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Frequency Range

RX: 163,050 - 164. 400 Hz

TX: 158.550 - 159.900 Hz

RF Bandwidth

1.35 MHz

Channel SeParation

25 kHz

Channel Number

55 channels

Type of Modulation

Phase

Modulation Frequency Range

300 - 3000 Hz.

CQM713 P3

TECHN ICAL SPEC I FICAT IONS

Figures given in brackets are typlcal values.

GENERAL SPECIFICATIONS

Nominal Frequency Deviation

t 3.5 kI{2.

Antenna Impedanee

50C,

Supply Voltage (minus on chassis)

13.6 V t 10%

Temperature Range

-10oc _ +40oc

Dimensions

180 x 210 x ?0 mm

Weight

2.5 Kg.

Storno

Maximum Frequency Deviation

! 5kHz.

RECE IVER SPECIFICAT IONS

Sensitivity Squelch hysteresis

2.5pVe.m.f.for20dBS/N 0.5pVe.m.f. (0.65pV)

20 pV e. m. f. for 40 dB S/N

Squelch delay
Squelch open

open: 50 ms (45 ms)
1.8 pV e.m.f. (1.3 pV) close: 2000 ms (40 ms)

squelch close crystal Frequency, RC?12

0. 5 pV e. m. f. (0. 65 PV) t36.ZTb MHz

60.342-E1 -1- 60.342-E1
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Frequency Stability (-tr0oC - +40oC)

I

J 1. 5 kHz.

Modulation Pass Band (EIA)

5 kHz (7 kHz)

{qj""""t Ch""""1 S.

+ 15oC '. +3 OoC : 10 mV

-10oC-+40oC: 3mV

Blocking, fani ) :t 150 kHz.

100 m\r

!nl!91m9dq1etiqn

SiN 20 dB: 50 dB

+20 dB: 40 dB

+40 ciB: 30 dB

apgr:gg!.4lsrssqeg
3mV

ReLdiation into an Artificial Load

20 n\'\r

AF Load lmpgdance

Loirdspeaker: 4 f)
NIT703 : 20 O in series with 470 O

TRANSM ITTER SPEC I FICAT IONS

RF Power Output

10-25W

Crystal trrequency, EX?12

t42.475 MHz

Frequency Stability (-10oC - +40oC)

1,5 kljz.

Spurious Radiation from Antenna

Adjacent channel: 12 PW

Other :2.5PW

60.342-E1 - 2 -

AF Output to Loudspeaker

4W (3W)

AF Output to MT703

1mW

Distortion

10% (3%)

AF Frequency Response

6 dB/octave de-emphasis + 1 dB/-5 dB (+6 dB/-1.5 dB).

1000 Hz - 3000 Hz

Hum and Noise

40 dB

Squelch Attenuation

50 dB

Current Consumption

Receive with MT?03: 1.0 A

Recei.ve with loudspeaker, AF output 2 W: 1.3 A

Modulation Input Impedance

510 C)

Microphone Impedance

2700 C}

Modulation Sensitivity

500 mV t 2 dB e.m.f.

Modulation Distortion

10%

60.342-E1
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Modulation Frequency Response

6 dB/octave pre-emphasi.s +1 dB/-3 dB

300 Hz - 3000 Hz

FM Hum and Noise

Current Consumption

Transmit: 5 A

Storno

40 dB

TRANSMITTER TONE SIGNALLINC

Tone Transmlt Duration

-10"C - +40oC

750 ms t 150 ms

Distortion 10%

Respond Modulation frequency

-100c - +400c

2600 Hz ! 13 Hz

Frequency der,,iation 3 kHz t 300 Hz

Cal1 and

Acknow-1edge

\,1 odulation frequ enc;-

-1(]oC - +40oC

2400 Hz ! 72 Hz

Frequencl, deviation 3 kHz ! 300 Hz

Clear N,lodulation frequencies

-10oC - +40oC

2400 Hz + 12 Hz

2600 Hz ! 13 Hz

Frequency deviation
(Combined signal)

4.7 kHz t 300 Hz

RECEIVER SEQUENTIAL TONE SICNALLING
The equipment responds to a five-digit selective

call from a Control Channel transmitter. The follow-
ing specifications apply to thelemperature range

-10oC - +40oC.

Selective Calling Tones
Tone Duration

-J-

70ms+ 5ms

Period separating two consecutive tones

(15ms

Period between successive calls

)210ms+ 15ms

The receiver accepts +3 dB/-6 dB deflection in
frequency deviation within temperature range
+15"C - +30oC.

Digit Frequency (Hz) Deviation (1 kHz)

1

2

3

4

5

6

7

I
I
0

Repeat

1060 t 1%

1160 t 1%

1270 ! le"

1400 I 1%

1530 I 1%

1670 I 1%

1830 r 1%

2000 r 1%

2200 ! t%

24Q0 ! 1%

2600 t lea

3.03 r 10%

3.15 t 10%

3.24 ! 10%

3.36 1 10so

3.45 r 10%

3.54 t 10%

3.66 r 10%

3.78 1 10%

3.90 t 10%

4.02 ! 10%

4. 14 t 10%

60. 342-81 60. 342-E1
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MARKING SIGNAL DETECTION

The equipment is capable of detecting any one of

six Marking signals, which are transmitted accord-

ing to the following specificatlons over Traffic chan-

nels (temperature range -10oC - +40oC):

TIMINC C !RCU IT CHARACTERISTICS

ambient temperature range: -1ooc - +40oC

supply voltage: 13.6 V t 10%

Channel Sehich. 55 channels

7.5 seconds ((10s) carrier on all channels

Alerting Signal Tone

Duration 3.4 seconds (2 - 5 s)

Frequency 1650 Hz t 30%

Cdrll Indication

3.5 minutes (2 - 5 min. )

Squelch Clear Down

6.7 seconds (5 - 10 s)

!5torno

Transmitter Inhibit on Chahnel 1?

1.5 seconds (( 2 s)

Conleg-tign of Communication ifter Eriritting

Call/Respohd

0.5 second t 0.25 s

Measuring methods refer to Post Office Specifica-
tion RC4402a and Home Office Specification W6601

unless otherwise stated.

Designation of

Marking signal
Two tone

frequencies

Individual tone

peak deviation

Peak Vector-
sum deviation

A
22Q0Hz + 10Hz

20Q0Hz t 10Hz

1.75kHz ! 0.25kHz 3.5kHz t 0.SkHz

E
2200H2 t 10Hz

1830H2 t 10Hz

I
2200H2 t 10Hz

1670H2 t 10Hz

o
2000H2 I 1OHz

1830H2 + 10Hz

U
2000H2 I 1OHz

1670H2 1 1OHz

x
1830H2 1 10Hz

16?0Hz ! 10Hz

60. 342-E1 -4- 60.342-E1
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lntroduction

'Ihe Stornophor-re CQM713 P3 ra-diotelephone i-s a

mobile tr.ansmitter,/ receirre r r,r' ith Automatic C han-

nel Searching ancL Traffic (-lhanuel Signnlling

for The Public Land Radiotel'ephone'

The equipment is designecl to operate in the simplex

mode on 55 two-frequency channels in the 2 metre

bantl using phase tnoclulation and 25 kllz carriei"

fi:e qr-Lencli separation' (see Prequency Allocation

Ta1;1e ) .

The transrlit and receir''e {requencies of each

channel are separated 4.5 NIHz.

The equipment is operated from a control unit

(C8705) and a handmicrotelephone (['[T703) con-

necting to the radio proper via a cable and multi-

connector. A separate loudspeaker is optional

ancl ma1, be connected to the MT703 rest'

The C{)[,1713 P3 is designed to connect directly

to a 12 Volt vehlcle storage battery and the equlp-

ment's negative potential is connecting to the chas-

sis.

In orcler to avoid wrong voltage polarity being

connectecl to the equipment the battery cable con-

nector is so designed that it can be connected one

r.vay only. lf a wrong voltage polarity (as may

accidentally happen during tests) is applied a diode

in the start relay circuit prevents the equlpment

lrom being turned ON'

The CQ\I?13 P3 is built up as tunctional sub-units

for ease in servicing and fault-finding' The unit

consists of trvo panels hinged together (84705 and

RF?l 6) and a chassis CL703.

The panel, designatecl RF?16, contains all the

circuits which are dependent on the channel fre-

quencies.

cQM713 P3

GENERAL DESCRIPTION

1-

These are:

receiver input
frequency synthesizer unit
exciter

transmitter power output amplifier

antenna switch and antenna filter.

The panel, designated BA705, contains those units

which are independent on the channel frequencies'

These are:

intermediate frequency amplifier

detector

squelch

audio amplifiers

voltage regulators

tone transmitter

sequential tone receiver

The chassis, designated CL703, contains the logic

circuits controlling the Automatic Channel Select-

ion, tone signalling and inhibiiing of the trans-

mitter and the receiver'

For mechanical construction see pictorial view

page

Principle of OPeration

The CQM?13 P3 radiotelephone is designed for

The Public Land Radiophone service-system 3'

The system, which is covering the entire country,

is divided into Radiophone Areas comprising one

or more base stations' Where several base stations

are necessary to provide the requisite coverage

within the Area their services may overlap' The

number of channels allocated to individual base

stations forming part of a radiophone Area are ac-

cording to the traffic requirements of that Area'

60.343-E1
60.343-E1
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At each base station there is a number of traffic
channels, the frequencj.es of which is not reused

elsewhere in that same Area, A common control
channel (channel 17) is avaiLable at certain base

stations to provide fu11 coverage of the Area for
calling purposes, No facilities for speach excists
on the control channel.

Calls to mobile equipments are transmitted over
the control channel as a sequential tone signal,
first from one base station, then consecutive from
the remaining stations.

A free channel in a Radiophone Area is marked

modulating the carrier with one of six different
marking signals. The same marking signal is used

at all base stations within the area, and a marking
Signa1 selection Control is provided on the Control
unit allow the user to select any of the six Marking
signals.

60.343-E1

Calls to Mobile Equipments

When receiving a correct sequenti.al tone signal
on the control channel the mobile equipment au-

tomatic transmits the Acknowledge tone signal.

At the same time a tone generator is energised

and the called lamp on the control unit is lit. The

tonegenerator emits an Alerting tone to the receiver
of the handmicrotelephone the duration being
3.5 seconds. The Called lamp extinguishes auto-

matically after 3 1/2 minutes.

When the handmicrotelephone is removed from

its rest the alerting signal stops and the Called

lamp extinguishes. The Searching lamp i.s 1it

and the equipment automatically selects a free

channel, transmits a Respond signal and reverts
to the receive mode,

- z- 60.343-E1
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If the handmicrotelephone is removed from its rest

after the ca11ed lamp has extinguished the Respond

si.gnal is not transmitted.

Calls from Mobile EquiPments

A call to the base station is initiated by removing

the handmicrotelephone from its rest' The Search-

ing lamp is 1it and the equipment automatically

selects a free channel and a Ca1l tone signal is

transmitted.

Conversation.

After having transmitted a Cal1 signal or a Respond

signal the equipment reverts to the receive mode

and monitors the received signal, If the marking

signal is removed from the base station carrier

withi.n approx. 112 second the call is succesful

and connection is established.

The equipment then removes the inhibit from the

transmitter and receiver audio output, and the

Searching lamp extinguishes.

