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I GENERAL INFORMATION

1.1 FEATURES

‘This all-transistorized signal generator
gives high quality a.m. outputs from 10 ke¢/s
to 72 Mc/s. It has very high frequency dis-
crimination which, coupled with the good
stability reached soon after switching on,
makes it particularly suitable for setting up
and adjusting crystal controlled receivers
where the channel spacing is small and the
i.f. pass band must have an accurate absol-
ute setting. Another feature of note is the
low leakage which will be found of advantage
for tests on receivers that have an internal
ferrite rod aerial.

The instrument is rugged yet compact
in design, weighing only 50 lb and is avail-
able in bench or rack mounting versions.

Permeability tuning of the oscillator
and output modules provides the low imped-
ance required by the transistor circuitry
and enables the complete range to be covered
in only eight bands. The hand calibrated
near-logarithmic tuning scale is displayed

in a continuous zig-zag pattern, with scales
running alternately left and right, which
cuts out much of the tedium usually assoc-
iated with tuning about the band-change
frequencies. Above 100 ke/fs carrier freq—
uency, direct reading incremental tuning
gives high discrimination. Carrier shifts
can also be produced by externally applied
d.c.

Crystal check points are available at
intervals of 1 Mec/s, 100 kc/s or 10 ke/s.
Subsidiary check points can be switched in at
1 ke¢/s relative to each of the main points.
The dial of the incremental control can be
standardized against the crystal check points
by means of two independent trimmer con-
trols. The whole systern can provide a
degree of scale expansion equivalent to a
total scale length of over 2% miles.

Up to 2 V source e.m.f. can be obt-
ained with 100% rmodulation over most of the
range. Output is controlled by cam operated
20 dB and 1 dB step attenuators with voltage
and dB calibration in terms of p.d. across
a 50 2 load or of source e.m. f.; interpol-

MF/HF AM SIGNAL GENERATOR TF 2002
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Fig. 1.1 TF 2002 MF{HF AM Signal Generator

2002 (1)

5

3

R R . I I Y R L L R

{

1

]
f




i
Fa & o

*

P el

s

)

ation between attenuator steps is provided
by the carrier level control and meter
Automatic level control holds the output
constant againstirequency or range changing.

An auxiliary unmedulated output is
available for such purposes as driving a
counter to monitor the signal generator
frequency.

Internal! a.m. up to 100% is produced
by a continuocusly tuned oscillator covering
the audio band. This means that the gener-
ator can be used for comprehensive r.f.,
i.f. and a.f. response measurements on a
receiver with no additional equipment cther
thana receiver outputmeter. The oscillator
cutput is awvailable for external use at a
terminal to which an external meodulating

General information

signal may alternatively be applied. Envel-
ope negative feedback ensures good modul-
ation gquality up to at least 80%, and modul-
ation depth is independent of both carrier

tuning and carrier level.

The terrninals used for {requency
shift can also be used to apply external f.m.
or phase modulation or, with the aid of a
phase discriminator, to phase lock the
carrier for maximum stability.

Emphasis has been placed on acces-
sibility despite the compact structure and
thorough screening. The instrument has
three major horizeontal sections; the centre
one containing "the oscillaters and output
circuits can be withdrawn and operated via
an extension lead.

1.2 DATA SUMMARY

Frequency

Mechanical tuning
discrimination @

Calibration accuracy :

Stability :

2002 (1)

Range : 10 kc/s to 72 Mc/s, in 8 bands :-

A 10 - 32 ke/ s E 1 - 3.2 Mc/s
B 32 - 100 ke/s F 3.2 -10Mc/s
GC 100 - 320 kec/s G 10 - 32 Mc/s
D 320 - 1090 ke/s H 32 - 72 Mc/s

The frequency scales are near logarithmic and a 1000
division linear logging scale is provided.
+1%, with the scale in the index position. Provision is
made for adjusting the scale position against the internal
crystal calibrator.

o
At constant ambient temperature within the range 10°C
to 359C.

In the 15 minute period commencing 3 hours after
switch-on, the frequency variation is typically 30 p.p.m.
+ 3 ¢/s, and will not exceed 90 p.p.m. + 3 ¢/ s.

During the period 10 minutes to 3 hours after switch-on,
the maximum frequency variation per 15 minutes will

not exceed three times the amounts stated above.

Following a 10°c change in the ambient temperature
within the range 10PC to 35°C occurring after 15 minutes
operation, the maximum frequency variation over the
next 3 hours is typically 200 p.p.m. per 15 minutes.

Following a 10% change in the supply voltage, the max-
imum frequency variation is less than 20 p.p.m. +5 ¢fs.




General information

Frequency (continued)

Electrical fine tuning :

Crystal calibrator :

R.F. output

Lievel @

Attenuators :

Total level accuracy :

Operative above 100 kc/s only.
Adjustable up to maxima of :-

+ 1.0 ke/s for 100 - 320 ke/s Band C

+ 3.0 ke/s for 320 - 1000 ke/s Band D

+ 3.0 ke/s for 1 - 3.2 Mc/s Band E
+10.0 ke/s for 3.2- 10 Mc/s Band F
+30.0 ke/s for 10 - 32 Mc/s Band G

+100 ke/s for 32 - 72 Mc/s Band H

Incremental frequency accuracy is 5% of full scale when
standardized at full scale against internal crystal
calibrator.

Discrimination is better than 0.03% of carrier frequency,

For external frequency shift facilities, see under special
modulation facilities.

Check points at 1 Mc/s, 100 kc/s and 10 kc/ s intervals.
Accuracy : 0.01%, 10 - 35°C.
Check points at + 1 ke/s = 10 ¢/s about these points,

Maxima

10 ke/s - 32 Mc/s (c.w. or up to 100% modulation)

1 V e.m.f, using 6dB pad, or 1 V p.d, across a
matched load.

32 Me/s - 72 Mc/ s

As above for c.w. Half the above with 100% modulation
10 ke/s - 72 Mc/s

If working into an open circuit without a 6 dB pad,

2V e.m.f. is available using up to 30% modulation depth
below 32 Mc/s, or using c.w. above 32 Mc/s.

Variable down to 0.1 pV at all frequencies.

(See also external d.c. modulation).

Coarse - 120 dB in 20 dB steps.

Fine - 20 dB in 1 dB steps.

External 6 dB pad TM 5573/1.

Increments less than 1 dB obtainable by meter setting.

(Above 1.0 pV with or without 6 dB pad, with meter at
the appropriate reference mark)

Below 32 Mc/s + 1 dB from 18°C to 35°C.

Above 32 Mc/s + 2 dB, of which approximately =1 dB
is caused by temperature effects over the range 10°C to
35C.

A, L,C. maintains carrier level meter setting constant
within 0.5 dB at all carrier frequencies,
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R.F. output (continued)

Impedance :

Carrier harmonics :

Leakage @

Counter output :

Modulation

Depth :

Monitor :

Accuracy :

Envelope distortion :

2002 (1)

General information

Effectively 50  al all level settings.
V.S.W.R. 1.15: 1 below 200 mV, with or without
6 dB pad.

Less than 3% individual harmonics at maximum output
levels.

Negligible. Allows measurements to be made close to
the signal penerator.

Suitable for use with Counter TF 1417/2 and Converter
TF 2400. Produces 10 mV into 50 © from high
impedance source.

Continuously variable up to nominally 100%.

Reads equivalent average modulation and is virtually
independent of carrier level reference.

At 20°C up to 80% depth, £5% modulation to 10 ke/ s,

and £10% modulation to 20 ke/ s, provided the maximum
usable modulation frequencies shown in table 1.1. are
not exceeded. The error with temperature may rise by
an additional +3% meodulation at 10°C and 35°C.

Using internal oscillator, less than 2% distortion

factor at modulating freqﬁency of 400 ¢/ s for modulation
depth up to 80% at carrier frequencies between 100 ke/s
and 32 Mc/s (Bands C to G). The maximum usable
modulation frequencies for up to 5% distortion at 80%
depth over the whole carrier range are shown in

table 1,1.

TABLE 1.1

Maximum frequency for
80% medulation depth

Band Carrier frequency (5% distortion)
A 10 to 32 ke/s 100 ¢/s

B 32 to 100 kefs 100 ¢/ s

C 100 to 320 ke/fs 1.5 ke/s

D 320 to 1000 ke/ s 2 kels

E lto 3.2.Mc/s 20 kef s

F 3.2 to 10 Mc/s 20 ke/ s

G 10 to 32 Mc/s 20 kef s

H 32 to 72 Mc/s 20 kc/ s




General information

Modulation (continued)

Internal oscillator :

External a.c. :

External d.c. :

Spurious f.m. on a.m. :

Spurious f.m. on c,w. :

Spurious a.m. on c.w. :

Special modulation
facilities :

Modulation frequency
range :

Continuously variable 20 ¢/s to 20 ke/s in 6 ranges.
Accuracy: 10%.

Qutput : fixed sync signal available at modulation
terminal approximately 1V from 10 k2 with less than
1.5%. distortion.

20 c/s to 20 ke/s; accuracy of modulation depth and
frequency limitations as for internal modulation.
Input: less than 1.5V r.m.s, into approximately 1 kQ
for nominal 100% a.m.

(Depth adjustable at panel).

Carrier level may be varied by external d.c.

For 30% a.m. up to 1 ke/s modulation frequency.

Bands A-G: Deviation less than 100 ¢/s +10 p. p.m. of
carrier frequency.

Band H : Deviation less than 50 p.p.m. of carrier
frequency.

Less than ] p.p.m. +5 c/s of carrier frequency using
mains operation.

-65 dB relative to 30% meodulation, in a 3 dB bandwidth
of 650 ¢/s at carrier frequencies below 100 ke/s, and
in 20 ke¢/ s bandwidth above 100 ke/s.

May be used for manual or automatic frequency control,
frequency modulation, phase modulation cr sweeping.
Operation above 100 ke/ s only; requires upto 15V d.c.
or peak to peak, varying with frequency range.

Will provide frequency excursions to at least the maxima
shown in the table under electrical fine tuning.

Between 100 kc/s and 320 ke/s (Band C) up to 5 x the
tabulated sweep widths are obtainable; and between

320 ke/s and 1 Mc/s (Band D), up to 10 x these widths.

The f.m. deviation available is half the maximum
frequency shift for the band.

D.C. to 4 kc/s for carrier below 1 Mc/ s.
D.C. to 20 kc/s above 1 Mc/s.

2002 (1)
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General information

Power supply

Mains operation
(absolute limits) : 95V to 130V a.c. ) 45 to 500 ¢/ s
190V to 264V a.c.)

load 15 VA approximately.

Battery operation

{absolute limits) : 19V to 32V d.ec. positive earth.

current 0. 3A maximum.

Dimensions and weight Height Width Depth Weight
11 in 18 in 14 in 50 1b
(28 cm) (46 cm) (36 cm) (23 kg)

1.3 ACCESSORIES

Accessories supplied

6 dB Pad, type TM 5573/1; BNC plug to BNC socket.

Output Lead, type TM 4%969/3; BNC plug to BNC plug. )

Telephone Jack Plug, M.I. code 23421-612. For crystal calibrator output socket.
Trimming tool.

Hexagon wrench for removing r.f. box cover.

Mains lead (TF 2002 only) M.I.code 43122-017.

Mains socket (TF 2002ZR only) M.I. code 23424-151.

Accessories available

Qutput Lead, type TM 4726/152; BNC plug to Belling-lee L788FF plug.
Matching Pad, type TM 5569; 50 to 752, BNC socket to Belling-Lee L734/P plug.
Matching Pad, type TM 6599; 50 to 752, BNC plug to Burndept PRA4E plug.

Dummy Aerial & D. C. Isolating Unit, type TM 6123; Input, BNC plug on 3 ft lead;
Qutput, spring loaded terminals. For general receiver °
testing or for use on circuits with d. c. potentials up to

350 V.

Matching Transformer, type TM 5955/5; 50 £ unbalanced to 300 Q balanced, BNC
socket to 4 mum terminals. Voltage ratio 1:0.5 + 0.5,

Rack Mounting Kit, type TM 8269; consists of brackets and covers to convert bench
mounting model TF 2002 for mounting on a 19 inch rack.

2002 (1)




2 OPERATION

2.1 PREPARATION FOR USE

In cemmon with other apparatus employ-

ing semiconductor devices, the performance
of the instrument may be affected if it is sub-
jected to excessive temperatures. Therefore
completely remove the plastic cover, if one
is supplied over the case, and aveid using the
instrurnent standing on, or close to, other
equipment that is hot.

A.C. power supply

Normally the instrument is supplied
with the mains selector switch set for supply
voltages within the range 190 to 264V, For
input veltages in the range 95 to 130 V the
selector switch must be pressed to the left.
Do this by removing the plate securing the
switch butten, pressing the switch to the
correct position, reversing the plate and
replacing it to hold the switch in the new
position. The mains fuse need not be replaced
when changing the voltage range.

Attach a suitable 3 pin plug to the mains
lead. Note the wires are colour coded as
follows :-

Earth (ground) - Green/ Yellow
Neutral - Black
Line (phase} - Blue

In addition the earth wire carries a
yellow sleeve bearing a green earth symbol
and the neutral wire has a sleeve marked IN.

Before connecting the supply press the
MAINS/BATTERY switch to MAINS,

D.C. power supply

A d.c. supply of between 19 and 32 V,
positive earthed, mmay be used.
drain is about 300 maA.

The current

Press the MAINS/BATTERY switch to
the position marked BATTERY and connect
the supply by leads to the positive and neg-
ative terrninals at the rear of the instrument.

Rack mounting

Before inserting TF 2002R into a rack,
slides or runners should be fitted to the rack
to give support to the rear of the instrument
as the four retaining screws cannot be
relied upon to bear its full weight.

Meter zeroing

Before turning the SUPPLY switch ON
check that the pointers of the meters are at
their extreme left hand calibration mark
{zeTo scale deflection}. If necessary adjust
the set screw at the top of each meter to
bring the pointer to this position.

2.2 CONTROLS—SUPPLY AND TUNING

®

SUPPLY switch. Turn clockwise to

switch on.

MAIN TUNING SCALE. The scale is
engraved in a continuous zig-zag from
10 kefs to 72 Mc/s.

©)

RANGE switch. 8 positions, lettered
to correspond to the frequency bands.

MAIN FREQUENCY CONTROL. The
knob skirt carries a logging scale that
enables the main tuning scale to be
divided into 1000 divisiouns.

SET SCALE CONTROL. Mechanical
adjustment of main tuning scale for

A positive
index locates the nominal centre

frequency standardization.

position.

INCREMENTAL FREQUENCY CONTRCL
& SCALE. Provides calibrated freqg-
uency shifts up to the limits indicated
alongside the control.

2002 (1)
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Operation

pips are provided (1 Mc/s, 100 kc/s,
10 ke/s). An additional switch position
gives a sharp null separated 1 ke/s
irom each 10 k¢fs marker.

SET ZERO CONTROL. Sets the freq-
uency of the zero calibration mark of
the INCREMENTAL FREQUENCY

control @.

CRYSTAL CALIBRATOR LEVEL
CONTROL. Adjusts the a.f. level of
the markers.

SET AF CONTROIL. Sets the sens-
itivity of the INCREMENTAL FREQ-
UENCY control by calibration against
the crystal calibrator.

CRYSTAL CALIBRATOR OUTPUT
SOCKET. Phones jack, the internal
loudspeaker is disconnected when a
plug is inserted.

@

CRYSTAL CALIBRATOR SELECTOR.
Selects the intervals at which marker

®

Supply Carrier
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COARSE ATTENUATOR. Six 20dB ®
steps.

FINE ATTENUATOR. Twenty 1 dB
steps.

C)

R.F¥F. OUTPUT SOCKET. 508, BNC
socket.

COUNTER QUTPUT. 250 Q source
irnpedance BNC socket. Output is
unmodulated and the level is not cont-
rolled; suitable for 50 2 load.

CARRIER LEVEL CONTROL. Sets
carrier to standard level indicated by

May also be used to interpolate
between attenuator steps.

CARRIER SWITCH. For temporary
interruptions of the carrier.

CARRIER LEVEL METER. With the
pointer at SET the attenuator dials
are direct reading in dB above 1 pV.
Meter also scaled in volts to assist
interpolation.

2002 (la)
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MODULATION METER. Scaled in
percentage modulation depth. Readings
are independent of setting of CARRIER
LEVEL meter.

(3) MODULATION DEPTH CONTROL.
Adjusts modulation depth of either
internal or external modulating signals.

MODULATION SELECTOR. Selects
internal modulation frequency range
or external modulation,

@ MODULATION FREQUENCY CONTROL
& SCALE. Continuously variable int-
ernal modulation frequency control.

@ INTERNAL & EXTERNAL MODUL-
ATING SIGNAL TERMINAL. Acts as
inlet for external modulating signals
and output for internal modulating
signals.

() FREQUENCY SHIFT TERMINAL.
Inlet for controlling signal for freq-
uency modulation or phase locking.

24 SETTING FREQUENCY

Turn the SUPPLY switch ON. Although
the instrument operates within seconds of
switching on, to obtain improved frequency
stability allow a stabilizing period of ten
minutes or more,

Using the RANGE switch, select the
range that includes the desired carrier
frequency. The ranges are :-

TABLE 2.1
A 10 - 32 ke/fs E 1 - 3.2 Mc/s
B 32 - 100 ke/s F 3.2-10 Me/s
G 100 - 320 ke/s G 10 - 32 Mc/s
D 320 - 1000 kc/s H 32 - 72 Mc/s

Turn the INCREMENTAL FREQUENCY
contrel to zero and the SET SCALE control
to its central index position. Adjust the main
FREQUENCY control until the desired freq-
uency is indicated on the main tuning scale.

2002 {1}

Operation

Crystal calibrator

Marker points at 1 Mc/s, 100 kec/s or
10 ke/s intervals can be chosen by the CRY-
STAL CALIBRATOR selector switch. The
last position of the switch gives markers at
10 ke¢/s and brings into circuit a 1 kc/s
rejection filter that gives a null 1 ke/s either
side of each 10 k¢/s point.

