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I GENERAL INFORMATION

11 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 rnust 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 1b and is avail-
able in bench or rack mounting versions.

Permeahbility tuning of the oscillator
and output modules provides the low imped-
ance required by the transistor circultry
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 kcfs 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 Me/fs, 100 ke/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% modulation over most of the
range. Output is controlled by cam operated
20 4B and 1dB step attenuators with voltage
and dB calibration in terms of p.d. across
a 50 2 load or of source e.m.f.; interpol-
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ation between attenuator steps is provided
by the carrier level control and metern
Automatic level control holds the output
constant againstfrequency or range changing.

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

Internal a.m. up to 100% is produced
by a continuously tuned oscillator covering
the audio band. This rmeans that the gener-
ator can be used for coemprehensive r.f.,
i.f. and a.{. response measurements on a
receiver with no additional equipment other
than a receiver outputmeter. The oscillator
output 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 quality 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, te 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 heorizontal sections; the centre
one containing "the oscillators 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 B bands :-

A 10 - 32 ke/s E 1 - 3.2 Mc/s
B 32 - 100 kefs F 3.2 -10Mc/s
C 100 - 320 ke/s G 10 - 32 Mc/s
D 320 -1000 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.

At constant ambient temperature within the range 10°¢
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% change in the ambient temperature
within the range 1°C 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 ¢/s.




General information

Frequency (continued)

Electrical fine tuning :

Crystal calibrator :

R.F. output

Lievel :

Attenuators :

T otal level accuracy

Operative above 100 ke/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 &
+ 30.0 kefs 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 kec/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}

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

32 Mc/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 aopen circuit without a 6 4B 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 4B 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 10°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.

2002 (1a)
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General information

3 |
R.F. output (continued)
L, = Impedance : Effectively 56  at all level settings.
V.S.W.R. 1.15: 1 below 200 mV, with or without
s - 6 dB pad,
Carrier harmonics : Less than 3% individual harmonics at maximum output
= levels,
b— Leakage : Negligible, Allows measurements to be made close to
the signal generator,
Counter output : Suitable for use with Counter TF 1417/2 and Converter
=3 TF 2400. Produces 10 mV into 50 @ from high
. impedance source.
ol Modulation
L
Depth : Continuously variable up to nominally 100%.
" Monitor : Reads equivalent average modulation and is virtually
A independent of carrier level reference.
Accuracy : At 20%C up to 80% depth, £5% modulation to 10 ke/ s,
= and £10% modulation te 20 ke/s, provided the maximum
usable modulation frequencies shown in table 1.1. are
- not exceeded. The error with tergpera.tureomay rise by
— an additional £3% modulation at 10 C and 35 C.
— Envelope distortion : Using internal oscillator, less than 2% distortion
factor at modulating frequency of 400 ¢/ s for modulation
P, depth up to 80% at carrier frequencics between 100 ke/s
and 32 Mc/s (Bands C to G). The rmaximum usable
ok
modulation frequencies for up te 5% distortion at 80%
_ depth over the whole carrier range are shown in
table 1.1.
TABLE 1.1
3 Maximum frequency for
80% medulation depth
Band Carrier frequency (5% distortion)
e 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
k- D 320 to 1000 kc/ s 2 kefs
E l to 3.2.Mc/s 20 kel s
- F 3.2 to 10 Mc/fs 20 ke/ s
G 10 to 32 Mc/s 20 kc/ s
S H 32 to 72 Mc/s 20 ke/ s
—s 2002 (1) 7
e




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%.

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

20 ¢/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 k2
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% modulation, in a 3 dB bandwidth
of 650 ¢/s at carrier frequencies below 100 ke/ s, and
in 20 k¢/ s bandwidth above 100 kc/s.

May be used for manual or automatic frequency control,
frequency modulation, phase modulation cr sweeping,
Operation above 100 ke/ s only; requires up to 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 kc/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 ke/s for carrier below 1 Mc/ s.
D.C. to 20 ke/s above 1 Mc/s.

2002 (1)
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General infermatian

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.c. positive garth.

current 0. 3A maximum.

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

1.3 ACCESSORIES
dll Accessories supplied
- 6 AB Pad, type TM 5573/1; BNC plug to BNC socket.
Output Lead, type TM 4969/3; 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.
L N Mains socket (TF 2002R only) M.I. code 23424-151.
{
[" b Accessories available
3 Output Lead, type TM 4726/152; BNC plug to Belling-lee L788FF plug.
[_,_ Matching Pad, type TM 5569; 50 to 75 2, BNC socket to Belling-Lee L734/P plug.

Matching Pad, type TM 6599; 50 to 75 @, BNC plug to Burndept PR4E plug.

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

L‘ h 350 V.
Matching Transformer, type TM 5955/5; 50 Q unbalanced to 300 2 balanced, BNC
socket to 4 mm terminals. Voltage ratio 1:0.5 + 0.5.

T 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 common 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
instrument 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 voltages 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 button, pressing the switch to the
correct position, reversing the plate and
replacing it to hold the switeh 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, may be used.
drain is about 300 mA.

The current

Press the MAINS/BATTERY switch to
the position marked BATTERY and connect
the supply by leads to the positive and neg-
ative terminals 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 rneters are at
their extreme left hand calibration mark
{zero scale deflection}. If necessary adjust
the set screw at the top of each meter to
bring the pointer to this position.

22 CONTROLS—SUPPLY AND TUNING

®

SUPPLY switch.
switch on.

Turn clockwise to

MAIN TUNING SCALE. The scale is
engraved in a continuous zig-zag from
10 ke/s 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 divisious.

SET SCALE CONTROL. Mechanical
adjustment of main tuning scale for
frequency standardization. A positive
index locates the nominal centre
position.

INCREMENTAL FREQUENCY CONTROL
& SCALE. Provides calibrated freq-
uency shifts up ta the limits indicated
alongside the control.

2002 (1)
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Operation

@ SET ZERO CONTROL. Sets the freq- pips are provided {1 Mc/s, 100 ke/s,
- uency of the zero calibration mark of 10 ke/s). An additional switch position
the INCREMENTAIL FREQUENCY gives a sharp null separated 1 kefs
control@. {rom each 10 ke¢fs marker.

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

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

the crystal calibrator.

@ CRYSTAL CALIBRATOR OQUTPUT
SOCKET. Phones jack, the internal

@ CRYSTAL CALIBRATOR SELECTOR. loudspeaker is disconnected when a
Selects the intervals at which marker plug is inserted.
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Operation

23 CONTROLS—MODULATION AND OUTPUT
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®

COARSE ATTENUATOR. B5ix 20dB

steps.

FINE ATTENUATOR. Twenty 1 dB
sSteps.

R.F. QUTPUT SOCKET. 5082, BNC

socket.

COUNTER OUTPUT. 250 source
impedance BNC socket. Output is
unmodulated and the level is not cont-
rolled; suitable for 50 & load.

CARRIER LEVEL CONTROL. 3Sets
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.

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

(1) FREQUENCY SHIFT TERMINAL.
Inlet for controlling signal for freqg-
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/s E 1-3.2 Mce/s
B 32 - 100 ke/s F 3.2-10 Mc/s
C 100 - 320 kefs G 10 - 32 Mc/s
D 320 - 1000 ke/s H 32 - 72 Mc/s

Turn the INCREMENTAL FREQUENCY
control 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)
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Crystal calibrator

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

A loudspeaker is fitted 'to monitor the
crystal calibrater 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
OUTPUT socket. Any headphones with an
impedance in the range 50 22 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 calibrater
range selector setting
A 10 ke/s
B 10 ke/s
C 10 ke/s
D 100 ke/s
E 100 ke/s
F 1 Mc/s
G 1 Mg/s
H 1 Mc/s

Tune the signal generator approximately
to the marker frequency nearest to the desir-
ed carrier frequency and adjust the mezin
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 ke/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
{requency 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 set-
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 ke/s and
advance the main FREQUENCY control
past the first two 10 ke/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 kefs.

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
OUTPUT socket. With the INCREMENTAL
FREQUENCY dial at zero adjust the SET
ZEROQO control for zerc 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 summarized in table 2. 3.

TABLE 2.3

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

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

null point

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

3 ke/s 10 ke/s 30 ke/s 100 kefs
1l kc/s ) . .
{filter) 10 ke/s 10 kefs 100 ke/s
1.0 on 1.0 on 3.0 0on 1.0 on
scale scale scale scale
0-3 0-1 0-3 0-1
First First Third First
1 ke/s 10 kc/s 10 ke/s 100 ke/s
null.point zero beat zero beat zero beat
found found found found
D, E, F,
G, H F, G, H G, H H
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Whilst it is good practice to set the
main FREQUENCY control before setting up
the sensitivity of the INCREMENTAL FREQ-

UENGCY control, small subsequent adjustments

of the main FREQUENCY control will not sub-
stantially affect the accuracy of {requency
increrments 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 c¢ontrel for full-
scale sensitivity of 10 ke/s on the 0-1
scale. Turn the INCREMENTAL
FREQUENCY control until the cursor
is apainst 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 rmain
FREQUENCY control relates to the top scale
on the main tuning dial and thus allews 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
Although the frequency
scale Las a logarithrnic type law, linear
interpolation by means of the logging scale
can be used for a first approximation.

crystal calibrator.

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, Thereis a
potential of -8.5V between the terminal and
carth and the source impedance is 1 kiz.

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

200z (1)

Operation

The limits of frequency shift that may
be employed depend on the amount of non-
linearity that is acceptable. In general, at
the low frequency ends of the carrier ranges
the maximurm 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

Pegk deviation

Maximum shift from
from mid-scale on

Range zero on INCREMENTAL

FREQUENCY control INCREMENTAL

internal external FREQUENCY control
(kc;s) (kes) (kc/s)

C +1 *2.5 +2.5

D +3 +15 +15

E +3 +3 1,5

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
ghift circuits can be obtained by increasing
the applied veltage. The voltage at the
terminal should not {all outside the limits of
-2V and -13V if severe non-linearity is to
be avoided.

(a) Frequency modulation

Turn the SET AT 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 ranges C 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.




Operation

{b) Frequency shift

Frequency shift may be achieved
either by applying to the FREQUENCY
SHIFT terminal 2 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 AT 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 172007

frequency shift circuit

[+]
<L

= reEa e
p=y

4700
TeAADL

10k

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

Fig. 2.4 External frequency shift circuit | 172002
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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

algebraic sum of the internally and
externally applied shifts and the peak f.m.
deviation must not take the frequency cutside
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 pgives 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 indicates the
required frequency.

