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General information

1.1 FEATURES

This all transistorized signal generator
gives high quality a. m. outputs from 10 kHz to
72 MHz; f.m. outputs are provided between
100 kHz and 72 MHz. It has very high frequency
discrimination which, coupled with the good sta-
bility reached soon after switching on, makes it
particularly suitable for setting up and adjusting
crystal controlled receivers where the channel
spacing is small and the i. f. pass band must have
an accurate absolute setting. Another feature of
note is the low leakage which will be found of
advantage for tests on receivers that have an in-
ternal ferrite rod aerial.

The instrument is rugged yet compact in
design and is fitted with a removable lid to protect
the front panel, and to provide stowage for the
accessories.

Permeability tuning of the oscillator and out-
put modules provides the low impedance required
by the transistor circuitry and enables the complete
range to be covered in only eight bands. The hand
calibrated near-logarithmic tuning scale is display-
ed in a continuous zig-zag pattern, with scales
running alternately left and right, which cuts out
much of the tedium usually associated with tuning
about the band-change frequencies. Abqve 100 kHz
carrier frequency, direct reading incremental
tuning gives high discrimination. Carrier shifts
can also be produced by externally applied d. c.

Crystal check points are available at inter-
vals of 1 MHz, 100 kHz or 10 kHz. Subsidiary
check points can be switched in at 1 kHz relative
to each of the main points. The dial of the incre-
mental control can be standardized against the
crystal check points by means of two independent
trimmer controls.

Fig. 1.1
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General information

The whole system can provide a degree of
scale expansion equivalent to a total scale length
of over 3/4 of a mile,

Up to 2 V source e.m.f. can be obtained
with 100% modulation over most of the range.
Output is controlled by cam operated 20 dB and
1 dB step attenuators with voltage and dB cali-
bration in terms of p.d. across a 50 Q load or of
source e. m. f,; interpolation between attenuator
steps is provided by the carrier level control and
meter, Autormatic level control holds the output
constant against frequency or range changing.

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

Internal a. m. up to 100% is produced by a
continuously tuned oscillator covering the audio
band. This means that the generator can be used
for comprehensive r.f., i.f and a.f. response
measurements on a receiver with no additional
equipment other than a receiver output meter.

The oscillator output is available for external use
at terminals situated at the rear of the instrument.

1.2 DATA SUMMARY

Envelope negative feedback ensures a good modu-
lation quality up to at least 80%, and modulation
depth is independent of both carrier tuning and
carrier level.

The continuously variable oscillator provides
frequency modulation, and deviation is monitored
directly on the modulation meter. Three ranges
of deviation are provided for each carrier range
above 100 kHz.

External frequency control terminals can be
used to provide external frequency shift, phase
modulation or, with the aid of a phase discrimi-
nator, phase locking of the carrier for maximum
stability.

External amplitude control terminals can be
used for level control or programming and very
low frequency modulation without phase shift.

Emphasis has been placed on accessibility
despite the compact structure and thorough screen-
ing. The instrument has three major horizontal
sections; the centre one containing the oscillators
and output circuits can be withdrawn and operated
via an extension lead.

Frequency Range: 10 kHz to 72 MHz, in 8 bands:
A 10 - 32 kHz E 1 - 3.2 MHz
B 32 - 100 kHz F 3.2 - 10 MHz
C 100 - 320 kHz G 10 - 32 MHz
D 320 - 1000 kHz H 32 - 72 MHz

Mechanical tuning
~ discrimination:

The frequency scales are near logarithmic and a 1000 division linear

logging scale is provided.

Calibration accuracy:

+1%, with the scale in the index position.

Provision is made for

adjusting the scale position against the internal crystal calibrator.

Stability:

At constant ambient temperature within the range 10 °c to 35 °C.

In the 15 minute period commencing 3 hours after switch-on, the fre-
quency variation is typically 30 p.p.m. +3 Hz, and will not exceed

90 p.p.m. +3 Hz.

During the period 10 minutes to 3 hours after

switch-on, the maximum frequency variation per 15 minutes will not
exceed three times the amounts stated above.

Following a 10 °C change in the ambient temperature within the range
10 °C to 35 OC occurring after the above period of 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 maximum frequency
variation is less than 20 p. p. m. +5 Hz.

2002AS (1a)



Electrical fine tuning:

Discrimination

Crystal calibrator:

R.F. output

Level:

Attenuators:

2002A8 (1a)

General information

Operative above 100 kHz only in 3 ranges as shown below:

Af range in kHz Fine calibration

Frequency Band 1 2 3 at on range
100 - 320 kHz C +£0.15 0.5 1,5 +1.0 kHz 3
320 - 1000 kHz D +0.5 +1.5 5.0 +1.0 kHz 2

1-3.2 MHz E +1.5 %5.0 £15 +10 kHz 3
3.2 -10 MHz F +1.5 5.0 #£15 +10 kHz 3

10 - 32 MHz G +5.0 =15 +50 +50 kHz 3
32 - 72 MHz H +5.0 +15 +50 +50 kHz 3

Incremental frequency is £15% of full scale when not stapdardized.
The accuracy can be improved to +5% of full scale on the + Af - af
ranges, by use of the FINE CAL control and the internal crystal
calibrator at the points in the tables above.

Better than 0.005% of carrier frequency.

Electrical fine tuning up to the maxima in the table above may be used
as an external frequency shift facility for manual or automatic fre-
quency control, frequency modulation, phase modulation or sweeping.
See under Frequency Modulation. Sweep widths in excess of the table
may be obtained: between 100 kHz and 320 kHz (Band C) up to #2.5kHz
is obtainable, and between 320 kHz and 1 MHz (Band D) up to +15 kHz.

The h.f. end of each band generally provides approximately x3 greater
external sweep.

Check points at 1 MHz, 100 kHz and 10 kHz intervals.
Accuracy: 0.01%, 10 - 35 °C.
Check points at +1. kHz, £10 Hz about these points.

Maxima
10 kHz - 32 MHz (c.w. or up to 100% a.m.)
1 Ve.m.f{. using 6 dB pad, or 1 Vp.d. across a matched load.