The conversation is performed in the simplex

mode from the mobile and in the duplex mode at

the base station,

Cleardown of Connection

At the completion of a call over the traffic channel,

the connection will be cleared by either the user

or the exchange operator.

User cleardown is performed by restoring the

handmicrotelephone to its rest, The equipment

immediately transmits a Clear signal over the

traffic channel in use, reverts to the control chan-

nel, and inhibits the transmitter and the receiver

audio output.

Operator cleardown is performed by removing

the base station carrier thus elosing the receiver

squelch and after approx. 6.7 seconds the trans-

mitter and the receiver output is inhibited. Restor-

ing the handmicrotelephone to its rest thereafter

causes the equipment to go to the control chan-

ne1 without transmission of the Clear signal.

!5torno

Automatic Channel Search

The channel search is initiated by removing the

handmicrotelephone from its rest. First channel 1

is selected then consecutively all channels.

If a free channel is not available the search is re-
peated until either a suitable channel is selected

or the user restores the handmicrotelephone to

its rest.

During the search the receiver monitors each

traffic channel carrier. If the r. f. signal strength

at the input to the receiver is less than R (where

R is between 2 p.V and 4 pV) ihe equipment quickly
(approx. 30 ms) switches to the next channel. If
the r, f. signal strength is greater than R, a pause

(approx. 130 ms) for detection of the marking

signal is established. If the equipment during the

search selects a free channel whose r. f. signal

strength is greater than P (where P is between

40 pV and B0 pV) the search stops and the Ca11

tone signal or the Respond tone signal is trans-
mitted. If the connection is not established the

channel search is resumed.

If, during the channel search, no channels

with a signal strength greater than P is a-

vailable, all channels are checked, Has free

channels with signal strength greater than R been

registered, the channel having the greatest is se-

lected, and it is checked that the Marking signal

is still present. If so, the Ca11 tone signal or the

Respond tone signal is transmitted. If the Marking

signal is no longer present or the connection is

not established, the channel search is repeated.

J_

aaa
ON OFF CALLEO ,SEARCHING

tr tr I o tr x

60.343-E1 60. 343-E1
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RECEIVER CIRCUITS

Frequencies

The conversion of the frequencies can be express-

ed as follows:

Receiver: fRX = f" * knX + 10.7 MHz

Transmitterr fTX = f= * fFTX

f" = frequency of the synthesizer signal, adjust-

able in steps'of 25 kHz in the range 16. 0?5 MHz

to l7 .4Zb MHz.

fxRX = RC712 oscillator frequency 136. 275 MHz.

f** = Receiver input frequency.

fXTX = E)(l12 oscillator frequency 142.475 MHz.

frt = Transmitter output frequency.

Receiver

The CQM713 P3 receiver is a double conversion

superheterodyne using intermediate frequencies

of 10.7 MHz and 455kHz. Adjacent channel selec-

tivity is obtained by using two bandpass filters:

a 10. 7 MHz crystal filter and a 455 kHz ceramic

filter.

A maximum of 55 channels are available the cor-
responding injection frequencies being generated

by digital frequency synthesis in the range

16. 075 MHz to 17.425 MHz.

The receiver comprises the following subunits:

Antenna switch

RF amplifier

AS713

RA?12

Receiver converter
1st mixer, loca1 oscillator and

synthesizer mixer RC712

Intermediate frequency

converter, 10,7 MHz crystal
filter, 2nd mixer, 2nd 1ocal

oscillator and 455 kHz cera-

mic filter IC703

455 kHz intermediate fre-
quency amplifier, discrl-
minator, squelch, a'f. amP-

lifier and voltage regulator CF705

Frequency synthesizer FS702

60. 343-E1

Signal Path

From the antenna switch the input signal passes

to the RA712 amplifier via a 4.5 dB attenuation

network which is to adjust the receiver sensiti-
vity to the specified requirements. The r.f. amp-

iifier RA712 is constructed as a 5-circuit filter
with an amplifier between 2nd and 3rd filter. The

configuration ensures good blocking, selectivity,
and intermodulation characteristics. The input
circuit is adjustable to the entire 2-metre band
(746 - 174 MHz). The impedance translation to

the mixer stage is achieved by a tuned circuit
with a 1ow Q-factor. The received signals and

the injection signal are both applied to the gate

of a fi.eld effect transistor (FET) and the IF signal
at 10.7 MHz is taken from the drain cireuit.

lnjection Signal to lst Mixer.

The mixer injection signal is 10.7 MHz below the

input signal and is produced by mixing the signal
from a crystal oscillator with the synthesizer sig-
na1. The crystal oscillator is a 7th overtone se*

ries resonance oscillator which is followed by a

double-gate-FET buffer amp1ifi.er. The buffer
output is mixed with the synthesizer signal in a

second FET and the mixer output is filtered and

amplified in order to obtain adequate drive for
the r.f. mixer. The filter consists of 6 LC cir-
cuits in order to reject spurious signals, espe-

cia1ly the oscillator frequency.

Frequency Synthesizer FS702

The FS702 generates the synthesizer signal by

the digital frequency syntJresis method. The sig-
nal is generated in a voltage controlled oscilla-

tor, VCO, the output of which is amplified. The VCO

is forming part of a phase locked loop consist-

ing of a buffer amplifier, a divide- by-two pre-

scaler, a programable frequency divider, a

detector, and a low pass filter,

The phase detector compares the divided VCO

frequency to a 12.5 kHz reference frequeney.

Any dlfference in frequency will be opposed by
the DC voltage at the low pass filter output ad-

60.343-E1-5-
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M0DULATION ----+-

CONTROL
INPUTS

justing the VCO frequency up or down untl1 it
locks to the reference frequency.

The 12.5 kHz reference frequency is produced

by dividing the output of a 3.2 fuIHz crystal con-

trolled oscillator by 256.

Using the principles of a phase locked loop the

long time stability of the reference oscj.llator is
transfereci to the VCO. The short tlme stability
of the VCO (noise) is genneral.ly cietermined by

the highest achievable Q-factor of the VCO tank

circuit.

Reference crystal freouency, fr"f ".d VCO fre-
quency relationship is given by:

ffs rel
2.n 256

T.
a= ='S1 = I2.5l'Hz f =25xnkHzZCA S

Changing the devisor n, produces f^ in steps of

25 kHz.

The RC oscillator frequency (and the EX) is so

chosen that the lowest antenna frequency corre-
sponds to dividing by 643 in the programable

divider (f- = 16.075 NlHz). The three decadess
in the divlder are controlled by the 9-complement

of the divider expressed in the BCD code. Note

that the third decade (x 100) is fixed programmed

to divide by 6.

60. 3 13-E1
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OUTPUT

55
CHANNELS

F3 702 SYNTHESIZER PRINCIPLE

lntermediate Frequency Circuits

From the mixer in P"CTI? the 10. ? MHz signal pass-
es to the intermediate frequency converter, type
IC?03 which provides the channel selectivity of
the receiver. The i, f. signal passes a 10. ? MHz

crystal filter and then a single amplifier stage

before being applied to the base of the 2nd mixer
and converted to 455 kHz. The injection signal
to the mixer stage is generated by a crystal os-
cillator, the frequency of which is 455 kHz below
10. 7 MHz, i. e. 10. 245 MHz.

The second intermediate frequency, 455 k}{z,
proceeds through the ceramic filter in the IC703

and is then applied to the i. f. amplifier of sub-

unit CF?05.

The 455 kHz intermediate frequency amplifier
consists of two RC coupled stages followed by a

double tuned filter and a three stage integrated
circuit amplifier. The last two stagcs provide
the required limiting of the signal. The amplifi-
ed and limited signal is then demodulated in a

phase detector incorporated in the integrated
circuit.

The balanced quadrature (or product) detector

also provide efficient rejection of any amplitude

modulated si.gnals that may be present. The de-

tector has only one tuned ci.rcuit and is simple

to adjust.

-6 60.343-E1
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AF Circuits

The demodulated signal is fed to a potentiometer

preset to suit the a.f. signal level obtained lrom

the cletector. This 1eve1 depends on the maximum

frequency devlation in use as determined by the

channel spacing of the receiver. The potentio-

meter also adjusts the level to the squelch cir-

euit. The signai is then applied to an integrated

two stage amplifier the first amplifier of which

introduces deemphasis and amplification to a

level of 110 mV. The signal is then fed to a tone

receiver and, vra an electronic switch, to the

second half of ihe i. c. whieh constitutes a high-

pass fii.ter with strong attenuation of 1ow fre-

quencies (be1ow 250 Hz). The electronic switch

is controlled by the squelch circuit. From the

ampiifler output the signal is applied to a sequen-

tial tone receiver, SR783, and, via an inhibiting

circuit and volume control in the controi unit,

CB?05, to the a. f. por,r,er amplifier and loudspeaker.

The loudspeaker amplifier consists of an integrated

a. f. power module with a maximum output of approx'

lltorno

4 W. The amplifier has a special input, which is

independant on the setting of the volume control.

This input is used for the Alerting signal. The

amplifier is inhibited when transmitting.

Squelch Circuit

The squelch circuit is operated by noise compo-

nents contained in the demodulated signal. The

a. f. signal from the detector is passed through

an amplitude selectlve amplifier (exPander),

reetified, and applied to a Schmitt trigger, which

controls the electronic switch in the a. f. circuit.

When the noise 1evel exceeds a certain value,

1. e. when the slgnal to noise ratio falls below

a certain va1ue, the trigger circuit is activated

and the a. f. output signal is switched off. The

Schmitt trigger also controls a squelch signal

circuit to indicate the functj.on of the squelch.

The squelch sensitivity is adjusted by means

of a potentiometer at the input of the amplitude

selective amplifier.

The transmitter is phase modulated and the output

frequency is produced by mixing the synthesizer

signal with the signal from a crystal controlled

oscillator. This principle transfers the number

of channels and the modulation eontained in the

synthesizer signal to the output lrequency. After

the rnixing the signal is arnplified to an adequate

power level at the output. Also a sharp selection

is introduced in order to obtain sufficient atten-

uation of spurious side band frequencies, espe-

cia11y the crystal oscillator signal.

The transmitter comprises the following subunits:

TRANSMITTER CIRCUITS

FS7O2

CF7O5

E,x712

RA711

PA 714

The FS702 and CF705 subunits are common to

transmitter and receiver, and it should be noted

that the frequency of the synthesizer signal for

E/'772 is the same as for RC712.

AF Circuits

The modulating signal from the microphone is fed,

through the tone generator, to the modulation

amplifier where it is differentiated, amplified,

limited, lntegrated, and filtered. The modula-

tion amplifi.er transforms the microphone output

to a signal suitable for the modulator and limits

the signal amplitude so that the maximum per-

missible frequency deviation is not exceeded.

For normal signals the deviation/modulation cha-

racteristic ls a curve increasing at a rate of 6 dB/

octave.

As the r. f. carrier is not to be deviated by more

than t 5 kIJ.z a sharp cutting lowpass filter follows

the modulation ampllfier so that the carrier devia-

Frequency synthesizer with
modulator

l\lodulation amp-LiLier, key

circuit, and voltage reguiator

Exciter with crysial oscillator

and mixer for synthesizer signal

RF amplifier

RF power amplifier and

antenna srn,itch (AS713)

60.343-E1 a_ 60. 343-E1
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tion at high modulating frequencies (above 3 kHz)

decreases. For very strong modulation signals

the amplitude characteristLc, as measured at the

output of the amplifier, is falling 6 dB/octave be-

cause of the limiter. Under these circumstances

the deviation, A f, wil1, principally, be constant

and equal to the maximum deviation, A f max.