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

The maximurn 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
at the higher carrier frequencies. Table 1.1,
p. 7 gives the maximum modulating frequencies
for 5% distortion at 80% maodulation depth.

The MODULATION selector knob also shows
the lowest carrier ranges that can be used
with low distortion for each modulating freq-
uency range at 30% and 80% modulation depth.

The MODULATION selector also shows
the lowest carrier ranges that can be used
for each modulating frequency range at 30%
and 80% modulation depth.

When switched to an internal meodulation
position the modulating signal is made avail-
able at the INTERNAL & EXTERNAL MOD-
ULATING SIGNAL terminal.

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

2002 (1)
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External-—capacitor coupled

Turn the MODULATION sc¢lector to
EXT. A.C., Apply an a.c. modulating signal
Letween the INTERNAL & EXTERNAL MOD-
ULATING SIGNAL terminal and earth., Set
the MODULATION DEPTI1 contrel te give
the required percentage modulation indicated
on the MODULATION meter.

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

The input required is about 1 V r.m. s.
into 1 k2 {for full modulation.

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

External—direct coupled

For low audio frequency rmodulation
with very low phase shiit, or sub-audio mod-
ulation, direct coupling to the modulating
circuit is available. The facility may also
Le useful for remote level adjustrnent 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 such that if the volt-
age is reduced from -2 V to -1 V the
carrier level is reduced approximately

to zero.
- -
—_ < 172002
6V Tef = AV
= a0
+
Te W20 VOLTS
+
[s]
TradeY r o

Fig. 2.5 External amplitude contref 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 k2
resistor in shunt will reduce the volt-
age te -1 V and so reduce the carrier

level to zgro.

171002
470N

WD vauls
1

— 1.1
WOk o
L readns

Fig. 2.6 Passive external amplitude contref 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.

If an excessive drive voltage is
applied to the INTERNAL & EXTERNAL

MODULATING SIGNAL terminal the
fuse 25 FS1, which is mounted on the
wide band amplifier beard, may blow.

For high modulating irequencies the
meodulation depth limitations, given above
{for 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 I 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 oufput levels read from the atten-
uator dials are those which appear across a
matching (50 2) load. The attenunators are
also direct reading in terms of source e.m.i.
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
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
adjustrnent in 1 dB steps but intermediate
outputs can be obtained by varying the setting
of the CARRIER LEVEL control,

If the CARRIER LEVEL meter is at
RANGE H MODULATED subtract 6 dB from
the output indicated by the attenuator dials.

Expressed in volts

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.

Counter output

For applications such as operating a
counter type frequency meter, an alternative
output is provided. This output is unmod-
ulated and the level is not affected by the
CARRIER LEVEL control or the attenuators.
The output . m.f. is about 200mV and the
source impedance 250Q. It will satisfactorily
operate equipment with a 50Q input.

27 MISMATCHED LOADS

The r.f. output circuit of the signal
generator should be regarded as a zero
impedance voltage source in series with a
resistance of 50 . This is shown in Fig.
2.7 where :

E is the indicated source e.m.{.,

R is the scurce resistance,
o

son

Fig. 2.7 Equivalent output circuit

ZL is the external load impedance,

V_, the voltage developed across the
load is given by
Z
L
V. = E
L Ro + ZL

or, for purely resistive loads

V. = E — =
L R0+RL

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

TABLE 2.5

To find lead voltage:

Logd ohms Multiply e.m.f. by  or  Subtract dB
10 0.167 15.5
20 0.286 10.9
30 0.375 8.5
40 C. 445 7.0
50 0.50 6.0
60 0.55 5.2
70 0.58 4.7
75 0.60 4.4
80 0.62 4.2
90 0. 64 3.8

100 0.67 3.5
120 0.71 3.0
150 0.75 2.5
200 0.80 1.9
300 0.86 1.3
500 0.91 0.8
600 0.92 0.7
8§00 0.94 0.5

1000 0.95 0.4

2000 0.98 0.2

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 ocutput 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 Q with a signal derived from a matched
source, a resistor R; is added in series with
the generator output. The value of R, is
given by the difference between the load and
the generator impedances, that is

MW TARes
Ry
Ro Ry

sS0ft

Ry Ry

AAAA
VYWY
AMAA

VVVY

[

m-i|

SERIES RESISTOR IN CIRCUIT QUIVALENT CIRCUAT

Fig. 2.8 High-impedance matching
The voltage across the load, VL, is
given by

Vv =

E
L 2

For the special case of a 75 2 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 5022 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 2 with a signal derived from a matched
source, a resistor R, is added in parallel
with the generator output. The value of R
is given by

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

different and is given by

R
P
= E ————
! R_+R
o P
and the voltage across the load, VL, is
given by

VL= 1

A

AA
YV Y
x
£
2
e,

..|f___.

.EQUIVALENT CIRCUIT

PARALLEL RESISTOR N CIRCUIT

fFig. 2.9 Llow-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 eifect of the
centre-tapped winding and is not suitable for
resistive balanced loads.
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Ry

Fig. 2.10 Balonced lead matching

The values of R, {for use in the centre
conductor) and R, (for the earth lead) are
given by

R, = L - 50
2

R, = L
2z

For use with circuits that have a bal-
anced impedance of 300 2 a special matching
unit is available as an accessory and may be
ordered under the type number TM 5955/ 5.
It incorporates a wide band transformer with
a l:4 impedance ratio and a resistive pad to
give an overall ratio of 1: 6., The voltage
ratioc is 1:0.5 + 0. 5.

20

28 USE OF DUMMY AERIAL AND D.C,
iISOLATOR

Teo use this dual-purpose unit as a
dummy aerial connect the EMF/10 and E
terminals to the receiver under test. The
unit then simulates the impedance of a
typical aerial for broadcast receivers in
the 1.f., m.£f. and h.f. bands, and provides
an ocut put voltage of one-tenth of that indicated
by the attenuator dials.

To use it as a 350 V d.c. isolator con-
nect the EMF/2 and E terminals to the equip-
ment under test. This allows the signal
generator output to be applied to circuits
having a standing d. c. potential up to 350V.
The output voltage is half of that indicated
by the attenuator dials.

o luF EMF
Ik o EMF
1 3
Ro
= ISOLATAR
=N Zeoa DC IsoL
W00pF
P EMF
10
. 2 UMMY
slen AERIAL
——o EARTH <—J

.|||__

[LTETT

Fig. 2.11  Generator output using THM 6123
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VOLTAGE

1-0
-9886
9772
9661
9550
9441

-9333
9226
9120
9016
-8913

-8710
-8511
-8318
-8128
7943

7762
-7586
7413
7244
7079

-6683
-6310
-5957
-5623
-5309

5012
-4467
-3981
-3548
-3162

2818
2512
2239
1995
1778

DECIBEL CONVERSION TABLE

Ratic Down

DECIBELS

3 WhIh R ek
ourown Soohn ORchN OCO®MUe HbWiao

—r

ok b ok
Ul B N =

YOLTAGE

10
1-012
1-023

1-035°

1-047
1-059

1-072
1-084
1-096
1109
1122

1148
1175
1-202
1-230
1-259

1-288
1-318
1-349
1-380
1-413

1-496
1-585
1-679
1.778
1-884

1-99E
2-239
2:512
2-818
3162

3-548
3-981
4-467
5-012
5623

Ratio Up

1-585

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

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

3-981
5-012
6-310
7-943
10-000

1259
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

7943 x 107
6310 x 102
5012 x 107
3-981 x 107
3-162 x 107

2:512 x 107
1-995 x 107
1.585 x 107
1-259 x 107
1-000 x 103

5623 x 10~
3162 x 107
1-778 x 107
1-000 x 10+
5623 x 10

3-162 x 10
1-000 x 107
3-162 x 10
1-00C x 10
3167 x 107
1-000 x 107

POWER

02512
-01995
01585
-01259
-01000

6-310 x 107
3981 x 107
2-512 x 107
1-585 x 107
1:000 x 107

6310 x 10~
3981 x 107
2512 x 16
1-585 x 10~
1-000 x 10~

6-310 x 10°*
3-981 x 10-°
2512 x 107
1-585 x 10-*
1-000 x 10~

6-310 x 10~
3981 x 10
2:512 x 107
1585 x 10~
1000 x 10~

162 x 107
0 x 107

4

DECIBELS

VOLTAGE

6-310
7-079
7943
8-913
10-000

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

39-81
5012
6310
79-43
100-00

1259
158-5
199-5
2512
3162

398-1
5012
631-0
794-3
1,000

1-778 x 10°
3162 x 18°
5-623 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 CONVYERSION TABLE (continued)

Ratio Up

POWER

39-81
5012
63-10
79-43
100-00

158-5
2512
3981
631-0
1,000

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

1-585 x 10¢
2-512 % 10}
3-981 x 10*
6310 x 10#
1-000 x 10°

1-585 x 10°
2:512 x 10°
3-981 x 10°
6:310 » 10°
1-000 x 10¢

3162 x 10°
1-000 x 107
3162 x 107
1-000 x 107
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™
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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 a2 component carries
its unit number as a prefix, e¢.g., 6RILS,
Components that do not form part of any
sub assembly carry the prefix 0, e.g., ORS6.

For convenicnce 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 irequency 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

OSCILLATOR
CoiLs

Fig. 3.1

2002 (1)

linear motion from a tape attached to a drum.
Alternate ranges are coupled to lapes wound
The {req-
quency of successive ranges thus alternately

in opposile way arcund the drurm.,

increases and decre¢ases 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 5G.  Power supplies to the
oscillators arc” switched by SG4F and the
low level oscillator cutpul to the wide band
amplifier by SG2F. SGTF and SG8F switch
the wide band amplifier output to the output
filter while SG6F switches the filtered

signal to the attenuators.