32 MHz - 72 MHz
As above for ¢.w. Half the above with 100% a. m.

10 kHz - 72 MHz

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

2 V e.m.f. is available using up to 30% modulation depth below
32 MHz, or using ¢. w. above 32 MHz.

Variable down to 0.1 pV at all frequencies.
(see also external levelling, under amplitude modulation.)

Coarse - 120 dB in 20 dB steps.

Fine - 20 dB in 1 dB steps.

External 6 dB pad TM 5573/1.

Increments less than 1 dB obtainable by meter setting.



General Information

Total level accuracy:

Impedance:

Carrier harmonics:

Leakage:

Counter output:

Amplitude modulation

Depth:

Monitor:

Accuracy:

Envelope distortion:

Internal oscillator:

(Above 1,0 pV with or without 6 dB pad, with meter at the appropriate
reference mark.)

Below 32 MHz 1 dB from 10 °C to 35 °C.

Above 32 MHz +2 dB, of which approximately +1 dBis caused by
temperature effects over the range 10 °C to 35 ©C.

A.L.C. maintains carrier level meter setting constant within 0,5 dB
at all carrier frequencies.

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

Less than 3% individual harmonics-at maximum output levels.

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

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

Continuously variable up to nominally 100%.

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

At 20 °cC up to 80% depth, +5% modulation to 10 kHz, and +10% modu-~
lation to 20 kHz, provided the maximum usable modulation frequencies
shown in Table 1.1 are not exceeded. The error with temperature
may rise by an additional £3% modulation at 10 °C and 35 °C.

Using internal oscillator, less than2% distortion factor at modulating
frequency of 400 Hz for modulation depth up to 80% at carrier fre-
quencies between 100 kHz and 32 MHz (Bands C to G). The maximum
usable modulation frequencies for up to 5% distortion at 80% depth
over the whole carrier range are shown in Table 1.1.

Table 1.1

Maximum frequency

Band Carrier frequency  for 809, moduiation
depth (5%, distortion)

A 10 to 32 kHz 100 Hz
B 32 to 100 kHz 100 Hz
C 100 to 320 kHz 1.5 kHz
D 320 to 1000 kHz 2 kHz
E 1t03.2 MHz 20 kHz
F 3.2 to 10 MHz 20 kHz
G 10 to 32 MHz 20 kHz
H 32 to 72 MHz 20 kHz

Continuously variable. 20 Hz to 20 kHz in 6 ranges.

Accuracy 10%.
Output: fixed level sync. signal is available at rear terminals of
approximately 1 V r:m. s. (from 10 k) with < 1.5% distortion.

2002AS (13)



External a.m.:

External levelling:

Spurious f.m. on a.m.

Spurious f.m. on c.w.:

Spurious a.m. on c.w.:

Frequency modulation

Deviation:

Modulation meter:

Accuracy:

Distortion:

Modulation frequency range:

Internal oscillator:

External f. m.

External Af:

2002AS (1)

General information

A. C. coupled.
20 Hz to 20 kHz. Accuracy of modulation depth and frequency

limitations as for internal modulation.
Input: approximately 1 V into 2.5 k2 for nominal 100% a.m.
(Depth adjustable at panel.)

D. C. coupled.

Carrier level may be varied by external d.c. A -6.75 V potential
(noininal) appears on the terminal when switched to this function.
Input: approximately £6 V d.c, (into 15 k2) or 12 V p-p about the
-6.75 V mean gives full control of the carrier.

For 30% a.m. up to 1 kHz modulation frequency.

Bands A - G: deviation less than 100 Hz +10 p.p. m. of carrier
frequency.

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

Less than +1 p.p. m. 5 Hz of carrier frequency using mains
operation.

-65 dB relative to 30% modulation, in a 3 dB bandwidth of 650 Hz at
carrier frequencies below 100 kHz, and in 20 kHz bandwidth above

100 kHz.

Continuously variable with three ranges to maximum peak deviations as
shown in the table under electrical fine tuning.

Indicates peak deviation.

£15% of full scale without standardization.

+6% of full scale when the Af system has been standardized. at the
points shown under electrical fine tuning, with modulation frequencies
between 20 Hz and 4 kHz. The error with temperature may rise by an
additional +3% of f. s.d. at 10 °C and 35 °C.

Less than 3% at maximum deviation with modulation frequencies from
20 Hz to 4 kHz.

With carriers above 1 MHz the modulation frequency range is extended
to 20 kHz with a flatness of +2.0 dB.

As for amplitude modulation.

A. C. coupled.

20 Hz to 20 kHz, accuracy of deviation and frequency limitations as

for internal modulation.

Inpuf: up to 1.5 V r.m. s, into 2.5 k2 for maximum deviation as shown
in table under electrical fine tuning (deviation adjustable at panel).

D. C. coupled.

Carrier frequency may be varied by d.c. A potential of -6.75 V (nominal)
appears on the terminal when switched to this function.

Input: up to £1 V d.c. (into 100 k) or 2 V p-p about the -6. 75 V mean

is needed for maximum deviations given in table under electrical fine
tuning.



General information

Power supply

Mains operation

(absolute limits): 95 V to 130 V a. c.

190 V to 264 V a. c.}45 to 500 Hz

load 15 VA approximately.

Battery operation

(absolute limits):

19 V to 32 V d.c. positive earth, current 0.4 A maximum.

Dimensions and weight Height width Depth Weight
11 in 18 in 14 in 59 1b
(28 cm) (46 cm) (36 cm) (32 kg)

1.3 ACCESSORIES

Accessaries supplied

Q@ e © ©O

Trimming tool. M.I. code 22951-221
Hexagon wrench for removing r.f. box cover M.I. code 22951-012. (stowed inside the instrument)

6 dB Pad type TM 5573/1; BNC plug to BNC socket. (stowed in clip at the rear of the instrument)
Output Lead, type TM 4969/3; BNC plug to BNC plug.

Telephone Jack Plug. M.I. code 23421-607. For crystal calibrator output socket.
Mains lead. M.I. code 43122-017.

2:1 Voltage Ratio Matching Pad type TM 5573/3; 50 to 75 2 BNC plug to BNC socket.

TM 5573/3 is a 3 resistor pad which introduces a 2:1 voltage ratio but provides a 2 way match.

