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9 REFERENCE TEXT BOOKS
In addition to the 38 lessons, you will be supplied with
reference texts-included with the training at no extra

cost-to be used as supplementary reading and study

material. The text books will be changed periodically so
as to continually keep you supplied with the most up-todate and suitable texts available.
Basic theory and application of transistors.
FM Transmission and Reception.
FM Transmitters and Receivers.
Pulse Techniques.
Antennas and Wave Propagation.
Handbook of Test Methods and Practices.
Electrical Fundamentals (DC)
Electrical Fundamentals (AC)
Theory and Application of Vacuum Tubes.

MORE THAN 20 ARTICLES
Also supplied are pertinent reprint technical papers and
articles dealing with two-way radio systems, equipment,
operation and maintenance.
HERE ARE A FEW TITLES:
Utilizing the new split -channel frequencies.
Communications antennas.
Suppression of ignition noise in mobile equipment.
System maintenance of two-way radio.
On locating intermittants.
Frequency modulation.
The split -channel story.
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PREFACE

This is one lesson of a complete Motorola
Home -Study

Service

Course which presents to the

Technician

both

the principles of

operation and the maintenance of two-way FM

radio systems.

The program covers mobile,

portable and base station equipment, including

the latest transistorized units.

M
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You'll find two-way mobile ,ad'os installed in all types of
vehicles --from the smallest fioreisn car to the largest earth moving or machinery handling type of equipment.

TWO-WAY INSTALLATIONS AND
PREVENTIVE MAINTENANCE

Lesson MA -8
Introduction

In this lesson we shall discuss
the installation of two-way communications equipment. If the
equipment is to continue to perform with maximum efficiency
and reliability, it is essential for
it to be properly installed and
procedures must be followed to
insure satisfactory operation of
the equipment. A good installation also reduces the amount of
future maintenance required on
the system. In addition to in-

stallation techniques, we shall
talk about the routine maintenance
which must be practiced in order
to assure continued good performance. Let us start our lesson by

discussing the installation of a
mobile two-way station.

instruction manual must be studied
carefully. Diagrams such as fig-

ure 1 and 2 are supplied to show
the recommended location of the
various units and their proper interconnections.

After the installation has been

planned, the serviceman should

proceed according to the suggestions in the manual. The housing
for the receiver, transmitter and
power supply is first installed.
The drawer unit is removed and

the housing located so that the
drawer unit is accessible and can

be readily removed for service.
A minimum of 3 or 4 inches is

required in front of the split -type
housing --see figure 1. The housing must be well grounded to the
car frame.
All paint and

Mobile Installations

After the equipment has been

inventoried, and inspected for possible damage, the
unpacked,

installation must be
planned. This will be governed by
the car or vehicle in which it is to
be installed. For our example we
complete

shall assume that a rear mount
installation is

to be made in a

commercial car or cab. (It will
have been previously determined
whether the installation is to be a
front mount or a rear mount.) The

dirt must

be

scraped off and the surfaces burnished (with steel wool) to insure
When mounting
good contact.
holes are being drilled, care
must be taken to prevent the drill
or mounting screws from coming

too close to the gas tank or gas
line.

The components inside the car
may be mounted next. These include the control head, the microphone and its hang-up bracket, and

the speaker. The control head
along with the bracket for the
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microphone are mounted on the
dash, so that it is conveniently
accessible to the operator. The
microphone may require connections within the control head or a
plug connector may be provided,
depending upon the equipment.

Details are incorporated in the
manual. The speaker is mounted
in the most convenient place which

will provide maximum audibility
to the operator, and interconnections are made between the speaker
and control head.

The fuse block and A power re-

lay are next mounted, either on

the engine side of the firewall

or on the fender panel. The fuse
block is located close to the battery, and the relay should be near
the fuse block. The relay should

its contacts
pointing down to avoid moisture
accumulation inside the relay can.
The cabling may now be installed.
be

mounted

with

Figure 1 shows the approximate

path of the cables between the

front units and the housing. The
exact routing will depend upon the
type of vehicle. (In some of the

new cars, certain cable routings

could conceivably require a longer
cable than that supplied. For this

reason, it is well to consider the

cabling before mounting the individual parts --it may be necessary
to relocate a few of the units. In

most installations the cable is
longer than necessary and the
"extra" is coiled up, taped, and
positioned out of the way. )

Always "Take Inventory" and Plan
Each Installation.

We shall consider the antenna installation next. It may be located

either in the center of the roof or
on a fender. (See figure 1.) High -

band or 450-mc equipment requires

a roof mount for optimum operation. The length of a low -band
whip antenna often makes it impractical to mount it on the roof
top; unless maximum sensitivity
is required, it may be mounted on
the fender.

Where some peculiarity of a

particular installation makes it
impossible to follow the instructions in the manual, the solution
must be logical. It must not interfere with the operation of the

When mounting the various
units, all mounting screws must
be firmly tightened. The correct
unit.

size holes are specified to insure
a good contact. If the vehicle is
to be subjected to excessive vi-

Two -Way Installations and Preventive Maintenance
bration, suitable mounting nuts,

bolts and washers may be sub-

stituted for those recommended in
the manual. There is more to
the complete installation than the
mere mounting and cabling of the
equipment. In addition to the noise

filtering which may be required,
the frequency, deviation and power

must be checked in order to insure satisfactory system operation. The receiver, too, should

be checked for sensitivity, squelch
operation, and noise balance. The

list which appears later in this
lesson will serve as a guide for
checking out the entire equipment.
All readings which are taken should
be recorded and retained for future
reference.
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The site chosen for the base

station equipment should be easily

accessible to the serviceman and

it must meet all code requirements
(fire department, building department, electrical department, etc. )

The antenna must be carefully
located so as to avoid interfering
with other services. It must not
cause intermodulation and desensitization in other local receivers

due to its proximity with other

antennas. At the same time, the
site must provide complete cover-

age of the service area. The base
station antenna must be mounted
so that it will withstand the elements, and proper lightning pro-

Where a
tection is a must.
directional antenna is used, it

must be properly oriented. The

transmission line must be properly
Base Station Installation

installed and secured and, where

Installation problems with base
stations are different from those
encountered with mobiles. The

proper pressure must be established. 2 The line must be well

primary power available at the

site must have sufficient voltage
regulation. If not, some means
must be provided for controlling
the voltage at the equipment.

Where the base station is remotely
controlled, moreover, the control

line must have certain critical

characteristics. DC is normally
used for operating the relays which
switch the equipment between
standby and transmit. Besides
providing a good DC path, the con-

trol line must also carry the modulation, so its frequency characteristics must be satisfactory for
voice transmission. The db loss
of long lines is thus an important
consideration. 1
1.

air or gas lines are used, the

grounded where it enters the building, and a drip loop should be
used. This prevents water from
entering the building or equipment
via the line. In some base station
installations, cavities are included
to prevent interference; these
must be properly tuned. Tower

lights must be capable of being
turned off and on at the proper
time, and this must be verified.

Proper clearance for the front

and back doors must be provided
when installing the cabinet. Up-

right type cabinets must be securely bolted down and grounded.
Emergency power, if provided,

should be checked to make sure
that it operates properly.

See "Hum Reduction in Remote Control Lines , " reference M -8A.

2. See reference T -12A.
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While noise which is caused by

the car's electrical or ignition
system also places a limit on the

weakest signal that can be successfully reproduced, something
can be done about it --it can be
suppressed.

Noise suppression requirements
and procedures vary considerably
for different vehicles and with
different types of installations, the
The Microphone of the Mobile
Two -Way Radio Must be Within
Easy Reach of the Operator,

location and use of the system

often determining what degree of
noise suppression is required.
Where the system has a lot of re-

serve, so that the signal at each
of the receivers is high, it may
The base station must be checked

not be necessary to provide much

should be kept of all readings such

sufficiently strong to override the
noise. Where the vehicle operates
in low signal areas, however, it is

and a log established, according
to FCC regulations. A record

suppression; the signal may be

as power output, receiver sensitivity, etc.

necessary to limit the noise to a

Noise Suppression in
Mobile Equipment

Noise encountered in the mobile
two-way radio equipment may be

caused by the ignition and electrical system of the vehicle in
which the equipment is installed,
or it may be reaching the receiver
through the antenna system along
with the desired signal. Very lit-

tle can be done about this latter
so-called "ambient" noise, so it
imposes a limit on the effective
sensitivity of the receiver. It is
not likely, for example, that the
receiver will reproduce a 1-uv
signal very well when the incoming noise is itself 2 or 3 uv !

level lower than that of the signal,

if contact is to be assured.

One

factor limiting the amount of noise
suppression which should be realized for this condition is the ambient noise; it would be useless to
reduce vehicle noise to a level far

below that of the ambient noise,
for the latter will always limit the
reception.

The procedure for suppressing
vehicle noise follows two phases.

First, there is the general pro-

cedure which should be followed
in almost all vehicle installations.
Second, there are additional steps
that must be taken when such rou-

tine procedure does not accomplish the desired suppression.

Two -Way Installations and Preventive Maintenance
General Noise Suppression
Procedure
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For noise balance, with a signal

If the vehicle is not already
equipped with noise suppressors,
the first thing to do is to install a

applied from a signal generator
and the motor running, so that
noise is also present, the generator is adjusted to the center frequency and set at a level capable

tor at the armature lead of the
generator. (Details for the in-

either side of resonance and the

suppressor in the center lead of
the distributor cap and a capaci-

stallation of these units are given
in the equipment instruction manual.) Most modern cars, have a
by-pass capacitor at the generator, and the distributor suppressor alone remains to be installed.
These units usually provide sufficient suppression of the ignition
and generator noise without causing the radio to lose its ability to
reproduce weak signals. Occasionally, the gauges produce some
noise. This is suppressed by installing a capacitor at the gauge
terminals, under the dash.

of producing about 20 db of quieting. The amount of noise is noted.
The generator is then adjusted to
amount of noise noted. If the zero

discriminator output point coincides with the null point of the
noise, the receiver is balanced.
A perfect noise balance is not always realized, due to variations
which may exist. Therefore, as
long as the null is within 2 scale
divisions of zero, the balance is
satisfactory.

Receiver Noise Balance

Although the noise balance of a

receiver is not a routine procedure in noise suppression, it is a
regular part of the proper instal-

lation of the equipment. The noise
balance of a receiver depends upon
the last IF section being balanced

This Microphone is Within Easy
Reach of the Driver.

with the response characteristic

of the Permakay filter. Otherwise,
the discriminator will fail to provide good noise idling and quieting.
Before starting, we must assume
that the receiver has been properly
aligned; noise balancing should
never be attempted without proper
alignment.

at

With the generator once more
center frequency, the plate

tank coil of the first 455-kc IF
amplifier is adjusted slightly in
either direction, the purpose
being to decrease the noise at the
speaker. In making this adjustment, it is important that the
reading at metering position 2
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does not decrease more than 0. 5
microampere.
If the reading

is lower than this amount, the

receiver sensitivity will suffer or,

at least, the reserve gain will be
sacrificed. In some receivers
the plate tank of the IF stage will
not show any appreciable change
in noise balance, because of the
loading resistors in the plate
tank. With these receivers, it

will be necessary to provide the
noise balance by means of the
tuned circuits in the first IF section.
Locating Noise Sources

After the general procedure for

suppressing vehicular noise has
been completed and the receiver
adjusted for optimum noise balance, the noise input to the receiver may still be too high; further noise suppression may still
be desirable. The first thing to
do is to locate the source of the

A whining noise can usually be

attributed to the car generator.

This kind of noise should also
follow changes in the speed of the
motor.

Harsh, raspy noise, of a con-

tinuous character is usually caused

by gauges: the most common offender is the pulsing type of temperature gauge. Popping noises,
occurring only when the car is in
motion, may be caused by static

discharges from insulated parts

of the vehicle. Erratic popping,
which increases as lights and other
electric accessories are turned
on, are usually caused by miniature arcs resulting from the small
voltages which exist between the

vehicle body, frame and motor
block.

noise. Noise maybe caused by the
generator, the ignition system,
the electrical gauges, or by static
discharges.

The source of most noises can

be determined from the sound
heard in the speaker. Ignition

noise is characterized by regular

popping or snapping sounds, which
follow changes in the speed of the
engine. The ignition coil, distributor or spark plugs may be the

actual source of ignition noise,
the interference being radiated

from the interconnecting wires.

Be Sure to Avoid the Gas Tank,
Gas Line and Similar Parts of a
Vehicle when Drilling Holes and
Mounting Two -Way Radio
Equipment.
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Ignition Noise Suppression

The problem of suppressing ignition noise has been growing more

acute with the widespread use of
12 -volt electrical systems. This
high -impulse type of noise is at
once the most bothersome to radio
reception and the most difficult to
eliminate. Some of the more common causes of noise within the ignition system are: Distributor
breaker points not operating properly, inefficient ignition condenser,
corrosion and poor contacts within

the system, and spark plugs improperly spaced or in poor condition.

Figure 3 shows several noise

suppression arrangements which
can be applied to the ignition system. Circuit element 1 represents a 0. 1 mfd capacitor inserted

across the primary lead of the

ignition coil to ground. Either a
capacitor such as that supplied
with the equipment or a special
coaxial type capacitor may be
used.
(Coaxial capacitors are

more effective in reducing severe
interference.)
This capacitor
should be located right at the coil,
and the lead to the grounding point
should be as short as possible.
Circuit element 2 represents

the suppressor mentioned above,
placed in the distributor cap lead.
This should be located as close as

practical to the distributor cap.

Circuit elements 1 and 2 are often

all that is needed to provide the

necessary suppression.
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Ignition noise may be further

reduced by using circuit elements
3 and 4. In any case, these two
components should be tried first,

for they are usually the most effective in reducing the noise. When
resistance ignition cable (3) is

used for greater noise reduction,
care must be taken not to intro-

duce too much resistance, thereby
sacrificing the performance of the
engine.

(It is possible to cause

rough idling, particularly in cool

weather, by using too much resistance.) The resistive type spark
plug (4) is often included in the
newer cars. The only precaution

to be observed here is to make
sure that replacement plugs, when

used, are of the correct type for
the operation of the car and that
the "gap" is correct. Many of the
new cars have a resistance wire
type harness between the coil and
the plugs as standard equipment.

When this is the case, it may be
neither necessary nor helpful to
use resistance plugs.

Resistance
wires may
usually be installed without causing trouble, however, in cars which
plugs and

ignition

have the higher ignition voltage.
Spark Plug Leads

Where stubborn ignition problems are encountered and the preceding remedies fail to provide
sufficient noise reduction, it would

be well to use an ohmmeter to
check the continuity of each of the
spark plug leads. There must be
a path for DC. Where there is no
DC path, the end connectors may

Two -Way Installations and Preventive Maintenance
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If continuity is established by "squeezing" the terminal, the lead itself is probably
satisfactory. Where the continuity
still is intermittent, it is best to
install a replacement lead, checkbe checked.

ing the new one first for continuity.

at high -band frequencies, and
these act like a tuned antenna,
radiating the available noise power
quite efficiently. Ignition noise is
also often coupled to low -voltage
circuits. Spark plug leads should
thus be separated from other wiring. The length of these wires
should be changed in such in-

stances. Shielded wire is another
possible solution of difficult noise

problems if the performance of
the vehicle is not to be impaired.
Sometimes the distributor points
undergo considerable arcing, and

this causes interferences due to

radiation from the associated primary wiring. Assuming that sup-

pressors have been already inIn Locating the Housing, Allow
Plenty of Room for Servicing
Trunk Mount Radios.

A minimum number of terminals
should be used within the ignition

system. Thus, it would be better
to use a resistor -type spark plug
or a resistance spark -plug wire
than to use a regular spark plug
or spark -plug wire and install
separate series suppressors. If
resistance wire is used, the
amount of resistance added is established by the manufacturer of
that particular car.
Ignition Noise

Ignition noise is coupled to the
surrounding parts and reaches the

two-way radio in several ways;

one of the most common is direct
radiation into the antenna. Resonant lengths of wire are common

stalled in the primary lead and in
the lead to the center connector,

and that the leads to the spark

plugs are all making good contact,
the use of a coaxial type suppressor in the primary lead will prove

the most effective. If the distributor itself is operating properly, the above steps should provide

the necessary noise suppression.
Generator Noise Suppression

Generator noise is characterized
by a high-pitched whine which varies with the speed of the generator.

This makes its recognition a sim-

ple matter; if the noise changes
with the speed of the generator,
the generator is probably causing
it, for there is nothing else in the

car which produces this type of
sound varying as it does with the
motor speed.

.
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Generator noise is usually the
result of arcing between dirty or
worn brushes and the commutator.
In some cases, commutators may
be cleaned with fine sandpaper but
never with emery cloth. It is ad-

visable to have this service per1

J

formed by a competent specialist.
Most of this noise can be held to a
low level by keeping the generator
in good operating condition.

Where generator filtering is required, a capacitor connected between the primary lead and a good

ground makes an efficient suppressor. Coaxial capacitors are
more efficient than ordinary capacitors over the entire noise
range and they are universally
preferred for maximum possible
noise reduction.

Where the noise caused by the
generator is unusually severe, a
shielded wire, well-grounded at
both ends, can be used between
the generator and the voltage regulator. Heavy generator noise
can also be suppressed by using
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excessive, filters may be added
to the regulator. Otherwise, the

best solution may be to install a
new regulator! A coaxial capacitor will usually suffice at the lead
to the generator, provided that the

connection is close to the regulator and provided that the ground
is good.

It is not permissible to connect
such a capacitor at the generator
field terminal of the regulator, for
this will greatly reduce the useful
life of the regulator. Instead, a
small 1 -watt resistor of about 3.3
ohms must be placed in series with

the capacitor, as shown in figure
3. The capacitor will be considerably smaller than the others
(usually about .002 mfd) and the

resistor must be of the carbon

type, not wirewound. It is usually

unnecessary to use a capacitor at

an elaborate pi -type filter. These

filters, which are connected directly at the generator, are usually available from the manufac-

turer.

Voltage Regulator Noise

Noise caused by the voltage
regulator can usually be recognized by its raspy sound, the result of arcing at the regulator

contacts.

Where this noise is not

Noise Produced by Ignition Systems

Often Interferes with Mobile
Two -Way Radio Communications.
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the battery terminal of the regulator, although this may be advisable if it improves the noise level.
Gauge and Other Equipment Noise

Gauge noise is usually identified
by a hissing or crackling sound in
the speaker. In most instances
the offending unit can be located

by jarring the individual gauges
while the ignition is on. Noisy
gauges should be bypassed as near

the noise source as possible, but
it is also important to provide a

good ground. Connecting wires
which are close to the motor block
provide a convenient ground point.
The oil sender, with its lowpitched clicking sound, and the
temperature gauge are among the
commonest sources of gauge noise.

Noise is an inherent property of

all moving parts which are ungrounded, or insulated from the

rest of the vehicle. This includes
the wheels, the front wheels in
particular, for these are often
insulated from the ground by wheel

grease. The accumulated static
charge produces arcs, which

cause noise in the radio equipment.

Standard ground brushes

and springs will usually reduce

the noise from this source.

While most parts of the vehicle

are bonded in order to provide a
good ground return, occasionally
some part of the car body exhibits
poor conductivity and becomes a
source of noise radiation.

The muffler and tail pipe as-

sembly, for example, is often insulated from the car frame and it
may be necessary to ground the
tail pipe at several points between
the motor and the rear of the vehicle. The hood, too, is often
insulated from the car frame, requiring bonding by heavy copper
braid and contact wipers.

Although the motor is already
grounded to

the car frame, it

sometime becomes necessary to
provide additional ground straps
at each corner of the motor. This
is particularly true where the ignition noise is too high to be cor-

rected entirely by the methods
described above.3

Preventive Maintenance

Preventive maintenance, the
practice of anticipating trouble
and avoiding it before it starts, is
a practical method of minimizing
repair expense and 'outage" time.
A
comprehensive preventive
maintenance program, when properly undertaken, will more than
pay for itself and benefit both the
user of the equipment and the
service technician performing the
maintenance.

The following case history illustrates the value of preventive
maintenance.
A new two-way system has been
properly installed and checked for

3. See "Suppression of Ignition Noise in Mobile Equipment, " reference M -8B.
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power supply at or near its normal performance. The power out-

put of the transmitters gradually
decreases due to tube aging; the
sensitivity of the receivers also
suffers, for the same reason, and
the output from the power supplies

decreases due to worn-out vibrators.

Here We See the "A" Relay and
Fuse Block Mounted on the Fender
Panel, near the Battery

normal operation and it is now up

to the serviceman to maintain the
equipment. Because the equipment is new and everything is
working satisfactorily, the system
will probably give months of satisfactory and normal service.

The failure of the serviceman
to keep the equipment in normal
operating condition forces him to
perform a lot of extra work and
he is constantly answering emergency service calls. It is also
likely to produce an undesirable
reaction on the owner of the
equipment. He loses confidence
both in the serviceman and in the
manufacturer. Moreover, if he
knows of other systems of the
same make and type that give good

service, he may readily see for
himself that the serviceman is

Eventually, however, complaints

derelict in his duty, that he is

trouble, so he adjusts the trans-

system in operation when it is
needed; moreover, his cars and

begin. Weak signals formerly received are no longer being heard,
reception has become distorted,
etc. The serviceman, on checking
the system, cannot find any particular fault which is causing the
mitter deviation and frequency

until the system seems to have
been restored to its normal condition --at least, the messages get
through! The same trouble starts

However, this time the
complaints start sooner and they
again.

are more frequent.

The answer, of course, is that

the serviceman has failed to check
the entire system, and to maintain
each transmitter, receiver and
4.

actually falling down on the job.
This owner of the equipment in
the above example is actually
losing money. He loses the advantage of having his two-way
trucks are being tied up unnecessarily for service.4
Sources of Trouble

A good way to start is by analyzing the various sources of trouble.

But first we must be able to recognize all the possible sources of
trouble that can exist within the
system. These, together with
their accessories, include (1) the

See "System Maintenance of Two -Way Radio, " reference M -SC.
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primary power circuit, (2) the receiver, transmitter, power supply
and control head including the
microphone and speaker, (3) the

intercabling between the units and
(4) the antenna system.

warning when it is on its last legs.
Batteries seldom fail all at once;
they usually undergo several periods of abuse before they fail
completely.

An old worn-down, or undercharged battery will measure no
more than 6 (or 12) volts at the

terminals and even less at the
RIGHT

WRONG

PERMISSIBLE

radio equipment. Depending upon
the current taken by the equipment

and the resistance of the cabling
components, the voltage at the
radio will be 0.5 to 0.7 volt lower
than at the battery terminals. If
the voltage drop between the bat-

tery and the radio is excessive,

Wherever Possible the Mobile
Antenna Should be on the Roof
Top. Long (Lo Band) Antennas
may be Mounted on a Fender if
Necessary.
Primary Circuit

Under this head we must consider the various types of primary
power commonly encountered in
operating the equipment. The bat-

tery and generator system in the

mobile vehicle is often a source of
trouble. Where the battery of the
vehicle furnishes the power to operate the equipment, we must re-

member that poor power output
from the transmitter and poor receiver sensitivity may be due to
trouble

in

the primary power

source. The best test of a battery
is probably the terminal voltage
for a specific current drain (load).
Commercial testers for checking
batteries are available, but a
battery usually gives plenty of

the reason may be found in a poor
connection at the fuse block, relay,
or ground connection, or the cable
itself may be defective.
Relay contacts often become de-

fective and require service or replacement. Fuses may not make
proper contact in their holders, or

they may develop high internal resistance. (A maximum drop of

0. 1 volt is all that should be encountered across the fuse assembly.) Connections may loosen as
a result of vibration and must be
tightened or resoldered, whichever
applies. Fuse contacts may become corroded, or loosen because
of vibration.

In 12 -volt systems certain con-

ditions may cause the operating
voltage at the radio during standby
operation to be well above a safe
value, resulting in premature
failures within the equipment.

Where these high voltages are
noted it may be well to install a

Two -Way Installations and Preventive Maintenance
Motorola primary voltage regulator such as that discussed in the
lesson dealing with power supplies.

rub against some sharp corner
and produce a break or a short.
A careful check of all cables and
connectors is a must. 5

Receiver, Transmitter, Power
Supply and Control Head

The Antenna

Most of the trouble shooting performed in 2 -way equipment seems
to be within the receiver and trans-

mitter --possibly because the ma-

jority of troubles are found

in

these units (the receiver and transmitter in particular).

In the receiver, the sensitivity

Antenna systems are an often

overlooked source of trouble.
Broken antenna rods, shorted

transmission lines, misoriented

directional antennas, water-logged
connectors, all constitute an enemy

to normal operation of both the
receiver and the transmitter.

may become poor, its frequency
may change, the squelch may be

inoperative; a great many other
troubles are possible. The most
common faults in the transmitter

are lack of power, off -frequency
operation, and either too much or
too little deviation. The most
common trouble encountered in
the power supply is a decrease in
output voltage. While this usually

resolves itself into a defective

vibrator or inefficient rectifier.

Other possibilities, such as a low
primary source, for example,
must never be overlooked.
Intercabl ing

Intercabling faults

are most

common where the equipment is
subjected to considerable vibration. (Plugs sometimes become
loose or connectors may develop
a poor contact.) Cables may also
5.
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How Often?

The question as to how often a
system should undergo a routine
check depends upon the type of
equipment, its use, and the type
of vehicle. Where the equipment
is in continuous use and where it
is installed in heavy trucks which
are subject to a lot of vibration,
it is likely to require close atten-

tion; a monthly checkup is certainly warranted. On the other
hand, some installations may be

put to only a limited use in a given
period, in which case monthly inspections may not be required. In
general, it would be reasonable to
say that all units should be inspected after each 500-700 hours
of operation. Of course, the FCC

requires all transmitters to be
checked at least once every six
months for proper frequency, deviation and power.

See "On Locating Intermittants, " reference M -8D.
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How Are Monthly Checks Made?

For convenience we will refer

The visual inspection must also
include searching for dirt --dirty
contacts at relays, dirty or worn

most instances this will be the

dynamotor brushes, corroded fuse
holders, and the like. Cracked
insulators and tubes operating
"red-hot" are also located by t
means of visual inspection.

general, the procedure is three-

Visual inspection also includes
what might be called "touch" inspection. Used with caution, the

to

all

preventive

maintenance

checks as monthly checks, for in

prevailing period. The question is
to determine what this check consists of --how is it performed? In
fold: listening, visual inspection,

and meter measurements.

By listening to the receiver output the trained technician can often
spot a defect. The sound may be

weak or distorted, or the noise
may be weak when the receiver

squelch is open. With experience,

the normal signal level at certain
locations becomes known, and immediate comparisons can be made.

Noisy reception, "hash" in the
background, and similar effects
also indicate improper operation.

Loose bolts, screws, and clamps,
worn cables and mike cords,

burned out pilot lamps, and relay
arcing, are among the many things
which can be located by means of
visual inspection. Trouble can
also be anticipated by visual inspection. It is quite possible, for
example, that a loose plug or con-

nector may not be a source of

fingers make good detectors of
improper temperature, both high
and low. Fuses and fuse holders
having poor contacts are readily
located by the sense of touch.
Transformers, relay coils and
other units can alsobe checked by
the fingers for overheating. A
crystal holder and heater assembly which is cold, or a tube that
normally should be warm but isn't,
can be detected by "feel."

Caution must be exercised, how-

ever, for certain units (tubes and
high -wattage resistors in particular) may be too hot to touch without burning one's fingers. Care
must be taken that the high voltage circuits are not touched. For
this reason the power should first
be turned off. (Most components

will retain their heat for some
time afterward.)

Meter readings are perhaps the
greatest aid for evaluating the op-

present trouble, and the equipment
may not operate any better after a
connector has been tightened; however, the loose connector could

transmitter. They can be quickly

result in damage to the equipment.

transmitter power output. Moreover, with the base station signal

eventually be a source of intermittent trouble and might even

eration of the receiver and the

taken, and they give an immediate

idea of receiver sensitivity and

t
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these voltages must be included in
the routine check. The power supply voltages can be conveniently
determined by the use of meters.
Specific Checks to Make -Check List

1

cr.

In Base Station Installations the
Transmission Line Must be Well
Secured to the Tower.

coming into the receiver (assum-

ing the transmitter frequency is
correct), the netting of the receiver frequency to that of the
base transmitter can be effected

immediately by this means. Netting means that all the units within
one system are placed on the same
frequency.

A frequency monitor, a devia-

tion indicator, and a wattmeter can
be used to measure the frequency,
deviation, and power output of the
transmitter; voltmeter readings

at the battery and at the input to
the equipment indicate the condition of the primary power source.

Because the transmitter and re-

ceiver both depend upon the supply
voltages for normal operation,

Figure 4 shows a check list
which can be used when making
monthly inspections. (The procedures listed are those which
have been previously discussed.)
This list applies to mobile units
only. For base station installations, certain changes would have
to be made in the list. The specific items thus vary from system
to system, depending upon the
service, the nature of the equipment or other factors, but this is
not important. What is important is that certain physical and

electrical aspects of the equipment
are inspected systematically.
While the length of this list
seems to be rather formidable at
first glance, the complete check

can be completed in 30 minutes by
a competent technician. This is
assuming, of course, that no great
amount of service work or trouble
shooting is involved. The list need

not be followed in a definite sequence. It may be desirable to
take the meter measurements and
net the frequency of both the receiver and the transmitter before
performing the operational check.
Or, if the operational check is

performed first and any adjust-

ments are made on the equipment,

a final operational check should
then be made.
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No check list is intended to be
an absolute must for each inspection. In systems where the audio
quality is good, for example, it
may not be necessary to check the
amount of deviation every month
nor will a frequency adjustment

be required if the receiver fre-

quency is closely netted to that of
the base transmitter. (This check
is made by merely observing the

meter reading at position 4 with
the base carrier applied.)

netting is even more essential to
narrow -band (split -channel) operation.

Routine observation of transmitter deviation also pays off in
continued good performance, for

full advantage of FM communication cannot be realized where the
system is either underdeviated or
overdeviated. A word of warning

in this matter is apropos at this
point. It is almost never necessary to change the setting of the

deviation control at the transmitter. If the deviation is not correct, the serviceman should find
out why it has changed and correct

the trouble at the source, rather
than compensating for this trouble
by operating the deviation control.

To do so may correct the transmission for the time being but it

will not correct the original fault,
and future trouble may be expected.

The advantage to the service-

man in making and recording these

checks will be evident from the

following example. Let us suppose

A Record of Routine Meter
Readings Allows the Serviceman
to Correct Minor Troubles,
thereby Avoiding "Outages" and
Expensive Repair Costs.

Off -frequency operation of some

of the equipment is often a prime

cause of poor system perform-

ance. Hence, for the purpose of
maximum system operation, it is
important to keep the system
netted. Without system netting,
full advantage of the system cannot
be realized or maintained. System

that the reading at the grid of the
final stage in the transmitter (po-

sition 6 on the meter) shows a

gradual decrease over a period of
several months. The individual
decrease for any one month may not

be great enough to require attention, but after several months it
becomes too low to be disregarded.
By having a record of this gradual
decrease, the serviceman immedi-

ately knows that this should be

checked carefully, for if the drive
to the final becomes too low, the
tube may be damaged. By main-

taining the grid drive at the re-

Two -Way Installations and Preventive Maintenance
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quired level, the life of the final
amplifier tube is increased and in
this manner its premature re-

many breakdowns in the equipment

placement is avoided.

equipment and the amount of time
lost in tying up the vehicles while

Besides saving his own time,
the serviceman who keeps a record such as shown in figure 4 will

be in possession of a valuable tool
for maintaining satisfactory relations with his customers. For one

are avoided; the customer gets
the maximum use of his radio

the radio is being fixed is miniThis

mized.

is probably the

greatest factor of all to use in

selling your services to the customer.

thing, the serviceman will find it
convenient at some time or another
to haul out these records and show

the customer just how well his
equipment is being watched. Where

the customer is paying a fixed

amount every month for each unit
being serviced, he may have been
wondering just what he was getting
for his money. Without such a

check list it may be difficult to

convince certain individuals that

they are spending their money
wisely. The fact that you, the

serviceman, maintain such a record and that you can tell the customer exactly what you have done

to each of his units each month
immediately classifies you as a
businessman who takes care of his
job in the proper manner.

Moreover, when you send your
monthly bill to your customer, it
is well to enclose a summary
showing the various parts that have

been used and the troubles that
were found (and corrected) in each
unit.

But we haven't mentioned the
greatest advantage of all. By
promptly correcting the trouble in
a unit when it is not up to par,

Schedule Monthly Checks

All monthly checks should be
performed on a scheduled basis --

a particular day of the month

should be reserved for checking
the equipment for a particular
customer.

This again is good

practice in the eyes of the customer. He is more likely to be
satisfied with this arrangement,
for he can schedule his vehicles
accordingly. In the absence of
such a schedule, you may find

yourself wasting valuable time
waiting for several hours to check
a vehicle that is in use. Besides
wasting time in waiting to service
the vehicle, you leave a bad impression on the customer. Again,
if you happen to catch a certain

vehicle for a few minutes and
start your inspection, it may be
called into service right in the

middle of the job. The only alternative is to wait until the car returns --more time wasted.
Much time is saved by having a
definite checking schedule for each

vehicle; and the entire operation
becomes more efficient. Certainly

more units will be checked in a
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given time, compared to the number that can be checked when you
have to wait until the vehicles are
available. Moreover, if various
test instruments have been set up
for these checks, it is obviously
more efficient to check the complete vehicle at one time. Where
only half of it can be checked, the
serviceman must get these instruments ready again at another time,

trol is used, proper line voltages
are a must. This is true whether
the controlling voltages are required to switch frequencies or to
establish the level of the modulating signal. Line levels, hum
balance, and other adjustments

units.

tion will depend on the equipment
being used. The specific factors
to be checked each month may be

in order to test the rest of the
Base Station Checks

The tests prescribed in figure 4

apply particularly to mobile equip-

ment; several additional checks
must be performed at base stations, especially if the base sta-

tion is remotely controlled. At a
base station, we seldom have the
problem of low primary power to
contend with but there is always
the problem of voltage regulation.
Poor regulation of the AC source
can seriously affect the operation
of the equipment. It is also im-

portant to make periodic checks

of standby equipment (when such
equipment is provided) in order to

should be checked periodically.

