelch {iull rotation in wnsquelched
direction)

E. Apply output from RF Signal Generator, preset s follows:

1) FREQUENCY: 1o recciver operating frequency
12) MODULATION: none

13}  DEVIATION: zero

(4}  RF OUTPUT: initially zero

F, Set receiver VOLUME control for 25 percent of rated Receiver Audio Power Qutput
fon noisel, Use Audio Voltmeter., See Figure 2 for “Watts to Volts'' conversion,

2, MEASURE: RECEIVER 20 dB QUIETING SENSITIVITY

A, Increase RF Signal Generator AF OUTPUT while observing Audio Valtmeter, Read-
ing decreases as RF OUTPUT increases. When voltage h duced by 20 dB (10 one-tenth
of the valtage setin Step 1F, read in M lts from
the RF Signal Generator RF QUTPUT calibration. Allow for pad loss,
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PERFORMANCE VERIFICATION WITH STANDARD TESTS
Mot all testing is done in connection with troubleshooting. Sometimes, you test for
assurance that equipment is good.

® You may want to test new equipment for acceptance before it goes into a warehouse
for later installation or use.

® You may be installing at a b #on where it is i jent to deal with unanticipa-
ted problems. You may prefer to handle initial defects in the comiort of your own
shop.

® A unit may come in for service with no clear statement of the problem. You must
start 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 to attack a reported system problem by first verifying that the equip-
maent involved is doing its job.

Although there are many ways to approach equipment checkout, perfarmance of the
Standurd Tests listed in this handbook gives you the most assurance for the least effort, Any
transmitter or receiver which passes all of the tests in this handbook is unlikely to fail to per-
form when used in a reasonable system.

The order in which Standard Tests are listed in the troubleshooting charts and tost pro-
cedures is optimum for checkout also. In some cases, the order is dictated by the tests tham-
selves--one must be passed belore another is walid. In other cases, order is chosen to minimize
test equipment manipulations,

For trammimn, the right unm i Power Output, Frequency, Maximum Deviation,

v, Audio Sensitivity and Audio Distortion. 11 your test equipmant is well

arranged, nnd Innhﬂm a Service Monitor and a dedicated Distortion Analyzer (already nulled 1o

your Audio Generator), the entire sequence requires less than one minute from the time a unit
is on the bench and hooked up, That's a small for alot of

For i start by verifying normal ions as you rotate the squeleh control. This
gives you fair confidence that the mw s in normal condition from the output of the mixer,
ol the way to the loudspeaker. Then, me Suandard Tull should be performed in this ordar.
Audio Distortion, 12 dB SINAD Sensith Modulati and Critical &
Masimum Sq,unlcl! Sensitivity. Again, i vout test lepml is wall arranged and includes a
Service Monitor, a SINAD Meter and a dedicated Distortion Analyzer, the entire sequence
takis no more than ong minute!

F ification is v. of course. When you use a Service Monitar (with
known FIF uuum frequency), recsiver frequency should be set or verified just as soon as tha
receiver is found operstional end-to-end. When a VFO-controlled RF Sugnnl Gnnoramr is uséd,
frequency verification can be d ided the is ined on the actual
receiver center frequency uniil the Standard Tests are completed.




TROUBLESHOOTING WITH STANDARD TESTS

The transmitter and receiver troubleshooting charts (last pages in this handbook) give
you a systematic troubleshooting process which assures you that a transmitter or recgiver is in
functional condition. When a test is failed, the chart suggests the most logical next step, The
discussion in this section fills in some of the gaps within the charts.

Transmitter Troubleshooting
When Transmitter Power Qutput is failed, you know something is wrong, but you don't
know what. Start with the Fin ifier stage. Verify that it has proper supply voltage and

drive. If it does, verify proper tuning or Power Adjust control setting. If proper tuning is
found, suspect the output filter(s) or sntenna switch. If final amplifier drive is not correct, go
through the RF stages, one by one. Make use of all of the built-in metering points which are
provided, Use an RF or Spectrum Monitar to check stages which are not monitared
by the built-in metering facilities.