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

QUTPUT FILTER
ColLs

CURSOR

FREQUENCY
CONTROL

Tuning drive system’

23




Technical description

Constant output level is maintained by derived from a 1 Mc/s crystal oscillatoer,
sampling this level in the a.l.c. and envel- giving audible marker points at closely
ope feedback circuit which produces an spaced intervals.
error signal to control the gain of the wide
band amplifier. The modulating signal 32 R.F. OSCILLATORS
derived from the rmodulation oscillator, is
cffectively superimposed upon the error Circuit diagram - Fig. 5.2
signal and modulates the r.f. signal in the
wide band amplifier. All the oscillators are basically the
same; a Colpitts circuit arranged to give
The crystal calibrator mixes the un- a m output. In each instance tuning is car-
modulated r.f, signal with a pulse train ried out by variation of inductance. The
FRECQUENCY FREQUENCY
RANGE
8 A
-
L
P Y e s, -
o
.'s H
.............. SN COUNTER
QurPUT
ranwrd
' L -
RF UNBALANCED BALANCED TUNED
VARIABLE | || OSCILATIR WIDEBAND Commed WIDEBAND ouTPUT COnRSE T S =
REACTANCE HODULES ATTENUATOR ATTENUATOR
AMPLIFIER AMPLIFIER FILTERS 5001
10kefs-T2Mefs auTPyr
CRYSTAL .
IMCREMENTAL CALISBRATOR N '

aF ouTPUT : :
FREQUENCY W DD oo N o : ;

YOLTAGE AMPLIFIER .
SOURCE
'

204B STEPS 1d8 STEPS

A 100kefs
1K
POWER &ND cfs ALC AND
SUPPLIES 10kefs FILTER MODLLATING {
CIVIDERS SIGHAL
G
FREQ SHIFT Mefs ALC AND
CRYSTAL ENVELOPE
OSCILLATOR FEEDBACK
=+
MOD VGLTS INT & EXT T
©* e :
MODULATION, v
DSCILLATOR
T .
. :
: T !
. ' - ' 875
h ' g : ——
h . MODULATION : CARRIER
' DEPTH : LEVEL
i . MONITGR ! MONITOR
MODULATION MODULATION CAARIER i )
TRO4TL FREQUENCY DEPTH LEVEL F]g 3.2 Block d,ggram
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principal inductor of each circuil has a
ferrite core whose position in the coil is
contreclled by the main tuning drive. The
series trimmer inductor sets the overall
coverage of each range.

Considering the circuit {or ranges A
and B; a pnp transistor is uscd with the
eritter 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 medify its Q.

Ranges C and D usc a silicon npn
transistor, VT2, as the oscillator. Its
collector earth return has a resistance of
approximately 50 Q derived {rom the star
terminating networlk; 25R1, 25R2, 25R3 at
the input of the wide band amplifier. VTl
is a reactance lransistor connected across
the tuned circuit. As a result of the feed-
back components C2, Rl 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, MRI1, 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 VTl and VT2 share

the same base bias network; RZ, Ré&, 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 SG2F is applied
to the star network R1, R2, R3 which acts
as a splitter network passing part of the
signal to the crystal calibrator and the
remainder to the wide band amplifier,
whilst providing a matching termination to
both 50 © lines. VTl and VT2 coenstitute
a two stage unbalanced amplifier with neg-
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Technical description

ative feedback applied across R8 and the
partially bypassed emitter resistor Ré.

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 sccond
balanced stage VT'5 and VT6. It is to this
stage that the modulating drive signal,
together with automatic level control, is
applied. The medulating 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 Irequencies
and by C1z and C13 at higher frequencies.
Frequency compensated feedback is applied
by R23 and R24 by using the inherent
inductance of these wire wound resistors.
No bias is applied to the oufput transistors
VT7 and VT8 which for silicon transistors
gives a2 quiescent condition beyond collector
current cut-off. This class 'C' operation
results in a transfer characteristic that
has an initial region with no output (the cut-

0000000 ——
........... ‘
84L
unpa © 0000009 ———— ouTPUT
weor .| e
=
TRANSMISSION LINE FORM
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TRANSFER CHARACTERISTIC
OF CLASS C OUTPUT STAGE

100%
. Moo

BASE INPUT

fig. 3.4 Modulation deepening process

off condition) but is substantially linear for
the remainder. The application of a mod-
ulated signal to a push-pull stage having

this characteristic gives an effective increase
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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 2 7 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
trimmer inductor L2, together with Gl,
C2 and C3. C4 and L1 constitute a high
pass filter to reject the audio frequency
modulation compecnents 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
cutpul from the wide band amplifier with the
modulating and carrier level control signals.

The audio 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 out-
puts to the emitter followers VT4 and VT5.
R.F. derived from the output of the wide
band amplifier is detected by the bridge,
MR3, 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 differcnce thus produced,
is the composite d.c. + a.f. control signal
that is used to modulate the wide band amp-
lifier. The balanced control signal is
applied between the bases of VT2 and VTé,
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
amplifier consisting of VT7 and VT8 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 C2 to Cé 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
minimurn distortion i$ introduced into the
modulated signal. These diodes are matched
by corresponding diedes MR1 and MR2 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.

3.6 MODULATION OSCILLATOR AND
DRIVE CIRCWITS

Circuit diagram - Fig. 5.6

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

Board carries the Wien bridge
capacitors Cl to C6 and C7 to C2 which are
selected by SCIF and SC1B. The resistive
arms of the bridge are provided principally
by the ganged potentiometers ORV1A and
ORV1B, the MODULATION FREQUENCY
control.
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The amplifier and amplitude stabil-
ization components are carried on board @
VTl 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 VT35 which is
connected as an emitter 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 impedance 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
cutput 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 SC2B
and is applied to the MODULATION DEPTH
control ORV2. External, d.c. coupled,
modulating signals bypass the MODULATION
DEPTH control and are applied direct te the
CARRIER LEVEL control, The CARRIER
LEVEL control, 0RV3, 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.
VTl 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 MRS,
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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 mounted inside the r.f. box
carries all the circuits up to the mixer stage.

VTl is arranged as a 1 Mc/s crystal
cscillator in a Ceolpitts circuit. The output
from VT1 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. LIl resonates with
stray capacitance at 50 Mc/s and tries to

ring at that frequency whenever VT8 conducts.

MR1 damps 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 1 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 ke/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 Cé in steps. VT3 and VT4 are cut off
during the charging of Cé, 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 off
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 ke/s storage counter functions
in an exactly similar manner with C% being
charged in steps through VT7, and VT5 and
VTb 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 ke/s and 10 ke/ s pulse
trains fed to the base. Awudio frequency beat
note signals are fed from the collector of
VT9 via SAZ to the crystal calibrator amp-
lifier which is carried on board @

In the 1 ke/s (filter) position of the
CRYSTAIL CAL switch, SAZ routes the a.f.
signal via a 1 kc/s band-stop filter consis-
ting of C9, C10 and LL1. VT, VTZ 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 @ and and by
Cb in the collector circuit of VT2. The
CRYSTAL CAL LEVEL control is a poten-
tiometer ORVSE interposed between VT1 and
VTZ. 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 cearse 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 7 networks with a
characteristic impedance of 50 Q. The body
is divided into compartments to achieve
mazximum shielding between pad sections.
Pads are brought into circuit by micro-
switches housed inside the screened comp-
artments and operated in pairs by leal springs
which are themselves actuated by cams on
the control spindles.

The capacitors CI to €5, 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 cornponents 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 spuricus voltages being developed
as a result of current flowing in multiple
earth paths. At higher frequencies the frans-
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 @ and full sections
on board . Additional sections are
switched into the modulation drive filter
by 8Gl1 and the incremental frequency drive
filter by 5G12 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.

OVTL is the series control transistor
and zener diode MR1 provides the reference
voltage for comparison with the base voltage
of VT2. Error signals from VT2 are amp-
lified by VT1 and passed to the base of 0VTI.

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

Also on board @ 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. ORVY 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 maxirmum pos-
itive excursions of the output voltage whilst
ORV7, in conjunction with ORV9, establishes
the maximurn negative excursion. The final
shift voltage is selected by ORV6 and applied
to the base of VT1. VT 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

5C

0 RV2

0 RV

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, @ s @,
@, @, @, ;. for the location of these
boards and other components see Fig. 4.1
and Fig. 4.2.

0 RV3

SKT3

0 RV4

0712

SKT?

0Tl

oct 0VvTH

Fig. 4.1 Tap view with r.f. unit removed
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0 R3

0FS2 OFST TP2 TP1

R.F. unit

Extract the eight 2 BA screws (four on
each side) that secure the screening case of
the r.{., 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 0T2Z
connects with SKT10 and the lead from
the COUNTER QUTPUT sacket with
SKTI11l. It will now be possible te slide
the unit out through the rear of the

instrument.
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SA 0 RVS8

LS1

PL7

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

SF

With the r.{. unit remecved, 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 rermoved and lying alongside the
chassis, this is possible if the 18-way plug
and socket are reconnected. The output can
then be taken direct from SKTI10.

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

A hexagon wrench tu it these screws is clipped
When
secal, first

to the top cross-rail of the chassis.
reassembling, tuv ensure a good r.l.
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Fig. 4.2

ROF wotwirhy covess rginiven)
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Fig. 4.4
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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 inte 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 8G,
mounted between the oscillators and the
output filters. Extract the six 6 BA screws
holding the upper central cover plate and
remove it. Board (%) is then accessible.
Remove the lower central cover plate in a
similar manner to reveal sections 2 to 10 of
switch SG and fuse F51. To make measure-
ments or tests on board @ it must be
removed. Do this as follows ;-

(a) 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 5G9 and SG10
until the coupling pieces can be slid off
the blade.

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

board @

() 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
hoard to be pulled clear of the surround-
ing metalwork.

Oscillators and output {ilters; 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 ocutput
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
themn 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 bottormn
cross rail of the chassis.

{f) If the r.f. unit has not been taken out
the bottorm cross rail of the chassis

must be removed 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
bottem cross rail of the chassis.

To open the attenuator unit :

(a) Slacken the four 6 BA screws in slots

at the rear of the sides of the attenuator .

unit.

(b)  Withdraw the 2 BA and four 6 BA screws
at the rear of the attenuator, and pull
off the rear attenuator-cover.

{c) Rermove 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 attenuator,

42 FUSES

Three fuses are fitted to the instrument;

two,. OFS1 and 0FS2, protect the power supply

circuits and are accessible at the rear of the
instrument. The third, 25FS1, 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.

TABLE 4.1
fuse Rating Type

OFS1 160 mA,
time-lag

Beswiclk TDC123/160mA

0F 52 500 mA,
time-lag

Beswick TDC123/500mA

Z5FS51 100 ma,
quick-acting

Beswick TDC13/100mA
or Bulgin F271

4.3 CIRCUIT YOLTAGES

The voltages given on 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
positions ;-

SUPPLY switch ON
CARRIER switch ON
RANGE switch

boards @ to the range corres-
ponding to the
board

board @ G

all other boards A

FREQUENCY 500 on logging

scale

CARRIER LEVEL
all boards}
except
beard

SET
RANGE H MODULATED

ATTENUATORS Q0 dBpV
CRYSTAL CAL
selector 10 ke/s

CRYSTAL CAL

LEVEL control fully counter-

All the fuses are standard 20 mm x 5 mm

components. Suitable replacements are
indicated in table 4. 1.
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clockwise
INCREMENTAL
FREQUENCY
control scale zero
SET ZERQ
control mid travel

SET AT control
MODULATION

fully clockwise

100 /s,
internal, 80%
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44 WAVYEFORMS

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

Crystal calibrator—board @

. A
&

100ps

15 1{us

Fig. 4.7 Junction C% and ¥T6 emitter,

Fig. 4.6 Junction C6 ond VT3 emitii:.
crystal calibrator selector at 10 kegs

crystel celibrator selector ac (0 kefs

e
-

TR L RN Mgl e S e &P e maiy AT WG Gt mme [T e R Ll L X L L Ll TR

.