The specific tests to be made
on a given base station installadetermined from the instruction
manual and a chart prepared accordingly. This chart not only
becomes a handy device but, with
proper notations added, it will

satisfy the FCC regulation requiring that a log be kept on all
service and adjustments of the
base transmitter. The chart must
be kept at the base station and be
available for inspection at
times.

all

Specialized Equiprrent

Certain specialized equipment

make sure that it will operate as
required in case of power failure.

(such as the Motorola Private

Where base station antennas are
mounted on towers, lights may be
required and they must be checked.
(The FCC has issued rigid regula-

cific checks will depend on the

tions on this subject which must
be followed.) Where remote con-

Line, Quik-Call, etc.) requires
additional tests. Again, the spe-

equipment and the application to
which it is put. The variations
are too numerous to list here, but
details will be found in the appropriate service manuals.
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Building contractors, ranging from plumbers to roofers, find
that two-way radio enables continuous management supervision. Workmen's efficiency is also increased by the ability
to closely control schedules, vehicles and supplies.

TEST EQUIPMENT

Lesson MA -7
Introduction

In this assignment we shall dis-

cuss those pieces of test equip-

ment which are used in servicing

same for either. Thus, while we
shall be discussing the use of this
instrument for high -band measurements, its use for low -band
measurements will follow the same

FM communications
two-way
equipment.
Our study will in-

principles.

meters, deviations meters, sig-

5-mc calibrating crystal oscillator
of the instrument against the highly stable signal of station WWV,
operated by the Bureau of Standards. A WWV receiver is included
for this purpose. Depending upon
the location, the WWV signals of 5
and 10 mc or of 10 and 15 me are
used.

clude the operation of frequency

nal generators and wattmeters,

and some thought will be given to
the application of the oscilloscope
and AC voltmeter.

It will be recalled that the FCC
requires frequency and deviation
measurements of each transmitter to be taken at least once every
six months. The serviceman must

The first step is to check the

therefore be able to use these

Figure lA shows a block diagram
of the arrangement. The WWV re-

Frequency Meters; Motorola Monitor

WWV. By exercising care in this
adjustment, the oscillator can be
held to within one or two cycles

instruments intelligently. We shall
begin our discussion with the frequency meter.

It is only fitting that we should
start with the Motorola FM Station Monitor.
This instrument
serves both as a deviation meter
and as a frequency meter, but for
the moment we will be concerned
only with the frequency measuring
function.

The Motorola FM Station Monitor is available in two models (for
high and low bands, respectively)
but the principle of operation ís the

ceiver is first tuned for station
The 5-mc oscillator is
WWV.
then adjusted to zero beat with
of 5 mc.

The second step is shown in fig-

ure 1B.

The WWV receiver is
turned off and the 5-mc oscillator
switched to the input of the control

receiver --which is to be tuned to
150, 155 or 160 mc.

Let's assume that the receiver

frequency is 150 mc. The receiver
is calibrated at exactly 150 me by

tuning it for zero discriminator
output on the 30th harmonic of
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the 5-mc oscillator. Even with
an oscillator variation of a few
cycles (multiplied 30 times), the
150-mc receiver will still be within 100 cycles of exact frequency.

For all practical purposes, this

error is insignificant.

(as determined in step 3) is sub-

stituted (by means of a switch) for
the 5-mc crystal in the oscillator.
The signal is then mixed with the
carrier frequency being measured,
and the output applied to the control receiver. The carrier (as -

,L;'®®I
.

`]

The Proper Test Equipment is Essential to Quick and Intelligent Service
of Two -Way Radio Equipment.

Before making any frequency

measurements, we must deter-

mine the frequency of the crystal
which is to be used. This will depend on (1) the frequency of the

transmitter to be measured, and
(2) the frequency of the control
receiver. Let us assume that we
wish to measure the frequency of

a transmitter operating at 152.5
mc and that our control receiver
frequency is 150 mc. The differ-

ence frequency between the transmitter (152.5 mc) and the control
receiver (150 mc) is 2.5 mc. This

is the required crystal oscillator

frequency (step 3, figure 1C). Step
4 figure 10 shows the actual meas-

urement of the RF frequency. A
crystal of the required frequency

sumed to be exactly 152.5 mc)
beats against 2.5 me and the difference is 150 mc, the frequency
of the standard receiver. The discriminator output will be zero,
indicating that the carrier is at its
exact channel frequency.

If the RF is not on exact chan-

nel frequency, however, the signal

input to the control receiver will
be off by the same amount, and

this will be recorded by the meter.
For example, suppose the RF frequency is actually 152.502 mc.
When this beats against the 2.5-mc
oscillator the difference frequency
is 150.002 me and this signal,

when applied to the 150-mc receiver, will produce a difference
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of 2 kc at the discriminator. The

routine check of the transmitter

+ 2-kc variation.

can be used for this purpose, the

If the 2.5-mc crystal oscillator
is off frequency, there will be an
error in the frequency recorded
even though the RFis at the exact
channel frequency. Thus the accuracy of the measurement depends upon the accuracy of the
crystal. Let's see just how much
the crystal affects this accuracy.
Suppose the crystal has a guaran-

tor is located at the output of the
audio section of the standard receiver; hence the output voltage

calibrated meter will record a

teed accuracy of .002 per cent.
This means that the 2.5-mc oscil-

lator will be within 50 cycles of
2.5 mc (2,500,000 times .00002).
Beating this oscillator directly
against the RFsignal means that
the difference frequency must be
within 50 cycles of its proper fre-

Now 50 cycles, as far as
152.5 mc is concerned, represents

quency.

a variation of only .000033 per
cent. Thus the monitor for this
particular measurement is extremely accurate. The "improvement" in accuracy from that of

deviation.

The Motorola Monitor

deviation -measuring system being
as follows:
The deviation meter of the moni-

will

vary with the gain of the

audio stages. Internal calibration
is provided, however, in order to
insure that the recorded deviation
is correct. The output of an internal audio oscillator is set to a
predetermined level (as measured
by the meter), and the gain of the
audio section is then adjusted by

applying this known audio voltage
to the audio amplifier and setting

the volume control for a speci-

fied output voltage. In this manner

the gain of the entire audio section is maintained at the correct
level, and the deviation shown on

the meter will be correct. The
procedure (fig. 2) is as follows:

the crystal to that of the RF being

measured is determined by the

ratio of the RF frequency to that of

the crystal. Thus 152.5 mc to 2.5
mc represents an improvement of
61 to 1. Where the selected crys-

tal frequency is higher than 2.5
mc, the improvement factor will

be correspondingly less. The improvement will be less for low band monitors than for high -band
monitors, because of the lower RF
frequency.

First adjust the oscillator output

for the correct voltage. This is
done by connecting the deviation
meter to the output of the oscillator, and adjusting the oscillator
output to a specified level. This
level will vary with each instrument, but a tag will be found on
the unit which provides the correct reading. The next step is indicated in figure 2B. The audio
oscillator is applied to the receiver

audio section, and the meter is

Besides

frequency

measure-

ments, the FCC also requires a

placed at the output. The volume
is then adjusted for a 15-kc devi-
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the correct audio gain of the receiver is established. Thus the

tion manual for the instrument
should be consulted. It should be
kept in mind that the monitor
meter movement responds to aver-

nal, for the audio output of the

marked in peak deviation. When

ation reading on the meter. With
the input and output voltages known,

meter will indicate accurately the
deviation of the incoming RF sig-

discriminator is determined by the
deviation of the signal into the

discriminator and this discriminator output is applied to the
audio section of the receiver.

age readings of the applied signal, although the meter dial is

the modulation signal is sinusoidal,
the peak and average readings have
a normal relationship and the

meter reading is accurate.

In

the case of nonsinusoidal modulations, however, the actual peak
deviation may not coincide with

that shown on the meter.

r

Pursuing this subject further,
only when the audio voltage is a
sinewave will the relationship between the average value and the
peak value result in a correct
meter indication. The average and

peak values of other waveforms
may have different relationships
and the peak indication shown on
the meter will not necessarily be
00 0 0 0

the true peak deviation. This must
be taken into consideration when

using the Motorola Monitor for
Either the Motorola Monitor or the
Frequency Meter may be Used to
Determine the Frequency of a
Transmitter.

The RF is now applied to the

monitor. This procedure is much

the same as for frequency measurements, but the controls have

now been adjusted to show the
amount of deviation. The manner
of adjusting the transmitter con-

trol will differ according to the
type of test modulation, whether
sinewave or voice. The instruc1.

measuring deviation (and adjusting
the transmitter modulation).1

Depending upon the equipment
available and the type of modula-

tion, there are several different

procedures for measuring deviation. We shall discuss them briefly.

Assuming that we are to use the
Motorola monitor to measure deviation (of a Motorola G -type transmitter) resulting from voice modu-

lation, we introduce a sustained

"Ah -h -h -h -h" of good volume at

See reference M-6, "Let's Measure Modulation. "
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the transmitter microphone. The
reading on the monitor meter
should be about 12 kc. When we

talk into the microphone, the average deviation will read about 7 kc

on the meter, with the peaks at

about 10 kc. The true deviations
are actually higher than these
indications, but the meter does not
follow the instantaneous modulation of the voice signal.
Deviation may also be measured
by means of a 1000 -cps audio os-

cillator, an AC voltmeter and the
monitor. With an audio input of
at least 1 volt to the transmitter,

of deviation and we have a very
sensitive indicator. Any means

may now be used to modulate the
transmitter and the scope will
show the true deviation.
The above discussion is based

on a system deviation of 15 kc.

Where the deviation is limited to
5 kc, we use this as the maximum
value, with 3.5 kc now corresponding to the 13 kc mentioned above.

For 5-kc deviation systems, the
scope again is an accurate and
convenient means of measuring
deviation.
lip

the monitor should read 13 kc.

This reading is lower than the true
deviation of 15 kc, due to the variance of the average -peak relationship of the modulating waveform

when the audio circuits of the
transmitter are in full clip.

Another, and very reliable,
means of determining the deviation requires the use of a scope,
which must first be calibrated so
that the amount of vertical deflection in relation to the deviation is
known.

For this purpose, the

scope is connected to the output
of the discriminator in the monitor, and a 1000 -cps audio sine wave signal is applied to the trans-

mitter input. This signal must be
kept below the clip level during
the calibration procedure. The
audio is

adjusted for a 10-kc

reading on the monitor meter and
the scope vertical gain is adjusted
for a convenient deflection such as
10

full

squares on the screen.

Each square now represents 1 kc

The Motorola Monitor and
Frequency Meter will Also
Measure the Deviations of an
FM Transmission.
Heterodyne Frequency Meters

There are several types of frequency measuring meters, most of
which make use of a highly stable
and carefully calibrated oscillator.

This oscillator is heterodyned or
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beat with the carrier to be measured. When a zero beat occurs,
the calibrated oscillator is at the
same frequency as the unknown

carrier; the frequency may then be

either read directly on the dials

oscillator or
determined from previously prepared charts. The basic system
is shown in the block diagram of
of the calibrated

figure 3A.

The carrier which is to be meas-

ured is applied to a mixer along
with the output of the calibrated

oscillator, and the oscillator is adjusted to the approximate frequency of the carrier. As the fre-

quency of the oscillator swings
through the frequency of the carrier, their difference frequency
will be heard in the headphones;
the operator will first hear a high frequency sound which gradually
decreases in frequency until the
zero beat is detected. As the oscillator frequency is further varied

we again hear a difference frequency in the phones, only this
time it starts at a very low frequency

and

the

Without some means of calibrating the variable oscillator of
the heterodyne type of frequency
measuring instrument, the guaranteed accuracy would be poor and
the instrument would not be ac-

ceptable for meásuring the fre-

quency of two-way communications

transmitters. (The FCC requires
that the accuracy of the instrument

be twice as good as the required
stability of the transmitter.)
In order to provide this higher
degree of accuracy, a calibrating,
crystal -controlled oscillator is included in the equipment of figure
3A. The frequency of the variable
oscillator may now be calibrated

against the crystal oscillator at

the fundamental crystal frequency,
at

any harmonic of the crystal

frequency, or at any combination
of

harmonics of the oscillators

where their frequencies coincide.
For example, let us assume that
the crystal is 5 mc. The variable

frequency in-

creases until it is beyond the
rangy of the equipment or the
hearing range of the operator.
At zero beat, the oscillator frequency is the same as that of the
carrier, so the carrier frequency
is established by determining the
frequency of the oscillator. On
some instruments the frequency is
read directly from the instrument

dials; on others, it is necessary

to determine the frequency from
charts supplied with the instrument.

In Addition to Monitoring a
Desired Channel, the Motorola
Monitor Measures Transmitter
Frequency and Deviation.

Test Equipment
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oscillator has a check point at
each megacycle. At 1 mc its

fifth harmonic is 5 mc and a zero
beat is detected when the oscillator

is adjusted to exactly 1 mc. At 2

mc the oscillators have a common

harmonic frequency at 10 mc to

provide the zero beat. At 3 mc the
common harmonic is 15 mc, and
so on. Harmonic beats are thus
heard throughout the range of the
variable oscillator.

Now let us suppose that we require a frequency check of a transmitter operating at a frequency of
39.97 mc. The variable oscillator
is first calibrated against the crystal oscillator at 40 mc, the closest
check point. The two internal oscillators are applied to the mixer,
with the variable oscillator dial set

at exactly 40 mc. A small cali-

brating control is now adjusted for
zero beat. The oscillator is now
at 40 mc and, because 39.97 mc is
very close to this check point, the
measurement at 39.97 mc will be

very accurate. (The further the
frequency being measured is re-

moved from a check point, the
greater will be the chance for error.)

P

Where the frequency range of the

instrument is lower than the frequency of the carrier being measured, the harmonics of the variable oscillator will provide the
necessary beat signal.
In figure 3B, a variation of the

basic system of figure 3A, two
separate oscillators (one crystal
controlled and one variable) are
combined to produce the hetero-

Besides Measuring Transmitter

Frequency and Deviation, the
Motorola Frequency Meter may
be used as a Generator for
"Netting" Receivers.

dyning signal. By using harmonics
of the crystal controlled oscillator,
and combining the output of both

oscillators, the instrument sup-

plies an accurate signal at the desired frequency.

One of the inherent advantages
of this instrument is the frequency

stability of the crystal oscillator,

which determines to a considerable

degree the stability of the output.
The harmonic amplifier provides
signals at 1-mc intervals throughout the operating range of the instrument. The low -frequency oscillator is variable from 1 mc to
2 mc. By combining these two
signals, then, we have an output
which is continuously variable.
(This variable oscillator is readily calibrated at 1 and 2 mc by
beating it with the crystal oscillator.)
The harmonic amplifier is tuned

so that the output at the desired
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harmonic is maximum. In addition, the dial (used for tuning for
this maximum output) is calibrated
according to the frequency generated in the mixer, thus provid-

ing an indication of the "megacycle" portion of the signal. The

"kilocycle" portion of the output
is determined from the calibrated
dial of the variable oscillator,
also calibrated according to the
frequency produced at the mixer.

The heterodyne type of frequency measuring instrument (figures

3A and 3B) may also be used as
a signal generator. The desired
frequency is selected on the instrument and the output is taken
from the "input" terminals. 2
Deviation Meters

Deviation meters are basically
highly calibrated FM receivers;
the output from the detector must

be a function of the amount of dev-

First, the output of the discriminator must be a function of

the amount of deviation but not of

the strength of the signal. If the

output of the discriminator should
change with signal strength, we do
not have a reliable indication. By

providing full limiting in the receiver for all incoming signals,

the discriminator will respond only to frequency changes.

Second, the gain of the amplifier stages between the discriminator output and the indicator must
remain constant. Usually one or
two stages of amplification are re-

quired, and if the gain of these
stages changes, the meter reading
is not reliable.

The metering circuit for indi-

cating the amount of deviation may
respond to the peak deviation or it
may respond to the average deviation. It is important for the ser-

viceman to know the characteris-

iation and this output must be indicated on a meter. If the meter
reading should change with variations of input signal strength, or
with the gain of the receiver, the
indicated deviation will not be accurate.

tics of his instrument if he is to

The method used for converting
the carrier frequency to the oper-

Many heterodyne type frequency meters are equipped with vernier dials, which provide accurate
readings to -five figures. A typical arrangement is shown in figure 3C.

ating frequency of the discrim-

inator is unimportant when measuring deviation, as the amount of

deviation is not altered by frequency conversion. If we are to

establish an accurate indication of
the deviation, however, two things

are essential.
2.

use it intelligently.

Interpolating Vernier Dials

The system is as follows. The

first two digits (hundreds) are

found on the hundreds dial. Here

See Test Methods, section 2, pages 36-38 and section 3, pages 11-14.
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a certain amount of "backlash."
No matter how well the mechanism
is constructed, there is always

some backlash present and the

readings can be expected to vary,
according to whether the dial was

rotated from a higher setting or
from a lower setting. While the
instruction book for any instrument should be followed in detail,
it is customary to approach a
The Motorola Transistorized AC
Voltmeter Will Measure Small AC
Voltages Accurately and is Very
Useful in Trouble Shooting Low
Level Audio Circuits.

the reading is 3900, because the
reference line is between 39 and
40.

The next two digits (units) are
found on the inside circular dial.

The marker for this dial is the
zero reference line on the outer

setting from the low -frequency

side and for the dial to have at

least one full turn.

Once the dial reading has been
determined, it must be converted
to the corresponding frequency.
A conversion chart is furnished
with the instrument, but it is often
arranged in 1-kc steps and does
not include the in-between frequencies. It thus becomes neces-

sary to interpolate the readings
in order to obtain the exact frequency.

scale, which is between 27 and 28,
so the next two digits are 27. The

Suppose, for example, that the
conversion chart indicates a fre-

digit (tenths).

ing of 3934.9, and 2419 kc for a
dial reading of 3926.8. The dial
reading of 3927.7 in figure 3 thus
represents a frequency some-

first four digits are 3927, and it
remains only to read one more

This final digit is read on the
tenths vernier (the outer circular
scale marked from 1 to 10).

Whichever line of the vernier that
coincides with (or is closest to) a
line on the inner dial becomes the
fifth digit. In figure 3C, the 33 on
the inner scale is next to 7 on the
vernier scale, so the final number
is 7, and the complete number is
3927.7.

The ultimate accuracy of a vernier reading is always subject to

quency of 2420 kc for a dial read-

where between 2419 and 2420 kc.
The difference between the two dial
readings shown on the chart (3934.9
and 3926.8) is 8.1. The actual
dial reading (on the meter) is
3927.7, or 0.9 higher thanthe chart
reading, which represents 2419 kc.

The value 0.9 is only 1/9 the total
difference (8.1); hence, the frequency difference is 1/9 of 1 kc,
or 111 cycles. Adding this to
2419 kc, the frequency is found to
be 2419.111 kc.
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Some dials may differ slightly
from the one shown in figure 3C,

but the system of interpolating
the reading remains the same.
AC Voltmeters

The AC VTVM is another impor-

tant instrument in the servicing of
two-way equipment. The ordinary
VTVM is usually not satisfactory
because its range is not low enough

to provide accurate readings for

small AC voltages. Besides having

a high impedance, the AC meter
must be capable of indicating small

voltages in order to be useful to
servicemen.

Microphone and other audio de-

vices often have outputs of less
than one volt, and it is essential
to have an accurate means of
measuring such voltages. 3

We see from the above that the
low scale of the meter should require no more than 1 volt for fullscale deflection. The manual for
a particular 450-mc base station,

A Signal Generator and the Test
Set are Recommended for Aligning
Motorola Receivers.
ways

convenient for the AC volt-

meter to be portable, as the serviceman must often use this instrument where no AC power is
available.

Wattmeters

for example, may state that the
input level is 0.10 volt. Unless
the scale used is at least as low

One of the most practical instruments for the service and

not be sufficient to measure this
value accurately.
(The newer
Motorola test set, Model TU546,

is the wattmeter. This instrument
is valuable not only for aligning
and trouble shooting the transmitter; it can be used also for trouble

as 1 volt, the meter deflection will

provides for low-level AC voltage
measurement facilities.)

A sensitive oscilloscope can be
used instead of the AC voltmeter,

and the scope can be accurately

calibrated. Its limited portability

is generally objectionable, however. While not essential, it is al 3.

See Test Methods, section 2, pages 11-18.

maintenance of two-way equipment

shooting the antenna system.

Wattmeters are of two general

types. One type is terminated in
a specific load which matches the
impedance of the antenna system,

the meter being used to measure
the amount of power delivered to

Test Equipment
that load. The other type uses the

antenna system as the load and
merely measures the power being

transferred from the transmitter
to the antenna. This type of wattmeter can be used to measure both

forward and backward power. That

is, the meter will indicate the

amount of power returning from the

antenna to the transmitter as well
as the power being delivered from
the transmitter to the antenna.

Wattmeters indicate the power
directly when they terminate in a
dummy load. It is important, how-

ever, (1) that the terminal impedance be matched to that of the antenna system --namely 50 ohms,
(2) that the range of the meter include the transmitter frequency,
and (3) that the power rating of the

meter be adequate for the equipment being measured.

The Motorola test set may be

used in conjunction with the Motorola dummy antenna in order to
measure RF power. The dummy

antenna includes a rectifier and
meter calibrating resistor, which
are used for measuring the current. Conversion tables are then

consulted to determine the corresponding RF power.

By knowing the amount of power

being delivered to the load, it is
possible to adjust the transmitter
for maximum output. Since the
antenna has the same impedance
as the dummy load, the tuning

procedure does not change and the
final settings will be the same
when the antenna is substituted
for the wattmeter and load. If the
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antenna is not perfectly matched
to the transmitter, however, the
settings may have to be changed
when the antenna is substituted
for the dummy load.

The wattmeter, when placed di-

rectly in line with the antenna,

depends upon the antenna itself for

the load, and it often proves to be
a valuable instrument not only for
checking the efficiency of the antenna system, but for measuring
the RF power output of the transmitter as well.

This type of wattmeter is capable of measuring the amount of
RF power reflected from the an-

tenna to the transmitter as well
as the amount of power delivered
transmitter
na. The difference between for-

ward and backward power fur-

nishes an indication as to whether
the power reaching the antenna is
actually being radiated into space
as a radio wave, or returned from
the antenna to the transmitter.

This illustrates the importance of
maintaining correct impedances.
Unless the proper impedances are
maintained, the power cannot be
radiated by the antenna and must
return to the source. If the impedance mismatch is as much as

2 to 1, the power loss is 11 per
cent.

When measuring antenna power,
the possibility of transmission line

losses must also be taken into
consideration. Suppose, for exam-

ple, that the meter is placed between the transmitter and the
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transmission line.

Any forward
power indicated on the meter will
represent the actual power being

Test Equipment
from the antenna to the transmitter. This means that the reflected

transferred to the antenna. The

power at the antenna is 12.5 watts,
but only one-fourth of this power

may not show the true picture,

there is a 6-db loss and the re-

reflected power reading, however,

for the reflected power reading is
affected by the power loss in the

transmission line, both going to
the antenna and returning in the
line to the transmitter.

reaches the transmitter, for again

flected power at the meter is more

than 3 watts. The meter at the

transmitter thus indicates that the
forward power is 100 watts and
that the reflected power is 3 watts.
Disregarding any loss in the trans-

mission line, it would seem that
the antenna system was satisfactory. On the contrary, however,
the true story can be found only
at the antenna end of the transmission line. A wattmeter at this
position will show that the forward

power is only 25 watts and that
the reflected power is actually
12.5 watts --a very undesirable
condition.

The cause of the above condition

This New Motorola Signal
Generator Covers All the
Frequency Bands Used for
Two -Way Communications.

Let us further suppose that the
transmission line in the above

example offers a total loss of 6

db at the operating frequency and
that the power available at the

is twofold. For one thing, the antenna is not proper, as indicated
by the high percentage of reflected
power. For another thing, the 6-db
loss of power in the transmission

line indicates that the line is at

least improper --if not actually defective --and that a different type
of line, one that does not have so
much loss, should be used.

transmitter is 100 watts. With a
6-db loss in power (a power ratio
of 4 to 1), the power reaching the

antenna will be only 25 watts. Now

let us suppose that the antenna is

not properly matched and that only
half of the power reaching the an-

tenna (12.5 watts) is radiated, the
other half (12.5 watts) returning

Signal Generators

The RF signal generator which
has an accurately calibrated output can be one of the most prac-

tical among the various measuring
and trouble -shooting instruments
used by the servicemanworkingon
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two-way equipment. This instru-

varied as required.

The Motorola test set is accurately calibrated for IF alignment

viceman knows the amount of input

FCC requirements are concerned,
but it is very convenient for checking the operation of a receiver.
?

cy and level of this signal may be
Stage gain
measurements can thus be made
by the serviceman in order to determine the operation of each section of the receiver. (If the ser-

ment is not essential as far as

when a 455-kc crystal is used.

Hence, the frequency calibration of

the RF signal generator is not as
important as its indication of the
output signal level. Sensitivity is
one of the primary considerations
of the communications receiver;
without a signal generator to determine the 20-db quieting level,
it

is hard to tell when the re-

ceiver is working at its full rating.

By using a generator (such as
the Motorola TU576, or equivalent) together with an output indicator for the receiver (the Motorola test set provides this func-

tion), the sensitivity of the re-

ceiver can be measured in a very
short time. This arrangement is

voltage which is required in order
to produce a specified output vol-

tage for a particular stage, the
exact location of a defective section can be easily determined.)

When using the signal generator

with a receiver, it is important to
provide the proper impedance
match. Otherwise, the voltage indicated by the generator will not
be accurate; measurements will
be meaningless. This readily accounts for differences in readings
when several generators are used.
Unless the generator is properly
terminated and unless the correct

cabling and termination is pro-

vided, valid measurements cannot
be obtained.

very helpful both in alignment and
in trouble shooting.

When aligning the receiver, the
generator conveniently provides

an RF signal having a predetermined level. The Motorola test
set then indicates the output for
the various circuits and the latter
are adjusted to any level required.

After all circuits have been adjusted, the RF level of the genera-

tor will indicate the exact sensitivity of the receiver.

When trouble shooting the receiver, the generator provides a
substitute signal, and the frequen-

Here We See the Level Adjusting
Dial of the Signal Generator.
The Setting Accurately Indicates
the Generator Output Voltage.

Test Equipment
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The accuracy of the output voltage furnished by the signal generator can be completely nullified if
there is an appreciable amount of
leakage RF. It will be obvious

ov:.i

n.: .
;

...........

...--...

1N

that a generator which radiates

more signal into the receiver than
that provided at its output terminals would be nearly useless at

Í

u--

-_-...ji-.'_.'..;

-_

low signal levels.
;

The range

of

the instrument

should include all frequency bands

for the equipment being serviced
--ideally from 5 mc to 1000 mc for
equipment used in two-way communications. While few present-

day receivers operate in the 900
mc band, it is probable that more
receivers will use these high frequency channels in the future.
This frequency setting need not
have a high degree of accuracy,

A Scope is Very Useful in Adjusting
the IDC Circuit and Trouble
Shooting the Audio Section of the
Transmitter.

electronic factor that is usually

measured by a meter (frequency,
waveform, phase, amplitude, etc.).
It is particularly convenient when
used in conjunction with a deviation meter. While any of the devia-

it is true, but it is essential for
the generator to have good fre-

tion meters discussed in this les-

use as a channel frequency, but

the same instrument, nor is it possible to determine the exact mod-

The low -frequency range also finds no direct
quency stability.

the 5-1000 mc generator provides

son can be used to indicate average

or maximum deviation, it is not
possible to record both values on

the necessary output often required when aligning the high frequency IF sections of re-

ulation pattern being measured.

ceivers. 4

its vertical deflection, the exact
peak deviation is indicated. Fur-

Oscilloscopes

The scope, however, indicates the
actual waveform of the signal, and
when it is calibrated according to

thermore, oscilloscope patterns

While the "scope" cannot be re-

for the voice range are entirely

test equipment (since service work
can be performed without one), its
versatility makes it an invaluable
instrument in all kinds of service
work.

the scope will indicate the exact

garded as an essential piece of

The scope is capable of indi-

cating and measuring almost any
4.

See Test Methods, section 2, pages 61-68.

independent of frequency. When
used in connection with the operation of the transmitter IDC circuit,
point of clipping and the operating
waveforms.

While the average serviceman
is acquainted with the general op -

Test Equipment
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eration of this instrument, it may

be well to review the basic cir-

cuit. Figure 4 shows the functions
of the various sections of a typical
model.

controls are provided for both
vertical and horizontal deflection

voltages, and the pattern may be
shifted either to the right and left
or up and down, by the two positioning controls, R3 and R4.

The scope is designed about the
cathode ray tube (CRT). Deflection plates in the CRT allow the
electron beam to be bent vertically and horizontally, and a waveform is thus produced according to

the nature of the deflecting voltages applied to these plates.

The horizontal deflection is normally a sawtooth wave wherein the
beam is gradually pulled from the

left-hand side of the tube to the

right. When the beam reaches its
extreme right excursion the waveform changes, returning it very
quickly to the left-hand side. The
cycle is then repeated continuous-

The exact manner in which the
waveform is produced on the CRT
screen is thoroughly explained in
other publications and need not be
repeated here. We are interested,

rather, in the practical use which

can be made of the waveform thus
produced.

By knowing the nature of the

waveform applied to a circuit, and
then comparing it with its succes-

sive representations as it passes

through the various stages, the op-

eration of these stages can be
evaluated, particularly with re-

ly. The horizontal deflection plates

spect to gain and distortion.

output of the horizontal deflection
amplifier. The amplifier input
comes from the sweep (sawtooth)
generator and its frequency is
variable. This sweep waveform

In the audio section of the transmitter, the waveform of the audio
modulating voltage is of particular
interest, for the entire purpose of
this section is to control the am-

tion when the sync selector switch

applied to the modulator. By observing the waveform at successive stages within this section,

in figure 4 are connected to the

is triggered by the vertical sec-

is at INT. A small portion of the
vertical deflection voltage is then
applied to the horizontal genera-

tor in order to synchronize the

horizontal sweep frequency with
the frequency of the vertical voltage.

The desired waveform is ap-

plied to the vertical amplifier

and the output impressed upon the

vertical deflection plates.

Gain

plitude and waveform of the voltage

operation of each portion of the cir-

cuit can be evaluated and any in operation or malfunction immediately pinpointed. Moreover, the
vertical deflection can be plotted
against vertical input voltage,
which enables the serviceman to
ascertain the various levels of
audio voltage from point to point
within the circuit.

Test Equipment
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Typical audio waveforms within

the transmitter are shown in figure 5. The left-hand column shows
waves produced as a result of clipping,

at various voltage levels.

The right-hand column shows the
resulting waveforms, respectively, at the output of the integrator.

The upper waveforms show no

from the plate of one stage to the
grid of the next stage, automatically indicating a defective circuit. Open coupling capacitors are
readily located by this method although they cannot be discovered
by means of voltage or resistance
When checking coupling
tests.
circuits, the serviceman must re-

change from the original sinewave,
which means that the amplitude is

member that some attenuation will

and the sinewave is not altered by
the integrator. The lower wave-

frequencies than at the higher fre-

not sufficient to cause clipping,

always be encountered, and that
it

will be greater at the lower

forms show what happens when

quencies, resulting in a proportionally greater loss. This is
particularly true where the coup-

severe clipping of the wave pro-

ling

the input voltage is very high. The

duces a square wave output and the
integrator changes the square wave
into a triangular wave. The wave-

forms in between these two extremes represent various degrees
of clipping.

Distortions within the audio sec-

tion of the receiver are readily
located by means of the scope,
and they can be quickly pinpointed

with this instrument to a definite
section. This is done by putting
the input audio signal on the scope
and then following it through the
Any deviation in the
circuit.
original waveform indicates some
kind of distortion.

Since the exact signal level can

be determined by means of the

scope calibration, the instrument
thus becomes a sensitive AC voltmeter. By comparing the input
amplitude of a stage with the output, the stage gain can be deterCoupling circuits may
mined.
show a high degree of attenuation
5.

See Test Methods, section 2, pages 40-53.

capacitance

is

relatively

small.

The scope finds good use in
connection with the Motorola Mon-

itor in measuring deviation. Test
calibration circuits in the instrument allow a quick calibration of
the vertical deflection at 15 kc,
and the gain of the scope can be
adjusted for a convenient deflection at 15 kc. The gain of the
scope can then be adjusted for a

convenient deflection with this
known voltage applied. 'Then, when

a signal is applied to the instru-

ment, the amount of deviation can
be immediately determined by
means of the deflection produced.
Observation of the waveform shows
both peak and average deviation. 5
The Test Bench

Figure 6 shows a practical test
bench which

includes

the test

equipment necessary for properly
servicing two-way radios. On the

Test Equipment
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upper shelf from left to right we
have the Motorola frequency and
deviation

meter,

the

Motorola

transistorized AC voltmeter, the
Motorola test set, a dummy antenna, an RF wattmeter, and the
Motorola Signal Generator.

Other test equipment includes
a power supply for bench operation of mobile radios, a filter for
operating transistorized receivers, a meter panel which allows

for simultaneous monitoring of the
various receiver circuits, and bat-

tery testers.

On the work shelf we see a typical two-way radio, this particular
model being a "Motrac"unit, which
includes a completely transistor-

ized receiver and power supply.
Additional tools, cables, service
manual, etc. , may be kept in the
storage areas below.
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TRANSMITTER SERVICING

Lesson MA -6
Introduction

RF Output

In this lesson we shall discuss
various techniques for servicing
FM transmitters used in two-way
communications. We shall proceed in the following order: (1)
identification of a fault, pinpoint-

shooting any transmitter is to observe the reading in the PA position of the test set. If this reading
is high, the HI -LO switch must be
placed in the LO position. Now

ing it to a particular section of
the transmitter, (2) location of

the specific trouble, and (3) correction of the trouble.
We shall be using the high -band
transmitter shown in figures 1 and

2, but the trouble -shooting techniques applied to this unit will

work equally well with other transmitters, particularly with the low band units. Toward the end of the

lesson, we shall discuss problems
which apply only to certain specialized equipment, such as 450mc transmitters.
Determining the Exact
Trouble, Using the Motorola
Test Set Only

When using the Motorola test set

only, the serviceman will follow

test procedures which are different
from those he would use if he had
more test equipment available. To
start, let's assume that he has only
the Motorola test set, and that the
fault is definitely in the trans-

mitter --both the antenna system
and the power supply are normal.

