APPLIES TO P21DDN AND P31DDN RADIOS

NOTE: This manual has been reproduced in "Full Page" format, with all pages
scanned in actual size. To print sections of long pages in standard 8.5 by 11 inch
size, use the Adobe "Snapshot"” tool to select the portion or detail you want to print.
Click on "Tools" then on "Basic" and then on "Snapshot Tool." To get a full-size
reproduction of this document, take the PDF file to a commercial graphics shop for
printing on a document (roll) printer.






CONTENTS

SECTION PAGE
Guaranteed Performance Specifications. . . . . . . . . . . . . . . . . iii i
Model Chart. . . .« « +« + v « v v 4 e e e e e e e e e e e e e iv -
DESCRIPTION AND OPERATION -
Description + & + e o o o o o s s o o o s o o s o e« o 2 o 1 -
Pre-Operational Note8 . o o « 4 « 2 s o s o o o o s o + o o o 2
Operation « o « o o+ s o « o o .6 o o o & v & + a4 e 4 a4 4 e 2
Accessory Table . . + ¢ « ¢ o & o ¢ 4 o o o s s s s a4 e e a4 4
Accessori€s 4 4 4 4 e e 2 e s e & e e 6 & % a4 s a4 4 e a4 e s 5
BATTERY REPLACEMENT AND CHARGING
Battery Replacement Procedure. . . . . . . . . .+ <« .« .« .+ « .« . . 6
Dry Batteries . . . . e e e e e e e e e e 6
Nickel-Cadmium Battenes e e e e e e e e e e e e e e e e 7
Battery Life . . . . . . .« v v v e e e a0 e e e e e e e 7
THEORY OF OPERATION
General . . . . . . . . 00w e e e e e e e e e e e e 7
Circuit Theory . . . . .+ + « « v v v e e e e e e e e e 8
MAINTENANCE
Test Equipment . . . . . . . . . . . . . 0400w 11
Test Procedure . . . . . .+ « « v o e 4 4 e e e e e e 11
Disassembly Procedure . . . . . . .+ .+ « « v o w4 v e e e 13
Receiver Stage Analysis . . . . . . . . . . . 4 0 4w e e e 15
Transmitter Service Notes . . . . . . . .+ .+ .+ « « +« « o« o 4 17
Repair . . . . .« .« o . 0 00 a0 e e e e e e e e e e e 17
SERVICE PROCEDURES AND' DIAGRAMS
Transmitter Alignment Procedure (NTB6060 Series) . . . . . . . . . . . 19
IDC Adjustment Procedure . . . . . ., e e e e e e e e 20
Transmitter Alignment Procedure (NTB6050 Ser1es) e e e e e e e e 23
IDC Adjustment Procedure . . . . . . .+ + « « « v e 4 e e W . . 24
Receiver Alignment Procedure . . . . . .« e e e e 27
P21/P31DDN-1000 Series Intercabling Dlagram (A Vers1on Control Panels) . . . 29
P21/P31DDN-1000 Series Intercabling Diagram (B Version Control Panels) . . . 30
P21/P31DDN-3000 Series Intercabling Diagram (A Version Control Panels) . . . 31 o
P21/P31DDN-3000 Series Intercabling Diagram (B Version Control Panels) . . . 32
Transmitter Printed Circuit Board and Wiring Diagram . . . . . . . . . 33
Handset Models Receiver Printed Circuit Board and Wiring Diagram . . . . . 34
Transmitter Printed Circuit Board and Wiring Diagram . ., . . . . . . . 35
Receiver Printed Circuit Board and Wiring Diagram e e e e e e e e e 36
Transmitter Printed Circuit Board and Wiring Diagram . . . ., . . e 37

25-42 MC "Private-Line' Printed Circuit Board and Wiring Diagram . . . . . 39

-
42-54 MC '""Private-Line'" Printed Circuit Board and Wiring Diagram . . ., . . 40 .
Carrier Squelch Schematic Diagram and Parts List (Sheet 10f2) . . . . . . 42 :
Carrier Squelch Schematic Diagram and Parts List (Sheet 20f2) . . . . . . 43 2

Dual Squelch "Private-Line' Schematic Diagram and Parts List (Sheet 1 of 2) . . 46
Dual Squelch '"Private-Line'' Schematic Diagram and Parts List (Sheet 2 of 2) . . 47

ii




GUARANTEED PERFORMANCE SPECIFICATIONS

GENERAL

MODELS P31DDN-1000 Series P31DDN-3000 Series P21DDN-1000 Series P21DDN-3000 Series

POWER SUPPLY Eleven #1050 Industrial "D" cells or one 14.0 v nickel-cadmium battery.

BATTERY Standby 4 ma at 14,0 v 10 ma at 14.0 v 4 ma at 14,0 v 10 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 (12 ma’%¥) 62 ma at 14.0 v (19 ma¥*%*)
Transmit 900 ma at 13.5 v 900 ma at 13.5 v 410 ma at 14,0 v 415 ma at 14.0 v

DIMENSIONS Speaker-

(excluding antenna) |microphone 9" x 7-3/4" x 3-3/4"

(with dry cell

Speaker-Handset

9" x 8-3/4" x 3-3/4"

(with nickel-
cadmium batteries)

batteries) Handset 9" x 8-3/4" x 3-3/4"
DIMENSIONS Speaker- 9" x 6-3/8" x 3-3/4"
(excluding antenna) microphone

Speaker-Handset

9" x 7-3/8" x 3-3/4"

Handset

9" x 7-3/8" x 3-3/4"

WEIGHT* Speaker-microphone | 7# 14 oz. 8# 7# 7 oz. 7# 9 oz.

(with dry cell Speaker-Handset 8# 7 oz. 8# 9 oz. 7# 15 oz. 8# 1 oz.

patteries) Handset 8# 4 oz. 8# 6 oz, 7# 12 oz, 7# 14 oz.

WEIGHT* Speaker-microphone | 6# 8 oz. 6# 10 oz. 6# 1 oz. 6# 3 oz.

