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GUARANTEED PERFORMANCE SPECIFICATIONS

GENERAL

MODELS P33DEN-1000 Series (PT 300) P33DEN-3000 Series (PT 300) P23DEN-1000 Series (PT 200) P23DEN-3000 Series (PT 200)

POWER SUPPLY Eleven #1150 Industrial '""D'" cells or one 14.0 v nickel-cadmium battery.

BATTERY Standby 4 ma at 14.0 v 9ma at 14.0 v 4maatl4.0v 9. ma at 14.0 v

DRAIN Receive 55 ma at 14,0 v 62 ma at 14.0 v 55 ma at 14.0 v 62 ma at 14.0 v
Transmit 900 ma at 13.5 v 905 ma at 13.5 v 475 ma at 14.5 v 480 ma at 14.5 v

BATTERY LIFE 6 days 6 days 12 days 12 days

DIMENSIONS Speaker - 9" x 7-3/4" x 3-3/4"

(excluding antenna) | microphone

(with dry cell Speaker-Handset | 9 x 8-3/4" x 3-3/4"

batteries)

DIMENSIONS Speaker- 9" x 6-3/8" x 3-3/4"

(excluding antenna) |microphone

(with nickel- Speaker-Handset | 9" x 7-3/8" x 3-3/4"

cadmium batteries)

WEIGH T* Speaker - 7# 10 oz, 7# 12 oz. 7# 5 oz. 7# 7 oz.

(with dry cell microphone

batteries) Speaker-Handset | 8# 2 oz. 8# 4 oz. 7# 13 oz. 7# 15 oz.

WEIGHT* Speaker- 6# 4 oz. 6# 6 oz. o# 6# 2 oz,

(with nickel- microphone

cadmium batteries) [Speaker-Handset | 6# 12 oz. 6# 14 oz. 6# 8 oz. 6# 10 oz.

TRANSMITTER

CHASSIS MODEL NTD6121AA 22AA with NLD6260 Series Power Amplifier NTD6121AA, 22AA -

RF OUTPUT 5.0 w at nominal battery voltage (13.5 v) 2.0 w at nominal battery voltage (14.5 v)
FREQUENCY STABILITY +,0005% from -30°C to +60°C (4+25°C reference)

MODULATION 16F3: %5 kc for 100% at 1000 cps; or 36F3: %15 kc for 1000% at 1000 cps

CRYSTAL MULTIPLICATION 18 times

SPURIOUS AND HARMONICS more than 50 db below carrier more than 46 db below carrier

FM NOISE At least 35 db below 3.3 kc deviation at 1000 cps, or at least 40 db below *10 kc deviation at 1000 cps

AUDIO RESPONSE +1, -3 db of 6 db/octave pre-emphasis characteristic from 300 to 3000 cps

RECEIVER

MODULATION ACCEPTANCE* +5 kc (split channel models) or %15 ke (wide band models)

SENSITIVITY Less than 0.5 microvolt for 20 db quieting; .35 uv for 12 db SINAD

SPURIOUS AND IMAGE REJECTION More than 70 db below carrier; r-f image 60 db below carrier )

NOISE SQUELCH SENSITIVITY Noise compensated type: adjustable sensitivity, will open at less than 0.25 volt

TONE CODED SQUELCH
SENSITIVITY

Fixed sensitivity will open at less
than 0.25 microvolt

Fixed sensitivity will open at
less than 0.25 microvolt

AUDIO OUTPUT 500 milliwatts to speaker at less than 10% distortion

FREQUENCY STABILITY +0,0025% from -30°C to +60°C (+25°C reference)

SELECTIVITY More than 80 db at the adjacent channel measured by the 20 db quieting method, 70 db by the EIA 2 Generator Method

CHANNEL SPACING?* 30 kc (%5 kc Bandwidth) 60 kc (15 ke Bandwidth)

*Tone-coded squelch available in split-channel models only

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE
FCC LICENSE DESIGNATION: P33 Series CC3514
P23 Series CC3513B

iii
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ACCESSORY TABLE

MODEL DESCRIPTION

NPN6032A 117 VAC Power Supply

NLN6268A Shock Mount Rack

NLN6129A Carrying Strap

NLN6262 A Carrying Bag

P-7208-4A RF Dummy Load for P23 Series Radios

P-7208 RF Dummy Load for P33 Series Radios

NLN6145A Dummy Load Antenna for P23 Series Radios

NLD6060A Dummy Load Antenna for P33 Series Radios

NLN6311A Back Pack Harness complete with microphone, earpiece and volume control

NLN6312A Back Pack Harness less microphone, earpiece and volume control

NMN6009B Headset and Microphone

NLN6480A g;;l;egli;Zag:;ilf)n Battery Charger (Requires NKN6110A or NKN6111A

NKN6042 A Antenna Extension Cable (20' RG-58A/U)

NDD6000A Antenna, vehicle rain gutter mounting, with 10' of RG-58A/U coaxial cable and
connector,

TEKA-40 Power extension cable for easy repair and/or alignment

NLN6270A 6/12 VDC Vehicular Charging Unit

NKN6074A 6 VDC Vehicular Cable for NLN6270A Charging Unit

NKN6075A 12 VDC Vehicular Cable for NLN6270A Charging Unit

NKN6076 A 12 vDC Cigarette Lighter Cable for NLN6270A Charging Unit

NEN6048B Test Jig for aligning and testing radiophone

NKN6110A Battery Charging. Cable (for use with NPN6031A Power Supply and NLN6480A
Battery Charger)

NKN6111A Battery Charging Cable (for use with NLN6267A Battery Kit and NLLN6480A
Battery Charger)

NLN6137A Squelch and Volume Locking Nut

TEKA-58A Tuning Adapter and Power Cable for tuning and alignment

(Pages v and vi were omitted due to non-relevancy) vii







DESCRIPTION AND OPERATION

1. DESCRIPTION

The Motorola '""Handie -Talkie' FM radio is
a completely transistorized and weatherproof
portable communications radio set. The radios
are complete, self-powered, portable FMtrans-
mitter and receiver units for two-way communi-
cation. The advantages of the transistor -~re-
liability, lightweight, compact size, reduced
maintenance and operating costs -- are fully
utilized.

Motorola "Private -Line' tone-coded squelch
radios are especially useful when operating under
crowded channel conditions. Several networks
may share the same carrier frequency in the
same area with a minimum of interference when
each network uses a different "Private-Line"
tone frequency.

"Private-Line'' tone-coded squelch radios
and carrier squelch radios are available in two
series of models. The lighter weight P23 (PT
200) Series for maximum portability and the P33
(PT 300) Series where higher r-f power output is
required. The P23 Series deliver 2 watts of r-f
power at nominal battery voltage throughout the
132-174 mc band and weigh as little as 6 lbs.
The P33 Series units deliver 5 watts of r-f
power output and weigh as little as 6 lbs. 4 oz.
Both series of radios are available in one or two
frequency models. Refer to the Model Chart in
the front of this manual for a complete listing of
the models available.

These radios incorporate a new concept in
miniaturized circuitry, made possible byarrang-
ing components in discrete "'decks'" or layers on
the printed circuit boards. As manyas three lay-
ers are used in some portions of the unit.

a. Power Supplies

Three power supplies are available for use
with the radios described in this manual. They
are not included as part of the radio set model
butare selected when ordering the "Handie-Talkie"
unit, These power supplies can be used with both
P23 and P33 Series radios and are as follows:

(1) NPN1007A Nickel-Cadmium Power Supply

(2) NPN1008A Standard Dry Battery Power
Supply

(3) NPNI1009A Standard Dry Battery Power
Supply (used in railroad models)

Refer to the BATTERY REPLACEMENT AND
CHARGING section of this manual for further in-
formation on these power supplies.

In addition to the above battery power units,
a 117-volt a-c power supply is available as an
accessory item.

Power packs are changed by unsnapping two
spring snaps located at the ends of the unit and
separating the power pack from the radio section.
Another power pack(drybattery, nickel-cadmium
or the 117 volt a-c power supply) can then be at-
tached to the radio sectiontoagain form an integ-
ral package.

b. Antennas

The Model NAD6120A, NAD6121A and
NAD6122A Antennas are flexible steel whips ter-
minated in uhf connectors. The NAD6120A is a
19-1/2" whip operating inthe 132-150.8 mc range.
The NAD6121A is an 18-1/2" whip operating in the
'150.8-162 mc range. The NAD6122A is a 17-1/4"
whip operating in the 162-174 mc range.

NOTE

The Motorola ""Handie-Talkie'" radio may
be used with a fixed or elevated antenna.
The antenna circuitprovidesa 50 ohmter-
minationat the antenna receptacle; there-
fore any 50-ohm antenna resonant to the
transmitter frequency can be used. The

higher the antenna, the greater the area

that can be covered.

c¢. Handset

The NMN6017A Handsetis supplied complete
with a rubber covered coiled cord, which extends
to about 5 ft., and a weatherproof connector. A
push-to-talk bar on the handset turns the transmit-
ter on. The handset connector plugs into a four-
prong receptacle on top of the unit housing.

d. Microphone

The NMN6018A Microphone is supplied witha
rubber covered coiled cord, whichcanbe extended
to about 5 ft. and a weatherproof connector. This
palm type microphone is provided with a push-to-
talk button which turns on the transmitter. The
microphone connector plugs into a four-prong re-
ceptacle located on top of the unit housing.

e. Brackets

Four side brackets (two per side) are pro-
vided on the radio set to allow attachment of the
NLN6311A or the NLN6312A Back Carrying Har-
ness Kit, This makes the unit transportable as a
back pack. Instructions for attaching the harness
are provided with the kit.

2. PRE-OPERATIONAL NOTES

Use care when unpacking and handling the
"Handie-Talkie' FM radio. Open the shipping car-
ton and carefully remove all items., Check the
contents to be sure that all items have been in-
cluded.




Inspect the equipment thoroughly as soon as
possible after delivery. If any part of the equip-
ment has been damaged in transit, report the ex-
tent of damage to the transportation company im-
mediately.

IMPORTANT
This equipment contains batteries. Ex-
tended storage of the equipment will re-
duce the operating performance due to
reduction in battery voltage and life.
Partially used dry batteries, if left stand-
ing for long periods, will leak electrolyte
and may result in damage to the radio
equipment. If equipment is to be stored
for a long period of time, remove the
batteries and store them in a cool place.

The Motorola '"Handie-Talkie' radio is ship-
ped direct from the factory completely assembled,
ready for use, exceptfor the installation of the an-
tenna.

3. OPERATION

CAUTION
Do not key transmitter unless antenna,
dummy load or equivalent is connected
to the antenna receptacle.

a., To Turn On

Remove the microphone or handset from the
mounting bracket. The ON-OFF switchislocated
under the microphone or mouthpiece end of the
handset. Press down on the side of the switch
labeled PUSH ON. This places the receiver in
operation.

NOTE
All power supplies exceptthea-cpower
supplies, turnonand off with the ON-OFF
switch on the radio housing. To turn on
the a-c power supply, always use the ON-
OFF switch on the power supply housing.

b. To Adjust Receiver Audio Volume

Turn the squelch control fully counterclock-
wise. On dual squelch models, turn the "PL"
OFF switch to the OFF position. Adjust the vol-
ume control until the desired volume is obtained
from the speaker.

c. To Adjust Squelch Control

Turn the squelch control fully counterclock-
wise. Ondual squelchmodels, turnthe "PL'" OFF

switch to the OFF position. With no signal being
received, turn the squelch control clockwise until
the noise just cuts out (squelches).

d. "Private-Line' Operation (dual squelch
models only)

For "Private-Line' operation, place the ""PL"
OFF switch in the "PL'" position. All non-"Pri-
vate-Line' and incorrectly coded '""Private-Line'
signals will thenbeblocked from the speaker. The
squelch controlisinoperative when the "PL'" OFF
switch is in the "PL'" positionand does not require
adjustment.

NOTE
Before transmitting, momentarily place
the "PL" OFF switch in the OFF position.
This enables the operator to checkfora
clear channel and thus avoid breaking inon
the transmission of another on-frequency
unit.

e. To Monitor

To monitor all on-frequency transmissions,
turn the unit on and adjustthe volume and squelch
controls to the proper levels. Ondual squelchmodels,
the "PL'" OFF switch mustbe OFF. Tomonitor only
properly coded ""Private-Line' transmissions, the
"PL'" OFF switch must be in the "PL'" position.