A loudspeaker is fitted 'to monitor the
crystal calibrator markers, but if greater
sensitivity is wanted or it is desired not to
disturb other workers plug a pair of head-
phones into the CRYSTAL CALIBRATOR
QOUTPUT socket. Any headphones with an
impedance in the range 50 @ to 50 k@ will be
suitable. Switch the calibrator on by putting
the CRYSTAL CALIBRATOR selector switch
to a position that gives markers at conven-
ient intervals. To avoid ambiguity due to
the limitation of the main frequency scale
use the following initial settings :-

TABLE 2.2
Frequency Crystal calibrator
range selector setting
A 10 ke/s
B 10 ke/s
C 10 kefs
D 100 kefs
E 100 kc/fs
F 1 Mc/s
G 1 Mc/s
H 1 Mc/s

Tune the signal generator approximately
to the marker frequency nearest to the desir-
ed carrier frequency and adjust the main
FREQUENCY control for zero beat. Bring the
beat note amplitude to a convenient level with
the CRYSTAL CALIBRATOR LEVEL control
(red knob).

If it is wished to standardize the scale,
turn the SET SCALE control to bring the
scale point corresponding to the crystal mar-
ker into coincidence with the cursor.

By switching the CRYSTAL CALIB-
RATOR selector switch in turn to 100 ke/s
and 10 kc/s marker intervals, advancing




Operation

the main FREQUENCY control and counting
the marker pips as they are heard, it is
possible to set the frequency of the signal
generator to any 10 kc/s point.

Example : To tune the signal generator to a
frequency of 4. 23 Mc/s.

Switch to Range ¥ {3.2-10 Mc/s), and
with the main FREQUENCY control
bring the cursor to 4 Mc/s on the main
tuning scale. Plug in headphones and
set the CRYSTAL CALIBRATOR sel-
ector to 1 Mc/s. Slightly adjust the
main FREQUENCY control until a
marker is heard. Reset the CRYSTAL
CALIBRATOR selector to 100 ke/s and
advance the main FREQUENCY control
past the 4. 0 Mc/s marker, then past
the 4.1 Mc/s marker and stop at the
4.2 Mc/s marker. Reset the CRYSTAL
CALIBRATOR selector to 10 kc/s and
advance the main FREQUENCY control
past the first two 10 kc/s markers
(4.21 and 4.22 Mc/s) and stop at the
zero beat point of the third.

Incremental tuning

Electrical fine tuning at frequencies
above 100 ke/s can be obtained with the
INCREMENTAL FREQUENCY control. This
may be wanted, for example, for precise
frequency setting or for accurate bandwidth
measurements.

Tune the signal generator, with the
aid of the crystal calibrator if necessary,
to a frequency just lower than the range to
be investigated. This frequency should be
a multiple of 10 kc¢/s.

Two independent front panel preset
controls are provided for setting up the
INCREMENTAL FREQUENCY control; the
SET ZERO control which gives a fine adjust-
ment enabling the scale zero to be brought
to a convenient point and the SET A F control
which allows the control sensitivity to be set
up against the crystal calibrator.

To adjust SET ZERO control. Set the
CRYSTAL CALIBRATOR selector to 10 ke/s
and either use the internal loudspeaker or
plug headphones into the crystal calibrator
QUTPUT socket. With the INCREMENTAL
FREQUENCY dial at zero adjust the SET
ZEROQO control for zero beat at the nearest
10 ke/s marker point.

To adjust the SET AF control: Turn
the INCREMENTAL FREQUENCY control
until the dial indicates the desired sensitivity
and advance the SET AF control from its

extreme counter-clockwise position (the control

is a 5 turn potentiometer) until the wanted
frequency shift, determined by the crystal
calibrator, has been obtained. The principal
settings are swnmarized in table 2. 3.

To set the INCREMENTAL FREQUENCY control for full-scale sensitivity of :

1 ke/s
Set CRYSTAL CAL 1 ke/s
selector to : (filter)
Set INCREMENTAL 1.0 on
FREQUENCY scale
dial to : 0-1
Advance SET AF First
control until 1 ke/s

null point

found
Available on C, D, E,
carrier ranges : F, G, H

TABLE 2.3

3 ke/s 10 kefs 30 kc/s 100 ke/s -
1l kels - : :
i ) 0k
(filter) 10 kc/s 1 cfs 100 ke/fs
Lo
1.0 on 1.0 on 3.0 on 1.0 on
scale scale scale scale
0-3 +E 0-3 0-1 i
rv—
First First Third First
-
1l ke/s 10 kc/s 10 ke/s 100 ke/s Y
null.point zero beat zero beat zero beat r—
found found found found
=
D, E, F, g
G, H F, G, H G, H H
-
v
200z (la)
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Whilst it is good practice to sct the
main FREQUENCY control before setting up
the sensitivity of the INCREMENTAL FREQ-
UENCY contrel, small subsequent adjustments
of the main FREQUENCY control will not sub-
stantially affect the accuracy of {requency
increments indicated on the INCREMENTAL
FREQUENCY scale.

Example : To tune the signal generator to a
frequency of 4. 2352 Mc/s.

Tune to 4. 23 Mc/s using the procedure
described above. Set up the INCRE-
MENTAL FREQUENCY control for full-
scale sensitivity of 10 ke/s on the 0-1
scale. Turn the INCREMENTAL
FREQUENCY control until the cursor
is againstl the calibration mark 0.52 on
the 0-1 scale.

Logging scale

For making incremental shifts on
ranges A and B or for making greater shifts
than available from the electrical fine tuning
circuits on the other carrier ranges the
logging scale may be used.

The 0-100 scale around the main
FREQUENCY control relates to the top scale
on the main tuning dial and thus allows each
frequency range to be divided into nearly
1000 divisions.

Calibrate the logging scale over a con-
venient number of divisions corresponding to
a frequency change of 10% or less, using the
crystal calibrator. Although the frequency
scale Las a logarithmic type law, linear
interpolation by means of the logging scale
can be used for a first approximation.

External frequency shift

The FREQUENCY SHIFT terminal may
be used to frequency modulate the Signal
Generator, for making remote frequency
shifts or for phase locking. There is a
potential of -8.5V between the terminal and
carth and the source impedance is 1 k2.

The sense of operation is such that an
increase of this potential (in the negative
direction) increases the carrier frequency.

200z (1)
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The limits of {requency shift that may
be employed depend on the amount of non-
linearity that is acceptable. In general, at
the low {requency ends of the carrier ranges
the maximum usable excursions are defined
by the frequencies that are obtained when
the INCREMENTAL FREQUENCY control is
put at zero and at 10, with the SET AF
control fully clockwise. This end-to-end
range corresponds approximately to the
table given on the instrument front panel
and repeated in table 2.4,

TABLE 2.4

Peak deviation

Maximum shift from
from mid-scale on

Range zero on INCREMENTAL
FREQUENCY control INCREMENTAL
internal external FREQUENCY control

{kcis) (keys) (kefs)

e +1 &2, 5 )

D +3 #15 £15

E +3 +3 *l. 5

F +10 +10 +5

G +30 +30 +15

H +100 +100 +50

On carrier ranges C and D greater
shifts than are available from the internal
shift circuits can be obtained by increasing
the applied voltage, The voltage at the
terminal should not fall outside the limits of
=2V and -13V if severe non-linearity is to
be avoided.

(2) Frequency modulation

Turn the SET AF control fully clock-
wise and put the INCREMENTAL FREQUENCY
control to mid-scale. Feed the input signal
to the FREQUENCY SHIFT terminal through
a blocking capacitor, The input level
required is about 1V r,m.s.

The available peak deviation for this
input at the low frequency end of each
carrier range is half the shift obtainable
from the internal frequency shift circuits.
Deviation increases with frequency and is
3.2 times greater at the high frequency end
of each carrier range. On rangesC andD
only it is permissible to increase the drive
until up to five times {range C) or ten times
(range D) the given peak deviation is
obtained. An external deviation meter is
required for monitoring.
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{(b) Frequency shift

Frequency shift may be achieved
either by applying to the FREQUENCY

SHIFT terminal a signal from a high impedance

source or by shunting the terminal to carth
with a resistor.

Using the passive method only down-
ward shifts of frequency can be made.
Turn both the SET AF and the INCREMENTAL
FREQUENCY control fully clockwise.
Comnect a resistive network between the
FREQUENCY SHIFT terminal and earth.
About 3.5 k2 will give the maximum shifts
shown in the table engraved on the signal
generator front panel.

Fig. 2.3 Passive external 1r 2002
frequency shift circuit

o
&

FrEQ SHIFT
O

o

> a70n
i Teadna

>
,_:] 10x0

Using an applied voltage, derived for
example from a phasc detector, shifts can
be made in either direction. Turn the
SET AF control {ully clockwise. FPut the
INCREMENTAL FREQUENCY centrol to a
position that will set the frequency to a
convenient point within the available shift
range, e,g. if it is wished to make upward
and downward swings of frequency, up to the
limit, the INCREMENTAL FREQUENCY
control must be turned to mid-travel,

Fig. 2.4 External frequency shift circuit | 1r20z

5 S ——
a

FREG SHIFT
o - g

0¥ 1k} = ARAA 1nsee

Frequency shifts may be applied
together with frequency modulation but take
care to avoid over modulation. At the low
frequency end of each carrier range the

L B
algebraic surm of the internally and .~
externally applied shifts and the peak f.m.
deviation must not take the frequency outside &
the limits given in table 2, 4.

2.5 AMPLITUDE MODULATION =

Internal

To obtain amplitude modulation by the
internal oscillator :-

(1) Sct the MODULATION selector to the
position corresponding to the frequency -———
range that includes the required mod-
ulating frequency. Each switch position
that pives internal modulation falls
between two figures, which indicate in

c/s the frequency limits of the band :
obtained at that position. (-._
(2) Turn the MODULATION FREQUENCY
control so that the dial indicatcs the =
required frequency.
—

(3) Advance the MODULATION DEPTH
control (red knob) until the MODUL-
ATION meter shows the required 5
percentage modulation.

The maximum depth for low distortion
modulation is limited when the modulation
frequency exceeds a certain percentage of
the carrier frequency. Thus the higher
modulating frequency ranges are only usable vy
at the higher carrier frequencies. Table 1.1,
p. 7 gives the maximum modulating {requencics
for 5% distortion at 80% modulation depth.

La o

The MODULATION selector knob also shows [ b

the lowest carrier ranges that can be used —

with low distertion for each modulating {req-

uency range at 30% and 80% modulation depth. .
The MODULATION selector also shows 4

the lowest carrier ranges that can be used o

for each modulating frequency ranpe at 30%

and 80% modulation depth. .
When switched to an internal modulation T

position the modulating signal is made avail-

able at the INTERNAL & EXTERNAL MOD- i

ULATING SIGNAL terminal. Ty

This may be used, for example, to
synchronize an oscilloscope at the modulating
frequency. The output level is about 1 V e
r.m. s. and the source impedance 10 kQ.

2002 (1)
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External—capacitor coupled

Turn the MODULATION selecctor to
EXT, A.C. Apply an a.c. modulating signal
Letween the INTERNAL & EXTERNAL MOD-
ULATING SIGNAL terminal and earth. Set
the MODULATION DEPTH control to give
the required percentage modulation indicated
on the MODULATION meter.

Note : The meter reading may be in e rror
if non-sinuseidal modulating signals
are used.

The input required is about 1 V r.m. s,
into 1 k@ for full modulation.

For high modulating frequencies the
modulation depth limitations, given above
for internal modulation, must be observed.

External—direct coupled

For low audio {requency modulation
with very low phase shift, or sub-audio mod-
ulation, direct coupling to the modulating
circuit is available. The facility may also
Le useful for remote level adjustment either
manual or automatic.

Turn the MODULATION selector to
EXT. D.C. In this position a standing pot-
ential of -2 V appears between the INTERNAL
& EXTERNAL MODULATING SIGNAL term-
inal and earth. This may be used to control
the carrier amplitude in two ways.

(1) By applying a direct or alternating
potential from a high impedance source.
The sensitivity is sucih that if the volt-
age is reduced from -2 V to -1 V the
carrier level is reduced approximately

to zero.
= -
— TF 007
v i 1*n
—_— 4700
+
T2 a0 vours
Lo+
o
TradnY lu v g

Fig. 2.5 External amplitude control circuit
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(2) By shunting the terminals with a res-
istor, e.g., since the impedance
between the terminals is 1 kiz a 1 k@2
resistor in shunt will reduce the volt-
age te -1 V and so reduce the carrier
level to zcro.

17 7002
a70n
wop vours
—
lo
LT3 = =)
L TPadRS

Fig. 2.6 Passive external amplitude control circuit

The MODULATION DEPTH control
does not operate in this position but both
CARRIER LEVEL and MODULATION meters
are operative for slow changes and modul-
ating frequencies above about 20 ¢/s, resp-
ectively.

I{f an excessive drive voltage is
applied to the INTERNAL & EXTERNAIL
MODULATING SIGNAL terminal the
fuse 25 FS1, which is mounted on the
wide band amplifier board, may blow.

For high modulating {requencies the
modulation depth limitations, given above
{or internal modulation must be observed.

2.6 SETTING OUTPUT

Turn the CARRIER switch to ON and
bring the pointer of the CARRIER LEVEL
meter to the SET mark (1V) by adjusting the
CARRIER LEVEL control.

Note: With a modulated carrier on range H

the CARRIER LEVEL meter should be
set to the RANGE 11 MODULATED
mark {0. 5V).

Adjustment of the CARRIER LEVEL
control can be made without affecting the
modulation depth. Turn the coarse and fine
output attenuator controls until the desired
output is indicated.




Operation

The output levels read from the atten-
uator dials are those which appear across a
matching (50 ©2) load. The attenuators are i
also direct reading in terms of source e.m.{. ZL§ “
when the output is fed through the 6 dB pad
TM 5573/1. This pad is normally stowed at
the rear of the instrument.

Expressed in dB referred to 1 .V

With the CARRIER LEVEL meter at Fig. 2.7 Equivalent output circuit
SET, the output level is the sum of the read-
ings of the dB scales of the coarse and fine

attenuators. The {ine attenuator allows level Z_ is the external load impedance,
adjustment in 1 dB steps but intermediate
outputs can be obtained by varying the setting V_, the voltage developed across the
of the CARRIER LEVEL control, load is ~ given by
ZL
If the CARRIER_ LEVEL meter is at VL = E —W
RANGE H MODULATED subtract 6 dB from o L
the output indicated by the attenuator dials. or, for purely resistive loads
RL
Expressed in volts VL = B —-.-__RO = RL

With the CARRIER LEVEL meter at
1 V the output voltage is indicated on the fine
attenuator dial within the decade shown on
the coarse attenuator dial. If the CARRIER

LEVEL meter is at 0.5V the output is half
that indicated by the attenuator dials.

Table 2.5 shows the conversion fact-
ors for obtaining the load voltage from the
indicated e.m.{. at different load impedances.

TABLE 2.5

To find load voltage:

Counter output Load ohms Multiply e.m.f- by  or  Subtract dB

L . 10 0.167 15.5
For applications such as operating a 20 0. 286 10.9
counter type {requency meter, an alternative 30 O. 375 8. 5
output is provided. This output is unmod- pi D. 445 7' 0
ulated and the level is not affected by the 50 0' 50 6. 0
CARRIER LEVEL control or the attenuators. &0 0' 55 5' 5
The output e.m.f. is about 200mV and the 20 0. 53 4.7
source impedance 250Q. It will satisfactorily e 0' 60 4'4
operate equipment with a 5002 input. 80 0.62 4: 2
90 0. 64 3.8
100 0.67 35
2.7 MISMATCHED LOADS 120 0.71 3.0
150 0.75 2.5
The r.f. output circuit of the signal 200 0.80 1.9
generator should be regarded as a zero 300 0.86 1.3
impedance voltage source in series with a 500 0.91 0.8
resistance of 50 Q. This is shown in Fig, 600 0.92 0.7
2.7 where : 800 0.94 0.5
E is the indicated source e.m. 1., éggg ggg gi
RO is the source resistance, 4000 0.99 0.1
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When using a correctly matched, i.e.,
50 2 output lead its output end can be reg-
arded as an extension to the output socket on
the generator and wide variations of load
impedance do not seriously affect the calcul-
ated load voltage obtained from table 2. 5.
Standing waves produced by the mismatched
load can, for most purposes, be ignored.

For greatest accuracy - if the addit-
ional attenuation can be tolerated - use a
20 dB attenuator pad such as type TM 5573
between seriously mismatched loads and
the output lead. This ensures that the lead
is correctly terminated, and also attenuates
any extraneous noise induced in the lead.

Matching to high impedance loads

To present a load that is greater than
50 © with a signal derived from a matched
source, a resistor R is added in series with
the generator output. The value of Ry is
given by the difference between the load and
the generator impedances, that is

5 L o
AMMA—— TRLass
Rs
g Ry
S0
P <
Ry Eg R, Eé
E E
o

.EQUIVALENT CIRCUtT

SERIES RESISTOR IN CIRCUIT

Fig. 2.8 High-impedance matching

The voltage across the load, VL, is
given by

v ]

E
L 2

For the special case of a 75 Q load,
matching pads types TM 5569 or TM 6599,
are available as accessories and consist

2002 (1)
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basically of a 25 Q resistor with coaxial con-
nectors for insertion in series with the output
lead.

If the load impedance is substantially
greater than 502 the maximum output may
not be available with full modulation. See
data summary p. 6.