- ;m' |

(VRTU RVI VO URUIR TR

\\

1

100 ps I } 10us o

Fig. 4.9 VY9 base, crystal calibrotor

Fig. 4.8 VT9 base, crystal calibrator
sefector at 10 ke's

selector at 10 keis
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45 CLEANING ROTARY SWITCHES

If it is necessary to ¢lecan the contacts
of any of the rotary switches, this should be
done with benzine (not carbon tetrachloride),
and the contacts should afterwards be wiped
with a suitable lubricant, such as Electro-
Jube No. 1, manufactured by Electrolube Ltd.,
Slough, Bucks., England.

4.6 PRESET CONTROLS

Power supplies

(=) Connect a valtmeter between tag 3 of
board @ and earth, with positive to
earth. Apply a 230 V a.c. input and
adjust IRV2 until the meter reads 15 V.

(b) Connect a differential voltmeter such
as Marconl Instruments TF 1377 be-
tween tag 3 of board @ and earth.
Apply the mains input via a rotary auto-
transformer and swing the voltage {rom
190-260 V. Note the variation of the
voltage at tag 3; if this exceeds 10 mYV
adjust 1IRV] and repeat the test until
minimum variation is achieved.

Adjustment of 1IRV1 has some inter-
action on the setting of 1RVZ2 and if a
substantial alteration has been made
recheck procedure (a), above.

{c) Connect a voltmeter between tag ¢ of
board @ and earth, with positive to
earth. Adjust 4RV1 until the voltrmeter
reads 13.5 V +100 mV.

{d) 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 and raise its
temperature from 20 to 55°C. Note the
voltage variation at tag 9 over this
temperature range: if this exceeds
4 rnV 4 RV2 must be adjuste d.

Adjust 4RV?2 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 te 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.I. oscillators connecct a
frequency meter, preferably a counter such
as Marconi Instrumenis type TF 240l or
TF 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 preset 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 ecnd, 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

®, (9, ®, 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 control fully counter clockwise
adjust 26RV1 for zero reading on the
voltrneter.

(b) Connect an oscilloscope, such as
Marconi Instruments TF 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 Q load, of about 15 mV.
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Connect an accurate r.f. voltmeter
across the r.f. output socket term-
inated with a 50 @ load. Advance the
CARRIER LEVEL control until the
voltmeter reads 1 V. Adjust ORV4

until the CARRIER LEVEL meter reads

exactly 1 v.

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 Instrurnents type TF 2200,
connected to pin 7 of board and

earth. With the CARRIER LEVEL
meter reading I V adjust the MODUL-
ATION DEPTH control until the wave-
form is seen to be modulated to 100%.
Reduce the CARRIER LEVEL meter
reading to 0.5 V by means of the CAR-
RIER LEVEL control.
depth has changed restore it to 100% by
adjusting 26RV1. PBring the carrier
level to 1 V again and reset the modul-
ation depth to 100%, if it has altered,
using the rnodulation depth control.
Repeat this procedure until there is no
change of modulation depth between 1 V
and 0.5 V carrier levels.

Modulation

(a)

{b)
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Turn the MODULATION FREQUENCY
control fully clockwise. Adjust 2ZRV1
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 kec/s to the range
6.3 ke/s - 20 kefs.

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). Setthe MODULATION sel-
ector to the frequency range 200 c/s
-630 ¢/s and adjust the MODULATION
FREQUENCY control, ORVI1, 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

If the modulation

(<)

Note :

the dial reads 63. Adjust 2RV2 so that
the frequency is 630 c/s. Recheck the
setting of the scale at 200 c/s.

Tune the signal generator to 1 Mc/ s,

range E and set the modulation controls

to give internal modulation at 400 ¢/ s.
Cennect 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 oscilloscope, is 50%. Percentage
modulation is given by the forrula ;

D max - D min

M (%) = x 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 oscilloescope display.
Finally adjust 3RV1 until the MODUL-
ATION DEPTH meter indicates 50%.

If it is suspected that the a.l.¢. and
envelope feedback circuits are out of
adjustment, 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 Marconi [nstrurnents
type TF 2401 or TF 1417 series across
6R3 and turn the CRYSTAL CALIB-
RATOR selector to Mc/s. Adjust the
trimmer capacitor 6C1l until the freq-
ugncy indicated by the counter is
exactly 1 Mc/s.

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

Tune the signal generator to 100 kc/s
and turn the CRYSTAL CALIRRATOR
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 kc/s the counter is

2002 (1)
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working correctly. If the marker
peoint is substantially away irom

100 kc/s, the counter is dividing by 9
or 11 and must be adjusted. Adjust
6RV] 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:

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

(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.
P

A similar procedure is to be followed
for setting up the 10 ke/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 approxirmately 10 kec/s. The
preset control to be adjusted is 6RV2.

Both 6RV1 and 6RV2 are accessible
through holes in the r.{. box cover at the
top, rear, without rermoving the unit from
the chassis.

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

{c) Turn the GRYSTAL CALIBRATOR
selector to 1 ke/s {filter). Connect an
accurate {1%) a.f. oscillator, such as
Marconi Instruments type TF 1101 or
TF 2000 via a 47 kQ series resistor
between tags 5 and 11 of board @
Connect a valve voltmeter between
tags 8 and 11 of board @ With the
a.f. oscillator tuned to 1 kc/s, adjust
511 and 5RV1 for maximum rejection
as indicated by the valve voltrmeter.

To aveid overload do not allow the valve
voltmeter reading to exceed 2 V with
the CRYSTAL CALIBRATOR LEVEL
control, ORV3, at maximum.

The cireuit 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 O, e.g. OR6, except
those classes of component about which no
confusion is possible.

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

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

c : capacitor
Cer : ceramic

Elec : electrolytic
B3 : fuse

JK : jack

L : inductor

LS : loudspeaker
M H meter

Het : metal

Min minimum
MR : semiconductor diode
PL H plug

2002 {1}

R : resistor

RV : variable resistor

S : switch

SKT - socket

T : transformer

TE total excursion

TH :  thermistor

Var : variable

VT : transistor

ww wirewound

X : erystal

B : lead through

. s vaelue selected during test;
nominal value shown

.o : resistor rating at 70%¢

t : resistor rating at ADOC

Al]l resistor ratings are referred to an
smbient temperature of 5590 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
reguiread.

(1) Type and serial pumber of instrumsnt.
(2) Complete circuit reference.
(%2) Description.

(1) 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

Car 0.01uF +80% -20% 100V

Description

10C0uF +50% —20% 100V

100pF +50% ~20% 6V
0.004,7uF 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
0.0047uF min 350V
500pF +20% 350V

500pF *20% 350V

0,004 7uF min 350V
0.0047uF min 350V
0,004 7u? 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
0,004 7uF min 350V
0,004 70 F min 350V
0.0047uF min 350V
0.0047uF min 350V

Cer 33pF 5% 750V

Elec 100uF +100% -20% 25V

time-lag

time-lag

Crystal cal output

Circuit
reference

G1 Elec
ce Elec
(N Cer f
] Cer @
C6 Cer f
7 Car ﬁ
c8 Cer @
cY cer
G10  Cor §
c11  GCer
G112 Cer B
G153 Cer §
Ciy Cer g
ci5 Cer g
C16  Cer @
C17  Cer p
€18 Cer §
€19 Cer @
c20 Cer B
21 Cer f
22 Cer B
€23 Cer
c2h Cer B
c25 Cer f
26 Cer
g27  Cer 8
C3lk Cer ﬁ
G35
C36
G37
FSt  160mA,
FS2  500mA,
JEA
42

M.I. cede

26000-006
26417154
26372615
26372-615
26372-615
26372-615
26372-615
26372-615
26372-615
26372-615
26373-609
26373609
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~B22
26L17-158

23411054

23411-056

234,21-658

Circuit

reference Description

L1 Ferrite bead

L2 Ferrite bead

L3 Ferrite bead

L4 Ferrite bead

L5 Ferrite bead

L6 Ferrite bead

L7 Five ferrite beads

L3A 800

M1 100pA

Mz 100pa

P11 18 way

PL2 Elbow BNC 500

PL3 Elbow GP 500

PL4  EBlbow GP 500

PL5 Blbow BNC 500

FL6 Elbow BNC 500

PL7 3 pin mains

PL8 Elbow BNC 500

R Carbon 10kQ x10% 1w

R3 Met oxide 10k0 *7% TE 3
Ry  Met oxide 2200 7% TE {
R5 Carbon 33k *10% oW

R6G Carbon 10k *10% %W
RVIA 0 46k0 2% 3§

RVAB Ww 15K 2% 5w'f}

RV2' 2.5k part of switch assy SC
RV31 1k part of switch assy SB
RVl Carbon L.7kQ +20% 4
RV5 W 50kQ x10% 2w T

RVE WW 10kQ *10% A T

RV7 W& 1k +10% 2w |

RVE 100k? part of switch assy SA
RVS  Multi-turn 1kQ =5% 13 T

For abbreviations, see introduction to this section

M.1. code

44.223-801
41223-801
144223801
L4223-804
144,223 -801
1,4,223-801
23635-833

23646103

TH7080/7
TM7080/8

23L.35-243
234435353
23444-053
23444 -053
2344.5-353
23445-353
23423-151
2344.5-3553

24,332-110
21,552-110
24552-058
24,34 2-122
24,332-110

25874~578

25611-209
25814-391
25814-345
25885-066

44571-007
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When ordering, prefix circuit reference with 0

Circuit

reference

34

5B Carrier switch assy,
includes ORV)?
5C
includes ORV2
SD Supply
SE Supply voltage range
SF Kains/Battery
B¢ Range
S&1 Wafer
83G2 Yafer
S5G3 Wafer
3G, Wafer
5G5  Wafer
SG6  Wafer
SG7 Wafeaer
568 Wafer
569 Wafer
5610 Hafer
5611 Wafer
5612 Wafer
5G13 HNicroswitch
SH Microswitch
h) Microswitch
SK Microswitch
3L Microswitch
) Microswitch
SN Microswitch
) Hicroswitch
3Q Microswitch
SR Microswitch
85 Microswitch
ST Microswitch
S0 Hicroswiteh
sV Microswitch
2002 (la)

Crystal cal switch assy,
includes ORV8

Wodulation switch asay,

M.1. code

14,324, -216

LA4321-127

41, 325-80)
L1.321-406
23467119
235467115

LA332-411.