NOTE
Allmodels featurea semi-automatic ON-
OFF switchthatautomatically turns the ra-
dio off whenthe microphone or handsetis
replacedinitsholder. Continuous monitor-
inof the receiver in microphone equipped
models may beaccomplished by placing the
microphone inits holderfaceup. Inhandset
equipped models, continuous monitoringis
accomplished by leaving the handset out of
itsholder. Continuous monitoring of the re-
ceiver while the handsetis in its holder can
beaccomplished by replacing the standard
ON-OFF switch with the NLN6496A Knob
Kit. Theknob kitis supplied withallhandset
models.

f. To Transmit

Hold the mouthpiece 1 to 2 inches from lips.
Press the push-to-talkbutton infirmly andhold it.
Speak slowly and clearly across the mouthpiece in
anormal-to-loud voice. Release thebutton to lis-
ten. The receiver becomes inoperative when the
push-to-talkbuttonis pressed, therefore, the but-
tonmustbe releasedatthe end of a transmission to
receive.

NOTE
Additional range may be obtained when
the radio is placed on the hood or top










(7) Solder a new fuse in place and reas-
semble.

3. NICKEL CADMIUM BATTERIES
a. General

The battery comprises 11 hermetically seal-
ed cells connected in series. The cells are
cased, and fitted with a cable and connector:

The voltage of a nickel-cadmium battery re-
mains approximately constant under load until
the battery approaches the discharged condition.
At this time, a marked decrease in this voltage
occurs and the discharged condition (1.0 v per
cell) is reached abruptly. These batteries should
be recharged when the voltage under transmit
load reaches 11.0 v.

NOTE
Battery voltage can not be measured at
charging contacts.

b. Charging

The Motorola battery chargers and cables
listed under ACCESSORIES at the front of this
manual are recommended for charging these
batteries. The use of other chargers will void
the battery guarantee and may result in perma -
nent damage to the batteries. Followthe charg-
ing instructions which accompany the charger.

c. Storage

The batteries may be stored at room tem-

perature, in any state of charge without damage.

These batteries are subject to self discharge
however, and should be recharged after extend-
ed storage.

4. BATTERY LIFE

Under operating conditions of 10% transmit,
10% receive at rated audio output and 80% re-
ceive standby, dry batteries will give approxi-
mately the following life:

NPNI1007A - Nickel-Cadmium Power
Pack (with one NLN6267A Battery Kit)
l6hours before recharging is neces-
sary.

NPN1008A - Standard Power Pack
P23 (with one NLN6310A Batterv Kit) -
Series twelve 8~hour working days each

separated by a 16-hour off period.
NPN1009A - Standard Power Pack
used in railroad model radios (in-
cludes one NLN6310A Battery Kit)~
twelve 8-hour working days, each
separated by a 16-hour off period.

NPNI1007A - Nickel-Cadmium Power
Pack (with one NLN6267A Battery Kit)
one 8 hour working day before recharg-
ing is necessary.

NPNI008A - Standard Power Pack
P33 (with one NLN6310A Battery Kit) -
Series | 6, 8-hour working days each separated
by a 16-hour off period.

NPNI1009A - Standard Power Pack
used in railroad model radios (in-
cludes one NLN6310A Battery Kit) -
6, 8-hour working days each separa-
ed by a l6-hour off period.

Note that most actual transmit duty cycles
are much smaller and approach 2% rather than
10%. Also in many types of operation, the unit
is not kept turned on continuously. If this type
of service is prevalent, battery life may be ex-
tended to many times those mentioned previously,

THEORY OF OPERATION

1. GENERAL

The "Handie-Talkie' FM radio consists of
a crystal-controlled transmitter and receiver
operating in the 132-174 mc frequency range.
The transmitter contains an audio sectionand an
r-f section. The audio section consists of an
amplifier-limiter and an integrator stage. In
P23 series models, the r-f section consists ofa
crystal-controlled oscillator, a modulator, two
frequency tripliers, one frequency doubler, a
driver amplifier and a final amplifier stage.

In P33 series models, an additional chassiscon-
taining a power amplifier is added.

The receiver isa double-conversion, super-
heterodyne unit consisting of one r-f amplifier,
two oscillators, two mixers, one first i-f ampli-
fier, five second i-f amplifiers, a 455 kc filter,
a limiter, discriminator, squelch amplifier,
noise rectifier and three audio amplifiers.

Dual squelch "Private-Line' models include
additional stages, some of which are shared by
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both the transmitter and receiver., The common
stages are a ''Vibrasponder" circuit tone ampli-
fier circuits and a "Vibrasponder" driver.

2. CIRCUIT THEORY
a. Transmitter

A dynamic microphone produces a low level
audio output which is directly coupled to a pre-
amplifier in the microphone housing. The output
from this stage is capacitively coupled to the
amplifier-clipper stage,

The amplifier-clipper and integrator stages
comprise an "'Instantaneous Deviation Control"
(IDC) circuit. Since the transmitter is phase
modulated, the frequency deviation is dependent
upon both the amplitude and frequency of the
audio signal applied to the modulator. The com-
bination of the integrator and phase modulator
results in a "flat" response being produced since
the pre-emphasis characteristic of the phase mod-
ulator is offset by the de-emphasis of the inte-
grator. Therefore, the frequency deviation of
the modulator is dependent only upon the ampli-
tude of the integrator input., The audio signal
amplitude is limited in the amplifier-clipper
prior to insertion into the integrator, thereby
limiting maximum deviation to a fixed value with-
in the desired frequency range. Audio frequen-
cies above 3000 cps are attenuated in a "splatter"
filter, consisting of 1.116 and C114, prior to in-
sertion into the integrator.

Oscillator stage Q101 (and Q201 in two-~fre-
quency transmitters) is a fundamental, crystal-
controlled, anti-resonant circuit, It generates
a radio frequency which is multiplied 18 times
in succeeding stages to produce the desired car-
rier frequency. A variable capacitor across the
crystal provides an adjustment (warping) of the
operating frequency. The oscillator output is
coupled to the modulator stage, Q102,

RF is applied to the base of modulator Q102
while audio is applied to the emitter., The inter-
nal r-f gain of Q102 is varied by (and at the rate
of) the applied audio voltage. With a fixed phase
shift circuit shunting the transistor and a var-
iable phase shift being developed by the transis-
tor, an overall variable phase shift is obtained at
the output. The variable inductance in the out-
put of the modulator stages allows matching of
the output reactance of the stage to insure mini-
mum distortion and maximum linear deviation.
Generally, phase modulators are capable of mod-

ulating with low distortion over a small phase
angle. This necessitates the addition of frequen-
cy multiplier stages which increase the frequen-
cy deviation to the desired value,

Transistor frequency multipliers, or class
B amplifiers in general, do not require forward
biasing, Without signal drive, a zero-biased
class B frequency multiplier stage will not draw
any emitter current, With drive present, the
transistor will draw current and this current is
easily monitored by measuring the d-c voltage
developed across the emitter resistor, An ex-
ception to this is the first tripler stage, Q103,
where, since the signal input level is very low,
a small amount of forward bias is supplied to in-
crease the gain of the stage,

After multiplication, the r-fsignalis applied
to the driver-amplifier, Q106. The gain of this
stage is controlled by the DRIVE ADJ controland
the action of the 'Automatic Drive Limiter" cir«
cuit, Q106 provides the proper amount of r-f
power to drive Q107, the final amplifier. In the
P23 Series (2.0 watts), the output of final ampli-
fier Q107 is coupled through a harmonic filter

directly to the antenna.

In the P33 Series units (5.0 watts), Q107
functions as an intermediate power amplifier.
The output of Q107 is coupled to a final amplifier
stage, consisting of Q401 and its associated com-
ponents, for amplification to the higher power
level, The r-f signal is then filtered by a har-
monic filter consisting of C408 through C411 and
L406 through 1.408 and coupled through the con-
tacts of the antenna relay to the antenna.

The "Automatic Drive Limiter" ('"ADL") cir-
cuit protects the driver and power amplifier tran-
sistors from being damaged by excessive current.
This condition can exist if the transmitter is key-
ed with its resonant circuits misaligned, the out-
put circuit shorted or the antenna removed, In
addition, the "ADL'" circuit maintains the proper
output power level of the transmitter when a
"fresh' battery, with its higher terminal voltage,
is placed in the unit. The feature results in the
rated power output of the transmitter being main-
tained, but with less drive power required, there-
by conserving the battery, The P33 Series radios
contain an additional current sensor stage in the
"ADL" circuit which senses excessive current in
the power amplifier transistor,

In operation, transistor Q501 is normally sat-
urated and Q502 (and Q503 in P33 Series) is nor-
mally cut off. Assume, for example, that the
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final amplifier, Q107, begins drawing excessive
current due to a short in the output circuit.

The current flow pathfor this stage is from
the power source, through resistor R503, chokes
L502 and L113, to the emitter. As the current
increases, the voltage at the junction of R503
and CR502 goes positive (i.e., less negative).
CR501 and CR502 are normally conducting to
saturation. As the potential at the junction of
CR502 and R503 changes in the positive direc-
tion, it is coupled through CR502 and CR501 to
the base of Q502, allowing the transistor tocon-
duct. As stated previously, Q501 is normally
conducting to saturation, with forward bias be -
ing established by the voltage divider consisting
of R501 and R502. When Q502 conducts, itforms
a low resistance path to the negative power source
potential. This results in the forward bias of
Q501 being reduced and a decrease in the tran-
sistor's conduction. As Q501 conduction de-
creases, its collector will approach a less ne-
gative potential which is applied, through L111,
R118 and R117, to the emitter of the driver tran-
sistor, Q106. The conduction of Q106 will now
decrease, providing less drive power for the
final amplifier Q107, thereby limiting its emit-
ter current. The operationof the second current
sensor in the P33 Series, Q503 is identical to
that of Q502. It senses excessive current in the
final power amplifier stage, Q401, and reduces
the drive voltage from Q106 to the final ampli-
fier, Q107. This, in turn, reduces the drive to
Q401, the final power amplifier, thereby limit-
ing current flow in the transistor. The "ADL"
circuit will return the transmitter final stages
to their normal operating condition when the ex-
cessive current conditien has been corrected.

~

b. Receiver

The signal from the antenna is coupled to
the r-f amplifier, Q1, where itis amplified before
being injected into the first mixer.

The oscilla-

tor Q2, is a crystal-controlled, series-resonant
type. The crystal frequency is multiplied three
times before being injected into the mixer.
There, the incoming r-f signal and the oscillator
frequency mix to produce the first intermediate
frequency.

The first i-f signal is amplified in the next
stage, Q3, and fed to the second mixer. The se-~
cond mixer combines the first i-f signal and
the output of the 2nd oscillator to produce -the se-
cond i-f signal of 455 kc.

The 455 ke signal is selected in the first
section of the "Permakay' filter, amplified in
the two following stages, Q6 and Q7, and selec-
ted again in the second section of the ""Permakay"
filter. The 455 kc signal is then amplified in the
next three stages.

The limiter stage removes any AM noise
present on the incoming signal. The discrimina-
tor translates the variations of frequency of the
i-f signal to an audio frequency signal which is
then coupled to the first audio amplifier.

Squelch actionis provided by taking the noise
produced at the supply voltage decoupling point
of the limiter, removing the residual 455 kc sig-
nal, amplifying that portion of the noise above
the normal voice frequency range, rectifying this
noise and applying it as positive bias to the base
of the audio output stage. When the receiver is
not quieted (in the absence of an r-f carrier), this
bias cuts off the audio output stage and eliminates
the speaker noise. The degree of squelch action
is regulated by a potentiometer.