(with nickel- Speaker-Handset T# T# 2 oz. 6# 9 oz. 6# 11 oz.

cadmium batteries) |Handset 6# 13 oz. 6# 15 oz. 6# 6 vz, 6# 8 oz.
TRANSMITTER

CHASSIS MODEL NTB6060 Series with NLB6120 Series Power Amplifier NTB6050 Series

RF OUTPUT 5.0 w at nominal battery voltage (13.5 v) 1.4 w at nominal battery voltage (14.0 v)

FREQUENCY STABILITY

NTB6060 Series +. 002% from -30°C to +60°C (+25°C reference)

NTB6050 Series *, 0025% from -30°C to +60°C (+25°C reference)

MODULATION

16F3: %5 kc for 100% at 1000 cps; or 3

6F3: £15 kc for 100% at 1000 cps

CRYSTAL MULTIPLICATION

16 times

SPURIOUS AND HARMONICS

more than 52 db below carrier

more than 45 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

AUDIO DISTORTION

Less than 8% at 1000 cps, 2/3 rated maximum deviation

RECEIVER

MODULATION ACCEPTANCE#*

+5 kc (split channel models) or %15 ke

(wide band models)

SENSITIVITY

Less than 0. 35 microvolt for 20 db quieting

SPURIOUS AND IMAGE REJECTION

More than 70 db below carrier

NOISE SQUELCH SENSITIVITY

Noise compensated type: adjustable sensitivity, will open at less than 0, 18 microvolt

SENSITIVITY

TONE CODED SQUELCH

Fixed sensitivity will open at less

than 0, 18 microvolt

Fixed sensitivity will open at less
than 0. 18 microvolt

AUDIO OUTPUT

500 milliwatts to speaker or 3 milliwatts to handset at less than 10% distortion

FREQUENCY STABILITY

£0, 0025% from -30°C to +60°C (+25°C

reference)

SELECTIVITY

More than 60 db at £20 kc or #40 kc measured by the 20 db quieting method

CHANNEL SPACING*

20 kc (#5 kc Bandwidth) 40 kc (%15 ke

Bandwidth)

*Tone-coded squelch available in split-channel models only
**Applies to handset models without loudspeaker

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE

FCC LICENSE DESIGNATION: P31 Series CC1505

P21 Series CC1504B

iii




A
a 3 Aol sl g o
o & - j
MOTOROLA SRRREEI | 1953adys | | 199y | | RIS (
P ) S PO o A bl A3 3 3 S R R ] m
) e 3333k EG CRRER Eelot RaR ik RGGT ek EEERE :
MODEL CHART Egg 31913 A E mgé 993 ggéé el ? KEER i
Ol [ = n e e [ e e 4
FM "HANDIE-TALKIE" RADIOPHONES :"’2 EEEEE % QEEE_EEM CEEEE BEGEE BEEEE B a
Ok [ [ e | ] A2 gmuxxarxmdd 5;;&'&2;44 EEEE :Eiji
25-54 MC 1.4 & 5.0 W RF POWER H=efele AEERE GEEEE EEEE SI% ) T sS) A <t <l <€ < S
. . oI ERE KEERER BREEE sEREE MEEEE ERERE BREEE
&l i £ & ;
K4 <
LEGEND = E E é E
<] Iz
(x] - onerrem merupED oH EEES SEREE SEERRRREEE SEEER sREEp sEEEE SEERE
= ONE ITEM INCLUDED WITH EVERY 5 (OR LESS) RADIO SETS el 3 2 3
i, o
= ONE ALTERNATE ITEM INCLUDED. CHOICE DEPENDENT UPON FREQUENCY = e iy F
2|
= TWO ITEMS INCLUDED o d E M z ol
el N j— — ~ = - i e I = el ahinlnh
- ONE ALTERNATE ITEM INCLUDED (FACTORY OPTION) °E T eI A1 A1 A
Rl
;5 wl SISl STESIE YRS I PN PF B PN PR 1 I DR Y (R ool [N g N
5
*REPRESENTS A SERIES OF MODELS AND NOT A SPEGIFIC MODEL. THE SPECIFIC MODEL,
AS STAMPED ON THE CHASSIS, IS DETERMINED BY ITS APPLICATION, "
EEEEE|SISE o4l el o o4 ool el e g o] o
2«1 EEEEE|<<< EEEE EEEEE BEREE HERE Ziggég‘éééé
=R M SRR BEERE S EEEE BEEEE BEEE SERE SRR
| Neletelid lelleie Welkiek il NoEi SE ek NEEEE RERES
2| BEEEEEEA [maadaeiad FEEEAAEd 12393805
e FERERRaa S (alaadadalad Ealaalaiaaad (2193999959
9 2 [ ) a4
ITEM DESCRIPTION DIAGRAM o opal ot i bxtiv iy IESENES B BBy ESES PR ERES S B S  BEPOE PR ERE
*NRB L120AA RECEIVER (1-FREQ) WIDE CHANNEL; CARRIER SQUELCEH SRS T0T (A2] X% X% PR
*NRB1120AB RECEIVER (1.FREQ) SPLIT CHANNEL; CARRIER SQUELCH G3EBI017A21 X B %
*NRB1120AC RECEIVER (2-FREQ) WIDE CHANNEL; CARRIER SQUELCH 63E81017A21 B
*NRB1120AD RECEIVER (2. FREQ) SPLIT CHANNEL; CARRIER SQUELCH 53E81017A21 X X
. *%g”;gg}‘ T {E& EE’ H gmﬁEL DHAE EgLIELCH G3E81017A XX XX X
* 1120AH 3 - H URLCH X
*NTB 6050AA TRANSMITTER (1-FREQ) CARRIER SQUELCH 63E81017A21 X | K X X
*NTB6050AB TRANSMITTER (2-FREQ) CARRIER SQUELCH 63E81017A21 x| KX X [x [x
*NTB6050AC TRANSMITTER (1-FREQ) "PRIVATE.LINE" MODEL §3E81017A22 X X
% D TRANSMITTER (2-FREQ) "PRIVATE-LINE” MODEL 63E81017AZ2 X XX
*NTB6060AA TRANSMITTER (1-FREQ) CARRIER SQUELCH 638101 7A21 X o
*NTB6060AR TRANSMITTER (2-FREQ) CARRIER SQUELCH 63E81017A21 XX %[ Ix[x
*NTB6060AC TRANSMITTER (1-FREQ) "PRIVATE-LINE" MODEL 63E81017A22 X
*NTB6Q60AD TRANSMITTER (2-FREQ) "PRIVATE-LINE" MODEL 63E81017A22 XX
1 N 0 BG3ES1017A22 Z
NLB6142A “PRIVA TE-LINE" SQUELCH BOARD (42-54 MC) 63E810]7A22
NLB6120A HI POWER FINAL AMPLIFIER 63EB1017A21 & 22 X XX [XEX X %] X] X XX XXX X]
| CONTROL, PANEL. }-FREO. XMIT, |.FREQ. RECEIVE CARRIER SOUELCH J63ES81017421 1 1
NCN6040A CONTROL PANEL_ I-FREQ. XMIT, 1.FREQ. RECEIVE DUAL SQUELCH 63E81017A22 1
NCNG0a0R T CONTROL PANEL, 1-FREQ XMIT,_1_FREQ_RECEIVE DUAL SQUELCH 3ES1017A22 1 T
[ NCNeo4IA ANEL, 2 -FREQ, XMIT, 1-ERES). RE R CH - JO3EBIOL7A21 T 1
NTROL PANEL, 2-FREQ. XMIT, 1-FREQ_RECEIVE DUAL SQUELCH 3E81017A22 X
NCN6043A CONTROL PANEL, 2-FREQ. XMIT, 2-FREQ. RECEIVE CARRIER SQUELCH 3E81017A21 o tah
NCN6043B CONTROL PANEL, 2-FREQ. XMIT, 2-FREQ. RECEIVE CARRIER SQUELCH 1 1 1 10
_m_ L CONTROL PANEL, 1. FRFO —XMIT 1_FREQ. RECEIVE CARRIER SQUELCH _[63E81017AZ1 1 1
CONTROL PANEL, 1-FREQ, XMIT, 1-FRED. REGE RoQUELCH T 1 1 T T
NCN6045A CONTROL PANEL, 1 -FREQ. XMIT, 1-FREQ. RECEIVE CARRIER SQUELCH _[63EB10I7AZ] T 1
NCN6046A. CONTROL PANEL, 1-FREQ. XMIT, 1.FREQ. RECEIVE DUAL SQUELCH 63E81017A22 T
{_NCN60474 CONTROL PANEL, 2-FREQ. XMIT, 1-FREQ. RECEIVE CARRIER SQUELCH _|63E81017A21 I 1
NCN6048A CONTROL PANEL, 2_FREQ. XMIT, 1_FREQ. RECEIVE DUAL SQUELCH 63E81017A22 X
NCN6049A CONTROL PANEL. 2 -FREQ- XMIT 2-TRED RECEVE CARRIEL TOUCTCT JCoeeror et T T
NCN6050A CONTROL PANEL, 2-FREQ, XMIT, 2-FREQ. RECEIVE DUAL SQUELCH 63E81017A22 X
NCN6051A CONTROL PANEL, 2.FREG. XMIT, 2-FREQ. D UELCH G3E81017A22
| NCN6052a | CONTROL PANEL, 2-FREQ. XMIT, 1.FREQ. REGEIVE CARRIER SQUELCH | 63E81017A21 1 1
L NCNGOs3A ANEL, 2 FREQ XMIT ] FREQ RECEIVE DUAL SQUELCH 63E81017A22
| CONTROL PANEL, 2-FREQ, XMIT, 2:FTRED. REGEIVE CARRIER CIEBI01TA2] 1 1
NCN6034B CONTROL PANEL, 2-FREQ, XMIT, 2-FREQ, RECEIVE CARRIER SQUELCH FIRE NN AN B
| NCN6055A 8 CONTROL PANEL, 2.FREQ, XMIT, 2-FREQ. RECEIVE DUAL SQUELCH 63E81017A22 X
TNCN6039B CONTROL PANEL, 1|-FREQ. XMIT, 1-FREQ, RECEIVE CARRIER SQUELCH J63E81017A21 T T 1 1
HEHE%EEQ EEE%B 8; Eﬁ Eﬁg LEREQ, XMIT 1 FREC RECEIVE DUAL SOUELCH 63E81017A22 1
ROL PANEL, 2-FREQ. XMIT, 1-FREQ, RECEIVE CARRIER SOUELCH 63ER81017A21 1 1
NCN6059A CONTROL PANEL, 2-FREQ. XMIT, 1.FREQ, RECEIVE DUAL SQUELCH 63ERINIZAZ2 X
NCN6060A CONTROL PANEL, 2-FREQ, XMIT, 2-FREQ, RECEIVE GARRIER SOUELCH [6iER1017421 1 1
NCN606 1A CONTROL PANEL, 2-FREQ. XMIT, 2_-FREQ, RECEIVE DUAL SQUELCH GAEALOIZA22 X
ﬁSNSS()SA CONTROL PA%EL l-; %%, §M§I L= EREQRECEIVE RUALSQUEITCH $3E81017A22
. 1= - AMIT, 1.FREQ. RECEIVE DUAL SQUELCH 63IES1017A22 1
NLNGIZ9A CARRYING STRAD R REERRERR K FERXEX] XKEXFEREER XA X
[ NLN6306A UNIT HAR DWARE EIT X R EEREEFE XXX 1 1
NLN6307A | UNIT HARDWARE KIT | | T T XXX XX X
I HNINSI TOOLS
NMN6O] 74
| NMN6018A MICROPHONE b BIBiE: X4
YM45 RECEIVER CONTROL CRYSTAL Va4 /] £ %
YM46 RECEIVER CONTROL CRYSTAL vav
X |X 2 F] SRS X[ XIXIX [X] a X| X1 XIXIXi
-2 TRANSMITTER CRYSTAL 2 2 2l2XN2{2]X]2}2
ABX -2 TRANSMITTER CRYSTAL R R XEE X X2 E
TLN6492AA "VIBRASENDER -SPONDER" UNIT. XIX X X X[x
NAB6141A ANTENNA / /|
& 2 RALLLENN,
NAB6]43A ANTENNA YA 7AY4 74V4 vd Y
NAB6144A ANTENNA / / / /|
NAB6145A ANTENNA / v s
NLN6241A "PRIVATE-LINE" HARDWARE KIT X| X X X] X} XIx] XIX]X]
NLD6315A SRl sl x ) el <l < pdbd XIx XX X1 X] XIX]
NCNOO0SCA, CONTROL PANEL, 1-FREQ. XMIT, I-FREQ. RECEIVE CARRIER SQUELCH 1 1
[ NLN6496 KNOB KIT X = A X XXX XXX
EPD-12404-C