Accessories available

* ok

GEE®

®

* K

Output Lead, type TM 4726/152; BNC plug to Belling-Lee L788FP 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 2. BNC plug to Burndept PR4E plug.

Dummy Aerial D. C. Isolating Unit, type TM 6123; input, BNC plug on 3 ft lead; output, spring
loaded terminals. For general receiver testing or for use on circuits with d. c. potentials
up to 350 V,

Matching transformer, type TM 5955/5; 50 2 unbalanced to 300 2 balanced, BNC socket to 4 mm
terminals. Voltage ratio 1:0.5 +0. 5.

TM 5569 is a 25 Q2 series resistor and provides unity voltage ratio.

Rack mountingkit, type TM 8269; consists of brackets and covers to convert bench mounting
model TF 2002AS for mounting in a 19 in rack.

2002AS (1)



General information
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Operation

2.1 PREPARATION FOR USE

In common with other apparatus employing
semiconductor devices, the performance of the
mstrument may be affected if it is subjected to
excessive temperatures. Therefore completely
remove the plastic cover, if one is supplied over
the case, and avoid 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 264 V. 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 switch in the new
position. The mains fuse need not be replaced
when changing the voltage range.

Attach a suitable 3 pin plug to the mains

lead. Note the wires will be colour coded according

to one of the following schemes:

Earth (ground) -
Neutral ~ Black
Line (phase) - Blue

Light Blue
Brown

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

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. The current
drain is about 300 mA.

Press the MAINS/BATTERY switch to the
position marked BATTERY and connect the supply
by leads to the positiveg and negative terminals at
the rear of the instrument.

2002AS (1a)

Green/Yellow Green/Yellow

Rack mounting

Before inserting TF 2002AS into a rack that
would be subjected to any violent movement or
vibration, slides or runners must 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 1ts full weight. A rack mounting kit,

TM 8269, can be obtained from the mi Service
Division.

Meter zeroing

Before turning the SUPPLY switch ON
check that the pointers of the meters 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 FUSES

Three fuses are fitted to the instrument;
two, 0FS1 and 0FS2, protect the power supply
curcuits and are accessible at the rear of the
instrument  The third, 25FS1, is to protect the
output transistors of the wide band amplifier from
the effects of excessive drive. It may blow if,
e.g., on range H the CARRIER LEVEL meter is
set above the -6 dB point, with modulation present,
or if excessive level of external d.c. modulation
is applied. When using external direct coupled
modulation, on ranges A-G, a limiter diode
prevents overload.

All the fuses are standard 20 mm x 5 mm

components. Suitable replacements are indicated
in Table 2.1.
Table 2.1

Fuse Rating Type

OFS1 160 maA, Beswick TDC 123/160 mA
time lag

0FS2 500 mA, Beswick TDC 123/500 mA
time lag

25FS1 100 mA, Beswick TDC 13/100 mA

quick acting or Bulgin F271



Operation

23 CONTROLS—supply and tuning

SUPPLY switch.

®

(® Main tuning scale.

Turn clockwise to switch on.

The scale is engraved in

a continuous z -

-+g from 10 kHz to 72 MHz.

®

RANGE switch.

(®») Main FREQUENCY control.

8 positions, lettered to
correspond to the frequency bands.

The knob skirt

carries a logging scale that enables the main
tuning scale to be divided into 1000 divisions.

®

SET SCALE control.

Mechanical adjust-

ment of main tuning scale for frequency standardi-

zation.
centre position.

®
scale.

up to the limits indicated

@

SET ZERO control.

A positive index locates the nominal

INCREMENTAL FREQUENCY control and
Provides calibrated frequency shifts

alongside the control.

Sets the frequency of

the zero calibration mark of the INCREMENTAL

"FREQUENCY control (5)

A f RANGE.

Range of incremental tuning

selected by this switch. In range positions, fre-
quency scales according to table on front panel
are applicable.

Range of frequency modu-

(®)) F.M. RANGE.
lation selected by this switch. Range positions
as above.

F.M./ Af FINE CAL. Control for increas-
ing the accuracy of the INCREMENTAL FREQUEN-
CY and deviation scale setting. To maintain

rated accuracy, control should be central.

(1) CRYSTAL CALIBRATOR selector. Selects
the intervals at which marker pips are provided
(1 MHz, 100 kHz, 10 kHz). An additional switch
position gives a sharp null separated by 1 kHz
from each 10 kHz muarker.

@ CRYSTAL CALIBRATOR LEVEL control.
Adjusts the a.f. level of the markers.

CRYSTAL CALIBRATION OUTPUT socket.
Phones jack, the internal loudspeaker is dis-
connected when a plug is inserted.

positions:
positions:

FUNCTION switch. Three internal switch
CW, AM, FM; four external switch
AM, FM, LEVELLING, Af.

@

Carrier

Level
F AM/EM SIGNAL GENERATOR TF

Modulation teve

Frequency

Q)

Rarge
100, 500 600 700 800 900 1000 krg
T T~ T T T T T T T T T T LIRS
P 7w 19 20 22 2 26 2 b1 JD
H T rrrrrorrrrro o rTrrorrern -
sa 45 40 35 2 |~ .
T T T | LI ML SRLER S SR AN B A
0 10 _190 200 220 240, 260 200 300 nD .
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LA T T o
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AR AR lsl UBA SR man i e e )T.s'l'l,.z — 7
17 13 t 29 22 24 26 28 30 ;1) /
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Levelling
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1
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<
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100xHz
MHZz,

[ 10kHz
TkHz

Fig. 2.1

Controls—supply and tuning
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Operation
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Fig. 2.2 Controls—modulation and output

MODULATION LEVEL control. Adjust
modulation level of either internal or external f. m.
and a. m. modulation signals.

2.4 CONTROLS-——modulation and output

©

@
®

®

pedance BNC socket,
the level is not controlled;

(5) CARRIER LEVEL control. Sets carrier to
standard level indicated by (7) May also be used
to interpolate between attenuator steps.

@ 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.

Coarse Attenuator. Six 20 dB steps.

@ MODULATION OSCILLATOR. Selects

internal modulation frequency range.