A potentiometer at the output of the modulation

amplifier is used to adjust the maximum frequency

deviation.

Modulator

The modulating signal is applied to the VCO of

FS702 in parallel to the internal control voltage

in the phase locked 1oop. A preemphasis circuit
produces phase modulation, i. e. A f increases

6 dB/octave for increasing frequency of the mo-

dulating signal. In order to keep the modulation

sensitivity constant over the band ( 16 - 17. 5 MHz),

a compensating circuit is introduced, the gain of

which varies with the VCO control voltage and

hence the curving characteristi.c of the VCO con-

trol diode is compensated. The synthesizer is

modulated to the full frequency deviation.

Exciter EX712

The r.f. signal is generated in a crystal controll-

ed oscillator contained in EX712. The oscillator

signal is applied to a buffer amplifier whose out-

put is mixed with the synthesizer signal. The

mixer output i.s filtered and amplified to obtain

an adequate signal for the RA711.

RF Amplifier RA711

The output signal from the exciter is fed to an

r.f. amplifier, RA711. Tuned input and output

bandpass filters provide additional selectivity and

POWER SUPPLY AND

The CQM713 P3 is powered directly from a 12 V

storage battery. The negative battery terminal

60.343-E1
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attenuates undesired slgnals. The amplifier rais-
es the signal to the 1eve1 required by the r. f.

power amplifier. The nominal output power is

100 mW into a 50 Q load.

RF Power Amplifier P4714

The power amplifier contains three transistor stages

the interconnection consisting of tuned matching

networks with low loaded Q-factors. The r.f.
amplifiers are high efficiency class C amplifiers,

An Automatic Drive Control, ADC, circuit regula-
tes the supply voltage to the flrst stage and con-

sequently the drive to the following stages. The

regulation is controlled by the current of the out-
put transistor, the supply voltage, and the tem-

perature of the heat sink.

The purpose of the ADC clrcuit is to prevent over-
loading the power transistors, and to reduee the

dependence of the output power of the r. f, power

amplifier on supply voltage.

The transmitter output power is adjusted to the

required 1eve1 by means of a potentiometer pro-
vided in the ADC circuit.

Antenna Switch

The signal generated by the transmitter is passed

through an electronlc antenna switching unit
and a lowpass filter to the antenna. The antenna

switching unit consists of diodes which are for-
ward biased during transmission and reverse

biased during reception. The lowpass antenna

filter is a 7-po1e Chebishev filter having low in-
sertion loss and ripple. The filter is not adjust-

ab1e.

SW ITCH ING C IRCU ITS

connects directly to the cabinet of the radiotele-
phone,

8- 60.343-E1
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A start relay connected across the battery input

terminals protects the radiotelephone against

damage caused by incorrect supply polarity.

Incorrect battery eonnection will cause the relay

series diode not to conduct and thus the relay

refuses to operate.

The CQM?13 P3 contains two identical voltage

regulator circuits whlch deliver 9 V stabilized

supply voltages for operating the transmitter and

receiver sections of the radiotelephone. The supply

to the loudspeaker amplifier, transmitter power

amplifier, tone generator,

TONE SIGNALLING CIRCUITS

Tone Generator TT784

The tone generator is controlled by CL701 which

submit control signals for the different tone com-

binations. Simultaneously the CL701 is supplying

a signal to the transmitter voltage regulator which
is then energized for approx. 750 ms. The TT7B4

modulates the transmitter of the equipment and,

while activated, inhibits the modulating signal

from the microtelephone by means of a gate circui.t.

The TT784 generates supervisory signals as follows:

Acknowledge signal, 2400 Hz, is emitted over

the control channeL upon receipt of the correct

selective calling signal.

Call signal, 2400 Hz, is emitted over a traffic
channel to call a base station.

Respond signal, 2600 Hz, is emitted over a

traffic channel to answer a call from the base

station.

Clear signal, 2400 and 2600 Hz, is emitted

over a traffic channel when a call is terminated.

Sequential Tone Receiver SR783

The input of the sequential tone receiver connects

to the receiverrs a.f, signal line after the squelch

gate so that a sequential tone call can be received

only when the received signal is sufficiently strong

to open the receiver squelch (approx. 1 ttv).

60.343-E1 - I -
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and the 5 V regulator is taken from the battery

and is unstabilized. The 5 V regulator for the logic

circuits is mounted on the CL703 chassis. The

voltage regulators are protected at the output

against short circuit by limiting the maximum

current to a safe value, In the receive mode

(stand-by) the 9 V transmitter regulator is in-
hibited which is cancelled when energising the

transmitter. In the transmit mode the receiver a. f.

output amplifier is inhibited by the I V to the trans-
mitter.

SR783 is designed to receive a 5 tone sequential

signal. The coding of the number to be received

is made by connecting five leads to the tone coi1.

The 5 consecuti.ve tones enable 100000 combinations

to be coded.

Receipt of the correct selective calling signal causes

the SR7B3 to emit a CaIl pulse of approx. 70 ms du-
ration.

Two-tone Receiver TR786

The input of the TRTBG connects to the receivers

a. f. line ahead of the squelch gate in order to
avoid time delay caused by the opening of the

squelch, During channel searching the tone re-
ceiver registers free channels, i. e. the carrier
is modulated with a correct Marking signal. In
order to achieve a short searching time the res-
ponse time is short (approx. 65 ms). The tone

combination is selected by push-buttons on the

control unit. When coding a marking signal a

control lead is connected to Vg+, and by means

of tone gates the tone col1s are set to the combina-

tions used.

When a correct Marking signal is accepted (after

approx. 65 ms) a Call pulse is emitted. If the re-
ceived signal strength is greater than R (where

R is between 2 pV and 4 pV) a sample pulse is

applied to CL702 where the signal strenght leve1

is registered.

60.343-E1
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The TR786 tone combinations are:

A - 2000 Hz and 22QQ Hz.

E - 1830 Hz and 220Q Hz.

I - 1670 Hz and22Q0 Hz.

O - 1830 Hz and 2000 Hz.

U - 1670 Hz and 2000 Hz.

X - 1670 Hz and 1830 Hz.

Control Logic CL701

The CL701 contains the following functions to
be used in the call and channel searching pro-
cedures:

Tone generator control circuit.
Alerting signal circuit.
Squelch closing circuit.
Control channel decoder and inhibiting circuit.

Tone Generator Control Circuit

The circuit comprises three flip-flops all controll-
ed by a common timer and a flip-flop that ensures
the Respond tone to be transmitted after receipt
of a sequential tone signal.

Activation of one of the three flip-flops triggers
the timer, and after 750 ms the flip-flop is reset.
The transmitter and the tone generator TT7B4 is
energized during the activation of the timer. The

tone combination to be emitted by TT7B4 is con-
trolled by CL701 via two control leads. The tone

signalling timer can, during service and tests,
be inhibited from a test box in order to measure

the tone signalling characteristics.

Alerting Signal Circuit

Receipt of a correct sequential tone signal first
causes the Acknowledge tone to be transmitted,
then a timer in CL701 to be triggered. The timer
controls the Called lamp on the control unit and

the tone generator which emits an Alerting signal.
If the handmicrotelephone is removed from its
rest causes automaticalLy cessation of the Alerting
signals.

Removing the handmicrotelephone from its
rest the Alerting signals cease automatically; the

Storno

Alerting tone persists for approx. 3.5 seconds

and the cal1ed lamp for approx. 3 1/2 minutes.
The receipt of another selective call before the

visual time-out has expired will re-activate the

timer, and the Alerting tone will be repeated. If
the handmicrotelephone is removed from its rest
during the persistence of the Called lamp the e-
quipment transmits the Respond signal.

Squelch Closing Circuit

A timer on CL701 controls the receiver squelch
when the equipment selects a traffic channel.
In the receive mode the squelch, when closing,
will activate the timer which clears the connect-
ion after approx. 6 - 7 seconds.

Control Channel Decoder and lnhibiting Circuit

A decoder supervises the control signals to FSZ02

and records whenever the equipment is set to
the control channel (channel 17). When the equip-
ment selects channel 17 CL701, submit an inhibit-
ing signal to tone receiver TR786 in order to en-
sure that intermodulation products, if any pre-
sent, may open the tone receiver and thus chan-
ne1 l-7 cannot be recognized as a free channel
during channel searching.

A fail-safe circuit becomes operative and inhibits
the transmitter voltage regulator on CFT0b when
the equipment is set to the control channel and
the transmitter is energized for a period exceed-
ing approx. 1.5 seconds. This circuit prevents
the control channel from bei.ng occupi.ed in the
event of equipment failure. The ci.rcuit does not
interfere with the normal Acknowledge transmission.
The inhibiting of the transmitter, caused by the
fail-safe circuit, can only be cancelled by turn-
ing the equipment OFF and then again ON.

Frequency Control Subunit FC705

The FC705 controls the frequency synthesizer,
FS702, by the I complement of the devisor express-
ed in BCD code.
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The FC705 contains three different ciicuits for

controlling the programable divider in FS702 as

follows:

1. A fixed coded circuit for the control channel

(channel 17).

2. A BCD counter with addition network which

adds two to the output signal from the BCD

counter. When the channel selection is ini-
tiated the counter is reset and thereafter

controlled by a clock pulse generator with

a period time of approx. 30 ms and each

channel is monitored in turn'

The FC705 also contains a detector circuit
the input of which is connected to the out-

put of the IC703. For antenna signal inputs

greater than R (where R is between 2 pV

and 4pV) the clock generator pulse for con-

trolling of the BCD counter is delayed approx.

130 ms. ensuring sufficient time for the

TRTBO to detect the Marking signal. At the

completion of the channel search, i. e.

when channel 56 is selected, the FC705

emits lnformations to CL702.

3. A register where a channel number can be

stored. The regi.ster is controlled by a
Sample and hold ci.rcuit on the CL702. A

channel number will be stored in the re-
gister if the signal strength is greater than

leve1 R and appropriately marked. If an

appropriately marked channel is selected

later and the signal strength of that chan-

nel is greater than the former the number

of that channel is stored in the register. At

the end of the search the number stored in

the register will be the channel having the

greatest signal strength, and the register
is switched to control the FS702.

The selection of the circuit to control the FS702

is by means of Bus Line drivers.

A test box connected to the multiconnector of the

equipment enables the three circuits to be disabl-

ed and the FS702 to manually be set to any channel.
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Control Logic CL702

The CL702 contaj.ns functions for controlling the

automatic channel search as follows:

1. Reset Circuit

The reset circui.t is activated every time the

channel search is repeated. Besides resett-

ing circuits on CL7Q2 the reset circuits emits

a reset pulse to the BCD counter on the FC705

and, via the CL701, a reset pulse for the

TR?86.

2. Sample and Hold

If, during the channel search, the equipment

selects an appropriately marked channel and

the signal strength is higher than R, a sample

pulse is applied to the CL702. The detector

on the FC705 connects to the input of the

sample circuit. If the detector voltage is

higher than the capacitor voltage in the samp-

le circuit a charging commences, during
which a read pulse is applied to the reglst-
er on FC705 and the number of the select-

ed channel is stored. If the detector voltage

is less than the voltage of the capacitor, the

sample pulse is not released.