The audio section consists of two low power
amplifier stages in series where the recovered
audio is amplified to 3 milliwatts. These two
stages are directly coupled so that when the first
stage is back biased by the squelch rectifier cir-
cuit, the second stage is also turned off. The
output of the second stage is coupled to the power
stage which amplifies the audio signal to 500 mil-
liwatts.




c. Dual Squelch "Private-Line' Trans-
mitters and Receivers

The controlling element in the "Private-
Line" circuit is the "Vibrasponder' unit, The
unit acts similar to a control crystal in an
oscillator stage. When the transmitter is key-
ed, a resonant reed inside the unit vibrates at
a predetermined frequency. The resulting tone
is then amplified by tone amplifiers and fed into
the modulator circuit, It is then coupled, with
the audio signal, to modulate the oscillator fre-
quency.

With the ""Private-Line'" switch in the OFF
position, the receiver squelch action is perform-
ed as in any standard, noise-operated squelch
unit., Moving the '"Private-Line'" switch to the
ON position injects a portion of the 455 ke i-f
signal into the squelch circuit, The signalisam-
plified,rectified and applied as positive bias to
the emitter of the audio input stage, cutting the
stage off, This i-f signal will always be present,
even when an r-f carrier is not being received,
Therefore, whenever the '""Private-Line' switch

is in the ON position, and a properly coded r-f
carrier is not being received, the audio stages
will be cut off,

When a properly coded '"Private-Line' car-
rier comes on the air, the tone signal is sent to
the "Private-Line' circuitry where it is ampli~
fied, detected, and coupled to drive the '"Vibra-
sponder' unit. The "Vibrasponder' resonant
reeds used in these '"Handie-Talkie' radios are
of the two coil, single tine type., When a tone is
applied across the input coil at the reed mechan-
ical resonant frequency, the reed will vibrate
strongly, acting as an electro-mechnical coup-
ling between the input and output coil, Therefore,
the reed can be considered to be a verynarrow band-
pass filter which passes only the desired tone.

The signal from the '"Vibrasponder' unit
output coil is then detected and applied as nega-
tive bias to the emitter of the audio input stage,
allowing it to conduct and unsquelch the
audio amplifiers, In dual squelch receivers,
the squelch sensitivity is never greater than the
tone-coded squelch sensitivity,

MAINTENANCE

1. TEST EQUIPMENT

All the required test equipment for
aligning and testing the ""Handie-Talkie'' FM

radio is listed in the following TEST EQUIP-
MENT CHART. The listed items or their
equivalents may be used.

TEST EQUIPMENT CHART

EQUIPMENT

Motorola DC Multimeter with r-f probe

USED FOR 4

All d-c and r-f measurements, Monitoring
the input current when external power supply
is used.

Motorola AC Voltmeter
Motorola T1034C FM Signal Generator

All a-c signal measurements, Alignment of
all r-f and first i-f stages, 20 db quieting
sensitivity measurements.

455 ke crystal-controlled oscillator - Motorola
S1056 A-9A or TU546 Series Test Set with 455 kc
crystal,

Alignment of 455 kc i-f limiter and discrim-
inator stages.

Audio generator - Motorola TEKA-1A Transis-
torized Tone Generator, 1000 cps

IDC Adjustment

Oscilloscope - Motorola T1015A General Pur-
pose Oscilloscope or Motorola T1014B Preci-
sion Wide Band Oscilloscope

IDC Adjustment

Motorola Model P-7208 or P-7208-A RF Dum-
my Load and a field strength meter,

All r-f output power measurements







TEST EQUIPMENT CHART (Cont'd)

EQUIPMENT I

USED FOR

Motorola NLN6245A Alignment Tool Kit (sup-
plied with the radio)

Adjusting the variable capacitors and tuning
coil slugs.

DC power supply capable of supplying -14 v d-c
at 1.5 amperes (optional) Motorola TEK-23
Power Supply

Supplying d-c power to the unit during extended
servicing

Motorola Model TEKA-58A Tuning and Power
Adapter Cable

Connecting external power supply to radio
for servicing

Motorola NEN6048B Test Jig

Holding the radio for alignment or testing

2. TEST PROCEDURE

When a radio requires servicing, use the
following procedures to localize the fault,

a., Check Batteries

The first step in localizing the trouble is to
check the battery voltage under load. With the
transmitter turned on (keyed), check the battery
voltage. A convenient way to do this is to separ-
ate the battery compartment and radio compart-
ment. Using the TEKA-40:Power Extension
Cable (or equivalent), connect the batteries to
the radio.

, CAUTION

Do not key transmitter unless antenna,
dummy load, or equivalent is connected
to the antenna receptacle.

Place the voltmeter ground lead on a conven-
ient ground and measure the voltage at the trans-
mitter A- input while the transmitter is keyed.
The measured loaded voltage should be not less
than 11 volts for either the dry or nickel-cad-
mium batteries. Even though the transmitter
may operate at this lower voltage, its operation
would be marginal and for only a short addition-
al period. The recommended procedure is to re-
place, or recharge the batteries if the voltage is
below 11 volts under load., Refer to the BAT-
TERY REPLACEMENT AND CHARGING section
of this manual for additional information.,

NOTE
Only the nickel-cadmium batteries are
rechargeable,

b, Check Overall Transmitter Operation

If the battery voltage is sufficient, check the
A good

overall performance of the transmitter.

overall check of the transmitter is the r-f power
output measurement, This one check indicates
the proper operation of all the transmitter stages
(oscillator, frequency multipliers, drivers and
final amplifier) with the exception of the modu-
lator and audio circuitry, A P33 series trans-
mitter, when properly tuned and operating at
13,5 v d-c will produce 5,0 w r-f output into a
50-ohm load, A P23 series transmitter, when
properly tuned and operating at 14,0 v d-c, will
produce 2 w r-f output into a 50-ohm load, It
may be necessary to retune the output circuits
slightly to match the 50-ohm load. This meas-
urement should be made using a 50-ohm watt-
meter connected to one end of the 50-ohm test
cable with the other end connected to the antenna
receptacle,

For further details, refer to the Transmit-
ter Alignment Procedure, If the power output is
less than indicated in the chart, further checking
is required, Refer to paragraph 4, TRANSMIT-
TER SERVICE NOTES,

¢. Check Overall Receiver Operation

A good overall check of the receiver
operation is the 20 db quieting sensitivity meas-
urement. This check will indicate that the re-
ceiver has sufficient gain and that all the includ-~
ed circuitry is working properly. The quieting
signal is that r-f signal input necessary to re-
duce the audio output at the speaker by 20 deci-
bels. The measurement should be made in the
absence of extraneous signals. Since the re-
ceiver squelch circuitry reduces the noise atthe
speaker, the squelch control should be set for
maximum noise while making this measurement,

The actual measurement is made by observ-
ing the noise voltage at the microphone connec-




tor on an a-c voltmeter with no r-f signal re- cuits exclusive of the squelch circuitry. Refer
ceived at the antenna. to the AUDIO AMPLIFIER MEASUREMENTS ‘
CHART, which appears later in this manual, for
NOTE typical measurements and procedures.
On handset models not incorporating a
speaker, a 120-ohm resistor must be NOTE
connected across the a-c voltmeter ter- To aid circuit tracing, the component
minals, side of the circuit board is screened in
the pattern of the etched circuitry, This
Sufficient carrier signal from a recommend- paint does not conduct and has no elec-
ed signal generator is then introduced via the an- trical function,

tenna receptacle to reduce the noise output volt-
age to 1/10 of the previous reading, If all cir-

cuitry is operating properly, the quieting signal 3. RECEIVER STAGE ANALYSIS
should be 0,5 microvolt or less, Refer to the
Alignment Procedure. The information contained in the following
paragraphs will aid the serviceman in localizing
(2) §ql1e_lc_:_h_C_}_1e_c5 the trouble to a particular stage,
With no r-f input signal, setthe squelch a. Test Points

control until the speaker noise justs cuts out ’
(threshold squelch). Sufficient carrier signal The test points on the printed circuitry are
from a recommended signal generator is then color coded for easy location. The locations of
introduced until speaker noise is just heard., The these test points may be seen on the alignment
signal level at which the squelch begins to open chart, the schematic diagram, and the wiring
should be less than one-half the 20 db quieting diagrams at the back of this manual.
sensitivity voltage measured in subparagraph
(1), b, Stage Measurements Charts

(3) Audio Check In addition to the 20 db quieting sensitivity ‘

——————— measurement, all stage gain measurements can
be checked against those shown in the following
The last check to be made is the audio RF AND IF STAGE MEASUREMENTS CHART
check. This procedure will test the audio cir- and AUDIO AMPLIFIER MEASUREMENTS CHART,

RECEIVER RF AND IF STAGE MEASUREMENTS CHART

NOTES

1. Output readings taken with a Motorola Transistorized AC Voltmeter, or equivalent,

2, The carrier frequency is injected at the antenna receptacle using an adapter cable coupled to a
Motorola Model T1034C Signal Generator, or equivalent,

3. The 1st i-f signal is injected at the points indicated in the chart using a 50-ohm coaxial cable
and a series connected , 02 uf capacitor,

4, All readings taken with ~14,0 volts d-c input,

FREQUENCY UV INPUT PROCEDURE OUTPUT AT READING
(NOTE 1)
- Noise - Base of Q8 -58 dbm
(M1) (0.001 v)
- Noise - Base of Q10 -12 dbm
(M2) (0.19 v)
- Noise - Base of Q11 -10 dbm
(M3) (0.245 v)




RECEIVER RF AND IF STAGE MEASUREMENTS CHART (Cont'd)

FREQUENCY UV INPUT PROCEDURE OUTPUT AT READING

(NOTE 1)
- Noise - Base of Q8 -62 dbm
(M1) (0. 0006 v)

(Short collector of Q1 to
collector coil ground
with 100 uuf capacitor)

- Noise - Base of Q8 -72 dbm
(M1) (0.0002 v)

(Short collector of Q2 to
collector coil ground with
. 02 uf capacitor)

Carrier 6 Connect input to external Base of Q8 -29 dbm
antenna connector (M1) (0.028 v)
Carrier 6 Connect input to external Input to sec- -20 dbm
antenna connector ond section (0.077 v)
of 455 kc fil-
ter
Carrier 100 Connect input to external Output of 1st -42 dbm
antenna connector section of (0.0062 v)

455 kc filter

1st i-f 6 Connect input to lst Base of Q8 -29 dbm
IF-1 (top of Lé) (M1) (0.028 v)
lst i-f 1000 Connect input to lst Base of Q8 -33 dbm
IF-5 (top of T2 primary) (M1) (0.017 v)

AUDIO AMPLIFIER MEASUREMENTS CHART
NOTES

1, Remove the GRN-RED lead from test point M4,

2. Connect an audio oscillator capable of generating 1000 cps, to this GRN-RED lead with a 47K
ohm resistor in series.

3. Set the frequency and voltage according to the chart below. The input voltage is measured at
the junction of the 47K ohm resistor and GRN-RED lead.,

4, The output readings are referenced to ground unless otherwise indicated and are taken with a
Motorola. Transistorized AC Voltmeter or equivalent,

5. All measurements made with -14,0 volts d-c input.

FREQUENCY VOLTS INPUT TO OUTPUT AT RE ADING REMARKS
INPUT
F e |
Base of Q13 -41 dbm
1000 cps .02 GRN-RED (0. 007 v)

(-32 dbm) lead (top Collector of Q13 -9 dbm Volume control
of volume (0.28 v) set at maximum
control) Base of Q14 -21 dbm

(0,07 v)
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AUDIO AMPLIFIER MEASUREMENTS CHART (Cont'd)