Matching to low impedance loads

To present a load that is less than
50  with a signal derived from a matched
source, a resistor Rp is added in parallel
with the generator output. The value of Rp
is given by

=3 =
The effective source e.m.f., is now

different and is given by

R
_ p
E1 = E R T R
o P
and the voltage across the load, VL, is
given by

v, = 1

— ELIE. 1

Rp Ry < R, =
% e b3

Y
VYWY

EQUIYALENT CIRCUIT

..“_

PARALLEL RESISTOR N CIRCUIT

Fig. 2.9 Low-impedance matching

Matching to balanced loads

Equipment whose input circuit is in the
form of a balanced winding can be fed from
the generator by using two series resistors
as shown in Fig. 2.10. This method makes
use of the auto-transformer effect of the
centre-tapped winding and is not suitable for
resistive balanced loads.
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I
i 2.8 USE OF DUMMY AERIAL AND D.C, Ll
' ISOLATOR
"
o Al R To use this dual-purpose unit as a i
dummy aerial connect the EMF/10 and E
terminals to the receiver under test. The "
2 unit then simulates the impedance of a
W typical aerial for broadcast receivers in -
the 1.f., m.{. and h.f. bands, and provides r—
Fig. 240 Balaniced toad matehing an out put voltage o_f one-tenth of that indicated
by the attenuator dials. —
T

To use it as a 350 V d. c. isolator con-

Tt 1 f f in th .
ie values of By, {on use in the contre nect the EMF/2 and E terrinals to the equip-

duct d for tt th 1 -
Crione uc; o] 2 RZ (o the: onm eRe) are ment under test. This allows the signal
ven o - ¢
g ¥ generator output to be applied to circuits
having a standing d. c. potential up to 350 V.
. = RL 50 The output voltage is half of that indicated
1 = by the attenuator dials.
z =
R, = L 4 e -
z -
ggn s0a DC ISOLATOR
W0OpF EMF =
For use with circuits that have a bal- To
anced impedance of 300 @ a special matching E 1o b e
unit is available as an accessory and may be AERIAL
ordered under the type number TM 5955/5. EARTH __J -
It incorporates a wide band transformer with J___-
a l:4 impedance ratio and a resistive pad to —
give an overall ratio of 1:6. The voltage a
ratio is 1:0.5 + 0. 5. Fig. 2.11  Generator output using THM 6123
.'1—
Yy
L
-
o
=
o I
s
Lo 2
e
20 2002 (1)
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i
bor—
Ratic Down
[ VOLTAGE POWER
1-0 1-0
= 9886 9772
9772 9550
p— - 9661 19333
9550 9120
T -9441 -8913
— 49333 -8710
9226 -8511
S 9120 -8318
9016 -8128
g— -8913 7943
- e -8710 -7586
-8511 7144
— -8318 -6918
-8128 6607
. - -7943 -6310
— 7762 -6026
7586 -5754
. e 7413 -5495
7244 -5248
— 7079 -5012
y € -6683 -4467
6310 -3981
—_— -5957 -3548
5623 3162
"3 5309 -2818
b 5012 22512
4467 1995
i -3981 <1585
-3548 1259
- -3162 1000
= -2818 -07943
2512 06310
i -2239 05012
1995 -03981
> 1778 03162
e
-
.
= 2002 (1)
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DECIBELS

SOVdus MaWmaso

£=S

o B R
S LN OO B

W R

o0 ~t o~

10

11
12
13
14
15

YOLTAGE

1-0
1-012

DECIBEL CONVERSION TABLE

Ratio Up
POWER

S o

-023
1-047
1-072
1-096
1122

1-148
1175
1-202
1-230
1-259

1-318
1-380
1-445
1-514
1-585

1-660
1-738
1-820
1-905
1-995

2:239
2-512
2-818
3162
3-548

3-981
5012
6:310
7-943
10-000

12:59
15-85
19-95
2512
31-62

Operation
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Ratio Down

VOLTAGE

1585
1413
1259
1122
1000

07943
06310
-05012
-03981
03162

-02512
-01995
-01585
01259
-01000

7-943 x 107
6-310 x 107
5012 x 107
3981 x 107
3162 x 107

2:512 x 107
1:995:x 107
1.585 x 107
1-259 x 10
1-000 x 10

5623 x 107
3162 x 107
1778 x 10~
1-000 x 10~
5:623 % 107

3-162 x 10
1-000 x 10-°
3162 x 10~
1:00C x 10-¢
3162 x 107
1000 x 107

POWER

02512
-01995
01585
01259
-01000

6-310 x 107
3-981 x 107
2-512 x 107
1-585 x 107
1-000 x 10

6-310 x 10
3-981 x 10
2-512 x 10+
1-585 x 10~
1-000 x 10~

6-310 x 10-°
3-981 x 10-°
2512 x 10°*
1-585 x 10°*
1-000 x 10-*

6310 x 10
3.981 x 10~
2512 x 10
1-585 x 10~
1-000 x 10~

3162 x 107
1-000 x 107
3-162 x 10
1-000 x 10-®
3162 x 10°°

1-000 x 10~°
1-000 x 10
1-000 x 10
1-000 x 10"
1-000 x 10
1-000 x 10"

DECIBELS

VOLTAGE

6-310
7-079
7-943
8-913
10-000

12-59
15-85
19-95
2512
31-62

39-81
5012
€310
79-43
100:00

1259
158-5
1995
2512
3162

398-1
5012
631-0
7943
1,000

1778 x 10°
3962 x 18°
5623 x 10°
1-000 x 10¢
1-778 x 10

3162 x 10¢
1-000 x 10°
3162 x 10°
1-000 x 10¢
3162 x 10¢
1-000 x 107

DECIBEL CONYERSION TABLE (continued)

Ratio Up

POWER

39-81
5012
63-10
7943
100-00

158-5
2512
3981
631-0
1,000

1-585 x 10°
2:512 x 10°
3981 x 10°
6310 x 10°
1-000 x 10*

1-585 x 10¢
2:512 x 10¢
3981 x 10¢
6310 x 10*
1-000 x 10°

1-585 x 10°
2:512 x 10°
3-981 x 10°
6310 x 10°
1-000 x 10¢

3-162 x 10°
1-000 x 107
3162 x 107
1-000 x 10°
3-162 x 10°

1-000 x 107
1-000 x 10"
1-000 x-10*
1-000 x 102
1-000 x 10"
1-000 x 10™

2002 (1)
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3 TECHNICAL DESCRIPTION

Each of the printed boards and other
sub assemblies in this instrument has been
allocated a unit identification number in the
sequence @ to , which wherever pract-
icable is marked upon it. The complete
circuit reference for a component carries
its unit number as a prefix, e.g., 6R15.
Components that do not form part of any
sub assembly carry the prefix 0, e.g., ORb.

For convenience in this section and on
the circuit diagrams, the circuit reference
is abbreviated by dropping the prefix, except
where there is risk of ambiguity.

31 CIRCUIT SUMMARY

Each carrier {requency range has
completely separate oscillator and output
filter circuits.

The oscillator and output filter circuits
are tuned by ferrite cores moving inside the
coil former. Each core derives the required

O0SCILLATOR
COILS

linear motion from a tape attached to a drum.
Alternate ranges are coupled to tapes wound
in opposile way arcund the drum. The freq-
quency of successive ranges thus alternately
increases and decrgases with one direction
of rotation of the FRECUENCY control.

This system which is illustrated in Fig. 3.1
atlows a boustrophedon tuning scale to be
used.

Range changing is carried out by the
wafer switch SG.  Power supplies to the
oscillators are’ switched by SG4F and the
low level oscillator ocutpul to the wide band
amplifier by SG2F. SG7F and SG8F switch
the wide band amplifier output to the output
filter while SG&F switches the filtered
signal to the attenuators.

All except the two lowest frequency
oscillators have a voltage-controlled capac-
itive reactance. The contrelling voltage is
derived by a potential divider systern from
the 13.5 V regulated supply and is switched
by SG3F.

OUTPUT FILTER 4
CoILs o

CURSOR

FREQUENCY
CONTROL

Fig. 3.1 Tuning drive system’

2002 (1)
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Technical description

Constant output level is maintained by
sampling this level in the a.l.c. and envel-
ope feedback circuit which produces an
error signal to control the gain of the wide
band amplifier. The modulating signal
derived from the modulation oscillator, is
cffectively superimposed upon the error
signal and modulates the r.{. signal in the
wide band amplifier.

The crystal calibrator rmixes the un-
modulated r.f. signal with a pulse train

derived from a 1 Mc/s crystal oscillator,
giving audible marker points at closely
spaced intervals.

3.2 R.F. OSCILLATORS
Circuit diagram - Fig. 5.2

All the oscillators are basically the
same; a Colpitts circuit arranged to give
a m output. In each instance tuning is car-
riced out by variation of inductance. The

FREGUENCY FREQUENCY
RAHGE
8 A
¢ ot
0.,
£2) ‘-. N
P
. "5 H
. COUNTER
3 2 2 oureur
. @ - . Fan Wy
5 ‘ - pwmd
4 . 3
L UNBALANCED BALANCED TUNED
VARIADLE OSCILLATER COARSE FINE
WIDEBARD WIDEBAND oyTPUT et
REACTANCE MODULES ATTENUATOR ATTENUATOR
AMPLIFIER AMPLIFIER FILTERS 5001
10ke /s~ T2Mcts outPUT
S ' :
! H
I :
CRYSTAL : '
INCREMENTAL CALIBRATOR [ ;
FREGUENCY — _D_o/,o—c\o_p_ AF ou'rpur :
VOLTAGE AMPLIFIER ¢
SOURCE
‘
! 2048 STEPS 1dB STEPS
A 100kefs
P 1k
OWER &ND cis AL aND
SUPPLIES 10kefs FILTER MODULATING {
DIVIDERS SIGHAL
FREQ SHIFT WMejs ALC AND
CRYSTAL ENYELOPE
OSCILLATOR FEEDBACK
e
MOD YOLTS INT & EXT R
MODULATION, v
S :
CSCILLATOR ]
- :
T = 1
: = :
1 " s .
‘ 5 N @7
i ' ¢ '
: : Am S e
: 4 MODULATION H CARRIER
. ' DEPTH : LEVEL
. 3 MONITOR . MONITOR
MODULATION MODULATION CLRRIER _ )
Troane FREQUERCY DEPTH LEVEL Fig. 3.2 Block diagram

24

2002 {1)

———

g

e Tt

v

T



principal inductor of each circuit has a
ferrite core whose position in the coil is
controlled by the main tuning drive. The
scries trimmer inductor sets the overall
coverage of each range.

Considering the circuit for ranges A
and B;
critter tapped into the junction of C2 and
C3; R5 serves as the collector return to
supply whilst R3 shunts part of the tuned
circuit to modify its Q.

a pnp transistor is uscd with the

Ranges C and D usc a silicon npn
transistor, VT2, as the oscillator. Its
collector earth return has a resistance of
approximately 50 2 derived from the star
terminating network; 25R1, 25R2, 25R3 at
the input of the wide band amplifier. VT1
is a reactance lransistor connected across
the tuned circuit. As a result of the feed-
back components C2, R1 the transistor
appears as a capacitive reactance whose
value is controlled by the base voltage.

Ranges E and F are very similar to
C and D the main difference being the use
of a varactor, MR, to obtain variable cap-
acitive reactance for the incremental
frequency facility.

For ranges G and H a buffer transistor
VT2 is added. Itis arranged in the common
base configuration. Both VT and VT2 share
the same base bias network; RZ, R6, R3.

3.3 WIDE BAND AMPLIFIER
Circuit diagram - Fig. 5.3

Besides amplifying the signal from
the low level delivered by the oscillators
to the required output level, the wide band
amplifier applies the modulating and level
control signals.

The input signal from SGZF is applied
to the star network R1, R2, R3 which acts
as a splitter network passing part of the
signal to the crystal calibrater and the
remainder to the wide band amplifier,
whilst providing a rmatching termination to
both 50 €2 lines. VTI1 and VT2 constitute
a two stage unbalanced amplifier with neg-

2002 (1)
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ative feedback applied across R8 and the
partially bypassed emitter resistor R6.

T1 acts as a phase splitter providing
a balanced input to the bases of VT3 and
VT4. To achieve the necessary bandwidth
the transformer is wound bifilarly so that
the winding represents constant impedance
The core is a toroid of
ferrite material. Fig. 3.3 shows the
transformer redrawn in transmission line

transmission line.

form.

VT3 and VT4 form the first balanced
amplifier stage and the output is coupled via
the centre-tapped choke T2 into the second
balanced stage VT5 and VT6. Itis to this
stage that the modulating drive signal,
together with automatic level control, is
applied. The modulating signal takes the
form of a current drive applied to the emit-
ter of VTS5 and VT6 and results in a mod-
ulation depth of up to 55%.

The modulated signal is coupled to
the output stage by T3 at low frequencies
and by C12 and C13 at higher frequencies.
Frequency compensated {eedback is applied
by R23 and R24 by using the inherent
inductance of these wire wound resistors.
No bias is applied to the output transistors
VT7 and VT8 which for silicon transistors
gives a quiescent condition beyond collector
curreni cut-ofi. This class 'C' operation
results in a transfer characteristic that
has an initial region with no output (the cut-
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TRANSFER CHARACTERISTIC
OF CLASS C OUTPUT STAGE
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Fig. 3.4 Modulation deepening process

off condition} but is substantially linear for
the remainder. The application of a mod-
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of the modulation depth by a factor of approx-

imately two. The process is shown in Fig. 3. 4.

Two output transformers are used;
T5 for ranges A to D and T4 for ranges E
to H. Each has an impedance transformation
of 1:4, balanced to unbalanced. Both trans-
formers have bifilar windings which act as
transmission lines, T5 being wound on a pot
core and T4 on a ferrite toroid. Fig. 3.5
shows the transformers redrawn in trans-
mission line form.

34 OUTPUT FILTERS
Circuit dia’gram-— Fig. 5.4.

All the output filters are similar,
consisting primarily of a m tuned circuit
with a variable permeability inductor,
coupled to the r.f. tuning drive.

Considering the range D circuit as
typical, the m tuned filter is made up of
the variable inductor L3 in series with the
trirnmer inductor L2, together with Cl,
C2 and C3. C4 and L1 constitute a high
pass filter to reject the audio frequency
modulation components that would otherwise
pass the m output circuit,

35 A.L.C. AND ENVELOPE FEEDBACK
Circuit diagram - Fig. 5.5.

To maintain constant output level and
to achieve minimum envelope distortion of a
modulated carrier the circuit compares the
vuipul from the wide band amplifier with the
modulating and carrier level control signals.

The audic drive plus the d.c. signal
from the CARRIER LEVEL control form the
instruction signal applied to VT1 which oper-
ates as a phase splitter giving balanced cut-
puts to the emitter followers VT4 and VT5.
R.F. derived from the output of the wide
band amplifier is detected by the bridge,
MRE3, MR4, R30 and R31, which gives a
balanced output with a d.c. component
proportional to carrier level and an a.f.
component proportional to the modulation
depth. This is the reference signal.
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These signals are added algebraically
by the bridge R20, R22, R18 and R24 and
the corresponding difference thus produced,
is the composite d.c. + a.f. contrel signal
that is used to modulate the wide band amp-
lifier. The balanced control signal is
applied between the bases of VT2 and VT6,
which are connected as.a long-tailed pair
with VT3 acting as a constant current 'tail'.
The unbalanced output from the long-tailed
pair is fed to the high gain modulating
anmiplifier consisting of VT7 and VT® in a
composite transistor circuit, whose collector
currents are direct coupled to the emitter
circuit of the modulating stage of the wide
band amplifier, board (@) . Localized feed-
back across VT7 and VT8 is provided by
R36 in conjunction with G2 to C6 in order to
modify the phase shift characteristics of the
system and ensure stability.

A small forward bias current is applied
te MR3 and MR4 which brings the diodes to
the knee of their characteristic to ensure that
minimum distortion is introduced into the
modulated signal. These diodes are matched
by corresponding diodes MR1 and MRZ2 on the
opposite side of the comparator bridge so
that the effect of any variation of diode char-
acteristic with temperature is balanced out.

The CARRIER LEVEL meter is con-
nected to the comparator bridge via two star
networks; R12, R21, R23 and R13, R19,
R25. This way it registers the difference
between the control signal and the instruction
signal, i.e., its reading corresponds to the

reference signal and hence to the carrier level.

3.4 MODULATION OSCILLATOR AND
DRIVE CIRCUITS

Circuit diagram - Fig. 5.6

Internal modulating signals from 20 c/s
to 20 ke/s are provided by a Wien bridge
oscillator with six switched frequency ranges.

Board carries the Wien bridge
capacitors Cl to Cb and C7 to C2 which are
selected by SCI1F and SC1B. The resistive
arms of the bridge are provided principally
by the ganged potentiometers ORVI1A and
ORVIB, the MODULATION FREQUENCY
control.
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The amplifier and amplitude stabil-
ization components are carried on board (2).
VT and VT2 are arranged in a high gain
composite transistor circuit. This first
stage is followed by VT4 acting as a conven-
ientional amplifier and by VT5 which is
connected as an ermnitter follower to provide
a low impedance output for driving the
bridge. Positive feedback is taken from the
junction of R16/R17 to the base of VT1 at a
frequency that is determined by the Wien
bridge.

Negative feedback from the emitter
of VT5 is fed via R7 and RV1 to the emitter
of VT2. The amount of feedback depends on
the immpedance of the network R4 and R5
shunted by the diodes MR1 and MR3. The
output signal from the oscillator is fed to
the peak detector VT3 which charges C4 to
a potential proportional to the peak amplitude
of the output signal. This potential controls
the forward bias applied to MR3 and MR,
thus if the output signal increases, the imp-
edance of the diodes increases, thereby
increasing the feedback and maintaining the
output level constant. The effective value
of C4 is increased by shunting it by 29C13
on the three lower frequency ranges.

When the oscillator is not required,
oscillation is stopped by shunting the output
to earth by SC3F.

The modulating signal, either internal
from the modulation oscillator or external,
a.c. coupled, from TP3 is selected by SC2ZB
and is applied to the MODULATION DEPTH
control ORVZ. External, d.c. coupled,
modulating signals bypass the MODULATION
DEPTH control arnd ars applied direct to the
CARRIER LEVEL control. The CARRIER
LEVEL contreol, ORV3, determines both the
amplitude of the modulating signal, and the
level of the d.c. instruction signal and so
the modulation depth does not vary with the
setting of this control. Board (3) carries
the modulation drive and monitoring circuits.
VTI1 acts as a current amplifier of the
composite instruction signal which is applied
to the a.l.c. and envelope feedback circuit.