I power output and drive 1o the final amplifier are both zero, start your investigation at
the oscillator stage. Use an oscilloscope or RF valimeter to make sure it is running, and then
check the following stages, one by one.

If a transmitter fails Transmitter Frequency, adjustment is called for. Refer to page 2
under “Transmitter Frequency™ for some of the considerstions which must be kept in mind.

If the transmitter won't “trim™ to the correct frequency, o delective erystal s the most
likely cause. In comp d oscillators, . alio suipect the compensating companents
{tharmistors, voltage-variable capacitors), When voltage on the compensating line can be mea
ured, do so. Since this line i+ invariably at high impedance, use a high-impedance voltmeter.
“Bad” readings on the compansation line may lead you to o d.t-cuu- companent other than
the erystal. Don't stiempt 1o replace & crystal or tinside a
compansated oscillator. These components have been chosen to mrk tagether; you don’t have
the facilities 1o select and test 10 be sure that the repaired sssembly will operate properly at all
temperatures,

When o transmitier passes Maximum Dnulm, you know that the entire audio chain is
alive and working, 11 11 fails, the trouble can lie any betwaoon m input and mod-
ulotor. 11 Maximum Deviation is too high, it can be adjusted downward with the MODULA-
TION ADJUST control. If 100 low, you may be able to adjust it upward., |1 you con't, it indi-
cates o lack of audio gain or 8 modulation limiter which limits at a level which is too low. Prop-
er readings, with or without adjustment, don’t guarantee Ihnl everything in the audio chain is
proper, but it does give you a starting point.

If Deviation Dissymmetry is passed, you know that modul istortion is I
at tull deviation (and is almaost certain 1o be 3o at lower levels),

If failed, trouble poss ies include me modulator, modulation limiter, and all sudio
stages. To narrow the check for dissy try with audio input reduced to get out
of modulation limiting (deviation less than +3 kHz). If dissymmetry stays the same, suspect
the modulator {occasionally an audio tml.uharl the modulation limiter should not contribute
distartion when operated below the th id of limiti y in the clul is
usually corrected by tuning the stage. In It transmitters with phase

modulators, dissymmetry increases a8 frequency is switched away from that at which the mod-
ulator was tuned. Tune the modulastor 1o a center lor compromise) frequency,

Dissymmetry contributed by the modulation limiter can be confirmed by examining the
limiters. Bias problerns are the usual cause of dissymmetry. In diode limiters, look for im-
proper bias and open dicdes. Distortion in audio stages preceding the modulation limiter can
show up as dissymmetry, but enly in very aggravated cases. This distortion is most likely
“picked up" in the Audic Distortion test.

25



TROUBLESHOOTING

While Maximum Deviation shows up a gross lack of audio gain, Audio Sensitivity verifies
that gain is correct and confirms that the modulation limiter does, indeed, limit, Although Max-
imum Deviation is taken with an audio input which should produce heavy limiting, the mere
fact that one can adjust for £5 kHz doesn’t guarantee that the audio /s in heavy limiting.
{Wavelorm observation when the deviation meter has ‘scope display does give you that assur-
ance). When a transmitter passes Audio Sensitivity, you know there is sufficient audio gain to
get ¥3 kHz deviation (a level normally below limiting) after the MOD ADJUST control has
been sot for 25 kHz under m:mum {normally heavily limited] conditions. So, passing Audio

itivity hae two i 1) Audio gain is adequate, and (2) Audio was heavily limi-
ted when Maximum Deviation was set.

If Audio Sensitivity is failed so that it takes foo many millivolts of audio to produce
+3 kM2 deviation, look for low sudio gain, but also suspect a modulation limiter which may not
limit, If it takes too few millivolts, suspect that sudio gain is abnarmally high--a possible indi-
cater of regeneration.