3. Channel 1 Switch Delay

The reset circuit triggers a timer which in-
hibits the clock pulse generator on the

FC705 for approx. 300 ms. in order to sta-

bilize the FS702 after a 1.4 MHz frequency

switch.

4. Channel search cease for signal strength ) P

When the equipment selects a free channel

with a signal strenght greater than P a flip-
flop is toggled and the clock generator

on the FC705 is inhibited. Simultaneously

a trigger pulse to CL701 is emitted and

the CaI1 tone or Respond tone is transmitted.

5. Channel Search Cease for Signal Strength ( P.

If, at the end of a search, only free channels

with signal strength 1eve1s between R and P

are available, the CLTQZ switches the FC705

to the channel number stored in the register.
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After a time delay of approx. 300 ms (to sta-

bilize the FS702) the channel is checked for

the presence of the Marking signal. If the

Marking signal is no longer present (chan-

ne1 occupied) the channel search is repeated.

If the Marking si.gnal is still present a trigger
pulse is released to the CL701 and the Call

tone or the Respond tone is transmitted,

6. Inhibiting Circuit

In the stand-by mode and during the search

and select cycle the receiver audio output

and the transmitter is inhibited.

After transmission of a Ca1l or Respond

tone a timer is activated and approx. 0.5 se-

cond later the channel is checked for the pre-

Storno

sence of the Marking signal. If the marking
signal is not present the inhibit from the

transmitter and the receiver audio output

is removed, and the communication can be

established over the traffic channel.

The channel search procedure is repeated

if the marking signal is sti1l present after

0.5 second.

7. Searching Lamp

When the channel search is initiated the

Searching lamp on the control unit is lit.
The lamp extinguishes when the receiver

and transmitter inhibits are removed or

the handmicrotelephone restored to lts rest.
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The Control Channel is Chan, No. 1?. Al1 other channels are Traffic Channels.
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RADIO CHANNELS FOR THE PUBLIC RADIOPHONE SERVICE _ SYSTEM 3

* i'al '" i*'{

'*7" +"?{ I ;s i?r r*a;-

Chan. No. Mobile Transmit Mobile Receive Chan. No. Mobile Transmit Mobile Receive

1

,

4

5

6

7

o
U

I
10

11

72

13

t4

15

16

t7

1B

19

20

27

22

23

24

25

26

27

2B

29

30

159.900 MHz

159.875 I

159.850 I

159. 825 n

159.800 ,

159.77 5 I

159. ?50 [

L59.725 [

159. ?00 ',

159.675 I

159.650 I

159. 625 rt

159.600 I

159.575 I

159.550 I

159.525 I

159.500 [

759.475 I

159.450 il

t59.425 ',

159.400 I

159.375 [
159.350 .

159.325 il

159. 300 ,

759.27 5 ',

159.250 il

159.225 rr

159.200 ',

159. 175 il

164. 400 MHz

164. 375 il

164.350 ',

764.325 ',

164.300 I

764. 275 il

164.250 ',

764.225 !,

764.200 [

164. 175 '|,

164. i50 ',

164. 125 '|,

164. i00

164.07r rr

164.025 '|,

164.000 ir

163.975 I

163.950 ',

163.925 't

163.900 ',

163.875 ',

163.850 il

163.825 !,

163.800 ',

763.77 5 ',

163. 750 'l

763.725 ',

163. 700 'r

163.675 '|,

31

.1 f)

3B

39

10

11

It

13

,11

lq

46

47

4B

ao

50

51

q9

53

54

55

159. 150 \{Hz

159.125 'l,

159.100 ',

159. 075 !',

159.050 'l

159.025 'r

159. 000 ,r

158.975 !,

158.950 'ir

i58.925 '!,

15B. g0C 
',

158.875 il

158. 850 '!

158.825 !'

158. 800 ',

1f,O nae tl

158.750 il

758.725 1l

158.700 ,

158.675 |

158.650 ',

158.625 ',

158. 600 ',

158.575 '|,

158. 550 ',

163.650 MHz

163.625 'l

163. 600 !,

163. 575 ',

163.550 il

163.525 '|,

163. 500 ',

163. 475 ',

163.450 ',,

763 " 425 'r

16 3. 400 ',

lbJ. J / 
'

163,350 !r

163.325 ',

163.300 'i,

i63.275 !,

163.250 '!

163.225 !,

163.200 ',

163.175 ',

163.150 !!

163.125 '|,

163.100 il

163.075 ',

i63.050 r!
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Description

The CF subunit contains all circuitry for the

CQM713 P3 radiotelephone that is not dependent

upon frequency or channel separation.

The unit includes the following functions:

a 455 kIJz intermediate frequency amplifier
and discriminator.

two I V voltage regulators and keying circuitry.

an audio output amplifier.

a de-emphasis network and an audio frequency
preamplifier, i.ncluding an electronic squelching

circuit.

a squeleh circuit.

a modulation amplifier.

The CF subunit is constructed on two printed circuit
boards mounted in a sandwich assembly. The two
p. c. boards are held in place with spacers, a sma11

sewn cable taking care of the internal connections.

The conductive sides of the p, c. boards face out-
wards, with the board contai.ning the IF, the AF

output amplifier, and the voltage regulators fasten-

ed to the chassis. External connections to the CF

subunit are all solder connection with the exception

of the battery connection, which is through a plug.

Operating Principle

To aid heat dissipation, the integrated AF output
amplifier and the series regulator transistors in
the voltage regulators on the lower board all have

good thermal contact to the chassis.

The 455 kHz signal from IC700 passes through the

IF stages to the integrated circuit discriminator,
IC3. From there the audio signal divides between

the squelch circuit input and the de-emphasis

filter at the input to the audio preamplifier.

COMMON FUNCTIONS UNIT

CF705

The squelch circuit opens and closes the signal

path through the preamplifier according to the

noise content in the demodulated signal. Also,

eontrol voltages for use with tone equipment are

obtained from the squelch circuit.

The audio signal is taken from the 600 Cl output

of the preamplifier to the AF output amplifier. When

transmitting, the signal path through the output

amplifier becomes automatically blocked. The tone

equipment can also block the signal path here.

The signal from the microphone is amplified and

limited in the modulation amplifier, which is de-

signed around a dua1, integrated operational

amplifier. Both amplifiers, ICla and IC1b, are

contained in the same houslng.

To avoid adjacent channel interference, the high-
frbquency component of the modulating signal is

filtered out and the signal is also amplitude limit-
ed in order to keep the carrier frequency devia-

tion within the established maximum excursions

for whichever channel separation is employed.

As mentioned previously, the CF subunit also

contains two voltage regulators; one supplies the

receiver section and the other the transmitter.

The AF output amplifier and the PA stage are

supplied directly from the battery and are there-

fore unregulated.

Switching between transmit and receive is accom-

plished without relbys: fhe transmitter key elec-

tronically switches one or the other of the voltage

regulators on so that both do not function at the

same time. Terminal 4 is gr-ounded during trans-
mi.ssion and otherwise floats when the key is not

activated.

The 12 V supply voltage to the AF output ampli-

fier and the TX power amplifier is always on

whenever the on/off switch is turned on. There-

fore the I V TX circuit is designed to inhibit the

audio preamplifier and audio output amplifier

60.345-E1 -r- 60.345-E1
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9V TX

KEY BLOCKlNG
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when the transmitter is keyed. This is a pre-

caution against any transients in the squelch

circuit that might be able to open the receiver

output during transmission.

455 kHz IF Amplifier and Discriminator

This circuit amplifies, selects, limits, and de-

tects the receiverrs second IF signal of. 455 k}Jz,

allowing a deviation of up to + 15 kHz from centre

frequency.

The amplifier has five stages; the first two, Q30

and Q31, are made up of discrete components while

the last three are a part of the integrated clrcuit,

IC3, along with the phase detector.

The only resonant circuits employed in the 2nd

IF stage are those between the collector of Q31

and the input to IC3. Resistors R111 and R114

60.345-E1

TO AF OUTPUT AMPLIFIER
AND TRANSMITTER

TO TT

CF 705 BLOCK DIAGRAM

load T1 and T2 enough to achieve sufficiently

broad bandwidth.

Inductive coupling between circuits is less than

critical, R113 in the coupling link determining

the coupling factor. Q31 operates with its co1-

lector-emitter voltage held low to prevent over-

driving IC3.

The three amplifier stages in IC3 are differential

amplifiers, which configuration approaches ideal

symmetrical li.miting. The stages are DC coupled

and stability is assured through strong negative

feedback. Capacitor C53 elimlnates the feedback

as far as AC voltages are concerned.

Via an emitter fo119w91 ry-ithin the IC housing,

the signal is fed to tte phase detector. The IF

signal, with its amplitude peaks clipped, is

applied directly to one of the phase detector

inputs.

The other input is fed the same signal, attenu-

ated and approximately 90o out of phase (at fO).

Phase shi.ft is accomplished with discrete com-

ponents: C50, C51, L2 and R115. The following

diagram shows the detector circuit schematic

and the amplitude and phase characteristics of

the phase shifting network. A graph of the de-

-t
I

AM PLIFIER

9V VOLTAGE
REGULATOR

AND
KEYING
CIRCUIT
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tector current and voltage relationships is also

included here.

The phase detector is designed around three

rlitferential ampliflers, all supplied through a

constant-current source. In addition to the com-

ponents shor,t''n in the detector schematic, IC3

also contains an emitter follower after the detec-

tor output, another emitter follower between the

phase shifting network and one of the detector

inputs, and various biasing networks.

As long as voltage V 2 is hlgh enough to drive

the two differentiai stages - Q1 + Q2, and Q3 +

Q4 - as switches, tire collector current pulses,

15 and 16, rvil1 appear as a constant an-rplitude

value and the average value of current through

R^ remalns rndependent of the amplitude of the
L'

input voltage.

As seen on the schematic, current pulses through

R^ only appear when V2 and V3 are of opposite

polarities and I5 appears on1.y rvhen V3 is positive

whiie 16 appears rvhen V3 is negative. Supposing

that f ) fn, then the difference in phase (V2 - V1)

is reduced (the VZ pulse a little to the right in
relation to V3), causing the width of current puls-
es I5 and I6 to decrease. In other words, the ave-

rage current through Ra will decrease. When

f ( fO, the opposite will occur.

The width of I5 and 16 is therefore seen to be a

measurement of the phase difference betvueen

V2 and V3. By integrating the cutput voltage
(via R^ and C54) a voltage that is directly pro-
portional to the phase shift is obtained.

Making use of both the negative and positive

excursions of the signals, as in the detector con-

figuration employed here, gives excellent supp-

ression of noise and other undesired effects of

inherent nonsymmetry in the ciipped IF signal.

For example, if the positive golng half of V3 is

wider than the negative ha1f, 16 will ire narower
and I5 wider with the result that the average cur-
rent througn R^ wilJ remain unchanged.

An I'Srr curve similar to those known from con-

ventional P[,{ detectors wi1] be present at the

output (directly on pin 1 ol IC3). However, the

midpoint of this "S" curve will be around 3.5 V

instead of 0 V. Circuit Q is designed lorv enough

!5torno

to enable the detector to handle frequency devia-

tions of up to + 15 kHz.

The De-emphasis Filter, AF Preamplifier and

Electronic Squelching Switch

Network R14lClz and IC2a take care of de-emphas-

ing the demodulated signal at the rate of 6 dB/oct-
ave and the required gain of 8.5 dB at 1000 Hz.