44332-403
44332402
L4 332-401
L4 332-4.0L
41,332-403
L4332-405
41, 332-406
Ly 332-407
44332408
L4 332-409
LY 332-440C
23483-131
23483-128
23,83-128
234,83-128
234,83-128
23,83-128
234,83-128
25483-128
234,83-128
23,83-128
23483128
234,83-128
234,83-128
234,83-128

Circuit
reference

sX
sSY

SKT3
SKT4
SKT5
SKT6
SKT7
SKT8
SKT9
SKT10
SKT11

iy
T2

Knob
Knob
Knob
Knob
Knob

Knob

Knobh

Knob
Knob
Knob
Knob
Knob

Microswitch
Microswitch

Microswitch

18 way
Panel jack
&GP 500
GP 500
Panel jack

Replaceable parts

Description

BNG 500

BNC 500

Bulkhead “jack BNC 50
Bulkhead jack BNG 504

Panel jack

Panel jack

Hains

BNC 5011
BNG 500

Currant balancing

2N 1534

Supply

Carrier switch

Carrier level control

Modulation

Modulation

Hodulation

Cursor for

selector

depth control

freq & scale assy

above

Freq & logging scale assy

Cursor for

above

Set scale control

Range control

Set zeroc control

Set A F control

Incremental freq & scale

assy

Cursor for

For abbreviatians, see intreduction to this section

above

M.L. code

25,83-128
23483128
23483~128

23435-293
23403043
23L4h-193
23400193
2304y 3403
2344.3-505
2344.5-505
23403443
23443443

i TMT7266
TH7616

28,25-835

L1142-208
10-TM7267
L1144-503
41142201
41141-503

Ti7022/5

18210-359
TM7022/6

18210-359
14:230-311
41445-206
TMG68S1/10
414414-202

TM7022/4
18210-359
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Replaceable parts

When ordering, prefix circuit reference with 0

Circuit

reference Description

Knob

Knob

Knob
Knob

Coarse attenuator & scale
assy

Fine attenuator & scals
assy

Crystal cal selsctor
Crystal cal level

Fuse holder for OF31

Fuse holder for OFS2

Unit@—supply stabilizer, TM 7466

When ordering, prefix circuit reference with 1

¢1
c2

G

R1
R2

R3

R5
RE
R7
R8
R
R10

Elec 100uF +100% -20% S0V
Blec 100uF +100% -20% 25V
Elec 100uF +100% -20% 25V

ZB7.5 Zenser
1N5L0
1N54L0
18540

Carbon 2.2k0 *10# 'é*”

WA 3.30 £i0% 15N **
Carbon 2200 t108 1
Carbon 6.8k £10% =W
Carbon 1000 106 2W

Mst oxide 3.9k 7% TE W
et oxide 2.7i 7% TE W
Met oxide 75kt 7% TE W
Met oxide 2.7k 7% TE 2W
Mot oxide 2.7kQ *7% TB W

M.1. code

TH7506/1

TM7506

TMEBIE/ 5
L1141-503
23416-191
234,16-191

26417-160
26417-158
264,47-158

28371-606
28357-0b4
28357-04
2835704l

21, 342-088
25133-008
24342-058
21, 3, 2-106
2434 2-050
24,552-096
24552-092
24552-132
24552-092
24,552-092

When erdering. prefix circuit reference with 1

Circuit
reference Description

RV1  Carbon 220k} x20% W
RV2 Carbon 4700 r20%

VT4 ACY 17
V12 26403

M.l code

25611-229
25611-246

284.26-497
2842, -728

Unit @—modulation oscillator, TM 7467

When ardering, prefix circuit reference with 2

C1 Elec 100pF +100% -20% 25V
62 Elec 5uF +100% -20% 70V
L3 Elec 250uF +100% -20% 6V
Gl Elec 100uF +100% -20% 25V
C5 Elec 25uF +100% -20% 35V
cé Elec 50uF +100% =20% 35V
c7 Elec 100pF +100% -20% 25V
c8 Elec 100pF +100% -20% 25V

MRA H&1005
¥RZ ZB6.2 Lenar
MR3 H&1005

R1 Met oxide 15k0 *7% TE W
R2 et oxide 5.6kl 7% TE &W
R3 Carbon 8.2k *10% W

RL,  Met oxide 1.2k *7% TE W
R5 Carbon 40k} 0% W

RG Carbon 1.5k £10% W
R7 Het oxide 2.4k *7% TE
RB Carboa 1kQ *10% W

R9 Carbon 10K =104 W
R10  Met oxide 120kQ :7% TE 3W

ol
]

For ghbrevigtions, see introduction to this section

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

28%2%-035
28371-486

28323-035

24552-114
24552-103
2L3,2-108
24552-082
24342-110
24;34,2-08)
24,552-089
24 342-080
24352-110
24552-139
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When ordering, prefix circuit reference with 2

Circuit
reference Description
R11 Met oxide 10kQ 7% TE W
R12  Carbon 33kQ *10% W
R13  Carbon 2.2k £10% W
R14 Carbon 2200 *10% W
R15 Carbon 68001 :10% W
R16  Met oxide 6.2k 7% TE 4W
R17 Met oxide 6.8k 7% TE 2w
B8  Carbon 47K *10% W
RV1  Carbon 2.2k0 #20% W
RVZ  Carbon 1k *20% W
VI 26401
VT2 26401
VI3  2N404
VT4 HT101
VI5  2KLOh

M.1. code

24552-110
24,34,2-122
243,2-088
24,342-058
2434.2-076
24552-104
24552106
2431,2-126

25611-206
25611-204

284,22-718
284,22-718
281,23-508
284.32-735
284,23-508

Unit @—modulation drive and monitor,
T™ 7207

When ordering, prefix circuit reference with 3

Elec 5SpuF +100% -20% 50V

c1

c2 Paper
MR2  HG5004
MR3  HG5004
MR, HG500L4
¥R5 HG500L
2002 (1a)

0,0010F * *10% 500V

264 14-114
26174~125

28332-465
28332-465
28332-465
28332-465

When ordering, prefix circuit reference with 3

Circuit

reference Description

R1 Mot oxide 9.1k r7% TE Z#
R2 Met oxide 2200 %7% TE 5W
R3 Met oxide 3.6k *7% TR W
R Met oxide 4.3kQ *7% TE 2w
R5 Mot oxide 22kQ *7% TE ZW
R6 Mot oxide L.TkQ 7% TE W
R7 Het oxide 2700 7% TE W
RVA  Carbon 4.7kl *20% W

TH1  CZ3 1.5k

THY €23 1.5k0
VI 28302
VI2 258302

Replaceable parts

M.1. code

24,552-109
2,552-058
2,552-095
24552-097
24552-118

24562100
2}, 552-061

25611-259

2568361,
25683-644

281,.33-458
284,33-458

Unit@—oscillator supply stabilizer, TM 7297

When ordering, prefix circuit reference with 4

C1
c2
C3

R1
R2
R3

R5

Elsc 100uF +100% -20% 25V
Elec 100uF +100% -20% 25V
Elec 25uF +100% -20% 35V

ZB7.5 Zener

Mot oxide 4700 £7% TE 3W
Met oxide 2200 *7/5 TE £W
Met oxide 9100 7% TE W
Mot oxide 2.2k *7% TE JW
Mot oxide L4700 *7% TE 3W

For abbreviations, see introduction to this sectien

26L47-158
26L17-158
26417143

28371-606

2,,552-069
24,552-058
24,552-079
21,552-088
24,552-069
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Replaceable parts

When ordering, prefix circuit reference with 4

Circuit

reference Description

RG Met oxide 4.7kQ *7% TE W
R7 Mot oxide 2.2kQ *TH TE W
R8 Met oxide 8200 :7% TE W
R9  Met oxide 3300 *7% TB $W
R10 Met oxide 3300 +7% TE IW

R11  Met oxide 9100 *7% TE 3W
R12 Carbon 2.2M0* $10% iW

RV1  Carbon 5000 *10% 3W **
RVZ2  Carbon 1kl +20% ¥

TH1 €2 3 1.5Kk0

VI1  2830L

VI2  BCY3L

VI3  ACY20

VIy 25701

VI5 25304

Unit @ ——crystal calibrator amplifier,

When ordering, prefix circuit reference with 5

SuF +100% =200 70V
SOpF +100% -20% 6V
1uF +100% -20% 50V
100:F +100% -20% 25V

C1 Elec
c2 Elec
C3 Elec
CL Elez

M.l code

2,552~100
24,552-088
24,552-078
21,552-063
24.552-063
24552-079
24342171

258B6-717
25611-204

25683-64)

284,32-268
28434 -227
28424 -747
28453-488
28432-268

TM 7190

26447118
26412-245
26L414-105
26417158
26414-106
26582208
26L17-162
26417143
26516-821
26516-821

TM7559/ 4

When erdering, prefix circuit reference with 5

Circuit

reference Description
R Carbon L7kQ r10% W
R2 Carbon L7k *10% +W
R3 Carbon 10KQ *40% W
R4 Carbon 10kQ +10% 4N
RS Carbon 3.3k *10% £W
RE Carbon 1kt *10% W
R7 Carbon 4.7k +10% W
R8 Carbon L 70KQ £10% W
R9 Carbon 1kQ £10% &
R10 Carbon L70Q +10% 24
R11  Carbon 22kQ *10% LW
R12 Met oxide 3300 =7% TE IW
RV4  Carbon 4.7 *20% W
VTt ACY20

VT2 28701

VI3  ACYZ20

Unit @——crystal calibrator, TM 7082

When ordering, prefix circuit reference with é

C1
c2
C3
Ch
c5
c6
C7
c8
c9
c10
C11
c12

VYar air 3-12pF

Cer 15pF 5% 750V

Plastic 0.00220F 2% 125V
Plastic 510pF *2% 4257
Cer 0.01uF +80% -20% 350V
Plastic 330pF 2% 125V
Paper 0.03uF +10% 200V
Elec 10uF +100% -20% 35V
Plastic 0,0022uF 2% 125V
Flec 100pF +100% =-20% 25V
Cer 33pP x5% 750V