FREQUENCY VOLTS INPUT TO OUTPUT AT READING REMARKS
INPUT -
Collector of Q14 +17 dbm Volume control
(5.6 v) set at maximum.
Bases of Q15 and +17 dbm Spkr-mic & Spkr+
handset models
Q16 (5.6 v)
only
1000 cps .02 GRN-RED Emitters of Q15 416 dbm Spkr-mic & Spkr4
(-32 dbm) lead (top and Q16 (5.0 v) hand-set models
of volume only
control) Collector of Q14 +10 dbm Handset models
(2.4 v) only., Volume
Secondary of -2 dbm cont.rol set at
transformer (T 3) (0.6 v) maximum, A
120 ohm resistor
connected from
pin 4 to pin 1 of
the mic recep.
4. TRANSMITTER SERVICE NOTES The transistor is a dependable component
and is not subjected to replacement as frequent-~
The following information will aid the serv- ly as tubes. Therefore, the serviceman is cau-
iceman in troubleshooting the radio transmitter, tioned not to replace transistors before a
thorough check is made. The transistor term-
CAUTION inal voltages should be checked first, If these
Do not key transmitter unless antenna, voltages are not reasonably close to those speci-
dummy load or equivalent is connected fied, the associated components should be check-
to the antenna receptacle, ed. A low impedance meter should not be used
for measurement, If all d-c voltages are cor--
" a. Metering Points rect, the signal should be traced through the cir-
cuit to show any possibility of breaks in the sig-
The test points on the printed circuit board nal path,
are supplied for ease in checking. These points
are indicated on the schematic diagram, wiring c. RF Signal Tracing
diagrams, and the photograph on the alignment
procedure, The chart on the alignment proce- An r-f probe attachmentfor a d-¢ multimeter
dure provides nominal voltage readings corres- may be used to good advantage in checking the
ponding to these test points for a fully tunedtrans- radio transmitter. The presence of r-f can be
mitter with -14 volts d-c input, checked throughout the r-f circuitry for continu-
ity of signal path, This would include the oscil-
lator, modulator, frequency multipliers, and the
b. DC Voltage Measurements driver and final amplifier. It is recommended
that the heavy signal flow line (shown on the sche-
If the r-f power output is lower than normal matic diagram) be followed through the r-fstages.

for a fully tuned transmitter, the d-c voltages on
the printed circuit board should be checked, These d. Frequency Multipliers
voltages should all be referenced to ground,

Transistor frequency multipliers, or class

CAUTION B amplifiers in general, do not require forward
When checking a transistor, either in or biasing., Without signal drive, a zero-biased,
out of the circuit, do not use an ohmmeter class B frequency multiplier stage will not draw
having more than 1.5 volts d-c appearing any emitter current, With drive present, the
across test leads or an ohm scale of less transistor will draw current and this current is

than X100. monitored best by measuring the d-c voltage de- |




veloped across the emitter resistor. In the

transmitter, these checks are made using test

points M1, M2 and M3. The lst tripler stage

Q103 operates ata very low signal level, There-

fore, a small amount of forward bias is supplied
to increase the gain of this stage.

e. Driver and Final Amplifiers

When tuning up the final amplifiers, it may
be necessary to retune some previously tuned
circuits. This includes coils L1108, L.109, and
capacitors C135, C139 (all models), C401, C402,
C403 and C404 (P33 series only). All these
components interact to some extent. By using
care in tuning these stages, rated power output
will be obtained with minimum current drain.

CAUTION
DO NOT USE A METAL SCREWDRIVER
WHEN ADJUSTING C401, C402, C403,
C404 AND R118.

f. Audio Circuits

If the transmitter does notmodulate proper -
ly the audio circuits should be checked to make
sure that the audio modulating voltage is reach-
ing the modulator. The audio circuit is a tran-
sistorized version of the Motorola audio and IDC
circuit, External audiotestsignals canbe coup-
led into the amplifier-clipper stage, QI108,
through a 0.1 microfaradcapacitor. Inthis man-
ner, the audio circuitry can be signal traced.

The IDC control is a printed circuit potenti-
ometer. Care should be taken when setting this
control for the proper deviation.

5. SERVICE AND REPAIR

Complete removal of the printed circuit
boards foraccess to the components is notneces -
sary. Once the bottom plate has been removed,
the receiver and transmitter boards can be fold -
ed out of the housing. The '"Private-Line"
squelch deck frequency and second oscillator
decks (if used) are mounted on the component
side of the receiver and transmitter boards. To
gainaccess tothe components, remove the mount-
ing screws and fold the decks away. The "ADL"
board is accessible once the receiver board is
folded out of the housing. Remove the screws

that mount it to the housing and fold it away
from the housing wall for access to components,
If board removal is necessary, observe standard
servicing practices, such as tagging of leads
and identification of connecting points.

a. General Disassembly (Refer to Fig. 2)

To gain access to the transmitter and re-
ceiver printed circuit boards, proceed as follows:

(1) Remove the battery compartment as des-
cribed in the BATTERY REPLACEMENT AND
CHARGING SECTION

(2) Turn the radio upside down and loosen
the two captive cover screws.

(3) Lift the radio compartment cover up.

(4) The transmitter and receiver printed
circuit boards are now accessible. They may
be lifted up and out for access to the component
side.

(5) Access to the power amplifier (P33
series only) is accomplished by loosening two ad-
ditional captive mounting screws.

b. Final Power Amplifier Transistor
Removal Procedure (P33 Series Only)

IMPORTANT
The placement of components on this chas-
sis is critical. When replacing the power
transistor, Q401, the disassembly proce-
dure outlined in the following steps should
be followed as closely as possible, (Refer
to Figure 5.).

NOTE
The letters and numbers that appear on
the drawing indicate corresponding steps
in the following procedure. Example:
5b(1) in Figure 5. indicates the location
of points discussed in subparagraph 5b

(1).

(1) Unsolder three leads and ground tab.
(2) Remove transistor mounting nut.

(3) Remove six (6) screws.

(4) Lift assembly from mounting plate.

(5) Unsolder the transistor leads. Care
should be taken as not to reposition the coil con-
nected to the collector lead during the unsolder-

ing process.

{6) Remove transistor.
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(7) Remove sleeving from transistor stud (c) Position the assembly (see par.
(turn sleeve counterclockwise). _ 5b(4) over the transistor, making sure that the
emitter lead is directly in line with the capacitor

(8) To reassemble the unitproceedas fol- tab. Tighten the mounting nut.

lows:
. . {(d) Complete the reassembly procedure by
(2) Replace sleeving on transistor stud. reversing steps 5b(5), 5b(3) and 5b(1).
il
(b) Place the transistor in the block NOTE
(on mounting plate) and replace mounting nut When resoldering the transistor emitter

(do not tighten). lead, keep it as short as possible and

TRANSISTOR DETAIL
(BOTTOM VIEW)

‘ 5b(2) 5b(4)

Figure 5,
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_ NOTE (Cont'd)
solder it on the tab close to the
capacitor body,

c. Final Amplifier Transistor Removal
Procedure (P23 and P33 Series)

The procedure outlined below should be fol-
lowed as closely as possible when replacing the
power transistor (Q107) in this amplifier.

(1) Unsolder the emitter and sleeved leads
connected to the base-emitter choke.

(2) Bend the choke up away from the tran-
sistor,

(3) Unsolder the transistor base and collec-
tor leads.

(4) Bend the capacitor tab back toward the
mounting plate, away from the transistor. Note
the position of this tab in respect to the transis-
tor emitter lead. It must be returned to this po-
sition after the transistor is replaced.

(5) Remove the transistor mounting nut and
take out transistor.

{(6) To replace the transistor, reverse the
preceeding steps. As stated previously, the
capacitor tab must be repositioned over the emit-
ter lead. Keep this lead as short as possible,

d; Repair Techniques

(1) Construction

The transmitter, receiver, "ADL" and
"Private-Line" squelch decks are mounted on
separate printed circuit boards, These boards
are the etched copper type with special eyelets
in all component mounting holes, This type of
board is far superior to the metal foil plated
type due to the binding properties of the copper
plating to the glass epoxy board, In addition,
the special eyelets used in the component mount-
ing holes act as mechanical strain relief mem-
bers, thereby removing strain from the actual
printed circuit,

In the past, servicemen have been lead to
believe that printed circuits are extremely fra-
gile and that a low wattage soldering iron should
be used to prevent damage to the board. This is
a misconception. Experience has shown that

using a low heat iron has, in many cases, caused
the damage the serviceman was trying to pre-

be raised until the solder flows freely around
the board eyelet, This usually takes a consider-
able length of time with a low wattage soldering
iron. During this period, heat is conducted a-
way from the eyelet by the printed wiring caus-
ing them, in some instances, to break away
from the board, Therefore, it is preferable
that a high-heat iron be used which will heat the
connection rapidly to the point where the solder
flows freely. Obviously, an iron this hot should
not be held on the connection longer than neces-
sary. The soldering iron supplied with the
Motorola TEK-4A Printed Circuit Repair Kit is
recommended for most work on these boards.

vent, The temperature of the connection must ‘

Breaks in the printed circuit wiring can be
repaired by bridging the gap with solder, Re-
move the resin coating covering the printed wir-
ing with solvent before soldering. Areas of dam-
aged circuitry that cannot be practically repair-
ed with a solder bridge can be replaced with a
piece of hook-up wire. The hook-up wire should
be routed along the original path of the printed
circuit to avoid any lead dressing problems in
critical areas,

The various components are arranged
in ''decks' or layers, with those least suscepti-
ble to failure on the lower level. At times, how-
ever, it may be necessary to remove other com-
ponents in order to service the faulty one.
Special care should be taken during troubleshoot-
ing to be as certain as possible that the suspect-
ed component is the faulty one. This special
care will eliminate unnecessary unsoldering and
removal of parts which may weaken or damage
the eyelet board.

When removing resistor, capacitors and
similar components, heat the connection to
be loosened until the solder is molten. Then
brush away, or shake off as much of the
molten solder as possible, If the leads are
bent over, use a soldering aid tool or a
knife to straighten them. It may be neces-
sary to apply the soldering iron while do-
ing this, While applying the soldering iron,
wiggle the component gently to free it, then
lift it from the board, Be sure the compon-
ent lead is free before trying to remove it
or the eyelet circuit board might be damaged.
Install the new component and solder it in
place. Use solvent to remove excess flux
after soldering.




(3) Servicing Aids

Motorola has available several items
which can be used to aid in parts replacement
and repair of printed circuit board.

TEK-4A Printed Circuit Repair Kit
(a) Magnifying Glass

Miniaturization requires precision
work both in manufacture and in field service.
Adequate concentration of light and magnifi-
cations are aids to service by enabling a visual
examination of connections and miniature parts,
The TEKA-27 or TEKA-12 Magnifying Glass &
Built-In Light Source are most satisfactory de-
vices for use in servicing miniature equipment
in the shop, The large illuminated magnifying
glass makes it easy to see any portion of the
small components found on the printed circuit
board. Refer to the accompany illustration.

TEKA-12 Magnifying Glass & Built-In
Light Source

(b) Printed Circuit Repair Kit

The TEK-4A Printed Circuit Repair
Kit supplies the basic tools needed for work on
printed circuitry and miniature components, Re-
fer to the accompanying illustration.

(4) Alignment Notes
When replacing crystals, realign the
radio as described in the alignment procedures
in this manual., Also, if any component in a
tunable stage is replaced, relaign the associated,
the preceding, and the following stages.
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NOTE
READ PRELIMINARY SET-UP FOR TRANSMITTER ALIGNMENT
BEFORE ALIGNING TRANSMITTER,

TEST EQUIPMENT REQUIRED FOR TRANSMITTER ALIGNMENT ‘

Motorola NLN6429A Alignment Tools (supplied).

Motorola DC Multimeter with r-f probe or equivalent.

RF Wattmeter (50-ohm impedance).

Motorola TEK-23 Power Supply or equivalent.

Motorola Model T1130A Series FM Station Monitor or equivalent,

Motorola TEK-1A Transistorized Tone Oscillator or equivalent,

Motorola T1014B Precision Wide Band Oscilloscope or Model T1015A General Purpose Oscillo-
scope or equivalent.

8. Motorola Model S1056A~9A or TU546 Series Portable Test Set (or equivalent),

9. Motorola Model TEKA-58A Tuning and Power Adapter Cable.

~N O R W N

HOW TO SET-UP THE S1056A-9A TEST SET
WITH THE TEKA-58A TUNING AND POWER ADAPTER CABLE

FOR MONITORING POWER AMPLIFIER CURRENT AND RF DRIVE

1. Place the oscillator and meter reversing switch on the test set in the OFF position.

2. Plug the red phone-plug, on the accessory cable supplied with the test set, into the METER
socket on the test set.

3. Plug the black phone-plug on the other end of the accessory cable into the phone-jack connector
on the tuning and power adapter cable.