90 mv
FOR SR

MUTE

FROM SO
110 mV

FOR TR

The integrated preamplifler, ICZ, amplifies the AF

signal and match it to the nominal 600 O 1oad. In

addition Q1 is inserted between ICZa and IC2b.

Transistor Q1- operates as an electronic switch,

interrupting the signal path on command from

the squelch circuit.

Potentiometer R19 adjusts the level to the preamp-

lifier, and to the squelch as we11.

f'he second half of the integrated amplifier, ICzb,

and C14 - C15 - R29 - RzB constitute a filter, which

strongly attenuates low frequencies (( 250 Hz) .

R32 - C 16 introduce a suitable roll-off at high

frequencies () 6 kHz). Preamplifier IC2b is, like
IC2a, biased via R2B.

The signal path between the first and second ampl-

ifier stages is through a transistor, which acts like
a switch controlled by the squelch.

The Squelch

The squelch circuj.t opens and closes the audio sig-
nal path through the AF preamplifier according to

the noise content of the incomming signal. The

squelch circuit also provides a signal voltage for

use in tone signall.ing.

An internal adjustment, potentiometer R46, is pro-
vlded for setting the squelch level. The squelch

function can be cancelled altogether by grounding

terminal 17 via the squelch eancelling button.
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The squelch section includes a frequency selective

noise amptifi6r, Q4 - Q5, an expander stage, Q6, a

noise detector, a Schmitt trigger, Q7 and QB, and

an emitter follower amPlifier, Q9.

The operating principle is as follows:

Some of the AF signal from the discriminator is

fed to the noise amplifier whose collector load is

made up of a parallel resonant circuit tuned to

approximately ?.5 kHz. The selected noise is then

fed to QG which is biased in such a way that only

TO SOUELCB CANCELLING

positive going pulses of a certaln minimum ampl-

itude cause the transistor to conduct. Since only

pulses of a certain amplitude can become ampli-

lied, the result is that a given relative change

rn noise amplitude at the base of Q6 appears as a

larger relative change at the collector. The noise

pulses are then rectified and filtered to a d. c.

potential that, in turn, controls the Schmitt trig-
ger, Q7 and QB. The collector voltage on QB is

used partly to drive the emitter fo11ower, Q9,

and partly to switch the transistor, Q1, in the

AF preampJ.ifier.

The 9 V Voltage Regulators and Keying Circuits

The two 9 V voLtage regulators supply the receiver

and the transmitter sections, respectively. They

are intended for use wlth a 12 V storage battery.

The battery connects to the regulators through

the start relay switches.

To protect the equipment against incorrect battery

polarity a diode, E9, is placed in series with the

start re1ay. If the power supply is connected wrong

the diode will not conduct and the start relay thus

refuses to operate.

The voltage regulators are protected against short

circuitsi with shorted output the current through

Q20 rvill be less than 0.5 A and through Q24 less

than 0. 1 A. The power series transistors are me-

60.345-E1
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chanical mounted so as to be in good thermal con-

tact with the chassis.

The two regulators are principally identical as

shown on the simplified diagram as follows:

r0.5 - 16V

'o,J ,
a21
(o2s)R90

( R97)

10 u
c35

R88

I

)

(c39) a22
(026)

Q20 is driven by Q21, which is controlled by ampl-

ifier Q22. Transistor Q22 compares the zener re-
ferenee voltage across 815 with a portion of the

output voltage through dividing resistors R90

and R91. R91 sets the output voltage.

The operating principle is as follows:

If V- - drops (due to a decrease in input voltage
out

or an increase in load current), VrU for Q22 will
increase, also increasing base current for Q21

and Q20. When base current to Q20 increases,

more current flows through the output 1oad, can-

celling the original drop in output voltage.

If the load current increases to a certain value,

Q22 goes into saturation. If the load current in-
creases still more, the zener diode will act as an

open circuit and VrU for Q22 decreases whereby

base currentf.or Q22, Q21, and Q20 decreases,

too, Fina11y, Q22 will be cut off and base current

in Q20 and Q21 will be zero. Thus is Q20 protect-

ed against destruction by short circuits at its
output. Resistors R8B - and RB9 - determine the

saturation current through Q22 and, of course,

the short circuit current.

A regulator built exactly like the simplified dia-
gram would not be self-starting, however, There-

fore, the regulators are provided with starting

circuits; I V RX employs RBz, RB3, and E13 in

its starting circuit and 9 V TX employs R92 and

o20 (o24)
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E16. Since I V RX and I V TX must not operate

simultaneously, the regulators are also mutually

coupled through a keying circuit that blocks, or
cuts off, one regulator while allowing the other

to operate. This function is controlled via ter-
minal 4.

Operation of Keying and Starting Circuits

When termlnal 4 is floating and the power is turn-
ed on, I V RX will build up voltage since Q20

gets base current through RB2, R83, and E13.

When 9 V RX reaches its final value the starting

circuit will have no effect on the regulator be-

cause diode E13 will then be nonconducting (the

unloaded voltage at terminal 4 is approx. B' 2 V

at nominal battery voltage)

Transistors Q23 and Q27 are both heavily satu-

rated, so the I V RX regulator will operate un-

disturbed while 9 V TX will be blocked because

Q26 is completely cut off by Q27.

Note that I V TX cannot begin to build up a volt-
age by itself after a short circuit. Since - as just

explained - it is 9 V RX that starts 9 V TX, it is
necessary to activate the transmitter key again'

When the transmit key grounds terminal 4, two

things happen:

1. Q27 loses its forward bias and immediately

cuts off. Now, instead of acting as a short

circuit between the base of Q26 and ground,

Q27 can now be considered a large resist-
ance.

2. C36, which has been charging through diode

E14, has accumulated a charge of about 6.4 V.

With terminal 4 grounded the charge on C36

reverse biases E14. Now C36 will discharge.

There are two discharge paths available to C36,

one through the bleeder resistor, R94, and one

through R93 and E16 to the base of Q26. Remem-

ber that the base of Q26 is no longer grounded.

The discharge current to the base of Q26 drives

this transistor on. Once Q26 turns on lts base

assumes a potential of approx. 5, 1 V. By now

l5torno

C36 has discharged so much that E16 becomes

reverse biased by the 5.1 V on the base of Q26,

and C36 continues to discharge through its other

path (R94).

As long as terminal 4 is kept at chassis potential

by the transmit key the 9 X regulator conti-

nues to operate.

When the key is released and terminal 4 resumes

its unloaded potential of approx. 7.0 V, Q2? is

driven on and short circuits the base of Q26 again.

The I V TX regulator then turns off.

C36 charges again through E14.

Diode E11 ensures effecti.ve keying even if termi-

nal 4 is not brought all the way down to 0 V po-

tential.

Note that MX cannot begin to build up a volt-

age by itself after a short circuit but must be

started again by keying the transmitter.

The operations described above presume the key

bloeking terminal to be at approx. 0 V potential.

The AF Output AmPlifier

The output amplifier amplifies the audio signal

from the preamplifier and powers the loudspeak-

er.

The amplifier is built around an integrated AF

power module mounted on stand-offs, which are

fastened to th€ chassis and act as heat sink. The

amplification factor is determined by a suitable

amount of feedback. In order to compensate varia-

tions in gain the internal feedback resistor (approx.

4 kO) is shunted by R127. Besides the normal in-
put, the amplifier has an input for an Alerting tone

from the tone receiver, when called. As the Alert-
ing tone is to be heard from the loudspeaker when

the volume control is turned down an isolating re-
sistor, R120 is inserted.

In order to provide, optionally, a remote control

for a locally controlled equipment, resistor R119

is serving to separate the two volume controls.

Also note that the amplifier inputs (terminal 10
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or 12) must bave a d, c. path to chassis in order

to bias the amplifier properly. C60/R125 increase

the maximum achleveable output power (bootstrapp-

ing) and C58/C59 together with R126lC23 consti-

tute the frequency compensation.

Supply voltage ripply is suppressed by C57, and

R117/R118 reduce the current spike through the

start relay switehes when the equipment is turned

on.

During transmit the amplifier is totally inhibited

via Q32.

The Modulation Amplifier

General

The modulation amplifier differentiates, amplifies,

limits and integrates the mi.crophone signal. It
also suppresses undesired high frequencies with
an active filter designed for 25 kHz char:-

nel spacing.

Both ampllfiers are contained in a slngle lntegrated

circuit made up of dual operational amplifiers. The

modulation amplifier contalns additional passive

differentiation and integrating circuits as well

as diode clippers to prevent overmodulation.

The following block diagram shows the operating

principle for the amplifier:

Input

The input circuit, which is also the collector re-
turn for the microphone amplifier output stage

through resistor R2, is asymmetric.

The Differentiating Circuit

The differentiation network is made up of C1 and

R3 (the input impedance of the operational ampli-
fier is negligible due to the feedback through RB)

It differentiates at the rate of +6 dB pr. octave

over the entire audio range of 300 - 3000 Hz.

60.345-E1
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The AF Amplifier - Clipper

The galn of the first amplifler stage, IC 1a, is

determined by the amount of feedback introduced.

Clipping action beglns as soon as the amplifier is

driven to where the collector excursions appro-

ximate the battery voltage. This level will be

about 6.5 V peak-to-peak. The amplifler can be

driven up to 25 dB above its nominal input 1eve1.

Symmetry of the clipping is determined by bias

network R5, R6, and R7 and therefore is fixed.

The Integration Circuit

Integrating takes place from 30 Hz at -6 dB pr.
octave. The passive integrating network con-

sists of R11 and C4. The lower limit for integra-
tion is determined solely by these two compo-

nents as the previous amplifierrs feedback makes

its output impedance negligible, and because

the loading of the network by the filter that fol-
lows is very light as long as the signal remains

below the frequency limit of that filter.

The Splatter Filter

The purpose of this filter is to cut off frequen-

cies that lie above the voice range in order to
avoid undesirable sideband noise. It is an act-

ive filter consisting of the second operational

amplifier and its associated components. Its

response approaches that of a Chebishev filter.
The circuit arrangement is the so-called volt-
age follower, where the voltage gain is very
near unity (1).

Adjusting the Freqriency Swing

The amount of signal to the modulator input, and

thus the frequency swing, is set by the voltage
divider formed by R18 and the input lmpedance

of the modulator. If the frequency swing eannot

be set sufficiently high, terminil.23 can be used

instead of terminal 24.
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Nominal SuPply Voltage

13.6 V

Current Drain

(at nominal supply voltage)

Transmit: 120.mA

Receive : 100 mA

12 dB SINAD Sensitivity

(where t.75 k}lz deviation of the 455 kHz IF re-
sults in a 1 kHz audio signal)

1.2 pV input signal at antenna termination

AF Line Out (terminal 18)

-17 dBm/6004 (110 mV)

AF Telephone Output (terminal 16)

90 mV

Regulated Voltages

Receiver (terminal 6): I V
Transmitter (terminal 5) : I V

Unregulated Voltages

AF output amplifier: 13.6 V

PA stage (terminal 15) : 13. 6 V

Tone transmitter and

microphone (terminal 7): 13. 6 V

AF OUtpUt Pbwer (termlnal B)

3W

Modulatibn AmPlifiei Sensitivity

(for normal frequency swing of 1 kHz)

110 mV +1/-3 dB

TX Inhibit

Vottage/current: )_6 Y /2 mA

TECHN ICAL SPECIFICATIONS

Temperature Range

Working range: -25oC - +60oC

Functi.on range: -30oC - +75oC

The following, more detailed specifications for
the several CF705 functions are all typical values

measured at 25oC ambient temperature, unless

otherwi.se stated.