The

first step when trouble

observe the readings of test set
positions 3, 4, 5, and 6 to get an
over-all idea of the transmitter
operation. If an intelligent ap-

praisal is to be made, these readings must be compared both with
the recommended values and with
the values previously recorded for
the transmitter, when it was operating normally.

The meter readings with the

test set in positions 3, 4, 5, and 6
are used to check the preceding
stages. Thus, if the reading at
position 3 is normal, we know
that the RF level at this point is
normal. That is, the oscillator,
modulator, buffer -doubler, and

tripler input circuit are all operating as they should. (The frequency may be incorrect, but at
this point in our procedure we are

interested only in the amount of
RF. )

The reading at position 4 checks

the operation of the tripler stage
and the input to the second doubler.

If the reading at 4 is normal, try
position 5. If the reading is still
normal, proceed to position 6.
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How do these meter readings
help isolate the trouble? Let us
suppose that the readings at positions 3 and 4 are normal, but that
the readings at 5 and 6 are low.
This tells us that the trouble is in
either the second doubler or the

input of the driver stage. The
logical procedure is to try new
tubes in these stages and to check
the readings again. If normal
readings are now obtained, merely

touchup the alignment and your
unit will be ready for use. If the
readings are still low, however,
more detailed trouble shooting will

be required in these stages.

As another example, let us as-

sume that all the readings are
zero, or at least very low. (The

reading at position 6 is never zero

so long as the bias supply is applied to the grid circuit of the PA
stage.) This means that the trou-

ble is in one of the first three

stages (oscillator, modulator or
buffer) or that it is in the input to
the tripler stage. Again the logical procedure is to try new tubes
in these stages. (Try another
crystal in the oscillator, too, if a
suitable one is available.) If this
procedure fails to correct the condition, further trouble shooting
will be required.

When the reading at all positions
(3 through 6) are normal, the next
problem facing the technician is to
determine if there is an RF output;
and if so, to determine its approximate power.

TROUBLE (wirHiN) THE TRANSMITTER MUST
BE ISOLATED TO ONE OF THE FOLLOWING.

1. LOW POWER OUTPUT.
2.OFF- FREQUENCY.
3. IMPROPER DEVIATION

In Trouble Shooting the Transmitter Be Sure to Identify the Specific
Trouble to be Corrected.

Transmitter Servicing
The meter positions provided in
high -band and low -band transmitters do not show RF power output.
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These instruments are
easy to use when it is desired to
supplied.

measure the carrier power quickly.

The reading at position PA is an
indication of the DC plate current
only and is no guarantee of RF
power. Only when the complete
alignment procedure of the final

From the standpoint of isolating
the trouble, the serviceman, as
soon as he knows that the power
output is normal, can concentrate

tank, coupling and antenna circuits
are followed, with normal results,
can we be reasonably sure that the

might exist within the transmitter. 1

reading at the PA position shows
the presence of RF power in the
antenna. The test set responds to
RF signals when used as a field
strength meter, but it does not indicate the frequency or the amount
of output.

on the operating f reque ncy, the mod-

ulation, or any other faults that
Even though the RF power output

of a transmitter is known to be

relatively normal, the transmitter
itself may not be operating normally because (1) the carrier frequency is not on channel, or (2) the

modulation is nonexistent, or at
least very low.

Measuring Power Output
Operating Frequency

As we have just seen, measuring

the power output of the transmitter becomes a problem when all

The possibility that the carrier
is off channel can be detected by

the Motorola test set. If he is to
provide quick and accurate service, he should be equipped with
some means of actually measuring
the RF output at the transmitter.

known calibration, or by means of
a frequency measuring device. If

the serviceman has available is

Either a wattmeter or the Motorola
dummy antenna (used with the test
set) will serve this purpose.

means of a monitor receiver of
neither of these is available, the
serviceman will be unable to deter-

mine the operating frequency of
the transmitter.
Modulation

Several types of wattmeters are
available. Any type will suffice
for determining the power output

of the transmitter as long as it is

Metering facilities are not provided in the transmitter for measuring either the modulation or the

quency involved. Using the Motorola dummy antenna, relative

newer TU546 test set, however,
allows the audio voltage to be

set and the power can be accurately
determined by means of the charts

and this tells the serviceman that
there is audio in the transmitter.

reasonably accurate at the frereadings can be taken on the test

1.

See Test Methods, section 2, pages 29-31.

audio input to the modulator. The

measured at the microphone,

Transmitter Servicing
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Additional equipment is required
in order to check modulation.

weak, normal, or overdeviated.
The receiver, however, will not
give an accurate indication of the

modulation if the carrier is too
Isolating the Trouble Monitor Receiver

We have just seen how a fault is
isolated within a transmitter when
using only a Motorola test set. A
monitor receiver can also be used

for making a quick check if the

technician has one available. (We
must assume that the monitor receiver picks up signals from other
transmitters within the system
and reproduces them with normal

clarity.) The first step is to open
the receiver squelch so that some
noise is heard. The transmitter

is then keyed and any noise quieting in the receiver noted. If there

is some quieting, a carrier is
present, although it may be weak
or slightly off channel. The off
channel factor is immediately
checked by observing the test set
reading at the discriminator secondary --it should be near zero.
Although it is not advisable to
adjust the transmitter frequency

according to the reading on the
receiver discriminator, this read-

far off frequency. Again, the
monitor receiver is not to be used

to adjust the modulation of the
transmitter; it merely gives the
serviceman a relative idea of what
is taking place. It enables him to

quickly ascertain if there is trouble within the transmitter, and if
it is one of the areas checked.
We have learned thus far how to

isolate the trouble in a transmit-

ter, pinpointing it to some particular stage or section. Once this
has been done --and if the fault is
not readily corrected by some

simple adjustment or a replace-

ment tube --it will be necessary to

further analyze the faulty stages
of the transmitter. In many instances the transmitter must be
removed and placed on the test
bench for this more complete
analysis.

Trouble Shooting the Oscillator

Voltage and resistance readings,

ing provides a good check on the
approximate carrier frequency.

such as those shown in figure 1
for the 10 -watt transmitter, are

The monitor receiver also provides a check on any modulation
taking place in the transmitter. If
the carrier provides a reasonable
amount of quieting in the receiver

ponent. This particular transmitter also provides for monitoring
the oscillator activity (test meter

helpful in locating a defective com-

position 2). The minimum reading

if the carrier is reasonably

is 10, but it will be higher than
this in most cases. If the reading

receiver output will indicate the
presence of modulation, whether

oscillator should be watched both
for activity and for frequency.

and

close to the correct frequency, the

should drop below 10, however, the

Transmitter Servicing
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voltages resulting from resistance
changes in the plate and screen
dropping resistors, open or leaky
capacitors, a weak tube, or a poor
crystal. In most instances a voltage and resistance check of the
circuit and its components will
reveal the defect, but occasionally
it may be necessary to substitute
new units and compare the results.

Test Set Measurements Help to

Quickly Isolate "Low Output"
Trouble to a Specific Stage of the
Transmitter.

While the test -set reading at

position 2 can be taken as an accurate indication of the amount of
oscillator activity, it does not

tell us how well the plate circuit
of the oscillator operates, nor

does it tell anything about the signal applied to the modulator or to
the buffer -doubler. This information can best be obtained by measuring the voltage at the buffer grid,
which is a good indication of the

signal level. In figure 1, the voltage at the buffer grid is 2. 5 volts
negative. This serves, then, as
anindicationof the RF level, which

is the output from the oscillator modulator

section.

A VTVM

equipped with an RF probe will
also indicate the presence of RF.

The probe may be used at the
plate circuit of the oscillator and
at the grids of the modulator and
buff -doubler stages to determine
the RF level at these points.

Low RF output from the oscillator may be caused by low supply

The Modulator

The modulator is basically a
low -gain RF amplifier stage in
which provision is made to phase
modulate the RF signal in the output. The DC grid voltage is zero
with respect to ground, and bias
is supplied by a cathode resistor.
Trouble shooting is accomplished

by means of (1) voltage checks,
(2) resistance checks, and (3) tests

performed on the individual components.

Modulation deviation and linearity is determined to a considerable extent by the operation of the

stage. It is therefore important
to keep the voltages near their

nominal values.

Looking at the schematic, we
see an electrolytic bypass capacitor at the cathode. Its bypass
quality may be poor without seriously changing the DC operating
voltages. At the same time, however, the modulation characteristics of the stage could be poor;the
modulation may be weak as well
as distorted.

Transmitter Servicing
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The Buffer -Doubler

The buffer -doubler is basically
an RF amplifier which provides an

output at twice the frequency of

the input signal. The grid voltage
is due both to the oscillator output
and to the signal from the modulator. To provide good modulation

linearity and a stable carrier fre-

quency, the stage is operated with
Class B2 bias rather than Class C.
(Class B2 indicates operation near
cut-off, with the grid driven posBefore
itive by the signal.)
performing any detailed trouble
shooting, the serviceman should

make sure that the grid drive
(voltage) is correct.

The grid bias voltage limits the
amount of plate current, and the
plate current establishes voltage

drops across the various resistors
in the circuit. If the plate current
increases, the voltage across the
plate dropping resistor (R1) also
increases, causing a lower potential at the plate. At the same time,
the increased plate current through
the cathode resistor increases the
cathode voltage.

With the proper signal applied

to its grid, the operation of the

buffer -doubler stage may be de-

termined by the reading at the grid
of the following tripler stage (position 3). The maximum voltage
at position 3 will be obtained only

when the interstage transformer
is peaked. This transformer has
a tuned primary and a tuned secondary; as either is adjusted to
resonance, a sharp maximum
reading should result. If either

the primary or

the

secondary

fails to show a satisfactory peak,
the circuits will not be properly
The Motorola Test Set and Dummy
Antenna may be Used to Measure
Transmitter Power Output.

Figure 1 shows no metering facility for the buffer -doubler, but
the grid drive is checked by reading the negative grid voltage, which
should be at least 2. 5 volts for this
particular transmitter. This grid

voltage controls, to some extent,
the voltages at the other tube elements. The action is as follows:

tuned.
Tripler, Doubler and
Doubler Driver

o

These three stages all operate
in much the same manner. As

Class C amplifiers and frequency
multipliers, they increase both
the power and the frequency of the
RF signal. Trouble shooting pro-

cedures for all three stages are
essentially the same as that described for the buffer -doubler.

-'

.

Transmitter Servicing
The RF output of each stage de-

pends primarily upon the grid

drive voltage. Therefore, the in-

put signal to any stage must be
normal before any further checks
are made. The RF output of each
stage is conveniently measured at
the grid of the following stage.
Each

stage provides some re-

serve drive to the next stage. That
is, the grid drive is more than the
minimum amount needed to produce the required output. Thus,
while the readings given in figure

1 are satisfactory, it is desirable
to have more than this nominal
amount in order to counteract the

normal decreases that occur as

Page 7
the primary and secondary winding. This must not be done, however, for although it may seem
that the amount of grid drive could

thus be increased, this is not always the case.

The driver output (or the input
to the PA) may increase in undesirable harmonics, but not in desired signal. The spurious emission may also exceed the maximum allowed. (The 450-mc transmitter is an exception to this rule,
however.
Here the interstage
coupling is variable and must be
adjusted according to the recommended procedure.)

the equipment ages.

These three multiplier stages
incorporate pentode type tubes
because they offer high gain with

minimum drive. Screen voltages
must be correct if full power output is to be realized. The screen
voltage greatly affects the amount
of plate current, and in a Class C
amplifier or multiplier the power
output is generally a direct function of the amount of plate current
and the amount of grid drive.

It should never be necessary to
make any change in the circuitry
or in the value of a component in
order to obtain correct drive voltages. If the recommended readings are not obtained, look for
a defective component. Neither
should interstage coupling be
changed. Occasionally it would
appear that the degree of coupling
(between doubler -driver and PA,
for example) could be changed by

altering the relative position of

Power Amplifier Problems

The various adjustments and
alignments required in the PA
stage make it one of the most
critical sections of the transmitter. It is subject to more damages

as a result of misalignment be-

cause of its high power level and
its tubes are the most expensive in
the transmitter. It is thus advisable to minimize tube replacement
by making sure that they are always operating properly.

Plate current is controlled by
the grid voltage, the screen voltage, the plate voltage and the plate

tank, also by the antenna loading
adjustments. To prevent the plate
current from becoming excessive
(in case the grid drive should fail),
fixed bias is applied to the grid at
all times. Moreover, a "High Low" switch is usually incorpo-

rated in the screen grid circuit.

Transmitter Servicing
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This switch permits lowering the
screen voltage by inserting a higher

resistance in the screen circuit

when the plate circuit is not properly tuned. If the final stage is
not operating properly, the switch

trouble to the defective portion of
the circuit. Resistance readings

are also very helpful, especially
in locating resistors that have
changed value.

is immediately placed at "Low"

and left in that position until servicing and tuning are completed.

Ilüllllll!I!!Illllllllllllllllllllllilllllllllllll

II

III

!1I11Í

When the grid drive is normal,
the stage is biased Class C. Un-

less the plate circuit is tuned to
resonance, however, the current
may still be too high; hence, the
switch is left at "Low" until the

plate tank is adjusted to resonance.

If the PA grid drive fails, the

fixed bias will keep the plate current from rising beyond the safe
limits for the tube. With no RF
in the plate circuit, the tuning of
the plate tank has no effect on the
plate current --and there can be no

coupling to the antenna if there
is no RF present. With no RF
power present, coupling adjustments will have no affect on the
plate current.

If a Thruline Output Meter is Used,
the Transmission Line Should
Terminate into the Antenna,

Reduced RF output (assuming
that the input is normal) may be
caused by a weak tube, low supply

voltages, improper tuning, a de-

fective component, or any combination

of these factors.

Each

possibility should be checked
thoroughly in any logical trouble
shooting procedure. If the grid

drive is normal, the tube

may be

replaced by one known to be good
Trouble is quickly pinpointed to
either the grid circuit or the plate

circuit by observing the meter

readings at position 6 for the grid,

and at the PA position for the
plate. It can also be isolated by
observing the peaks when the circuits are tuned through resonance.
(When the final is loaded by the
antenna, the plate current peak
will be very broad.)

Voltage readings for the final
stage will help to pinpoint any

and the results compared.

The

final tube will often show a slight
"glow" around the glass envelope.
A slight glow may be normal and

does not necessarily indicate a
defective tube or excessive cur-

rent. In low -power transmitters
(such as the 10 -watt unit), the PA
tube is less apt to show this glow
than when this same tube is operated with higher voltages to produce power outputs of 25 watts or
more. If the tube becomes gassy

(or "soft," as it is often called),

Transmitter Servicing
there will be a glow around its
electrodes and this glow will ex-

tend over the greater portion of

the tube. This will generally indicate a defective tube (low power
output) and the tube should be replaced. Operating a tube beyond
the recommended values of plate
and screen current will often make
it prematurely soft and shorten its
life.
The Audio Stages

The audio stages in the transmitter of figure 1 are the audio
amplifier and the clipper. Where
transistorized microphones are
used, the transistor amplifier must
be considered as part of the audio

section of the transmitter, even
itself is
mounted in the microphone housthough the amplifier

ing.

Misadjustment of the "instantaneous deviation control" (IDC)
can produce bad effects, both in

the operation of the system and in
the interference produced in other
channels. Because of the great
importance of this circuit, the
serviceman must be careful to esV

tablish its proper operation and
maintain a proper adjustment of
the control (R130) at all times.

Once the input signal reaches a
certain predetermined level, the
output voltage no longer increases.
By driving the diodes in the clipper

stage to maximum plate current,
the output voltage is limited in amplitude; stronger audio voltages

Page 9

cannot produce higher voltages
from the clipper. In most transmitters the maximum input level
without causing clipping is 0.18
volt at the grid of the amplifier
(0.25 -volt signal at the input if the
tap at position 1 is used). Before
proceeding to adjust the IDC control for the correct amount of deviation, the modulation sensitivity

must be correct.

That is, with
0.25 volt applied to the input, the

peaks of the signal reaching the
6AL5 should be at the point of
clipping.

To check the modulation sensitivity, place a VTVM between ter-

minal 2 or 7 of the 6AL5 socket

and ground, using the lowest practical DC scale. The standard test
signal for the audio section of the

transmitter is 1000 cps, and this
signal should be applied to the
transmitter input. As the input is
increased and approaches 0.25
volt, a slight wiggle will be ob-

served on the meter, indicating
that the peaks of the signal are
If the input is further increased, the meter reading
will decrease.
being clipped.

The point at which the meter
shows the slight wiggle is the clip
level. While this is 0. 25 volt for

most transmitters, the service
manual should always be consulted

for verification; some transmitters use different values for their
modulation sensitivity.

Microphones sometimes have
outputs of 0. 18 volt. When this
is the case, the input coupling

Transmitter Servicing
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capacitor is connected to the al-

ternate tap, allowing the full volt-

start clipping the amplitude, but
the indications of the deviation

input.

meter and the scope may not agree.
While the scope will show the true
peak deviations, the deviation me-

age to reach the audio amplifier

ter responds to the average deviation; its scale is marked according

Measuring Deviation

In order to determine the amount
of deviation, it is necessary to use

a suitable deviation meter. With
a 1000 -cps sinewave signal at the
input, the deviation should be set
to a full 15 kc (or to 5 kc, when
that value applies). When the input is not a true sinewave (voice
modulation, for example), the deviation is adjusted for an indication

of about 12 kc, using a sustained

voice tone such as Ah -h -h -h -h--.
Then, when we speak into the mike,

the peaks should reach 10 kc on
the deviation meter.

The scope, when used in conjunction with a deviation meter,

becomes a most accurate indicator
of deviation. It must first be calibrated, however. This can readily
be accomplished with a deviation
meter, using a signal which is below the clip level. The 1000 -cps
signal is applied to the audio section so that the deviation is 10 kc
on the meter. The scope vertical

to the corresponding peak value
rather than the average. This
meter reading is accurate only so
long as the input signal is a sine wave, and not clipped. As soon as
the signal deviates from the sine wave, however, the peak will no
longer

have the same relative

value with respect to the average
value, and the deviation reading
may not represent the true peak.
This does not mean that the de-

viation meter is not satisfactory
for setting the deviation of the
The difference

error is very low for deviation
values through 15 kc, and the error becomes significant only when
the IDC circuit goes into full limiting.

gain is then adjusted for a con-

venient deflection,

such as

10

squares, on the scope screening.
(The scope controls must now remain in the same setting for the
rest of the check.)
Since the deviation is increased

by increasing the input voltage,
the IDC circuit will eventually

The Motorola Monitor Measures
Both Frequency and Deviation.
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The foregoing discussion was
based on an input signal of 1000
cps. Where the signal frequency
is lower and clipping occurs, the
average energy will be less in
comparison to the peak than for
the 1000 -cps input. Thus, where
a low -frequency signal is used,
the deviation indicated by the meter for a clipped condition is likely
to be lower than that recorded on
the scope.
From the preceding discussions,

we see that there are several
factors that must be taken into

consideration when trouble shooting the audio section of the transmitter. First and foremost is
modulation sensitivity. If the
modulation sensitivity is low, it
shouldbe corrected in the amplifier
section rather than by advancing
the IDC control. If the IDC con-

trol is advanced, there may not
be an immediate change in the
operation of the transmitter. If

the control is advanced, however,
because the amplifier gain is low,
and then later the amplifier gain
is restored to normal by replacing
a weak tube, the IDC control must
again be adjusted for correct deviation.

Another example of improper
service procedure has to do with
a weak mike. The serviceman
finds that the modulation of the
transmitter is weak and, rather

than doing a little trouble shooting
and finding out the reason, he
merely advances the IDC control.

This means that the audio input
may never reach the clip level,
and there may be no IDC action.
2.

Moreover, the weak mike eventually becomes inoperative and it
must be replaced. The serviceman will be guilty of an error of

omission if he fails to recheck the
The output is good and

deviaticn.

loud, he reasons, so why worry
about the amount of deviation!
The deviation is now beyond the
bandwidth of the receivers in the
system and the Permakay filter in
the receiver prevents some of the
sideband energy from getting
through to the discriminator. This
results in a distorted output and a
consequent sacrifice in quality.
The excessive deviation also pro-

duces a lot of sideband energy
which falls in the adjacent channels and interferes with systems
operating within these channels.

If the modulation sensitivity is
not up to par, either the amplifi-

cation of the audio stage is low or
the clipper is not working properly.

A further check of these stages

should disclose the specific trouble.2
Transmitter Al ignment

The alignment procedure of any

transmitter must include three
steps: (1) the RF circuits must
be adjusted so that the correct
amount of power is delivered to
the antenna, (2) the transmitter
must be placed on the proper frequency, and (3) the modulation
(deviation) must be correct.

To obtain the proper RF signal at the antenna, all of the circuits between the oscillator and

See Test Methods, section 2, pages 53, 54 and 57, also section 3, pages 34-36; also see
"Let's Measure Modulation," reference M-6.
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antenna must be tuned to their

correct frequency and the coupling
must be properly adjusted between
the PA stage and the antenna. The

circuits from oscillator to PA are
tuned for maximum indications at
the grids of the following stages.
The PA plate tank is adjusted for
minimum plate current. After the
plate tank is tuned, the antenna

coupling circuits are adjusted to
obtain the proper amount of RF in

the antenna (determined by the
amount of plate current).

The service manual lists certain normal readings for each
stage of the transmitter. Unless
these readings are obtained, it is

not advisable to proceed with the
rest of the alignment, for the
proper operation of each stage
depends upon the grid drive from
the preceding stage.

The actual power output of the
transmitter cannot be accurately
determined merely by knowing the

amount of plate current in the PA
stage. Power output is best meas-

ured by means of an accurate

wattmeter connected between the
transmitter and antenna. Instead
of the antenna, a dummy load of

the proper impedance may be

This Portable Motorola Meter
Accurately Measures the Frequency
and Deviation of Transmitters,
between 20 and 100 MC.

The frequency of the transmitter
is determined basically at the
cillator. An adjustment at the oscillator stage provides for placing
the transmitter at the correct frequency. By monitoring the transmitter output with a frequency
meter the oscillator can be warped
until the transmitter frequency
is correct. The reliability of
this procedure is limited only by
the accuracy of the frequency measuring device.4
Deviation measurement requires

used with the wattmeter. This
wattmeter should read both forward and reverse power, particu-

the use of a special meter

regular antenna system. A transmitter may fail to load properly
because of a defective antenna

Besides the general alignment
procedure discussed in this les-

larly if it is terminated into the

system, and this is readily de-

tected by means of the forward reverse power readings on the
wattmeter. 3
3.
4.

monitor the transmitter
during modulation.

to
output

son, specific recommendations
for the individual transmitter must
be followed in detail, particularly

in the loading procedure for the

See Test Methods, section 3, pages 17-25.
See Test Methods, section 2, pages 32-39 and section 3, pages 10-15.

o
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final stage. Unless the loading is
correct, the final tubes may overheat and fail prematurely. Rec-

ommended procedures must be
followed, also, in order to provide the specified amount of RF
power output from the transmitter,

with minimum harmonic radiation.

The most common causes of
parasitic oscillations are defec-

tive bypass capacitors, and stages
improperly neutralized. (It is essential that the neutralization procedure recommended by the man-

ufacturer be followed in every
detail.) Another likely source of
parasitics is the final amplifier
tube itself.

Parasitics

Parasitics, when encountered
in transmitters, are usually recognized by the radiation of abnormal signals, signals which are

not normal for the transmitter.
The reading at position 6 (the
final grid) is likely to be abnormally high and the tuning of the
circuits erratic. The power out-

put is usually low when measured
on a wattmeter, and erratic when
the final is loaded by the antenna
or by a dummy load.

Further evidence of the exist-

ence of parasitics is the overheating of components, particularly

the parasitic suppressors! Severe
parasitic oscillations may even
cause the suppressors to burn
up.

One method of determining the
presence of parasitic oscillations

is to remove the drive from the
final stage momentarily, while
observing the behavior of the
final grid and plate circuits. If
the oscillations are strong, the
wattmeter may indicate
power output.

some

450 MC Transmitters

Before discussing troubles which

may be associated with 450-mc
transmitters, it is necessary to
say something about circuit variations which may alter the trouble

and alignment procedures. This is the case where a

shooting

metering circuit has been profor measuring the power

vided
output.

The meter does not give
a quantitative indication of the
power, but it does show peaks. It

provides a means of tuning the

final stage and loading the transmitter into the antenna the same
as if a wattmeter were used.
Some 450-mc transmitters have
a modulation sensitivity of 0.1
volt, which means that only this

amount of voltage is required at

the input terminals in order to
cause the necessary deviation.

Another unique feature (in some
450-mc Motorola transmitters) is

the use of variable coupling between the driver and final stages.

Normally this coupling is fixed in

Transmitter Servicing
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variable and it must be properly
adjusted by the serviceman.

The tripler coupling to the final
stage can usually be set at maximum, provided no limit is specified in the alignment procedure.
(This will vary from one model to
another.) With the input to the

final stage known to be satisfactory, the tuning and antenna loadEstablishing the Amount of Mike
Voltage --As Measured on a
Sensitive AC Voltmeter --is
Helpful in Diagnosing Modulation
Problems.

the transmitter, but it is desirable for it to be variable in certain instances, to obtain optimum
operation of the final stages.

One of the most common complaints in connection with 450-mc
transmitters concerns low power
output. This is sometimes caused

by the 2C39 tubes used for the
final stages of some high frequency transmitters.

When the power output is low,
the first thing to check is the drive

to the final and to the preceding
stages. There is little reserve
drive in the final stages; unless
the driving voltages are up to par,
the final cannot develop full power
output. The final stage in Moto-

rola transmitters is driven by a

tripler stage, and the drive to this
tripler is very critical. It is just

as important to avoid overcoupling

in this stage as it is to secure

sufficient coupling. The coupling

to the tripler grid is thus made

ing procedures are checked. Then,

if it is still impossible to obtain

normal power output, a new tube
should be tried in the final. The

tripler-driver and the final use
the same type tube in Motorola
450-mc transmitters, and these
tubes can be interchanged for the
purpose of comparing the power
output. It is common for the final

tube to operate satisfactorily in
the driver stage even though it

may not give full power output in
the final stage.
Low power output may also be

caused by low supply voltage,
either filament or plate, and this
possibility must never be over-

Another possible source
of trouble is the contacts of tube
filaments. Filament power is applied through these spring connectors, so they must make good
contact. Poor contact causes loss
of power and overheating. Low
looked.

power output may be traced to de-

fective bypass capacitors in the
grid and plate circuits. These

capacitors often make use of mica
sheets which are held to the chas-

sis by screws. If these screws
should become loose, the capacitance is reduced and the power

Transmitter Servicing
output decreases. The remedy is
to simply tighten the screws. The
ground return of the various coupling loops may be making poor
contact with the chassis because
of the accumulation of dirt. This

also is a possible cause of low

power. The remedy is to clean
the ground contact.
250- Watt Transmitters

Quarter -kilowatt transmitters
use an ordinary 30-60 watt trans-

mitter as the driving section for

the high-powered final. In most
instances, the problems encountered are due to misaligned final
stages.
Neutralization is one of the most

important factors in the tuning of
250 -watt finals. This is required
with both low -band and high -band

units but not with the 450-mc

Page 15
transmitter,

which is fixed neutralized. No particular align-

ment, adjustment, or neutralization procedure is applicable for
all models of 250 -watt transmitters;the step-by-step instructions
provided by the manufacturer must
be consulted for each model.

The antenna change -over relay
may sometimes become a source
of trouble, especially when its
contacts become pitted or charred
because of the higher RF power
handled.

In working with transmitters,
particularly high-powered units,
the serviceman must exercise un-

usual care to avoid coming into
contact with "hot" circuits. The
high -voltage warning must be observed at all times. It is well for

the serviceman to be thoroughly
familiar with normal safety measures and first aid procedures.
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RECEIVER SERVICING

Lesson MA -5
Introduction

In this lesson we shall discuss

procedures for quickly locating
and correcting troubles within the
two-way communications receiver.

We shall concern ourselves primarily with the location and correction of a single fault, since a

step-by-step guide in trouble
shooting the receiver. It lists a

number of possible troubles and
suggests corrective procedures.
In this chart we assume the only
test instrument available is a
Motorola test set. (We are also
assuming that there is no carrier
frequency

signal

available

for

receiver rarely has more than one
major trouble. If more than one
fault does occur, we must find and
correct them one at a time.

testing the receiver.) This chart

Before starting our discussion
about receiver trouble shooting,

of all bands.

is intended to apply specifically to
the high -band receiver of figure 2,
but the general procedure will ap-

ply to many Motorola receivers,

we must assume that previous

Audio Test

nitely establish the receiver as
the offending unit. That is, we

The first step when isolating
trouble in a receiver is to turn the

ply and the antenna system are

volume control full on and open the
squelch wide (control fully counterclockwise). A loud noise should be

tests have been made which defi-

must assume that the power supnormal.

The specific procedure for trouble shooting the receiver will vary
considerably for each service
problem; we may use one technique
for the receiver in the vehicle and

another for the receiver at the

base station. The mobile receiver
is the more common of the two,

so we shall start our discussion

with this unit.

heard in the speaker. If there is
no sound, the fault is likely to be
in the audio or squelch sections of
the receiver. We continue with
procedure 2 , to the left.

Here we use the Motorola test
set (either the P-8501 A/B or the
TU -546) . With the test set plugged

into the receiver and adjusted to
measure the receiver output (position 8 of P-8501 tester; position
11 of TU -546 tester), we make two

The Mobile Receiver

The Trouble -Isolation Chart in
figure 1 will serve as a useful

checks. First, if the speaker circuit of the receiver is defective,

we shall hear noise in the test
speaker. Second, the test meter
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measures the receiver output volt-

Let's first assume that the
test set shows a reading and that
a loud sound is heard in the test
age.

set speaker. We may immediately

assume that the speaker or its
circuit in the receiver is defec-

If the receiver is mounted
in the trunk, the speaker is a separate unit which interconnects to
the receiver through the control
head. It is likely that the wiring
is defective. In some models the
speaker wires plug into the control head, and one of these connections may be bad. If the troutive.

ble cannot be found through visual
inspection, it may be necessary to

use an ohmmeter or a substitute

If there is still sound after the
noise rectifier tube is removed,
try new tubes in the squelch section, procedure 4. If there is no
change in the operation, the fault
is in the squelch circuits and the
receiver must be brought to the
service bench for more detailed
checks.

1°1e
W

speaker.

If there is neither noise from
the speaker nor a reading on the test

meter, the speaker circuit is probably, O.K.

We now proceed to 3 .

Remove the noise rectifier tube in
the squelch section and listen for
sound from the speaker. Removing

the noise rectifier disables the

squelch section of the receiver and
helps to further pinpoint the problem to either the audio circuit or
the squelch circuit. If the squelch
circuit is defective (if the coupling
capacitor between the noise amplifier and the noise rectifier is
leaky), there will be a constant

positive voltage present at the DC
control tube grid and the squelch
will remain closed. If the squelch

is to open, the negative voltage

from the second limiter grid must
be available and the positive voltage from the "noise section" must
be removed.

Failure to Hear a Message May
Not be the Fault of the Receiver -Check Carefully.

If there is no sound, however,
with the noise rectifier tube removed, proceed to 5 and replace,
one at a time, the audio, discriminator and second limiter tubes.

If replacing any of these tubes
corrects the trouble, a high noise
level will be heard and the receiver
may be checked for normal operation. If, however, these tube re-

placements do not produce any
change, the receiver must be further tested on the service bench.

Receiver Servicing
RF and IF Tests

When

the

serviceman hears

noise in the speaker after trying

procedure 1, he immediately proceeds to 6 on figure 1. Here he
takes readings in positions 1,2,4,
5 and 6 on the test set.

If the reading at position 2 is

low (position 1 is normally low
without a signal applied), the trouble is probably either in the front
end or in the IF section. This includes both oscillators and mixers.

is not possible to isolate the
trouble further within this large
It

section of the receiver by making
additional tests with the test set,

so the best solution is to follow

procedure 7. Replace the tubes,
one by one, noting the change in

the noise and in the meter readings, position 2 in particular.

It is sometimes possible, by

noting the changes in noise level,

to isolate the trouble within the
entire front end of the receiver.

If, upon removing the high -fre-

quency oscillator or mixer tube,
the noise does not decrease, the

trouble is likely to be either in
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and corrected. It is necessary,
however, to completely check the
receiver operation. This necessitates a brush -up on the alignment,
particularly the netting of the receiver with the base station transmitter. If tube substitutions cause
no change in the meter readings,

we must look elsewhere before
removing the set for bench servicing. First, the fault may be in

the high -frequency oscillator, par-

ticularly in the matter of correct
frequency. Second, the receiver

may need realigning. If neither of

these areas proves to be at fault,

it may be necessary to further
test the receiver on the service
bench.

If the readings taken at metering positions 1 and 2 are normal,
we next check the reading at position 6. Although this reading indicates oscillator activity, the
test set doesn't actually measure
the injection voltage from the
oscillator plate circuit to the
mixer. Besides, even if the reading at position 6 is normal, we
cannot be sure that the injection
signal to the mixer is at the correct frequency --the oscillator may

that stage or in a following stage.
If the noise changes, the receiver
is operating to some extent from

be off frequency and require alignment.

some stages may be weak.

too low, the next procedure, 8, is

If tube substitution restores the
meter reading at position 2 to near

the new tube does not serve to restore operation, a crystal known
to be good should be tried. If the

this point on to the speaker, but

normal (and the other positions,
as well), we may be reasonably

sure that the trouble has been found

If the reading at position 6 is

to try a new oscillator tube.

If

readings are still too low, it will
probably be necessary to remove
the receiver from the vehicle for

Receiver Servicing
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additional service. If the reading

at position 6 returns to normal,

the fault is corrected. It will still
be necessary, however, to net the
receiver frequency with the base
station transmitter before placing
it in operation.
When analyzing the readings at

metering positions 4 and 5 (the
primary and secondary of the discriminator), we have to take into
account the readings at positions 1
and 2. If the reading at position 5

is low, we must first make sure
that the readings at positions 1
and 2 are near normal. (If they
are not, the fault is in the stages

preceding the limiters rather than

in the limiter or discriminator
circuits. Thus, we are concerned

with low readings at position 5

only when positions 1 and 2 are
near normal.) If position 5 is

still low, we should try new tubes

in the limiter and discriminator

stages (procedure 9 in the chart).
Finally, if the reading remains
low, either the receiver requires
alignment or there is some other
trouble for which it may be necessary to remove the receiver for
bench service. If the readings are
restored to normal when the new
tubes are tried, it is well to check
the alignment and noise idling before placing the receiver back in
operation.
The reading at position 4 should
normally be close to zero. When
only noise is present, the idling of

position 4 should be within two

scale divisions of zero on the test
meter. If the reading at position

RECEIVER TROUBLE SHOOTING PROCEDURE
STEP I.