Monitoring of the modulation depth is
carried out by M2 which is fed by the diode
bridge MR2, MR3, MR4 and MRS5.
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3.7 CRYSTAL CALIBRATOR

Circuit diagram - Fig., 5.7

The crystal calibrator circuitry is
divided between two printed boards. Board
@ which is rounted inside the r.f. box
carries all the circuits up to the mixer stage.

VTl is arranged as a 1 Mc/s crystal
oscillater in a Colpitts circuit. The output
from VTI1 follows two paths, to the pulse
shaper and to the 100 ke/s storage counter.
VT8 is operated in the class C mode and
conducts for a part of the positive going half
of the input sine wave. Ll resonates with
stray capacitance at 50 Mc/s and tries to

ring at that frequency whenever VT8 conducts.

MR darmps this oscillation so that only one
negative going half cycle is produced. The
output from VT8 consists of a train of 10 nsec
pulses at a 1 Mc/s repetition rate which
contains a spectrum of ! Mc/s harmonics of
approximately equal amplitude throughout the
range of the signal generator.

When the CRYSTAL CAL switch is in
the 100 ke/s position the 100 kc/s storage
counter operates. The junction of C5 and
RVI1 is held at supply potential by the base-
emitter diode action of VT8 and so VT2
conducts on the negative-going part of the
waveform from the 1 Mc/s oscillator char-
ging C6 in steps. VT3 and VT4 are cut off
during the charging of C6, but after ten
charging pulses have been received by Cb,
its potential has risen to a point sufficient
to turn on VT3. A cumulative switching
action through the regenerative coupling
between VT3 and VT4 occurs, both transis-
tors are rapidly turned on and C6 is dis-
charged. When C6 is discharged a similar
switching action turns both transistors oif
again. The counter produces an output
pulse for every ten input pulses and so, for
a 1 Mc/s input, gives a 100 ke/s pulse train
output,

The 10 kc/s storage counter functions
in an exactly similar manner with C9 being
charged in steps through VT7, and VT5 and
VT6 switching every ten steps.

A pulse shaper VT11 is included be-
tween the two counter circuits.
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The r.f. carrier from the wideband
amplifier is fed via VT10, acting as a buffer
stage to the emitter of VT9. Mixing takes
place in VT9 between the r.f. carrier and
the 1 Mc/s, 100 kc/s and 10 ke/s pulse
trains fed to the base. Audio frequency beat
note signals are fed from the collector of
VTS9 via SAZ to the crystal calibrator amp-
lifier which is carried on board @.

In the 1 kc/s (filter) position of the
CRYSTAIL CAL switch, SAZ2 routes the a.f.
signal via a 1 ke/s band-stop filter consis-
ting of C9, C10 and Ll. VTI1, VT2 and
VT3 are a conventional a.f. amplifier chain
to bring the beat note up to a suitable level
to drive headphones or the loudspeaker LS1.
The frequency response of the crystal cal-
ibrator a.f. system is limited to 1.5 ke/s
by the filters on boards (7) and and by
Cb in the collector circuit of VT2. The
CRYSTAL CAL LEVEL control is a poten-
tiometer ORV8 interposed between VT1 and
VT2Z. Its configuration has been chosen to
ensure that VT2 is always fed from a high
source impedance.

3.8 ATTENUATORS
Circuit diagram - Fig. 5.8.

Two stepped attenuators are fitted to
the instrument, a coarse attenuator giving
up to 120 dB loss in 20 dB steps and a fine
attenuator giving up to 20 dB loss in 1 dB
steps.

Both attenuators are of similar con-
struction and operation. The pad sections
consist of resistive w networks with a
characteristic impedance of 50 2. The body
is divided into compartments to achieve
maxirmum shielding between pad sections.
Pads are brought into circuit by micro-
switches housed inside the screened comp-
artments and operated in pairs by leaf springs
which are themselves actuated by cams on
the control spindles.

The capacitors Cl to C5, in each
attenuator, are fitted to compensate for the
inductance of the micro switches when a pad
is bypassed. If a pad is in circuit the cap-
acitance of its components to the case is
sufficient for this purpose.
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The attenuators are fed via a coaxial
line transformer 0T2 which at lower freq-
uencies acts as a unity ratio current bal-
ancing transformer to ensure exactly equal
currents through the inner and outer con-
ductors of the cable from which it is wound.

This avoids spurious voltages being developed

as a result of current flowing in multiple
earth paths. At higher frequencies the trans-
former acts as a normal coaxial line.

3.9 R.F. UNIT FILTERS
Circuit diagram - Fig. 5.9

All leads entering and leaving the r.f.
unit are filtered by components carried on
boards @ and . These filters are all
basically low-pass w-section types, with
half sections on board (7) and full sections
on board . Additional sections are
switched into the modulation drive filter
by SGl1 and the incremental frequency drive
filter by SG12 to give a lower cut-off freq-
uency at the lower carrier frequency ranges,

3.10 POWER SUPPLIES
Circuit diagram - Fig. 5. 10

Two stabilizer circuits are employed;
the principal stabilizer comprising comp-
onents mounted on and closely associated
with board @ The a.c. supply input is fed
to 0T1, whose primary windings can be
arranged in series or in parallel for supply
voltages in the ranges 190-260 V or 95-130V
respectively. MR3 and MR4 constitute a full
wave rectifier circuit.
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If a d.c. supply is used it is fed to the
input to the stabilizer via MR2, which gives
protection from incorrect polarity.

OVT1 is the series control transistor
and zener diode MRI1 provides the reference
voltage for cormmparison with the base voltage
of VT2, Error signals from VT2 are amp-
lified by VT1 and passed to the base of OVTI.

For the oscillators, crystal calibrator
buffer and incremental frequency drive cir-
cuits, an additional stabilizer is provided.
The components are carricd on board @
Error signals developed between the base and
emitter of VT5 are amplified by VT4 and fed
to the base of the series control transistor
VT3.

Also on board (4) is the incremental
frequency drive circuit. This consists of a
series of potential dividers which derive a
voltage from the -13.5 V supply. The arran-
gement of controls is to ensure minimum
interaction between them. ORV9 is the
tracking potentiometer, ganged to the tuning
drive, and compensates for the variation of
sensitivity with frequency of the oscillator
reactor circuits. Switch sections SGIF and
SG1B act as a reversing switch to take into
account the reversal of direction that occurs
at each end of the frequency scale.

ORV5 establishes the maximum pos-
itive excursions of the output voltage whilst
ORV7, in conjunction with ORV9, establishes
the maximum negative excursion. The final
shift voltage is selected by ORV6 and applied
to the base of VT1l. VT1 and VT2 are arran-
ged as a composite transistor in the emitter
follower configuration to present a high imp-
edance to the drive circuit.
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4 MAINTENANCE NOTES

This section is intended as a general
guide to the servicing of the instrument. In
case of difficulties, please contact our
Service Division at the address on the back
cover or your nearest Marconi Instruments
representative.

This instrument uses semiconductor
devices which, although having inherent long-
term reliability and mechanical ruggedness,
are susceptible to damage by overloading,
reversed polarity, and excessive heat or
radiation. Avoid hazards such as reversal
of batteries, prolonged soldering, strong

SC

0 RV2

0 RV1

SKT9

r.f. fields or other forms of radiation, use
of insulation testers, or accidentally applied
short circuits.

41 ACCESS TO COMPONENTS

To remove the outer case of the instru-
ment extract the four coin-slotted 2 BA
screws at the rear and slide the instrument
forward out of the case. With the case off
the following boards are accessible, @ 5 @,
@, @, @, ;. for the location of these
boards and other components see Fig. 4.1
and Fig. 4. 2.

0 RV3

SKT3

0 RV4

0T2

ecCi 0V

Fig. 4.1 Top view with r.f. unit removed
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0FS2 OFSI TP2 TP1

R.F. unit

Extract the eight 2 BA screws (four on
each side) that secure the screening case of
the r.f. unit to the side frames of the main
chassis. Disconnect the 18-way plug and
socket on the top cross member of the chassis,
and disconnect the two BNC plugs and sockets
on the front bulkhead of the r.f. unit.

Note : when reassembling, the lead from 0T2
connects with SKT10 and the lead from
the COUNTER OUTPUT sacket with
SKTI11l. It will now be possible to slide
the unit out through the rear of the

instrument.
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SA 0 RVS8

LS1

PL7

Fig. 4.2 Bottom view with r.f. unit removed

SF

With the r.{. unit removed, switch
wafer SG1 and the tracking potentiometer
RV9 are accessible., If it is wanted, for test
purposes, to operate the instrument with the
r.f. unit removed and lying alengside the
chassis, this is possible if the 18-way plug
and socket are reconnected. The output can
then be taken direct from SKTI10.

To remove the r.f{. unit cover, unscrew
the two hexagon socket cap screws at the back
of the unit and slide the cover off rearwards.

A hexagon wrench to [it these screws is clipped
to the top cross-rail of the chassis. When

reassembling, to ensure a good r.[. secal, first
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Fig. 4.5 R.F. unit with covers removed—rear

extract the sealing braid from the lip in the .
r.f. unit bulkhead and fit it to the r.{. unit
cover before sliding the cover into place.

Boards @, @ and : These boards are
located at the rear of the r.f. unit; to reach
them unscrew the two 6 BA screws that
secure the rear cover plate and lift it off.

Boards @ and @ : These boards are,
together with sections 2 to 10 of switch SG,
mounted between the oscillators and the
output filters. Extract the six 6 BA screws
holding the upper central cover plate and
remove it. Board (28 is then accessible.
Rernove the lower central cover plate in a
similar manner to reveal sections 2 to 10 of
switch SG and fuse FS1l. To make measure-
ments or tests on board (@) it must be
removed. Do this as {ollows :-

(2) Turn the range switch to A.

(b) Slacken the 6 BA screws in the switch
blade plastic coupling pieces on either
side of switch sections SG9 and SG10
until the coupling pieces can be slid off
the blade.

{c)  With the r.f. unit right way up, extract
the two 6 BA screws that secure the
support brackets to the top edge of

board @

{d) Withdraw the three 6 BA screws that
secure the brackets on the bottom edge
of board (@) to the main drive shaft
rear support plate.

2002 (1)

(e) The board may now be pulled out through
the bottom of the r.f. unit. There is
sufficient length of lead to allow the
board to be pulled clear of the surround-
ing metalwork.

Oscillators and output filters; boards @ to
: These boards are contained, in pairs,
in cast boxes bolted on either side of the
r.f. unit; oscillators on the left and output
filters on the right. See Figs. 4.3 and 4.4.
Access to the component side of each board
may be obtained by removing the cover plate
(secured by three 4 BA screws) on the out-
side face of the appropriate box. To get at
the print side of a board remove the 6 BA
screw and two 8 BA nuts that hold the board
in position and swing it up and clear of the
box.

Attenuator unit

To remove the attenuator unit ;
{a) Remove the attenuator scale plate

(held by two cruciform head screws).

{b) Slacken the hexagon socket set screws
securing the attenuator knobs and pull
thern off.

(<) Unscrew the nut behind each attenuator
knob.

(d) Disconnect the BNC plugs and sockets
at the rear of the attenuator.
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(e)

If the r.f. unit has already been remov-
ed from the chassis, the attenuator unit
will be freed by extracting the two 4 BA
screws that secure it to the bottom
cross rail of the chassis.

If the r.f{. unit has not been taken out

the bottom cross rail of the chassis

must be rernoved by removing the screws
from the corners of boards @ and @,
lifting them away and extracting the two
4 BA screws at each end that secure the
bottom cross rail of the chassis,

To open the attenuator unit :

Slacken the four 6 BA screws in slots
at the rear of the sides of the attenuator .
unit.

TABLE 4.1
Fuse Rating Type

0FS1 160 mA, Beswick TDC123/160mA
time-lag
0FS52 500 mA, Beswick TDC123/500mA

time-lag

25F 51100 mA, Beswick TDCI13/100mA
quick-acting or Bulgin F271

43 CIRCUIT VOLTAGES

The voltages given cn the circuit dia-
grams are those which may be expected on a
typical TF 2002, "at a mains input of 240 V,
using a 20 kZ/V meter. All are negative with
respect to the positive supply line.

The controls were set to the following

(k)  Withdraw the Z BA and four 6 BA screws
at the rear of the attenuater, and pull
off the rear attenuator-cover.

(<) Remove the nuts securing the control
spindles at the front of the attenuator
unit and lift the coarse and fine atten-
uators out of the case.

{d) Access to the individual attenuator
components can be obtained by remov-
ing the twenty two 8 BA screws that
secure the L-shaped cover plate of
each attenuater,

42 FUSES

Three fuses are fitted to the instrument;

two,. 0FS1 and 0FS52Z, protect the power supply

circuits and are accessible at the rear of the
instrument. The third, 25FS§1, is to protect '
the output transistors of the wide band amp-
lifier from the effects of excessive drive.

It may blow, if, e.g., the CARRIER LEVEL
meter is set above the -6 dB point, on range
H with modulation present, or if excessive
level of external d. c. modulation is applied.

All the fuses are standard 20 mm x 5 mm

components. Suitable replacements are
indicated in table 4. 1.
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positions ;-

SUPPLY switch
CARRIER switch
RANGE switch

beoards @ to

board @

all other boards

FREQUENCY

CARRIER LEVEL
all boards}
except
beard

ATTENUATORS

CRYSTAL CAL
selector

CRYSTAL CAL
LEVEL control

INCREMENTAL
FREQUENCY
control

SET ZERO
control

SET AT control
MODULATION

ON
ON

the range corres-
ponding to the
board

G

A

500 on logging
scale

SET

RANGE H MODULATED

90 dBuV

10 ke/s

fully counter-
clockwise

scale zero

mid travel
fully clackwise

100 c/s,
internal, 80%
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4.4 WAVYEFORMS

The waveforms illusirated below were taken on a
lypical TE 2002 using a Marconi Instruments Oscilloscope
type TF 2200. In cach case the measurement was taken
belween the point indicated and earth.

Crystal calibrator—board @

11.6V

10ps > 100 ps —

fig. 4.6 Junction C6 and VT3 emitis: Fig. 4.7 Junction C? and VTS emitter,
crystel catibrator selector at 10 ke;s

crystel celibrator selector oo (0 kcis

iy
% Jli"m

o e

| 10C s | I 10pus
Fig. 4.8 VT9 base, crystal calibrater Fig. 4.9 VT9 base, crystal calibrator
selector at 10 keis selector at 10 kcis
2002 (1) 35



Flanivnune s naies

Wide band amplifier—board @

fig. 486 VT bose, earnigs frequency

1 ™M os, no awdalenan

L— 2.5 ms —>l
Fip. 411 ¥T7, base currier frequency
fMie s, 100 moduMstion et 400 ¢ 5

Sunchon R and FIRA,

A.L.C. and envelope feedback—board

LT R4 L TR

19
fig. .12 VT7 collector, fig. .15 ¥T3 collectoe, wraer frequency 1 Me s,
corricr frequency 1 Mcs raceer leved aretes set o 048
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45 CLEANING ROTARY SWITCHES

If it is necessary to clecan the contacts
of any of the rotary switches, this should be
dene with benzine (not carbon tetrachloride),
and the contacts should afterwards be wiped
with a suitable lubricant, such as Electro-
lube No. l, manufactured by Electrolube Ltd.,
Slough, Bucks., England.

4.6 PRESET CONTROLS

Power supplies

(2) Connect a voltmeter between tag 3 of
board @ and earth, with positive to
earth. Apply a 230 V a.c. input and
adjust 1RVZ until the meter reads 15 V.

(b) Connect a differential voltmeter such
as Marconi Instrurments TF 1377 be-
tween tag 3 of board @ and earth.
Apply the mains input via a rotary auto-
transformer and swing the voltage from
190-260 V. Note the variation of the
voltage at tag 3; if this exceeds 10 mV
adjust IRV1 and repeat the test until
minimum variation is achieved.

Adjustment of 1IRV1 has scme inter-
action on the setting of 1RV2 and if a
substantial alteration has been made
recheck procedure (a), above.

(<) Connect a voltmeter between tag 9 of
board @ and earth, with positive to
earth. Adjust 4RV!] until the voltmeter
reads 13.5 V £100 mV.

(a) Connect a differential voltmeter such
as Marconi Instruments TF 1377 be-
tween tag 9 of board @ and earth.
Place the whole instrument in a constant
ternperature enclosure andoraise its
temperature from 20 to 55 C. Note the
voltage variation at tag 9 over this
termmperature range: if this exceeds
4 mV 4 RV2 must be adjuste d.

Adjust 4RV2 with the instrument at
55°C so as to slightly more than comp-
ensate for the voltage change that
occurred during the temperature rise.
Cool the instrument back to 20 C and
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again note the voltage change. Repeat
the procedure until a variation of 4 mV
or less is obtained cver the temperature
range.

Finally check that the absolute value of
the voltage is still 13.5 V £100 mV.

R.F. oscillators

To check and adjust the frequency
accuracy of the r.{. oscillators connect a
frequency meter, preferably a counter such
as Marconi Instruments type TF 2401 or
TEF 1417 series together with TF 2400
range extension unit, to the COUNTER OUT-
PUT socket. Tune the generator to the high
frequency end of each range, in turn, and
adjust the presetl inductor of the appropriate
oscillator to bring the oscillator frequency
to the scale reading. After adjusting the
high frequency end of a range, retune to the
low frequency cnd, and check that the oscil-
lator frequency is within 1% of the scale

calibration. To adjust the scale coverage
at this end alter the value of C5 on boards

®. ®. ®O, or C6 on boards (1),
@: @, by a small amount.

A.L.C. and envelope feedback circuit

For all the adjustments in this section
tune the generator to 1| Mc/s on range E.

(a) To make a preliminary setting up of
26RV] connect a voltmeter between
TP6 and TP7. With the CARRIER
LEVEL contrel fully counter clockwise
adjust 26RV1 for zero reading on the
voltmeter.

(b) Connect an oscilloscope, such as
Marconi Instruments TEF 2200 between
tag 7 of board and earth. The
oscilloscope should be set to its most
sensitive Y amplifier range (50 mV/cm).
With the CARRIER LEVEL control
fully counter clockwise adjust 26RV2
to the point, near to zero output, where
the r.f. level changes value sharply.
This corresponds to an r, f. output level
across a 50 2 load, of about 15 mV.
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{c) Connect an accurate r.f. voltmeter
across the r.f. output socket term-
inated with a 50 Q load. Advance the
CARRIER LEVEL control until the
voltmeter reads 1 V. Adjust ORV4

until the CARRIER LEVEL meter reads

exactly 1 V.