DESCRIPTION AND OPERATION

1. DESCRIPTION

The Motorola ""Handie-Talkie'' FM radiophone
is a completely transistorized and weatherproof
portable communications radio set. The radio-
phones are complete, self-powered, portable FM
transmitter and receiver units for two-way com-
munication. The advantages of the transistor --
reliability, lightweight, compact size, reduced
maintenance and operating costs -- are fully
utilized.

Motorola dual squelch "Private-Line' radios
are especially useful when operatingunder crowd-
ed 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'" tonefre-
quency.

Dual squelch ""Private-Line' radiosand car-
rier squelch radios are available in two series of
models. The lighter weight P21 series for maxi-
mum portability and the P31 series where higher
r-f power output is required. The P21 series
units deliver 1.4 watts of r-f power at nominal
battery voltage throughout the 25-54 mc bandand
weigh as little as 6 lbs. 1 oz, The P31 series
units deliver 5 watts of r-f power output and
weigh as little as 6 lbs. 8 oz, Both series of
radiophones are available in one or two frequen-
¢y models. Refer to the Model Chart in the front
of this manual for a complete listing of the models
available,

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,
but are selected when ordering the "Handie-Talk-
ie' unit. These power supplies can be used with
both P21 and P31 Series radiosandareasfollows:

(1) NPN1007A Nickel-Cadmium Power Sup-
ply.

(2) NPNI1008A Standard Dry Battery Power
Supply.

(3) NPNI1009A Standard Dry Battery Power
Supply. (Used with NLN6135A Shockmount Rack).