4. The scale used to obtain meter readings is determined by the position of the selector switch on
the tuning and power adapter cable as follows:

a. Adapter cable switched to the DRIVE position use the 0-50 ua scale.
b. Adapter cable switched to the PA CURRENT position use the 0-1000 scale and ma for the unit of
measurement,

5. No meter readings are obtained when used with P23 Series Radio sets,

NOMINAL VOLTAGE READINGS

NOTE
The following readings apply to a fully tuned trans-
mitter with 13,5 v dc input,

TUNING ADAPTER
METER POINT M1 BRN M2 RED M3 ORG METERING POINT
DRIVE P.A, CURRENT
READING (V DC) -3.0 -10 ~13. 0% 20 ua 600 ma

*With "ADL" circuit disabled and R118 turned fully clockwise.
PRELIMINARY SET-UP FOR TRANSMITTER ALIGNMENT

1. Remove the cover from the radio section of the unit.

2. When aligning a two-frequency unit, align on the primary or higher of the two frequencies.

3. The dc multimeter ground lead should be connected to a convenient ground. (Positive terminal
on power supply).

4. For complete alignment, the radio set power supply shouldbe removedanda 14 voltdc power supply
withammeter should be connected to the radio set battery plug via the tuning and power adapter cable.
All tuning slugs except 1.101 should be unscrewed so that theyare flushwith the printed circuit board.

5. IMPORTANT: Preset capacitors C135 and C139 to the position shown on the METERING AND
ALIGNMENT POINTS detail {maximum capacity). Preset capacitors C401, C402, C403 and C404
several turns counterclockwise.

6. Remove the antenna by unscrewing it from the receptacle. Connect a wattmeter to the external
ANT. jack using the test cable,

7. The unit is now set up for transmitter alignment. Proceed with STEP 1 of the transmitter align-
ment procedure.
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CAUTION

Make transmitter power tuning adjustments only when radio is connected

to the wattmeter.

Attempting to tune the transmitter for other than set-

ting frequency while the antenna is connected may result in exceeding the
maximum safe current ratings within the radio.

FREQUENCY CALCULATIONS

Where: fo = oscillator frequency and fc = carrier frequency

TRANSMITTER ALIGNMENT PROCEDURE

STEP

TEST
EQUIPMENT

METER

POINT & COLOR

ADJUSTMENT

PROCEDURE

DC Multi-
meter

Power Supply-
Terminals

R118

P23 SERIES AND P33 SERIES Set the PA CUR-

RENT-DRIVE switchon the tuning adapter to the
DRIVE position. Adjustthe power supply volt-
ageto -12 volts dc with the transmitter keyed.
Note: P33 Series - Make voltage adjustment
with the tuning adapter in the DRIVE position.

DC Multi-
meter

M1 (BRN)

Lioz,T1
1st Tripler

P23 SERIES AND P33 SERIES SINGLE
FREQUENCY TRANSMITTER: Adjust L.102
for a peak reading and then adjust T1 for a
peak reading. Repeak several times to ob-
tain maximum reading. This circuit is
tuned to three times the crystal frequency.
TWOFREQUENCY TRANSMITTER: Adjust
1102 for a peak reading on the higher fre-
quency and adjust T1 for a peak reading on
the lower frequency. Switch between the
two frequencies; adjust L.102 and T1 until
a balance is obtained in the readings.

DC Multi-
meter

M2 (RED)

L103, L104
2nd Tripler

NOTE
Turn L105 three turns clockwise
prior to adjusting L103 and L104.

P23 SERIES AND P33 SERIES Adjust coils
L103 and L104 for a maximum dip. Readjust
several times to insure maximum dip has
been obtained. This circuit is tuned to nine
times the crystal frequency.

DC Multi-
meter

M3 (ORG)

R118, L105,
1,106 Doubler

P23 SERIES AND P33 SERIES AdjustR118
to mid-rotation to increase meter sensitivity.
Adjust coils LL105 and L1106 for a maximum
dip. ReturnR 118 to its fullclockwise posi-
tion (minimum resistance). Readjust
several times to insure maximum dip has
been obtained. This circuitis tuned to
eighteen times the crystal frequency.

Test Set
with Tuning

Adapter

Tuning Adapter
switched to
DRIVE position

L.107, L108
C401, C402
C135, C139

P33 SERIES ONLY Adjust L1107, L108,
C401 and C402 for maximum dc

reading. If no indication is obtained, adjust
L.107, C135, 1L108 and C139 for a maximum
current reading, then adjust C401 and C402
for maximum dc reading.

TEST METER
STEP EQUIPMENT POINT & COLOR |ADJUSTMENT PROCEDURE

6 DC Multi- Positive to M3, Power Supply | P23 AND P33 SERIES Note reading on mul-~

meter negative to B~ timeter. Increase the power supply voltage
to -17 volts dc. The multimeter reading
should increase by 1 volt minimum. Ifa l
volt increase is PBE noted on the multimeter,
the Automatic Drive Limiter is not function-
ing. Restore the ADL to operation before
proceeding with alignment. Return the in-
putvoltageto 14. 5 volts dc for the P23 Series
or 13.5 volts dc for the P33 Series.

7 RF Wattmeter| Tuning Adapter C403, C404 P33 SERIES ONLY Adjust C403 and C404
and Test Set switched to PA for a maximum reading on wattmeter. (P.A|
with Tuning CURRENT po- Current reading should be approximately
Adapter sition 600 ma.)

8 RF Watt- - L107, LL108 P23 SERIES ONLY Adjust L107, L.108, C135
meter Cl135, C139 and C139 for a maximum reading.

9 RF Wattmeter| Total input R118 P33 SERIES ONLY Adjust R118 for approx-
and Power current C403, C404 imately 5 watts output. Adjust C403, C404,
Supply Am- 1108, C139 L108 and C139 for maximum power output.
meter Repeak C403 for maximum power and mini-

mize input current by readjusting C404,
R118, and L108. Repeat this step until 5
watts output, at minimum input current, is
obtained.
NOTE

DO NOT EXCEED 900 MA TOTAL

CURRENT DRAIN (including relay

current).

10 RF Wattmeter| Total input L.108, C139, P23 SERIES ONLY Adjust R118 for approxi-
and Power current Cl107, C135 mately 2.0 watts output. Repeak 1108,
Supply Am- C139, L107 and C135 for maximum output
meter while minimizing the input current. Read-

just R118 and repeat this step several times
until 2. 0 watts is obtained with minimum
current drain. It may be necessaryto re-
peak L105 and L106 for maximum pcwer.
NOTE
DO NOT EXCEED 475 MA TOTAL
CURRENT DRAIN (including relay
current).

11 RF Wattmeter| Total input C404, R118 P33 AND P23 SERIES Increase the power
and Power current supply voltage to 16.8 volts d-c. Tte power
Supply Am- output must be greater than 2.0 watts for
meter the P23 Series or 5.0 watts for the P33

Series. The input current should not exceed
500 ma for the P23 Series or 1000 mra for
the P33 Series. Adjust R118 to obtain this
limit. Repeat Step 9 and this step uatil the
rated power is obtained without exceeding
the maximum specified current. Reglace
the bottom plate on the radio and tighten se-

curely.

STEP

TEST

EQUIPMENT

METER

POINT & COLOR {ADJUSTMENT

PROCEDURE

12

P23 SERIES AND P33 SERIES OSCILLA-
TOR: C10l is preset to the assigned fre-
quency at the factory. Do not readjust C101
unless the crystal is replaced or the setting
was accidentally changed.

If it is necessary to readjust C101, set up
the frequency monitor for frequency mea-
surement, and adjust C101 for zero reading
on the monitor CARRIER FREQUENCY
meter. Place the bottom plate on the trans-
mitter unit and tighten securely.
IMPORTANT - Whenthe bottom plate is at-
tached, the frequency may shift, therefore,
recheck the carrier frequency on the fre-
quency monitor. If necessary, repeat this
adjustment and recheck procedure compen-
sating for the variations until a zero meter
reading is obtained with the bottom plate
securely attached to unit.

TWO-FREQUENCY TRANSMITTER ONLY
OSCILLATOR NO. 2: Use the same proce-
dure as above, substituting C201 for C101,

13

P23 SERIES AND P33 SERIES DEVIATION

CHECK: See IDC ADJUSTMENT procedure
on the reverse side of this chart for adjust-
ing the IDC control and the '"Private-Line'

tone deviation.

C404 C402

©

C403 C404

POWER AMPLIFIER

(P33 SERIES ONLY)

CAUTION

DO NOT USE
METAL SCREWDRIVER
FOR ADJUSTMENT

L~ AEPD-11899-A

R
“10C" CONTROL.

NOTE
Arrowheads indicate the position of the
color dot for maximum capacity on C135
and C139.

00 NO'I"i USE
TAL | SCREWDRIVER

METERING AND
ALIGNMENT POINTS

FOR
MODEL SUFFIX
NTD6121AA | -1 AND EARLIER
NTD6122AA | -1 AND EARLIER

o35
DRIVER
O}JTPUT

"PRIVATE-LINE" INPUT

NOTI
2.Juiof NOT USED

Cio1
G0SC NOJ4

OL DEPD-11782-C

NOTES:
1. JUIOt NOT USED IN TWO-FREQ. UNITS.

OTES'
{. REMOVE Jui0o2 FOR PL OPERATION.

IN TWO-FREQUENCY UNITS.

METERING AND
ALIGNMENT POINTS

" OL-DEPD-14510-B

FOR
MODEL SUFFIX
NTD6121AA |-2 AND LATER
NTD6122AA | -2 AND LATER

PT Series 2 & 5 W
'""Handie-Talkie' FM Radio
Transmitter Alignment Procedure
Motorola No, EPD-11900-F
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“IDC” ADJUSTMENT (PREFERRED METHOD USING OSCILLOSCOPE)

1. INTRODUCTION

Accuracy of test equipment is of prime importance to any user of radio communications equip-
ment; but of equal importance is a knowledge of the characteristics of the measuring equipment under
various conditions. The Motorola Model T1130A Series FM Station Monitor is the leader in the field
with respect to sensitivity, accuracy under conditions of variation in r-f signal level, line voltage,
and other environmental conditions. In common with most other meters, however, it has the char-
acteristic of responding differentiy to different wave shapes. Therefore, the use of most present-day
deviation meters can lead to confusion and errors in deviation setting, if the pitfalls are unknown or
disregarded.

The 'ideal" deviation indicator would be one which would respond instantaneously to the peak value
of the modulation deviation, regardless of waveform. The only device which meets all these require-
ments is an oscilloscope. It responds instantaneously, and it shows the peak value of any waveform,
no matter how complex. Properly calibrated, an oscilloscope is the most accurate and reliable means

for measuring and setting transmitter deviation.

The oscilloscope must be used in conjunction with a receiver which has a stable discriminator
characteristic, since the oscilloscope displays the demodulated signal. In addition to the oscillo-
scope, a receiver and a means to accurately calibrate the system is required. The Motorola Moni-
tors fill these requirements, since they provide both a sensitive receiver with the proper discrim-
inator characteristic and a reliable means of calibrating the oscilloscope. They have convenient ter-
minals on the front panel for connection of the oscilloscope. Furthermore, the Motorola FM Station
Monitor is provided with two modulation meter scales, 0-20 kc for wide-band systems, and 0-10 kc
for split-channel systems.

Split-channel conversion kits are available for modification of older monitor models, so that they

too are provided with convenient oscilloscope terminals and can be more accurate measurement de-
vices for such systems.

2. TEST EQUIPMENT REQUIRED

a. Motorola T1130A Series FM Station Monitor or equivalent.

b. Motorola Transistorized AC Voltmeter or equivalent.

c. Motorola Model TEK-1A Transistorized Tone Generator, 1000 cps or equivalent.

d. Motorola Model T1015A General Purpose Oscilloscope, Motorola Model T1014B Precision Wide -
Band Oscilloscope or equivalent,

e. Motorola Model S1056A-9A or TU546 Series Portable Test Set (or equivalent) for use with
"Private-Line" models.
3. OSCILLOSCOPE CALIBRATION

The first step in the measurement of transmitter deviation is to calibrate the oscilloscope. This
can be done by using the transmitter which is to be measured.