TURN VOLUME CONTROL FULL
ON AND OPEN SQUELCH (control
fully counterclockwise ).
'D- IF NOT TROUBLE
1

U ELC l -I

Quick, Efficient Receiver Service Requires a Complete and Logical
Trouble Shooting Plan.
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4 is not at zero (with no channel
signal applied), it is possible that
the low or high frequency IF section requires retuning. Also, a

frequency oscillator working properly there would be no heterodying

may produce "noise, "
causing the discriminator noise
idle to swing off zero. Further
checks on the receiver alignment
and system netting are required.

Assuming then, that we have
established the presence of noise
in the speaker and that we have
obtained a normal reading at test
set position 6, we may now check
any change in the readings at positions 1,2,4 and 5, with the signal applied. It is also important
to note any change of noise heard
in the speaker when the signal is

strong carrier on some nearby
channel

When the reading at positions 1,
2, 4 and 5 are normal, the trouble
may be due either to(1)off-channel

operation of the receiver, or (2)

low sensitivity in the receiver front
end. For off -channel operation we
may follow the suggestions under

the "reading at position 6" block;
for low sensitivity, follow the suggestions of procedure 7.
Using a Signal for
Isolation of Trouble

When a signal on channel frequency (such as one of the transmitters of the system) is available,
it is often possible to determine
the trouble more quickly and with
greater reliability. The Motorola

test set may also be used as a
source of signal.

In general, we should start our
trouble shooting in the same manner as recommended in the chart
of figure 1. Unless there is some
noise in the speaker (a "live"

sound), there is no need for the

channel signal; we already know
that the trouble is likely to be in
the audio or squelch circuit. Also,
the reading at position 6 should be
normal, for without the high -

action and thus no IF to measure
or to cause noise quieting.

applied.

Unless the readings in positions
1 and 2 show a reasonable increase
and the noise quieting approaches

20 db, the main trouble is in the

front end or IF sections of the
receiver. Figure 4 is another
trouble -isolation chart similar to
procedure 6 of figure 1, one that
we can use when a channel signal
is available.

Starting with the readings at
positions 1 and 2, we find three

possible variations: (1) the readings do not change, (2) they change
but very little, (3) they change appreciably. If the readings change

very little (or not at all), and if
there is little if any noise reduc-

tion, we should recheck position 6.
If this is O. K. , we then follow
procedure 7 in figure 1. When the

readings at positions 1 and 2 increase appreciably with a signal

applied and some noise quieting is
noted, we know that both sections
of the oscillator -mixer are working normally. However, there are
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still two possible trouble sources.
The sensitivity may be low, or the
high -frequency oscillator may not
be at the correct frequency.

oscillator frequency is correct;
the trouble, if any, is in either
the front end or in the IF stages.

See the suggestions of procedure
7 in figure 1.
The readings at positions 5 and

6 do not add appreciably to our
present type of trouble shooting
technique, for these readings are

not likely to change to any extent
with an applied signal. Only if
the incoming noise fails to saturate the last limiter will there be
any change at position 5. There
is no normal trouble that might
occur which could produce a change
A Quick Check On Receiver
Operation is Made by Turning the
Volume Full -On and Opening the
Squelch.

For the low sensitivity condi-

tion, follow procedure 7 in figure
1. If this proves good, check the
test set reading at position 4. Position 4 may show no change, read
zero on signal, or swing away
from zero. If there is no change
in the reading and noise quieting,

the trouble is in the limiter or

discriminator stages; try replacing tubes. If this does not correct

the fault, the receiver probably
requires further servicing with
additional test equipment. If the

reading swings away from zero
when a signal is applied, the

at position 6.

To summarize our discussion
about the use of a signal to help
isolate trouble in the receiver, we

see by comparing the readings on
the meter that:

1. If the readings at 1 and 2do
not increase and there is no noise
reduction, the trouble is in the
front end, ahead of the limiters.

2.

If there is an increase in

the readings at positions 1 and 2
and in the noise quieting, the
reading at position 4 immediately

tells us whether the receiver is
on channel or not.

high -frequency oscillator is off
frequency and may be warped back

When to Remove Set for
Bench Service

criminator reads zero with a 455kc signal.) If the reading shows
zero with the signal applied, the

Up to now we have dealt with
the receiver in the vehicle. We
have implied, however, that on

to zero.

(Be sure that the dis-

Receiver Servicing
occasion further servicing required its removal to the service
bench, that more comprehensive

testing was required than could be
done with only a test set. Whether
we immediately remove the radio
set or test it further in the vehicle
depends upon the vehicle use. A
police squad car, for example, can

be out of service for a limited
time only. If the trouble cannot
be corrected within this time, the
radio must be removed for serv-
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more checks on the receiver and
attempt to service it without removal. This is particularly true
where the serviceman has additional test equipment available.

In the remainder of this lesson

we will discuss several bench
service procedures and techniques.

These same procedures may apgeneral to the receiver
while still installed in the car.

ply in

icing.

AI ignment

Where spare units are available

for replacement, minimum time
should be spent in servicing the

While general alignment procedures can be given for typical
receivers, we shall learn more by

equipment in the car. As soon as
the serviceman is convinced that
the fault is not a simple one, such
as a defective tube, he should replace the unit with the spare and

chassis. We shall accordingly use

bring the defective set to the shop.
This unit, when repaired, will

5.

then become the "spare" for the
next car which requires it. This
procedure saves considerable time

for both the serviceman and the

customer. By a spare we mean a
complete installation, the receiver,
transmitter, and power supply.

These units are assembled to-

referring to a specific receiver

the Motorola Sensicon "G" re-

ceiver, shown in figures 2, 3 and

Figure 2 is the schematic diagram of this receiver, and figure
5 (which also includes the align-

ment chart) shows the parts placement as viewed from the top. Al-

though this is designated as the

complete "bench" alignment pro-

cedure, it can also apply to re-

gether on a single frame and they
are removed from the housing as
a single unit. The original set can
be removed and the spare installed
in a matter of a few minutes. The
spare is then checked out with the

The following test equipment
will be required to align the re-

ready for service.

model TU576 signal generator (or
equivalent); (3) a known source of

base station and the vehicle is

In many instances the out time
of the vehicle is not so important
to the owner and it may be practical for the serviceman to make

ceiver alignment at the vehicle.

ceiver: (1) a Motorola test set and

a 455-kc crystal; (2) a Motorola

signal at the channel frequency.
A frequency meter of acceptable
accuracy can be used to set the
signal generator to the channel
frequency.
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The photo in figure 5 shows

the connections between receiver

chassis and test set. The power
supply for the receiver is not
shown, since the receiver will
usually be left in the complete
assembly along with the transmitter and power supply.

The first step is to align the circuits tuned to the last IF frequency,

455 kc. This requires the test set
and a 455-kc crystal. The adjusting procedure for the test set will
be found at the left of figure 5.
We first adjust the discriminator
primary. A shorting wire is connected across the secondary terminals of the transformer assembly, and the meter switched to
position 5. Then, with the generator supplying a 455-kc signal
to the grid (pin 1 of V106, figure
2), the primary is adjusted for a
maximum reading on the meter.
Resonance is indicated by a relatively sharp peak. The primary
is adjusted from the bottom of the
chassis. After adjusting the primary slug to resonance, the lock nut is tightened. Once this adjustment has been made, it is not

Receiver Servicing
The remaining 455-kc adjustments are in the IF plate circuits;
the tuning procedure appears in
steps 3, 4 and 5 of figure 5. The
signal is coupled to the input of
the Permakay filter. The level is
kept low, so that the readings are
always linear with any increase in
signal strength. Too strong a signal will cause saturation, in which
case the readings will show little
or no increase. The meter is set
to position 2 and L16 is adjusted
for a maximum reading. With the
meter in position 1, IF coils L15
and L14 are tuned for maximum.
This completes the alignment of
the low IF section.
The 12-mc section is tuned next
The 12-mc IF

(steps 6 and 7).

frequency is supplied by the signal generator, and its frequency

is first adjusted for zero at the

discriminator output (position 4).
The 12-mc signal heterodynes with
the second oscillator frequency at
the second mixer, thus producing

the 455-kc signal in the last IF

section. If a satisfactory reading

is obtained at positions 1 or 2,

the signal generator is next coupled

time.

to the grid of the first mixer. If
the reading is not satisfactory,
however, it may be necessary to

The next step is to tune the discriminator secondary. Remove

coils L11, L12 and L13 are ad-

likely that the primary will require a readjustment for some

the short across the secondary,
switch the meter to position -4 or
4, and adjust the secondary for a
zero setting, which must be midway between positive and negative
peaks. The secondary slug is adjusted from the top of the discriminator transformer assembly.

couple it to the grid of the first IF
amplifier, V104. With the generator coupled to the grid of V104,
justed for maximum.

With the

generator at the first mixer grid,
coils L8, L9 and L10 may be adjusted for maximum.

It is important to check the generator occasionally, making sure

Receiver Servicing
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it remains at 12 me throughout the
adjustments. This is particularly

true during the warm-up period,
for the generator is likely to drift
during this period. A quick check

can be made by observing the
reading at meter position 4; the
reading must remain at zero.

This completes the alignment of
both the high and the low IF sections of the receiver. All that remains are the oscillator -multiplier
and RF circuits.

The RF coils are adjusted next.
With the channel signal applied to

the grid of the RF amplifier, L2,

L3 and L4 are adjusted for a maximum reading at positions 1 or 2.
If a reading can be obtained with
the signal applied to the antenna
input terminals, it is permissible
to adjust the coils in this manner
instead of injecting the signal directly at the grid.

With no signal applied and the
meter at position 6, L5 is adjusted

for maximum oscillator output.
First, however, it is important to
preset the trimmer capacitor C 110
in the oscillator so that the tuning

slot is parallel with the chassis.
This places the oscillator close

enough to its correct frequency so

that the circuits will be adjusted
for maximum even if a slight
change of frequency becomes nec-

essary.

A Properly Aligned Receiver will
"Noise Balance" within Two Scale
Divisions of Zero in Position 4 on
the Test Set.

After L5 is adjusted for maximum activity, the multiplier coils
must be tuned. This requires a

signal at the channel frequency,
and the signal generator is used
for this purpose. The signal generator is first set to the channel
frequency in accordance with step
9 in figure 5. With the channel

The antenna coil is now adjusted
by applying the RF signal through
a 6-db, 50 -ohm pad to the antenna

connector and adjusting L1 for a
maximum reading at position 2.
(If the reading is satisfactory, use
position 1.)

the RF grid (antenna input), L6 or

The receiver is finally adjusted
for the exact channel frequency.
This is done by "netting" the re-

reading at positions 1 or 2.

transmitter with which the receiver

signal applied at the mixer or at
L7 are adjusted for a maximum

(Un-

less the receiver sensitivity is
maximum, it may be necessary to

use position 2 for these initial
adjustments.)

ceiver frequency to that of the

normally operates. The transmitter must be turned on; then, with
the meter in position 4, C110 is
adjusted for a zero reading.

Receiver Servicing
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After the

receiver has been

netted to the base transmitter, it
must be checked for "noise balance." Effective noise balance
can be realized only after the receiver has been netted to the carrier it is to receive. As shown in
step 13 (figure 5) of the alignment

procedure, this also requires the
receiver to be installed in the vehicle. The vehicle motor is left
running while a signal at the chan-

nel
the

frequency is received from
base transmitter. Ideally,

this signal should cause a quieting
of from 20 to 30 db. The plate coil
of the first stage in the low IF section may now be retuned slightly

for a reduction of ignition noise.
In making this adjustment it is
most important to observe the

will not be effective when the receiver is put in actual operation.
Furthermore, when the correct
noise adjustment is realized, the
idling of position 4 without a signal should fall within one or two
This
microamperes of zero.
means that the discriminator balance for the noise input should be
within 1 or 2 scale divisions (position 4) when the signal is removed.

Failure to realize this noise idling
indicates that the second IF section is not aligned to the center of
the Permakay filter. When this
occurs, it is best to recheck the
alignment of the 455-kc circuits
as well as the adjustment of the
ignition balance.

meter reading at position 2, which
must not decrease more than onehalf microampere (half -scale division on the meter). If the above
procedure is unsatisfactory, the

Whenever the receiver has been
aligned or any general service has
been performed, a sensitivity

the circuit, lowering the receiver's
sensitivity. It is thus necessary

T1034A

first IF plate coils can be used.
The readings of the first IF are
sharper, however, and this procedure may cause a detuning of
to observe the meter reading at
position 2 closely while making
this adjustment. Noise balance is
best achieved in different parts of

the receiver depending upon the
particular model and circuit. Always proceed according to the
recommendations of the service
manual.

Unless the noise adjustment is

made for the exact carrier fre-

quency which is to be received, it

Sensitivity Check

check should follow, in order to
make sure that the receiver will
work satisfactorily.

A sensitivity check requires a

signal generator (or
equivalent) and some kind of out-

put indicating device such as a
sensitive output meter. In position 8 the Motorola P8501 test set
can be used as a convenient output

indicator for the receiver.

The

quieting sensitivity of the receiver

is the amount of RF signal required at the receiver input in

order to reduce the receiver noise
by 20 db. The squelch control is
turned completely counterclockwise to open the squelch circuit,

Receiver Servicing
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and the audio volume is adjusted
for approximately 0. 5 volt output.
If the P8501 test set is being used,

the receiver volume is adjusted
for a reading of 10 on the meter;

if an AC output meter is used, the
volume is adjusted to any convenient value, such as 0. 5 volt.

front end of the receiver, or by

substituting new tubes in the front
end stages. The supply voltages,

both A and B, should also be
checked. After these areas have
been exhausted as possible sources

of poor sensitivity, check the me-

ter readings on the test set.

It

may be necessary to make stage
gain checks.
Stage Gain Measurements

Stage

gain measurements are

shown in figure 6. The instruments
and terminations recommended

are important if representative
readings are to be secured, and
they must be followed in detail.
In Tube -Type Receivers, Most
Troubles are Repaired by
Replacing a Defective Tube.

Connect the signal generator
through a 6-db, 50 -ohm pad to the
antenna connector and place it on
channel frequency by monitoring

position 4 on the test set.

The

generator output is then returned

to zero and increased until the

output reading is reduced to one tenth its original value. The generator output, in microvolts, is
This
the receiver sensitivity.
value should be checked against
the receiver specs. If the receiver
is not up to full sensitivity it would

be well to determine the reason
and make the necessary corrections. Sensitivity may be improved
by touching up the alignment in the

The stage gains shown in figure 6
can be realized only when the receiver is properly aligned. If
there is any doubt on this score,
the receiver should be completely
aligned as recommended in the instruction manual.

By comparing the actual reading (with the meter in positions 1,
2, 4, 5 and 6, respectively) with
the corresponding reading in the
chart, an indication of the general

operation of the various circuits
can be obtained. By measuring
the gain of the receiver at each
stage, the one causing the low
sensitivity is readily isolated.
Voltages and resistance measurements can be made to determine
the defective component within the
stage.
The following example of trouble

shooting by means of stage measurements is typical. Let's sup-

Receiver Servicing
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Comparing Meter Readings With and Without a Channel Signal is Very
Helpful in Trouble Shooting the Receiver.

pose that the meter reads low in

positions 1 and 2, when measuring
noise input. The 12-mc input of
5 uy to pin 1 (grid) of V104 gives

the correct 20-db quieting, but a

12-mc input of 3. 0 uy at the mixer
grid (pin &of V103) does not give
20 db of quieting, nor does a signal of 30.0 uy give a reading of -2
at position 1. This indicates that
the gain between the grid of V103

and the grid of V104 is not correct, and the fault is probably in
the grid or plate circuit of V103.
Voltage checks are now made at the

plate and cathode. If these read-

ings are approximately correct,
resistance tests may be made on
the stage, including the plate coils.
These may be tuned in the normal

manner for checking the proper
peaks. Failure of a coil to show
a sharp peak indicates a definite
fault in the tuned circuit. Open
coupling capacitors must also be
considered, although this condition results in sharp tuning with
poor sensitivity. Because of their
small capacitance, these units
cannot be easily tested; it is usually
better to substitute another capacitor and compare the results.

The effect of an open coupling
capacitor depends on the amount
of signal present as well as on the
location of the capacitor. At the
sensitivity level of the receiver,
the relatively weak signal will find
little coupling from one circuit to

the next and the receiver may be
completely dead. With a strong
signal, however, it is very probable that the signal will be coupled

from one circuit to the next even
though the "coupling" capacitor
may be open! Under these circumstances the receiver may operate fairly well, though its sensitivity will have been considerably
reduced.

The results will also depend on
whether the coupling capacitor is
in the RF section or in the first IF
Stray coupling is always
more likely to occur at the higher
frequencies.
When making stage gain measurements the correct procedure is
to start at the last stage of the set
and continue toward the antenna,
section.

until the point is located.

The

trouble is thus pinpointed to aparticular stage in the receiver.

O

Receiver Servicing
Discriminator Response Curve

One of the most important fac-

tors in securing clarity of the
message reproduced by the speaker
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the receiver is operating on a 5kc deviation, the output voltage
should be at least 15 volts for the
5-kc deviation.
These voltage

checks are made at the full dis-

is for the discriminator "recovery criminator output, not at the input
slope" to be linear over the devi- to the first audio stage. (In figure
ation limits of the system. This ), this is at pin 5 of the 6AL5 dissubject was discussed in the re- criminator tube base.)

ceiver lesson dealing with dis-

criminator action. The discrim-

inator response curve must be
linear over a frequency range
greater than the deviation em-

ployed by the system and in general this linearity is one and
one-half to two times that of the
deviation. This allows for some
shift in the incoming IF signal and
for possible detuning of the discriminator secondary.

The linearity of the audio re-

covery can be determined with the
test set, using crystals 15 kc above
and

15 kc below the center fre-

quency of the last IF.

Each kilocycle of deviation in a

Where the DC type of volume
control is used, the output of the
second limiter will be controlled
to some extent by the setting of
that control. For an accurate
check, therefore, the volume con-

trol must be set temporarily at
maximum.

Audio Stage Gain Measurements

While normal problems in the
audio stage usually will not often
require stage gain measurements,
a system for determining relative
audio levels should be known. In

order to check the entire audio
section, it is also important to

produce approximately one volt at
the discriminator output --at 15 kc

test the deemphasis section. The
audio input should thus be fed to
the discriminator output, pin 5 of
the 6AL5 tube socket.

least 15 volts. By comparing the
output at 15 kc above center and
15 kc below center, the linearity

For discussion purposes, typical readings were taken for the
receiver circuit of figure
It

15-kc

deviation

system should

from center frequency the discriminator output should be at
of the discriminator will be known.
A 10 per cent variation of the output

voltages is permissible, but any
greater difference represents too
much distortion. When this oc-

curs, recheck the alignment of the

discriminator primary, the sec-

ondary, and the last IF section. If

should be kept in mind, however,

that these figures are typical of
one receiver only, and a 10 per
cent variation from one receiver

to another of the same model may
be expected. Moreover, different receiver models have different
gain requirements, and great var-

Receiver Servicing
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iations may be found.

The test

signal was taken at 1000 cps. With

frequencies other than 1000 cps'
different gains should be expected.

The volume and audio level con-

trols were first adjusted to maximum; the 1000 -cps signal was then
applied to pin 5of the 6AL5 socket
and adjusted to a level of 10 volts.

The voltage at the grid of the first
audio amplifier was 0.5 volt. This

loss can be attributed to the de emphasis network and the large
resistor R141 in series with the
audio level control. The audio
output at the plate of the first amplifier was nearly 9 volts, a stage
gain of 18 (0. 5 volt to 9 volts), or
25 db. There is some loss in the
coupling from the first audio stage
to the power amplifier, and the
grid the
was
voltage at
8. 5 volts. The output voltage was
measured at both the plate of the

tube and at the lead to the voice

(transformer secondary).
These voltages were 110 volts and
2. 5 volts, respectively. The output stage is designed to deliver a
specific amount of power to opercoil

ate the speaker, and the desired
power for this receiver is two
watts. The power output equals

the voltage squared, divided by the
resistance. The square of 2. 5 is
6.25; dividing this by 3, the impe-

dance of the voice coil, results in
more than 2 watts.

By making such audio measurements on any receiver you may be
servicing, you will know what the
voltage levels should be when the

equipment is operating in a normal
manner. Then, when something

happens, a second set of readings
may be taken for the audio section
and the results compared. These
typical readings may be recorded

for quick reference at any time.
In fact all the readings of any receiver should be kept for future
reference. This data is most valuable, for it immediately shows
which circuits have changed since
the last readings were taken.

When making stage gain measurements, it must be remembered
that the signal level will have some
effect on the amplification of the
various stages, particularly in the
audio section. The gain for a
strong audio frequency signal may
be considerably different from
that of aweak audio frequency signal. More accurate results can be
obtained by using a typical signal

level such as the one illustrated

above. Such a signal also indicates

whether or not the audio power
output is up to par. Too large a

signal overdrives the tubes, causes
distortion, and lowers the net gain.
Oscillation

In a two-way communications
receiver, oscillation may take
place without the operator or
serviceman being aware of the
fact. Oscillation within one of the

stages or sections of a receiver

is thus a problem which must be
anticipated by the serviceman.

Receiver Servicing
Oscillation may have various

effects upon the receiver, depending upon the strength of the oscillation and where it is taking place.
One of the most common effects

is a partial quieting of the noise
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grounding" usually show which

stage or section is oscillating.

Oscillation usually occurs in the
RF section of the receiver or in
the last IF section, and pulling the

front end tubes will usually pin-

usually heard in the speaker when
the receiver is unsquelched. The

point the oscillation to one of these

Following this noise reduction, we
can also expect that the noise level

are open bypass capacitors, broken
ground leads, coupling capacitors

oscillation acts like a signal at
the limiters, reducing the noise.
might be so low that the squelch

circuit would be unable to squelch
the receiver.
It

is a characteristic of most

oscillations that they produce
higher than normal meter readings

for the limiter grid circuits and

the discriminator primary. Moreover, the discriminator secondary
reading may be full scale in either
direction rather than at zero, and
alignment adjustments may be
critical and erratic.
Trouble -shooting techniques
such as "tube -pulling" and "grid 1.

two areas.

Common causes of oscillation

out of position (away from the
chassis instead of next to the
chassis), ungrounded shields, and
excessive supply voltages. The
oscillating section of the receiver
can often be found by bringing the

hand close to the suspected section and noting the change in the

meter readings, or in the sound

coming
speaker.
testing for oscillation, the input

should always be terminated either
into its antenna or into a 50 -ohm
load. Unless this is done, the RF
stage is likely to oscillate).

See Test Methods, section 2, pages 61-86, and section 3, pages 5-10.
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12.0

1

-5

-2

20 db. (quieting)

.455

-5

1

1

1st Mixer
DB Meter

Pin 4+of V 103

3.8
30.0
12.0
12.0

5.0

Pin 1 of V 104
1st IF

1

Filter

150

.455

5000

Pin of V 106
2nd IF -1
1

2000

.455

-5

Pin 1 of V 107
2nd IF -2

1

150,000

*A meter reading of up to ±1 ua of zero is allowable without any degradation.
NOTE

A Model T1034A Signal Generator (or equivalent) with output cable should be used when taking
readings on V101, V103, and V104. A Model 65B Signal Generator with a 30 ohm terminated
output cable was used when taking all other readings.

FIGURE 6

STUDENT NOTES

Set the GRID GURRENT-METER-FIELD STRENGTH switch to the
METER position.

8.

10.

03

40

TERMINAL

DETAIL A

20

05

T1
IDENTIFICATION

COLOR CODE
BLU.

TUNING SLUG

( STEP 1)

SOLDER SHORT JUMPER

Connect one end of the test set extension cable to the RF OUTPUT
jack on the test set. Connect the other end of the extension cable to
the RF probe cable.

Plug the test set metering cable into the METER receptacle on the
receiver chassis.

Set the ON -OFF switch to the OFF position.

7.

9.

Adjust the frequency control (ADJ) for a maximum meter reading.

Place the test set ON -OFF switch in the ON position. (Test set
operates on internal battery. Conserve battery life by keeping
switch OFF when set is not in use.)

Set the ATTENUATOR control for maximum output (10).

6.

5.

4.

Set the GRID CURRENT -METER -FIELD STRENGTH selector
switch to the GRID CURRENT position.

Plug a 455 kc. crystal into the two -pin crystal socket.

2.

3.

Set the REC. -XMTR. -0-50 UA. switch to the REC. position.

1.

HOW TO SET UP THE P -8501-A TEST SET
FOR DISCRIMINATOR AND 455 KC. I.F. ALIGNMENT

4.

3.

2.

1.

T1

L16

L13

L11

L4L3

L9

L

L8

STEP 7

L10

STEP 10

L12

L15

STEP4

STEP6

STEP 3

L1

STEP 11

6
7

STEP 9

STEP 12
0110

L5

STEP 8

EXTENSION
CABLE

FOR 12 MC I.F. ALIGNMENT

HOW TO SET UP THE MODEL 80 SIGNAL GENERATOR

JUMPER

METERING
CABLE

PRIVATE LINE RECEIVER
BENCH ALIGNMENT CHART
FIGURE 5

Locate the exact 12 mc. point by rotating the generator dial back and forth
around the 12 mc. setting until you obtain a meter reading of exactly zero (position 4). The meter reading should go above and below zero as the dial is rotated.
Leave the generator set for zero meter reading. Make sure the signal remains
constant throughout the alignment (generator may drift).

Set the signal generator frequency for approximately 12 mc.

the ON position.

Set the test set selector switch to position +4 or -4. Set the ON -OFF switch to

Coupie the signal generator output loosely to the grid (pin 7) of V105. Couple
just enough input to give a small meter reading.

RF
PROBE

BOTTOM
SLUG

STEP 1

13

12

11

10

9

8

7

6

5

4

3

2

1

STEP

Carrier

IGNITION NOISE ADJUSTMENT -Install the receiver in the vehicle. Start the vehicle engine and allow it to run while making the adjustments.
Turn the receiver ON and allow it to warm up for five minutes. Radiate a carrier frequency signal from a transmitter, signal generator or
test set (see test set instruction manual). The signal should be just strong enough to produce quieting (20 to 30 db). Turn VOLUME control on
control head to normal usable level. Plug the test set metering cable into the METER receptacle on the receiver. Set the selector switch to
position 2 and note the meter reading. Adjust coil L14 very slightly to reduce audible ignition noise. DO NOT reduce the meter reading more
than one-half microampere.

FREQUENCY CHECK -Transmit the carrier frequency from the transmitter which this receiver is normally intended to receive. A zero meter
reading indicates that the receiver is on frequency. Adjust trimmer C110 to obtain a zero meter reading. Check the final setting by rotating
C110 back and forth while observing the meter. The reading should go above and below the zero point as the trimmer is rotated. Set CI10 for
exactly zero meter reading. On 2 -frequency model set switch to F2 position and adjust C204 for zero meter reading.

ANTENNA COIL L1 -Connect the signal generator output to the antenna receptacle on the receiver chassis. Use a 6 db, 50 ohm, attenuation
pad between the generator and the receiver input. Adjust L1 for maximum reading.

L2 -Keep the signal generator set for the carrier frequency as in step 9. Couple the signal loosely to the grid (pin 1) of
V101. Adjust L4, L3 and L2 for maximum reading (position 1 or 2).

RF COILS L4, L3

slight adj.

Carrier freq..

sharp tuning

Carrier freq..

sharp tuning

Carrier freq. .

sharp tuning

Carrier freq. ,

frequency,
sharp tuning

MULTIPLIER COILS L7 and L6 -The signal generator must be set for the exact carrier frequency to be received. To do this follow the procedure
except select the carrier frequency instead of 12 mc. and couple the signal to pin 6 of V103 instead of pin 7, V105.
With the generator output coupled loosely to pin 6, V103, adjust L7 and L6 for maximum meter reading (position 1 or 2).

outlined below the

Receiver
crystal
frequency,
sharp tuning

12 mc.,
sharp tuning

12 mc.,
sharp tuning

455 kc.,
sharp tuning

455 kc. ,
broad tuning

455 kc.,
sharp tuning

455 kc.,
sharp tuning

455 kc.,
sharp tuning

ALIGNMENT

FIRST OSCILLATOR COIL L5 -Uncouple the signal generator. Position the ceramic trimmer, C110, so that the screwdriver adjustment slot is
parallel with the length Of the receiver chassis (see illustration). Adjust coil LS for a maximum meter reading with the selector switch in
position 6. On two -frequency receivers be sure that the Fl -F2 switch on the control head is in the Fl position while adjusting LS. Then repeat the
procedure with the switch in the F2 position while adjusting trimmer C204 and coil L201.

and L8.

12 MC. I. F. COILS L10, L9 and L8 -Follow the same procedure as in step 6 except couple the signal to the grid (pin 6) of V 103 and adjust L10, L9

)

12 MC. I. F. COILS L13, L12 and L11- Set up the Model 80 signal generator (or equivalent) as described below the illustration. After adjusting
the signal generator set the test set selector switch to position 1 or 2 and couple the generator output to the grid (pin 1) of V104. The signal must
L13, LIZ and L11
be coupled looselyso that an increase of signal
strengthproduces
a linear increase in meter reading(position 1 or 2 Adjust
J
H
H
for a maximum meter reading with the switch in position

455 KC. I. F. COIL L14 -Use the same conditions as in step 4. Adjust L14 for a maximum meter reading. Place the test set ON -OFF switch in
the OFF position and remove the RF probe.

455 KC. I. F. COIL L1 S -Couple the signal to the I. F. filter so as to obtain a maximum reading of approximately 5 ua. with the selector switch in
position 1. Adjust L15 for a maximum reading.

455 KC. I.F. COIL L16 -Place the RF probe near the input to the 455 kc. I. F. filter (see illustration). Couple the signal loosely so that an íncrease of signal strength will produce a linear increase in meter reading (switch in position 2 ). Secure the probe in position to keep the input
at a constant level. Adjust L16 for a maximum meter reading with the switch in position 2.

DISCRIMINATOR PRIMARY -Solder a short jumper across terminals 4 and 5 of the discriminator secondary coil (see DETAIL A, lower left).
Set up the P -8501-A Test Set as described in the left hand column. Place the test set selector switch in position I and set the ON -OFF switch to
the ON position. Move the RF probe around near pin 1, V106, until the meter reading is at least 15 ua. Secure the probe in its position and place
the selector switch in position 5. Loosen the locknut of the TI bottom slug adjustment screw, adjust the slug for maximum meter reading and
tighten the locknut while holding the slug in the position of maximum meter reading. Unsolder the jumper.
DISCRIMINATOR SECONDARY -With the RF probe placed as in step 1 adjust the top slug of T1 for exactly zero meter reading (selector switch in
position +4 or -4).

STAGE, TEST CONDITIONS AND PROCEDURE

COMPLETE BENCH ALIGNMENT PROCEDURE FOR MOTOROLA SENSICON "G" RECEIVER
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and L2
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1
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In the event of disaster, radio invariably remains as a reliable
Civil Defense organizations
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radio networks in preparation for all emergencies.
method

GENERAL TROUBLE SHOOTING

Lesson MA -4
Introduction

It

should be remembered that

trouble shooting is but one

phase of equipment maintenance.
Trouble shooting assumes that

some piece of equipment in the
communications system has already become faulty so that normal contact is not possible or is
not reliable.

In addition to trouble shooting,

there must be preventive main-

tenance of electronic equipment.
This includes general inspection,
equipment tests, and certain required frequency and deviation
checks.

In this assignment we will be

concerned only with that phase of
maintenance which might be classified as "emergency" maintenance, wherein a system or some

portion of a system is not functioning properly and must be
placed in operation "as soon as
possible." We will be concerned
here

only;

general procedures
specific instructions for

with

trouble shooting the receiver and

transmitter will be given in the
assignments which follow.

six

steps to make certain that

proper corrective measures have
been taken, and that the system
has been restored to normal operation. In certain instances, the
nature of the trouble may simplify
these steps or even eliminate one
or more of them. This will be determined by the circumstances of
each situation.

The first step is to determine

where the fault lies. For example,
a police squad car pulls up to your
shop and the operator complains
that his rig is dead. A check of
the system may show that the

transmitter is okay (the base station hears the squad car signals).
However, the squad car operator
does not hear the base. This indicates either (1) a faulty receiver in the squad car, or (2) a faulty
transmitter at the base. By opening the squelch, a quick check may
be made on the receiver. If no

noise is heard, the fault is probably in the receiver; if normal
noise is heard, the trouble could
still be in the receiver, but it

might also be at the base transmitter. If there are other squad
cars in the system, a check on

the operation between the base and
one of the other cars will immediately isolate the trouble.

General Procedure

The complete trouble shooting

procedure may involve as many as

The important fact to be recognized is that the trouble must be
definitely isolated to some par-

General Trouble Shooting
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titular unit of the system before

any one unit is subjected to a detailed analysis.

Assume that the receiver is at
Without removing the receiver from its case, a Motorola
test set may be used to make a
general check of the unit. Again
it is possible that the trouble
might not be in the receiver, but
in the power supply. In some
models, the transmitter and re-

fault.

ceiver operate from different sections of the supply, or even from
different supplies.
GENERAL TROUBLE SHOOTING PROCEDURES

ISOLATE THE DEFECTIVE UNIT- WHICH
RECEIVER OR TRANSMITTER IS INO DATIVE Z
OF

.

R

(voltmeter, ohmmeter, signal generator) are usually required in
order to determine the exact
trouble.

After a fault has been discovered, determine the proper corrective measures. If a poor connection or broken wire is found,
the procedure is obvious enough.
Where a component is defective,
the problem is one of correct replacement. More will be said
about this later.

After the trouble is corrected,
the individual unit is checked for

operation (correct meter readings, sensitivity, power output,
etc.). It is then placed in the car

and its operation with the rest of
the system is verified.
Isolating the Defective Unit

Make Complete Checks on the
Operation of the Entire System.