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

In addition to the above battery power units, a
Model NPN6032A 117-voltac power supply is avail-
ableasanaccessoryitem,. (Seeaccessorytable.)

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 section to again form an inte-
gral package.

b. Antennas

The NAB6040A Series Antenna consists of a
stainless steel whip 42'" longand a removable load-
ing coil. The loading coil consists of a series res-
onant tunable inductance. The combination of whip
and loading coil produces a 1/4 wavelength anten-
na tunable within a given band of 25-54 mc range.
Refer to the Model Chart for the specific frequen-
cy ranges of the antennas.

NOTE
The Motorola '"Handie-Talkie' radiophone
may be used with a fixed or elevated an-
tenna. The antenna circuit provides a 50-
ohm termination at the antenna receptacle;
therefore, any 50-ohm antenna resonant
to the transmitter frequency can be used.
The higher the antenna, the greater the
area that can be covered.

¢. Handset

The NMN6017A Handset is 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 trans-
mitter on. Thehandset connector plugs intoa four-
prong receptacle on top of the unit housing.

d. Microphone

The NMN6018A Microphone is supplied with
a rubber covered coiled cord, which can be ex-
tended to about 5 ft,, and a weatherproof connec-
tor. This palm type microphone is provided with




a push-to-talk button which turns on the transmit-
ter. The microphone connector plugs into afour-
prong receptacle located on top of the unit hous-
ing.

e. Brackets

Brackets at both ends of the '"Handie-Talkie"
FM radiophone are used for fastening the
NLN6311A or NLIN6312A Back Pack Harness to
the unit for back pack operation. One set of
mounting brackets is located near the top of the
unit for fastening the shoulder straps of the har-
ness. Another set is located near the bottom of
the battery compartment for fastening the waist
strap. Refer to the instructions packed with the
back harness for installation of the harness on
the radiophone.

2. PRE-OPERATIONAL NOTES

Use care when unpacking and handling the
"Handie-Talkie'" FM radiophone. Open the ship-
ping carton and carefully removeallitems. Check
the contents to be sure that all items have been
included.

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
standing 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'' radiophone is
shipped direct from the factory completely assem-
bled, ready for use, except for the installation of
the antenna.

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 switchis located
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 except the a-c power
supplies, turn onand off with the ON-OFF
switch on the radiophone 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 volume con-
trol until the desired volume is obtained from the
speaker.

c. To Adjust Squelch Control

Turn the squelch control fully counterclock-
wise. On dual squelch models, turn the ""PL' OFF
switch to the OFF position, With no signal being
received, turn the squelch control clockwise un-
til the noise just cuts out (squelches).

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

For "Private-Line'" operation, placethe"PL"
OFF switch in the "PL" position, All non-""Pri-
vate-Line' and incorrectly coded''Private-Line"
signals will then be blocked from the speaker.
The squelch control is inoperative when the ""PL"
OFF switch is in the ""PL'" position and does not
require adjustment.

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

e. To Monitor

To monitor all on-frequency transmissions,
turn the unit on and adjust the volume and squelch
controls tothe proper levels. On dual squelchmod-
els, the "PL'" OFF switch must be OFF. To

@







ACCESSORY TABLE

MODEL DESCRIPTION

NPN6032A 117 V AC Power Supply

NLN6268A Shock Mount Rack

NLN6129A Carrying Strap

NLN6262A Carrying Bag

P-7208-A RF Dummy Load for P21 Series Radiophone

P-7208 RF Dummy Load for P31 Series Radiophone

NLN6145A Dummy Load Antenna for P21 Series Radiophone

NLN6040A Dummy Looad Antenna for P31 Series Radiophone

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 Nickel-Cadmium Battery Charger (requires NKN6110A or NKN6111A Charging Cable)i

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

NKN6111A Battery Charging Cable (for NPN6267A Battery Kit and NLN6480A Battery
Charger)

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

NLN6270A 6/12 V DC Vehicular Charging Unit

NKN6074A 6 V DC Vehicular Cable for NLN6270A Charging Unit

NKN6075A 12 V DC Vehicular Cable for NLN6270A Charging Unit

NKN6076A 12 V DC Cigarette Lighter Cable for NLN6270A Charging Unit

NKN6042A Antenna Extension Cable (20" RG-58 A/U)

NAB6101A Long Wire Antenna 25-30 mc

NAB6102A Long Wire Antenna 30-36 mc

NAB6103A Long Wire Antenna 36-42 mc

NAB6104A Long Wire Antenna 42~48 mc

NAB6105A Long Wire Antenna 48-54 mc

NEN6048A Test Jig for Servicing Radiophone







BATTERY REPLACEMENT AND CHARGING

1. BATTERY REPLACEMENT PROCEDURE (3) Remove three-prong plug from battery. .

(4) Insert new battery by reversing thispro-
cedure.

Fast battery replacement canbeaccomplished
by changing the entire power supply and replacing
the batteries in the used supply at some later time.
Additional power supplies can be purchased as
separate accessories for fast changeover.

2. DRY BATTERIES
a. General

All batteries, dry and wet, have a finite
shelf life. Storing them for long periods of time
N TERS AND NUMBERS reduces their closed circuit voltage and operating
B N EFER TO. SRECIFIC life. In some cases, when stored too long, dry
batteries may leak electrolyte after partial use

and damage the radio., Therefore, if radio equip-
ment is to be stored for long periods of time,

remove the batteries and store separately in a

Figure 1. cool place. Never storebatteries in a warm place
' as heat increases their chemical action and
To replace all types of batteries, dry or shortens life.

nickel-cadmium type: (Refer to Fig. 1)

Shelf life of a dry battery is approximately

a. Unsnap the spring snap at each end of the 3-6 months. Therefore, they should be put into
radiophone. use within 3 months after purchase.

b. Pull bottom section of radio (battery section) The batteries can be tested at the battery
down and away from upper section. terminals under transmit load conditions.

c. Remove the battery compartment cover by The batteries should be replaced when the
unscrewing the 1/4 turn captive screwand lift- voltage under transmit load conditions is below
ing the cover up. 11 volts,

d. To replace dry batteries, first remove the IMPORTANT

old batteries by turning the battery compartment BATTERY VOLTAGES AND CAPACITY
upside down. Replace the new batteries in the DECREASE MARKEDLY DURING LOW
compartment so the flat (negative) end of the bat- TEMPERATURE PERIODS.

teries are making contact with the springs and

the tip (positive) end of the batteries are making b. Fuse Replacement

contact with the flat contact surfaces,
To replace the fuse in the battery compart-
e. To replace nickel-cadmium battery, proceed ment, proceed as follows:
as follows:
(1) Unsnap the spring snap at each end of
(1) Remove two screws from corners of the radiophone.
battery.
(2) Pull bottom section of radio (battery
(2) Lift battery out of battery compartment. section) down and away from upper section.




(3) Remove the battery compartment cover
by unscrewing the 1/4 turn captive screw and
lifting the cover up.