(d) Set the generator up to give a signal
modulated at 1 ke/s by the internal
oscillator. View the modulated wave-
form on an oscilloscope, such as
Marconi [nstruments type TF 2200,
connected to pin 7 of hoard and
earth. With the CARRIER LEVEL
meter reading 1 V adjust the MODUL-
ATION DEPTH control until the wave-
form is scen to be modulated to 100%.
Reduce the CARRIER LEVEL meter
reading to 0.5 V by means of the CAR-
RIER LEVEL control.

adjusting 26RV1. Bring the carrier
level to 1 V again and reset the modul-
ation depth to 100%, if it has altered,
using the modulation depth control.
Repeat this procedure until there is no
change of modulation depth between 1 V
and 0.5 V carrier levels.

Modutation

(2) Turn the MODULATION FREQUENCY
control fully clockwise. Adjust ZRV1
so that it is just sufficiently advanced
for oscillation to start when the MOD-
ULATION selecter is turned from the
range 2 ke/s - 6.3 kefs to the range
6.3 ke/s - 20 ke s.

{b) Connect a frequency meter, such as
Marconi Instruments counter type
TE 2401 or TF 1417 series, to the
output of the a.f. oscillator tag 9 of
board (2) . Set the MODULATION sel-
ector to the frequency range 200 c/s
-630 ¢/s and adjust the MODULATION
FREQUENCY control, ORV1, until the
frequency is 200 ¢/s. Slacken the set
screws securing the scale to the spindle
of ORV1 and turn the scale until the
cursor is at the 20 mark. Tighten the
set screws and advance the MODUL-
ATION FREQUENCY control so that
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If the modulation
depth has changed restore it to 100% by

the dial reads 63. Adjust 2ZRV2 so that
the frequency is 630 cf/s. Recheck the
setting of the scale at 200 ¢/s.

(c) Tune the signal generator to 1 Mc/s,
range E and set the modulation controls
to give internal modulation at 400 c/s.
Connect an oscilloscope, such as
Marconi Instruments type TF 2200 to
the r, f. output socket and advance the
MODULATION DEPTH control until
the modulation depth, as measured on
the oscillescope, is 50%. Percentage
modulation is given by the formula :

D max - D min

M (%) = % 100,

D max + D min

where D max is the peak to peak amp-

litude and D min the trough to trough

amplitude of the oscillescope display.

Finally adjust 3RV1 until the MODUL-

ATION DEPTH meter indicates 50%.
Note : If it is suspected that the a.l.c. and
envelope feedback circuits are out of
adjustmment, complete the checks
given in the preceding section before
adjusting 3RVI.

Crystal calibrator

(a) To check and adjust the crystal oscil-
lator connect a counter type frequency
meter, such as Marcont Instruments
type TF 2401 or TF 1417 series across
6R3 and turn the CRYSTAL CALIB-
RATOR selector to Mcfs. Adjust the
trimmer capacitor 6C1l until the freq-
ugncy indicated by the counter is
exactly 1 Mc/s.

(b} It is possible to check the operation of
the 100 ke/s and 10 ke/s storage
counters without the aid of other test
apparatus.

Tune the signal generator to 100 ke/s
and turn the CRYSTAL CALIBRATCR
selector to 100 ke/s. Using either
headphones or the internal loudspeaker,
slightly adjust the FREQUENCY control
until a marker beat frequency is heard
and brought to zero. If this occurs
within 99 and 101 ke¢/s the counter is

2002 (1)
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working correctly. If the marker
peint is substantially away from

100 kc/s, the counter is dividing by 9
or 11 and must be adjusted. Adjust
6RV1 so that it is in the centre of its
range of travel over which the counter
divides by 10. To find this centre of

range, allowing for electrical backlash:

(1)  Start with the storage counter
dividing by 9 or 11l and begin
counting the turns made by 6RV1 from
the point where the circuit begins to
divide by 10. Continue turning 6RV1
until the circuit stops dividing by 10,
Note the number of turns made so
far (n).

(2) Turn 6RV1 back until the counter

again begins to divide by 10, not-
ing the number of turns made in the
reverse direction (m).

(3) Continue turning 6RV1 back for
n - m further turns.
2

A similar procedure is to be followed
for setting up the 10 kc/s counter. In this
instance the CRYSTAL CALIBRATOR sel-

2002 (1)

Maintenance notes

ector is set to 10 kc/s and the signal gen-
erator tuned to approximately 10 kc/s. The
preset control to be adjusted is 6RV2.

Both 6RV]1 and 6RV2 are accessible
through holes in the r.{. box cover at the
top, rear, without rernoving the unit from
the chassis.

To ensure reliable operation of the
crystal calibrator make these tests with the
in%trument in an ambient temperature of
25 C or greater.

{c) Turn the CRYSTAL CALIBRATOR
selector to 1 ke/s ({filter). Connect an
accurate {I‘;”.;) a.f. oscillator, such as
Marconi Instruments type TF 1101 or
TF 2000 via a 47 k2 series resistor
between tags 5 and 11 of board (5).
Connect a valve voltmeter between
tags 8 and 11 of board @ With the
a.f. oscillator tuned to 1 kc/s, adjust
5L1 and 5RV] for maximum rejection
as indicated by the valve voltmeter.

To aveid overload do not allow the valve
voltmeter reading to exceed 2 V with
the CRYSTAL CALIBRATOR LEVEL
contrel, ORVE, at maximum.

The circuit can be set up almost as well
using aural detection of the maximum
rejection point.
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5 REPLACEABLE PARTS
and CIRCUIT DIAGRAMS

51 REPLACEABLE PARTS

Introduction

Each of the printed boards and other
sub assemblies in this instrument has been
allocated a unit identification number in
the sequence (1) to (), which wherever
practicable is marked upon it. The complete
circuit reference for a component carries its
unit number as a prefix, e.g. 6R15.
Components that do not form part of any sub
assembly carry the prefix 0, e.g. OR6, except
those classes of component about which no
confusion is possible.

For convenience in the text and on the
circuit diagrams, the circuit reference is
abbreviated by dropping the prefix, except
where there is risk of ambiguity.  When
ordering spare parts or in any other corres-
pondence, be sure to quots the complete
circuit reference.

This section lists the components of
each unit in alpha-numerical order of the
complete circuit refersnce. The following
abbreviations are used:-

c H capacitor
Cer : ceramic

Elec : electrolytic
FS g fuse

JK : jack

L 2 inductor

LS : loudspeaker
M H meter

Met : metal
Min : minimum
MR g semiconductor diode

PL : plug

R g resistor

RV variable resistor

S switch

SKT socket

T - transformer

TE i~ total excursion

TH thermistor

Var : variable

VT 3 transistor

W : wirewound

X 2 erystal

B 3 lead through

b 3 velue selected during test;
nominal value shown

bk : resistor rating at TOOC

; 0
1 : resistor rating at 40°C

All resistor ratings are referred to an
ambient temperature of 550C except those
indicated ** or t.

Ordering

When ordering replacement parts, address
the order to our Service Division (for address
see rear cover) or nearest Agent. Specify

the following information for each part
required.

(1) Type and serial number of instrument.
(2) Complete circuit reference.
(3) Description.

(4) M.I. code number.

If a part is not listed, state its
function, location and description when
ordering.
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Replaceable parts

Main chassis

When ordering, prefix circuit reference with 0

Circuit
reference

C1 Elec
c2 Elec
ch Cer §
c5 Cer §
6 Cer B
c7 Cer f
c8 Cer
9  Cer f
€10 Cer f§
Ci1 Cer g
¢12 Cer §
C13 Cer §
Cl  Cer f
€15 Cer f
c16 Cer
c17 Cer B
c18 Cer §
C19 Cer g
g20 Cer B
21  Cer #
c22 Cer B
€23 Cer f
c2l Cer B
c25 Cer f
C26 Cer f
c27 Cer f
C34 Ger f
G35

C36
€37

FS1
Fs2

42

Description

1000uF +50% —205% 100V
100pF +50% -20/% 6V
0.0047uF min 350V
0.0047pF min 350V
0.0047uF min 350V
0.0047uF min 350V
0.0047uF min 350V
0.0047uF min 350V
0.00L7pF min 350V
0.0047uF min 350V
500pF £20% 350V
500pF *20% 350V
0.0047uF min 350V
0.0047uF min 350V
0.0047pF min 350V
0.0047uF min 350V
0.0047uF min 350V
0.0047pF min 350V
0.0047uF min 350V
0.0047uF min 350V
500pF £20% 350V
500pF *20% 350V
0.0047uF min 350V
0.0047uF min 35GV
0,004 7uF min 350V
0.0047uF min 350V
0,0047uF min 350V

Cer 0.01uF +80% -20% 100V
Cer 33pF 8% 750V

Elec

160mA ,
500mA,

100pF +100% =20% 25V

time-lag

time-lag

Crystal cal output

M.I. code

26000-006
26417154
26372-615
26372-615
26372-615
26372-615
26372-615
26372-615
26372-615
26372-615
26373-609
26373-509
26372-615
26372-615
26372-615
26372-615
26372-615
26372-615
26372-615
26372-615
26373-609
26373-609
26372-615
26372-615
26372-615
26372-615
26372-615
26383-055
26324~822
26417-158

23411054

23411-056

234,21-658

Circuit
reference Description
L1 Ferrite bead
L2 Ferrite bead
L3 Ferrite bead
L Ferrifte bead
L5 Ferrite bead
L6 Ferrite bead
L7 Five ferrite beads
L31  8of
M1 10004
M2 100u4
PIA 18 way
PL2 Elbow BNC 500
PL3 Elbow GP 500
PL4 Elbow GP 500
PL5 Elbow BNC 500
PL6 Elbow BNC 500
PL7 3 pin mains
PL8 Elbow BHNGC 5002
R1 Carbon 10kQ *10% W
R3 Met oxide 10kQ *7% TE 3W
Ry  Met oxide 2200 7% TE ZW
R5 Carbon 33k0 *10% W
R6 Carbon 10k} *10% %W
RV1A W 46k0 *2% 3% T
RVAB WW 16k 2% 5w'f}
RV2" 2.5k part of switch assy SC
RV31 1k part of switch assy SB
RV Carbon L.7kQ +20% 4
RVS W& 50k *10% 2w T
RV6 Ww 10k *10% 3w T
RV7 W9 1kQ *10% 2w T
RV8 100k} part of switch assy SA
RV9 Multi-turn 1kQ 5% 130 T

For abbreviations, see introduction to this section

M.I. code

14 1,.223-801
4, 223-801
144,223-801
44223-804
1,4,223-801
1,4,223-801
23635-833

236L6-103

TI47080/7
TM7080/8

23435-2L3
23443-353
230 44-053
2541053
23445-353
2344.5-353
23423-151
25445-353

2,332-110
24,552-110
24552-058
20, 342-122
24,332-110

25874~578

25611-209
25814-351
25814-345
25885-066

L4371-007
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When ordering, prefix circuit reference with 0

Circuit

reference

SA

SB Carrier switch assy,
includes ORV3
80
includes ORV2
SD Supply
SE Supply voltage range
SF Hains/Battery
3G Range
SG1 Wafer
5G2 Yafer
SG3 Wafer
5G4  Wafer
565 ‘Wafer
566  W§afer
SG7  Wafer
568 Wafer
569  Wafer
5610 Hafer
5611 Wafer
5612 ‘Wafer
8G13 Microswitch
SH ilicroswitch
3J ficroswitch
SK Hicroswitch
SL Microswitch
SH Microswitch
SN Hicroswitch
SP Hicroswitch
SQ Microswitch
SR Microswitch
35 Microswitch
ST Hicroswitch
sU Microswitch
sV Microswitch
2002 (la)

Crystal cal switch assy,
includes ORVS

Hodulation switch asasy,

M.1. code

Wy324-216

L) 321-127

41,325-804,
544321406
23467119
23467115

L4332-411.

44 332-403
L4332-402
44.332-401
L4 332404
44,332-403
L4 332-505
L4y 332-406
L4532-507
44.332-4,08
44352-409
4332-110
23L83-131
23,83-128
23,83-128
23483-428
23,83-128
23483-128
2348%-128
23483-128
23483-128
254,83-128
234,83-128
23,83-128
234,83-128
23483-128

Replaceable parts

Circuit
reference Description

SH Microswlitch
sX Microswitch

sY Microswitch

SKT3 18 way

SKT4 Panel jack BNC 500
SKT5 GFP 500

SKT6 GP 500

SKT7 Panel jack BNC 50Q
SKT8 Bulkhead jack BNC 504
SKT9 Bulkhead jack BNC 50
SKT10 Panel jack BNC 500
SKT411 Panel jack BNC 500

™ Mains

T2 CGurrsnt balancing

VT 2N 1534

Enob Supply

Knob Carrier switch

Knob Carrier level control
Knob Modulation selector

Knob Modulation depth control

Knob Modulation freq & scale assy
Cursor for above

Knob Freq & logging scale assy
Cursor for above

Knob Set scale comntrol

Knob Range control

Knob Set zero control

Knob 8Set AF control

Knob Incremental freq & scale
assy

Cursor for above

for abbreviations, see introduction to this section

M.1. code

231,83-128
234,83-128
23,8%-128

23435-293
2380 5643
23444 -193
23500.-193
23Lh 3403
2344, 3-505
234,3-505
2380 5-403
23403413

1 TM7266
TH7616

28425-835

L1142-208
10-TH7267
51141-503
L1142-201
41141503

T47022/5

18210-359
TH7022/6

18210-359
14230-311
L1145-206
TME891/40
L1141-202

TH7022/4
18210-359
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Replaceable parts

When ordering, prefix circuit reference with 0

Circuit

reference Description

Knob Coarse attenuator & scale
assy
Knob Fine attenuator & scals
assy
Knob Crystal cal selector
Knob Crystal cal level
Fuse holder for OF31
Fuse holder for OF32

Unit (1) —supply stabilizer, TM 7466

When ordering, prefix circuit reference with 1

c1 Elec 100uF +100% -20% 50V
c2 Blec 100uF +100% -20% 25V
¢3 Elec 100uF +100% -20% 25V

MRA ZB7.5 Zener

MR2  ANSLO
MR3  ANS540
MRL  1N540

R1 Carbon 2.2k £10% 1%

R2  WW  3.30 *40% 15W **

R3 Carbon 22001 t10% %W

Ry Carbon 6.8k0 *10% W

RS Carbon 1000 £10% W

R6 Mot oxide 3,9k0 7% TE £W
R7 Met oxide 2.7k *7% TE 3
R8 et oxide 75k *7% TE AW
R9 Met oxide 2.7kQ +7% TE 3W
R10  Met oxide 2.7kQ £7% TE W

M.I. code

TM7506/1

TM7506
TM6B96/5
41141-503
23416-191
234,16-191

26417-160
26417-158
26417-158

28371-606
283570l
2835704
28357-00

24, 34,2-088
25133-008
2);54,2-058
24, 34,2-106
24342-050
24,552-096
24,552-092
24552-132
24552-092
24552-092

When ordering, prefix circuit reference with 1

Circuit

reference Description

RV1  Carbonm 220k 20% W
RV2  Carbon L4700 t20% ¥

VT4 ACY 17
V2 26403

M.1. code

25611-229
25611-246

284,.26-497
284.24,-728

Unit @-—modulation oscillator, TM 7467

When aordering, prefix circuit reference with 2

C1 Blec 100uF +100% -20% 25V
c2 Elec 5uF +100% -20% 70V
c3 Elec 250uF +100% -20% 6V
Ch Elec 100uF +100% -20% 25V
C5  Blec 25uF +100% -20% 35V
cé Elec 50pF +100% -20% 35V

c7 Elec 100uF +100% -20% 25V
c8 Elec 100pF +100% -20% 25V
MR1  HG1005

MR2 ZB6.2 Zenar

MR3  HG1005

R1 Mot oxide 15kQ 7% TB £W
R2 siet oxide 5.6k i7% TE W
R3 Carbon 8.2k *10% %W

Rl Met oxide 1.2k *7% TE W
RS Carbon 10kQ *10% W

RS Carbon 1.5k0 £10% W

R7 Het oxide 2.4kQ *7/% TE W
R8 Carbon 1k *10% W

R9 Carbon 10kQ =104 W

R10 Met oxide 120kQ 7% TE HW

For abbrevigtions, see introduction to this section

26417-158
26417-118
26417-162
26417-158
26417143
26417-153
26417158
26417-158

2832%-03%5
28371-486

28323-035

25552114
24,552-103
24,342-108
24552-082
24342-110
24342-084
24,552-089
24342-080
24,34,2-110
24,552-139
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When ordering, prefix circuit reference with 2

Circuit
reference Description

R11  Met oxide 10kQ *7% TE 3W
R12 Carbon 33k *10% W

R13  Carbon 2.2Kk2 *10% W

R14  Carbon 2200 +10% W

R15 Carbon 6800 x10% W

R16  Met oxide 6.2k 7% TE W
R17 Met oxide 6.8k *7% TE 2W
R18  Carbon L7k *10% %W

RV1  Carbon 2.2k0 :20% ¥
RV2 Carbon 1kQ *20% L

VT1 26401
vr2 = 26401
VI3  2NL04
VI4  HT1O1
vI5  2Nh04

M.1. code

2,552-110
24,3,2-122
24.3,2-088
24342058
2434,2-076
2,552-104
2,552-106
24,34,2-126

25611-206
25611-204

28422-718
281,22-718
284,23-508
28432-735
281423-508

Unit @—-modulation drive and monitor,

T™ 7207

When ordering, prefix circuit reference with 3

(o] Elec SpF +100% -20% 50V
c2 Paper 0.001pF * #10% 500V

2641 4-114
26174-125

28332-465
28332-465
28332465
28332-465

When ordering, prefix circuit reference with 3

Circuit
reference Description

R1 Mot oxide 9.1k rT/k TE W
R2 Mot oxide 2200 7% TE $W
R3 Met oxide 3.6k *7% TR #W
RiL  Met oxide L4.3kQ x7% TE 2w
R5 Mot oxide 22kQ *7% TE ZW
R6  Met oxide L.TkQ 7% TK W