Failure to pass Audio Distortion causes one to locus directly on |I|u wdlo stages; the
modulator and modulation limiter hive already been evaluated with the D 1 Di v
fest,

Stage-by-stage examination of the sudio portion of a transmittar i3 one of our assler
wsks, Gaoin is easily with a high-i o AC voltmoter of o ‘scope. Almost any
sudio oscillator can be used for signal injection. Gross distortion In any stage shows up with
casual examination ol wavelorms with an oscilloscope. Lower-level distortion can be tracked
by applying sudio to the Distortion Analyzer (through an isolating probe or resistor when
necessary to minimize loadingl.

Receiver Troubleshoating

The Recelver Troubleshooting chart starts out with a “test” which is deceptively simple.
1 requines no test equipment, but gives you a wealth of information. Il a receiver, with no sig-
nal applied, squelches and unsquelches normally as the squelch control is rotated. you can
assumd that about 76 percent of the receiver circuitry is in “apple pie*” order!

Tha fact that you hear noise under unsquelched conditions assures you:

® Noise is being generated in the front end, implying that the mixer {and probably the
Injection chain) is working.

@ There is sufficient IF gain to drive the detector.
® The detector is working, converting this amplified AF noise to audio.
® The audio amplifiers (including stages switched by the squelch circuit) are working.
The fact that the receiver will also squelch, so that you don 't hear noise, gives additional
information:
® The switched audio stages will switch “of " under squelched conditions.

® The squelch circuit functions (noise amplifier, noise rectifier, DC amplifiersh are all
working.

® |F gain is high enough and detector performance is good enough to properly excite
the noise-responsive part of the sguelch circuit. It's highly unlikely that any IF gain
or detector problems exist.
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What you doa’t know at this point, makes a much shoarter list, and includes:

® RF gain (that which precedes the mixer) is umknown.

® Condition of the injection chain is . The osci may be dead; injection
voltage may be low or zero.

The first Standard Test on the chart, Audio Distortion, is taken with a rock-crushing RF
signal {1000 uV) and with 23 kHz deviation, It serves five useful purposes. First, any response
at all verifies that the oscillator and injection chain are working, at least to some extent. Even
if the pre-mixer gain is low leven “dead”), something should blast through at this RF level,
Second, with the receiver working end-to-end, you are able to verify or set frequency. With a
synthesized Service Monitor which generates a known on-channel signal, bring the receiver to
the generator frequency. With a VFO-type RF Signal Generator, you may prefer to move the
generator to the receiver frequency and defer final frequency setting. Third, the Audio Distor-
tion test verifies that the receiver will develop full rated audio output power. Fourth, you
measure Audio Distortion, Finally, the Distortion Analyzer (DA) is set up so that you can
move through the remaining tests in the series with minimum effort,

If you get no response at all, look for trouble in the injection chain-—-most probably a
dead oscillator, The metering provisions in most receivers help to confirm this condition, If
the injection chain seems dead, start your investigation at the oscillator. Observation with a
scope will confirm that the oscillator is running, 5o you can mowve your troubleshooting atten-
tion through the various multipliers and filters b il and mixer.

Unless the receiver output appears completely free of noise (as befits a 1000 uV input
signall, there's no point in trying to distortion—-you're o d 1o failure, There's a
gross sensitivity problem. Improve sensitivity until receiver output is noise-free, and then pro-
ceed with the distortion measurement.

If the receiver fails to develop rated audio power output and the detector output is norm-
all {inferred by proper squelch eperation and can be confirmed by measurement), there's a loss of
gain somewhere between detector and speaker output. You're faced with a simple signal tracing
job,  Measurements can be made with a high-impedance AC woltmeter or an oscilloscope.