(4) Remove all batteries.

(5) Remove the screws from the battery
separator and lift out.

(6) Unsolder the pigtail fuse from the under
side of the battery separator.

(7) Solderanewfuseinplaceandreassemble.

3. NICKEL-CADMIUM BATTERIES
a. General

The battery comprises 11 hermetically seal-
ed cells which are series connected to provide a
nominal 14 volt output. The cellsare 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 thesebat-
teries. The use of other chargers will void the
battery guarantee and may result in permanent
damage to the batteries. Follow the charging in-
structions which accompany the charger.

c. Storage

The batteries may be stored at room temper-
ature, in any state of charge without damage. These
batteries are subject to self discharge however,
and should be recharged after extended storage.

4. BATTERY LIFE

Under operating conditions of 10% transmit,
10% receive at rated audio output and 80% receive
standby, dry batteries will give approximately
the following life.

[NPN1007A - Nickel-Cadmium Power
Pack {(one NLN6267A Battery Kit) --
16 hours before recharging is neces-
P2.1__ sary.

Series | \pN1008A, NPN1009A - Standard Pow-

er Packs (one NLN6310A Battery Kit) --
Fourteen 8-hour working days, each
separated by a 16-hour off period.

NPNI1007A - Nickel-Cadmium Power
Pack (one NLN6267A Battery Kit) --
8 hours before recharging is neces-

P31_ sary.

Series | NPN1008A, NPN1009A - Standard Pow-
er Packs (one NLN6310A Battery Kit) --
Six 8-hour working days, each separat-
ed by a 16-hour off period.

Note thatmostactual transmit duty cycles are
much smaller and approach 2% rather than 10%.
Also is many types of operation, the unit is not
kept turned on continuously. If this type of ser-
vice is prevalent, battery life may be extended
to many times those mentioned previously.

THEORY OF OPERATION

1. GENERAL

The "Handie-Talkie' radiophone consists of
a crystal controlled transmitter and receiver op-
erating in the 25-54 mc frequency range. The
transmitter contains an audio section and an r-f
section. The audio section consists of an ampli-
fier-limiter and an integrator stage. In P21 ser-
ies models, the r-f section consists of a crystal-

controlled oscillator, a modulator, twofrequency
doublers, one frequency quadrupler, a driver

amplifier, a power amplifier stage and a current
limiter stage. In P31 series models, an addition-
al chassis containing a power amplifier is added.

The receiver is a double-conversion, super-
heterodyne unit consisting of one r-f amplifier,




two oscillators, twomixers, one first i-f ampli-
fier, five second i-f amplifiers, a 455 kc filter,
a limiter, discriminator, squelch amplifier,
noise rectifier and two audio amplifiers. Speak-
er versions use a third stage of audio amplifica-
tion.

Dual squelch "Private-Line' models include
additional stages, some of which are shared by
both the transmitter and receiver. The common
stages are a ""Vibrasender-sponder' circuit, tone
amplifier circuits and a ""Vibrasender-sponder"
driver. Highandlow passfilters are unique to the
receiver and a diode modulator is unique to the
P21 series transmitter.

2. CIRCUIT THEORY
a. Transmitter

A reluctance microphone produces a low
level audio output which is directly coupled to a
preamplifier, Q501, which is contained in the
microphone housing. The output from this stage
is capacitively coupled to the amplifier-clipper
stage, Q110,

The amplifier-clipper and the integrator
stages are part of the ''Instantaneous Deviation
Control'" (IDC) circuit. Since the transmitter is
phase modulated, the frequency deviation is de-
pendent upon both the amplitude and frequency of
the audio signal applied to the modulator. The
combination of the integrator and the phase mod-
ulator has a "flat" response since the pre-empha-
sis characteristic of the phase modulator is off-
set by the de~-emphasis of the integrator. There-
fore, the frequency deviation of the modulator
system is only dependent upon the amplitude of
the input to the integrator. The amplitude of the
audio signal is limited in the amplifier-clipper
stage before reaching the integrator, thereby
limiting maximum deviation to a fixed value with-
in the desired frequency range. Audio frequencies
above 3000 cps are attenuated in the "splatter'
filter before reaching the integrator.

Oscillator stage, Q101 {and Q201! in 2-fre-
quency units) isa fundamental, crystal-controlled,
anti-resonant oscillator circuit. It generates a
radio frequency which is multiplied 16 times in
the succeeding stages to produce the desired
carrier frequency. A variable capacitor across
the crystal permits a fine tuning adjustment
(warping) for the proper operating frequency,
The oscillator output is coupled to the modulator
stage Q102.

RF is applied to the base and collector while
audio is applied to the emitter of the modulator
transistor. The internal r-f gain of transistor,
Q102, is varied by the applied audio voltage. With
a fixed phase shift circuit shunting the transis-
tor and a variable phase shift through the tran-
sistor, an overall variable phase shift is obtain-
ed at the output. The variable inductance in the
output of the modulator stage 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 frequency
multiplier stages which increase the frequency

deviation to the desired value.

Transistor frequency multipliers, or class
B amplifiers, in general do not require forward
biasing. Without signal drive, zero-biasedclass
B frequency multiplier stages will not draw any
emitter current. With drive present, the tran-
sistor will draw current and this currentis easily
monitored by measuring the d-c voltage develop-
ed across the emitter resistor. An exception to
this is the first doubler stage, Q103, where since
the signal input level is very low, a small amount
of forward bias is supplied to increase the gain of
the stage.

The driver, Q106, provides the properamount
of r-fvoltage to drive Q107 and Q108, the power
amplifier. In P21 series units, the output power
from this stage is coupled directly to the antenna.

In P31 series units, Q107 and Q108 function
as an intermediate power amplifier. The output
from Q107 and Q108 is coupled to final power am-
plifier Q401. This higher output is then coupled
to the antenna via the transmit-receive relay,

b. Receiver

The signal from the antenna is coupled to the
r-f amplifier, Q1, where it is amplified before
being injected into the first mixer. The oscillator
Q2, is a crystal-controlled, series-resonanttype.
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, andfedto the second mixer. The se- .
cond mixer combines the first i-f signal and the
output of the 2nd oscillator to produce the second
i-f signal of 455 kec.
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The 455 kc signal is selected in the first
section of the ""Permakay' filter, amplified in
the two following stages, Q6andQ7, and select-
ed 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 action is providedby 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 elim-
inates 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 out-
put of the second stage is coupled to the handset
earpiece andprovides 3 milliwatts of audio power,

In versions using a speaker, theaudio output
of the second stage is coupled to a power stage
which amplifies the audio signal to 500 milliwatts.