Proceed as follows:

a. Connect the oscilloscope to the monitor oscilloscope terminals, and set up the controls in ac-
cordance with the monitor instruction manual.

b. Turn the IDC control on the transmitter chassis to the full clockwise position.

"IDC" Adjustment Procedure
Motorola No, EPD-12684-B
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c. Feed a 1000 cps test tone into pin 2 of the microphone input jack, (base of the amplifier-clipper
stage in the IDC circuit). A 0.33 uf capacitor should be placed in series with the tone generator out-
put. Refer to the photograph on the reverse side of this sheet for the location of the 1000 cps test
tone injection point. Modulate the transmitter with this tone so adjusted that the deviation as read on
the FM monitor deviation meter is 2 kc (6 kc in a wide-band system). An audio oscillator must be
used for generation of this tone, since a sinusoidal waveformis veryimportant. The Motorola TEK-1A
Transistorized Tone Generator is excellent for this purpose.

d. Adjust the vertical gain of the oscilloscope so that the total recovered audio pattern occupies
some convenient height, e.g., four small squares (12 squares in a wide-band system}. The split-
channel indication is shown in figure 1.

ATION DEVIATION

LINE LEVEL—db ] TN

Figure 1.
Oscilloscope Calibration for
Split-Channel Transmitter

Having calibrated the oscilloscope, there is no further need for the modulation deviation meter
and its reading should be ignored from this point on. It has already performed its important function
of calibrating the oscilloscope.

With the oscilloscope calibrated as indicated, a recovered signal which occupies 10 squares
(peak-to-peak) is equivalent to *5 ke deviation. For wide-band systems, a recovered signal occupy-
ing 30 squares (peak-to-peak) is equivalent to 15 kc deviation.

4. MEASUREMENT AND SETTING OF TRANSMITTER DEVIATION

a. Carrier Squelch Models

Once the oscilloscope has been calibrated the transmitter deviation can be properly adjusted by
the following method.

NOTE
For 2-frequency models, adjust deviation for the Fl channel first,
Then check the deviation for the F2 channel and if necessary, adjust
R204 for the proper level.

(1) Adjust the 1000 cps input signal to 1.5 volt. This should drive the IDC circuit into full clip.
See figure 2.

(2) With this input signalleveladjust the IDC control on the transmitter to provide a peak-to-peakre-
covered signal on the oscilloscope of 10 squares, which is equivalent to +5 kc deviation as shown in
figure 2. A wide-band system should be adjusted for 30 squares (15 kc). If the waveform under the
above conditions does not resemble the waveform shown in figure 2 adjust L101 until a symmetrical
waveform is obtained. Re-adjust the IDC control.

(3) Reduce 1000 cps input to 0.3 volt. Essentially full deviation should still be observed on the
oscilloscope. Less than 2/3 full deviation will indicate a weak audio transistor or other lack of audio
gain.

————

Figure 2.
5 kc Peak Deviation as seen on the Oscilloscope
(NOTE: Waveform is clipped fully)

b. '""Private-Line' Models

(1) Remove "Vibrasponder' resonant reed from its socket.

(2) Adjust the 1000 cps input signal to 1.5 volts. This should drive the IDC circuit into full clip.
See figure 2.

(3) With this input signal level adjust the IDC control on the transmitter to provide a peak-to-
peak recovered signal on the oscilloscope of 10 squares, which is equivalent to 5 kc deviation as
shown in figure 2. If the waveform under the above conditions does not resemble the waveform shown
in figure 2, adjust L1 until a symmetrical waveform is obtained. Readjust the IDC control.

(4) Reduce the 1000 cps input to 0.3 volt. Essentially full deviation should still be observed on
the oscilloscope. Less than full deviation may indicate a weak audio transistor or other lack of audio
gain.

(5) Remove the 1000 cps tone signal. Insert the '""Vibrasponder' unit in its socket.

(6) Check the "Private-Line' tone deviation. This may be read directly from the oscilloscope by
pressing the transmitter push-to-talk switch on the test set. The tone deviation should be 0.5 to 1 kc.

NOTE
If the tone deviation is not within the limits specified in the pre-
ceding step, adjust R711 (on the "Private-Line' Squelch Deck) for
proper deviation., Refer to "IDC'" adjustment procedure for proper
setting of this control.

Due to a slight increase in discriminator response at the lower frequencies, the oscilloscope
will read high, thus, an indication of 1.4 to 2.8 squares (peak-to-peak) is equivalent to 0.5 to 1 kc.
This slight variation is only important when checking tone deviation. When setting maximum trans-
mitter deviation as described below, it may be ignored.

(7) Apply a 1000 cps test tone to pin 2 of the microphone input jack, (base of the amplifier-clipper
stage Ql11). Place a 0.33 uf capacitor in series with the tone generator output.

(8) Adjust the 1000 cps input signal level for 1 volt and note the resultant combined deviation of
the 1000 cps modulation and tone signal modulation on the oscilloscope.

(9) The IDC control on the transmitter should be adjusted to provide a peak-to-peak combined
signal of 10 squares, equivalent to full 5 kc as shown in figure 3.

=

80 ——

Figure 3.
5 k¢ Peak Deviation for Combined PL Tone and
1000 CPS Modulation

(10) Reduce the 1000 cps input to 0.25 volt, Essentially full combined 1000 cps tone and ""Private-
Line' tone deviation should still be observed on the oscilloscope. Less than full combined deviation
may indicate a defective transistor or other lack of audio gain.

5. EMERGENCY MEASUREMENT OF DEVIATION

If an audio oscillator is not available, a loud sustained whistle of approximately 1000 cycles can
be used for a rough measurement of deviation. If this rough check indicates the need for resetting
deviation, do so only under controlled conditions, using a 1000 cps tone as previously indicated. The
calibration of the oscilloscope should always be performed with a steady controlled signal. Do not
attempt to calibrate the oscilloscope with a sustained whistle as waveform distortion will prevent an
accurate calibration.

6. OTHER MEANS FOR MEASUREMENT OF DEVIATION

Another accurate means of measuring transmitter deviation is to use the Motorola T1021A Por-
table Frequency Meter and the S1058A or S1059A Portable Test Set (with deviation meter). These
units, properly used, permit accurate measurement and setting of transmitter deviation from a peak-
reading meter which is unaffected by waveform. An oscilloscope is not required. With these devices,
transmitter deviation can be measured accurately even with voice modulation,

7. MICROPHONE LEVELS

If the modulation level in the system still appears to be too low after setting deviation as indicated
above, check the microphone and audio amplifier.

The foregoing procedure will insure that the transmitter will comply with FCC requirements for
maximum deviation.

The importance of the correct deviation setting can not be overemphasized. Optimum system
performance demands accurate deviation setting, both from the standpoint that overdeviation will in-
terfere with the user on the adjacent channel, and underdeviation may reduce system range.
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REFERENCE MOTOROLA DESCRIPTION
SYMBOL PART NO.

PARTS LIST

CONTROL PANEL :
NCN6039B NCN6044B 3

NCN6043B NCN6054B #,
EPD-12030-B
SEMICONDUCTOR DEVICE,
diode: (SEE NOTE)
CR1 48C82392B03 | silicon
CONNECTOR, receptacle:
J1 9C82817E01 female; coax; uhf type
J2 1V80715A85 | female; 4 cont; does not incl,
2A482070 NUT, ring; knurled
J3 28C82846E01 | male; 9 cont.
RELAY, armature; hermetically
sealed:
K1 80C83202B01 | 13.6 v d-c; 4 form "C"; coil res
RECEIVER TRANSMITTER HIGH POWER FINAL AMPLIFIER 160
{USED ON P33 ONLY)
el L] 1 < N 1\' _51 Il;gur?estPEAKER, permanent
— hud — 2 n ; i .
x z o = : : : S & ’_‘,: E, d} o R p BLK LSl 50D83205B01 | 3" square; 50 ohms imp
o © = H | I @ of @ % X 5 ¥ = COMMON
& & z = =z b J) 2| % a8 .Io: 3 = z o g & % & % GROUND RESISTOR,
¥ 3 & g 8 8 ¥ & & H I & 2 3 a g ¥ 8 R1 18C82816E02 | var: 10K +10%; weatherproof
5 : : : | : | .& R2 6K 129662 fixed: 180 £10%; 1/4 w
! 1 P; IES : ;
ws ~t X | | N Lo . P33SERIES ONLY RSFSOSUER R3 18C82816E0l | var: 5K £10%; weatherproof
2 5k 10K ~| - = l [ > (TO Ki-4)
SQUELCH § VOLUME R‘; W wy g' g. ) 4
- & o o~
WHT-BLK-RED-" 2180 z: g: z: z: ‘.‘—‘: wl P23 SERIES SWITCH,
~_ E— = | | | | 9 gl l}ﬁ_oo’l{ll'_l’u‘)'l' S1 40B82851E01 | toggle: spst; weather-resistant
\\ // 1 + t t —1 S2 40C82843E01 { rotary; 2 pole; 2 position; non-
N ¥ + 5 ! ! I shorting (2-freq.)
L T
] COMMON“GROUND ] ! I ! P! 3
ANTENNA | 1 2 NON-REFERENCED ITEMS
RECEPTACLE (. Re ' J ! ! ©
A BLK outpuT | | I | bl
‘]——— FROM | : : AJTOMATIC DRIVE ! : : [ 1V80727Al1 | HANDLE ASSY, incl mic. hold-
N conx T 1 Raulid : | | ! Lo BLK 3 8 ing clip (for NCN6039B &
— @ A P33) | | | ) (- NCN6043B)
I ] ao/q:c - I [ [ Lo | Pl FoOUUF 1V80729A93 | HANDLE ASSY. incl handset
= U4 ~ : ! ! = ! (- WHT-BLK - GRN Z holder (for NCN6044B &
i =l i | | . =t Lsbre q NCN6054B)
3 | | | | o 2312382313317 (o4 , % 42K861179 CLAMP, cable: 2 req'd.
ORED-BLK o | I : t I I UH UH SUH ° 32B82855E01 | GASKET, rubber: housing seal
st Qo_f} : | Lo___ s2 /grz : : BLK 36B82628H13 | KNOB, control; 2 req'd. (vol. &
P = I ! Fl - b ! 192 WIRING SIDE sq) v
k|| e | L ) _____ o commton’erouns | 1 2z 3 a OF CONNECTORS 36B82628H14 | KNOB, control: does not incl.
CRig ! ‘2 _,' h 1 35114064 SET SCREW: 4-40 x
b o™ NOTE 3 m—————— L—[-~]--]--]- 3/16" Allen head (F1-F2 switch)
TRANSMIT-RECEIVE RELAY 32B82804E0! | GASKET: (speaker mtg.)
35B82803E01 | CLOTH, grille
< g & 2 13C82815E01 | GRILLE (l-freq models)
o o | O 13C82815E04 | GRILLE (2-freq models)
1V80749A97 | HOUSING ASSY.: incl handle
... 3 e oy (for NCN6039B)
o ® o 6 7 L
% w0 02 — or o0 HOUSING 1V80749A98 | HOUSING ASSY.: incl handle
50 00 06 o o o8 v v (for NCN6043B)
82683 e g —- ——————— - 1V80729A94 |HOUSING ASSY.: incl handle
43 2 4 |PINSIDE OF _ {(for NCN6044B)
006 60 [1- A +
T-R RELAY fll 1V80731A67 | HOUSING ASSY. : incl handle
(for NCN6054B)
NOTES:
{. 2-FREQ. RECEIVER ONLY. DIAGRAM NO. 63081032A44-F
2.2-FREQ. TRANSMITTER ONLY. NLN6428A Components Kit (P23 Series)
3.SWITCH VIEWED FROM REAR NLN6423A Components Kit (P33 Serieg) EPD-1203]1-
CAPACITOR, fixed:
Cl1, 3 21K861436 100 uuf £10%; 75 v; N750
c2 21K831125 100 uuf £10%; 300 v; N750
COIL, RF:
L1, 2,3,4 24C82000E21| choke; 1,2 uh; sleeved
RESISTOR, fixed:
R5 6R6040 680 £10%; 1/2 w
NOTE:

Replacement transistors and diodes must be ordered by
Motorola part number only for optimum performance.