Fine Attenuator. Twenty 1 dB steps.

R. F. Output Socket. 50 2, BNC socket.

MODULATION FREQUENCY control and
scale. Continuously variable internal modu-
lation frequency control.

@

coupled.
signals.
With FUNCTION switch in appropriate position,
'LEVELLING', a -6.75 V potential appears on the
terminal and carrier level may be varied by d.c.
from a remote position.

COUNTER OUTPUT. 250 €2 source im-
Output is unmodulated and

suitable for 50 2 load.
EXTERNAL A.M. & LEVELLING. A.C.

Inlet for external amplitude modulating

On ranges A to G, outputs in excess of

f.s.d. on CARRIER meter are permis-
sible and infernally limited to approx.
x2 f.s.d. On range H, f.s.d. must
not be exceeded.

@ MODULATION meter. Scaled in percentage
modulation depth. Scaled in kHz for f. m. devia-
tion. Ranges 0 - 5 kHz; 0 - 1.5 kHz.

2002AS (1)



Operation

() EXTERNAL F.M. & Af. D.C. coupled
with a standing -6. 75 V potential on the terminal
when FUNCTION switch is in EXT A f position.
Inlet for external frequency modulating signals.

®) Af LEVELLING NEUTRAL. There are
two terminals on the front panel, (EXT/AM,
LEVELLING and EXT Af, F.M) which carry a
-6.75 V potential when the FUNCTION switch is
in the appropriate position. If it is required to
use either of these functions in such a way that
the -6.75 V potential does not appear across the
drive source, also that the drive source does not
shift the mean carrier level or frequency, then
the external source may be connected between the
appropriate terminal and the rear terminal @ .

The Af LEVELLING NEUTRAL terminal has
a standing potential of -6.75 V.

The source impedance of the -6.75 V

potential is very low so that care must
be taken to avoid short circuiting this
supply. No damage to the instrument
will ensue but correctoperation will be
prevented.

CARRIER 'ON-OFF! switch. For interrup~
tions of the carrier. Operates in any position of
the FUNCTION switch.

(9 MODULATION 'ON-OFF' switch. For
interruptions of internal a. m. or f. m. modulation,
by stopping modulation oscillator.

MODULATION OSCILLATOR OUTPUT. Can
be used as a constant sync output for viewing modu-
lation waveforms.

() Battery terminals

MAINS/BATTERY changeover switch.
Voltage selector

Mains Input Socket.

25 SETTING FREQUENCY

Turn the SUPPLY and the CARRIER 'ON-OFF’
switches 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 2.2
A 10 - 32kHz E 1 - 3.2 MHz
B 32 - 100 kHz F 3.2 - 10 MHz
C 100 - 320 kHz G 10 - 32 MHz
D 320 - 1000 kHz H 32 - 72 MHz

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

Crystal calibrator

Marker points at 1 MHz, 100 kHz or 10 kHz
intervals can be chosen by the CRYSTAL CALI-
BRATOR selector switch. The last position of
the switch gives markers at 10 kHz and brings
into circuit a 1 kHz rejection filter that gives a
null 1 kHz either side of each 10 kHz point.

Neutral =
(-67sv)  Outeut @

% 8,700 % ,

== TPBISs 4

Fig. 2.3 Controls at the rear of the instrument
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A loudspeaker is fitted to monitor the crystal
calibrator markers, but if greater sensitivity is
wanted or it is desired not to disturb other workers,
plug a pair of headphones into the CRYSTAL CALI-
BRATOR OUTPUT socket. Any headphones with
an impedance in the range 50 £ to 50 k2 will be
suitable. Switch the calibrator on by putting the
CRYSTAL CALIBRATOR selector switch to a
position that gives markers at convenient intervals.
To avoid ambiguity due to the limitation of the
main frequency scale use the following initial
settings:

Table 2.3

Frequency Crystal calibrator Frequency  Crystal calibrator

range selector setting range selector setting
A 10 kHz E 100 kHz
B 10 kHz F 1 MHz
C 10 kHz G 1 MHz
D 100 kHz H 1 MHz

Tune the signal generator approximately to
the marker frequency nearest to the desired
carrier frequency and adjust the main FREQUENCY
control for zero beat. Bring the beat note ampli-
tude to a convenient level with the CRYSTAL CALI-
BRATOR 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 marker into coinci-
dence with the cursor.

By switching the CRYSTAL CALIBRATOR
selector switch in turn to 100 kHz and 10 kHz

Operation

marker intervals, advancing 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 kHz point.

Example 1: To tune the signal generator to a
frequency of 4.23 MHz: Switch to RANGE F
(3.2 - 10 MHz) and, with the main FREQUENCY
control, bring the cursor to 4 MHz on the main
tuning scale. Plug in headphones and set the
CRYSTAL CALIBRATOR selector to 1 MHz.
Slightly adjust the main FREQUENCY control until
a marker is heard. Reset the CRYSTAL CALI-
BRATOR selector to 100 kHz and advance the
main FREQUENCY control past the 4. 0 MHz
marker, then past the 4.1 MHz marker and stop
at the 4. 2 MHz marker. Reset the CRYSTAL
CALIBRATOR selector to 10 kHz and advance the
main FREQUENCY control past the first two

10 kHz markers (4. 21 and 4. 22 MHz) and stop at
the zero beat point of the third.

Incremental tuning

Electrical fine tuning at frequencies above
100 kHz can be obtained with the INCREMENTAL
FREQUENCY control. This may be wanted, for
example, for precise frequency setting or for
accurate bandwidth measurements of < 1%.

The facility to standardize electrical fine
tuning with the CRYSTAL CALIBRATOR using
Table 2.4, improves INCREMENTAL FREQUENCY
control to an accuracy of 5%, (unstandardized
accuracy 15%).

The accuracy of f.m. is simultaneously
improved by the standardizing procedure.