¢. Dual Squelch "Private-Line' Transmitters
And Receivers

The controlling element in the "Private-Line"
circuit is the "Vibrasender-sponder" unit. The
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unit-acts similar to a control crystal inan oscil -
lator stage. When the transmitter is keyed a
resonant reed inside the unit vibrates at a pre-
determined frequency. The resulting tone is then
amplified in tone amplifiers which raise the sig-
nal to the proper level to drive the diode modu-
lator, CR104. The diode modulator varies the
first oscillator frequency at the tone frequency .
rate. Modulation is accomplishedby varying the

effective resistance of the modulator diode. This

in turn, varies the effective reactance of a capa- -
citor in parallel with the crystal which modulates

the oscillator frequency.

In the receive mode of operation with the
"Private-Line' switch in the OFF position, the
squelch circuit detects noise on the receiver
channel. This noise is amplified inthe squelch
amplifier and rectified. The resulting current
overcomes the forward bias to turn off the 1lst
audio transistor. Moving the ""Private-Line"
switch to the ON position changes the bias on
the lst audio transistor to a condition where it
is biased off. The normal squelch circuitry now
has no effect for it can only bias the transistor
off further.

When a properly coded "Private-Line' car-
rier comes on the air, the tone signal is sentto
the "Private-Line" circuitry where it is ampli-
fied by the three transistor stages which drive
the ""Vibrasender-sponder' unit. The contacts
in this reed will then close and a negative d-c
voltage is sent to the 1st audio transistor where
it is used to bias this transistor to a conducting
condition, unsquelching the audio amplifiers.

This receiver makes use of two separate
and distinct squelch circuits, i.e., tone-coded
squelch and noise squelch. On dual squelch re-
ceivers, when the incoming signal is properly
tone-coded, the squelch sensitivity is never |
greater than the tone-coded squelch sensitivity.




‘ 1. TEST EQUIPMENT

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

MAINTENANCE

radiophone is listed in the following TEST
EQUIPMENT CHART. The listed items or
their equivalents may be used.

TEST EQUIPMENT CHART

EQUIPMENT

USED FOR

Motorola DC Multimeter with r-f probe.

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

Motorola AC Voltmeter FM signal generator -
Motorola T1034C 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
S1056A -9A or TU546 Series Test Set with 455 kc
crystal,

Alignment of 455 kc i-f limiter-and discrimi-
nator stages.

Audio generator - Motorola TEK-1A Tran-
sistorized 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.

Motorola NLN6252A Alignment Tool (supplied
with the radiophone)

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 -40 Power Extension
Cable.

Connecting batteries to radio for servicing.

Motorola NEN6048A Test Jig

Holding the radiophone for alignment or testing.

2. TEST PROCEDURE

When a radiophone 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
then 11 volts for either the dry or nickel-cadmium
batteries. Even though the transmitter may op-
erate at this lower voltage, its operation would
be marginal and for only a shortadditional period
of time. The recommended procedure is to re-
place, or recharge, the batteries if the voltage
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is below 11 volts under load. Refer to the
BATTERY 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
overall performance of the transmitter. A good
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 P31 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-ohmload. A P21 series transmitter, when
properly tuned and operating at 14.0 v d-c, will
produce 1.4 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 mea-
surement 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 anten-
na receptacle.

For further details, refer to the Transmitter
Alignment Procedure. If the power output is less
than indicated in the chart, further checking is
required. Refer to paragraph 5. TRANSMITTER
SERVICE NOTES.

c. Check Overall Receiver Operation

A good overall check of the receiver op-
eration is the 20 db quieting sensitivity measure-~
ment. This check will indicate that the receiver
has sufficient gain and that all the included cir-
cuitry is working properly. The quieting signal
is that r-f signal input necessary to reduce the
audio output at the speaker by 20 decibels. The
measurement should be made in the absence of
extraneous signals. Since the receiver squelch
circuitry reduces the noise at the speaker, the
squelch control should be set for maximum noise
while making this measurement.

The actual measurementis made by ob-
serving the noise voltage at the microphone con-
nector on an a-c voltmeter with no r-f signal re-
ceived at the antenna.

NOTE
On handset models not incorporating a
speaker, a 120-ohm resistor must be
connected across the a-c voltmeter
terminals.

Sufficient carrier signal from a recom-
mended signal generator is then introduced via
the antenna receptacle to reduce the noise output
voltage to 1/10 of the previous reading. If all
circuitry is operating properly, the quieting sig-
nal should be 0. 35 microvolts or less. Refer to
the Alignment Procedure.

With no r-f input signal, set the squelch
control until the speaker noise just cuts out (thres-
hold squelch), Sufficient carrier signal from a
recommended signal generator is then introduced
until speaker noise is just heard. The signallevel
at which the squelch begins to open should beless
than one-half the 20 db quieting sensitivity volt-
age measured in subparagraph (1).

(3) Audio Check
The last check to be made is the audio
check. This procedure will test the audio circuits
exclusive of the squelch circuitry. Refer to the
AUDIO AMPLIFIER MEASUREMENTS CHART,
which appears later in this manual, for typical
measurements and procedures.

3. DISASSEMBLY PROCEDURE
(Refer to Figures 2-4)

To gain access tothetransmitterand receiver
printed circuit boards, proceed as follows:

a. Removethebattery compartmentasdescribed
inthe BATTERY REPLACEMENT AND CHARGING
SECTION.

b. Turn the radiophone upside down and loosen
the two captive cover screws.

c. Lift the radio compartment cover up.

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

e. Access to the power amplifier (P31 series
only) is accomplished by loosening two additional
captive mounting screws.
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NOTE a. Test Points
To aid circuit tracing, the components
side of the circuit board is screenedin
‘ the pattern of the etched circuitry. This
paint does not conduct and has no elec-
trical function.

The test points on the printed circuitry are
color coded for easy location. The locations of
these test points may be seen on the alignment
chart, the schematic diagram, and the wiring
diagrams at the back of this manual.

b. Stage Measurements Charts

. 4. RECEIVER STAGE ANALYSIS
In addition to the 20 db quieting sensitivity
measurement, all stage gain measurements can
. The information contained in the following be checked against those shown in the following
paragraphs will aid the serviceman in localizing AUDIOAMPLIFIER MEASUREMENTS CHART and
the trouble to a particular stage. RF AND IF STAGE MEASUREMENTS CHART.

AUDIO AMPLIFIER MEASUREMENTS CHART

NOTES

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 a-c voltmeter, or equivalent.

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

—
.

FREQUENCY ¥§;§,§ INPUT TO OUTPUT AT READING REMARKS
‘ Base of Q13 ~41 dbm
(0.007 v) Volume control
Collector of Q13 -9 dbm set at maximum
(0.28 v)
Base of Q14 -21 dbm
(0.07 v)
1000 cps o0z GRN-RED Collector of Q14 +17 dbm Volume cc.mtrol
(5.6 v) set atmaximum.
(-32 lead (top Spkr-mic & Spkr-
dbm) of volume Bases of Q15 and Q16 +17 dbm pXRIT-mic pxr
handset models
control) (5.6 v)
: only
Emitters of Q15 and Q16 +16 dbm Spkr-mic & Spkr-
(5.0 v) handset models
only
Collector of Ql4 +10 dbm Handset models
(2.4 v) only, Volume
Secondary of transformer -2 dbm control setatmax-
(T3) (0.6 v) imum. A 120 ohm
’ resistor connec-
ted from pin 4 to
pin 1 of the mic
- receptacle.
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NOTES

RF AND IF STAGE MEASUREMENTS CHART

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 1sti-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.