Carrier Squelch Models
Intercabling Diagram
Motorola No. 63D81032A44-F
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MOTOROLA
PART NO.

REFERENCE
SYMBOL

DESCRIPTION

PARTS LIST

NCN6040B Control Panel
NCN6050B Control Panel
NCN6055B Control Panel
NCN6065B Control Panel

EPD-12045-B

SEMICONDUCTOR DEVICE,
diode:
silicon

CONNECTOR, receptacle:
female; single cont,
female; 4 cont,

male; 9 cont,

RELAY, armature:
2 form "C';coilres 160 ohms;
13,6 v

SPEAKER, dynamic:
coil imped, 50 chms; 3" dia,;
weatherproof

RESISTOR, fixed: *10%; 1/4 w;
unl. stated

var; 10K; 0,12 w@ 55° C

180 +10%

var; 5K; 0,12 w@ 55° C

68K

SWITCH:

rotary; dp2p (Models NCN6040B
& NCN6065B)

rotary; 3p 4p (Models NCN6050B
& NCN6055B)

toggle; 1 form "A"

ENCED ITEMS

CR1 48C82392B03
J1 9C82817E01
J2 9B82413B01
J3 28C82846E01
K1 80C83202B01
LS1 50D83205B01
R1 18C82816E02
R2 65129662
R3 18C82816E01
R4 65129144
Sl 40C82843E01
or
40C82891E01
52 40B82851B01
NON-REFER.
38B82807E01
36B82628H14
36B82628H13

BUTTON

KNOB, control (used on Sl}
KNOB, control (used on Rl and
R3)

NLN6428A Components Kit (P23 Series)

NLN6423A Components Kit (P33 Series) EPD.1203]-

CAPACITOR, fixed:
. Cl, 3 21K861436 100 uuf *10%; 75 v; N750

Cc2 21K831125 100 uuf £10%; 300 v; N750
COIL, RF:

L1,2,3,4 24C82000E21| choke; 1,2 uh; sleeved
RESISTOR, fixed:

R5 6R6040 680 £10%; 1/2 w

NOTE:

Replacement transistors and diodes must be ordered by

Motorola part number only

for optimum performance.

"Private-Line'" Tone-Coded Models

Intercabling Diagram

Motorola No, 63D81032A58-E
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1. 2- FREQ. RECEIVER ONLY,
2.2-FREQ. TRANSMITTER ONLY.

IN HANDSET MODELS.
4. SWITCH VIEWED FROM REAR

3, SPEAKER AND GROUND OMITTED

RECEIVER TRANSMITTER HIGH POWER FINAL AMPLIFIER
] 4, X ,
L7 L =+ F L 4‘ L] L ‘:
. B T T
W wiow| 3 : |
Y g | |BEE g 3 | =
1 v i
x| K I~ (A B 3 Z| z|l o 3 X il x |
‘EENERER BENR 3 § IO B R - 1. X J @
1 i ol ol =l Z Zl 4 2| a = [ = (L | =] = ZI 3 X | 5 al
T 8 o ¥ 58 88835 3 3 3§ & Logs ¥ u&s  § 3 a 3 8 8 3 g
I e
RECEPTAGLE { Lo | [ } P33 SERIES ONLY
10K b . ‘ i ! | | . . P33 SERIES
q R2 vy 3 PRIVATE LINE" DECK . A.D.L". DECK RF OUTPUT
150 e 100 | ! (TO Ki-4)
ol I v P23 SERIES
iial N i . L
L Vo 1 ! ! |
% - R3 1 | 1 = ! |
3 5K yoob ) ! '
© SQueLcH o BLU ? | [
L Lol N o : al ! b
+ _ NO @ J t
2 1T A4 = ool g ogy I | o
+—F | | H ( v ol ! -] i H
8 b L Z ; 3 @l > [ P
| [} - | 1
ILé — l:;om"ga P = I ] )
| ) (P23 8 P33) [ T =qtAm e olal pio ki ! | |
| —& WHT-BLU b . XMIT-REC | ON-OFF .
o i RELAY | SWITCH i i
5 RED-BLK P! I L o*~o —
] i I ] [
: | RED-BLU R ! | 52 1 ) o
| 13< WHT-GRN [ ‘ ! L it L Ro
1 ' ] | |
Ki{ 1 | i | 100
U:Z‘/ p SRt WHT-BLK-GRN - ! I | i ) WUF
| [ [ 1 [l
TRANSMIT-RECEIVE| Lo ! Lo o
RELAY Lo | P 1
= | L | : : o4 s 20
JELK | | I i o
= ! | |
______________ — 1 |
___________________________ J I
4 13 I
o ® o Py YR |y S o ]
21 109
00 00
8% 88 ot 02 03 o4 0
43 21 =L =i B
00 OO0 5@'1;:5 06 07 08 09
m)|
PIN SIDE OF WIRING SIDE
TR RELAT WIRING HANDSET OR
MICROPHONE
HOUSING DIAGRAM NO.63D81032A58-E
NOTES:







PARTS LIST

REVISIONS
DIAG. | BOARD AND REF.
ISSUE | SUFFIX NO. | symBoL CHANGE LOCATION
A NLD6210A-7 "VIBRASPONDER"
WAS "VIBRASENDER A
SPONDER"
B NLD6210A -8 C1716 WAS 23D82397D16 Q703 COLLEC
22 uf TOR CIRCUIT
C NLD6210A-9 R710 WAS 65127803 10K; Q702 EMITTER]
1/4 W f
R728 ADDED
C1 NLD6210A-9 JU701 REFERENCE NOTES i
ADDED TO NOTE 4, |
D NLD6210A -9 RELOCATED WAS PARTIAL
CONNECTED BE- SCHEMATIC
TWEEN GROUND AND
JUNCTION OF R721,
~-14 v,
E NLD6210A -9 REMOVE NMNG60O17A PARTS LIST
HANDSET
F NLD6210A-10 c702, WAS 21C82724H01 PARTS LIST
730

NLD6210A "Private-Line' Squelch Deck_ EPD-12688-D
REFERENCE MOTOROLA DESCRIPTION
SYMBOL PART NO.
CAPACITOR, fixed: uf; +10%;
unl stated .
C701 23D82397D20| 0.12 +20%; 35 v; non-polarized
C702, 730 21C82213E03 0055; +100-0%; 75 v
C704 23D82397D13{ .022; 6 v
C1705 23D82397D10| .056; 35 v
c707, 719 23D82397D14] .082; 20 v
c708, 722 21K861441 500 uuf £10%; 75 v; N4700
Cc709 23D82397D05| 4.7 +40-20%; 3 v
C710, 728 21K 847065 500 uuf; GMV; 250 v
C711, 713,729 23D82397D07| 1 +40-20%; 15 v
C712, 714, 716 23D82397D23| 6.8%20%; 20 v
Cc715, 717 23D82397D09] 6.8 +40-20%; 10 v
C718 23DB82397D28] 3.3; 20 v
c720 23D82397D25f 0.27; 20 v
C721 23D82397D16] 22 +20%; 15 v
c723 §1K861442 . 002 +100-20%; 75 v
Cc727 1K831126 .002 GMV: 300 v
SEMICONDUCTOR DEVICE,
diode: NOTE
CR701 48C82392B03| silicon
CR702 48C82178A01| germanium
REACTOR: AF choke:
L702 25C82750D02| 7 h
COIL, RF: choke:
L703 24D82723HO01| 1.2 uh
TRANSISTOR: NOTE
Q701, 702,703 48R869033 P-N-P; type M9033
RESISTOR, fixed: £10%; 1/8 w;
unl stated
R701, 708 6S185B93 15K
R702 6K 128687 6.8K; 1/4 w
R703, 713 65185B90 8.2K
R704, 705, 714,] 6S185C01 56K
716, 726
R706 6S185B70 180
R709 6S185C05 120K
R710 65129232 3.9K; 1/4 w
R711 18C82876B01} var; 4K +20%; 1/20 w
R715, 717 65185B83 2.2K
R718 65129752 270; 1/4 w
R719 6K129225 10K; 1/4 w
R720 65129269 1.8K1/4w
R721 65185B76 560
R727 6K127801 470; 1/4 w
R728 6S185B84 2, 7K
NON-REFERENCED ITEM
1vB0724A84 | PRINTED CIRCUIT BD, ASSY.
NOTE:

Replacement transistors and diodes must be ordered
by Motorola part number only for optimum performance.




REVISIONS

CHASSIS AND

REFERENCE
SYMBOL

MOTOROLA
PART NO.

DESCRIPTION

PARTS LIST

LEGEND
L = 132-150.8 MC
H = 150.8-174 MC

NRD6111BA Receiver Circuit Board (132-150.8 MC) 1-Freq.
NRD6112BA Receiver Circuit Board (150.8-174 MC) 1-Freq.

JEPD-10771-J

DIAG. REF. REFER TO
ISSUE| SUFFIX No. |SYMBOL CHANGE LOCATION circuiT BOARD
A NRD1131BA-5 C90, 91 | ADDED Q8 & Q10 EPD-11929-O0

NRD1132BA-4 COLL, CKT
csl WAS 21K865197 Q9 COLL.
CKT
B NRD1131BA-6 R37 WAS 6K127806, PARTS LIST | NONE
NRD1132BA-5 1/4 W
NRDI1131BB-5
NRD1132BB-4
Bl ADDED POWER SUP-
PLY MODEL TABLE
C |NRD1131BA-7 c25 WAS 21D82877B17, Q3 BASE EPD-10465-F
NRD1132BA-6 5 uuf
D NRD1131BA-8 R2 WAS 6K127804, PARTS LIST | EPD-10465-G
NRD1132BA-7 4.7K; 1/4 W
NRDI1131BB-7 R32 WAS 6K128688,
NRD1132BB-6 2. 7K; 1/4 W
C89 REMOVED FOR
150. 8-174 MC (ONLY)
R6 WAS 6K128687,
. 6.8K; 1/4 W
R8 WAS 6K127802, 1K;
1/4 W
R59 WAS 6K129775, 330;
1/4 W
R25 WAS 6K127807,
33K; 1/4 W
Dl |NLN6234A c87 WAS C83 PARTS LIST | NONE
R35, 36 WERE 6K128563
1/10 W
Dz |NRDII31BA-8 [*}} WAS 48R869223 RF AMP EPD-10465-H
NRD1132BA-7 M9223
NRD1131BB-7 EXTENSIVE PART PARTS LIST | NONE
NRD1132BB-6 NUMBER CHANGES
NPN1007A C601, ADDED J601-1
602 P601-1
Q3 WAS 48R869238, PARTS LIST
M9238
E | NRD6111BA-7 Ql WAS 48R869223, RF AMP NONE
NRD6112BA-6 M9223
F | NRDI1131BA-9 Q3 WAS 48R869238, IF AMP EPD-10465-J
NRD1132BA-8 M9238
NRD1131BB-8
NRD1132BB-7
G NRDé6111BA-9 Q15 WAS 48R869028, FINAL AUDIO| EPD-10465-K
NRD6112BA-8 M9028 AMP
Q16 WAS 48R869027,
M902 7
Gl | NRD6111BA-9 Ql TRANSISTOR DETAIL | BELOW NONE
NRD6112BA-8 REVISED NOTES
H NCN6044B-1 CR1 ADDED ACROSS NONE
NCN6054B-1 TRANSMIT-
NCN6039B-1 RECEIVE
NCN6043B-1 RELAY
NCN6065B-1
J NRD1131BA-11 23,24 |WERE 21C831126, PARTS LIST |NONE
NRDI1132BA-10 .002 uf
NRDI1131BB-10 C59 WAS 21D82877B02,
NRD1132BB-9 150 uuf
K NRDI1131BA-12 CR3 WAS 48C82363E05 PARTS LIST |NONE
NRDI1132BA-11
NRD1131BB-11
NRD1132BB-10
L NRDI1131BB-12 c29 WAS 21C82450B22 PARTS LIST |NONE
C30, 31 | WAS 21C82450B24 PARTS LIST |NONE