I distortion exceeds specification, the detector and audio stages are the proper places to
look. Messurements can be made stage-by-stage with the Distortion Analyzer. "Scope observa-
tions of the waveforms are easier and will usually pinpoint the trouble areas. Gross irregulari-
ties in the IF bandpass may show up as excessive distortion, but this is quite unlikely. Cross-
over distartion, which causes complaints from wsers 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 in test equip-
ment control settings allow o of 12 dB SINAD Sensitivity. If receiver performance
is up to specification, RF Generator output will be low--a fraction of a microvolt.

Passing 12 dB SINAD Se

ty confirms that a lot of things are right in the receiver:
@ Gain and injection are adequate

® Bandwidth is sufficiently wide to pass marginal signals with £3 kHz deviation

@ Distortion {already measured) is within reason. 1t's impossible to achieve 12 dB

SINAD if distortion exceeds 25 percent,
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Failure 1o pass 12 dB SINAD Sensitivity implies "too much noise’ since low recovery
from the detector and audic 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
gain {RF, IF orinjection), and Noise due to selectivity problems in the IF strip (bandwidth oo
Ao, passbarm‘ irregular). Gain ﬁvenﬁed by running 20 dB Quieting. |f a receiver passes

20 dB Quieting, it has ad gain; related matters must be the probrem Selec-
tivity problems can be confirmed by eummmg the shape of the selectivity curve, using a swiep
alignment setup. Once found, some sel are cured by alig t. Others re-

aire replacement of a filter erystal or a crystal fil I'Iu assembly.

Modulation Acceptance Bandwidth continues the evaluation of the receiver's selectivity
characteristic. By passing 12 dB SINAD Sensitivity, the receiver demonstrates it can accept a
signal, modulated at 1000 Hx with £3 kHz deviation, at an RF level slightly above threshold.
Selectivity is not 100 narrow at that level. Modulati idth measures the
deviation {from a 1000 Hz mml which can be accepted with signal 6 dB higher, a level which
should permit good oo i The tells us what this deviation should be;
the measurement tells us what it |s. T\fplcd lﬂﬂ:lﬂﬂlhﬂa fall within the range £6 kHz to
49 kHz. If the receiver passes I dwidth, we know that selectivity is
neither too narrow nor 100 wide at this signal level. Failure in lim direction is bad. If too
wide, unnecessary noise i presented to the deiector, detracting from receiver quieting. If oo
narrow, properly modulated signals will exceed the bandwidth, generating noise pulses which
dotraet from eommunication and may tend to squelch the receiver on each modulation peak.
Exeept for rare component failures, most fallures to meet Modulation Acceptance Bandwidth
are coused by mistuning in the IF strip, Since it's difficult (almost impossible) to tune the
erystal filtars in o modern receiver too wide, most problems will show up as “bandwidth too
narrow,'"

Critlcal Squeleh ME ity and Maximum Squelch Sensitivity check the performance of
the squelch elrcults in & receiver known to be in good shape otherwise. If all other Standard Re-

celver Tests are passed, fallure 1o pass these tests polnts vary clearly 1o the squeleh clreuits,
hermsehes.

Since the squelch clrouits work by pr i by the d undir no-
signal conditions, the frequency (normally 6-9 kMz) lnd unnll!ud- of INI nolse misst be con-
firmed, If a receiver passes 12 dB SINAD ty and M Bandwidth,

you can expect this nolse to be “right™ when it leaves the detector. You should then signal
trace the noise through the filters {which separate it from the sudio) snd through the noise
amplifiers, Operation of the noise rectifier 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 ampli-
fiers and switches which control the audio M 'l'vpkdlv these circuits are sither on or off-

nothing in They to the used to 1 oot digital circuits,
Gates can be switched on and off, 1o mm«ﬂiu wrouble, with a m!l placed clip lead.

When a receiver wont unsguelch, but otherwise appears normal, look for trouble in the
squelch circuits, If & receiver won 't squelich, be sure that the receiver is devoid of gain or selec-
tivity difficulties before attacking the squelch circuits.
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