READING
FREQUENCY | UV INPUT PROCEDURE OUTPUT AT (NOTE 1)
. output of 2nd sec-
- Noise - tion of 455 ke filter| o> Gor (00014 v)
- Noise - Base of Q10 (M2) -5 dbm (0. 44 v)
- Noise - Base of Q11 (M3) -10 dbm (0. 245 v)
- Noise - Base of Q8 (M1) -59 dbm (0. 0009 v)
(Short collector of QI to
collector coil ground with
. 002 uf capacitor)
- Noise - output of 2nd sec-| -70 dbm (0. 00025 v)
{Short collector of Q3 to | tionof 455 kc filter
ground with , 02 uf
capacitor)
Carrier 3 Connect input to exter- output of 2nd sec- | -30 dbm (0. 025 v)
nal antenna connector tion of 455 ke filter
Carrier 3 Connect input to exter- Input to second -25 dbm (0. 045 v)
nal antenna connector section of 455 kc
filter
Carrier 20 Connect input to exter- Output of 1st ~-50 dbm (0. 0025 v)
nal antenna connector section of 455 kc
filter
5.7 mc 3 Connect input to top of output of 2nd sec-| -40 dbm (0. 0077 v)
T3 (primary) tion of 455 kc filter
5.7 mc 10,000 Connect input to top of output of 2nd sec-{ -30 dbm (0. 025 v}
T5 (primary) tion of 455 kc filter
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5. TRANSMITTER SERVICE NOTES

The following information will aid the serv-
iceman in troubleshooting the radiophone trans-
mitter.

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

a. Metering Points

The test points on the printed circuit board
are supplied for ease in checking. These points
are indicated on the schematic diagram, wiring
diagrams, and the photograph on the Alignment
Procedure. The chart on the Alignment Procedure
provides nominal voltage readings corresponding
to these test points for a fully tuned transmitter
with -14 volts d-c input.

b, DC Voltage Measurements

If the r-f power output is lower than normal
for afully tuned transmitter, the d-c voltages on
the printed circuitboard shouldbe checked. These
voltages should all be referenced to ground.

CAUTION
When checking a transistor, either in or
out of the circuit, do not use anohmmeter
having more thanl. 5 volts d-c appearing
across the test leads.

The transistor is a dependable component
and is not subjected to replacement asfrequently
as tubes. Therefore, the servicemanis caution-
ed not to replace transistors before a thorough
check is made. The transistor terminal voltages
should be checked first. If these voltages arenot
reasonably close to those specified, theassociat-
ed components should be checked. A low imped-
ance meter should not be used for measurement.
If all d-c voltages are correct, the signal should
be traced through the circuit to showany possibil-
ity of breaks in the signal path,

c. RF Signal Tracing

An r-f probe attachment for ad-cmultimeter
may be used to good advantage in checking the
radiophone transmitter. The presence of r-f
can be checked throughout the r-f circuitry for
continuity of signal path. This would include the
oscillator, modulator, frequency multipliers,
and the driver and final amplifier. Following the
heavy signal flow line through the r-f stages, as

indicated on the schematic diagram, is recom-
mended.

d. Frequency Multipliers

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 notdraw
any emitter current. With drive present, the
transistor will draw current and this current is
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 and M2. The lst doubler stageQ103
operates at a very low signal level. Therefore,
a small amount of forward bias is supplied toin-
crease the gain of this stage.

e. Driver and Final Amplifiers

When tuning up the driver, the intermediate
power amplifiers and the final amplifiers, itmay
be necessary to retune previously tuned circuits.
This includes coils L107, L108, L109 and capa-
citor Cl141, (all models) C403, C406 and C408
(P31 series only). All these components inter-
act to some extent. By using care in tuning these
stages, rated power output will be obtained with
minimum current drain.

f. Audio Circuits

If the transmitter does mnot modulate 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 transis-
torized version of the Motorola audio and IDC cir-
cuit. External audio test signals can be coupled
into the amplifier-clipper stage, Q110, through
a 0.1 microfarad capacitor. In this manner, 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.

CAUTION
Do not use a sharp metallic toolto ad-
Jjust the IDC control. This may result
in damage to the carbon track which
could alter the resistance of the con-
trol.

6. REPAIR
The information contained in the following

paragraphs will aid the serviceman in repairing
the '"Handie-Talkie'" FM radiophone.
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a. Construction

The various stages of the receiver and trans-
mitter are built on printed circuit boards. The
power amplifier is built on a standard metal
chassis. These printed circuitboards and chassis
mount and interconnect the components which
comprise the radiophone. The boards may be
easily removed from the housing for servicing.
Refer to the paragraph on disassembly procedure.
Components may be located by referring to the
wiring diagrams and the parts location details at
the back of this manual.

Do not apply the soldering iron repeatedly to
the same spot in the printed circuit board as this
will break down the plating, If a break exists in
a printed circuit, it can be repaired by the addi-
tion of a jumper across the break. If a printed
circuit should be damaged, refer to the TEK-4
Printed CircuitRepair Kit instruction manualfor
information on printed circuit repair practices.

b. Se rvicing Aids

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

TEKA-12 Magnifying Glass &
Built-In Light Source

(1) Magnifying Glass

Minijaturization requires precision work
both in manufacture and in field service, Ade-
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quate concentration of light and magnification 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
Sourcesare most satisfactory devices for use in
servicing miniature equipment in the shop. This
large illuminated magnifying glass makes it easy
to see any portion of the small components found
on the printed circuit board. Refer to the accom- v
panying illustration,

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

TEK-4A Printed Circuit Repair Kit

NOTE
The needle point tiplet for the soldering
element may be filed to an even finer
point to avoid damaging the closely knit
printed circuitry,

¢c. Alignment Notes

If any element in a tunable stage is replaced
or repaired, the associated stage should be align-
ed along with the stage thatprecedesand follows
it. The alignment information is contained on the
Alignment Procedure sheet toward the back of this
manual, Refer to the Alignment Procedure sheet
when a crystal is replaced or a new carrier fre-
quency is required,
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TEST EQUIPMENT REQUIRED FOR TRANSMITTER ALIGNMENT

Motorola NLN6252A Alignment Tool (supplied) or equivalent.
Motorola DC Multimeter with r-f probe or equivalent.

RF Wattmeter (50-ohm impedance).
Motorola TEK-23 Power Supply or equivalent.