After the fault is definitely isolated to a particular unit, the next
problem is to determine which
stage or section within the unit is
at fault.

The next step is to find the defective component (or perhaps the

control or circuit that is misad-

justed). This may consist only in

replacing one or more tubes, or
it might require the removal of
the chassis for further inspection

on the test bench. In the latter
case, additional test instruments

In any trouble shooting procedure, considerable time will be

saved by quickly isolating the defective unit. Knowledge of the
normal operation of the entire
system will furnish the technician
with a definite idea of the possible
cause of trouble. Thus, in order
to provide intelligent service, the
technician must be familiar with
the operational characteristics of
the system.
In a typical two-way communi-

cations system the base station,
as the dispatcher, controls the
traffic of the mobile units. In

order to have communication between vehicles, the same frequency is used for all the transmitters

Page 3
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and receivers in the system. The
mobile vehicles, let us assume,

do not normally operate in extreme fringe areas but are close

to the base station ---the signal is
thus norm a11 y stronger than
necessary, and there is plenty of

system "reserve."

These vehicles, however, may

occasionally enter areas where

communications from car -to -car
is not 100% reliable. This may be
due to foliage, high buildings, or
other obstacles. Let us further
assume that the serviceman
makes a routine check each month
of each transmitter and receiver,
and that he regularly corrects all
malfunctions such as low power
output in the transmitters or poor
sensitivity in the receivers.
Let us now suppose that car No.
1 comes to your shop and the operator complains that, although he

is able to hear the base station,

he cannot "talk back." This situation is the same everywhere,
even in good areas, which eliminates the possibility that the car
might have been in a "dead spot."
Investigation shows that the base
station has normal in -and -out
traffic with the other mobiles;

hence, the trouble is not in the
base station receiver. The fault
seems to be with the mobile
transmitter in car No. 1. This is

confirmed by the operator of car
No. 2, who states that once, when
car No. 2 was about a block away

from car No. 1, the operator of
car No. 2 heard car No. 1 trying
to talk to the base. As soon as

car No. 2 was farther away from
car No. 1, the signal died out. We
can be reasonably sure now that

the output of the transmitter is

very low. The Motorola test set

may be used for further checks

on the operation of the unit.

As another example, let us assume the same general complaint
from car No. 1 ---no contact from

the car to the base. The other
cars report, however, that they
hear car No. 1. Moreover, the

other cars have been experiencing
the same trouble ---they can't talk
back to the base. The trouble now

seems to be associated with the
base station receiver.

In both these examples the basic
complaint was the same --- no
contact from car No. 1 to the base.

In the first instance, additional information indicated that the
trouble would be found in the
transmitter at car No. 1. In the
second instance, however, the

trouble seemed to be at the base
receiver. This illustrates the importance of making a complete
check of the operation of the entire system before deciding that
any particular unit is defective.
The solution of many problems

is not always so obvious. It is
then necessary to make further

checks before the trouble can be
isolated to a particular unit. Or,
the trouble may be due to poor
operation of several units ---the
transmitter power may be weak
and at the same time the sensitivity of one of the receivers may
be poor.

General Trouble Shooting
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General Check of Individual Units

Where the symptoms are inconclusive and the fault cannot be directly assigned to one unit within

the system, it may be necessary
to make an over-all check of all

the suspected units.

For trouble shooting the trans-

mitter, a Motorola test set and
wattmeter are among the most
useful test instruments. By indi-

cating the power output, the wattmeter gives an immediate check
of the over-all operation. If the
output is low, the test set will in-

dicate which stage is not up to

GENERAL TROUBLE SHOOTING PROCEDURES

I

LOCALIZE THE TROUBLE TO A SPECIFIC SECTION
OR STAGE WITHIN THE UNIT.
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The Test Set is Helpful in
Localizing a Fault Within

the Unit.

Where a system has some reserve, the output of a transmitter
may gradually decrease without

par, and further checks may then
be made. If the power output
seems to be normal, the operating
frequency may be checked, provided another receiver in the system can be monitored. With the

switch on the Motorola test set
placed in position 4 of the receiver, the reading will then indicate
whether or not the incoming signal
is "on channel." This reading is
normally zero. If the transmitter
is off frequency, a frequency meto correct the
ter
condition.

The power output of the transmitter may be measured by means

causing any particular trouble.

of a thru-line wattmeter, either

unit becomes a little weak. Where

ing each way in the transmission
line and gives a good indication of
how much of the power going to
the antenna is actually being radiated into space. Unless the reflected power is very low in comparison to the forward power, the
poor operation of a system maybe
attributed to the antenna or transmission line.

This reserve is desirable, for it
obviates the necessity of servicing the system every time one
the output of a base transmitter
has decreased and, at the same
time, the sensitivity of one or
more mobile receivers has also

decreased, normal contact may no
longer be possible. In such cases,

the obvious answer is to restore

all units to their normal operating
condition. The transmitter as well
as the receiver (s) should be returned to normal power output and
full sensitivity, respectively.

with a dummy load or with the antenna system connected. This unit
shows the amount of power travel-

In order to make a quick check
of the receiver, it is important to

General Trouble Shooting

have a Motorola test set and an
RF

source of the correct fre-

quency. Using this test set, meter
reading at positions 1 and 2 will
indicate the operation of the frontend of the receiver; position 6 (in

most receivers) can be used to

check oscillator activity. These
readings are taken with no signal
applied. With a signal of the correct frequency applied, the discriminator secondary (position 4)
should read zero. These readings,
together with the noise heard when

the receiver squelch is open, can
be used as a general check of receiver operation. If the operation
seems to be normal, a signal generator can be used to determine
the receiver sensitivity. The generator used for this purpose must
have an accurate calibration of its
output voltage.

The output of the transmitter

power supply can be measured by
means of the test set. Low supply
voltages can well be the cause of
low power output from the trans-

mitter or low sensitivity at the

receiver. In addition, the possibility of a weak battery in the vehicle
must also be considered, for this
will result in a low supply voltage

both to the receiver and to the

transmitter.

Power supplies
should never be overlooked when
trouble shooting individual units.
Locating The Defective Part

Having determined the defective

portion of the unit, the technician
is now faced with the problem of

Page 5
finding which particular component within the complete unit is
the source of trouble. He knows
the particular stage or section
which is at fault --he must now de-

termine which component is defective. The experienced service-

man knows that most troubles are
due to defective tubes, so his first
procedure is to substitute new

tubes for those which might be

causing trouble. At the same time,
the test set is plugged into the unit
and the effect of tube substitution
upon the various readings is noted.

If a new tube does not restore
normal operation, the next step

will vary according to the nature
of the fault and according to
whether the unit is a receiver or
a transmitter.

When working on a transmitter,
the serviceman starts with the oscillator and proceeds through each

successive stage until the exact
location of the trouble is deter-

Each stage is checked by
means of the nearest meter posimined.

tion. Watching these readings, he
adjusts each circuit until the
proper peak indication is obtained

when tuned through resonance; it

may also be necessary to check

the neutralization and the coupling
in some units. This procedure
should definitely pinpoint the defective stage.
If the tube is good and the tuned
circuits seem to show normal
peaks, it may be necessary totake
voltage and resistance readings.

As a final step, the serviceman
should try substituting parts in the
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suspected stage. This procedure

the test may prove inconclusive,
but by following a logical proce-

Where the antenna system is the
source of trouble, the problem
may be simplified because of the
limited number of parts. If the

GENERAL TROUBLE SHOOTING PROCEDURES

tioned thru-line wattmeter may
prove a very helpful instrument

is not infallible, of course, and

dure the defective
eventually be located.

part will

LOCATE THE DEFECTIVE COMPONENT.
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antenna is on a high tower, however, the service procedure may
be difficult. The previously men-

for determining whether the trou-

ble is in the antenna or in the

transmission line. A comparison

of the forward and reflected power

TFg

measured both at the beginning
and at the end of the transmission
line (if convenient) will usually
show which is at fault, the antenna
or the line.

Voltage and Resistance

Tests

Usually Provide this Answer.

When working on a receiver, the

procedure may be somewhat different, because there is no input

to the receiver except from a

transmitter or signal generator.
Again, the procedure may vary
according to the symptoms found
in the preliminary checks. A signal

generator can be used for

stage -by -stage sensitivity checks
and this is one method of definitely isolating the fault to a particular stage. These checks are made
by adjusting the tuned circuits to
resonance and noting the peak indications. When the trouble is
isolated to a particular section of

the receiver but not to a specific
stage, it may become necessary
to take voltage and resistance
readings. The exact procedure

will be governed by the symptoms.

Ports Replacement

We have now reached the point

where the serviceman must re-

place a defective part with a good
one. There are a number of components within the equipment with

ratings which are not considered
critical (a bypass capacitor can
often be made larger without

changing the operation of the unit).

In most cases, however, the serv-

iceman must observe the exact

value and rating of the part being
replaced. Wherever possible, the
new part should be identical to the
old

one, and secured from the

manufacturer of the original part.
If this is impossible, the replacement should at least have an identical rating. For example, the
wattage rating of a resistor must
be the same or higher than that of
the original. If the part is a capacitor, the voltage rating must be

the same or higher. There are
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many other important factors in
connection with replacement parts
besides wattage and breakdown
voltage. If a resistor has a 5%

tolerance, for example, the new
unit should also be within 5% of
the indicated resistance. If the
defective capacitor has certain
ratings with regard to tempera-

ture and capacitance, the replacement must have the same ratings.
It is important when making replacements to position the new part

in the exact same location as the
original, and to be careful that the
wiring is not disturbed. This is
most important, of course, in the
front end of the receiver. A coupling capacitor in the RF stage to
the mixer, for example, may cause

oscillation unless it is positioned
close to the chassis.

Before replacing a defective

part, the actual cause of the defect
should itself be removed. In many
instances a bypass capacitor may

have shorted, causing a resistor
to burn out. The short in the capacitor may easily go unnoticed while

After the unit has been thus

tested for normal operation, it can

be installed in the vehicle and a
complete check made on its operation within the system. It is most
important that the receiver or

transmitter be "netted" with the
rest of the system.

This concludes our discussion of

general trouble shooting procedures.1 The use of most troubleshooting instruments can be ex-

plained more specifically, of

course, when included in a more
complete analysis of the receiver
or transmitter. The following assignments on receiver and transmitter servicing will contain this
information. The voltmeter and
ohmmeter can be discussed at this
time, however, and the remainder
of the assignment will be devoted to

explaining the use of these instruments. First, however, it is well
to point out that we need not know

the internal circuitry of either of
these instruments. It is far more
important to know how to use them
intelligently.

the burned out resistor is found at
once by visual inspection. If the

shorted capacitor is left in the
chassis when the resistor is re-

placed, the new resistor will also
burn out.

GENERAL TROUBLE SHOOTING PROCEDURES

DETERMINE THE CORRECT REPLACEMENT
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Recheck and System Testing

After a unit has been repaired,
its operation should be checked
and, if possible, it should also be
bench -tested for some period of

time to make sure that it will continue to operate.
1.

Get Replacement Parts From the
Manufacturer Whenever Possible.

See Test Methods, section 1, pages 1-2 and section 3, pages 1-5.
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Using the Voltmeter

The voltmeter is an arrangement

of resistors and a meter (some-

times vacuum tube controlled for
greater sensitivity) which indicates the voltage or difference of

potential existing between two
points of a circuit. Because the

voltmeter does not have an internal source of voltage, the equip-

ment being measured must be

"ON" when voltage tests are being
The meter is connected in
parallel with the particular portion
made.

of the circuit being tested. Thus,
the circuit being measured is not
broken, nor is anything disconnected for this test.

It must be remembered that the

meter is a resistor as far as the

circuit being tested is concerned,
and when the meter is connected
we are actually placing a resistor
across the circuit. In most cir-

cuits, the high resistance of the

(vacuum -tube voltmeter)
does not noticeably affect the circuit operation. In certain circuits,
however, the presence of the meter
does change the circuit operation
VTVM

and it is not impossible for a
"dead" receiver to start operating

when the meter is connected for a
voltage check! We are now ready
to look further into the use of the
voltmeter in testing procedures.
Figure 1 shows the circuit of the

last IF amplifier stage and the
first limiter stage in a typical
communications receiver. We are
assuming that the signal is lost at

the grid of the limiter - - - there

is no meter indication at this grid.
Tube replacements have failed to
restore operation, and the receiver
has been brought to the test bench

for repair.

The voltmeter tells us that the
B supply voltage, between B plus

and ground is normal. A further
check at points C and D, however,
shows no voltage present. A check
at point E is also zero with respect
to ground. The logical conclusion
is that resistor 11.3 is open. The

resistor may be replaced, of

course, but additional tests are

necessary to make sure that some

other defect in the circuit is not
causing the resistor to burn out.

Suppose that when the resistor is
replaced and the power turned on,
the replacement unit also quickly
overheats.

Several procedures are now possible. With the power off, an ohm-

meter can be connected between
point E and ground. Zero resistance would mean that C4 is probably shorted, or there could be a

short between plate and cathode of
the tube. (The tube can be removed

to determine if it is defective.) A
wire may have become shorted by
rubbing against some sharp point,
or a tie -point may be shorted in
some manner. These shorts can
be located by a visual inspection
of the parts and wiring.
If operation seems to be normal

after the resistor is replaced and

there seems to be no reason for the

burning out, we must look else-
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where for a logical explanation.
The tube might have been inter-

mittently shorted; this could burn
out a resistor. If this seems to be
the only explanation, it might be
well to replace the tube, for there
is a good chance that the tube may
short again in the future.

GENERAL TROUBLE SHOOTING PROCEDURES

CHECK THE UNIT AND SYSTEM FOR
NORMAL OPERATION.
T

V

THE

irr

While making the original voltage checks on the circuit of figure
1, if the voltmeter had been placed

across the terminals of resistor
R3, there is a good chance that the

receiver would have started to

operate, although the output would
have been below normal. This
would be because the resistance of
the meter, being substituted for R3,
completed the path from B plus to
the plate and screen circuits of the
tube. Even though the resistance
may be many times higher than the

normal circuit value, the circuit

will still operate sufficiently to allow some signal to get through the
receiver. When nonelectronic
meters having low sensitivity are
used, the low -voltage scale may
actually restore normal operation

when the meter is placed across

the resistor terminals.

Here is another problem in connection with the circuit of figure
1. Let us suppose that the receiver
is inoperative and that the trouble

has been pinpointed to the IF
stage--- the tube apparently is not
conducting. This possibility seems
to

be confirmed by the voltage

readings; screen and plate voltage
readings are taken at points C and
D, respectively, and these readings

are just a little higher than the

The Final Proof of any Repair is
by Reestablishing Normal System
Operation.

recommended values, but the me-

ter reads zero at the grid of the
tube.

The tube is replaced, but the

readings remain unchanged! Further voltage checks are taken with
the voltmeter placed between plate
and cathode. The reading is zero.
Obviously the cathode circuit is at
fault, and the specific trouble would

seem to be an open cathode resistor. There can be no plate current
if the cathode resistor is open, and
an open cathode would also explain

the zero reading previously ob-

tained at the grid, for there should
be ;some grid current even if there
were no plate voltage, provided the
cathode circuit is intact.
The voltmeter is now connected

directly across the cathode resistor. If the cathode is open, this
will have the effect of substituting

the high resistance of the volt-

meter for that of the cathode resistor. Even with this high resis-
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tance there should be some plate
current, since cathode bias alone
cannot entirely cut off plate current. Again our suspicions are
confirmed; the receiver now operates, although the output is below
normal. As a further quick check,
the cathode may be momentarily
shorted to ground.

resistance in the circuit even
though the cathode is actually open.

Tips On Using the Voltmeter

The first thing to remember

when using a voltmeter is that this
instrument is always placed in

parallel with some portion of an
operating circuit in order to determine the voltage drop at that
portion of the circuit. When mak-

ing DC voltage measurements, the
meter polarity must always be observed. The positive test prod of

Voltage Measurements are Always
Made by Placing the Voltmeter in
Parallel with the Unit Being
Tested.

Our diagnosis can now be verified by turning off the power and
placing an ohmmeter directly a-

cross the cathode resistor, be-

tween point A and ground. The
open

resistor should be imme-

diately evident.
The tube should be removed from

its socket when making this ohmmeter test, or it should be allowed
to cool off, at least; otherwise, if

the tube is still warm, care must
be taken to connect the positive

lead (internal battery) of the ohmmeter to the cathode. If the ohm-

meter connections are reversed
(and if the tube is still hot), the
tube will conduct grid current
through the meter, which might
lead to the conclusion that there is

the meter is placed at the point
nearest the positive side of the
source; the negative test prod is
placed at the point of the circuit
nearest the negative terminal of
the source.

Unless the supply voltage is
known, it is always best to start
at a high scale on the voltmeter.

If the reading is too low, the meter

may then be switched to a lower
scale. If the highest voltage in a
unit is about 200 volts (as in a receiver), it is not necessary to start

at the 1000 -volt scale; the 300 volt
range is high enough.

When a VTVM is used, it is per-

missible to switch to the scale

which provides the most readable
meter deflection. A low sensitivity
meter, however, will readily upset
the operation of some circuits in
many cases, actually changing the
circuit voltages while the meter is
connected. This meter will have

the least effect upon the circuit
when the higher ranges are used.

On the ten -volt range, for example,
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a meter may offer as little as
10,000 ohms of internal resistance.

When making voltage tests, the

entire circuit operation must be
studied and understood if the meter

readings are to be intelligently interpreted. Perhaps we can best
illustrate this by an example. Figure 2 shows the circuit of atypical
voltage amplifier --- actually, the
noise amplifier circuit of a particular Motorola receiver. A VTVM

This analysis may be more easily understood if we consider the
complete plate circuit of figure 2
independently, as shown in figure
3. The tube can be regarded as a

resistor, and it is shown as Rt.
There are thus four series "resistors" between B plus and

Let us assume that one
of these resistors (113) is open.
ground.

circuit is incomplete and
there is no current through any of
the resistors. Also, since there
The

shows about 200 volts for the B
supply, which is normal. The recorded pl at e voltage (plate to

can be no voltage across the resistors, the circuit is still incom-

screen voltage is about 100 volts.

R2, and the voltage reading must
still be zero. When placed across
R3, however, the meter completes
the circuit and records a voltage.
This is exactly what happened in
the analysis above, the reading
across 113 indicating an open

ground) is nearly 200 volts, and the

The cathode voltage (between cath-

ode and ground) is considerably
higher than normal, and there is no
voltage reading at all between plate

and cathode, nor between screen
and cathode. This indicates that
the tube is not conducting.

The voltmeter indicates zero
volts across R6, but 100 volts

even when the meter is
placed across either R6, Rt, or

plete

resistor.

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIINIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

o

across 115. The tube might be non-

conductive, but there is a greater
probability that the cathode circuit may be open, since you will
remember that the voltage between both screen and plate (with
respect to the cathode) was zero.
This indicates an open cathode
circuit rather than a bad tube. A
further check results in obtaining

a voltage reading across 113 in the
cathode circuit, but not across 112.
The zero voltage across R2 means
that the cathode circuit (not R2) is
open. The reading across 113 in-

dicates that 113 is open, the cir-

cuit now having been completed by
the meter! By replacing 113, the

circuit is restored to normal.

The Highest Meter Range Giving a
Readable Deflection Provides the
Most Accurate Voltage Readings.

A question may arise in connection with the 100 volts originally
recorded at the screen when the
tube was not conducting. If there
was no current through the tube,
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you might ask, why is there a
voltage drop across the screen

resistor? An examination of figure twill show that resistors R4
and R5 form a voltage divider be-

RMS

value.

(effective) or to the peak
The dial of the meter is

usually marked according to what
is recorded.

tween B plus and ground. This

will result in a lower potential at
the screen, independent of screen
current. This will be further decreased when the screen draws
current through R5, due to the increased voltage drop across R5.2

Resistance Testing

An ohmmeter is essentially a
source of voltage (a battery) in
combination with a meter and various current limiting resistors.

It is used to determine whether a
particular component or circuit

AC Voltmeter

will conduct DC. Knowing the cur-

rent through the part or circuit

The AC voltmeter must be used
when measuring AC voltages. The
AC voltmeter is similar to the DC
voltmeter, as far as the foregoing
instructions are concerned, but no
consideration need be given to the
polarity of the AC test leads. Any

being measured, and with a fixed

serviceman are almost exclusively of the low -frequency type, and
in this discussion we will be
concerned only with such AC
measurements.

its own source of voltage, there
must be no other voltage used in

AC measurements made by the

While other types of AC meters
are available, most of those used
by the serviceman include a rectifier which changes the AC to a
comparable DC and then indicates
the amount of DC on the meter.

Some use an amplifier stage or
to give the meter greater

two

sensitivity.

The meter may respond to either the peak, the RMS or the average value of AC, although in most
cases the meter indicates the RMS

value. In using his meter, the

technician should know whether
the reading corresponds to the
2.

See Test Methods, section 2, pages 5-11.

voltage source which is also

known, the resistance can be read
directly from the calibrated scale
of the meter.
Because the ohmmeter contains

connection with the equipment be-

ing measured. Furthermore, sensitive meters and other low -current devices must be removed
before applying the ohmmeter.
While this latter precaution is

seldom necessary in two-way
equipment, the power must always

be removed, and all large capacitors discharged. Large capacitors, particularly electrolytics
may retain a charge long after the
power has been turned off. If such
capacitors are allowed to discharge through the ohmmeter, the
meter movement may be damaged.

When using the ohmmeter to analyze circuits or components, it is
particularly necessary to take the
entire circuit into consideration.

General Trouble Shooting
An ever recurring problem when
using the ohmmeter is the existence of DC paths in parallel with
the component or circuit being
measured.

The circuit of figure 4, show-
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that is, nothing is heard in the

speaker. Let us also suppose that

u n s q u e l c h i n g the receiver and

turning the volume full on doesn't
help. Meter readings are taken on
the test set and they indicate that
the trouble is possibly in the audio

ing the second limiter and last

stage (although there still is no

Finding that the voltages of the

duction is that the output trans-

audio output stage of a Motorola
receiver, is an example.

second limiter are not correct,
and suspecting the existence of
trouble in the grid circuit, the
serviceman makes a quick re-

sound from the speaker, the voltage checks are all normal for the
audio output stage). The final de-

former secondary is open.

sistance check between grid and
ground. The meter shows that
there is a conductive path. This
information alone is not sufficient,
however, for grid resistor Rl may
be open; the reading may be due
to the circuit in parallel with Rl,
composed of R4 and R5. Now, the
grid -ground reading should be approximately 100 k, the value of
the grid resistor. The parallel
path through R4 and R5, however,
has a resistance of 2.5 meg. If Rl

is open there is still a complete
grid path for DC, it is true, but
the extremely high resistance of
this "parallel path" may impair
the operation of the receiver; it
may easily be the cause of the incorrect voltage readings. This illustrates the importance of checking a circuit or component for the

correct amount of resistance as

well as for an open or short.

Another problem involving the
ohmmeter can be illustrated before leaving figure y4- Let us sup-

pose that the receiver is "dead, "

Parallel Paths Within a Circuit
Often Give Erroneous Resistance
Readings.

The power is turned off, and we

prepare to check the continuity
with the ohmmeter. Note, how-

ever, that the speaker is in parallel with the transformer secondary. Placing the ohmmeter across

the secondary terminals of the
transformer would be meaningless
in this case. It would still be dif-

ficult to know which unit was at
fault. While the resistance value
of the two units in parallel is lower than that of either unit alone,

this resistance is so low that it

would be impossible to know which

one was open. The only logical
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procedure in a case like this is to
disconnect one of the wires leading to the speaker and then check
the two parts separately.3
Measuring Leakage In
Capacitors

A problem often encountered

when trouble shooting communications equipment involves the
isolation of capacitors which are
not shorted, but are merely
"leaky. " The defective capacitor,
not readily located by a resistance
check, may have developed a leakage resistance in the order of one
megohm, for example. In many
instances, DC voltage changes will

occur in the circuits at each side
of the leaky capacitor. As a result, the overall operation of the

entire unit becomes unsatis-

factory.

A leaky capacitor can some-

times be identified by measuring

the voltages at each side of the

The capacitor in figure 5A
may be used to couple any of the

unit.

audio stages, or it may be used

between stages in the IF section.

The plate load of the first tube
may consist of a resistor (as in
figure 5A) or it may be a tuned
tank. Some stages may have a
large value of resistance, while

others may have less than 100,000
ohms --even a few ohms where

only a tuned circuit is used. In
any case, the change in the volt-

age at the grid of the next stage is
important, because of the change
of bias which results. An example
will show how this affects the meter readings of the stage.
3.

General Trouble Shooting
Let us suppose that the coupling
capacitor of figure 5A has a leakage of about 5 megohms, and that
the grid resistor (R2) is about
50,000 ohms (47K actually). The
leaky capacitor (Re) thus com-

pletes a series circuit between B
plus and ground, as shown in figure 5B. The voltage will divide,

in this circuit, according to the
resistance of the three series resistors. Most of the voltage drop
will be across Re which has 100

times the resistance of R2 and
there will be but a few volts

across R2 and Rl. Thus, a meter
placed across R2 will read only a
few volts at most, and this may be

disregarded as a major source of
trouble. Perhaps the leaky capacitor may not be causing much
trouble at this particular moment,
but there is a strong probability
that the leakage will gradually increase to a point where the operation of the equipment is seriously
affected. It is thus important to
recognize this leakage and replace
the unit at once.

In many circuits the signal applied to the grid of the stage produces enough grid -leak bias to
make the grid negative with respect to ground, and this leaky capacitor may not be detected; while

the leaky capacitor permits the
application of some positive volt-

age from the plate circuit of the
preceding stage to the grid, the
latter shows a negative voltage
due to the large grid -leak bias.

removing the second tube,
however, the positive voltage will
be readily disclosed. With the
tube removed, the grid cannot
By

See Test Methods, section 2, pages 12 and 13.

General Trouble Shooting
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It is possible that when the me-

ter leads are first connected, the
capacitor will be charged by the
B+ supply; in this case the meter
will show a sharp initial deflection which decreases as the ca-

A Voltmeter in Series With a
Capacitor and Connected Between
B+ and Ground Gives a Reliable
Check for Leaky Capacitors.

draw current and the negative bias
is thus removed.
A more conclusive check can be

made by disconnecting the grid

side of the capacitor from the grid
and placing the meter between the
loose end of the capacitor and

The circuit is shown in
figure 5C, where R2 has been replaced by a meter; if the meter is
ground.

a VTVM, this resistance will now
be about 10 or 11 megohms. Most
of

the resistance of the series

circuit is now represented by the
meter, and the voltage drop will
be greatest across the VTVM.
4.

See Test Methods, section 2, pages 19-25.

pacitor approaches its full charge.
If the VTVM returns to zero voltage (measured on a low -voltage
scale), the capacitor is not defective. If the meter has a continuous voltage reading, however, the

capacitor is leaky and should be

replaced. When making a test of
this kind, a high -voltage scale
should be used at first so that the

initial charging of the capacitor

does not damage the meter movement. As the amount of deflection

decreases, the meter may be returned to a lower range.

The voltmeter may thus be used

to check the relative ability of a
capacitor to charge, giving a relative indication of the capacitance
itself. The deflection of a given
meter is directly dependent on (1)
the amount of supply voltage and
(2) the capacitance of the unit being checked. Small capacitors,
about .001 ufd and lower, do not

cause an appreciable amount of
initial meter deflection.4
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The large scale activity in constructing a nation-wide system
of tollways, turnpikes and freeways has resulted in many new
extensive communications systems.
The special police and
maintenance forces needed to protect and keep up these new
traffic arteries rely heavily on two-way radio.

TEST SETS

Lesson MA -3
"viewing" the various circuits of the transmitter, the
operation of each stage may

Introduction

Motorola has developed two test

sets, both designed to provide
quick and accurate checks on the

be evaluated.

various receivers and transmitters used in Motorola two-way

alignment, this function is essential, providing vital information to the serviceman.

communications equipment. These

test sets are identified by their

model numbers, P-8501 (A or B)
and TU -546. The TU -546 is the
newer of the two, but the P-8501

3. It operates as a crystal -con-

trolled signal generator. When
equipped with a crystal of the
correct frequency, the generator supplies an output which

provides all the tests necessary
for aligning and servicing the
equipment. In this lesson we shall

can be used for aligning or

make a detailed analysis of the
circuits within the test set, cir-

peaking the receiver circuits.
For the RF circuits, a multiplier stage within the test set
supplies the required signal
at the channel frequency. For
IF alignment, a crystal of the
IF frequency is used.

cuits which enable the serviceman

to make all the necessary transmitter and receiver measurements. Let
P-8501 unit.

us begin with the

Functions Of The Test Set

The P-8501 Motorola test set

provides the
functions:

following specific

meters the important circuits of the receiver. This is
essential both for alignment
and for the quick isolation of
trouble within a particular

1. It

section.

meters the important circuits of the transmitter. By

2. It

In trouble-

shooting and in transmitter

4.

It serves as a microammeter.

The basic sensitivity of the

meter in the test set is 50 microamperes for full-scale deflection. With an internal impedance of 2000 ohms, ittakes
0.1 volt to produce full-scale
deflection.

5. When used with the Motorola

dummy antenna, the test set
provides a means of measur-

ing the power output of
transmitter.

a

Page 2

6. It serves as a field strength

meter. It can be used to
measure relative signal
strengths radiated from a
transmitter antenna.

The Motorola test set is powered by self-contained batteries,
and all functions of the unit are
regulated by the controls on the
front panel. Adapter cables enable

the test set to be used with all

Motorola equipment. The meter
movement is protected by a 1/200
amp. fuse.

Test Sets
Figure 1 shows the front of the
P8501 A/B test set. The various
switches and controls are identified by numbers, corresponding
to those on the schematic diagram (figure 2). Other connections

are identified by letters for convenience of reference. The complete

schematic

diagram may

seem complicated, but when the
individual circuits corresponding
to the various functions of the in-

strument are considered separately, the analysis can be made
with ease.

Before studying these

Here We See the Complete Motorola P-8501 Test Set, Including Accessories.

Test Sets

Page 3

individual circuits, however, let
us first examine the various front
panel controls.
Function Switch (Grid Current-

fifth position is labeled both "PÁ"
and "+4" on the panel. When the

test set is being used with a receiver, this position is read as
+4; with a transmitter, it is read
as PA.

Meter- Fi el d -Strength)

Designated as Si, this switch

may be considered as the function
switch. When the switch is in the

meter (center) position, the test
set can be used for metering the
receiver or transmitter. In the

GRID CURRENT position (left),
the meter is connected so it will
measure the oscillator grid current of the signal generator. Thus
the meter is used in this position
only when the oscillator is to be

For monitoring either the re-

ceiver or the transmitter, the

terminals of this switch are connected by means of a cable on the

test set to the meter plug, P1.

This plug is inserted into either

the receiver or the transmitter
- - - according to which is being

metered.

XMTR. On Switch
Microphone Receptacle

adjusted. In the FIELD STRENGTH

position (right), the test set can

be used to measure field strength.
The input to the test set is at the
PROBE

function.

connector

(C) for this

This spring -loaded switch is

labeled S3 on the schematic. It
provides for turning on the transmitter, by means of the test set.

Because of the spring loading fea-

ture, the transmitter will be on
Rec.-XMTR-0-50 MA Switch

This switch is designated as S4
on the schematic. With the function switch (Si) in the METER
position, (as shown in figure 2),
switch S4 determines whether the
meter is to be used to monitor the
receiver, the transmitter, or as a
straight 50 ua DC meter.
The Position Switch

Designated S2 on the schematic,

this 9 -position switch selects the

particular receiver or transmitter circuit to be metered. The

only so long as the switch is held
at the ON position. A microphone
can be plugged into the mike receptacle (E) on the Test Set and
used for the same purpose.
On/Off, Attenuator, Adj., Osc.
Tune, XTAL, R.F.
Out, and 6-12

These controls and receptacles
are grouped together in the above
heading

because they are con-

cerned with the operation of the
signal generator portion of the
test set. The ON/OFF switch (S6)
connects the internal batteries to

the oscillator and multiplier
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stages. Two crystal sockets (A
and B) are provided for connecting
frequency -control crystals into
the oscillator. The generator output is available at the RF OUT.
receptacle (D). The amount of RF
voltage at the output is controlled

the various circuits to be measured are already connected to

these terminals,
receiver.

mum and zero. The ADJ. (C2) and
OSC. TUNE (L1) controls are used
in tuning the generator for correct
frequency and maximum output
voltage.

Filament voltage from the receiver is available for crystals
equipped with heaters. The 6-12
switch (S5) provides for the prop-

er heater voltage at the heater.
This switch shorts out a series
dropping resistor when 6 -volt

supply is used. With a higher filament voltage (12 volts), the ser-

ies resistor reduces the voltage
to the proper value at the crystal
heater.

Meter Reversing Switch

When

the

service technician

wishes to use the Motorola test
set for measuring the circuits
within a receiver, he first oper-

ates the switches as follows:function switch S1 to METER, switch
S4 to REC, meter reversing switch

(S7) to "-," its normal setting.
The various circuits within the

receiver may now be metered according to the setting of the position switch (S2). The meter plug

(P1) is then inserted into the receiver receptacle. The leads of

the

Metering The Receiver

by the ATTENUATOR (R9), which

varies the output between maxi-

within

Figure 3 shows the complete
circuitry of the receiver metering
function. Metering plug Pl, to the
right, connects into the receiver
chassis, and the various circuits
of the receiver are then connected
to the meter according to the setting of the position switch, S2. The

position switch has two decks or
sections, designated A and B.

In position 1 the voltage present
is applied

at plug terminal 1

through section A of the switch,
through function switch S1 (in
METER position), through the me-

ter reversing switch S7, through

the RF choke (RFC2) and through
the fuse to the negative side of the
meter movement. The positive

side of the meter is returned to

ground through RFC1 and the meter reversing switch, the function
switch (in METER position), the

17.5K resistor, and section B of
the position switch, S2. Thus, in
position 1 the meter is connected

measure a voltage which is
negative with respect to ground.
to

Positions 2, 3, -4, 5 and 6 of the
switch establish the same circuit
through the meter as used for position 1. Therefore, these positions are also used for metering
negative voltages.