ClL

C1H, 4L, 19L,
9L

C2L

C2H, 5L

C3

C4H, 9H, 19H
C5H, 16

Cé, 12, 18, 83
C7,8

Cl0L, 11L
C10H, 11H
C14, 36, 38, 75
Cl5L

C15H

Cl7L, 88H
C17H

C20L, 40
C20H

cz1

C22, 39
C23,24

Cc25

C26, 34, 89L
ca7

C28, 37, 42, 44,
45, 46, 48, 49,
51,56, 61, 86
Cc29

C30, 31
Cc32,33
C35, 50
c41
C43, 47, 54
cs2
Cc53
C55, 70
C57
C58, 62
C59
C60
C63, 79
Cb4
C65
cé66, 67, 71
Cc68
C69
c2
Cc73
C74
c82
Cc88L

CR1
CR2
CR3
CR4,6,7
CRS,9, 10

LiL -

L1H

L3L

L3H

21K861462
21K861431

21K861434
21D82877B06
21C82450B22
21K867807
21D82877B01
21K861437
21C82450B26
21K861430
21D82877B13
21K861442
21D82877B17
21K861427
21K861603
21D82450B28
21K865197
21K861432
21K864522
21D82877B02
21K861442
21D82877B09
21K864521
21K861436
21K861443

21D82450B42

21D82450B43
21K864067
21K861444
21K861429
21K847065
21D82239E02
23C82397D06
23C82397D16
21K864457
8C82317B03
21D82877B05
21K859943
23D82397D19
23C82397D05
23D82397D32
23C82397D17
21C82187B16
23C82397D07
23C82397D31
23C82397D15
23C82397D08
21K868829
21D82877B07

48C82363E03
48K859464

48C82363E05
48C82178A01
48C82392B03

24V80903A02

24V80903A01

24V80903A68

24V80903A03

diode:

CAPACITOR, fixed: uuf; £10%
75 v; unl stated

15; N150

12; N150

40; N150

30; N150

0.75; 500 v

8 +5%; NO8O

24; N150

100; N2200

0.3; 500 v

10; N150

7; 25%; N150

. 002 uf +100-20%
5 £5%; N150

4; N150

3.3; NPO

1

25; NP0

20; N150

90; N08O

150; N1400

.002 uf +100-20%; 75 v
3.8 .25 uuf; NPO
30; N750

100; N750

.01 uf +100-20%

0.75; 500 v

0.47; 500 v

80; N150

.02 uf +100-20%

8; N150

500 GMV; 250 v

800 +5%; 200 v

0.22 uf +40-20%; 35 v
22 uf £20%; 15 v

.002 uf +100-20%

.03 uf; 50 v

150 £10%; 75 v; N750
250 £5%; 500 v

2 uf +40-20%; 8 v

4.7 uf +40-20%; 3 v

2 uf +40-20%; 8 v

15 uf £20%; 20 v
3000; 100 v

1 uf +40-20%; 15 v

10 uf £20%; 20 v

10 uf #20%; 20 v

0.15 uf +40-20%; 35 v
220

2.2; N150
SEMICONDUCTOR DEVICE,
NOTE I

silicon
germanium
silicon
germanium
silicon

COIL ASSEMBLY, RF:

incl C1L, C3 and 24C82710H01
COIL, RF: VIO-BRN:
76B82451B04 CORE, tuning
incl C1H, C3 and 24C82710H01
COIL, RF: VIO-BRN;
76B82451B04 CORE, tuning
incl C7, C9L, and 24C82711H09
COIL, RF: ORG-ORG;
76B82451B04 CORE, tuning
incl C7, C9H and 24C82711HO1
COIL, RF: VIO-RED; does not
incl 76B82451B04 CORE, tuning

REFERENCE MOTOROLA
SYMBOL PART NO. DESCRIPTION

L5L 24VB80903A06 incl C8, C11L, CR2 and
24C82711H03 COIL RF: VIO-
ORG; 76B82451B04 CORE,
tuning

L5H 24V80903A05 incl C8, C11H, CR2 and
24C82711H03 COIL, RF: VIO-
ORG; 76B82451B04 CORE,
tuning

Li4L 24V80903A08 incl C17L, C88L, CR3 and
24C82710H07 COIL, RF: VIO-
GRN: does not incl 76B82451B04
CORE, tuning

L14H 24V80903A07 | incl C17H, C88H, CR3 and
24C82710H02 COIL, RF:
76B82451B04 CORE, tuning

L15L 24V80903A10 | incl C19L and 24C82710H02
COIL, RF: VIO-GRN
76B82451B04 CORE, tuning

L15H 24V80903A09 incl C19H and 24C82710H02
COIL, RF: VIO-GRN;
76B82451B04 CORE, tuning
COIL, RF: adjustable;

12,4 24C82710H01 VIO-BRN; includes
76B82451B04 CORE, tuning

Lé 24C82711H02 VIO-BLU; does not incl
76B82451B04 CORE, tuning,
does not incl 76A82686D01
SLEEVE, iron (long)

L7,8 24C82710H03 | VIO-GRAY; includes
76K847160 CORE, tuning,
does not incl 76A82686D01
SLEEVE, iron (long)

L9 24C82695D01 pri: 1,2 w/center tap (5)
sec: 3,4 (tuning core incl)

L10 24C82696D01 bifilar winding (incl tuning core

L13L 24C82711H05 VIO-BLK; includes
76B82451B02 CORE, tuning,
does not incl 76A82686D01 ,
SLEEVE, iron (long)

L13H 24C82711H04 VIO-YEL; includes
76B82451B02 CORE, tuning,
does not incl 76A82686D01
SLEEVE, iron (long)
REACTOR:

Liz 25B82751D01 AF choke; 1.5h
TRANSISTOR: NOTE I

Q1 48K869375 P-N-P; type M9375

Q2,5 48R869168 P-N-P; type M9168

03 48R869169 P-N-P; type M9169

Q4 48R869062 N-P-N; type M9062

06,7,8,9,10, 11| 48R869057 P-N-P; type M9057

Ql2, 13 48R869148 P-N-P; type M9148

Q14 48R869022 N-P-N; type M9022

Ql5 48R869475 P-N-P; type M9475

Q16 48R869476 N-P-N; type M9476
RESISTOR, fixed: *10%; 1/4 w
unl stated

R1, 43 6K128904 18K

R2 6S185B87 4.7K; 1/8 w

R3, 4 6K 128432 820

R5, 21, 23, 27,] 6K127807 33K

29

R6 65185889 6.8K; 1/8 w

R7 6K 128599 680

R8 65185B79 1K; 1/8 w

R9 65129230 12K

R10 6K129863 390

R11, 38, 54, 55| 6K127806 27K

R12, 65 6K 129433 5. 6K

R13 6K 129818 820 £5%

R14, 52, 57 6K 127801 470

R15 6K128902 47K

R16 6K 128687 6. 8K

R18 6K 129775 330

R19 6K 129225 10K

R20, 39, 44 6K 128688 2. 7K

R22, 24, 26,28,| 6K127804 4. 7K

30, 45, 47

REFERENCE MOTOROLA REFERENCE MOTOROLA
symBoL PART NO. DESCRIPTION SYMBOL PART NO. DESCRIPTION
NPN6031A Power Supply (less battery) Nickel-Cadmium
R25 65185B97 33K; 1/8 w EPD-12127-B
R31 6K 128685 22K
R32 65185B84 2.7K; 1/8 w SEMICONDUCTOR DEVICE,
R33, 50 6K128689 2.2K diode: NOTE
R34, 69 6K127802 1K CR601 48C82095C01 |silicon
R37 65185896 27K; 1/8 w CR601, 602 21C82187B16 |. 003 £10%; 100 v
R46 6K129144 68K or21K850446 |.003 £25%; 250 v
R49 6K127803 1. 5K #10%
R51 6K129233 47 FUSE, cartridge:
R53 6K127804 4, 7K F601 65A82496G01 |3 amp/32 v; 1/4" x 5/8"
R58 6K129862 150
R59 6S185B73 330; 1/8 w CONNECTOR, receptacle:
R60 6K128686 8.2K J601 9C82847E01 |[female; 9 cont.
R62 6K129269 1. 8K
CONNECTOR, plug:
TRANSFORMER P601 28A82488G01 fmale; 2 cont.
T1 24C82712H02 RF: VIO-WHT; incl 76K861425 P602 28A16313 male; 3 cont.
CORE, tuning, does not incl
76A82686D01 SLEEVE, iron FUSEHOLDER ASSY:
(long) XF601 1V80731A03 single fuse mtg
T2 24C82712HO1 RF: VIO-VIO incl 76K847160
CORE, tuning, does not incl
76A82686D01 SLEEVE, iron NON-REFERENCED ITEMS
(long) . . 1V80731A01 |HOUSING ASSY. (riveted)
T3 1V80729A40 AF: coded GRN; incl: pri: 1K 64B82653G01 |PLATE, door
max; sec: res 200 max. 41A82652G01 |SPRING, torsion
22A82651G01 | PIN, pivot
CRYSTAL UNIT, quarts; 14A82650G01 |INSULATOR
NOTTE - 38A868379 TAB, batter plug
Y1 YMW-35 receiver control
Y2 YNW 11.245 mc
NPN6033A Power Supply (less battery) Dry
NON-REFERENCED ITEM
NPN6030B Power Supply (less battery) Dry EPD-12128-A
26B82671D01 [SHIELD, coil: 14 req'd.
FUSE, cartridge:
F601 65R132923 3 amp. /250 v
NLN6234A Resistor-Capacitor Kit (60 KC) EPD-10772-C CONNECTOR, receptacle;
RESISTOR, fixed: J601 9C82847E01 female; 9 cont
R35, 36 65185B93 15K £10%; 1/8 w
CAPACITOR, fixed:
CAPACITOR, fixed: uuf; C601, 602, 21C82187B16 . 003 uf £5%; 100 v
C81,90, 91 21K865197 25 £10%; 75 v; N150 603, 604, 605
C606 21K800802 2 sections c/o
C87 21K847065 500 GMV; 250 v C606A, 606B . 001 uf GMV +100% max; 500 v
C607 same as C606 except c/o
C607A, C607B
FILTER EPD-12003-0O
FILTER, IF: NON-REFERENCED ITEMS
z1 NFNb6006AS bandpass; 30 kc .
. 1V80731A83 HOUSING ASSY. (riveted)
NEN6006AW bandpass; 60 kc NEN1009A
1V80735A56 HOUSING ASSY. (riveted)
NPN1007A
1V80731A85 BATTERY HOLDER ASSY.
(riveted) NPN1009A
NLD6221A 2nd Freq Oscillator (132-150,8 mc) 1V80735A58 BATTERY HOLDER ASSY.
NID6222A 2nd Freg. Oscillator (150,8-174 mc) EPD-10774-B (riveted) NPN1007A
CAPACITOR, fixed: 75 v, 1V80731A87 BATTERY COVER ASSY.
unless stated (riveted) NPN1009A
c30l 21K861427 4 uf £10%; N150 1V80735A60 | BATTERY COVER ASSY.
C302 21D82877B01 24 uuf £10%; N150 (riveted) NPN1007A
C303 21K861442 .002 uf +100-20%
SEMICONDUCTOR DEVICE, NLN6310A Battery Kit EPD-12129-0
diode: NOTE I
CR301 48C82363E05 | silicon 60B82455G01| BATTERY, dry: single cell;
1.5 v; 11 req'd,
COIL ASSEMBLY:
L301 24C82711H04 coded V10-YEL; includes
76B82451B02 CORE, tuning NLN6267A Battery Kit (Nickel Cadmium) EPD-12130-0O
TRANSISTOR: SEE NOTE I 60D82447G01 | BATTERY, nickel cadmium;
Q301 48R869168 P.N-P; type M9168 14 volt
75A82588G01 PAD, rubber: 2 supplied
RESISTOR, fixed: £10%; 1/4 w;
R301 6K127802 1K
R302 6K 128599 680 NOTES:
CRYSTAL UNIT, quartz: 1. Replacement diodes and transistors must be ordered by
NOTE II Motorola part number only for optimum performance.
Y301 YMW-35
II. Crystals are part of the complete radio set model (not part

of the receiver model). When ordering crystal units,
specify carrier frequency, crystal frequency and crystal
part (type) number.
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