455 kHz IF Amplifier and Discrimi.nator

Current Drain (at nominal I V supply)

18 mA

Maximum Frequency Deviation

t 15 kHz

IF Bandwidth (3 dB attenuation)

! 17 klfz

Input Impedance

1ko//15pF

Gain

from input (terminal 1) to pin 4 of IC3: 55 dB

from IC3 input (pin 4) to ICS amplifier
high output, pin 10: 55 dB

Discriminator Conversion Efficiency

50 mY / kHz

AF Output Voltage (f = LkHz, Af = 3.5 kHz)

110 mV

Measured at test pofut @ , terminated with
2.2 kO Ioad.

Discriminator LinearitJr (relative to 1000 Hz)

Pass-Band 100 - 3500 Hz: +0/-1 dB

Measured at test point @ , terminated with

60.345-E1 -B-

2. 2 kO load.
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Disciiminator OutPut Resistance

200 c)

Minimum Load Resistance

Af = 15 kHz '. 4.5eo

Af=3.5kHz 1.0%

Deemphasis Cut-off Frequency

60 Hz

(terminal 18)

(relative to -6 dB/octave characteristic)

lStorno

Frequency Response at Output for AF Amplifier

and Tone Receiver

(terminal 19)

(relative to -6 dB/octave characteristic)

Pass-Band linearity (300 - 3000 Hz) : +0/-1.5 dB

100 Hz rel. to 1000 Hz

6 kHz rel. to 1000 Hz

SQUELCH CIRCUIT

18 mA

Measured wi.th unloaded Squelch Signalling
(terminaL l6)

Operating Range

10.5 to 16 V

2kf}

Harmonic Distortion
: +6dB

: -17 dB

AF PREAMPLIFIiR and SQUELCH-CoNTRoLLED Current Drain (at nominal I V supply)

SWITCH

Current Drain (at nominal 9 V supply)

1.5 mA
Input Impedance

Input Impedance (at 1 kHz) 15 kO

2.2 kO
Noise Filter Resonant Frequency

Output Impedance 1.bkqz

Ror, ='v o cl
Output Voltage

Gain (gain control at highest setting) Squelched condition: S 100 mV

RL = 1.8 kO, f = IkHz; Un-squelched condition: > 5.6 V

Terminal 1g: 6. 5 dB 
measured at QBrs collector'

Terminal 18: B. 5 dB
Squelch Signalling (terminal 16)

Harmonic Distortion (R" = 1. B kf), f = 1 kHz) RIOaO minimum = 680 Cl

(terminal 18 and 19) VOr, (with Rl = 680 Cl)

vouT = 110 mV (nominal) : 0.2so squelched condition: ( 100 mV

vour = 500 mv : 0' 5% 
Un-squelched condition: > 4' 0 v

Required Turn-on Potential AF OUTPUT AMPLIFIER

(between R30 and R65) Nomlnal Supply Voltage

To ensure normal signal path: ) 2.3 V 13.6 V

Frequency Response at Tone Receiver Output Current Drain (at nominal supply voltage)

no-signal condition: 12 mA

at4Woutput : 520mA

Pass -Band linearity (300 - 3000 Hz): +0/-1 dB inhibited

60.345-E1 -9-
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Output Power (at nominal supply voltage)

Maximum 4 W

Loudspeaker Impedance

Nominal/minimum: 4 O

Input Impedance (at 1 kHz)

100 ko

Nominal Gain

32 dB (at I kldz)

Harmonic Distortion

POUT= 2W: L%

POUT = 0.2 W: 0.5%

Frequency Response (relative to 1 kHz)

80 Hz -3 dB

300 Hz 0 dB

3000 Hz -0.5 dB

15 kHz -3 dB

Measured at 0.2 W outPut Power.

Current Drain, (at nominal I V supply)

1.5 mA

Input Impedance ( at 1 kHz)

540 C)

Limiting

Signa1 elipping begins to occur wit"h an input

signal (1000 Hz) of: 160 mV

Output signal 1eve1 observed at pin 1 of IC1

when clipping occurs: ?. 0 V P. P.

Storno

Output Vottage (1 kHz)

12 mY

Measured at modulation output (terminal 24) with
potentiometer R1B fu11y up, and load

impedance = 1 kO.

Input 1evel = 160 mV.

Harmonic Distortion (at 1 kHz)

for 160 mV input signal: 0. B%

Frelquency Response (relative to 1 kHz)

300H2 - 0dB

3kHz - 0dB
6kHz - 19dB

10 kHz - 32 dB

Measured for 15 mV input signal, and with a re-
sistive output load.

9 V VOLTAGE REGULATORS and

KEYINC CIRCUITS

Regulated Output Voltages

Receiver supply 9 V RX: 9.0 V t 0.2 V

Transmitter supply 9 V TX: 9.0 V t 0.2 V

VOU" vs. Temperature

3.6 mV / pr. oC

Suppression of A VBATTER, in VREG

(at nominal load)

DC : 46dB

lkHz : 50dB

Alerting Tone Input Nominal Supply Voltage

Voltage gain: 1. 5 dB 13.6 V

Input impedance: 270 kO

Operating Rangq

10.5 V to 16 V

MODULATION AMPLIFIER

60.345-E1 -10- 60.345-E1



on terminal ? (MC-MT-TT) : 100 mA
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Internal Resistance of .Regulators Regulator Switching Time

R, = 0.5 Q (veatrnny = 13.6 v)

I V Tx turn-on de1ay, to - go% : 0. 1 ms
Regulator Output Current 9 V TX turn-off delay, ttOO - f O% : 25 ms

Maximum 250 mA Measured under normal load condltions.

Maximum Load TX Inhibit (terminal 3)

Voltage/current : )GY /2mA
on terminal 15 (PA) : 64
on terminal 11 (TX lamp) : 100 mA

Keying Termination

Maximum allowable resistance of

wiring : 180 O

Alternatively, VU^X at terminal 4 ; 1.0 V

60.345-E1 -11 - 60.345-E1
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Test box for CQM713 P3

AF millivoltmeter,

Multimeter
Distortionmeter

Electronic DC voltmeter

Deviation meter

DC Ampere meters

Power supply

RF Watt meter

FM signal generator (s)

Tone generator

Tone signalling generator

Crystal controlled generator

455 kHz/t0.7 MHz

Frequency counter

RF Test probe

Signal splitter, 6 dB/160 MHz

Attenuator
Psophometric filter
Variable Reactance Load

CQM71 3 P3

ADJUSTMENT PROCEDURE

Storno

The following measuring instruments are required
for rrraking adjustments to the CQM713 P3 radiote-
lephone:

Check the 5 V regulated supply.

Requirement: 5V10.2V

ALIGNMENT OF 2nd lF AMPLIFIER

To protect the IF amplifier input stages, establish

a good chassis connection between a 455 kHz ge-

nerator and the station.

Apply a 455 kHz signal to the input of CF705.

The IF generator STOR,NQ G21 is well suited.

Connect a DC voltmeter with RF probe, STORNO

95.089, to test point I in CF?05.

Adjust transformers T1 and T2 for maximum meter

reading, attenuating the generator output before
overloading the IF amplifier, causing limiting.
The readings shouLd be kept below approx. 10 pA

if a multimeter is used, and below approx. 500 mV

if an EVM (electronic voltmeter) is used, and in
any case below the point where an increase in ge-
nerator output voltage result in a constant or de-
creasi.ng meter reading.

COARSE ADJUSTMENT OF L2 IN CF7O5

Disconnect the generator and disable the squelch
by pushing the rrCancel Squelchrr button on the

control box.

Connect an AC EVM to terminal 35 LINE OUT

(AF 17 dBm) on the terminal board.

Adjust coil L2 ln CF?05 for maximum meter read-
ing. If two maxima are obtainable, adiust for the

greater.

If no reading can be obtained, the potenti.ometer

R19 (AFRX) may be turned up.This potentiometer

can be reached from the rear of the module trav
8A705, and turns up counterclockwise.

Storno U9580518

Z in 2 MAI/50 pF

Accuracy better than

3% in the range

50 Hz - 100 kHz.

20 kA/V or better

R in ) 2MOl 7V

1.0/5.0A
10.5 - 16V

Preset current limiter
0.1-5.0A
0-25W
746 - 774MHz

Storno G13

Storno G21

Storno 95.0089

Storno 95.2003

40 dB/25W 50o

w52C

Connect a power supply with the correct polarity
to the battery connector.

Set the supply voltage to 13.6 V and the current
limiter to 1. 0 A.

The station may now be turned on.

Check the 9 V RX at terminal 3 on the IF conver-
ter.

Requirement: 9Vt 0.2V

If necessary, adjust the RX voltage by means of
potentiometer R91 in CF705. This potentiometer

can be reached from the rear of the module chas-

sis 8,4.705.

60.344-E1 - 1 - 60.344-E1
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ADJUSTMENT OF oSCILLATOR FREeUENCy Alignment of the Frequency Synthesizer Reference

lN rc7o3 oscillator'

Select channel 01.If a frequency counter is available, the frequency

may be read at test point @ , ICZO:. If the input Connect a frequency counter to the TX output

of the frequency counter is DC-coupied a capaci- of the FS702'

tor (approx. 1 nF) should be connected in series. Adjust C1 in FS?02 for 1?.42b000 il,4H2 t 10 Hz.

The frequency wilL be 10' 245MHz' Refer to cir- 
check ar1 channels for correct synthesizer fre-

cuit description' ,Intermediate Frequency circuits"' 
quency according to the frequency allocation

Where no counter is at hand, proceed as follows: tables.

Connect a 455 kIHz generator to the IF input of

CF705 and a 10.7 MHz generator to the input of

IC?03. A modified G21 may be used, i.e. the two Alignment of Mixer Injection Signal to RC712.

osciLlators, 455 kHz and 10.7 MHz, both in opera-

tion at the same time by activating two buttons. The

10.7 MHz output is fixed, and the 455 kl{z variable

by means of the attenuator. The accuracy of the Adjust L3 in RC?12 for maximum meter reading.
generator signal should be checked to be 10.7 MHz Distance between the tuning slug and the top of

! 20 Hz. the eoll form should be approx. 2 mm.

Adjust the output level of the 455 kllz generator The voltage with the oscillator stopped (short

Connect a DC voltmeter to test points @ and

@ r" Rcltz.

the crystal to chassls) will be approx. 0. 25 V'

Minimum increase, with the oscillator working,

will be approx. 30 mV.

until a beat tone is produced in the speaker.

Adjust trimmer capacitor C12 in IC703 for zero

beat.

The frequency difference may also be observed Connect the voltmeter to test point @ in RC?12'

on an oscilloscope connected to the 'rl-ine outr', Adjust L5 and L6, RC?12, for maximum meter

600 O audio output, which ls accessible on the reading.
terminal board' terminal 35' 

The voltage at test point @ with the oscillator
NOTE: The discriminator has no zero adjustment. stopped will be approx. 0.7 V.

Start the oscillator.