" Paper 220pF +20% 600V

For abbreviations, see introduction to this section

€5 Elec 1uF +100% -20% 50V
6 Plastic O0.1pF *10% 200V
c7 Elec 250uF +100% -20% 6V
c8 Elec 25uF +100% -20% 35V
c9 Plestic 0.,047pF £1% 125V
€10  Plastic 0.047uF 1% 125V
1 285mH

44

M.1. code

24342-126
24 30,2-126
24.342-110
2342110
2i 34 2-09L
21,34,2-080
24.342-110
24342152
21,3,,2-080
24.342-069
2, 342-118
24,552-063

25611 -209

28424-T747
28453-488
28L24-747

26817-238
26324-807
26516-561
26516-416
26383-392
26516-369
26174155
26415121
2651656k
26417-158
2632,-822
26175-118
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Replaceable parts

When ordering, prefix circuit reference with 6 Circuit
reference Description M.1. code
Circuit
reference Deseription M.1. code VT °6L03 281,21,-728
C13  Cer 33pF 5% 750V 2632,-822  VIZ2 25701 28453-488
C1h  Cer 0.1uF +50% -25% 25V 26383-031 VI3 2N1504 2814y 3-528
C15  Cer O0.47uF +50% -25% 3V 26383-037  VIk  2GLO3 28424-728
€16  Cer 0.47uF +50% -25% 3V 26383037 vI5 28701 28453-,88
€17 Elec 100pF +1005% -20% 25V 26417-158 VD6 2HL0L 284.23-508
C18  Plastic 100pF 2% 125V 26516-241 vT7 28303 28433-468
VT8  BFY 18 284,55-533
L1 Ghoke T7380/6 VI3 MDS39 28421-428
L2  Choke TH7380/7 VI10 26403 284,24 -728
Vri4  2NLOL 284.23-508
MR1  CG 94H 28321-311
MR2  ZB L.7 Zemer 283571376 ~ X1 1000 ke/s 28311-702
R Het oxide 22k *7% TE W 21.552-118 Unit @_ﬁ,ters’ TM 7355
R2 Met oxide 15KD x7% TE W 24552-11)
R3 Met oxide 1.5K0 +7% Tg an 2,552-081, When ordering, prefix circuit reference with 7
Ry  Met oxide 2.2k0 7% TE W 2,552-088 €1 Cer O0.1uF +50% -25% 25V 26383-031
RS  Met oxide 3.3k 74 TE O¥  24552-094 C2  Cer O.1uF 504 -255% 25V 26383-031
R6 Het oxide 4300% %7k TE ;W  24552-067 c3 Cor O.1pF +50% -255% 25V 26383-031
R7 Het oxide 1k *7% TE oW 2,552-080 ch Plastiec 0.047uF 10k 200V 26582-206
R8 Mot oxide 7500 7% TE W 24552-077 o Cer 0.1pF 4505 -25% 25V 26383-031
R9 Met oxide 1k 7% TE oW 2L,552-080 cé Cer O.1uF +50p -25% 25V 26383-034
R10  HMet oxide 1k 7% TE oW 24,552-080 c7 Cer O.1pF +50j —25% 25V 26383-031
R11  Met oxide 3.3k0 *7% TE W 2,552-09L c8 Cer O0,1uF 450/ -25% 25V 26383-031
R12  Met oxide 1kt +7% TE ;W 24,552-080 ca Plastic 0.0021uF% 2% 125V 26516-559
R13 Carbon 100 *105 W 21,34,2-020 $10  Plastic 0,00114uF *2% 125V 26516-499
R14  Carbon L7000 *10% W 2434,2-069
R15 Carbon 470 z4Qk & 24,34.2-037 L1 120mH *25% L4 267-601
R16  Carbon 12k0) *10f 4 2 34,2-142 L2 120mH *25% 44,267 -601
R17 Carbon 3,30 104 37 2L,35,2-09% L3 120mH +25% 1,267-604
R18 Carbon 1kQ r10% &W 243,2-080 Ly 3L0mH *25% L4,271-602
R19 Carbon 1k £10% 1/10% ** 24341-280 1.5 1mH *25% 404251-003
R20 Carbon 330 *103% 1/10% =% 2435,1-280 L6 ‘mH %£25% 44,251-003
R21  Met oxide 3300 T TE §W 24,552-063 L7 120mH *255% L4286 7-601
18 120md 25% Lh267-601
RV1  Carbon 5k 109 LW *+ 25886-730 19 45.5mH *1% TU7387/3
RV2  Carbon 1k *10% 3w ** 25886720 L10  4BmH r5% TH7387/L
For abbrevigtions, sce introduction to this section
2002 (1) 47



Replaceable parts

Unit -—ﬁlters, TM™ 7356

When ordering, prefix circuit reference with 8

M.l code

26383-031
26383-031
26383-031
26582-208
26383-031
26383-031
26383-031
26383-031
26516-587
26516-589
26516=-797
26516-786
26174-125
26383-031
26383-031
26383-031
26582-208
26383031
26383-031
26383-031
26383-031
26516-722
26516-646
26516-462
26516-1438

44 267-501
44267601
b4267-601
L4271-602
44251-003
44251-003
44,26 7-601
L4, 267-601

Circuit
reference

L9

L10
L1
L12

R1
RZ2

R3

Unit @-——range A oscillator, TM 7561

Description
37.5oH *1%
LuymH *5%
330mH *25%
300mH *25%
Met oxide 10kQ 7% TE W
Met oxide 4.7KQ 7% oW
Met oxide 4100K* 7% TE 2w

Met oxide 150k* *7% TE 3

When ordering, prefix circuit reference with 9

1
2
C3
5
cé
c7

1A
L2

R1
R2
R3
Ry
R5

VT4

Cer O0.1uF +50% -25% 25V
Plastic C.11uF 2% 125V
Plastic 1pF *5%k 125V
Plastic 0.022uF* 5% 125V
Plastic 1pF *5% 425V

Cer O.1uF +50% -25% 25V

Tuning eoil

Trimmer

3.3k0 *7% TE 37
Met oxide 1kQ *7% TE oW
Met oxide 1k *7% TE 3W
Mot oxide 1k 7% TE W
1000 7% TE W

Het oxide

¥et oxide

ACY20

For abbreviations, see introduction to this section

Circuit

reference Description

c1 Cor O.1uF +50% -25% 25V
c2 Car O.1uF +50% -25% 25V
C3 Cer 0.1uF +50% -25% 25V
cL Gor O.ipF £10% 200V

c5 Cer 0.1uP +50% -25% 25V
cé Cor O.1uF +50% -25% 25V
c7 Cer 0.1uF +50% -25% 25V
c8 Cer 0.1uF +50% -25% 25V
€9 Plastic 0.0026uF* +2% 125V
C10  Plastic 0,0027uF *2% 125V
G144  Plastic 0.0200uF £2% 125V
G12 Plastic 0.0180uF *2% 425V
C13 Paper 0.001pF :20% 600V
C14 Cer O.1pF +50% -25% 25V
€15  Cer O.1pF +50% -25% 25V
016 Cer O.1uF +50% -25% 25V
C17 Plastic O.1pF £10% 200V
C18 Cer O.1pF +50% -25% 25V
€19 Cer O.1uP +50% -25% 25V
C20  Cer O.1uF +50% -25% 25V
€21 Cer O0.1uF +50% -25% 25V
€22 Plastic 0.0118uF *2% 125V
¢23 Plastic 0.0047pF 2% 125V
¢24 Plastic B820pF* 2% 125V
C26 Plastic 640pF *2% 125V

L4 120mH *25%

L2 120mH *25%

L3 120mH *25%

Ly 340mH £25%

L5 1mH £25%

L6 1mH *25%

L7 120mH £25%

L8 120mH £25%

48

M.1. cade

TH7387/5
TM7387/6
TH7387/7
TH7387/8

24552-110
24552-100
24552-135
25552-139

26383-031
26518-293
26514-382
26511-324
26514-382
26383-031

41, 267-001
L4264~705

24552-094
21,552-080
24,552-080
24,552~080
24,552-050

28421 -747
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v ——e

Unit (10) —range B oscillator, TM 7562

When ordering, prefix circuit reference with 11

Replaceabie parnts

When ordering, prefix circuit reference with 10 rg;?:ée Description M. code
Circuit R Met oxide L.7kQ *7% TE 32W 24,552-100
reference Description M.1. code B2 Mot oxide 6.8kQ *7% TE 3 21,552-106
1 Cor O.1uF +50% -25% 25V 26385-051 R3  Met oxide 1k} *7% TE {W 2,552-080
€2  Plastic 0.01uF *2% 50V 26518-053 ~ B+ Met oxide 3.3k0 A7%TE G 24552-09k
c3 Plastic 0.33uF +50 125V 26511-367 R5 Mot oxide 1.5kR 7% TE S 24,552-08)
R6  Met oxide 1.5k *7% TE §W  24552-084
€5 Plastic 0.001pF* 2% 125V 26516-181
C6  Plastic 0.33uF 5% 125V 26511-367 vri 25701 281,55-1,88
c7 Plastic 0.1pF *10% 200V 26582208 vIz 25704 281,55-1,88
L4 Tuning coil TM766L/10
L2  Trimmer 14, 261,-205
Unit (i2)—range D osciilator, TM 7564
R Met oxide 3.3k0 *7% TE W 24552-094
R2 Mot oxide 1kKN *7% TE -,‘;-W 24,552-080 When ordering, prefix circuit reference with 12
R3  Met oxide 1k 7% TE W 24,552-080
RL  Met oxide 8200 *7% TE I 24,552-078 €1  Flastic 0.01pF *10% 200V 26582-202
RS  Met oxide 1000 *7% TE IW 21,552-050 C2  Plastic 100pF 22% 125V 26516-241
c3 Plastic 0.01uF =10% 200V 26582-202
YT1  ACY20 28420 ~TL7 C4  Plastic 0.001uF *2% 125V 26516-481
c5 Cor O.1pF +50% -25% 25V 26383-031
c6 Plastic 400pF* 22pF 125V 26516-241
Unit @-—-range C oscillator, TM 7563 o7 Plastio 0.01uF 5% 1257 26511-313
c8 Plastic 0.033uF *5% 125V 26511-330
When ordering, prefix circuit reference with 11
1 Tuning coil TM766L/6
1 Plastic O0.04uP 0% 200V 26582-202 L2 Trimmer T™7722/7
c2 Plastic 100pF *2pF 125V 26516-211
C3 Plastic 0.01uF x10% 200V 26582-202 R1 Met oxide 4700 7% TB 2W 24,552-069
A Plastic 0.003uF *2% 125V 26516-597 R2 Met oxide 10k 7% TE W 2,552-110
C5 Cer O0.1pF +50% -25% 25V 26383-031 R3 Met oxide 1kQ *7% TE W 21,552-080
6 Plastic 300pF*+2% 125V 26516-358 Rh Met oxide 3.3k *7% TE oW 24,552-094
c7 Plastic 0.033uF *5% 125V 26511-330 R5 Met oxide 2.0k *7% TE W 24552087
c8 Plastic O0.1pPF %5% 125V 26511-349 R6 Met oxide 1.5k *7% TE 2W  24552-084
I Tuning coil TH766L/5 V4  2N706 281,33-356
L2 Trimmer TH7722/6 VT2  2N706 28,33-356
For abbreviations, see introduction to this section
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Replaceable parts