Test Sets
When the test set is used with
a receiver, positions 1, 2, and 3
are usually re servedfor measur-

ing negative voltages produced by
limiting action. This may be in
the limiter grid, or in the grids of
the preceding IF stage producing
limiting action. Position -4 is
used to zero the discriminator
transformer secondary. We know
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lator grid current, the position
switch being used for the multipliers following the oscillator.

from our previous study that the
discriminator output may be either positive or negative depending
upon the tuned secondary; only

when the secondary is tuned to its
exact center frequency will the
reading be zero. If the output
should be positive the meter reading will be downward when the
switch is in position -4. Under
these conditions the meter reversing switch (S7) may be placed

in the (+) setting, or the position
switch (S2) may be set at "+4."
The +4 circuit is the same as that
of

-4, except the current goes

through the meter in the opposite
direction.

Position 5 of the meter is used
for adjusting the primary of the

discriminator transformer to center frequency. Position 6 is used

to meter the grid voltage in the

high -frequency oscillator; it thus
becomes a means of adjusting the
oscillator for maximum activity.
With certain Motorola equip-

ment, exceptions will be found in

the application of the various

switch positions. This is particularly true with the 450-mc line,
where position 3 may be used to
measure the high -frequency oscil-

Used With the Motorola Dummy
Load, the Test Set Measures
Transmitter Power Output.

In 450-mc equipment a number
of multipliers are used to produce

the desired harmonic, and these
multipliers must be tuned. Several
additional multiplier readings are

thus required, and for some re-

ceivers the necessary connections
are made to terminals 7 and 8 of

the receiver receptacle with meter plug terminals 4 and 5. With
the adapter plug in use, the mul-

tipliers are thus tuned in positions -4 and 5, respectively. In

other receivers, positions -4 and
6 are used to meter the multipliers. (The schematic of adapter
plug appears at the bottom of
figure 2.)

Position 7 is used with but a
few receivers, which make use of
this connection for measuring the
B supply voltage. The circuit of
figure 3 shows a 20-megohm re-

sistor in series with the meter.
Thus, the meter is capable of

reading B plus voltage in position

Test Sets
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7, full-scale deflection representing

1000

volts DC. The scale

markings on the meter are multiplied by 20 for the equivalent DC

tion manual whenever he uses the
test set in conjunction with a
receiver.

voltage.

With the switch in position 8,
the meter indicates the relative
amount of noise or audio voltage
at the receiver output. The output

of the receiver is connected to

plug terminals 9 and 10, with terminal 10 leading to ground. For

monitoring the receiver output,
the audio voltage is applied to a
speaker mounted in the tester.
The speaker voltage is rectified

and applied to the positive side of
the meter. This becomes a convenient indication when making 20
db quieting tests, because the me-

ter reads the relative amount of
voltage, and 20 db represents a
voltage ratio of 10 to 1. Meter
readings for the different switch
positions can be expected to vary

from one model of receiver to
another.
The recommended deflection for
each switch position will be found

in the instruction manual of the
particular receiver being used.
This information should be known
when making tests in order to determine whether or not a particu-

lar reading can be regarded as
normal.

The instruction manual also indicates the specific circuit which
is monitored in each switch position. It is, therefore, essential
for the serviceman to equip himself with the appropriate instruc-

Transmitter Metering Circuit

In order to monitor transmitter
circuits with the test set, the
function switch (S1) is set to the
METER position, S4 in its XMTR.

position, and the meter reversing
switch to (-). The circuit is shown
in figure 4.
Positions 1, 2, 3, -4, 5 and 6
have the same circuitry and are

used in the same way as they were

in the receiver positions ---to

measure negative voltages. Position 1 is used with 450-mc transmitters to measure the amount of
RF power in the transmission line
(to the antenna). A crystal RF rectifier is incorporated in the transmitter, and the output voltage
from this crystal is applied to the
meter in position 1.
Position 2 is used (only in certain transmitters) to measure the

amount of current in the oscillator
stage. This makes it possible to
adjust the oscillator for maximum

activity, where this is necessary
for the type of oscillator circuit
employed. Positions 3, -4, 5 and
6 measure the grid current in the
multiplier stages of the transmit-

ter and they are used in tuning the
plate circuits of preceding stages.
The P. A. position measures the

plate current of the final ampli-

Test Sets
Fier stage of the transmitter. The
plate current enters at terminal 8

of P1 and reaches the negative

terminal of the meter, the positive

side of the meter being returned

to terminal 7, ,which is connected
to the high -voltage circuit of the
transmitter. Thus, the plate current of the power amplifier stage
may be read in the P. A. position.

A suitable shunt resistor is incorporated in the transmitter for

proper meter indication. The multiplying factor for the meter reading is given in the instruction
manual; it varies for transmitters
of high and low power output.
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flection of 15 volts. Thus the scale
readings must be multiplied by .3
to determine the applied voltage.

For example, a reading of 21 on
the meter dial corresponds to 6.3
volts. The reading with the switch

at position 8 always represents

the voltage which is applied before

the transmitter is operated. As
soon as the transmitter is turned
on,

the test set indicates zero

voltage with the switch at position
8. The line being measured is the

"bottom" end of the relay, the

control line for turning on the

transmitter. In order to energize
the

transmit relay this line is

grounded, either by the switch on

Position 7 is used to measure
the high voltage of the transmit-

the test set or by the one on the
microphone.

ter. The 20-megohm resistor pro-

vides a full-scale deflection of

1000 volts. Thus, the scale reading on the meter is multiplied by
20 to determine the high voltage.

Position 8 indicates the relay

IIIIIIIIIIIIIIIIIIII
II

voltage which, in mobile applications, is the A supply to the filaments and relays. This voltage,

made available at terminal 9 of
the meter plug and at terminal 3
of the microphone receptacle, is
applied to the meter through the
280 K multiplier resistor. An upward deflection indicates that the
input voltage is positive, which

means that the vehicle has the

negative side of its primary voltage grounded. (If the positive battery terminal is grounded, the
meter reverse switch must be
used.)
In position 8, the meter becomes

a voltmeter with a full-scale de-

The Motorola Test Sets May be
Used to Measure the Field
Strength of a Radiated Wave.

The microphone and audio output voltages are not measured by
the P-8501 test set, but these voltages are available at terminal 10
of the meter plug and at the microphone receptacle, respectively.
A microphone at the test set can
thus be used to modulate the
transmitter.

Test Sets
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Signal Generator

Figure 5 shows the circuit of
the signal generator. This unit
consists of a crystal controlled
oscillator followed by a multiplier.

In addition to serving as a source
of voltage at the IF frequencies of

any Motorola receiver, the unit

can also be used as an RF source
for any receiver in the HI or LO
bands. All that is required is the
proper crystal.

By using the crystal from the
transmitter, the combination of
oscillator -multiplier provides an
output at the channel frequency.

Also, by using crystals of 440,455
and 470 kc (assuming a 455 kc IF
with a 15 kc deviation), it is possible to check the response of the
discriminator in the receiver.

The series mode type of crystal
used in some Motorola equipment

will not operate properly in the
test set. In some cases, in order
to use the test set it will be
necessary to secure a suitable
fundamental mode crystal of the
correct frequency.
The relatively high output of the
test set, due to its multiplier
stage, makes it suitable for align-

ment of both the RF and the IF
sections of the receiver. For RF

alignment, the output of the generator, available at the R.F. Out
connector (D), is applied directly
to the receiver antenna input by
means of the cable which is supplied. The output is variable from
maximum to zero by means of the

attenuator (R9), which controls the

screen voltage of both the oscillator and the multiplier.

Two tuning controls, ADJ. and
OSC TUNE, are provided in the
oscillator -multiplier section. At
the low IF frequencies only the
ADJ control is used ---the other

has no effect on either the fre-

quency or the output. The function switch is placed in the GRID
CURRENT position and the ADJ
control is operated to obtain a

maximum meter reading. This
provides maximum output at the
IF crystal frequency.
To obtain proper results at the
higher frequencies, both controls
must be used; the ADJ control becomes the means of placing the
crystal on the correct frequency,
and the OSC. TUNE is used to pro-

vide maximum output from the
the multiplier. The output is best

determined

by

monitoring the

limiter in the receiver; the frequency should be "zeroed" to
some discriminator known to be
correctly tuned. For higher fre-

quency operation, some small
change of frequency may result

when the ATTENUATOR or OSC.

TUNE controls are varied. The
frequency should be rechecked
periodically to make sure the os-

cillator is always at the correct
frequency.

The crystal heater obtains its
operating voltage from the fila-

ment supply of the receive r,

through terminal 8 of the meter
plug.

A resistor in this supply

Test Sets
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The TU546 Test Set with Complete Accessories.

line is switched in or out of the
circuit depending upon whether the

receiver operates from a 6- or a
12 -volt system.

generator section of the
test set operates from self-conThe

tained batteries, which supply 1.5
and 67.5 volts, respectively. The
ON/OFF switch (S6) is used to
connect these batteries to the
generator circuits.
(For bench operation, an AC
supply such as that shown in figure 6 may be built to save the batteries. The switch allows quick
changes between AC and battery
operation. The AC supply uses

standard parts, all of which may
be secured from most electronic

supply houses. The components
necessary for the construction of
this AC supply can easily be
mounted on a small chassis which

may be installed inside the test
set cabinet.)

Microommeter, RF Power and
Dummy Load

To use the 0-50 microammeter

alone, (1) the function switch is
placed in the METER position, (2)

position switch S4 is placed in thé
0-50 position, and (3) the position
switch is placed in the -4 position.

The input to the meter is taken

from 4 and 11 of the meter plug.
The plug fits into an adapter
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which has connections to terminals 4 and 11, terminal 11 being
the ground. This adapter terminates in a jack, which in turn fits

fier crystal (also inside the dummy load), the current will change,
resulting in an erroneous reading
on the meter.'

into the Motorola dummy antenna,

P-7208. The meter circuit, adapter, and dummy antenna load are

Field Strength Meter

shown in figure 7.

MOTOROLA
éS6 4@

40 40

Figure 8 shows the circuitry of
the test set when used as a field
strength meter. All that is required is to set the function switch
Si in the FIELD STRENGTH position. This disables all switches
and controls except the meter re-

versing switch. RF energy is introduced into the circuit through
the PROBE input connector (C),
and the rectifier converts it to an
equivalent DC, which is then applied to the meter circuit.
The TU546P rest Set Includes a

Peaking Generator, Located on
the Upper Panel.

Figure 7 shows how to determine the transmitter power output from the amount of current in-

dicated on the meter. The power
output in terms of current is also

a function of the frequency; hence

three curves are shown, one for
each frequency range. For example; a reading of 30 microamperes in the 152-174 me range
corresponds to a power of 25

watts. Note, also, that the dummy
load has a maximum continuous
power rating of but 25 watts; for
ratings higher than this, operation
of the dummy must not exceed 5
seconds duration. If the resistors
in the dummy load heat the recti1.

2.

No effort has been made to calibrate the readings on the meter in
terms of uv/m (microvolts per

meter), due to the several vari-

ables involved, which would make

such calibration impractical.

Moreover, a relative field strength

reading is all that is desired by

the average serviceman. Although

there is no means of calibrating
or determining the frequency of
the signal being picked up by the
meter, it is a means of indicating
maximum output from the transmitter antenna. It is also very
useful in loading the transmitter
for maximum output.2

It takes .1 volt DC for full-scale
deflection and .002 volt DC for a
deflection of one dial division. The

meter therefore cannot be used at
any great distance from the trans -

See Test Methods, page 3-23.
See Test Methods, pages 1-5, 3-36, and 3-37.

t'
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mitter. By providing readings at
various distances from the transmitting antenna, however, the field

strength meter becomes a valu-

able instrument for detecting
"dead spots."

The TU -546 Test Set

tested. The function switch is
normally placed at either RCVR
or XMTR, whichever applies. The
third position (ACCESS) of this
switch disconnects the meter from
the internal circuits. The meter
movement is then available at the
meter jack. In figure 9, the function switch terminals are indicated

The TU -546 test set, besides
performing all the functions of the
P-8501 unit, has these additional
advantages: No adapters are needed in order to measure the oscil-

by the letters X(XMTR), R(RCVR),

ceivers; for checking microphone
voltage, both the DC supply and
the AC output can be measured;
the set permits a zero -center dis-

lel with the movement perform the

lator multipliers in 450-mc re-

criminator scale reading; it incorporates a transistorized signal
generator, having a range from
280 kc to 13 mc and there is
provision in the test set for three
separate crystals; the internal
batteries may be checked by

merely placing a switch in the

correct position; a fully transistorized AC voltmeter is provided
for measuring small AC voltages.

Provision is also made to use
the test set with a "peaking gen-

erator, " which can serve as an
RF signal source for receivers up
960 mc. This peaking generator

to

is an accessory and may be included in the original test set or
added afterwards.
Figure

9

is the basic schematic

diagram of this test set. A cable

shown at the left interconnects the

test set with the receiver or

transmitter, whichever is being

and A(ACCES).
The meter movement is not
fused as in the P-8501 tester; instead, two silicon diodes in paral-

same function and make fuse replacement unnecessary in case of
an overload. The meter is connected to the position switch (S1)
through the meter reversing
switch and the function switch.

Let us now inspect the circuitry
of this test set at each position of

Switch Sl, for both the receiver
and the transmitter. We will start
with the receiver.
Receiver Measurements

With the set plugged into the re-

ceiver and the function switch in
RCVR position, the position se-

lector switch may be used to monitor many of the receiver circuits.

In positions 1 through 6, the test
set is capable of measuring grid
currents in the various receiver
stages. The negative side of the
meter connects through terminals
1 through 6 of switch S1A to the
various grid circuits which are to
be measured. The positive side
of the meter connects to ground in

Test Sets
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positions 1 t trough 6 (through the
meter revert ing switch, the function switch, nd switch S1B). In
series with 1 his ground path we
find a 17.5K i ssistor, the same as

used in the 1 -8501 tester. This
ground lead c ompletes its path to
the receiver ,hrough terminal 11
of the plug.
Although
osition 4 has the
same genera circuitry as positions 1, 2, 3, and 6, this position
is used to measure the secondary
of the discriminator, which is a
"zero" reading. To facilitate the
meter deflection to both sides of
zero, a special circuit is added to

switch position 4 which places the

normal position of the needle at

the center of the meter scale.
Special scale markings have a
zero -center scale reading with
graduations from zero in both

directions.
Zero -center needle deflection
in position 4 is obtained by means

of a separate battery source and
series connected resistors, which
limit the current to 25 microamps
(center -scale deflection). This
circuit is shown to the right of the

meter in figure 9. Switch S1D
completes this circuit when the
switch is in position 4, but the
function switch must also be in its
RCVR position. The 1.5 -volt bat-

tery is now in series with a fixed

resistor and a variable resistor,

and the needle can be brought to
exact center -scale deflection by
adjusting the variable resistor. In
any other position of the switch,

the zero -center circuit is inoperative.

Positions 7 and 8 of the meter,
(labeled PA and PO), are not normally used for receiver measurements except in the case of 450mc receivers. With these receivers, the multiplier switch is
placed in the MULT position, the
meter now indicating the grid cur-

rent for the circuits (the oscillator multipliers) terminating at
plug terminals 7 and 8. By means

of a spring -return arrangement,
the switch will never be left in the
MULT position except when making this specific measurement. As
soon as the readings are completed the switch is returned to the 2
VAC position.

Position 11 provides for audio
output measurements. The receiv-

er audio terminates at plug connection 9, and with the function
switch at RCVR, the audio is applied to the input of the AC voltmeter section. In parallel with
this input (when the function
switch is at RCVR), we find the
speaker switch. This switch terminates the audio line into either
a 3 -ohm dummy load, a 3 -ohm
speaker, or a 27 -ohm resistor in
series with the speaker (which is
"open" to the
effectively an
audio line).

The two stage amplifier (tran-

sistorized) terminates in a rectifier circuit in order to produce
a reading on the meter. In position 11 the meter is connected
across the ends of this rectifier

circuit. With the AC Meter switch
in the 2 -volt position, a 2 -volt in-

put causes full-scale deflection.
In the 0.2-V position, a 0.2 -volt
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AC input will cause full-scale deflection. Thus, the meter indicates
the output volt a g e from the
receiver.
Transmitter Readings

When the test set is connected

to the transmitter and the function
switch placed in the XMTR position, a microphone may be plugged
into the microphone receptacle,
and either the mike switch or the
switch on the test set may be used
to place the transmitter in operation. The following readings may
then be taken:
In positions 1 through 6 the me-

ter indicates grid current, the
same as for the receiver. Terminals 1 through 6 of the plug terminate at terminals 1 through 6 of

S1A and, the circuit is
completed through the meter to
switch

ground with only the 17.5K resis-

tor in series.

Position 8, which is marked PO,

is used only for determining the

power output of 450-mc transmitters. A portion of the output pow-

er from the final tank is coupled
through a rectifier to terminal 1
of the interconnecting plugs. Terminals 1 and 8 of switch S1A are
interconnected through the function switch and the multiplier

switch. So power output measurements of 450-mc transmitters can

be made at either position. Posi-

tion 8 is handier, however, since it
is located next to position 7 (PA).

Position 7 is used to determine
the plate current of the final stage.

Here We See the Transistorized
Peaking Generator Which is a
Part of the TU546P Test Set.

The circuit for this measurement
is identical to that of the P-8501
test set. The meter and its series -connected 17.5K resistor are
connected in parallel with the me-

ter shunt resistor (in the plate
supply lead to the final amplifier).

The B supply lead and the plate
side of the resistor are connected
to plug terminals 7 and 8, respectively.

The exact amount of plate

current (the multiplication factor
of the meter) is determined by the
resistance of the shunt in the
transmitter; the instruction manual must be consulted for the exact

value

of plate current for

each transmitter.

In position 9 the meter indicates
the plate supply voltage applied to
the final stage of the transmitter.
B plus is available at pin 7 of the
plug connector and a 20-megohm

resistor is connected in series
with the meter to allow a 1000 volt DC full scale reading. This
resistor is located between the B
plus input at terminal 7 and ter-
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of S1B. The circuit

through the meter is completed to
ground through terminal 9 of
switch S1A.

In position 10 the meter indi-

cates the A supply voltage applied

to the relays. If the relays operate from a battery supply, this
reading represents the battery
voltage. Terminal 10 of S14 is

grounded and the positive side of
the meter connects to terminal 10
of S1B. By means of 300K series connected resistor at this terminal, the meter will read 15 volts,
full scale, useful for both 6- and 12 -

volt systems. This A voltage is
available at terminal 9 of the plug

connector but the circuit to the

meter is completed only when the
function switch is in the XMTR
position (dotted lines).

set.

In either case, normal voice

modulation causes a reading of
about 0.25 volt on the meter, assuming a higher voltage output

type of microphone. For lower
voltage microphones the reading
will average 0.18 volt. For this
test the transmitter must be
placed in operation or there will

be no microphone DC supply
voltage.

Position 12 of the switch is used

to measure the microphone DC
supply. The path between terminal 10 of the plug connector and

terminal 1 of the microphone receptacle is completed through a
600 K resistor to terminal 12 of

Slt, through the meter, and to

ground at terminal 12 of switch

S.).The 600 K resistor is used
a full-scale reading of 30
volts, which is adequate for the

for

In position 11 the meter indicates the audio output from the

microphone supply.

microphone.

Position 13 is used to obtain an
immediate check on the condition
of the internal battery of the

The audio compo-

nent of the mike voltage (avail-

able at terminal 1 of the mike con-

nector) is applied to the input of
the

amplifier and the meter is

connected across the output of the
amplifier, the circuit being the

same as for the audio output of
the receiver. With the function
switch in the XMTR position, how-

ever, the speaker switch is no

longer in parallel with the am-

plifier input. The microphone may

be that of the transmitter or it

may be one plugged into the test

test set.

Position 14 is used to measure
the relative amount of RF output
of the internal crystal oscillator.
A small coupling capacitor feeds
the oscillator output to a voltage
doubling rectifier circuit and results in a relative reading on the
meter. Position 14 is also used

when the test set operates as a
field strength meter. The output

Test Sets
of the pick-up antenna is connected to the RF connector. With the

switch in position 14, the meter
indicates the RF level.
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however, and due to the limited
supply voltage to the oscillator,
the failure of a crystal to operate
is no proof that the crystal is
defective.

The Crystal Oscillator
Peaking Generator

The transistorized crystal -controlled oscillator, shown at the
lower right of figure 9, operates
at any frequency between 280 kc
and 13 mc. The principal purpose
of this oscillator section is to
provide a signal at the various IF

frequencies for receiver align-

ment. Three internal crystal sockets are provided, selection being
made by means of the switch on
the front panel. The oscillator
uses "AQL" type crystals for frequencies up to 800 kc and "ANL"
type crystals above 800 kc. These
are both anti -resonant crystals
(appearing as a parallel tuned circuit to the oscillator).

Position 14 is used for auto-

matically monitoring the output of

The transistorized RF peaking
generator provides a high order
of harmonics of the fundamental

6-10 me crystal oscillator frequency, and serves as a signal
source for the low band (25-54

mc), the high band (144-174 mc),
the 450-470 me band and the 890960 me band. If not originally included with

the

test set, this

generator may be added later as
an accessory item.

The peaking generator makes
use of an "AUL," anti -resonant
type of crystal. In some instances

the crystal from the transmitter
oscillator will operate satisfactor-

ily; if not, crystals may be pur-

the oscillator, giving a relative

chased at low cost for any channel
of operation. A frequency adjust-

cy ranges and cuts of crystals,

provides the desired amount of RF
signal for the receiver.

indication of crystal activity. This
is particularly useful in checking
the activity of unknown crystals.
Due to the differences of frequen-

ment is provided for placing the
generator on exact channel frequency, and an output attenuator

STUDENT NOTES

2 FIGURE
ITEMS ACCESSORY OPTIONAL

JACK METER -ITO

RECEIVER SERSICOR MC -TO SO OR CuNNENT
UNID MULTIPLIER roe A ITT [NUR TO ADAPTER

JACK METER TO
I

(OPTIONAL)
KIT ADAPTER K-9326
SPEAKER ATO

TERMINALS

J

RED

SOCKET

(OPTIONAL)

A!HOCK

L
1L

@LAC«

LI O

SOCKET

I

ONEKiO*-

IVR92451 NO PART
RO I
ESISTS HAZARD

E
O O

AS TRANSMITTER MEASUMNIG FOR
NOT QQ IVES
R[ LINE RESEARCH- AND
RECEIVER DISPATCHER MOTOROLA THAN OTHCR
ONLY vER1 RUE ASUMVIG ME FOR ADAPTER

UM

-R[0

(OPTIONAL)
IVR93611

!

I

--

PART

NO

LINE -RESEARCH- AND
DISPATCHER MOTOROLA
THAN OTHER [AS
ANSMI
REAMING FOR OAPTEM SLACK

TRANSMITTER

TRANSMTTE.
I

-7-

675V
SWITCH
-O N O

50=

15V.

IIi

III _
ST

-z

SI

C-1

-

- -- rer-1

S.

20Y 50K

TTENUATOR

9

K

1500

50

C-3

-R R

3MH

l-5

-I-Í K

5-75

DJ
C

J-3

r

OUT

C-

M

3S

354

L-/

V-2
MULTIPLIER

v-1
OSCILLATOR

OSE

O

r-2
ELEMENT

O

L

E

A 11
NOT

Y
OpD
O

EL

-9RN.

R

PURPOSE THIS FOR USED IS CARLE NF THE
Or SHIELD THE HEATER. CRYSTAL THE OF OPERATION
PERMIT
TO ALIGNED BEING RECEIVER TOE AND SET TEST TOE BETWEEN
MADE RE MUST CONNECTION GROUND A ALIGNMENT, RECEIVER FOR
3

API

STATED.
AND

OHMS

ADSMICROMICROFAR

OHMS S1000
OTHERWISE UNLESS WATT I/O 10'/,
INDICATED VALUES RESISTOR ALL
OTNERRISE
UNLESS
IN
ED AI INOIC VALUES CAPPC-TOR ALL

IN

OPEN
VOLT It

METER

wo\o

-S

S

L`

-I

O

M

NOTES

GLOM
T

50UA

00AMP

E

MF OI

1OW

MF OI

-2W 2Y

5%

MEG 0

7

-R R

-IS

21VVY.
-S R

L

ál1UH
L

31UH1,
L-71°

6

1-2% ITS
R-

9°

.

ON
pIIFRONTI
-1A S

90

SWITCH
POSITION NINE

°I b!

02

SWITCH
POSITION
THREE
S-1

430
IO
1

5-2

3

F
POSITION( (CENTER
POSITION TER ME
IN

SWITCH
POSITION THREE

5-

NG/N RE ST
FIELD

__

r[TLR

-

CURRENT
GRID

=500
1

2%

280K

IFRONTI

5-R

R-3

-2CR
-I CR

01

11

OS

ó

o

RIIEi9,1

R

IESTNERE
POSIT NEC
SHOWN

IN

SOU O

NEC

EM7M.

100

-CLOCK M COUNTE

P--MW-41
ISO

R-2

R.I

C

-S S

ON
KMTR

RECEPTACLE
MICROPHONE

J-2

O
-I J

PROSE STRENGTH FIELD

SHOWN

ADJ.
L1

10

TUNE
5

OUT.

R. F.

PROBE

O

TEST SETO

P A.

+4

O^C a

ATTENUATOR

5

Motorola O

0

c2

O
-4

7

8

6-12

6

FIELD

3

1

2

METER

0-50/ía

OFF

e

XMTR.

0

Ojy

qb

.

XTAL. I

b

© P -8501-A
N

A

©
REC

GRID

CURRENT

STREY

y

ír1liJl
XMTR

FIGURE

I

STUDENT NOTES

STUDENT NOTES

STUDENT NOTES

1/200A.

RFC2

RFC,

'REC." POSITION

SWITCH 54 IN "REC." POSITION.

IS GROUNDED THROUGH THE RECEIVER CHASSIS.

NOTES
THE GROUND CONNECTIONS ARE PROVIDED BY A
COMMON CONNECTION TO TERMINAL 11 OF PI, WHICH

P -8501-B TEST SET --RECEIVER METERING CIRCUIT
FIGURE 3

POSITION SWITCH
S2 (SECTION S)

SWITCH

METER REVERSING

57

POSITION SWITCH
S2 (SECTION A)

2%-2W

EG.

ON

53

XMTR.

/ POSITION SWITCH
///
52 (SECTION B)

B

2%

17.5K

SWITCH SI IN
"METER" POSITION

SWITCH

o

O

S4

O

c,

S4

150

%4.4,.

S2 (SECTION Al

POSITION SWITCH

S4

O

4

54

FIGURE 4

USH-TO-TALK

AUDIO -MIKE VOLTAGE

MICROPHONE

280K

HIGH VOLTAGE

O

P-8501-8 TEST SET --SIMPLIFIED DIAGRAM OF TRANSMITTER METERING CIRCUIT

SWITCH 54 IN "XMTR" POSITION

1/200A

()IMF

/

57

METER REVERSING

ADU

C

Y-1

7

0117

\

5-75

55
ONLY

ÓV5

CLOSE
C

VW'
5.2

ELENENT

I x-2 8 A

1500

O HO

SWITCH 51
IN 'GRIO CURRENT -

354
EAE

'6'5602-7C-4
50

8-3

OSCILLATOR
v-1

47

R -B

150

C9

l00

TO METER

(

12oo

;

C -e

L-1

;2f

15V

1000

FIGURE 5

50 ma

:47
.IW

032.
TUNE

i

1`1l

R1

AT TE N UAT OR

s-60
ON -OFF
SWITCH

150V

40-40

2200-1W

TEST OSCILLATOR OF
MOTOROLA P -8504-B
TEST SET

-III'

I

5-'°
L-3a 1500T

2l5á

506-20%

6755

eT-2

s -6A
OT -1

40-5W

II1

I5

22-1W

TERMINAL 8

RECEIVER PLUG Pl

.6 A

6.3V

45 MA

425V

TO FILAMENT SUPPLY

410 VAC

NOTES.

ALL RESISTORS IN OHMS.
ALL CAPACITORS IN
MI CROFARADS.

FIGURE 6

AC POWER SUPPLY

35

MULTIPLIER
V-2

1

B

C.II

56K

+
A

LC-+2

31.111

L -S

C -N

AC

500=

a

BAT T.

I

4
+

J_3

RF OUT

0 B+

OA

0

STUDENT NOTES

STUDENT NOTES

STUDENT NOTES
g---¢,

-o, i
L-o- 1-}

ROTA ON ¡ --j---20 16 12 8 4

4

B 120620

119 015111 17 13

13 I7 111 115 119

R 1ów 6 2

11,111

1714319 15 1

X

AO
/c

Í-

//c
POSITION SELECTOR

R

AO

I

IA

I

I

o2511-

12v

f1T Li0.-0-

XO

SWITCH

--"

¢ft62°1
\9R1 -BILK
BLK-TEL
\TEL-GRN

GRN-WXT

TEL

4-21YEL-RED/

BORN

IC2-IBRN-YEL/

OA

p

>41114

>LE

et,

,53L6
BLK-TEL
-

I <64

L/

02
03

ZERO
CENTER

/OA

/OA

i GRN

476

o5

O
MALT.

N1000 CPS INPUT FOR FULL

26217

3

O

1

<9a

1

BB

X

I

OPEN
SPAR.

o

N

2.9VOC
3

08 PO

2DµF
554

28

89

IA
5K

560

METER
A

SAE

010A+

200

1

4 4 IBLK-BLU\

OAF

Sloe

t

A

'O_

METER

0913+ SIC

2.21( a B00

I6
I

36IGRN

REV

07 PA

LOAD0

014
015

METER

09

l4VOC

27R

012
013

03
04
05

-3.OVDC

20y1F

96

2.2K

.8

BOO

RF OSCILLATOR VOLTAGES TAKEN WITH OSCILLATOR
OPERATING.

4

MEASUREMENTS OF AUDIO VOLTMETER TAKEN WITH
FUNCTION SELECTOR SWITCH IN %MTR. POSITION,
20 VAC APPLIED TO PIN I OF MICROPHONE RECEPTACLE
AND SWITCH I IN POSITION 11.

5

REFERENCE NUMBERS ON R -O -A SWITCH REFER TO
WAFER SWITCH SECTIONS OF THE FUNCTION SELECTOR
SWITCH ON CIRCUIT DIAGRAM 63E8491316. 6A REFERS
TO WAFER SECTION S2A, TERMINAL 6.

SILICON DIODES

FOR METER PROTECTION

11111

012 MC DC

ODE

TRANSISTOR DETAIL

0I3 INT BAT

O

014 RF
Ri6

DASHED LINES INDICATE CIRCUITRY WHEN FUNCTION
SELECTOR SWITCH IS IN ORTO POSITION

3

AUDIO

RED

6BLK-rEL\

2.

011

02

(UNCTION SELECTOR SWITCHIRCVR MMTR ACESSI
SHOWN IN RCVR. POSITION.

S10

010

01

OVOC
3

I

08
09

I.S V

44VOC
42VAC

n
+ - -/.6VDC

108

3.3

NOTES

07

BW-YEL

2.20

SCALE DEFLECTION

.05VACW

120

06

/2
4

O 90
M
2V 3606,2

259E

BRN

74

11A

SIA

10

.200

O

%LK-RED

124

9

6VDC

<144 I
I

6

OX1-0.-0--_.....---0 e

25K

IGRN-Wm%
-

OS

5411

YEL-GR/3/

<124 I

50-1-WHT

0.2V

I BLK-YEL/

054 IBLU

11

i

VOLTMETER AMPLIFIER

;HT

93

01307
IL--y1-pMULi

2AR

158

OVO

/2C

X

015

/0C

IRLK-GRN

10IBLKN;
Bl

<03

9411-L' RED \
100 1°E°
4

IBLU
2N247
REAL OSC.
EMITTER

106

-3.3V

OLLECTOR
IBM
40,44

26247

DC
30
BTU

-6VDC

OFF

1

r----

O '100

0

<II

OR R`

TOME

L

N

40M3.1F

@ LO
RF

VOC

22MAF

{
4,,,c0_40_,i3900

600MNF

0-11:011-°0--1F'-o

OA

B;\

56

+-

CRYSTAL OSCILLATOR
FREQUENCY RANGE
2111090-i 314C
OVO

<6

-6VOC

p5C
A

O
BC

P
7C

PIN

METERING CABLE

LB

TU546 TESTER
FUNCTIONAL DIAGRAM
FIGURE 9

BASE

O 1` 90

INTERLEAD
SHIELD
METAL CASE

METER (0-50110)
52

P-7208

POS SW

O ' .0

.0

O

4p

DUMMY LOAD

ADAPTER

DC FROM
LOAD

METER

SI

I

L

52

1

SEE NOTE
50

40

r

A50 -1T0 MC

rr

30

á2
152 1ri YC

ó

10

e
e

I

3

4

5

8

7

8 910

20

25 30

RO

50 60

80

100

POWER OUTPUT -WATTS
NOTE:
LOAD RATED AT 25 WATTS CONTINUOUS DUTY AND
UP TO SO WATTS FOR SNORT PERIODS IS SECS. MAX].

FIGURE 7

'PROBE'
INPUT

S7

400

z
4500

SWITCH SI IN
"FIELD STRENGTH"
POSITION

MMF

4/200 A.
NOTES:
SWITCH SI IN «FIELD STRENGTH" POSITION
METER REVERSING SWITCH S7 IN "+" POSITION

'FIELD STRENGTH' CIRCUIT OF P -85O4 -B MOTOROLA TEST SET
FIGURE 8

r

7

/

1

/

MOTOROL A
RADIO COMMUNICATIONS

A TWO-WAY RADIO COMMUNICATIONS TRAINING PROGRAM

LESSON MA -2
SPECIAL SYSTEMS

Selective
Signaling
Equipment

MOTOROLA TRAINING INSTITUTE

y

A TWO-WAY RADIO COMMUNICATIONS TRAINING PROGRAM

LESSON MA -2
SPECIAL SYSTEMS

Selective
Signaling
Equipment
-one of a series of lessons on two-way FM Communications-

MOTOROLA TRAINING INSTITUTE
4501 W. AUGUSTA BLVD., CHICAGO 51, ILLINOIS
APPROVED BY THE STATE OF ILLINOIS
DEPT. OF REGISTRATION AND EDUCATION

PREFACE

This is one lesson of a complete Motorola
Home -Study

Service

Course which presents to the

Technician

both

the

principles of

operation and the maintenance of two-way FM

radio systems.