Requirement: Minimum increase must be > 0.25 V

ALICNMENT OF lSt IF AMPLTFIER (10.7 MHZ) Typical: 0.6 V

Apply a 10.7 MHz signal to the input of IC703-
Adjustment of Crystal Oscillator Frequency, RC712.

Connect a DC meter with an RF probe (95' 0Bg)

.r7^
to test point | 1 I in cF705' 

connect a frequency counter to test point [5-l h

Adjust coils L1, L2, and L3 in IC703 for maximum RC772. Adjust L7, RC71"2, for correct frequency.

meter reading. The input 1eve1 should be kept 
Requirement: 186. z?b000 MHz 1 150 Hz.

1ow enough to Prevent limiting'
If the frequency cannot be pulled to the correct

Gain of 1C703: > 20 dB reading the strap in the osciltator circuit must

be altered. Reler to RC712 diagram.
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The frequency should be adjusted at 25oC ambient

temperature.

Due to interaction between L1 and L3, the adjust-

ment of L3 should be checked, and any readjust-

ment requires the frequency to be readjusted.

Checking the FS702 Output Level.

Connect an RF probe 95.089 and a multimeter to
terminal 5 in RC712.

Set the channel selector to channel 28.

f = 16.750 MHz.synt

Stop the RC crystal oscillator and measure the

RF 1evel (approx. 0.4 V).

Select the channel having the highest frequency,

and the lower frequency and measure the RF

level.

Maximum deviation relative to centre channel.

2 dB'v approx. t 0.1 V.

If the leve1 is 1ow in one position, L6 in RF ampli-

fier I in FS702 is adjusted for best symmetry.

Alignment of Filters and RF Amplifier, RC712.

Connect a voltmeter to test point @ in RC?12.

Stop the crystal oscillator in RC712 (short the

crystal to chassis).

Coarse tuning

Connect an RF generator to the input of BP-

filter I, and set the generator for 153 MHz.

Adjust LB, L9, L10, L14, L15, L16, and L17

for maximum reading on the voltmeter.

Fj.ne tunlng

Remove the RF generator and start the crystal

oscillator.

Select channel 28.

Turn the tuning slug of L5 in RA712 flush with

the outside of the coil can.

LB, L9, L10, L14, L15, L16, and L17 is adjust-

ed for maximum meter reading in test point @

60.344-E1
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Due to interaction the adjustments should be re-
peated until no further increase in meter read-

ing can be obtained.

As the crystal oscilLator frequency is only 10%

beLow the desired frequency, care must be taken

not to resonate the filter circuits at the wrono

frequency.

The voltage at test polnt f5) with the oscillator

stopped w111 be approx. 3 V.

Start the oscillator.

Requirement: Minimum increase at test point
/'a(5) , is 1.0 v.

Check the voltage at the higher frequency and

the lower frequency.

If the voltage drops at higher or lower frequen-

cies, small corrections of the fj.lter alignment

may be implemented.

FURTHER ALIGNMENT OF RC712,

RF AMPLIFIER RA712, and

FINE TUNING OF IC7O3.

Connect a DC EVM with an RF probe to test point

E ," CF705. A multimeter with 20 kQ/V may

be used, but the deflection wili only be on the

order of tens of microamperes.

Connect an unmodulated RF generator to the an-

tenna input of the CQM700.

Select channel 28.

Set the generator to the receiver frequency.

Fine tuning of the generator frequency may be

done by loosely coupling a 455 kHz signal to the

IF input of CF705, or 10.7 MHz to the IC703 input.
(First connect CQM700 chassis to generator earth. )

Tune the RF generator for zero beat.

If the beat tone is to be monitored in the loudspeak-

er, the squelch and RX inhibit must be cancelled.

The RF generator output should be kept }ow

enough to prevent limiting in CF705, i. e. a read-

ing of approx. 500 mV on a DC EVM with an RF

probe at test point [] , CFZOS.
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The following coils are tuned for maximum meter

reading in this order:

Ll , P"A7l2

L2 , RA7I2

L3 , RA?12

L4 , P"A7t2
L5 , RA712

L77, HC7L2

L1B, RC?12

Lr. , rc703

L2 , rC703

L3, IC7O3

Due to interaction, the procedure should be re-

peated until no further increase in meter reading

can be obtained.

By adjustin g LL? , P"C7l2, the oscillator drive

signal to the RF mixer will have decreased. L16,

F,C?tz, must be fine tuned for maximum read-

ing on a DC voltmeter connected to test point

@ , nczrz.

Now, when stopping the osclllator, the voltage

at test point @ should fa11 at least 0' 5 V. L1,

L2, and L3 in IC703, are now fine tuned for max-

imum reading at test point [ , CF?05. The cir-
cuits in IC703 should be allgned two or three times,

as they influence each other.

FINE TUNING OF L2 IN CF7O5

Keep the RF generator connected as described

and set its output attenuator for fu1l limiting in

the CQM713, approx. 1 mV EMF from the gene-

rator.

Modulate the generator with 1 kHz to a frequency

swing of 1 3. 5 kHz.

Connect an AF millivoltmeter to terminal 22 on

B4705.

Adjust L2 in CF705 for maximum reading.

Adjust potentlometer R19 on CF705 for 110 mV

+1/-o dB.

Measure the AF voltage at terminal 35 on BA705.

Requirement: 90 mV + 1.5 dB.

Connect a 4 C) load resistor across the loudspeaker

output termj.nals instead of the loudspeaker.

!5torno

Connect an audlo voltmeter and a distortion meter

across the loudspeaker terminals. Set the volume

control for 3.16 V (. 2.5 W) on the meter.

Check the distortion.

Requirement: k I 7%.

CHECKTNG RECEIVER SENSITlVITY

Modulate the RF generator with 1 kHz, and a fre-
quency deviation of t 1. 5 kHz.

Set the generator output to 1 mV e. m. f.

Connect an AF millivolt meter and a Psofometric fi1-

ter across the loudspeaker terminals, substituting

a 4C) (4W) resistor for the speaker.

Set the voLume control for 1 V aeross the 1oad.

Reduce the calibrated RF voltage from the gene-

rator until a reading of 10 mV is obtained on the

meter.

Requirement: ( 20 PV e. m. f .

This procedure should be repeated on all channels.

Reduce the RF voltage further until a reading of

0. I V is obtained on the meter.

Requirement: S2.5 ptv e.m.f.

This procedure should be repeated on al1 channels.

ADJUSTMENT AND CHECKINC THE SQUELCH

Adjust the squelch by means of potentiometer

R44 in CF 705 to open the audio signal path for
1. 3 pLV e. m. f. antenna slgnal.

Reduce the antenna signal and check that the

squelch closes and inhibits the audio output.

Requirement: 0. 5 - 0. B pV e. m. f.

CHECKING OVERALL RECEIVER CURRENT CONSUMPTION

Measure the current drain at 13.6 V supply volt-
age.

Requirement: ( 1.0 A (typical 750 mA).

60.344-E1 _A 60.344-E1
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TRANSMITTER ADJ USTM ENT

Set the supply voltage to 13.6 V, and the current
limiter to 5 A.

With the transmitter output loaded (antenna or

dummy load connected), key the transmitter and

check 9 V TX at terminal 19 on the terminal board.

NOTE: If I V RX was not present or was set too

low before keying the transmitter, the 9 V

TX series regulator will not start.

Requirement: 9V TX =9 V t 0.2V.

If necessary, adjust the TX voltage by means ol
potentiometer R9B on CF705. This potentiometer

can be reached from the rear ol module tray
8A705.

Alignment of Mixer lnjection Signal to EX712

Connect a DC voltmeter to test ooint (i) and' \,-/
in EX?12.

Adjust L3 in EX712 for maximum meter readlng.

Distance between the tuning slug and the top

of the coil form should be approx. 2 mm.

The voltage with the oscillator stopped (short

circuit the crystal to chassis) will be approx.

0.25 y. Minimum increase with the oscillator
working will be approx^ 30 mV.

Connect the voltmeter to test point @ in EX712.

Adjust L5 and L6, E.X712, for maximum meter

reading.

The voltage at test noint @ with the oscillator

stopped will be approx. 0. 7 V.

Start the oscillator.

Requirement: Mlnimum increase at test point

(, , Ex712 = 0.25 v.

,Adjustment of Crystal Oscillator Frequency,

EX712.

!5torno

If the frequency cannot be pu11ed to the correct
reading the strap in the oscillator circuit must

be altered. Refer to E)(772 diagram.

The frequency should be adjusted at 25oC ambient

temperature.

Due to interaction between Ll and L3, the adjust-

ment of L3 should be checked and any readjust-

ment requires the frequency to be readjusted.

Checking the FS702 Output Level

Connect an RF probe 95.089 and a multimeter

to terminal 5, E)(712. Set the channel selector
to the centre channel.

Select channel 2B (f"rr, = 16.750 MHz)

Stop the RC crystal oscillator and measure the

RF Ievel (approx. 0.4 V).

Select the channel having the highest frequency,
and the lowest frequency, and measure the RF 1eve1.

Maximum deviation relative to centre channel:

2 dB'v approx. t 0. 1 V.

If the leve1 is low ln one position, L7 in FS702

is adjusted for best symmetry.

Alignment of Filters and RF Amplifier, EX712.

Connect an RF probe 95.089 and a multimeter

to test point @ inEX71,2 (output terminal).

Stop the crystal oscillator in EX712 (short

the crystal to chassis).

Coarse tuning

Connect an RF generator for the input of BP-

filter I, and set the generator for 159,0 MHz.

Adjust LB, L9, L10, L14, L15, and L16 for
maximum reading on the multimeter.

Flne tuning

Remove the RF generator and start the crvstal
oscillator.

Select channel 28.

Adjust LB, L9, LL0, Ll , L15, and L16 for
maximum meter reading, approx. 5. 6 V.

correct frequency.

MHz t t50 Hz

Connect a frequency counter to test point p

Adjust LL, EX772, for

Requirement: 142.475

60.344-E1 tr 60.344-E1



Adjust L16 in F,){772 for minimum meter reading.
Adjust Ll,, L2, L3, L4, and L5 in RA?11 for mini-
mum meter reading. approx. 4.0 V.

Remove the RF signal load between RA?11 and

PA714.

Adjust L6, RA711 for maximum output.

Adjust Ll, L2, L3, L4, L5, and L6 for maximum

output.

Repeat the adjustment until no further increase

in meter reading can be obtained.

Requirement: POU' )_80 mW.

Alignment of RF Power Amplifier, P4714.

Suoo]v voltase P^..- Current drain. UUI'

lltorrro Storno

Due to interaction the adjustments should be re- Key the transmitter.

peated until no further increase in meter read*
ing can be obtained Adiust cz, c6, cB, c9, c13, and c15 in that

order for maximum current drain until a de-
As the crystal oscillator frequency is only 10% flection on the wattmeter is obtained. Then
below the desired lrequency, care must be taken adjust for maximum ourput power.
not to resonate the filter circuits at the wrong
frequeney. b. During the following procedure keep the ADC

potentiometer set to 20 W.

c. Connect a voltmeter to test point (1-) in

Alignment of RF Amplifier RATl l. PA?14. Adjust C2 for minimum deflection.

d. Adjust C6, CB, C9, C13, and C15 for maximum

output power.

Repeatstepsa-d.

Increase the supply voltage to L6 V and set the

ADC potentiometer to 22 W output power.