R7 Ket oxide 2700 7% TE W

RVY1  Carbon 4.7k *20% W

TH1 CZ3 1.5k0
TH1 Cz3 1.5k

VI 25302
vIz 23302

Replaceable parts

M.I code

21,552-109
24,552-058
21.552-095
24552-097
214,552-118
24,552-100
24552-061

25611-259

25683-6L1,
256836414,

281.33-458
284,33-1458

Unit @—oscillator supply stabilizer, TM 7297

When ordering, prefix circuit reference with 4

c1 Elec 4100uF +100% -20% 25V
c2 Blec 100uF +100% -20% 25V
c3 Elec 25uF +100% -20% 35V

MR ZB7.5 Zener

R1  Met oxide L4700 7% TE 2W
R2 Met oxide 2200 7/ TE W
R3 Met oxide 910Q 7% TE W

RL Mot oxide 2.2kQ *7% TE JW
R5 Met oxide 4700 7% TE W

For abbreviations, see introduction to this section

MR2  HG500%4
MR3  HG5004
MRL  HG500%
MR5  HG5004
2002 (1a)

26417-158
264,17-158
26417143

28371-606

24,552-069
24,552-058
24,552-079
24,552-088
24552-069
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Replaceable parts

When ordering, prefix circuit reference with 4

Circuit

reference Description

R6 Mot oxide
R7 Met oxide

L.TkQ *7% TE 3W
2.2kQ *7R TE 3

RS Met oxide 8200 =7% TE W
R9 Met oxide 330Q *7% TE 3W
R10  Met oxide 3300 *7% TE IW

R11  Met oxide 9100 *7% TE 3®
R12  Carbon 2.2M0% *10% £W

RV1  Carbon 5000 *10% W **
RV2  Carbon 1k *#20% W
TH1 CZ 3 1.5k0

V1 25304

VI2  BCY3h4

VI3  ACY20

VT4 25701

VI5 25304

Unit @ —crystal calibrator amplifier,

When ordering, prefix circuit reference with 5

c1 Elec 5uF +100% -20% 70V
c2 Elec 50uF +100% -20% 6V
G35 Elec 1uF +100% -20% 50V
L Elos +400uF +100% -20% 25V
c5 Blec 1uF +100% -20% 50V
cé Plastic O.1pF *107% 200V
c7 Blec 250uF +100% -20% 6V
c8 Elec 25uF +100% -20% 35V

9 Plestic 0.047uF *1% 125V

M.1. code

24,552-100
24552-088
2,552-078
21,552-063
24,552~063
24,552-079
20,34,2-174

25886-717
25611-204

25683-64),

284,32-268
284.34-227
a8hah-7u7
28453 -4,88
28432-268

TM 7190

26447118
26412245
26414-106
26417158
26414-106
26582-208
264,17-162
26417-143
26516-821
26516-821

T™M7559/ 4

When ordering, prefix circuit reference with 5

Circuit

reference Description
Ri Carbon L7kQ +10% W
R2 Carbon L7KQ *10% +W
R3 Carbon 10kQ *10% W
RL Carbon 10k *10% W
R5 Carbon 3.3k02 *10% &W
R6 Carbon 1kl *10% W
R7 Carbon 4.7k £10% W
R8 Carbon L70k0 *10% W
R9 Carbon 1k *10% &%
R10 Carbon A470Q *10% ¥
R11  Carbon 22k0 *10% W
R12  Met oxide 3300 7% TE W
RV1  Carbon L.7k0 *20% W
V1 ACY20

VI2 28704

VI3  AGY20

Unit@ —crystal calibrator, TM 7082

When ordering, prefix circuit reference with 6

C1
c2
€3
Ch
C5
c6é
c7
c8
9
c10
c11
ci2

Var air 3-12pF

Cer 15pF *5% 750V

Plastic 0.0022uF 2% 125V
Plastic 510pF 2% 129V
Cer 0.01pF +80% -20% 350V
Plastic 330pF 2% 125V
Paper 0.03uF #10% 200V
Elec 10uF #1003 -20% 35V
Plastic 0.0022uF 2% 125V
Elec 100uF +100% -20% 25V
Cer 33pF 5% 750V

" Paper 220pF t20% 600V

For abbreviations, see introduction to this section

C10 Plastic 0.047uF *1% 125V
1 285mH
46

M.L code

24342-126
2434,2-126
21,342-110
2,352-110
2434 2-094
2,34, 2-080
24.34,2-110
24342152
24,34,2-080
24.34,2-069
2,34,2-118
24552-063

25611-209

28425747
28453-488
28L24-T747

26817-238
2632L~-807
26516-564
26516-1,16
26383-392
26516-369
26174-155
26414124
26516-56L
26417-158
26324, -822
26174-118

2002 {1a)
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Replaceable parts

VR G o e v S ;e(_-{r;:r:elgze Description M.l code
Circuit
reference Description M1, code VT4 264,05 281,2,-728
€413 Cer 33pF :5% 750V 2632,-822  VIZ2 28701 284,53-488
C1% Cer O0.1uF +503% -25% 25V 26383%-031 VI3  2N1504 284y 3-528
€15 Cer 0.47uF +50% -25% 3V 26383-037  VI4  2GLO3 281,24,-728
€16  Cer 0.47uF +50% -25#% 3V 26383037 vI5 28701 28453-488
€17 Elec 100uF +100% -20% 25V  26447-158  VT6  2N40L 28L,23-508
18 Plastic 100pF 2% 125V 26516-241  VI/ 28303 28433468
VI8  BFY 18 284535533
L1 Ghoke my380/6 VL0 MDSHI 2Bg2T-UEn
L2  Choke TH7380/7 VIO 243 28124 -728
VT11 28404 281.23-508
MR1 GG 91H 283%21-311
MR2  ZB 4.7 Zemer 28371-376 = X1 1000 ke/s 28311-702
R1 Met oxide 22k *7% TE W 21,552-118 Unit @—filters, TM 7355
R2 Met oxide 15K *7% TE W 24552114
R3 Met oxide 1.5K0 7% T® -g-',’.’ 21,552-08L, When ordering, prefix circuit reference with 7
Ry  Met oxide 2.2kQ =75 TE §W  24552-088 c1 Cer 0.1uF +50% -257% 25V 26383-031
R5  Met oxide 3.3k0 t74 TE ¥  24552-094 C2  Cer O0.1uF +50%k -254 25V 26383-031
R6  Met oxide 4300% 7% TE W  24552-067 C3  Cer O.1pF +50j -25% 25V 26383-031
R7 Met oxide 1k 7% TE W 21,552-080 Cl Plastic 0.047uF =10j 200V 26582-206
R8 Mot oxide 7500 *7% TE W 24,552-077 C5 Ger O.1uF +50% -25% 25V 26383-031
R9 Met oxide Ak 7# TE &W 24,.552-080 cé Cer 0.1uF +504 -25% 25V 26383-031
R10 Met oxide 1kQ *7% TE W 24,552-080 c7 Cer O0.1uF +50% -25% 25V 26383-031
R11  Met oxide 3.3k 7% TE ¥ 24552-09 c8 Cer O0.1uF +50js -25% 25V 26383-031
R12  Met oxide A1k *7% TE oW 24,552-080 c2 Plastic 0.0021uF% 2% 125V  26516-559
R13 Carbon 100 103 ¥ 21, 34,2-020 C10  Plastic 0,00114pF 2% 125V 26516-459
R14  Carbon L4700 *10% £W 24342-069
R15 Carbon L70 =104 3W 24,542-037 L1 120mH *25% L4 267-601
R16  Carbon 12k0 *10% %W 24 342-112 L2 120mH t25% 44267601
R17  Carbon 3.3k0 404 57 24.354,2-094 L3 120aH +25% LL267-601
R18 Carbon 1k *10% 3 24.34,2-080 Ly 34L0mH *25% L4271-602
R19  Carbon 1k} £10% 1/10% ** 24.341-280 L5 1mH *25% L4251-003
R20  Carbon 330 *10% 1/10% =¥ 2i4341-280 L6 tmH %25% 14,251 ~-003
R21  Met oxide 3300 +7& TE W 24,552-063 L7 120mH *257 L4267-601
L8 120mH *25% L), 267-604
RV Carbon 5k *10% & ** 25886-730 19 45,5mH +1% TU7387/3
RV2 Carbon 1k +10% 2 ** 25886-720  L10  L8mH 5% TI7387/4
For abbreviations, sce introduction to this section
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Replaceable parts

Ut .—ﬁlters, T rf?crrccl:zc Description M.1. code =
When ardering, prefix circuit reference with 8 ot
L9  37.5=H 1% TM7387/5
Circuit L10  44mH 5% T™7387/6 #
reference Description - M.1. code 114 330mH +25% 7587 /7 =
c1 Cor O.1pF +50% -25% 25V 26383-031 Bz, 30%eE X255 70T/ 8 -
€2 Cer O0.1uF +50% -25% 25V 26383-031 ) ——
2 : R1 Met oxide 10k *7% TE W 24552-110
C3 Cor 0.1uF +50% -25% 25V 26383-031 R2 Mot oxide .7k *7% 3W Nopninfios P
C4  Cor O0.iuF *10% 200V 26582-208 5
- Ger O.1uF +50% -25% 25V 26383-031 R_} Met ox_ida 100kQ* *7% TE 2W  24552-135 r.——
C6  Cer O0.1pF +50% -25% 25V 26383-031 Ry Met oxide 150K0* 7% TE 3#  24,552-139 E
C7  Cer O.1uF +50% -25% 25V 26383-031 - b
C8  Cer O0.1uF +50% -25% 25V 26383-031 -
C9  Plastic 0.0026uF* #2% 125V  26516-587 <*
€10 Plastic 0.0027uF *2% 125V  26516-589 -
C11  Plastic 0.0200uF *2% 125V  26516-797 =
€12 Plastic 0.0180uF 2% 125V 26516786
C13 Paper 0.001uF +20% 600V 26174-125 -
Gl Dar OuApE 2508 o5k 20¥ 26585-031 Unit @-—-—range A oscillator, TM 7561
C15 Cer O.1pF +50% -25% 25V 26383-031 e
C16  Cer O.1uF +50% -25% 25V 26383-031 When ordering, prefix circuit reference with 9 -
C17 Plastic 0.1pF #10% 200V 26582-208
C18  Cer O.1uF +50% -25% 25V 26583051 ¢1  Cer O.1uF +50% -25% 25V 26383-031 T
G19  Cor O.1uPF +50% -25% 25V 26383-031 o Plastic 0.11uF 2% 125V 26518-293 I
C20  Cor O.1uF +50% -25% 25V 26383-031 €3  Plastic 1uF *5% 125V 26514-382 -
€21 Cer O0.1uF +50% -25% 25V 26383-031 o5 Plastic 0.022uP* 5% 125V 26511-324 T
€22 Plastic 0.0118uF *2% 125V  26516-722 C6  Plastic 1uF 5% 125V 26511~382
025 Plastic O0.00L7uF 2% 125V  26546-646 (7  Gor 0.1uF +50% -25% 257 26383-031 (r
C24 Plastic 820pF* :2% 125V 26516-162 -
C26  Plastic 640pF 2% 125V 26516~1,38 L1 Tuning coil 14267-001 _
L2  Trimmer L4, 264-705 - [
L4 120mH *25% L 287-601 .
L2 120mH :25% 4u267-601  RY  Met oxide 3.3k 7% TE 3§  24552-094 T
L3 120mH *25% 44267-601 B2 Met oxide 1k 7% TE W 21,552-080
Ly  340mH *25% 44:271-602 R5  Met oxide 1k0 *7% TE 3W 21,552-080
L5  AnoH £25% 54251-003 Ry Met oxide 1kQ 7% TE W 24552-080 T
L6 taH £25% 4h251-003  R5  Met oxide 1000 *7% TE W 24,552-050
L7 120mH *25% L, 267-601 -y
18 120mH £25% L), 267-601 VT4 ACYZ20 284247047
For abbreviations, see introduction to this section |
48 2002 (1) —
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Unit (16) —range B oscillator, TM 7562

When ordering, prefix circuit reference with 10

Circuit

reference Description

c1 Cer O0.1uF +50% -25% 25V
c2 Plastic 0.01uF £2% 50V

C3 Plastic 0.33pF 5% 125V
c5 Plastic 0.001uF* 2% 125V
cé Plastic 0.33uF 5% 125V
c7 Plastic 0,1uF *10% 200V
L1 Tuning coil
L2 Trimmer

R4 Met oxide 3.3k0 *7% TE W
R2 Mot oxide 1k *7% TE 3W
R3 Met oxide 1kl *7% TE £V
Rh Met oxide 8200 *7% TE W
R5 Met oxide 1000 +7% TE {W
VT4 ACY20

Unit (1) —range C oscillator, TM 7563

When ordering, prefix circuit reference with 11

M.1. code

26383-031
26518-053
26511-367
26516-481

26511-367
26582-208

TM?GS@K?O'

42,264-205

25552-091
24,552-080
24,552-080
21.552-078
24.552-050

28L24-T47

26582-202
26516-241
26582-202
26516-597
26383-031
26516-358
26514-330
26511-349

TH7664/5
TH7722/6

When ordering, prefix circuit reference with 11

Circuit

reference Description

R Met oxide A4.7kQ 7% TE 3W
R2 Met oxide 6.8k0 7% TE W
R3  Met oxide 1k *7% TE {W
Ry Met oxide 3.3k £7% TE &W
RS  Met oxide 1.5k 74 TE W
R6  Met oxide 1.5k *7% TE ZW
VI4 25701

VI2 25701

Unit @—-—range D oscillator, TM 7564

When ordering, prefix circuit reference with 12

c1
cz
C3
Ch
C5
c6
c7
c8

I
L2

R4
R2
R3
Rl
R5
R6

VI
VI2

Flastic
Plastic

0.01pF *10% 200V
100pF 2% 125V
Plastic 0.01pF =10% 200V
Plastic 0,001uR +2% 125V
Cer 0.1pF +50% -25% 25V
Plastic 100pF* Z2pF 125V
Plastic 0.01uF 5% 125V
Plastic 0.033uF 5% 125V

Tuning coil

Trimmer

L70Q £7% TB §W
10k =74 TE 3W
1K 7% TE SW
3.3k0 7% TE 30
2.0k *7% TE W
1.5k0 *7% TE 3

Het oxide
Met oxide
Met oxide
Met oxidse
Met oxide

Met oxide

2N706
2N706

For abbreviations, see introduction to this section

(o Plastic 0.01uF £10% 200V
c2 Plastic 100p¥ *2pF 125V
¢3 Plastic 0.01uF x10% 200V
Ch Plastic 0.003uF #2% 125V
c5 Cer O0.1uF +50% -25% 25V
c6 Plastic 300pP*22% 125V
c7 Plastic 0.033uP *5% 125V
c8 Plastic 0.1pF 5% 125V
LA Tuning coil

L2 Trimmer

2002 (1)

Replaceable parts

M.1. cade

24552-100
25552-106
2L552-080
24552-09L
24552084
24,552-08%

28455488
28153488

26582-202
26516-251
26582202
26516481
26383-031
26516-241
26511-313
26511-330

TM766L/6
T™7722/7

21,552-069
24,552-110
21,552-080
24,552-09L
24552087
24,552-08%

28433-356
28433-356

49



Replaceable parts

Unit @—range E oscillator, TM 7565

Wihen ordering, prefix circuit reference with 13

Circuit
refercnc

c1
cz2
c3
CL
€5
cé
c7
c8

L1
L2

L3

MR

R1
R2
R3

Unit —range F oscillator, TM 7566

(2 Description

Paper S500pF *20% 600V
Paper &§00pF +20% 600V
Cor O.uF +50% -25% 25V
Mica 245pF *2% 350V

Cer 33pF* 5% 750V
Plastic 0.0033uF *2% 125V
Cor 0.1uF +50% -25% 25V
Plastic 0.0033uF *2% 125V

Filter
Tuning coil

Trimmer

BA 112

10k £7% TE 3W
Met oxide 41k *7% TE W
Met oxide 3.3k :7% TE W

Met oxide

2N706

When ardering, prefix circuit reference with 14

¢4
cz
c3
Ch
¢5
c6
c7
c8

50

Paper S500pF *20% 600V
Paper 500pF *20% 600V

Cer O0.1uF +50% -25% 25V
Mica 365pF 2% 350V

Cer 33pF* 5% 750V
Plastic 0.0033uF x2% 125V
Cer 0.1pF +50% -25% 25V
Plastic 0.0033uF 2% 125V

M.I. code

26174-122
26174122
26383-031
26268-332
2632,-822
26516-609
26383-03%4
26516-609

44255201,
TH7664/8
7722/}

28381-281

24552-110
24552-080
24,.552-094

28433-356

26174-122
26174122
26383-031
26268-393
2632, -822
26516-609
26383-031
26516-609

When ordering, prefix circuit reference with 14

Circuit

reference Description

L1 Filter

L2 Tuning coil
L3 Trimmer
MR 1 BA 112

L.TKQ +7% TE W
1k 7% TE W
3.3k0 7% TE 2

R1 Metf oxide
R2 Met oxide-
R3 Het oxide

2N706

Unit @—range G oscillator, TM 7567

When ordering, prefix circuit reference with 15

c1 Cer O0.01uF +80% -20% 350V
c2 Paper 0.001uF *20% 500V
C3 Cer 0.01uF +80% -20% 350V