Table 2.4

To set the INCREMENTAL FREQUENCY control for full scale sensitivity of

1.5 kHz 5 kHz 15 kHz 50 kHz
Set CRYSTAL CAL 1 kHz 1 kHz 10 kHz 10 kHz 10 kHz
selector to: (Filter) (Filter
Set INCREMENTAL +or -1 +or-1 +or-1 +or-1 + or -5
FREQUENCY dial to: on scale on scale on scale on scale on scale
1.5-0-1.5 1.5-0-1.5 1.5-0-1.5 1.5-0-1.5 5-0-5
Adjust F.M./ A f, First 1 kHz First 1 kHz  First 10 kHz First 10kHz  Fifth 10 kHz
control until: null point null point zero beat zero beat zero beat
found found found found found
Available on
carrier ranges: C,D.E,F. D. E,.,G,H. E,F,G,H. G,H
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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 kHz.

Two independent front panel controls are
provided for setting up the INCREMENTAL FRE-
QUENCY, the SET ZERO control, which gives a
fine adjustment enabling the scale zero to be
brought to a convenient point, and the F. M./ Af
FINE CAL control, which allows the incremental
sensitivity to be set up accurately against the
CRYSTAL CAL.

The F. M./ Af FINE CAL control has a +15%
range of the INCREMENTAL FREQUENCY dial.
To maintain a rated accuracy, this control should
be adjusted to its central position.

To adjust the SET ZEROQ. Set the CRYSTAL
CALIBRATOR selector to 10 kHz and, using either
the internal loudspeaker or a pair of headphones
plugged into the OUTPUT socket, adjust the SET
ZERO control for a zero beat at the nearest 10 kHz

marker point, with the INCREMENTAL FREQUENCY

dial at zero.

To adjust the F. M. . f{ FINE CAL control.

Turn the INCREMENTAL FREQUENCY dial until
the desired increment is set and adjust the F. M./

Af FINE CAL until the wanted frequency shift,
determined by the CRYSTAL CALIBRATOR, has
been obtained. The principle settings are
summarized in Table 2.4. Whilst it is good prac-
tice to set the main frequency control before stan-
dardizing the INCREMENTAL FREQUENCY dial,
small subsequent adjustments of the main fre-
quency tuning will not substantially affect the stan-
dardization of frequency increments on the INCRE-
MENTAL FREQUENCY scale. Where a small
difference between positive and negative scale
lengths is observed, the scale appropriate to the
measurements being made should be standardized.

Example 2.

Tune to 4. 23 MHz using the procedure
described in Example 1.

The subsequent procedure should be followed
to obtained a frequency of 4. 2341 MHz.

T Complete tuning for zevo beat with SET
ZERO control.

T *  Advance to 1.0 on inner scale of INCRE-
MENTAL FREQUENCY dial.

T * Ensure Af RANGE is in position3 (15-0-15 kHz).

-|- *  Adjust FINE CAL for zero beat.
INCREMENTAL FREQUENCY dial now
standardized.

Switch Af RANGE to position 2
(5-0-5 kHz).

Adjust INCREMENTAL FREQUENCY dial
to 4.1 on outer scale.

* The frequency could have been obtained with
reduced accuracy on last two digits by omitting
these procedures.

T These four operations have simultaneously
increased the accuracy of the 3 available f. m.
scales at this frequency.

External frequency shift

The EXTERNAL FM/ Af terminal may be
used for making remote frequency shifts or for
phase locking. There is a potential of -6.75 V
between the terminal and earth, and the source
impedance is 100 k2. The sense of operation is
such that an increase of this potential (in the nega-
tive direction) increases the carrier {requency.

The limits of frequency shift that may be
employed depend on the amount of non-linearity
that is acceptable. In general, at the low fre-
quency ends of the carrier ranges the maximum
usable excursions are defined by the Table 2. 5.
(front panel table). At the high frequency end of
the ranges, the maximum usable excursions are
approximately x3 greater.

Ranges C and D can accept increased drive
so that they will provide greater frequency excur-
sions than shown in Table 2.5. Range C will
provide at least 2.5 kHz and range D 15 kHz at the
low end of the band. At the high frequency end of
the bands, the normal x3 increase can be expected.

Table 2.5
As on front panel of instrument

F.M. and Af scale

Range ranges (kHz)
A NONE
B NONE
C 0.15 0.5 1.5
D 0.5 1.5 5
E 1.5 5.0 15
F 1.5 5.0 15
G 5.0 15 50
H 5.0 15 50
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The voltage at the terminal should not fall
outside the limits of -2 V and -11.5 V if severe
non-linearity is to be avoided.

The EXT Af setting of the FUNCTION switch
also provides simultaneous internal a.m. The
modulation depth may be monitored and adjusted by
temperarily setting the FUNCTION switch to the
INT AM position. If a c.w. external Af function
is required, the MODULATION LEVEL control
must be fully counter clockwise.

Logging scale

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

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

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

2.6 AMPLITUDE MODULATION

Internal a.m.

To obtain amplitude modulation by the
internal oscillator:

1) Set the FUNCTION switch to INT. A. M.

2) Set the MODULATION OSCILLATOR 'ON-OFF'
switch to 'ON'.

3) Set the MODULATION OSCILLATOR switch
to the position corresponding to the frequency
range that includes the required modulating fre-
quency. Each switch position that gives internal
modulation falls between two figures, which
indicate in Hz the frequency limits of the band
obtained at that position.

4) Turn the MODULATION FREQUENCY control
so that the dial indicates the required frequency.

9) Advance the MODULATION LEVEL control
(red knob) until the MODULATION METER shows
the required percentage modulation. The maxi~
mum depth for low distortion modulation is limited
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when the modulation frequency exceeds a certain
percentage of the carrier frequencies. Table 1.1
gives the maximum modulating frequencies for

5% distortion at 80% modulation depth.

The MODULATION OSCILLATOR knob also
shows the lowest carrier ranges that can be used

with low distortion for each modulating frequency
range at 30% and 80% modulation depth.

When the MODULATION OSCILLATOR 'ON-
OFF' switch is 'ON', the modulation frequency is
available at the MODULATION OSCILLATOR
OUTPUT terminals at the rear of the instrument.
This output is independent of the function switch
position.

This may be used, for example, to synchro-
nize an oscilloscope at the modulation frequency.
The output level is about 1 V r.m.s. and the
source impedance 10 kS2.