The program covers mobile,

portable and base station equipment, including

the latest transistorized units.

AA
Copyright 1960 by
Motorola Communications and Electronics. Inc.

All rights reserved. This book or parts thereof may not be reproduced

in any form without the written permission of the copyright owner.

SELECTIVE SIGNALING EQUIPMENT
LESSON MA -2

TABLE OF CONTENTS

INTRODUCTION

Page

I.

PULSE CONTROL CIRCUITS

Page

3

THE CONSOLE

Page

4

THE POWER SUPPLY

Page

5

TONE OSCILLATOR DECK

Page

5

THE COMPLETE TONE PATH

Page

6

THE AUDIO AMPLIFIER

Page

6

FIRST TONE PULSE

Page

7

PULSE SPACING

Page

9

SECOND TONE PULSE

Page

10

SELECTOR BUTTON RELEASE

Page

11

GROUP -CALL

Page 12

MEANWHILE, AT THE RECEIVER

Page

THE VIBRASPONDER CIRCUIT

Page 14

RECEIVER GROUP -CALL OPERATION

Page

15

LEVEL ADJUSTMENTS

Page

16

ACCESSORY SELECTOR BOX

Page

17

NOTICE

Diagrams and figures referenced in text are "fold -outs"

in back of each lesson, for use while studying. The Examinations are also there.

12

¿

Providing prompt customer service, be it orange juice or rug
cleaning, is essential in this competitive age. Thousands of
customer service firms are utilizing two-way mobile radio to
increase the speed and efficiency of their operations.

SELECTIVE SIGNALING EQUIPMENT
Lesson MA -2
Introduction

In operation, the audio circuit

is broken before the signals reach

In the preceding lesson we discussed the need for a two-way
communications system which
would provide a certain degree of

the speaker, so that none of the
undesired messages will be reproduced. This audio circuit is
completed (by the closing of a re-

"privacy" when a channel is shared

lay) only when certain coding tones

found a solution in the Private Line

by the QUIK-CALL system, in
order to provide a great number
of combinations for alerting the
different receivers. Since two of

with others in the same area. We
tone coding system. In this sys-

tem, receivers will not respond

to signals on the channel frequency
unless the signal includes the
proper coding tone to keep the receiver squelch open.

Selective calling equipment in-

sures privacy between stations
operating within one system.

Motorola's QUIK-CALL system
does just that. Either individual

stations or combinations of sta-

tions may be selected to receive a

particular transmission without
disturbing other receivers in the
same system. This selection is
operative only from the base station, not from the mobile units. So

long as a receiver is not "called"
by the base transmitter, it also
will be unresponsive to transmission from other systems using the
same channel. This affords a certain degree of"private" operation,
for the receiver responds only to
those messages meant for it; the
operator does not have to listen to

a lot of messages which do not
concern him.

are received. Four tones are used

the coding tones may be common

to several receivers, this ar-

rangement provides considerable
flexibility for group calling.
Transmission of the coding tones

is automatic. The operator merely
selects the tones corresponding to
the receiver he wishes to call and
then depresses a"code start" button. This activates several relays

and timing circuits, which send

out the proper alerting tones. The

first two tones are transmitted

during the first 3/4 second; after
a short "silent" interval, the second group of two tones is sent.

All four coding tones will have
been transmitted within two seconds from the time the operator
depresses the start button. A neon
lamp on the control panel tells the
operator that the tones are being
transmitted. As soon as the coding tones are completed this lamp

goes out, which means that the
operator may now transmit his

Page 2
message without interfering with
the coding signals.

Figure lA shows a block dia-

gram of the QUIK-CALL equipment used in connection with the
transmitter. Twelve tone -oscillators are in constant operation,
each oscillator generating a very
stable audio signal. For convenience, each tone is identified by a
number or letter. In low -frequency tone systems the first 10
tones are identified by the numbers 1 through 0, and the letters
A and B designate the two final
tones. (High -frequency tone systems have letter designations from
C to P, I and O being omitted. )

Selective Signaling Equipment
and 5 and 7 of the second row. He

then pushes the "code start" button momentarily and the signal
tones are automatically transmitted. When they are completed,
the lamp goes out. The operator
may now talk to the operator at
the selected receiver.

From the selector, figure 1A,
the selected tones are next ap-

plied to the timer. The first group
of tones selected on the upper row
of buttons are transmitted for 0.75
second. (The transmission is controlled by a tube, several relays,
and associated circuitry.) After
0.75 second, the transmission of

Quik-Call Radio Provides Selectivity Within a System: One Car may be
Called Separately --the Remaining Vehicles in the System are Silent.

The output of the oscillators is
fed to the selector box where we
find two rows of buttons, the 12
buttons of each row being labeled

the first group of tones is stopped

from 1 through Bfor low -frequency
tones. If the operator wishes to

controlled by a timing circuit. The

call a receiver having code tones
of 1 and 3 for the first tone pulse
and tones 5 and 7 for the second
code pulse, he depresses buttons
1 and 3 of the first row of buttons

and there is an interval of about
0.2 second before the second tone

pulse starts. This interval is also

second group of tones is sent in

the next pulse, which also lasts for
about 0. 75 second. With the com-

pletion of this pulse, the QUIKCALL equipment has performed
its assigned function.

Selective Signaling Equipment
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Another button at the selector
box enables the operator to make
a"group call" to several receivers
having common code tones. The
selection of these tones is made
from the lower row of buttons and

cuitry. We shall study this arrangement in detail later.

"group -test" button for 4 seconds.
All receivers having the tones selected for this group call are thus
alerted.

for controlling the transmission

the operator then depresses the

The tones, selected for either

QUIK-CALL or group call, pass
through an amplifier section before reaching the transmitter. The
tone level at the oscillator output
is not strong enough to properly

modulate the transmitter, so an

amplifier becomes necessary. The
power supply shown in figure lA
is used both by the tone oscillators
and by the amplifier.

At the receiver,the speaker re-

mains disconnected from the output

until the proper coding tones have
been received. These tones activate a control relay which closes
the audio path to the speaker. The
block diagram of figure 1B testi-

Pulse Control Circuits

Figure 2 shows the basic method

of the first group of QUIK-CALL
tones. The tones required for the

first pulse are selected by de-

pressing the corresponding buttons (switches) in the top row of
buttons on the control panel. These

tones are transferred to the audio
amplifier, but first the contacts of

relays K101 and K -i must be

closed. To close relay K101 (lo-

cated on the selector panel chassis), a sequence of events must
take place. First, the"code start"
switch is depressed; this charges
capacitor C4, which sets the first
pulse timer in operation.

As a result, relay K1 (in the

cathode circuit of the timer tube

V 1A) is operated and its contacts
are closed. This in turn (1) com-

pletes the tone path to the audio
amplifier, and (2) completes the

fies to the simplicity of the system. So long as the operator
leaves his microphone (or handset) "on the hook," the receiver

path which allows relay K3 to en-

The relay remains deenergized
until the correctly coded signals
are received. When this happens

it turns "on" the transmitter by

will be in QUIK-CALL condition.

the relay connects the receiver

output to the speaker. When the
operator removes the microphone,
however,

the

speaker is con-

nected directly to the receiver

output and the receiver is no longer
controlled by the QUIK-C ALL cir-

ergi ze.

Relay K3 serves three funda-

mental purposes in figure 2. First,

causing the transmit -receive relay to close. Second, it closes a
timing circuit which keeps relay
K1 energized for approximately
0.75 second. Third, it closes the
path for the operation of relay
K101. With relay K1 locked for
0.75 second, relays K3 and K101
will also remain energized during
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this time. Relay K101 has completed the path for the two tones,
which are now applied to the audio
amplifier. The tones at the am-

complete the circuit, keeping K3
closed, and K3 in turn keeps relay K101 energized during the second pulse. The tones selected by

transmitter modulator.

transferred to the input of the

plifier output are applied to the

Relay K1 releases after 0.75

second, but another circuit holds
relay K3 until the second tone
pulse is started. (This keeps the
transmitter on the air.) Relay K1

has released, however, and the

tones no longer reach the modulator. Until the second pulse

starts, then, there is a short period with no modulation.

the second row of buttons are now

audio amplifier through the contacts of relays K101 and K2. The
transmission of this second pulse
lasts for the 0. 75 second that re-

lay K2 is held by its timing circuit.

The Console

Figure 4 shows the complete

An Important Feature of Quik-Call is Group Calling: a Predetermined
Group of Vehicles may be Called Simultaneously.

The operation of the second

circuit of theQUIK-CALL console.

Capacitor C2B has charged during

base station, this console contains

pulse is illustrated in figure 3.

the time that relay K1 was operated. When the relay releases,

Located near the operator at the

all the components necessary to

generate, select, and time the

the charged capacitor is connected
into the grid circuit of the second
timing tube, V 1B. The tube con-

QUIK-CALL signals used in this
system.

closed for

0.75

The console is made up of two
basic sections, (1) the selector

The contacts of relay K2

timer chassis. On the selector

ducts and K2 closes, being held
approximately

second by means of a timing cir-

cuit.

panel and (2) the power supply and
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panel there are two rows of buttons from which the operator selects the various coding signals, a
"code start" button which is depressed to start a coding signal, a
"group test" button for group calls,

a "release" button to release the
depressed buttons, an "auto-rel."
button which provides automatic

which is used as a biasing voltage
at the cathodes of the tubes in the
timing circuits.

Tone Oscillator Deck

Only one tone oscillator is shown

release of the buttons after a completed code transmission, an indicator lamp which lights during the
transmission of coding signals,

in figure 4; the others are identical. The oscillator uses a 5963
twin triode, a ruggedized version

level of the tones being sent to the

lator discussed in the preceding
lesson, operates as a multivibrator. Section A of the tube is
the basic oscillator, with section
B acting as a feedback amplifier
and phase inverter. The vibra -

and a meter which monitors the
transmitter.

The power supply and timer

chassis includes (1) a power supply, (2) a 12 -tone oscillator deck
(3) the timer circuits, and (4) an
audio amplifier section. We shall
start our detailed analysis of the
QUIK-C ALL equipment with the
power supply.
The Power Supply

The power supply furnishes four
output voltages: 250 VDC, 210
VDC, 8 VDC and 6.3 VAC. These

voltages are obtained from two

secondary windings. The high voltage winding has a full -wave
bridge selenium rectifier section,
with an output of approximately
250 volts (at the filter input). This

is used for the high DC supply

(designated B++). The low DC sup-

ply (210 volts) is provided at the
output of the filter section. The
6.3 VAC filament winding is also
used to obtain the 8 VDC output.
A single rectifier and a filter section produce the positive 8 volts,

of the 12AU7 tube. The oscillator,
which is similar to the tone oscil-

sender is in parallel with the feedback voltage from the plate of tube
section B to the grid of the oscil-

lator; only that frequency which
corresponds to the natural vibrating frequency of the reed can
produce oscillation. The vibra sender has a very high effective Q
and it maintains a high degree of
frequency stability.

Capacitor C202 between the two
plates provides negative feedback,
which reduces the harmonic con-

tent and makes the output waveform nearly sinusoidal. The os-

cillator output is taken from across
the plate circuit of section B, and
an isolating resistor and capacitor
are connected in series with a po-

tentiometer, the output of the os-

cillator being controlled by the
adjustment of the potentiometer.
Each oscillator has a separate
output voltage control.

A Master
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Tone Control, located near the individual tone output adjustments,
determines the voltage applied to
the amplifier, thus regulating the
amount of modulation voltage to
the transmitter. The output of the

tone oscillators is terminated at

the switches on the control panel.
Each tone is connected to its two
corresponding switches, one each
in the top and bottom rows.

pedance of 125 ohms. The same
voltage and impedance is present
at terminals 9 and 10, but the voltage at terminals 9 and 10 is connected directly to the output transformer and does not depend upon
the contacts of relay K3. Output
terminals 7 and 10 are used for a
larger output voltage, at an impedance of 500 ohms, when a jumper
is connected between terminals 8
and 9.

A meter on the control panel is

The Complete Tone Path

The first two tones of a 4 -tone
QUIK-CALL transmission are selected on the upper row of buttons,
switch S105 in figure 4. This
switch is mechanically designed

so that only two buttons may be
depressed at any one time. The
tone

the

ap-

plied to contact 5 of relay K101,
and the second tone to contact 7.
When relay K101 is energized,
the tones are combined (relay
contacts 6 and 8 are tied together)
and reach contact 12 of relay K1

in the timer circuit. When relay
K1 is operated, the tones are applied through contact 11 of the re-

lay to the Master Tone Control,
R43. Resistor R43 applies all or
some portion of the tone voltage

to the audio amplifier, V2.

The output of the amplifier is
available at terminals 7, 8, 9 and
10 of terminal board TB1. The
connection to terminal 7 is completed only when relay K3 is operated. Terminals 7 and 8 supply
a small output voltage with an im-

used to monitor the level of the
tones being sent to the transmitter. Calibrated in decibels, this

meter is connected across the full
output of the amplifier and indicates the relative amplitude of the
tones.

The path for the tones selected
from the lower row of buttons
(S106) for the second pulse is

similar to the path for the first
pulse except that they reach the

amplifier by passing through con-

tacts 1, 2, 3 and 4 of relay K101
and contacts 6 and 7 of K2.
The Audio Amplifier

The audio amplifier provides the
necessary amplification for the
audio tones to give them sufficient
amplitude to modulate the transmitter. A single 5963 type tube is
used for both stages of the amplifier.

The left-hand section of the tube

is the first stage. Its cathode

bias resistor is u n by pass e d in
order to provide negative feed-

Selective Signaling Equipment
back, thereby improving the frequency response. Resistor R26 is
the plate load, with the output ca-
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pushes the "code start" button,
holding it down until the red indicator lamp goes on, which happens

section also uses an unbypassed
cathode bias resistor. Still further
improvement of the frequency re-

in less than one second. The operator may now release the "code
start" button. The transmission
of the proper QUIK-CALL tones
will be performed automatically.
Let us now analyze the operation

between the plates of the two triode
sections.

of the equipment during the transmission of the first pulse. In order to make it easy to follow this
first tone pulse operation, the cir-

pacitively coupled (C8) to the grid
of the right-hand section. This

sponse is realized by means of the
feedback capacitors (C6 and C7)

cuit is printed in red in figure 4.

The transformer has a split

secondary, each winding an im-

pedance of 125 ohms. When these

windings are connected in series
(by placing a jumper between terminals 8 and 9 at the terminal
board), the total secondary impedance is 500 ohms. For applications r e q u i ring output voltages
between 0.5 and 1.5 volts, connections are made to terminals 7
and 8 of the terminal board; for
an output of from 1 to 3volts, terminals 7 and 10 are used. Where

less than 0.5 volt is desired, a

voltage divider consisting of resistors in series and having a
total resistance of 500 ohms is
connected between terminals 7
and 10, with the output taken from

the appropriate point on the divider. When using any of these
connections, it is necessary to install a jumper between terminals
P

8 and 9.

Qui k -Call Code Tones are

Automatically Operated, Timed
and Transmitted as Soon as the
Operator Depresses the Code Start
Button.

We have already traced the path

of the tones selected by the buttons in the upper row (switch S105).

Fcr these tones to reach the modulator, it is necessary to energize
relay K1, which in turn operates
relays K101 and K3. When the
"code start" button is depressed,
the 250 volt (B++) supply is applied

First Tone Pulse

to the grid of timer tube V 1A,

To transmit a QUIK-CALL sig-

making that tube conduct heavily.
Here is how this is accomplished.

four buttons, two in the upper row
and two in the bottom row. He then

(5101) is connected to B++. This
voltage is applied through switch

nal, the operator first depresses

Terminal 2 of the start switch
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contacts 1 and 2 to the grid of circuit of V1A. Capacitor C4 is in

ergized, its contacts 9 and 10 are

series with the grid resistor R8,
but the full supply voltage is im-

pressed across the resistor the
instant the switch contacts engage.

:.`,

(7,..

:!

-

Quik-Call Allows for Remote
Control by Radio. Here a Distant
Tower Light has been Turned On.

The cathode return path is

through the coil of relay K1 to the
positive side of the 8 -volt bias

This voltage does not
initially bias the tube to cut-off
supply.

but, without the positive pulse at

the grid, the cathode current is
too small to energize the relay.
As soon as the positive pulse is

applied to the tube grid, however,
the tube conducts heavily and the
relay energizes. As we know
(from the simplified sketch of figure 2), this controls the transmission of the first two tone pulses.
The holding of relay K1 for 0.75
second is accomplished in connec-

tion with the operation of relay
K3. When relay K1 operates, its
contacts 4 and 5 close, applying
250 volts to the coil of relay K3.
(Resistor R20 limits the current

in the relay coil to the proper
amount.) Before relay K3 is en-

closed, completing a path for
charging c ap ac i to r C 2A.

The

complete circuit is through re-

sistor R21 and contacts 8 and 9 of
relay K2. Thus, before relay K3
energizes, capacitor C2A has been
charged to 250 volts.
When K3 is operated by the action of relay K1, capacitor C2A is
connected into the grid circuit of
VIA through relay contacts 10 and
11.

This positive charge main-

tains VIA conductive for approximately 0. 75 second, and controls
the timing of the first pulse. The
pulse duration can be changed by
using one of the alternate resistor
connections (R7 -R10) in the grid
circuit of V 1A. A large resistance produces a longer pulse. A

small resistance permits a faster
discharge of C2A, and hence a
shorter pulse results.

Relay K1 has several other
functions besides operating relay
K3. The closing of contacts 11
and 12 completes the path for the
tones to the grid of the amplifier.
Contacts 6 and 7 are used in connection with remote operation.
(This ground circuit discontinues
the operation of the equipment
from the remote position. ) Contacts 1, 2, 3, 8, 9 and 10 are for
the control of the second pulse and
will be discussed shortly.

When relay K3 energizes, several other functions are provided
besides the holding of relay Kl.
The closing of contacts 1 and 2
applies 250 volts (1) to the red in-

Selective Signaling Equipment
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dicator lamp on the selector panel
and (2) through contacts 3 and 4 of
the code start switch, S101, to the

lected in the top row of buttons
are sent to the amplifier, reach
the modulator stage of the transmitter, are placed "on the air, "
and finally reach the receiver.
This pulse is transmitted for a
period of 0.75 second, during

coil of relay K101. Relay K101
then closes, applying the audio
tones to the amplifier. In order
for relay K101 to become energized, however, the code start
button must be held down (for a
fraction of a second) until the in-

which time relays K1, K3 and K101

remain energized.

dicator lamp lights, indicating that
B++ has been applied to K101.

Three pairs of normally open
contacts on relay K3, connected
to terminals 1 through 6 of the
terminal board, are used respectively (1) to operate the transmit

Pulse Spacing

For the proper operation of

QUIK-CALL equipment, it is essential that the second set of pulse
tones be delayed for a short period

to

of time, 0.2 second being suffi-

mute the microphone during code
tone transmission, and (3) to per-

cient.

ceivers having the same coding

When contacts 12 and 13 of the relay close, they complete the audio

for them. This condition arises
as a result of the continued vibration of the vibrasponder reeds in

relay of the transmitter, (2)

form any other similar function.

output circuit from the amplifier
to the modulator. Contacts 14 and
15 are used to apply 6.3 volts AC

Unless this is done, re-

tones, but in a different order,
will respond to calls not meant

to remote equipment for certain

the receiving equipment for a
short time after the tone trans-

So much for the operation of the

is thus necessary to insert a short
interval of no modulation after the
first pulse, to permit the reeds in

control purposes.

first tone pulse. The tones se CODE TONES

CIR
liii 111111111 111111 II 11111 11111 IllIlIlIllIll IIIIIIIIIIIIIIIIIIJ II

Quik-Call Operation Depends
upon Four Coding Tones Sent at the
Beginning of the Transmission.

mission has been discontinued. It

the vibrasponders to stop vibrating.

After 0.2 second the reeds will
have damped to such an extent
that contact will no longer be made.

The required spacing is accom-

plished by the discharge of two
capacitors, C3 and C2B, into the
grid circuit of V1B. During the
first pulse (while relay K1 is energized), capacitor C3 is charged
to 250 volts, with its "right-hand"
side (as shown in figure 4) posi-
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tive with respect to ground. (The
left-hand side of the capacitor is
grounded through relay contacts
9 and 10.) Capacitor C2B is also
charged to 250 volts, through relay contacts 2 and 3.

As soon as relay K1 releases,

these two capacitors are connected
so that they discharge through R16,

the grid resistor of the second

pulse timer, V1B. The positive
side of C2B is connected to the
grid through contacts 1 and 2, while
the negative side of C3 is connected

to the grid by the action of con-

Selective Signaling Equipment
of relay K101, and with contacts
12 and 13 closed, this 250 volts is
applied to its coil, thereby locking
the relay. The only way in which

this relay will now open is

to

remove the 250 -volt supply by
releasing relay K3. Relay K3 is
held closed between pulses by the
charge that has accumulated on
capacitor C5. (When relay K1 is
energized, C5 charges to 250 volts

through contacts 4 and 5.) When
relay K1 releases, this capacitor
discharges through the coil of K3,
keeping this relay energized.

tacts 8, 9 and 10 of the relay. The
negative charge on C3 is applied to

the grid directly, but the positive
charge (on C2B) is "delayed" by
the series connected resistor R14,
which makes the time constant of
circuit
longer than that
of C3.

Thus, the grid of V 1B first becomes negative, remaining so for
a short period of time. As capaci-

tor C3 discharges quickly, the

grid soon becomes less negative.
At the same time, capacitor C2B
discharges through R14 and R16,
forcing the grid to swing positive.

Within 0.2 second, the grid reaches
the point where VlB conducts, op-

erating relay K2 in its cathode

circuit.

During the brief interval between

the end of the first pulse and the
beginning of the second pulse, it is
necessary for relays K3 and K101
to remain energized. Relay K101

will remain energized as long as
relay K3 is energized. Relay K3
supplies 250 volts to terminal 13

Second Tone Pulse

As soon as the second pulse begins, relay K3 is operated through
the contacts of
K2. We

already seen the basic operation

of relay K2 (figure 3). This relay
performs several functions. For

one thing, it causes K3 to oper-

ate. This is accomplished by
means of contacts 9 and 10 (of K2)
which apply 250 volts to the coil of
K3. Contacts 6 and 7 of K2 close,

completing the path for the tones
to the audio amplifier. This path
is also completed by closed contacts of relay K101 (but this relay,
we know, is being held closed by
K3). Contacts 11 and 12 of K2
close, completing the grid return
to ground through resistor R11.

This smaller grid resistance establishes the correct timing circuit for the grid of V1B.

Before

relay K2 can release, capacitor

C2B must discharge. The path is
now through R11, and this time
constant is correct for the second
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pulse. In the meantime, contacts
2 and 3 of K2 also close, charging

capacitor C1B to 250 volts.

We

shall see the purpose for this
later.

capacitor is connected to the coil
of the "button release solenoid"
(L101). The solenoid immediately

releases both rows of selector
buttons.

After 0.75 second, C2Bno longer

holds the grid of V1B sufficiently
positive for its cathode current to
operate relay K2; as a result, K2

releases. When K2 releases, K3
and K101also release. The transmission of the second set of code
tones is now completed. The red

indicator lamp goes out, the meter
on the selector panel reads zero,
and the transmit -receive relay (in

the two-way equipment) also releases, placing the equipment in

standby (receive) condition. If the
operator wishes to send a message,
however, he may use the mike button (or foot switch) to keep the

transmitter on the air after the
tone transmission is completed.

Lifting the Handset from the Hang Up Box Stops Quik-Call Operation
and the Receiver Operates in a
Normal Manner.

Automatic release

Selector Button Release

Provision is made for the operator to release any buttons that
may be depressed, at any time.

An "AUTO. REL." (automatic release) switch also provides for
releasing the buttons automatically

at the termination of the second
pulse.

The manual"RELEASE" switch,
S102, normally connects the 250 volt supply line to capacitor C101

and the capacitor is usually fully
charged. As soon as this "release"
button is depressed, however, the

is accom-

plished by capacitor C 1B through
contacts 1 and 2 of relay K2. When

this relay is energized during the
second pulse, the capacitor is
charged to 250 volts through contacts 2 and 3. When the relay re-

leases at the end of the second

pulse transmission, this charged
capacitor is connected (through
contacts 1 and 2) to the "button
release solenoid." The functioning of this circuit requires switch
S104 to be in its automatic position. Also, relay K101 must be
energized, for the path is through
its contacts 10 and 11. (It is normal for this relay to remain energized for a short time after relay K2 releases.) If the switch is
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not in the "AUTO. REL." posi-

K101 and K2. The contacts of re-

tion, the manual "RELEASE" button must be used.
Group -Call

Besides alerting a single sta-

tion within the system by means
of the 4 -tone, 2 -pulse system, it

is also possible to make a call

simultaneously to a group of sta-

tions within the system.

Two

tones are necessary for group call, and they are selected on the

bottom row of buttons. Instead of
pushing the code start button, the
"group -test" button is now de-

pressed. The timingof this transmission is now no longer automatic. Instead, the timing is up
to the operator, and for this operation he must keep the button
down for approximately four seconds in order to properly alert the
desired stations.

lay K101 complete the tone path to

the contacts of relay K2, and with
relay K2 operated, the tones reach
the audio amplifiers. Because K2
is operated, relay K3 also closes.
Relay K3 completes the audio output circuit to the modulator, causes
the indicator lamp to light, turns
on the transmitter, and mutes the
microphone. The group -call tones
are transmitted for as long as the
operator holds down the group test button. After four seconds,
however, the receivers should be
alerted. The desired message
may now be sent.
Meanwhile, at the Receiver ...

The basic QUIK-CALL section
of the receiver
shown in figure
5. Depending upon the switch in
the hang-up box, the audio at the
secondary of the output transformer may be applied to the
speaker or it may be applied to
the QUIK-CALL unit.

V1,, i, ri,I1 1 i 11, rl 11111111t(11 1 +I WU"

Quik-Call Code Tones are
Controlled by Vibrasenders, the
Same as in Private Line Systems.

When the" GROUP -TEST' switch
(S103)

is closed, the 250 volts

available at switch contacts 1 and
3 is applied to the coils of relays

If the microphone or handset is
off the hook, the audio (available
at terminal 46) is applied through
contacts D and C of the switch to
terminal 45. From terminal 45
the path proceeds through jumper
JU-1 to the speaker. Thus, if the
hook in the hand -up box is "up,"
the receiver output will be applied

directly to the speaker.

QUIK-

CALL control is possible only
when the handset or microphone
is on the hook.

In normal QUIK-CALL opera-

tion, then, the audio path does

Selective Signaling Equipment
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not lead directly to the speaker as

incoming mess age before the

described above , but rather through

contacts D and E of the switch to
terminal 42. From terminal 42
the audio goes to terminals G and
F of relay K1 and on to the four
vibrasponder coils.
The only way in which the audio

can now reach the speaker is for

the relay to be operated. The
audio then finds a path to the
speaker through relay contacts F
and E. The relay is energized

only if the correct tones are received. When this occurs, the
vibrasponders complete the cir-

cuit (partly shown in the figure),
which causes the tube to conduct
and operate the relay.

The length of time that the re-

message is actually sent.

If the operator does not complete his message duringthe seven
seconds following the second pulse,

and if the operator at the receiver
does not remove his microphone,
the relay opens at the end of this
period, and the receiver is effectively "dead." (We are assuming
that the function switch is still in
the nonlock position.)

If the receiver QUIK-CALL

switch is placed in the "lock" po-

sition, however, once the relay

has been closed by the tone pulses
the relay will remain locked -in

until the operator removes his
microphone from the hook.
lock -in position

of

The
the switch

lay remains energized depends
upon the position of the "lock-

places the grid at near -cathode
potential, through relay contacts

ing circuit will keep the relay operated for about 7 seconds; in the

off the hook, the right-hand ter-

nonlock!' switch. With the switch
in the "nonlock" position, the tim-

"lock" position, the relay stays
energized until the operator removes the mike from its hook.

With a QUIK-CALL signal com-

ing into the receiver, the pulses
quickly capture the circuit and

cause the relay to close. The operator will usually hear the end of

the second pulse transmission.

Or, if the received signal is weak
so that the second pulse just opens

the receiver at the end of the
pulse, the operator will hear the
squelch tail (if the operator at the

base station does not keep the
transmitter "on the air"). In this

way, the operator is alerted to an

A and B, thereby allowing the tube
to conduct until the microphone is
removed. With the microphone

minal of the relay coil is grounded
through its contacts A and B, and
contacts A and B of the hang-up
switch. With both terminals of the
relay coil grounded, the relay releases.

Terminals C and D of the relay
"make" when the relay operates,
and they can be used to close a

circuit which operates a horn,

lights a lamp, or performs a similar function. Thus the operator
who has been away from the re-

ceiver knows that he has been

called. For this function, the
switch must be placed in the"loch'
position.
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The Vibrasoonder Circuit

Figure 6 is a complete diagram
of the QUIK-CALL unit required
at the receiver. For QUIK-CALL
operation, four vibrasponders con-

trol the conduction of the tube,

V1, and the latter determines the
operation of control relay Kl.

the first pulse must correspond
to the frequency of the vibrasponders installed at El and E2.
Assuming that this is the case,
the reeds of these two vibrasponders close their"B" contacts.

Although the reed contact is in-

termittent, the action of the RC

circuit in parallel with the contacts

Both triode sections of 1/1 are

initially biased so that there is
but little conduction.

Relay Kl in
the cathode of the right-hand sec-

tion will not operate, therefore,

unless that triode section is made
to conduct heavily. This is accom-

plished by making the grid positive. As we shall see, this positivevoltage originates at the plates
of Vl.
The QUIK-CALL tones from the

receiver output transformer are

applied to the four coils of the vi-

brasponders through contacts F
and G of relay Kl. The tones of

TU358

TU368

111368

TM

0.68

produces an almost steady DC
voltage as the reed continues to

vibrate.
The B+ voltage (present at the
plates of the tubes) is applied
through the vibrating reed contacts of both vibrasponders to the
grid circuit of the left-hand triode.
This voltage is applied to the junc-

tion of resistors R1 and R2, and
charges the grid capacitor, Cl, to
a high DC voltage. The discharge
however, is
through R1 and R2 in series, so
of this capacitor,

that the time constant is long and
the grid is kept positive for some
time.

TU36e

TU366

TU358

c

TU35

t1
MASTER

IA Kilt

o:C:.sc.

TU.K

'*"4TLi
b3+t5572

CONTROL

k

Here We See the Twelve Tone Generators, Vibrasenders, and L'vel
Setting Adjustments, all Part of the Quik-Call Base Station.
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When the grid of the tube swings
positive, the tube conducts heavily
and almost all of the supply voltage appears across the large
cathode resistor, R3. This high
positive voltage is used to unbias
the grid of the right-hand triode.

Assuming that the second pulse
corresponds to the frequencies of
vibrasponders E3 and E4, contacts
"B" of both these vibrasponders
close. The positive voltage from
the cathode of the first triode then
charges capacitor C2 in the grid

circuit of the right-hand triode.

energized.

When the microphone

is removed from its hook, the

blue wire leading to terminal A of

the relay is grounded; with contacts A and B closed, the top of
the relay (terminal J) is grounded,
so the relay must release.
Receiver Group -Call Operation

Only two tones, common to a
group of receivers, are required
for group -call. These tones must

correspond to the frequencies of
the vibrasponders

installed in

sockets E2 and E3 (fig.

This makes the grid positive and
the tube conducts. The cathode
current passes through the coil of
relay K1, causing the relay to operate. The charged capacitor (C2)
in the grid of the triode discharges
through the large resistor in par-

vibrasponders E2 and E3 at the
receiver, closing their "B" con-

holds the tube conductive for about

the contacts of vibrasponder E2,

tacts are closed during this time
and the operator hears all mes-

of vibrasponder E3. The tones
must be continuous for approximately four seconds, as it requires this much time for the vibrasponders to operate and for

allel with it and, because of the
long constant involved, the grid

seven seconds (with the switch in
nonlock position).. The relay consages that may be sent.

If the switch is in the "lock"
position, however, the relay remains operated until the microphone is removed from the hangup hook. With the switch in the
lock position, the grid is returned
to the top of the relay coil through

relay contacts A and B. After
capacitor C2 has discharged, the
only remaining bias on the stage
is that developed by the small cathode resistor, R5. This allows
the stage to continue to conduct
normally and the relay remains

6).

To

alert the receivers within a group,
the operator sends these common
tones for a period of four seconds.
These group -call tones energize

tacts and applying the plate supply
voltage to grid capacitor C2 through
R7 (3.9 megohm), and the contacts

capacitor C2 to charge through the
high resistance of R7. After four

seconds, however, all receivers

which have the proper group -call
tones will have been alerted. The
desired message may now be sent
simultaneously to all the receivers
of this group.
Where group -call operation alone

is desired, only two vibrasponders
need be installed in the E2 and E3
sockets. (In earlier models, the
wiring of E2 and E3 was different
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The various vibrasponder assemblies at the receiver require
different voltage levels to produce
positive operation of the reed.

These levels will be found in a

chart such as that of figure 7.

At the back of the QUIK-CALL
console there is an adjustment for
each of the individual tone outputs,
plus a master tone control. The
output adjustment for the separate
tones are numbered from 1 to 12
and correspond to the 12 tone

Here We See a Quik-Call Console

Utilizing High -Frequency Coding
Tones (Evidenced by the Letters on
the Push -Buttons).

and all four vibrasponders were
required to complete these circuits.)

generators, regardless of which
vibrasender is installed in the
socket.

If the particular system uses

high -band tones (usually the case

in almost all new installations),
the first steps are(1) to adjust the

individual tone level for tone number 12 (labeled "P") and (2) to ad-

just the master level for the deLevel Adjustments

Although the levels of the various oscillators used with QUIKCALL equipment are adjusted at
the factory, it is important that
they be readjusted (checked) according to the requirements of the
system being used. Transmitters

may differ as to the modulation
voltage required for the same
amount of deviation, and control
lines have various voltage drops.
It is thus necessary to adjust the
tone levels for a deviation which
will produce sufficient voltage at
the receiver output to operate the
vibrasponders. In making any level
adjustments, we are thus interested

in the voltage produced at the re-

ceiver rather than in the modulating voltage to the transmitter.

sired receiver output.