Ciz Cer 68pF 2% 750V

c5 Mica 6BpF 1% 350V

cé Cer 10pF*x0.S5pF 750V

c7 Mica S5SO00pF 5% 350V

c8 Cer 0.01pF +80% -20% 350V
c9 Mica 0.001uF *1% 350V

C10  Mica 100pF 5% 350V

€11  Cer 0.01uF +80% —20% 350V

L1 Filter
L3 Tuning coil

L4 Trimmsr

BA 111

For abbreviations, see introduction to this section

M.1. code

TM7665/3
44,237-603
L1 225-201

28381-281

24552-100
24,552-080
24552-094

28433-356

26383-392
26174126
26383-392
2632, -868
26268-317
26324-085
26258-392
26383-392
26268-350
26268-325
263B83-392

4,221-803
44133901

44,22%-201

28381 -201

2002 (1)
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When ordering, prefix circuit reference with 15
Circuit
& reference Description
R4 Met oxide 3.3kQ *7% TE W
R2  Met oxide 1k 7% TR 3W
. R3 Het oxide 3.3kl 7% TE W
- RY Met oxide 1000 *7% TE W
R5 Mot oxide 3300 *7% TE 3W
R6  Met oxide 4700 *7% TE W
. R7  Met oxide L.7k0 7% TE 2w
VI1  BSY 28
VT2 BFY 18
-
L2 Unit (1§)—range H oscillator, TM 7568
- When ordering, prefix circuit reference with 16
P
- c1 Cer 0.01pF +80% -20% 350V
c2 Paper 0.001uF *20% 500V
- C3  Cer 0.01pF +80% -20% 350V
= C4  Cer 15pF &5k 750V
i G5 GCer 1pF *0.5pF 750V
c6 Var air 3 - 12pP
c7 Mica 400pF *5% 350V
_— c8 Cer 0.01uF +80% ~20% 350V
s c9 Mica 4100pF *5% 350V
C10  Mica 3I3pF *5% 350V
= §
C11  Cer O0.1pF +50% -20% 25V
¥ C12  Cer 33pF 5% 750V
L1 Pilter
L3 Tuning coil
=" L4 Trimmer
-
MRY  BA 111
L
T
-
s 2002 (1
- (1)
r_' L3

M.l code

24552-094
24,552-080
24,552-09,
2L,552-050
24,552~063
21,552-069
24,552-100

28451-713
284,53-533

26383-392
26174125
26383-392
26324-795
26324~020
26817-238
26268-325
26383-392
26268-325
26268-308
26383-031
26324 -822

4),224-803
44227-901
LL223-202

28381-201

When ordering, prefix circuit reference with 14

Circuit

reference Description

Rt Met oxdde
R2 Met oxide
R3 Met oxide
Ry ¥Het oxide
R5 Met oxdde
R6 Mot
R7 Met oxide

1.5K0 *7% TB W
1k 7% TE 2W
3.3k 7% TE W
1000 *7% TE W
3300 7% TE W
4700 7% TE W
LTk 7% TE W

oxide

BSY 28
BSY 28

VT
VI2

Replaceable parts

M.l code

2,552-08)
2,,552-080
2,552-09)
21,552-050
24.552-063
2,552-06%
21,552-100

28451-713
28451-713

Unit @—range A output filter, TM 7571

When ordering, prefix circuit reference with 17

Cc1 Plastic
cz Plastic
C3 Plastic

0.068uF* 5% 125V
0.22uF 1% 125V
0.33uF 5% 125V

L1 Trimmer
L2 Tuning coil

R1 Carbon 3300 *10% W

26511-343
26511-360
26511367

T™™7722
TI766L,/1

24342-063

Unit —range. B output filter, TM 7572

When ordering, prefix circuit reference with 18

0,04uF* *5% 125V
0.068uF £5% 125V
0,1pF 5% 125V
0.15uF 5% 125V

C1 Plastic
cz Plastic
C3 Plastic
C4 Plastic

L9 A.F. filter
L2 Trimmer
L3 Tuning coil

For abbreviations, see introduction to this section

26511-313
26511-343
26511-349
26511-356

TH7380

™7722/1
TH766L/ 3

51



Replaceable ports

Unit (19) —range C output filter, TM 7573

When ordering, prefix circuit reference with 19

Circuit

reference Description M.t code
Ct  Plastic 0.0047uP* *5% 125V  26511-149
c2 Plastic 0.022uF 5% 125V 26511-321,
c3 Plastic 0.033uPF 5% 125V 26511-330
Ch  Plastic 0.04,7uF 5% 125V 26511-337
L1 A.F. filter T™7380/2
L2 Trimmer TM7722/2
L3 Tuning coil T 766L /L

Unit —-range D output filter, TM 7574

When ordering, prefix circuit reference with 20

c1 Plaatic 0.001uF* 2% 125V 26516484
c2 Plastic 0.068uF 5§ 125V 26541-16L
3 Plastic 0.01uF 5% 125V 26511-313
Ch Plastic 0.015pF 5% 125V 26511-319
1 A.P. filter 7380/
L2 Trimmer TH7722/3
L3 Tuning coil TM7664/7

Unit @-—-range E output filter, TM 7575

When ardering, prefix circuit reference with 21

c1 Plastic 330pF* +2% 125V 26516-369
C2  Plastic 0.0022uF #£2% 125V  26516-564
c3 Plastic 0.0022uF 2% {25V 26516-561
C4  Plastic 0.0054F *2% 125V 26516-652
L1 A.F. filter TM7380/ )

L2 Trimmer ™7722/8

L3 Tuning coil TH7664/10

Unit @—range F output filter, TM 7576

When ordering, prefix circuit reference with 22

Cireuit

For abbreviations, see introduction to this section

52

reference Description M.l code
C4 Plastic O0.001pF 2% 4125V 26516-481
c2 Plastic 680pF x2% 125V 2651640,
c3 Plastic 220pF* +2% 125V 26516-327
ClL Plastic 0.004uF *2% 125V 26516-481
L1 A.F. filter Lh257-210
L2 Triomer L4227-201
L3 Tuning coil 54.237-003
Unit @—range G output filter, TM 7577
When ordering, prefix circuit reference with 23
c1 Mica 330pF £5% 350V 26268-391
ce Mica 100pF *5% 350V 26268-325
c3 Cer 33pF* 5% 750V 2632,,-822
Ch Mica 330pF :5% 350V 26268-391
L1 A.F. filter L4 257=210
L2 Triomer L5223-201
L3 Tuning coil 5423%3-901
Unit -—-range H output filter, TM 7578
When ordering, prefix circuit reference with 24
c1 Mica 100pF *5% 350V 26268-325
c2 Mica 15pF z1pF 350V 26268-302
c3 Var air 3-12pF 26817-238
Ch  Mica 100pF #5% 350V 26268-325
L1 A.F. filter L4257-210
L2 Trimmer 44223202
L3 Tuning coil 4 227-901
2002 {1)
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Unit (28)—wide band amplifier, TM 7189

When ordering, prefix circuit reference with 25

Circuit

reference Description
c1 Cer O.1uF +50% -25% 25V
c2 Blec 10uF +100% -20% 35V
c3 Cor 33pF x5% 750V
CL Blec A0uF +100% -20% 35V
€5  Elec SpF +100% -20% 15V
cé Elec SuF +100% -20% 15V
c7 Elec 40uPF +100% -20% 35V
c8 Cer 0.47uF +50% -25% 3V
9 Cer O0.47uF +50% -25% 3V
C10  Cer O0.47uF +50% -25% 3V
€11 Cer O0.47uF +50% -25% 3V
12 Cer O0,01uF +80% -20% 100V
€13 Cer 0.,01pF +80% -20% 100V
€15 Ger O.1uF +50% ~-25% 25V
FS1 100mA, quick acting

L1

Filter

L2 Perrite bead
L3 Ferrite bead

MRY1  ZB5.6 Zemer
MR2 ZBL.3 Zener

R1 Carbon 330 x10#
R2 Carbon 330 *105%

R3 Carbon 330 *10%
Ry Carbon 1kQ x10%
R5 Carbon

Rl W= Nl -
J= = =; o=

7

3.9K0 t10% W

R6 et oxide 2400 =7 TE W

2002 (1la)

M.L code

26383-031
26414121
26324822
26414121
26414-113
26L14-113
26414121
26383-037
26383-037
26383-037
26383-037
26383-055
26383-055
26383-031

23411-002

4;255-204
L4223-801
4,223-801

28371-4,36
28371-316

2434,2-033
24342-033
234,2-033
24:34.2-080
24.34,2-096
24,552-060

Circuit

reference Description

R7 Carbon 1kt t10% %‘ﬁ

R8 et oxide 2kQ t7% TE W

R9 Carbon 8200 *107% W

R10  Het oxide 2400 7% TE W

R11  Carbon L70Q *10% ¥

R12 Carbon 1k *10% ¥

R13 W& L7Q £5% 150 *»

R4 WN L7 5% 15F *«

R15 Carbon 1000 :10% LW

R16  Carbon 100f) £107% &

R17  WW L70 55 150 **

R18 W 470 57 15W **

R19 Carbon 2200 z10/% W

R20  Carbon 22002 *10% 3W

R21  Carbon 2200 +10% W

R22 Carbon 2200 *10% AW

R23 W¥ 2,2Kk0Q 55 150 **

R2)  HW  2.2k0 5% 158 **

™ 1:¢1 unbal to bal

T2 Driver

T3 Driver

TL 2:1 bal to unbal

T5 2:1 bal to unbal

¥T4  BSY 28

VI2 BSY 28

VI3 BSY 28% .
matched pair

VT4  BSY 28

vI> BSY 28 Em&tched. pair

VI6 BSY 28

Iy 2N 75 imtched pair

VI8 2N 743

FPuse holder for 25FS1

For abbreviations, see introduction to this section

Replacegble parts

M.l code

2,342-080
24,552-087
2434.2-078
24,552-060

21,34,2-069
2, 31,2-080
25123-037
25123-037
24.34.2-050
24,34.2-050
25123-037
25123-037
24342-058
24342-058
24342-058
24,34,2-058
25123-088
25123-088

7817/
TH7823/1
T47823/2
TU7817
TM7823

28451-713
281,51-713

4,522-031
L4522-032

44,522-033

43281-003

53



Replaceable parts

Unit -—a.l.c. and envelope feedback, TM 7186

When ordering, prefix circuit reference with 26

M.l code

26,17-175
26516-287
26516481
26383-392
26383%-034,
2638%-03L
26414106
26414,-106
26383-392
26442245
26174~119
26324-020
26324-020

26383-055

28332-465
28332-465
28321-3114
28321 =314

24552-106
2,552-109
21,552-112
24,552-082
24,552-088
21,552-088
24455208y
24552054
2L,552-110
24552-101
25,552-101
b1,31,1-288

Circuit

reference Description

R16  Met oxide 33k 7% TE W
R16  Met oxide L.7ki 7% TE {W
R17  Met oxide 33k} 7% TE W
R18 Met oxide 10k x7# TE W
R19 Met oxide 4.7k *7# TE 2w
R20  Met oxide 10k :7#% TE W
R21  Met oxide L.7k( =7 TE W
R22  Met oxide 10K t7% TE W
R23  Met oxide 4.7k 7k TE W
B2,  Met oxide, 10kR *7, TE W
R25 Mot oxide 4.7k =7# TE ;W
R29 Mot oxide 33k *7x TE W
R30 Met oxide 1kl :7% TE oW
R31  Met oxide 1k{l x7% TE W
R32 Met oxide 33k} £7% TE -g-w
R33 Carbon 500 1% 1/BW **
R34,  Carbon 4k =106 1/10W **
R35 Met oxide 2.2kQ x7# TR 2W
R36  Met oxide 1000 :7i TE 24
R37  Carbon 4.8kQ *10% 1/10W **
R38  Carbon 100 *103% W

RV1  Carbon 1kl r20% Lw

RV2  Carbon 1kD =205 %
VTt  BCY3L
VT4 BCY34 matched trie
VI5 25703

VT2  HT104
T — matched pair
VI3  HT101
V17  ST53

VI8  ST53

For abbreviations, see introduction to this section

Circuit

reference Description

c1 Elec S500uF +100% -205i 25V
c2 Plastic 150pF =2 125V

c3 Plastic 0.001uF 2% 125V
Ck  Cer 0.01pF +B0i% -20% 350V
cs Cer 0.22uF +50% -25% &V
c6 Cer 0.22uF +50% ~25% 6V
c7 Xlec ipF +100% —20% 50V
c8 Elec A1pF +100% -20i% 50V
co Cer 0.01uP +80% -20% 350V
C10 EBlec G50uF +100% -20% &V
C12  Paper 300pF x20% 500V
€13 Cer 1.0pF* =4pPF 750V

€1y  Cer 1,0pF* tlpF 750V
C16  Cer 0.01uF +80% -20% 100V
MR1  HG 5004
MR2  HG 5004
MR3  C&91H
MRS CG91H
R4 Met oxide 6.8k) =7% TE 4%
R2  Het oxide 9.1k %7% TE JW
R3 Met oxide 12kQ *7% TE 3w
23N Met oxide 1.2kQ *7% TE 2W
R5 Mot oxide 2.2kQ 7% TE W
RE Mot oxide 2.2kD =7k TE 2%
R7  Met oxide 1.5kQ =75 TE W
R8  Met oxide 3.3k *7% TE W
R10 Het oxide 10KQ *7% TE 3W
R12 Mot oxide 5.1k 7% TE ZW
Ri3 Met oxide 5.1kQ *7% TE W
R14k  Carbon 2.2k £10% 1/10W **
54

M.1. code

24552122
204,552-100
2,,552-122

24,552-110
24,552-100
24,552-110
21,552-100
21,552-140
21,552-100
25.552-110
24,552-100
24,552-122
24,552-080
21,552-080
24552122
24,112-500
2L.341-280
21,552-088
24.552-050
20,341-286
24L342-020

25614-014
25641 -014

141,522-025

14,522-026

284,32-735

28451 -728
28L51-728

2002 (1a)




Unit@-—-coarse attenuator, TM 7351

When ordering, prefix circuit reference with 27

-
rowen et
E 5
b e
; "5 Circuit
reference
I
i c1 Cer
— cez Cer
- C3 Cer
C4 Cer
c5 Cer
T3 Ri Mat
- R2 et
R3 Met
3 e |
Ry Met
T R5 et
al ™ R6 Het
R7 Met
'r R8 Met
® R R9  Met
e R10 Met
. R11 Met
R12 Het
g™ R13 Mot
- -
=
- ™
o
z Ty
i
L» . C1 Cer
c2 Cer
-
C3 Cer
e Ch Cer
- G5 Cer
-
—
-
— 2002 (la)

2.2pF
2.2pF
3.3pF
2,2pF
2.2pF

film
film
film
film
film
film
film
film
film
film
film
film
film

2.2pF
3.3p%
2.2pF
3.3pF
2.2pF

53.30
26.60
53.30
61.10Q
61.10
61.10
30.50
61.10
7900
7900
24,70
2470
2470

Description

+0,5pF 750V
r0.5pF 750V
+0.5pF 750V
+0.5pF 750V
*0.5pF 750V

*£0,5%
£0.5%
*0.5%
*0.5%
*0.5%
*0,5%
r0.5%
+0.5%

*0.5%
£0.5%
*0.5%
*0.5%

+0,5pF 750V
+0.5pF 750V
*0.5pF 750V
+0.5pF 750V
£0.5pF 750V

£0.5% W

WO

8

=¥

s

&

wk

%

¥

Unit —ﬁne attenuator, TM 7350

When ordering, prefix circuit reference with 28

M.1. code

26321042
26324-042
26321,-048
26324042
26324-042

2,634~356
24634~-230
2,,634.-356
2,634-357
2,.634-357
24.634-357
24634-231
24634-357
24631~806
21,634-806
24634609
2463L-609
24,634-609

26324,-04.2
26321048
26324042
26321,-048
2632L-042

L= -

Replaceable parts

When ordering, prefix circuit reference with 28

Circuit

reference
R1 Het film
R2 Met film
R3 Met film
Ry Met film
R5 Met film
R6 Met film
R7 et film
R8 Met film
R9 Met film
Ri0  Met film
© R11 Met film
R12 HMet film
R13 Het film
R14 Met film
R15 Met film

Description

-
*

2920
2920
8700
8700
4360
4360
1500
1500
96.30
96.30
17.60
5.770
11.60Q
37.30
71.20Q

1%
1%
1% W
$1% N
1% ¥
1%
% 2w
1% 1w
*0.5%
*0.5%
1% v
30.050
% W
% W

+0.5%

)
*
*

wE
'
T
"k
T
%w %
%ﬁ (]

ok

%w &
ok

Jg ww
Fud

Unit —capacitor board, TM 7595

When ordering, prefix circuit reference with 29

c1
c2
C3
Cy4
c5
cé
c7
c8
c9
c10
c11
c12

C13

Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Plastic
Elec

For abbreviations, see intreduction to this section

0.372uF 3% 125V
0.118uF =35 125V
0.0372uF *3% 125V
0.0118uF +3% 125V
0.00372uF 1% 125V
0.0011uF £2% 125V
0.372uF 3% 125V
0.118uF 3% 125V
0.0372uF +3% 125V
0.0118uF #4% 125V
0.00372uF *1% 125V
0.0011uF 2% 125V

1000uF +50% -20% 12V

M.1. code

2L,636-T1L
2636714
21,636-906
24,636-906
24,636-713
24636-713
24636-615
14636-615
2146 34-1,81
254634181
25,636-116
2463,-052
24,636-115
24536-235
24634-355

26516-879
26516-856
26516-815
26516-721
26516-623
26516-509
26516-879
26516-856
26516-815
26516-721
26516-623
26516-509
26417-L03
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5.2 CIRCUIT DIAGRAMS

Circuit notes

1. COMPONENT VALUES

Resistors : No suffix = ohms, k = kilohms, M = megohms.

Capacitors : No suffix = microfarads,

*

F8 VOLTAGES

p = picofarads.

value selected during test, norminal value shown.

Shown in italics adjacent to the point to which the measure-
ment refers. See section 4. 3 for conditions.

3. SYMBOLS

~++ arrow indicates clockwise rotation of knob.
etc., external front or rear panel marking.

tag on printed board.
other tag.
preset control.

unit identification nurmber.

-4

O

&
point marked with this

% symbol is connected to
and receives power

from :

point marked with this

symbol

4. CIRCUIT REFERENCES

These symbols are used to
identify branches of the
power supply circuitry but
have no particular physical
reality on the printed boards.

These are, in general, given in abbreviated form.
See also introduction to section 5.1, page 41.