External a.m. (a.c. coupled)

Turn the FUNCTION switch to EXT A. M.
Apply an a.c. modulating signal between the EXT
A.M. LEVELLING terminal and earth. Set the
MODULATION LEVEL control to give the
required percentage modulation indicated on the
MODULATION meter.

NOTE: As the modulation meter is a peak
detector, non-~sinusoidal modulating signals may
be used without introducing over-modulation.
The input required is about 1 V r.m.s. into

700 © minimum for full modulation.

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

External levelling (direct coupled)

For low audio-frequency modulation with
very low phase shift, or sub-~audio modulation,
direct coupling to the modulating circuit is avail-
able. The facility may also be useful for remote
level adjustment either manual or automatic.

Turn the FUNCTION selector to EXT
LEVELLING. In this position a standing potential
of -6.75 V appears between the EXT A. M.
LEVELLING terminal and earth. To avoid
developing this direct voltage across any drive
source, and change in mean carrier level,
connection may be made between EXT A. M.
LEVELLING .and the -6. 75 V neutral terminal,
(marked A{/LEVELLING NEUTRAL), provided
at the rear of the instrument,



Operation

This may be used to control the carrier
amplitude in three ways:

1) An adjustable shunt resistor may be used
to raise the carrier level. The value may be
adjusted down to zero from ranges A to G, when
maximum available output may be developed. On
range H, 25 kQ is minimum value that may be
used.

3525"
L EXT

AM / LEVELLING

TF2002AS

AR .
do

L
&

TPATITA

Fig. 2.4 External passive amplitude control circuit

2) By applying a direct or alternating potential
from a high impedance source. The sensitivity

is such that approximately -12 V will reduce the
carrier to zero and 0 V will produce maximum
available output except on range H when the applied
potential should not be reduced lower than -3 V.

TF2002AS
_ Z 100k
R -
- EXT
AM / LEVELLING
. i

TPATIEM

Fig. 2.5 External amplitude control circuit

3) By applying a two-terminal floating, direct
or alternating potential between EXT A, M.
LEVELLING terminal and the Af/LEVELLING
NEUTRAL terminal at the rear of the instrument.
Fig. 2.6 shows a balanced direct source but an

CoToT T a TF 200245
[}
i N
1 1 “w_r
X ! EXT AM/
' LEVELLING = - — = = - 1
! 100k A1/LEVELLING
= ' NEUTRAL
‘I 7V X
! I
b e e e o - J

TPATISA

Fig. 2.6 External balanced drive source

alternating drive could be used in place of the
circuit enclosed in the dotted area.

The MODULATION LEVEL control does
not operate in this position but the CARRIER
LEVEL meter is operative.

For high modulating frequencies, the modu-
lation level limitations, given above for internal
modulation, must be observed.

2.7 FREQUENCY MODULATION

Frequency modulation is possible only on
carrier frequencies upwards of 100 kHz. Modu-
lation frequencies up to 20 kHz are available
except between 100 kHz and 1 MHz, when 4 kHz is
the maximum for the rated accuracy. 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
sum of the applied shifts and the peak f.m. devia-
tion must not take the frequency outside the limits
given in the front panel table.

To obtain Frequency modulation by the
internal oscillator:

1) Set the MODULATION OSCILLATOR 'ON-
OFT' switch to "ON',

2) Set the FUNCTION switch to INT F. M.

3) Set the MODULATION OSCILLATOR switch
to the position corresponding to the frequency
range that includes the required modulating {re-
quency.

4) Turn the MODULATION FREQUENCY
control so that the dial indicates the required
frequency.

5) Select suitable F. M. RANGE switch setting
from table on front panel.

6) Advance the MODULATION LEVEL control
(red knob) until the MODULATION meter shows
the required deviation.

The unstandardized accuracy of the f. m. is
15% (with the FINE CAL control central) and 5%
when the accuracy is improved by calibrating the
INCREMENTAL fine tuning dial against internal
Crystal calibrator.
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When Af standardizing procedure is carried
out for any one carrier frequency, the f.m. accu-
racy is simultaneously standardized.

The f. m. meter scale may be expanded in
positions 2 and 1, when the improved accuracy is
maintained.

External frequency modulation
(a.c. coupled)

Set the FUNCTION switch to EXT F. M.

Apply a.c. modulating signal between EXT Af{
F. M. terminal and earth terminal.

Set MODULATION LEVEL control and F. M.
RANGE switch to give required deviation indicated
on the MODULATION meter.

The input required is approximately 1 Vr.m.s.

into 2.5 kQ for full scale deflection on meter.

Since the MODULATION meter is a peak
detector, non-sinusoidal modulating signals may be
used without introducing a reading error.

The maximum deviation available is detailed
in Table 2.5. Provided the incremental fine
tuning system has been standardized at a given
carrier frequency, the f. m. monitor circuit will
read accurately within 5% for external signals.

External Af (d.c. coupled)

This feature can be used for a low modulating
frequency, f.m. facility, external frequency shift,
manual or automatic frequency control, phase modu-
lation or sweeping; direct coupling to the modulation
circuit is available.

When FUNCTION switch is set to EXT Afa
standing -6.75 V potential appears on the EXT Af

terminal. To avoid developing this direct voltage
across any drive source, and change in mean
carrier frequency, connection may be made
between EXT Af F.M. and the -6.75 V neutral
terminal, (marked Af/LEVELLING NEUTRAL),
provided at the rear of the instrument.

The tracking network used to compensate the
variable sensitivity 'of each frequency modulator
over a given carrier range, is not used in the EXT

Af position. Therefore the maximum possible
frequency shift is obtained but the deviations thus
obtained are neither monitored nor constant.
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Sensitivity at the high frequency end of each
range is x3 greater than at the low frequency end.

The following three diagrams show the ways
of controlling the carrier frequency:

TF2002AS

M0

o
1t
1

EXTA(FMJi ")

TPATA0A

Fig. 2.7 Passive external frequency control

This network can be used only for downward
changes in frequency.