Remove shorting link designated ilNOTE 1rr and

Connect a voltmeter to test point @ in RA711.

connect an RF watt meter 0 -0' 3 w to the RA711 adjust potentiometer R12 for 4 w output power.
output,

Insert ilNOTE 1il and adjust potentiometer R11

for 22 W output power.

CHECKING THE RF OUTPUT, CURRENT CONSUMP_

TION, AND THE FUNCTION OF THE ADC CIRCUIT.

The current drain and output are measured as

The requirement should be fulfilled on all chan- follows:

neLs. The total varlation in output power shouid

be less than 1 dB within the bandwidth.

16.0 V 22w 14.34
13.6V >20W 14.8A
10.5V >12W <4.8A

Reestablish the connection between RA711 and Correct values here also indj.cate that the ADC
PA714' circuit is operating satisfactorily.

Connect a wattmeter to the antenna output.

Select channel 28.
Checking the Transmitter Stability

Set the supply voltage to 13.6 V.

Set all trimmer capacitors for half capacity. Transmitter instability appears as AM modula-

Turn the ADC potentiometer, Rl1 in PA?14 up tion of the transmitted carrier by a modulating

until a current increase is obtained but do not frequency which may vary between 0' 5 - 40 MHz'

exceed 5, 0 A. The existence of parametric oscillations can be

_ determined by means of a detector followed by a
NOTE: Insulated trimming tools should be used.

filter, which removes the carrier, and an indi-
cator, e. g. an oscilloscope, a millivoltmeter, or

60.344-E1 -6* 60.344-E1
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simply a multimeter with a diode detector. When

using the latter, an amplifier is required, e. g.

STORNO amplifier detector type TSF42A.

While varying the phase angle with W52C, check

that no deflection appears on the AM indicator at

any supply voltage between 10.5 V and 16 V,

For further details please refer to STORNO Service

News No. 38 of May 1969.

Adjustment of Modulation and Frequency Deviation

Connect the deviationmeter to the transmitter out-
put via an attenuation network (25 W capacity).

Connect a distortionmeter to the output of the de-

viationmeter.

Set the power supply to 13. 6 V.

Connect a tone generator to the modulation input
on the test box. Set the generator output to 1. I V
(110 mV + 20 dB).

Select channel number 1.

Find the audio generator frequency between 300 Hz

and 3000 Hz giving the greatest frequency devia-

tion as read on the deviation meter. At that audio

frequency adjust potentiometer RlB on CF705 lor
t 5 k}fz deviation.

Reduce the audio generator output to 110 mV.

TS - G13

TONE SIGNALLING
TEST GENERATOR

Storno

Set the frequency to 1 kHz.

Check the frequency deviation, t 3. 5 kHz, on all

channels.

Requirement, V-od = 110 mV + 3 dB.

Check the distortion on the audio output of the

deviation meter.

Requirement: K = S 10% (without deemphasis).

CHECKINC THE SEQUENTIAL TONE RECEIVER

Test Set Up

Connect an RF generator to the CQM7L3 P3 through

Attenuators as shown.

Connect the tone signalling generator G13 to modu-

late the RF generator.

Adjust the RF generator output to 10 mV.

Set the G13 amplifier, A1, to FLAT RESPONSE and

the output to HIGH and the Tone Burst Generator

to HOLD TONE 1. Adjust the attenuator of .A'1 for
t 3.0 kHz frequency deviation.

Set the Tone Burst Generator to 70 ms bursts and

15 ms interval.

Set the Tone Generator to the tone code of SR783.

Switch the equipment to standby on the control

channel.

LOAD 5OO

Vm

I

I

10

l-ig. 1. Sequential Tone Receirrer Test

95.089
OR

RF mV
METER

GENE.I
RATOR !

^., Inf,,f eLlFtER
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Key the tone generator and check the following
functions:

1. The Acknowledge tone is emitted.

Measure the voltage, in stand-by, on the

inhibit termi.nals of TT784, terminal 5 and

11.

The voltage should be approx. 11 V.

During transmission of Acknowledge tone

the voltages change for approx. ?50 ms as

follows:
terminal 5 = approx. 1.5 V

terminal 11 = approx. 7,0 V

The Alerting tone is activated.

The Alerting tone sha1l ful1fi1 the following

reqrlirement:
Duration 2 - 5 seconds (typical 3.4 s).

Voltaoe: >3.4V (tvpical 6V )" p.p p'p
measured at the Loudspeaker output

terminals.

!5torno

CHECKINC THE MARKING SICNAL DETECTOR,

TONE RECEIVER TR786

Test Set Up
See flg. 2.

Set the signal generator output to 10 mV.

Set the A1 amplifier to rrFlat Responserr and the

output to rrHigh".

Set the tone generator to 2000 Hz.

Adjust the attenuator of amplifier .A1 for ! 7.5 kHz

frequency deviation.

Select a ftafftc channel, f . ex. channel 16, by means

of the manual channel selector on the control box.

Set the MT switch on the control box to rrln restrr.

Check by changlng tones A and D that the mark-

ing slgnal detector TR7B6, generates cail pulse

and energize the transmitter for all of the follow-

ing tone combinations.

Combination Tone A, Hz

,

CHECKINC THE TONE RECEIVER SENSITIVITY

Check the tone receiver for proper functioning

with the tone signalllng generator output reduced

6 dB, the procedure as described above.

TS - G13

TONE SIGNALLING
TEST GENERATOR

3. The Called Lamp is turned on.

Check the Ca11ed Lamp is ON for 2

nutes (typical 3. 5 min. ) .

5 mi-

Fig. 2. Marking Signal Detector Test

Check that none of the tone combinations above

causes the equipment to perform a cal1.

A 2000

E 1B3O

I 1670

o 1830

u 1670

x 1670

Select channel 17.

Tone D, Hz

2200

2200

2200

2000

2 000

1830

Vm10

ToNE 
i

GENE.I
RATOR I

'-., laftf eLlFlER

60. 344-E1 -B-
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Adjustment of the RF Level Detector.

Set the RF generator to the frequency of channel
28 and adjust the output for 10 mV e. m. f . corre-
sponding to 50 pV input at the antenna connector.
On the control box set the MT switch to Removed,
and check that the automatic channel search is
initiated.

Set the tone generator to correct combination as

selected (A, E, I, O, U, X) on the control box.

Watch the channel searching on the channel display
on the control box.

Adjust potentiometer R12 on FC705, P-level, so

that the transmitter is energized during the chan-

nel seareh.

Adjust the generator output to 600 prV e. m. f. cor-
responding to 3 pV input at the antenna connector.

Adjust potentiometer R30 on FC705, R-level, so

that the equipment, after having searched all
channels, switches to channel 28 and energizes

the transmitter.

The R-leve1 is to be checked on channel 1 and

channel 55.

Requirement: nom. R-level + 2 dB / -0 dB.

Checking the Tone Transmitter TT784

Connect a deviation meter through an attenuator

to the antenna connector.

Select channel 1.

TONE SIGNALLING
TEST GENERATOR

Storno

Activate the tone transmitter, TT?84, by means

of the Tone Key switch on the control unit.

The frequency deviation should be t 3 kHz 1 300H2

By changing the value of resistor R15 in TTTB4

the frequency deviation may be adjusted to be

within tolerance.

The resistor should be the closest lower standard

vai.ue (E12 series) to the resistance giving a fre-
quency deviation of I 3 kHz.

Checking the Call, Respond, and Clear Functions

Test Set-Up
See fig. 3.

Call Tone

Set the signal generator to channel 28.

Modulate the signal generator with a marking
signal as described under Checking of the

Marklng Signal Detector.

Set the control box to automatic channel search.

Depress rrHold Tone Keyrr.

Set the "MTrr switch to rrRemoverr.

The equipment shal1 select channel 2B and trans-
mit the call tone.

Read the Cal1 Tone frequency on the counter;

the frequency may be adjusted with the trimming
slug of L1 on TT7B4.

Requirement: f =2400H2+ 1Hz.

TS - Gl3

J8ilEi.>
RATOR i I,/
I laueltrtrn

RF
SIGNAL
GENE-
RATOR

DEVIATION

METER

COUNTER

R,r''l Mll.

DISTORTION

METER

60.344-E1

Fig. 3. CaIl, Respond, and Clear Function Test
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Check the frequency deviation as read on the de-

viation meter.

Requirement: Af =+ 3kHzt 300H2.

Measure the distortion at the output of the devia-
tion meter.

Requirement: THD < 10%

typical ( 3%

Respond Tone

Set the signal generator to channel 17.

Modulate the signal generator with a signal as

described under Checking of the Sequential
Tone Receiver.

Set the MT switch to IrIn restrr.

Release a sequentioal tone call to the station.

Perform measurements as described for the

Cal1 Tone.

Requirements:

Frequency, f=2400H2
Frequencydeviation, Af =t 3kHzt 300H2.

Distortion, THD < 10%, typi.cal ( 3?.

Repeat the measurements with the exception that

the Ca1led Lamp shail be extinguished before the

MT switch is set to rrRemoved". The emitted tone

shal1 be the Cal] tone (2400 Hz) .

l5torno

Clear Tone

Perform the CaIl tone test as described.

Disconnect the modulating signal to the RF signal

generator.

Depress rrHold Tone Key" for more than 1 second

and then release.

Set the MT swltch to rrln restrr.

Check the frequencY deviation.

Requirement: Af =+ 4.7 kHz+ 300H2.

Checking the Channel Searching Circuit

Test Set-up

Checking The Channel Selection

Set the frequencies of the two signal generators

to two individual traffic channels.

Set the signal generator outputs to 2 mV e. m. f .

corresponding to 10 pV input at the antenna con-

nector.

Set the equipment for automatic channel control
on the control box.

RF
SIGNAL
GENE-

RATOR
TONE
GENE-

RATOR i->
lauelrrte

Fig. 4. Channel Searching Circuit Test
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Alternately, increase the RF signal generator out-
puts 4 dB.

Check that the equipment selects the channel hav-
Ing the greater s.ignal .

Checking the Network Connection

Test Set-Up

See fig. 4.

Set the Rtr signal.generator to channel 28.

Set the RF signal generator output to 2 mV e. m. f.

[,{odulate the RF signal generator as described

under Checking the N,larking Signal Detector.

The equipment sha1l search all channeis, revert
to channel 28, emit the Cali tone, and repeat the

channel search starting at channel 1.

Removing the marking signal rvhile searching

channel 29 - 55 (after channel 2B has been re-
gistered) sha1l cause the equipment to revert to

channel 2B rvithout the transmitter being ener'-

gized and then the channel search sha11 be re-
peated starting at channel 1.

!5torno

Removing the marking slgnal while the Cal1 tone

emission is in progress the equipment sha1l stop

the channel search, the Searchlng Lamp shail

extinguish and the receiver and the transmitter

inhibit sha1l be removed.

Decreasrng the RF signal untli the squelch closes

and then again increased, or energizing the trans-
mitter for less than 5 seconds sha1l not cause the

recelver to be inhibited.

Closing the squelch for more than 10 seconds

shall cause the receiver and transmitter to be in-
hibited.

Settlng the [tIT switch to rrln restrr, the equipment

sha1l select channel 17 rvithout emitting the Clear

tone.

Checking the Control Channel Time-out

Select channel 17 and kev the transmitter.

Activate the "Cancel .IX gto"L" su,itch.

The transmitter shall be energized for 1 2 se-

conds and the equipment shall then rer.ert to the

receive mode.
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