Then,

leaving the master adjustment at

one setting, we adjust the remainder of the tone generators for
the recommended output.

An AC voltmeter is connected
at the audio input to the QUIKCALL unit, and the receiver is
unsquelched (squelch control fully
clockwise). The receiver audio

level control (located on the receiver chassis --not the volume
control on the control head) is

advanced until the reading on the
meter, due to noise, is between
0. 8 and 1. 0 volt. The receiver is
then squelched and the level adjustment for tone 12 (P) is set to
approximately three -fourths maximum. The master tone control
is then adjusted for a reading of

2.2 volts on the meter.

(The
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Here We See the 32 -Button Accessory Box Connected to the Quik-Call
Console.

master tone control should not be

changed after this; the control for
tone 12 also needs no further adjustment.) The individual

levels may now be adjusted according to the voltage values in-

dicated in figure 7.

Where low -band tones are used

for a particular system, the level
of tone number 1 is first adjusted
by placing the individual tone control at three -fourths maximum and

adjusting the master control to
0.70 volt. The individual levels
are then adjusted according to the
chart, as before.

The meter on the QUIK-CALL
selector panel is not to be used in

adjusting the tone levels. This
meter merely indicates the level
of the voltage at the console. It
does not show the amount of deviation produced nor does it tell how
much voltage is applied to the vibrasponders at the receiver.

Accessory Selector Box

A 32 -button selector box may

be used as an accessory to the

QUIK-CALL console described in

this lesson. This additional selector box may plug directly into
the console or it may be remotely
located, with an interconnecting
cable between the two units. This

selector box facilitates the selec-

tion of QUIK-CALL groups or

group -calls by requiring only one
button to be depressed for any one
call. Connections may be made

so that one button will initiate a

QUIK-CALL function (or a group -

call) without any thought as to

timing. The timing is performed
by the circuitry within the selector
box. This piece of equipment allows as many as 32 different calls

to be made, requiring only one
button to be depressed for each.
A red indicator lamp shows when
a transmission is taking place or
when the console is being used.
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Lesson MA -1
Introduction

We have previously referred to
the crowded conditions associated
with two-way mobile communications, and we pointed out that this
congestion has been growing con-

tinuously, so that many services
are today compelled to share the
same channel. Several taxicab
companies for example, may find

themselves required to use the

same channel, if they wish to have
two-way communications.
Under these conditions, with the
usual carrier -operated squelch,

the mobile operator must listen to

all messages on the channel, al-

though only a small percentage of
them may be directed to him. This
is very bothersome.

One solution to this problem is
to use Motorola "PRIVATE LINE"
radio equipment. With this equip-

ment, the only time any sound

reaches the loud -speaker is when

the carrier belongs to one of the
stations within the system. The
speakers are silenced at other
times. As soon as a "system"
transmitter comes on the air,
however, the receiver squelch is
opened and the receiver is subject
to the same operating conditions
as any other receiver.

Private Line radio operation is
achieved by means of 'a unique
squelch system which silences the
audio section of the receiver. The
squelch is not operated 'by the

carrier and noise reduction, as is
usually the case, but by a low frequency audio tone which constantly modulates the carrier.
This audio tone is below the voice

range of 300-3000 cps, however,
and

special filters are used to

eliminate it in the audio stages of
the receiver. By means of highly
selective circuits and a high -Q
vibrating reed, the squelch is
made insensitive to all audio frequencies except that one to which
it is tuned. Ten audio frequencies
(between 100 and 136.5 cps) are
available for this purpose. Anoth-

er reed is incorporated in the
transmitter, and its frequency
must be the same as that of the
reed in the receiver. It is thus
possible to have as many as ten
different systems on the same

channel and still maintain "Private Line" radio operation for
each system.

Advantages of Private Line
Operation

The main advantage of Private
Line radio operation, as we have

Private Line Systems
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PRIVATE LINE

Although Private Line Radio is on the Same Channel and in the Vicinity
of Other Systems, it Effectively Provides a New and Nuisance -Free
Channel.

just seen, is that the operator is

freed from the necessity of listen-

ing to all the messages of other
systems
on the same
channel.

Another advantage of Private
Line

radio systems is that the

equipment is continuously operated at full squelch sensitivity. With

the conventional squelch system
the sensitivity of a receiver
squelch is subject to the setting of
the squelch control. With the correct setting of this control, a weak

signal will open the squelch. If
the squelch control is advanced
too far, however, the squelch sensitivity is lowered and this same
signal may not be strong enough
to open the squelch circuit.

The tone -operated squelch permits the sensitivity of the receiver to remain at its full value; the
squelch setting is not adjustable.
In Private Line radio operations,
the squelch will always be open
for the weakest signal that is
readable.

With his receiver squelched and
in the absence of the carrier with
its correct squelch tone, the op-

erator is not only relieved

the necessity of listening to other
signals on the same channel, he
is also oblivious of interference
signals, intermodulation and image response. Such "interfer-

ence" may still be taking place
in the receiver circuits, for this

portion of the receiver is operating at all times, but the speaker
is silenced and the operator does
not hear it. As soon as his receiver is activated, by the correct
carrier and tone squelch, however, it will operate in a normal
manner, being subject to all the
interference signals listed above.
Basic Principle of Operation -Transmitter and Receiver

Figure 1 shows the block diagram of a Private Line transmitter which is designed to operate
in the high band (144-174 mc).
'The same system is also used for
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low -band (25- 54 mc) and 450-mc
equipment.

The transmitter block diagram
is

the same as that previously

studied with the exception of the
tone oscillator (TK 349), which
generates a low frequency audio
tone, somewhere between 100 and
136.5 cps. The exact frequency is

determined by the reed installed.
Motorola uses the term "VIBRA SENDER" to identify this particu-

lar oscillator reed.

The tone oscillator output is ap-

plied to the phase modulator together with the audio modulation.

Hence, the coding tone will be
present at the transmitter output
as long as the equipment is on
the air.

Figure 2 shows the block diagram of a Private Line receiver.
To be consistent with the transmitter of figure 1, the diagram
is that of a high -band receiver.
The entire front-end, low -frequency IF, limiter and discrim-

inator sections of the receiver

are the same as for any conventional receiver. The point of dif-

ference in this Private Line re-

ceiver, however, is to be found in
the squelch circuitry. The discriminator output contains the
audio message which is to be reproduced; it also contains the

Private Line tone signal.

This

output is applied both to the low-

pass amplifier and to the audio

amplifier. Filters in the low-pass
amplifier reject the higher audio
signals, passing only those frequencies below 300 cps. The cod-

ing tone thus reaches the limiter
amplifier where it is further am-

The amplification is sufficient to properly drive the resonant reed, which Motorola calls
plified.

the "VIBRASPONDER. "

When the correct tone is re-

ceived, the reed is energized,

closing contacts so as to apply

the negative DC bias voltage from

the limiter to the grid of the DC
amplifier stage. This negative
voltage disables the squelch, allowing the receiver audio section
to operate normally. When the
correct tone is not present to operate the vibrasponder, the negative voltage from the limiter does

not reach the DC amplifier, the

squelch is closed, and the receiver is silent. Thus, the only time
that the receiver audio section is

operative is when a tone of the
proper frequency is received.

The highest frequency used for
the audio tone (136.5 cps) is con-

siderably lower than the audio

voice range used in two-way communications (300-3000 cps). It is
therefore improbable that any

normal voice transmission will
open the squelch of the Private
Line receiver.

Transmitter Circuit Analysis

Figure 3 shows the complete
schematic of the tone oscillator
used in a typical Private Line
transmitter. The output of this
oscillator is applied to the modulator so that the RF carrier will

Private Line Systems
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be modulated by the coded audio

tone signal whenever the transmitter is on the air, and this signal operates the squelch in the
receiver.
(V201)

A triode -pentode tube

is used as a resistance

coupled type of oscillator, with
the Motorola Vibrasender resonant reed controlling the frequency. This reed is a very high -Q
device and it has a frequency stability of .15% over a temperature

range of -20° to f 80°C. Be-

cause of its high Q, it is a rela-

tively slow starting device and it
would interpose a time delay if it
were operated during transmission periods only. Instead, the B
supply is present at all times and
the tone oscillator is kept in constant operation. With this arrangement, the tone modulates the

signal as soon as the transmitter
is operated.

IIIIIIIIIII

pR1VATE Low,

TAXI

Only Those Channel Signals Which
Contain the Proper Code Tone are
Heard in the Private Line Receiver.

The output of V201A is coupled

acts as a frequency controlling
device in the grid circuit of
V201A.

The coil energizes the

reed, which vibrates at its natural
frequency. The vibrating reed induces a voltage in the coil which

is connected between grid and
ground, and the operating frequency of the oscillator is thus
controlled.

Automatic gain control, for a
output voltage, is obtained from the grid of V201B.
constant

The grid -leak voltage developed
across R209 is fed to the grid of
V201A, limiting the gain and out-

put of the oscillator. Capacitor

C206 between the two plates prevents the circuit from oscillating
at higher frequencies. The negative feedback resulting from C206
helps produce a nearly sinusoidal
output waveform. There is also a
low-pass filter (R207, C205) inthe
output line to the modulator, and
this filter has an attenuation characteristic of 6 db per octave.
The two cathodes are connected

to ground only when the vibra sender assembly is plugged into
its socket. This prevents the oscillator from operating at some
random frequency if the vibra sender should be removed. In
order to change from one control
or coding frequency to another,
all that is required is to replace

to the grid of V201B. The plate

the reed assembly with one having
the desired frequency.

The operation of this circuit is similar to that of a multivibrator.1 The vibrasender reed

If the carrier deviation due to
the coding signal should become
too great, the higher voltage inthe
receiver audio circuits will cause

circuit of V201B is fed back to the
grid of V201A, through R202 and
C201.

1.

See TM 11-672, pages 59-84,
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a hum at a harmonic of the fre-

quency of the coding signal. Insufficient deviation, however, may
not produce sufficient voltage to
operate the Vibrasponder. Optimum operation is obtained when
the deviation is between 1 and 2
kc, and the tone oscillator is designed for an output voltage sufficient to produce this deviation.
There is no output adjustment by
which the serviceman can control

coding signal other than that of

the natural vibrating frequency of
the reed. When a signal having
the correct frequency is applied,
the reed vibrates vigorously,
closing the contacts, B -B. This
is an intermittent contact, but the
filtering network (R148, R147 and

C159) applies a nearly constant
DC to the grid of the DC amplifier control tube (V113B). This
negative voltage comes from the

the output voltage, but it is held
nearly constant by the AGC ac-

grid of the first limiter stage
(not shown in figure 4).

The Private Line receiver cir-

The negative bias at the grid of
the DC amplifier is sufficient to

tion already described.

to the block diagram of the receiver, shown in figure 2. This

prevent that tube from conducting.
The squelch is thereby opened and
the audio stage may now operate
normally. Basically the action is
as follows:

The audio input from the dis-

V112B is at the same DC potential
as the plate of the DC control tube
113B. (This is effected by the DC

cuitry in figure 4 corresponds

is only a partial diagram, but the
is the same as any
conventional receiver.

criminator (upper right) goes both
to the audio amplifier, V112B, and
to the low-pass amplifier, V112A.
By means of C153, C155 and C156
between the input and V113A, the
voice frequencies are attenuated,
only the coding frequencies reaching the vibrasponder driver stage
(V113A) with any magnitude. The
vibrasponder amplifier is in reality a limiting amplifier, operating
at the saturation level for normal
coding signals. Thus the drive (for

the vibrasponder in the plate circuit) is controlled and remains
constant for all normal operating
conditions of the equipment. The
high Q of the Vibrasponder prevents it from operating for any

The grid of the audio amplifier

path from the plate to the grid,
through the tone filter). When
V113B is conducting, its plate po-

tential is low.

This leaves the
grid of V112B negative with respect to its cathode and cuts off
the plate current in this tube.
When the grid of V113B is made
negative, this tube no longer conducts and its plate potential rises,
making the grid of V112B less
negative with respect to its cathode. The audio stage (V112B) may
now operate normally.

In order to prevent a tone hum
in the speaker, it is necessary to
prevent the coding tone from

Private Line Systems
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reaching the plate circuit of the

audio amplifier, V112B. Consider-

able attenuation of the lower frequencies is provided between the

discriminator and the amplifier
input, and the tone filter offers
negative

feedback

between the

plate and grid of the amplifier. As

a result of this arrangement, the

over-all amplification of the stage

is very low for the frequencies

within the coding frequency range,

but normal amplification is provided for the voice frequencies.

From V112B, the audio is applied
to the power amplifier and thence
to the speaker.

The Private Line receiver may
be operated as Private Line radio
equipment by grounding the cathode of the DC control tube. This
is facilitated by a switch which is
mounted on the control -head (not
shown in figure 4) . If the cathode
is opened at the switch, the
squelch circuit is disabled and it
cannot quiet the receiver. With
his speaker on constantly, the operator may monitor all signals
within the channel, or as a quick
check of his receiver's operation.
When no carrier is present, there
is no squelch to provide receiver
silencing, and the characteristic

hiss, or FM receiver noise will

The cathode of the output stage
is grounded in the normal manner

be heard.

remaining in the output of the base

continuously by the tone oscillator

for mobile installations but further provision must be made for
reduction of hum which may be
station receiver. (This hum is
too low to be noticed in mobile
equipment, but it may be heard

The Private Line radio squelch
remains open as long as the correct carrier is being received,
because the latter is modulated

at the transmitter. Other carriers

(not having the correct coding sig-

under quiet monitoring conditions

nal) will not operate the squelch,
and the receiver remains silenced.

plished by making the cathode
circuit degenerative at the low

Squelch Toil

such as encountered in base station operation.) This is accom-

audio frequencies -- those below
the voice range. To perform this

When a transmission is completed and there is no longer any
carrier present to provide quiet-

pedance at the low frequencies is
inserted between cathode and
ground to obtain inverse feedback.
The output stage thus provides
very little amplification for volt-

ing, the squelch might be expected

task, a filter having a high im-

ages present at the coding fre-

quency range, but operates in the
normal
for voice
manrier
frequencies.

to close, silencing the receiver.
It

is true that as soon as the

squelch circuit goes into operation the receiver is silenced, but
in actual practice the time constants of the squelch circuitry
will keep the audio section of the
receiver open for a short period

Private Line Systems
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of time after the carrier is re-

In the absence of a carrier to provide quieting and with
the squelch still open, the typical
moved.

at the transmitter a short time
before the carrier is discontinued.
During the period that the squelch

requires to close, the carrier is
FM noise reaches the speaker. present to provide quieting. By
This short burst of noise which the time the carrier goes off the
is heard in the speaker as the air, the receiver is already sicarrier is removed is known as lenced by the squelch. Squelch
"squelch tail" and it is a com- tail is thus eliminated by control-

mon characteristic of communications receivers which are
equipped with carrier operated
squelch circuits.

ling the transmitted signal rather
than by any circuitry within the
receiver. The operation can be
seen by studying figure

5.

RECEIVER
AUDIO
AMPL.

DISCRIMINATOR

SQUELCH

Inside the Receiver the Code Tone is Separated from the Message and
Applied to the Squelch Circuit, The Correct Code Tone Causes the
Squelch to Open, and the Message Reaches the Speaker.

Squelch tail can be a real
source of annoyance in Private

Line receivers, where the vibrating reed of the Vibrasponder due
to its high "Q" tends to keep the
squelch open for a still longer
period of time. Special circuitry
incorporated in Motorola Private
Line radio equipment eliminates
this squelch tail.
Squelch Tail Elimination

One simple way to eliminate

squelch tail in Private Line radio
is to remove the tone modulation

Figure 5 shows the control circuits of the entire equipment, with

the control relays in the transmit
position.
The two squelch -tail
controlling relays (K2 and K3) on
the squelch -tail eliminator chassis (which is located on the power
supply chassis) are energized
whenever a ground is supplied at

the "B" contact of K3. This connection is made at terminal 16 of
TB2. The line may be grounded
(1) by the push -to -talk switch on
the microphone, or (2) by energizing the transmit -receive relay
(K1) on the remote control chas-

Private Line Systems
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sis. Grounding this line completes

the path through both relay coils
and through the time delay network to a source of continuous B+
voltage (the receiver plate supply).

With both relays now energized,
they perform
functions:

,,, pp qqB
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1

the
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As

soon

as

the operator is

through with his message he releases the talk switch, breaking

the tone oscillator is grounded.
With the coding tone no longer
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C111

The Many Nuisance Messages of
Other Systems on the Same Channel
are Not Heard in the Private
Receiver.

Contacts 3 and 4 of relay K3

open, ungrounding the output from
the tone oscillator. (While the

tone oscillator, which is located
on the transmitter chassis, is in
continuous operation, its output is

grounded whenever relay K3 is

de -energized and the tone cannot
reach the phase modulator of the
transmitter.) With K3 now energized, the tone oscillator output is

present at the phase modulator.
Relay

switch.

the ground connectffn to rélay.s K2
and K3. Relay K3 releases immediately and the tone output from

/r,/,, \pfIIIIIIsWGA/

YELLOW OAB

see what happens when the operator releases his push -to -talk

K2 is also energized,

grounding contact 1 through contact 2. This energizes the transmit -receive relay, Kl placing the
transmitter in operation. The

transmitter is now "on the air"

and ready for voice modulation.
The carrier is continually modulated with the coding tone, and the
receiver squelch has been opened
by this tone. We are now ready to

at the receiver, the
squelch starts to close. This is

present

not an instantaneous action as we
have already explained, but there
is no squelch tail heard at the receiver, because the carrier is
still being received.

Although relay K2 is in series
with K3, it does not release at the
same time. During the time that
K1 of the Remote Control chassis
was energized, capacitor C2 was
charged, to the voltage across K2.
It now starts to discharge through
the

time -delay

network

and

through the coil of relay K2. The
time constant of this circuit will
cause relay K2 to stay energized
longer than K3. The time delay
network will, when adjusted for

the proper delay time, hold the
relay closed until the squelch in
the receiver has had time to
operate.

Relay K2 now opens and the
ground is removed from the coil
of Kl. This relay (K1) now releases and shuts off the transmitter (removes the carrier). By
this time, however, the receiver
squelch has closed and no noise

(squelch tail)

the speaker.

is

heard in

Private Line Systems
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Before leaving figure 5 there
are several other circuits shown
on this schematic which warrant
inspection, since they affect the

line. During receiving periods,
the B supply voltage decreases,

squelch -tail operation of the
equipment. When relay K2 re-

it

leases, contacts 3 and 4 are

closed, placing capacitor C2 in
parallel with one of the 33K resistors. These resistors are con-

nected as a voltage divider across
the receiver B+ supply and a constant voltage is applied to them.

The capacitor is thus charged at

the time it is placed across the

coil of K2. Whenever the operator momentarily presses his push to -talk switch, and releases it,
the capacitor will hold K2 closed,
preventing a squelch tail at the
receiver. Without such an arrangement, this quick on -and -off

action might fail to provide the
necessary charge for the capacitor and relay K2 (and Kl) would
make and break immediately, resulting in a squelch tail at the
speaker.

The "Tone oscillator B+ stabil-

izing network" compensates for
B supply voltage changes which

occur when the equipment is
switched from receive to trans-

mit, and vice versa. Duringtransmission periods, the load on the
receiver power supply is greatly
reduced and the voltage supply to
the tone oscillator increases.
However, with contacts 4 and 5
of relay Kl open, a voltage drop
is provided by the 6.8K resistor
in the supply line to the tone oscillator; this voltage drop is further increased by the 56K resistor which is placed parallel to the

but the voltage at the tone oscillator remains nearly constant. When

releases, the relay "makes"

contacts 4 and 5, placing the two
resistors in parallel with each
other and in series with the tone
oscillator supply line. This means

less resistance and less voltage
drop across the resistors, which
in turn means a steady voltage
applied to the oscillator, and the

operation is stabilized. Any sharp
change in supply voltage would
produce undesirable transients in
the tone oscillator and impair operation of the equipment.
The squelch tail eliminator
shown in figure 5 still has one
significant shortcoming --it takes
too long for the transmit -receive

relay to place the receiver back
in operation after the operator
has released the "talk" button.
Let us suppose that the operator
of station number 1 has been talking to station 2. As soon as the
message is completed, the opera-

tor at station 2 pushes his talk
The equipment, however,
due to the delay circuitry, has not
button.

yet returned to the receive position, and operator No. 1 does not
hear the beginning of the other
operator's reply. It thus becomes
desirable to shorten the time it

takes a station to return to receive operation, at the same time
providing

positive

squelch -tail

elimination at the receiver. This

"fast acting" feature is accom-

plished by means of the circuitry
shown in figure 6.

Private Line Systems
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Fast -Acting Squelch Tail
Eliminator

The Motorola squelch -tail elim-

inator shown in figure 6 is fast
acting, allowing almost instantaneous call-back from one station
to another.

This arrangement provides

quick squelch action at the receiver, which allows a quicker release

of the transmit -receive relay at
the transmitter. By bringing the

Vibra sponder to a quick stop, the
receiver squelch circuit will close

in a shorter period of time. To
accomplish this, a tone signal of

the same frequency but of an op-

posing phase is sent out on the
carrier and this signal tends to
make the reed vibrate in the op-

posite direction, thereby damping
its action. When the reed is suf-

ficiently damped to prevent its
contacts from completing the cir-

cuit, the carrier can be removed
at the transmitter.

The transmitter in figure 6 is
turned on whenever squelch -tail
relay K2 is energized. Relay K2
has two sets of contacts (both sets
shown in the released or receive
position in figure 6). When K2 is
energized (1) one set of contacts
(4 and 5) closes the circuit to the
slow -release relay K3, which in
turn energizes the transmit relay
Kl; (2) the other set of contacts
switches the tone oscillator line

from the pentode section to the
triode section. The transmitter is
now

operating,

with

the tone

modulation taken from the triode
section of the tone oscillator.

When the operator releases his

push -to -talk button, squelch -tail
eliminator relay K2 opens. The

circuit through the coil of the
slow -release relay, K3, is also
opened, but the relay contacts remain closed for 120 milliseconds,
during which time the transmitter
remains on the air.

With the release of relay K2,

the tone modulation of the carrier
was switched from the triode sec-

as

UNDESIRED

SIGNALS%

tion of the oscillator to the penRECEIVER

Ill/111111M

'Jd

/***lNHsíd
IIIIIIIIIIIIIII

IIIINNIN111~III'

TO
SQUELCH

CIRCUIT

tode section by the second pair of
K2 contacts. The opposite phase

of the tone signal from the pentode section now opposes the vi- a
bration of the reed in the vibrasponder circuit of the receiver,
causing a sharp damping of its
The reed contacts no
longer complete the vibrasponder
movement.

At the Private Line Receiver,
Undesired Signals Cannot Operate
the Vibrasponder and Cause the
Squelch to Open.

circuit and the receiver squelch
closes. By this time the slow
release K3 has dropped out, releasing the transmit -receive relay and switching the system to
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receive. This phase change of the
tone modulation quickly damps the
vibrasponder reed in the receiver, thus making it possible to use
a short delay time when releasing
the transmit -receive relay.
In

YE11VYIWNNhIINY

the Private Line receiver

circuit of figure 4, high noise
levels could cause the squelch to
open under adverse conditions. A
slightly different arrangement,
figure 7, is possible in the driving circuit for the vibrasponder;
two coupling circuits have been
provided from the discriminator
to the low-pass amplifier.
The coupling circuit through R1
and Cl allows the lower audio frequencies to pass, but provides
high attenuation to the upper voice
and higher frequencies. The more
direct capacitance coupling (C2)

to the grid of the amplifier introduces a certain amount of high frequency noise energy, present
at the discriminator output without
a signal. Both the low -frequency
noise energy and the high -frequency signal are amplified in this

stage, both reaching the input of

the following stage, a cathode follower type of vibrasponder

driver.

This stage is a clipper -limiter,
and nearly all input signals drive

the stage to plate current cutoff
and saturation. Thus there is a
maximum amount of signal (noise)

power in the output at all times,
and this does not vary. With both

The Vibrasender Insures that the
Correct Coding Tone Modulates
the Transmitter and Reaches the
Receiver.

frequency energy to fully drive
the reed and open the squelch.

As soon as a carrier enters the

receiver, however, the noise

quieting effect of the IF limiters

reduces the high -frequency noise
at the discriminator output. The
only signal reaching the low-pass
amplifier, then, is the tone signal.
All the output power of the vibrasponder driver stage is now con-

centrated at the tone frequency,

the reed is energized, and the
squelch opens.

There is another feature of this
circuit (figure 7) which makes it
immune to noise. By placing the
vibrasponder coil in parallel with
a low impedance, the coil damps
the reed and undesirable noise
energy cannot open the squelch.
Consider for a moment the action
if a high impedance instead of a

low resistance were in parallel

high and low frequency noise ap-

with the coil.

tween the high and low frequency
noise. There is not enough low-

sets the reed in motion, only to

plied, the output is divided be-

Noise energy reaching the coil
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have successive noise pulses

cause damping currents in the

coil. The net result? The squelch
remains closed. Strong, low -frequency noise pulses, however, occasionally drive the stage to cutoff
and, due to the time period of this
low -frequency pulse, the stage is
held at cutoff for some time.

As a result, the coil currents
quickly and the reed is
damped, before the squelch has
decay

had time to open.

This arrangement, being rela-

tively free from the triggering

effects of noise pulses, will not
open the squelch unless the correct tone is applied.

The reed has already been driven by the strong pulse and is now

free to vibrate without interruption; the tube is at cutoff and noise

Private Line Systems

reed is the current through the

Various types of Private Line
radio operation will be found in
use. One system employs Private Line radio operation only
from the control dispatcher at the
base station to the mobile units.

energy at the grid does not reach
the cathode. The reed continues
to vibrate and opens the squelch.
The one damping effect upon the
coil, and this depends upon the Q
of the coil. The high resistance
in parallel with the coil allows a
high

Q

damping.

and there is but little

Now let's see what happens
when the vibrasponder coil is in
parallel with a low resistance, as

in figure 7. Again the strong, low -

frequency pulses bias the tube to
cutoff and drive the reed. The Q
of the circuit now depends on the
low resistance of the cathode resistor, and the effective Q is considerably lower.

With this system the mobiles hear
only those calls originating at the
base; there is no mobile -to -mobile communication so long as the

mobile receivers are in Private

Line radio position. If the

switches at the mobile units are
placed in the "Private Line OFF"
position, however, the operators
can hear all the transmissions on
their frequency.

Another type of Private Line

radio operation has coding tones

The Vibrasponder is Seen at the Upper Right Corner of this Private Line
Receiver.

Private Line Systems
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at all units, giving the entire system freedom from all signals except those of its own net. By
means of a switch, any operator
may disable his squelch and listen

to all messages on the channel.

There is no squelch system to silence the receiver between messages, however, and there is considerable FM noise in the speaker.
Squelch -tail elimination may or
may not be used; it depends upon
the particular needs of each system. The squelch -tail eliminator
circuit is often incorporated in the
base transmitter only, so that the
mobile receivers do not hear the
squelch -tail noise. Without the
squelch -tail eliminator included
in

the mobile transmitters, the

base r e c e i ue r is subject to
squelch tail.
Disabling The Private
Line Squelch

Let us return briefly to figure
which shows a Private Line
base station designed to operate
5,

on the 450-mc band. It is some-

times desirable for the operator
to disable his squelch circuit to
monitor the band or to check on

The Vibrasponder is Seen at the
Right Front Section of this 450 -MC
Receiver.

plied to the cathode of the squelch
control tube in the receiver, stops
that tube from conducting and, in
turn, opens the squelch.

This circuit enables the oper-

ator to disable the receiver
squelch from his remote control
console. The Private Line radio
disabling system of figure 5 has
one side of the c on t r o l line
grounded. This unbalance in the
line can be a source of hum. An
alternate circuit for disabling the
base station Private Line squelch

is shown (the dotted lines) im-

mediately below the remote control chassis.

drop across relay K1 (shown in
the remote control chassis). This

A second relay (K4) is connected in series with control relay Kl.
(Jumper JU3 is removed.) In parallel with K4, we find a diode rectifier. This rectifier acts like a
bypass to K4 for the DC current
(approximately 10 ma ) which operates Kl.

across the relay coil, when ap-

console closes his Private Line

the operation of his receiver. This
operation can be performed by

closing a switch on the remote

console. The resulting current in
the control line produces a voltage

current is not sufficient to operate
the relay, but the voltage drop

When the operator at the remote

Private Line Systems
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switch, a DC current is again established in the control line, but
it is in the opposite direction.
This current, only 4 ma, cannot
operate relay Kl; it must pass
through the coil of relay K2, however, for the crystal offers a high

impedance to current in this direction. The relay now closes,
and disables the squelch control

tube by opening its cathode circuit.

Dual Squelch

The simplified circuit of figure
8 shows the squelch section of a
Private Line receiver which incorporates both a tone -operated
squelch and a carrier -operated
squelch. A switch on the operator's control head enables selection of either private line squelch
operation or normal squelch operation. With the switch in the
PRIVATE LINE position, the car-

rier squelch section is disabled;

the only operative squelch circuit
now is the Private Line tone circuit, and only these signals having
the proper coding tone will be
heard. With the switch in the off

position, however, all transmissions on the channel will be heard;
the carrier -operated squelch, now

active, silences the receiver be-

The Vibrasender and Oscillator,
Which Controls the Tone
Modulation of the Transmitter, is
Usually Located on the Power
Supply Chassis.

The ground can be removed
from one side of the control line
in this alternate circuit, and the

line may now be balanced for minimum hum pickup. The operator
may then monitor the channel for

a period of time, but in the absence of transmissions or signals

from other transmitters, the re-

ceiver becomes very noisy. It is
evident that a system incorporat-

both Private Line radio

tween transmissions.
The operation of the circuit with
the operator's switch in the PRIVATE LINE position is the same
as

if the carrier circuitry were

not included. The cathode of the
Private Line DC amplifier is
grounded, making the Private Line

squelch independent of the carrier squelch section. The Private Line DC amplifier tube will

be conductive or nonconductive,
depending upon the bias on íts

grid. This, in turn, is determined
by the activity of the vibrasponder
reed. If the coding tone is not ap-

plied, the reed does not vibrate
and, because there is no large

squelch and normal squelch (carrier squelch) would be desirable.

negative bias applied to the grid,
the DC control tube conducts,
thereby squelching the receiver.

Line system.

ceived, the reed vibrates and ap-

ing

This combination is used in the
Motorola "dual squelch" Private

When the correct tone is re-

Private Line Systems
plies the -17 volt bias from the

limited grid to the grid circuit of
the control tube. This biases the
control tube beyond cutoff, making

it nonconductive and opening the
squelch.
When the PRIVATE LINE switch

is placed in the "off" position,

the Private Line DC amplifier and

the carrier squelch DC amplifier

are placed in series as far as

their plate currents are concerned. If either of these tubes
should now become nonconductive
the receiver squelch will open.

operation of the carrier
squelch section is the same as
The

that of the noise -compensated
squelch circuit previously explained. Noise from the discrim-

inator, in the absence of a carrier,
is applied to the noise amplifier.
The amplifier output is then rectified by the noise rectifier and this
positive DC voltage is applied to

the grid of the DC control tube.

This positive voltage opposes the
negative voltage from the grid of
the limiter, and the bias on the DC
amplifier stage approaches zero,
allowing the DC amplifier tube to

The Private Line DC
amplifier of figure 8 is also con-

conduct.
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ductive in the absence of the Private Line tone and the audio tube
is biased beyond cutoff. The receiver is squelched.

As soon as a carrier is re-

ceived, the action of the limiters

reduces the noise input to the
noise amplifier and the positive

output voltage from the noise rectifier is also greatly reduced,

perhaps to zero. As a result, the
limiter grid voltage makes the
grid of the carrier squelch DC
amplifier, highly negative and the

tube is at cutoff. With the carrier DC amplifier at cutoff there
can be no current through the pri-

vate line DC amplifier, and the
squelch is open. Any signals com-

ing into the receiver will now be
heard. So long as the carrier is
being received, the carrier
squelch DC amplifier is at cutoff
and keeps the squelch open.

The operator of dual -squelch
equipment may listen either (1) to
signals of his own system, or (2)

to any signals on the channel.
(This is made possible by the

PRIVATE LINE switch.) In either

instance, one of the squelch circuits is effective, silencing the
receiver between transmissions.
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RESULTS

5. RED LIGHT GOES OUT. ANTENNA RELAY
TRANSFERS ANTENNA TO RECEIVER.

CARRIER OFF THE AIR.

4. AFTER 120 MILLISECONDS SLOW
RELEASE RELAY BREAKS TRANSMIT RECEIVE RELAY CIRCUIT, TAKING

REED AT RECEIVER.

ULATOR TONE INPUT FROM TRIODE
SECTION TO PENTODE SECTION OF
TONE OSCILLATOR.
3. PHASE -SHIFTED PENTODE OUTPUT
DAMPS VIBRATIONS OF RESONANT

2. CONTACTS OF K2 TRANSFER MOD-

1. SQUELCH TAIL ELIMINATOR RELAY K2
CONTACTS OPEN IMMEDIATELY.

RELEASE OF PUSH -TO -TALK BUTTON

8. RED LIGHLT ON FRONT PANEL GOES ON.

THE AIR.

6. CONTACTS OF K2 CONNECT TRIODE
TONE OSCILLATOR OUTPUT TO
TRANSMITTER MODULATOR.
7. TONE -MODULATED CARRIER GOES ON

SUPPLY.

RELAY.
5. CONTACTS OF K/ APPLY 117VAC TO
TRANSMITTER HIGH VOLTAGE POWER

1. SQUELCH TAIL ELIMINATOR RELAY K2
IS ENERGIZED.
2. CONTACTS OF K2 OPERATE SLOW
RELEASE RELAY K 3.
3. CONTACTS OF K3 OPERATE TRANSMIT RECEIVE RELAY K1.
4. CONTACTS OF KI OPERATE ANTENNA

SEQUENCE OF OPERATIONS
I. LINE CORD PLUGGED INTO AC OUTLET.
2.AC ON -OFF SWITCH ON.
NOTE:
SEE AC CIRCUIT DIAGRAM FOR PRIMARY
AC CIRCUIT DETAILS.
3. MICROPHONE PUSH -TO -TALK BUTTON
DEPRESSED OR TRANSMIT SWITCH
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