Unit (i3)—range E oscillator, TM 7565

When ordering. prefix circuit reference with 13

Circuit

reference Description

¢4 Paper GOOpF *20% 60OV

c2 Paper 500pF *20% 600V

c3 Coer O0.1uF +50% -25% 25V
Gl Mica 215pF *2% 350V

€5  Cer 33pF* 5% 750V

cé Plastic 0.0033pF 2% 125V
c7 Cor O0.1uF +50% -25% 25V
c8 Plastic 0.0033uF 2% 125V
L1 Filter
L2 Tuning coil
L3 Trimmer
MR1  BA 112
R1 Met oxide J0kD *7% TE W
R2  Met oxide 1ki 7% TR £W
R3? Het oxide 3.3kQ) *7% TE W
Vi1 2N705

Unit —range F oscillator, TM 7566

When ordering, prefix circuit reference with 14

c1
cz
C3
Gl
C5
Gé
c7
c8

50

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

Ger O0.4uF +50% -25% 25V
Mica 365pF xZ% 350V

Car 33pR* 5% 750V
Plastic 0,0033uF 2% 125V
Cer 0.1pF +50% -25% 25V
Plastic 0.,0033uF =24 125V

M.1. code

26174122
26174122
26383-031
26268-332
2632,-822
26516-509
26383-0314
26516-609

L4255-204
TH766L/8
7722/ )

28384 -284

24552-110
21,552-080
24552-094

28433-356

26174-122
26174122
26383-031
26268-393%
26321-822
26516-609
26383-031
26516-609

When ordering, prefix circuit reference with 14

Circait
reference Description

L1 Filter

L2 Tuning ceil
L3 Trimmer
MRA1 BA 112

R4 Met oride L.7kQ 7% TE LW
R2Z Met oxide 1k 7% TE JW
R3 Mot oxide 3.3k(1 7% TR W

VT 2N706

Unit (15)—range G oscillator, TM 7567

When ordering, prefix circuit reference with 15

C1 Cer 0.04uF +80% -20% 350V
c2 Faper O0.001uF *20% 500V
c3 Cer 0.01uF +80% -20% 350V
Ci Cer 68pF 2% 750V

c5 Mica 68pF 1% 350V

6 Cer 10pF*:0.S5pF 750V

c7 Mica 500pF 5% 350V

c8 Cer O0.01pF +80% -20% 350V
o9 Mica 0.001uF 1% 350V

G10  Mica 100pF 5% 350V

€11 Cer 0.01uF +80% —20% 350V

L1 Filter

L3 Tuning coil
Ly Trimmer
KR Ba 111

For abbreviations, see introduction to this sectior

M.1. code

TM7665/3
14237-603
11 225-201

28381-284

2,552~100
24552-080
24552-094

28433-356

26383-392
26174-126
26383-392
26321, -868
26268-317
2632, -085
26258-392
26383-392
26268-350
26268-325
26385~392

4,224-803
41133-901

44223201

283841 -201

2002 (1)
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Replaceable parts

e When ordering, prefix circuit reference with 15 When ordering, prefix circuit reference with 14
Circuit Circuit
= reference Description M.1. code reference Description M. code
R1  Met oxide 3.3k *7% TE $W  24552-094 Rt  Met oxide 1.5k *7% TE W  2,552-08)
ol R2 Mot oxide 1k 7% TE 3w 24552-080 R2 Met oxide 1k *7% TE W 21,552-080
R3  Met oxide 3.3k *7% TB 3W  24,552-094 R3  Met oxide 3.3k *7% TE W  24,552-094
I Ry  Met oxide 1000 *7% TE IW 24,552-050 Ry  Met oxide 1000 *7% TE 3W 24,552-050
R5 Met oxide 3300 *7% TE W 21.552~063 RS Net oxide 3300 *7% TE W 2L.552-063%
R6  Met oxide 4700 7% TE oW 21,552-069 R6 Mot oxide 4700 *7% TE 2W 24552069
ol R7  Met oxide L.7kQ *7% TB 3W  2,552-100 R7  Met oxide L.7kQ *7% TE W  24552-100
' VT4  BSY 28 28451-713 VI1  BSY 28 28451-713
. VI2 BFY 18 284,53-533 VT2 BSY 28 28451-713
- Unit (17)—range A output filter, TM 7571
- When ordering, prefix circuit reference with 17
- Unit —range H oscillator, TM 75468
Gt Plastic 0.068uF* 5% 125V 26511-343
£, When ordering, prefix circuit reference with 16 c2 Plastic 0.22uF *1% 125V 26511-360
o €3  Plastic 0.33uP *5% 125V 26511-367
- c1 Cer O0.01pF +80% -20% 350V  26383-392
c2 Paper 0.001pF £20% 500V 26174~125 14 Triomer TMT7722
= C3  Cer O0.01uF +80% -20% 350V  26383-392 L2  Tuning coil TH7664,/ 1
- C4  Cer A15pF 5% 750V 26324-795
=L G5 Cer 1pF x0.5pF 750V 26324 -020 R1 Carbon 33000 *10% %W 24342063
cé Var air 3 - 12pF 26817-238
€7  Mica 400pF *5% 350V 26268-325
e c8 Cer O0.01F +806 ~200 350V 26383-392 Unit—range B output filter, TM 7572
v c9 Mica 1Q0pF x5% 350V 26268-325 When ordering, prefix circuit reference with 18
C10  Miea 33pF 5% 350V 26268-308
<3 €11 Cer O0.1pF +50% -20% 25V 26383-031 c1 Plastic 0.01uF* *5% 125V 26511-313
v €12  Cer 33pF 5% 750V 26324-822 2 Plastic 0.068uF *5% 125V 26511-343
S ¢3 Plastic 0,1uF *5% 125V 26511=349
L1 Filter 14221-803 CL4  Plastic O0.15pF 5% 125V 26511356
E L3 Tuning coil W 227-901
= LL Trimmer 4 4223-202 & A.F. filter TH7380
- L2 Trimmer THT7722/4
e MR4  BA 111 28381-201 L3 Tuning coil TM766L/3
g~ For abbreviations, see introduction te this section
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Replaceable parts

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

When ordering, prefix circuit reference with 19

Unit @—range F output fiiter, TM 7576

When ordering, prefix circuit reference with 22

Circuit Cireuit

reference Description M.1. code reference Description M.l code
C1 Plastic 0.0047uF* *5% 125V 26511-149 Ci4 Plastioc 0.001pF 2% 125V 26516-481
c2 Plastic 0.022uF 5% 125V 26511-324 cz2 Plastic 680pF 2% 125V 2651644l
C3 Plastic 0.033uPF 5% 125V 26511-330 C3 Plastic 220pF* *+2% 125V 26516-327
Ch Plastic 0.04,7uF *5% 125V 26511-337 Cl Plastic 0.004uF *2% 125V 26516-581
L1 A.F. filter TH7380/2 L1 A.F. filter K4257-210
L2 Trimmer TM7722/2 L2 Triomer 44223201
L3  Tuning ooil TU766L/ L L3 Tuning coil 44237-003
Unit —range D output filter, TM 7574 Unit @—range G output filter, TM 7577

When ordering, prefix circuit reference with 20 When ardering, prefix circuit reference with 23

c1 Plastic 0.001uF* *2% 125V 26516-481 C1 Mica 330pF 5% 350V 26268-391
C2  Plastic 0.068uF *5% 125V 26541164 ¢z Mica 100pF 5% 350V 26268-325
C3 Plastic O.01uF 5% 125V 26511-313 C3 Cer 33pF* £5% 750V 26324822
Clh Plastic 0.015pF 5% 125V 26511-319 Ch Mica 330pF *5% 350V 26268-391
L1 A.F. filter 7380/ 3 L1 AJF. filter 144257210
L2  Trimmer ™7722/3 L2  Triomer 14 223-201
L3 Tuning coil TM7664/T L3 Tuning coil L4233-901
Unit @—range E output filter, TM 7575 Unit —range H output filter, TM 7578

When ardering, prefix circuit reference with 11 When ordering, prefix circuit reference with 24

C1  Plastic 330pF* 12% 125V 26516369 €1 Mica 4100pF *5% 350V 26268-325
c2 Plastic 0.0022uF 2% 125V 26516-564 c2 Mica 15pF *1pFf 350V 26268-302
C3 Plastic 0.0022uF 2% 125V 26516-564 C3 Var air 3-12pF 26817-238
cL Plastic 0.005uF £2% 126V 26546-652 Ch Mica 100pF 5% 350V 26268-525
L1 A.F. filter 7380/ ) L1 A.F, filter 44257-210
L2 Trimmer TL{7722/8 Lz Trimmer 41,223-202
L3 Tuning coil 7664710 L3 Tuning coil 1,227 -901