Motorola Model T1100A 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

Oscilloscope or equivalent,

NOMINAL VOLTAGE READINGS

NOTE

The following readings apply to a fully
tuned transmitter with -13.5 v d-c input.

Lio7
DRIVER

GROUND
RETURN

METER POINT

M1 BRN

M2 RED

READING (V DC) -1.

7

-2.5

PRELIMINARY SET-UP FOR TRANSMITTER ALIGNMENT

Remove the cover from the radio section of the unit.
When aligning a two-frequency unit, align on the primary or higher of the two frequencies.

The d-c multimeter ground lead should be connected to a convenient ground.

0L-DEPD-B839-8

For complete alignment, the battery should be removed and a 15 volt d-c power supply and

ammeter connected to the battery plug.

antenna receptacle.

All tuning slugs except L.101 should be unscrewed so
they protrude 1/8 inch above the printed circuit board.
Remove the antenna by unscrewing it from the receptacle.

Connect a wattmeter to the external

METERING AND
ALIGNMENT POINTS

Tuning capacitors on power amplifier should be set as shown in the photograph.
The drive adjustment, R137, should be set for minimum resistance (fully clockwise}.

FREQUENCY CALCULATIONS

where: £,

COLOR
DOT
~ g
© AEPD-8291-0
CAPACITOR
DETAIL

= oscillator frequency and f. = carrier frequency

C403
NOTE
To adjust C141, C101 or C201 for
maximum capacity, turn screw-
driver slot so color dot is nearest - C406
the grounded side of the capacitor
housing.
C408

AEPD-8876-0O

POWER AMPLIFIER

ALIGNMENT PROCEDURE

ALIGNMENT PROCEDURE (CONT’D)

STEP

TEST

EQUIPMENT

METER
POINT &
COLOR

ADJUSTMENT

PROCEDURE

=

Key the transmitter and adjust the power sup-
ply voltage to -12 volts d-c,

DC multimeter

Li1o2
1st Doubler

Adjust LL102 for a maximum reading. This
circuit is tuned to twice the crystal fre-
quency.

DC multimeter

M2 (RED)

L103
L104
Quadrupler

QUADRUPLER: NOTE - When aligning the
Quadrupler coil L103 in the 30-42 mc and the
42-54 mc band, it is possible to tune the coil
to the incorrect harmonic at the upper and
lower ends of the frequency range.

Place the multimeter probe on meter point M2,

At 30 mc in the 30-42 mc (M) band, or 42 mc
in the 42-54 mc (H) band tune to 4th peak
At 33 mc in the 30-42 mc (M) band, or 45 mc
in the 42-54 mc (H) band tune to 3rd peak
At 36 mc in the 30-42 mc (M) band, or 48 mc
in the 42-54 mc (H) band tune to 2nd peak
At 42 mc in the 30-42 mc (M) band, or 54 mc

in the 42-54 mc (H) band tune to lst peak

At a frequency between those given above, tune
to the peak(s) for the next higher frequency, for]
example: at 50 mc tune to lst real peak. (If
no peaks are obtained, turn the slug of L.104
into the coil about 1/8'".)

Adjust L.104 for a maximum reading.

DC multimeter

M2 (RED)

L1105
2nd Doubler

Adjust L.105 for a minimum reading. This
circuit is tuned to 16 times the crystal fre-
quency.

RF probe

M4

C141, L105,
L106

Adjust C141 for maximum output. (If no
reading can be obtained, tune L106 for a maxi-
mum reading and readjust C141.) Peak L105
and L106 for a maximum reading.

REF probe

M4

1107, L108,
1109

Adjust 1107, L108, L109 for a maximum
reading. (If L108 and L.109 cannot be adjusted
for such a reading turn the slugs of each coil
into the form about 1/8", and readjust them.)

RF wattmeter

C406, C408,
C403

Adjust C406, C408 and C403, in that order for
maximum power output.

RF wattmeter

1106, 1107,
1108, Cl41,
C403, C406,
C408

Replace the cover plate and repeak L.106,
1107, L108, Cl141, C403, C406 and C408 for
maximum power output

STEP

TEST
EQUIPMENT

METER
POINT &
COLOR

ADJUSTMENT

PROCEDURE

RF wattmeter

1108, 1109,
C403, C406,
C408

Increase the power supply voltage to -13.5
volts d-c and adjust 1.L108, L109, C403, C406,
and C408 for 5.0 watts output while minimizing
current. NOTE: For optimum performance,
adjust C408 for proper current while peaking
C406 for power output. Once proper power
and current levels are reached, do not repeak
C408. DO NOT EXCEED 900 MA TOTAL
CURRENT DRAIN INCLUDING RELAY CUR-
RENT.
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RF wattmeter

108, 1109,
C403, C406,
C408, R137

If current drain exceeds 900 ma total, decrease
current by rotating drive adjusting resistor,
R137, and repeating STEP 9.

11

OSCILLLATOR: C101 is preset to the assigned
frequency at the factory. Do not readjust
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 measurement
and replace the cover plate on the unit and
tighten securely. Adjust C101 for zero reading
on the monitor CARRIER FREQUENCY meter.
IMPORTANT - When the cover plate is attached,
the frequency may shift; therefore, always set
the carrier frequency on the frequency monitor
with the cover plate attached.

TWO-FREQUENCY TRANSMITTERS ONLY
OSCILLATOR NO. 2: Use the same procedure
as above, substituting C201 for C101.

12

L101

DEVIATION CHECK: See '"IDC'* ADJUSTMENT
PROCEDURE on the reverse side of this chart.

13

ANTENNA PEAKING: Completely assemble unit.
Perform the antenna peaking procedure while
connected to an external power supply set for
14.0 v d-c. Each power supply lead must be
isolated by an r-f choke (Motorola Part No.
24C83961B01) at the radio. Connect the loading
coil and antenna to the antenna receptacle and
turn the core in the antenna loading coil clock-
wise until it is stopped. Slowly adjust the core
in the loading coil counterclockwise until a peak
is reached on the field strength meter.

Model NTB6060 Series
Transmitter Alignment Procedure
Motorola No, EPD-8878-D
9/23/66-AP
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‘ (7) Apply a 1000 cps test tone to pin 2 of the microphone input jack (base of the amplifier-clip-
per stage Q110). 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 c¢ps 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.

Figure 3.
5 KC Peak Deviation for Combined PL Tone and
1000 CPS Modulation -

(10) Reduce the 1000 cps input to 0,35 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.

Q 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 T1020A
Portable Frequency and Deviation Meter. This unit, properly used, permits the accurate measure-
ment and setting of transmitter deviation from a peak-reading meter which is unaffected by waveform.
An oscilloscope is not required with this instrument. With this device, the 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 over deviation will
interfere with the user on the adjacent channel, and underdeviation may reduce system range.
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