5. SWITCHES

Rotary switches are drawn schematically.

Letters indicate control knob settings.

1F = 1st section (front panel), front
1B = 1lst section, back

2F = 2nd section, front

etc.
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RANGE B OSCILLATOR

c2 Cs
L ©-0033

0-01 2

ro-rr}T I’G-OZZJ*

-~
—

Range A oscillator (board@) is similar;
component values that are different are
shown in brackets.

@ RANGE D OSCILLATOR| _

=13-5v )
SUPPLY O——
FROM SG‘IF-‘
R
3'3k§
R2Z
' 1k
3
=13-6¥ ¢ 4
SUPPLY
FROM SG4&F

RY %
1k 2

R& <
3-3k =

..|%;

o

.
\
A\
,

. i2
Lo 7]
(] cs [of ]
0001 == 20 0-033
(0003} i0-0015) (0+1)
vTi
) 2NT06 -
= {25701)
c7
= ool
Tm-o.u'l
RZ
10k
(6:6k)

124 TPC4E4-B

|

2002 (1)

INCREMENTAL
FREQUENCY DRIVE
FROM SG3IF

Range C oscillator (board (1))
is similar; component values
that are different are shown
in brackets.

.
1
1 -
Vs
" FRC
1
g
;
'
:
:
;
OUTPUT :
10 $G2F
‘
:
= :
i
500 §
TERMINATING == !
RESISTANCE :
i
.
i
i
.
i
\
L}
;
;
.
i
)
i
i
COUPLED TC

RF TUNING DR¢

R s s W
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______ | -
35y g Y
PPLY .
1 SG4F .
OUTPUT
0 SG2F
i
. ) S0 o
: TERMINATING
c4 &9 RESISTANCE
365p == sp
(215p) (47p} e
L C6 :
IG‘UO3]
] T = T ‘ i
e K |
= INCREMENTAL i i imilar;
FREQUENCY ORIVE Range E oscillator (board @) is similar;
FROM SGIF component values that are different are
= shown in brackets.
i
'
I B - - ° - - - - - - N B 1
........................................ . RANGE H OSCILLATOR:
L'I‘
35V A s .
PPLY  —0 b1 | g —
| SGAF l 1 _L
¢ ‘ca 5
o~0!I 0~01I .. as
%, 330 :
V12
; B5Y28 ; oUTPUT
: i v (BFY1e) 41 To SGiF
470 9-0-51 :j
4 ciz | ' !
. 01 = 33p son
(0-01) =) TERMINATING
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R332 b — '
= 33k {(68p} =
I
' a- 100p
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—J_.-
: J
= ; . . - .
Fia e A Range G oscillator (board (i5)) is similar;
EROM: B03F component values that are different are
shown in brackets. C6 is a fixed capacitor

and Cl2 is not fitted,

Fig. 5.2 Circuit diggram—aoscillators

59

-



COUNTER
oUTPUT

-15v 7ROM TaG3. BOARD (1)} i
(ONNENO
l Flg.s.g
| FiuTers

SKT3/PLI l

—Los T T el —

fva 7.t o R .‘é A ———
SKT9 PLE  SKTI R10
240
7 Ho—] 1+

FROM OSCILLATORS ViA SG2F

e 1
|© .

, Fig.s.?
CRYSTAL
CALIBRATOR

104 TPOETS

2002 (la)

Tk

@ wiDE BAND AMPLIFIER

i
¥T2 :"
Bsv2s o

Y

—64v ¥T3

BSYZ8

=iV

) =6-2¥
=103V

o
RAZ

ms
100

L €9

-r 0-47

047

Al
RE= RS 4
= R
240 820 %u;c?
RI4
47
UNBALANCED 15t BALANCED
AMPLIFIER AMPLIFIER




— TO QUTPUT FILTERS VIA SGBF

—T— 710 OUTPUT FILTERS VIA SGIF

" .
n
B Ll ZR20 coL RANGE
s . 220 0-a7 !
“ =Rie ' ]
B = Za 'O
" g @
G
FIoREOk P ® i
—s-z%) ' ©®
¥16 G
BSYZR ! © .
(1)
INCED MODULATING o
FIER AMPLIFIER RZ4 "
2-2k o
— A 5
7
ouTPyT O
AMPLIFIER
1og |
> nAl
' ® "
! Fig. 5.5 H
| ALC AND l
ENVELOPE '

L Feeoeack |

Fig. 5.3 Circuit diagram—wide band amplifier

6l




| r-o—l—_AE——o.’-—:.;:

I
i
i
I Fig.5.3

WIOE BAND
AMPLIFIER

FraPors-a

2002 (1)

9

=

i SG8F




™
COARSE ATTENUATOR

¥ia BOARD (Z8)

PLE/SKTIO, T2
AND PL2/SKT4
SEE Fig. 5.1

Fig. 5.4 Circuit diagram-—output filters

63



|@

-‘I_"'_.
J
SKT3fPLT, 1

Ak

-15Y
FROM
TAG 3

804R0(R) | ‘

ocy?
100

i

Yo

AAAA
¥¥Y

= R1

|
|
|
|
|
|

|

|

|

|
o

aLe
- ==
I r-g 5.9
ﬁ FtLTER5_|
sy
| .
’B\ - —— - —
L _|
i Fig. 5.6 |
MODULATION |
DRIVE AND
I_MONITOR _
SKTI

TO COARSE ATTENUATOR VIA TZ—a)

, PLE

RF INPUYT FROM CONTACT 2, SGGF

WATPDAIY B

2002 (1a)

RVISE
o u:%‘l'

PHASE
SPLITTER

>R33
> 50

AARA

R17Z
1 3T e
+Isnn :
AAAA
= WA
= R20
R 10%
Ly R21
- 4-7k
& _AAAR
AALAd
R12 i
5-1k |
MR2
HGS004
Fla -
[l
TPE . ‘ L%
i R6Z clodd M1 287 0
4 47k so-p-} l 100uA 4
TP7 ! = |
I | LES R
T "l'_
g .
MARY l
HG5004 ;
/13
5.1k
] A '{
= M ]18
¥ an -1 (! !
EMITTER '
FOLLOWERS
R18 .
10k i
RISZ
33x .
COMPARATOR

ALC AND

ENVELOPE FEEDBACK




SGSF

FREQUENCY RANGE

= | Fig 5.3 |

jWIDE BAND
AMPUFER

AARRE

R2%

> 33k

YW
R0
10k

R21
&-Tk
ETTYY

R23

ARMA

Lidds

R12
5-1k

YWV

1

nzrsn M115 CONNECTED TO
Boi.ﬂo.vm FILTER BoarDs (7)
& (B).PLUG & SOCKET PL1/SKT3
SEE Fig 5.1

AND SWITCH SBIF,

R13
5-1k
an -} 1 ! 4Tk
18 R24
10k i 10k
—Wh A

CB -

_.
n
=k

YYVY

vi6
| HT101 ( g)
J
p:
b-

cs CE

!

300p Y

RIE 2

100 =

VW

V13
HT101

COMPARATOR BRIDGE

R32
ATk

R?
1-5k

LONG-TAILED PAIR

R14
2-2k

R37 TH1
1-8k cz3

MODULATING AMPLIFIER

R3
12k

RY2
1k o

R4
2k

Fig. 5.5 Circuit diagrarm—a.l.c. and envelope feedback

65




= &
aRv2E mil

ORYIB

1
1

£} 1P

ThCaT? -

$C—plan of sections viewed from knob end -
with switch in 6.3 k—20 k positions

2002 (1)




CAMPLIFIER == srerrmmmreeirrnnanin,

emss s == RMODULATION ™™ -
SELECTOR

sk A b Lok g Lt T

|-

CHl

0-00372
ciz
0-00110
10

cic

m‘;"él
i o

. '(L g

RV? R7 6
i 22 @ 24k 50
g ! AW A
.
Zra
> 1.
S ms2 :
RE 12k <
! Tk
c5 -I: -14-8v A
b 25T (q\ -3V =
— -5.5v BT
2n4048
| . sz
i -
-5 5V E i
MR3 | sczn—-é‘
h F uGioos
& tHegecen
c3 J T
250
79> dcs |
—th— 10k o |
-5-8¥ !
MR1 RE i - » .
HG1005 T~ 15k ! Q3
v —-6-1v |
ZRs !
<10k i i
d =
J I Freon
’ LW MR2 i ‘
ZBE-2 [ h [|]I2

AMPLITUDE STABILIZER

(@) ad

MODULATION OSCILLATOR

ATPD 4444 -

s CI
100

+t

..|'r




-15% FROM
TAG 3, BOARD @

i}é

obedd

wv
O
P
o

C‘l‘ll

0-00372

ci
0-01a

—

|

'
1
1
i

|

&

R17
6Bk

=1

TP3@ MOD YOLTS INT & EXT

R |
LRI } i |
R3I< ' . '
36k 5 — 5""73 |_r:1' l 18
o ] |
- -
' 1 | Fig.5.9
I FILTERS
-67v
It
-Zov VTl oL6n
25302 . 1"
—1-4v - -
} 0
-—_I |® .
c2 1 .
R4 == T .
ST e |
] | ENVELOPE
J l FEEDBACK l
L 1 -

sc MODULATICN
SELECTOR

=
n

o
3 i
=
i
o
o
o

EXT ac

© @ 8 6 0 & e @ e

EXT dc

DRIVE AMPLIFIER
§:zzn
TH THZ 2 R7
€23 €23 Z 270
MODULATION DRIVE
AND MONITOR '
LH
22k
cl
5

¥T12
25302

-8y

RE%
a7k

MR4
HG5004

RY1
17

MRS
HGS00a

+

M2
: 100_nA @
MODULATION =
DEFTH

g~

R|-
I

MOKNITOR AMPLIFIER

alf—-o—in-

Fig. 5.6 (Circuit diagram—modulation oscillator and drive .

67




SAIF SAZF

5428

TAG 3

soarn (1) T |_ ....... .

SA—plan of sections viewed from knob end
with switch in fully counter-clockwise position

2002 (1)

8476




100ke/s STORAGE COUNTER PULSE ' SHAPER 10kcis

R21
@ CRYSTAL CALIBRATOR 4 I
:
R3J;
(B
c5
. & 0-01
22k ——
-16-8v
4 =54y ¥T1
26403
R13 - -
R2 -5-4V - .
i 10 il s
15k i + | T
" — MR1 . ] R
[ S X oo i ‘ ||® PLI -
'
o¥
-15-7¥ YT8
BFY18
v -14-4v
L C3
-0022 é
i c4 Rd
510;;:[ 22k PULSE SHAPER
1Mc/s CRYSTAL OSCILLATOR
[ CRYSTAL |
5 caL
@ josr]
®
®
® | 7 T
BUFFER
0 SRS, - xS

2002 (1a)




\0kess STORAGE COUNTER

R9
1k

—0-4V

=14-9v

Ri8
Tk

I- Sl rvi @ a7k

. AR
R1277YT330
ics cio

— - —

0047 0-047

-T- A A Z0Y A\ -15% FROM
RI2Z i 146G 3. eonnn@
W
————— — cnvsrnL \
| SAIF
oTa,, JrlE] N\
RGN [353
=540 | o—@
NI
=150V e ! i 1o : :
an o ous [
33k gl === ins i @
j |
¥ U T e | ;B
I I :[ k l =13 5Y FROM
= — = | 146 9. Boaro (3)
¥ ou -
—c—=== ian uu—-)_o
- Eote—
| kig: 5.9 0 5017
. | FiTeRs |
r@ CRYSTAL CALIBRATOR AMPUFIER
B\

| |
|

F cwvsm caL

Fig. 5.3
WIDE BAND
| AMPLIFIER |

Fig. 5.7 Circuit diagram—crystal calibrator

69

.-.



CAM PROFILES AS SEEN FROM THE REAR
. P > il
1
60dB 2048 40dB 3dE
i
o -

al
1
N
]
W

' 2:2p| 2 2:2p CSa2:2p
REAR I I I FRONT FRONT
'

R9 R10 R R12 [3E] LU
750 750 247 247 247 ) 176
W F—M‘A,T—m_q 1 ARAA
ZR4 nsJ; ZRE ZR7 J;Ra =R
=61 6132 =61 =z = B

=305 =61 l >292

..n____.

L@ _ coapsg ATTEN!_JATOR _ _ _ | _ | _ —l o _ FINE ATT

100 |80 |60 |40 |20 | o |-20] 9B ABOYE WV | 4 11, 1 5
——ADD—
0 | 201406080 100|120 | ATTENUATION dB| 20 |19 |18 | 1
PAD SECTIONS
IN CIRCUIT
dB 48
—|mi—= M|~ |20 R 3 I
—l—=| (T[T |40 2 b—| |1
—|=|=1={m|[m]|m]60 3 Tn -
s{mimiw
w|ml{

2002 (1)




ILES AS SEEN FROM TH& REAR

I
e
!
i
1
i
|
3dB 1d8 2dB 6dB 1048
- 1 =

Wwr FRONT : I REAR
- ; |
i : g . : =
! R R1Z R1 Ria R15
4 176 577 11:6 3743 -2
il ——] — A
)
‘ J
HE1a R23> r3 Ra =Rs ns% =R7 R8 3 =9 R10 2 :
i =292 292 870 870 %435 EE[=3 2150 Isog =963 96313
i
" . ;
i J_
i <
|
I_ IFiNE ATTENUATOR
LATRE S A — ' - - - — —— - - - - - J
[}
1
|
Falee 1 o P2 |3|a|s|e|7|e|e|m]n|r]|n]|u]s|s|]s|s]|20
ENUATION dB | 20 !9 117|615 14)13 (1211|100} 8 8 7 [ 514 3 2 1 0
0 SECTIONS ;
IN CIRCUIT !
dB : |
1wl =lm|mi=|ml=|={m|m|=]=(mlm|=|m|=|=]|m ’ -
1
] L
B =l ml= mpw =l | wlele | sl m o b [ar) = fos e | = l =
1
3 miMm|—{—| M| | T| T |—|—|T|T|—|—jT|T|TT|T}— ——1—
s|mim|m|w|—|=|—=|=|=|=|m |||l |=|=]=|=-|=|-
wlm I'!T minwn|o|lmn|w|o|m|(ml—-|=-{—-|—-|—-|—-1=-|=-|=-1—|-
i
l Fig. 5.8 Circuit diggram-—attenuaters

i
: 71




2
. )
ol
o-lI
= '
1 a4
[u -0
czl
0-1I
i ’ ]
| O— 2 0
c:l.
o-|I
'
L T £ 1
o— 0
col
o nnI "
b ) 10
D—— 0
| i |
U-II
n E 1
D— a
! ;
cs-[.
n-|I
.\ F sazats 4
o Y™ a,
_L L7
c7 120m
D'II
%5 : 1%
o a
el
n-1I
17 srgez: 5i
o l 112 a
cs L9 :
0-0021 45-5m
‘1
1
'
I o T3 a:
g
. <o asm

o-gona

A

@ FILTERS

L - i

2002 (1)

@ FILTERS
A TPgeroa ! -

15 2
o —0
| C1l lcu i
c-lI In-u
" ¥ ez ® 4
. O o LI —a
L2 J_
cz.]. 120m €15
MI IO"
j = =
n FESEE ]
o T IR —0
L3
cal 120m J-‘3‘s .
D-II ID-1
' 4 =
3 " ey ’ L)
o G ' a
L4 \
Eﬁl 340m -J-C"
0-1 0-1
'

" B Easmims B 10
o HIT i a.
1 < L
cs 1m cie
o-lI . I 01
7 : B & 12 |
o r 1l -0
! Lﬁ 1
C6 im c19
(] 0-1
| T |
. v . = "
o ] A1 ]
L7
CT-]- 126m .l.czn

OI‘I IO-I :
7 = SEssEw T 16
o ; IO 1 —0
Le
C!-|. 120m J. c2 i
' B-1 0.t
R3 <
T = 100k &
*T i
()
© )
®
1
©
O
e ]
®
cud
0-0200

- 0001 =

fig. 5.9

Circuit diagram—r.f. unit fifters

1

I

]

]

)

L

1

M



PLT SD2F

|
' 0 FS52
=T I
. i 1 124vac” HE 1N540 —29-0¢ MAINS — SF  |S00mA
150v-260% O ’ o——— S O ! .
! l BATI’(_? !
§3v-130¥ : - F : . ’ : |
: ' ocl F
150v-260¥ 5:E l ; £ 1000 i 1
o3 : : M3 ' :
95v-130V I . e At
¢ ;
- i H + — Ly
Ve ¢
. ON
! .
: ' l
1
: :
P1 SDIF B s
@—o-‘-.-___—or-‘r , fitas
0 - ¢
N Af
> ki d
o —o— [
P2 |
' !
= 1
? B
I 10 =
L]
RS
470
13:9%
via
25701
0.R8 +COUPLED TO
= AR R ! RF TUNING
: 584F o DRIVE
s :
® PLIfSKTT :
Ha eRs R1Z :
10k . 3
2-2M
E 3
SET|0RVY = i
| af e = i
OR& i
220 |
PLI
skTap @
I P - - - N - . _
) R4 u
1 s = ' SKT3fPLL
= 10 l p

.||i_

INCREMENTAL FREQUENCY DRIVER

ZATPDAEY




RT3
Tk E

vYVY

AAAA

.J;c: RS = RY1
£ 100 100 = 220k
a

C2 e

100 T_‘_

=
100 -

= s ZRY
39k < 7k
-15.8v .
J RVZ
vz | =
26403 E% 20 !
J
RZ
i
) “¥ers
@ SUPPLY STABILIZER
-
—! SBIF
3 2
il

ﬂ?%
222

J ¥ oN |
RS !
O e |
: 160 %, . l Fig. 5.9 [
i y _ FIIERS . 2
13:9¥ e Rv2
¥ra 1k
25701 /]
cz3 l
| T MR gz--*
‘ 875 T
. —_
)sz J__
BCY34 =
(2) oSCILLATOR SUPPLY STABILIZER
L _
1 —_——— —
C upty 20 0H—
SKT3fPa [ l f
12 Le
i ; Fig.5.9 :
; | FILTERS |

Fig. 5.10

Circuit diagram—power supplies
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