TF2002A5

40
L

| 100k

-
-[ = EXT At FMJ T

TPA73I0A

Fig. 2.8 External unbalanced source

This circuit may he used for positive or
negative increments of the carrier frequency.

r-T T T A TF200245
] 1
[ 1 -— - ==
! W ' _r
1 - J
) . 400k Lo
|——’. ! < : Af LEVELLING
oy f L LExT ot FM NEUTRAL
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L e - — -

TPAZAIA

Fig. 2.9 External balanced source

This network can also be used for increases
or decreases of incremental frequency; frequency
shift is proportional to the voltage input, i.e. 0 V
input would mean no frequency shift.

An alternating drive could be used in place
of the circuit enclosed in the dotted area.

2.8 SETTING OUTPUT

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



Operation

Note: With a modulated carrier on range H the

CARRIER LEVEL meter should be set to the

RANGE H MODULATED mark (0.5 V). Ro

500

Adjustment of the CARRIER LEVEL control ng v

can be made without affecting the modulation depth.

Turn the coarse and fine output attenuator controls

until the desired output is indicated. J

The output levels read from the attenuator
dials are those which appear across a matching
(50 2) load. The attenuators are also direct read- TPaass
ing in terms of source e. m.{. when the output is fig. 2.10 Equivalent output circuit
fed through the 6 dB pad TM 5573/1. This pad is
normally stowed at the rear of the instrument.

E is the indicated source e.m. {.,
Expressed in dB referred to 1.V
R is the source resistance,
With the CARRIER LEVEL meter at SET, 0
the output level is the sum of the readings of the 7 is the external load impedance,
dB scales of the coarse and fine attenuators. The L
fine attenuator allows level adjustment in 1 dB V., the voltage developed across the load
steps but intermediate outputs can be obtained by L is given by
varying the setting of the CARRIER LEVEL control. zZ;
V. = E 7—m———
iIf the CARRIER LEVEL meter is at RANGE H L R o+ 2,

MODULATED, subtract 6 dB from the output indica-
ted by the attenuator dials.

L

Expressed in volts V. =E
L Ro + RL
With the CARRIER LEVEL meter at 1 V the

output voltage is indicated on the fine attenuator
dial v(\;tk;m thfe ;iecade shown on the coarse .attenu— Table 2.6 shows the conversion factors for
ator dial. I tle_ CQ??“IER _LEYEL meter is at " obtaining the load voltage from the indicated e.m. f.
0.5 V the ou.tput is half that indicated by the at different load impedances.
attenuator dials.

Table 2.6

To find load voltage:
Counter output

Load ohms Multiply e.m.f. by or subtract dB
For applications such as operating a counter
type frequency meter, an alternative output is 10 0.167 15.5
provided. This output is unmodulated and the 50 " 0.286 10.9
level is not affected by the CARRIER LEVEL ’ ’
control or the attenuators. The output e.m.{. is 30 0.375 8.5
about 200 mV and the source impedance 250 2. 40 0. 445 7.0
It will satisfactorily operate equipment with a ) ’
50 @ input. 50 0.50 6.0
60 0.55 5.2
2.9 MISMATCHED LOADS 70 0.58 4.7
The r.[. cutput circuit of the signal generator 75 0.60 4.4
should be regarded as a zero impedance voltage 80 0.62 4.2
source in series with a resistance of 50 2. This
is shown in Fig. 2.10 where: Continued }
2002AS (1)
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TABLE 2.6 continued

Load ohms Multiply e.m.f. by or subtract dB
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
800 0.94 0.5
1000 0.93 0.4
2000 0.98 0.2
4000 0.99 0.1

When using a correctly matched, i.e. 50 Q
output lead, its output end can be regarded as an
extension to the output socket on the generator,
and wide variations of load impedance do not
seriously affect the calculated load voltage obtained
from Table 2.6. Standing waves produced by the

mismatched load can, for most purposes, be ignored.

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

Matching to high impedance loads

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

The voltage across the load, Vi, is given by

- E
VL B

For the speciual case of a 75 2 load, matching
pads types TM 5569 or TM 6599, are available as
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AAA
WW Trasso

Rs

son
RS

VYYV
VYV

EQUIVALENT CIRCUIT

SERIES RESISTOR IN CIRCUIT

Fig. 2.11 High impedance matching

accessories and consist basically of a 25 2 resistor
with coaxial connectors for insertion in series with
the output lead.

If the load impedance is substantially greater
than 50 2 the maximum output may not be available
with full modulation. See Data Summary.

Matching to low impedance loads

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

The effective source e.m.{. is now different
and is given by

TPAsm

R <

AAAA
YYVY
D
°
AA
YVNY
YWV

PARALLEL RESISTOR IN CIRCUIT éOUlVALENT CIRCUIT

Fig. 2.12  Low impedance matching
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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. 2.13.

This method makes use of the auto-transformer
effect of the centre-tapped winding and is not suit-
able for resistive balanced loads.

2
AAAA
YVVY

TPaass

Fig. 2.13 Balanced load matching

The values of Ry (for use in the centre con-
ductor) and Ry (for the earth lead) are given by

Ry,
2
RZ = RL

2

For use with circuits that have a balanced
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 1:4 impedance

ratio and a resistive pad to give an overall ratio of
1:6. The voltage ratio is 1:0.5 + 0. 5.

210 USE OF DUMMY AERIAL AND D.C.
ISOLATOR

To 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 L. f. . m.f. and h.{. bands, and
provides an output voltage of one-tenth of that
indicated by the attenuator dials.

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

0 1uF
I o EMF
[1] 2
Ro 4: OR
son Z4on 0C ISOLAT
100pF
w EMF
u
° o
. = DUMMY
gon AERIAL
l_ o EARTH |
TPASO4
Fig. 2.14  Generator output using TM 6123
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DECIBEL CONVERSION TABLE