For abbrevigtions, see introduction to this section
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Replaceable paris
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Unit (25)—wide band amplifier, TM 7189 Circuit N
reference Description M.l code
When ordering, prefix cireuit reference with 25
Cireuit R7 Caerbon 1k *10% iw 24, 34,2-080
reference Description M.1 code R8 Mot oxide 2k *7% T 3w 24,552-087
RY Carbon 8200 +107% 1w 2434,2-078
C1  Cer O.1uF +50% -25% 25V 26383-031 R0 Het oxide 2400 27 T w 2552-060
C2  Elec 10uF +100% -20% 35V 26514121 R11  Carbon 4700 t10% L¥ 24 34,2-069
€3  Ger 33pF 5% 750V 26324-822 R12  Carbon 1ki? +10% 1w 24,31,2-080
C4 Elec 10uF +100% -20% 35V 26414121 R13 W& 470 5% 11q *» 25123-037
C5  Elec 5SpF +100% -20% 15V 26414-113 RIL  WH L7 £5% 158 ** 25123-037
c6 Elec 5SuF +100% -20% 15v 26415-113 R15  Carbon 1000 £10% W 24.34,2-050
C7  Elec 10uF +100% -20% 35V 264 14-121 R16  Carbon 1000 103 &# 24,34,2-050
c8 Cer 0.47uF +50% -25% 3v 26383-037 R17 WY 70 255 1k »= 25123-037
C9  Cer O.47uF +50% -25% 3V 26383-037 R18  WH 470 r5% 1Lq = 25123-037
G20 Cer O0.L7uF +50% -25% 3V 26383-037 R19  Carbon 2200 z10#% Lw 24342-058
€11 Cer O.47uF +50% -255% 3V 26383037 R20  Carbon 2200 *10% W 21,342-058
€12 Cexr 0.01uF +80% -20% 100V 26383-055 R21,  Carbon 2200 *10% LW 24342-058
G153  Cer O0.01pF +80% -20% 100V 26383-055 R22  Carbon 2200 106 W 2434, 2-058
C15  Ger O.1pF 450% -25% 25v 26383-031 R23 W& 2,2k 255 11w *= 25123-088
R2h W9 2,2K0 r5% 14w *+ 25123-088
F31  100mA, quick acting 23411-002
T 1:1 unbal to bal TH7817/4
T2 Driver Ti7823/1
L1 Filter W255-20k 13 priver TU7823/2
L2 Parrite bead W223-801 T 2:1 bal to unbal 7817
15 Ferrite bead 225801 15 5 101 to unbal ™7823
MR1  ZBS5.6 Zenper 28371-1,34 VT4  BSY 28 28451-713
MR2  ZB4.3 Zener 28371-316 VI2  BSY 28 28451-713
VT3 BSY 28 f .
matched pair 44,522-031
21 Carbon 330 =105 4w 2434,2-033 VT4  B8Y 28
R2 Carbon 330 I1Oj§ %ﬁ 24342053 VIS BSY 28 E matched pair L 522-032
R3 Carbon 330 #1073 Iw 243,,2-0%3 VI& BSY 28
Ry Carbon 1k =105 LW 24,3,2-080 VI7 2N 7A3
RS Carbon  3.9k0 r10% Lw 2L.34.2-096 VI8 2N 43 %mmhed patr 22033
R6 Met oxide 2400 *7% TE Iw 24,552-060 Fuse holder for 25F31 43281-003
For abbreviations, see introduction te this section
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Replaceable parts

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

When ordering, prefix circuit reference with 26

M.l code

26417175
26516-287
26516481
26383-392
25383-034
26383-03L
26414106
26414,-106
26383-392
264,12-245
26174119
26324,-020
26324020

26383-055

28332-465
28332465
28321-311
28321-311

24552106
2,552-109
21,552-112
21,552-082
24,552-088
21,552-088
24552~084
24552094
21,552-110
24552-101
2L.552-101
24,351-288

Circuit

reference Description

R15 Met oxide 33k t7% TE W
R16  Met oxide l.7kQ =7% TE {W
R17 Met oxide 33k} z7% TE W
R18  Met oxide 10kl x7% TE W
R19  Met oxide L.7kQ 7% TE Jw
R20 Met oxide 10k 74 TE
R2t  Met oxide L.7ki) *7% TE W
R22  Met oxide 10K 7% TE W
R23 Met oxide 4,7kl £7% TE W
R24  Met oxide 10k *7p TE W
R25 Met oxide 4.7k =7% TE ;W
R29  Met oxide 33k t7x TE W
R30 Met oxide 1kl :7% TE oW
R31 Met oxide 1k{l x7% TE 3w
R32 Met oxide 33k} £7% TE -g-w
R3%  Carbon 500 1% 1/BW *»*
R3, Carbon 4k =106 1/10W **
R35 Mt oxide 2.2k =74 TE oW
R35 Met oxide 1000 z7# TE 2W
R37  Carbon 1.8k x10% 1/10W **
R38  Carbon 100 *10% %

RVY  Carbon 1kl =20% 4w

RV2  Carbon 1k *20% ¥
VIt  BCY3L
VT BCY34 matched trie
VI5 25703

VT2  HT101 _
VTE 01 matched pair
VI3  HT101
VT7?  3T53
VT8  ST53

For abbreviations, see introduction to this section

Circuit

reference Description

] Elec 500uF +100% =20 25V
ce Plastic 150pF =25 125V

c3 Plastic 0.001uF £2% 125V
Cl Cer 0,01uF +80j% -20% 350V
c5 Cer 0.22uF +50% =25% 6V
cé Cer 0,22uF +50% ~25% 6V
C7 Xlec 1pF +1004 -20% 50V
ca Bleec 1pF +10GH -20% 50V
co Cer 0.01uF +80% -20% 350V
10 Blec G50pF +100% -20% &V
C12  Paper 300pF x20% 500V

€13 Cer 1.0pF* =3pP 750V

Ciy  Cer 1.0pF* *lpF 750V
C16  Cer 0.01uF +80% -20% 100V
MR1  HG 5004
MR2  HG 5004
MR3  CG91H
MR, CG91H
R1 Met oxide 6.8k 7% TE $W
R2  Met oxide 9.1k *7% TE W
R3 Met oxide 412k0 *7% TE 3w
Ri Met oxide 1.2kQ *7% TE 20
RS Mot oxide 2.2kQ *7% TE {W
RE Mot oxide 2.2KD 7R TE W
R7 Met oxide 1.5k =7% TE W
R8  Met oxide 3.3kQ *7% TE 3W
R10 HMet oxide 10K *7% TB -g-W
R12  Met oxide 5.1k 7% TE W
R13 Met oxide 5.1k *7% TE 2W
R14  Carbon 2.2k} *10% 1/10W **
54

M.1. code

24552-122
24,.552-100
2,552-122

24,552-110
24,552-100
2,552-110
2,552-100
21,552-140
21,552-100
24,552-110
24,552-100
24,552-122
24,552-080
2,552-080
24,552-122
21,112-50C
24341 -280
24,552-088
24,.552-050
24311286
24 34,2-020

25611-014
25641 -014

41,522-025

44,522-026

28,32-735

284,51-728
28451-728
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Unit @—coarse attenuator, TM 7351

When ordering, prefix circuit reference with 27

Circuit

reference

C1 Cer
c2 Cer
c3 Cer
G4 Cer
C5 Cer
Ri et
R2 Het
R3 Met
Ry Met
R5 et
R6 Met
RY Het
RS et
R9 Met
R10  Met
R11 Het
R12 ket
R13 Met

2.2pF
2.2pF
5.3pF
2.2pF
2.2pF

filnm
film
film
film
film
film
film
film
film
film
film
film
film

53.30
26.60
53.30
61.10
61.10
61.10
30.50
61.10
7900
79002
2470
2471
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%
X0.5%
*0.5%

*0.5%
£0.5%
+0,5%

=5

£0.5% X

C

LR R R

*

L]

*

»R

L)

-y

®

wk

%k

¥

L 3

»

*

%W ¥
*0.5% W **

Unit —fine attenuator, TM 7350

When ordering, prefix circuit reference with 28

C1 Cer
c2 Cer
C3 Cer
Ch Cer
C5 Cer
2002 {la)

2,2pF
3.3pF
2.2pF
3+3pF
2.2pF

+0,5pF 750V
+0.5pF 750V
*0.5pF 7507
+0,5pF 750V
£0.5pF 750V

M.1. code

2632042
26324, -042
26324,-048
26324-042
2632L,-042

24634356
24,634,-230
24,634 -356
2,63,-357
2,634 -357
24634-357
24634 =231
24634357
24634806
2163806
24634 -609
24634609
24,634-609

26324042
26321,-048
26324042
2632L,-048
26325.-04.2

Lt 1

Replaceable parts

When ordering, prefix circuit reference with 28

Circuit

reference
R1 Het film
R2 Met film
R3 Met Filwm
Rl Met film
R5 Met film
R6 Met film
R7 Met film
R8 ¥et film
R9 Met film
Ri0  Met film
" RN Met film
R12  Met film
R13 Het film
R14 Met film
R15 Met film

Description
2920 1% i
2920 *1%
8701 £1%

%
%
%

L1
L L

*k

8700 1
1360 4
L1360 *1
1500 *
1500

96.30
96,30
17.60
5.770
11.60
37.30
71.20Q

¥

LY

A oAl sl Al el ae el

215 Ly e
$0.5% 37 **
r0.5% 0 **
1% IW s
0,050 30 *+
% I ¥
%

$0.5% 4N *«

Unit (29) —capacitor board, TM 7595

When ordering, prefix circuit reference with 29

1
c2
c3
Ch
¢5
cé
c7
c8
c9
C10
C11
c12

C13

Plastic
Plastic
Plastic
Plastic
FPlastic
Plastic
Plastic
Plastic
Flastic
Plastic
Plastic
Plastic
Elec

For abbreviations, see intreduction to this section

+395 125V
2% 425V
0.0372uF 3% 125V
0.0118uF 3% 125V
0.00372uF 13 125V
0.0041uF £2% 125V
0.372uf % 1257
0.118pF 345 125V
0.0372uF =36 125V
0.0118pF *i% 125V
0.00372uF *1% 125V
0.0011uF 2% 125V

0.372uF
0.118uF

1000uF +50% -20% 12V

M.L code

24636-T14
2636714
24,636-906
24,636-906
24,636-713
24,636-713
24636-615
14,636-615
246 34-1,81
2463, 4,81
2L636~116
24634-052
24636-115
24636-235
24634355

26516-879
26516-856
26516-845
26516-721
26516-623
26516-509
26516-872
26516-856
26516-815
26516721
26516-623
26516-509
26417 -403
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52 CIRCUIT DIAGRAMS

Circuit notes

COMPONENT VALUES

Resistors : No suffix = ohms, k = kilohms, M = megohms.
Capacitors : No suffix = microfarads, P = picofarads.
* value selected during test, norminal value shown.

VOLTAGES

Shown in italics adjacent to the point to which the measure-
ment refers. See section 4.3 for conditions.

SYMBOLS

—+» arrow indicates clockwise rotation of knob.
etc., external front or rear panel marking.
2 tag on printed board.
other tag.
preset control.

—._D_
_O_
/]
@ unit identification number.

point marked with this
symbol is connected to
and receives power

These symbols are used to
identify branches of the
power supply circuitry but

from : have no particular physical

point marked with this

symbol

CIRCUIT REFERENCES

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

SWITCHES

Rotary switches are drawn schematically.
Letters indicate control knob settings,

1F = 1st section (front panel), front

1B = 1st section, back

2F Z2nd section, front

etc.

I
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Fig. 5.9 Circuvit diagram—r.f. unit filters
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Fig. 510 Circuit diagram—power supplies
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