Ratio Down Ratio Up

YOLTAGE POWER DECIBELS YOLTAGE POWER

1-0 1-0 0 1-0 1-0
-9886 9772 1 1012 1-023
9772 -9550 2 1-023 1-047
9661 -9333 -3 1-035 1-072
-9550 -9120 -4 1-047 1-096
9441 -8913 -5 1-059 1122
9333 -8710 -6 1072 1-148
9226 _ 8511 7 1:084 1175
9120 -8318 -8 1.096 1-202
9016 -8128 -9 1109 1230
-8913 -7943 1-0 1122 1-259
-8710 -7586 12 1-148 1-318
8511 7244 14 1175 1-380
-8318 -6918 16 1-202 1-445
-8128 -6607 18 1-230 1-514
7943 6310 20 1-259 1-585
7762 6026 22 1-288 1-660
-7586 -5754 24 1-318 1-738
7413 -5495 26 1-349 1-820
7244 -5248 28 1-380 1-905
-7079 -5012 30 1-413 1.995
6683 4467 35 1-496 2:239
6310 -3981 4.0 1-585 2-512
-5957 -3548 4-5 1-679 2-818
-5623 -3162 50 1778 3-162
-5309 2818 55 1-884 3-548
5012 2512 6 1-995 3-981
-4467 -1995 7 2-239 5-012
-3981 -1585 8 2512 6-310
-3548 1259 9 2-818 7-943
3162 -1000 10 3162 10-000
2818 -07943 11 3-548 12-59
2512 -06310 12 3-981 15-85
2239 -05012 13 4-467 19-95
1995 -03981 14 5-012 2512
1778 03162 15 5623 31-62

Continued }
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Ratio Down

YOLTAGE

1585
1413
1259
1122
-1000

-07943
-06310
-05012
-03981
-03162

-02512
-01995
01585
-01259
-01000

7-943 x 107
6-310 x 107
5-012 x 107
3-981 x 10°
3162 x 107

2-512 x 1073
1-995 x 1073
1-585 x 10°?
1259 x 10
1000 x 10

5-623 x 10~
3162 x 107
1-778 x 10+
1-000 x 10~
5623 x 10°°

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

POWER

-02512
-01995
-01585
-01259
-01000

6310 x 103
3-981 x 107
2-512 x 10°?
1.585 x 1073
1-000 x 10

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

6:310 x 10-*
3-981 x 107
2-512 x 10°*
1585 x 10°°
1-000 x 107

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

3162 x 107
1-000 x 107
3162 x 107
1-000 x 107
3162 x 107

1-000 x 10°°
1-000 x 10-'°
1-000 x 10"
1-000 x 10-"2
1-000 x 10"
1-000 x 10"

DECIBELS

DECIBEL CONVERSION TABLE (continued)

VOLTAGE

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

12-59
15-85
1995
2512
31-62

39-81
50-12
63-10
79 43
100-00

1259
158-5
199-5
2512
316-2

3981
501-2
631-0
7943
1,000

1.778 x 10°
3162 x 10°
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

POWER

39-81
5012
6310
79-43
100-00

1585
2512
3981
6310
1,000

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

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

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

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

1-000 x 10°
1-000 x 10"
1-000 x 10"
1-000 x 10"
1-000 x 101
1-000 x 10"

2002AS (1)



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 practicable, is marked upon
it. The complete circuit reference for a compo-

nent carries its unit number as a prefix, e.g. 6R15.

Components that do not form part of any sub-
assembly carry the prefix 0, e.g. ORS.

For convenience in this chapter and on the
circuit diagrams, the circuit reference is abbre-
viated by dropping the prefix, except where there
is a risk of ambiguity.

3.1 CIRCUIT SUMMARY

Each carrier frequency 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 drives the required linear
motion from a tape attached to a drum.

Fig. 3.1
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Alternate ranges are coupled to tapes wound
in opposite way around the drum. The frequency
of successive ranges thus alternately increases
and decreases with one direction of rotation of the
FREQUENCY control. This system, which is
illustrated in Fig. 3.1 allows a boustrophedon
tuning scale to be used.

Range changing is carried out by the wafer
switch SG. Power supplies to the oscillators are
switched by SG4F and the low level oscillator
output to the wide band amplifier by SG2F. SGT7F
and SG8F switch the wide band amplifier output to
the output filter while SG6 F switches the filtered
signal to the attenuators.

All except the two lowest frequency oscillators
have a voltage-controlled capacitive reactance for
fine tuning and frequency modulation. The control-
ling voltage is derived from a composite network
connected to the -13.5 V regulated supply and is
routed by SG3F to the appropriate oscillator.

Constant output level is maintained by
sampling, comparison and error correction. The

OUTPUT FILTER Y-
Coms v

SCALE

FREQUENCY
CONTROL

Tuning drive system
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Technical description

TPCTA2B

@ FUNCTION SWITCH

a.l.c. and envelope feedback circuit produces the
error signal to control the gain of the wide band
amplifier. The modulating signal derived from

the modulation oscillator is effectively super-
imposed upon the error signal and modulates the
r.f. signal in the wide band amplifier.

The crystal calibrator mixes the unmodulated
r.f. signal with a pulse train derived from a1 MHz
crystal oscillator, giving audible marker points at
closely spaced intervals.

3.2 CARRIER OSCILLATORS
Circuit diagram—Fig. 7.2

All the oscillators are basically the same;
a Colpitts circuit is rearranged to give a w configu-
ration. In each instance tuning is carried out by
variation of inductance. The principal inductor of
each circuit has a ferrite core whose position in
the coil is controlled by the main tuning drive.
The series trimmer inductor sets the overall
coverage of each range.
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Fig. 3.2 Block diagram
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Considering the circuit for ranges A and B;
a pnp transistor is used with the emitter tapped
into the junction of C2 and C3; RS serves as the
collector return to supply whilst R3 shunts part of
the tuned circuit to modify its Q.

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

For ranges G and H a buffer transistor, VT2,
is added and the reactance transistor circuit has
been displaced by varactor MR1 to obtain variable
capacitive reactance for the incremental tuning and
f.m. facility '
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The buffer is arranged in the common base
configuration. Both VT1 and VT2 share the same
base bias network; R2, R6 and R3.

33. WIDE BAND AMPLIFIER
Circuit diagram—Fig, 7.3

Besides amplifying the sigunal 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 through part of the signal to the
crystal calibrator and the remainder to the wide
band amplifier, whilst providing a matching ter-
mination to both 50 2 lines. VTl and VT2 con-
stitute a two-stage unbalanced amplifier with
negative feedback applied across R8 and the par-
tially bypassed emitter resistor R6.

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

---------- l —— ]
o 00000000 BAL
UNBAL = T T T T Rk oY ouTPUT
INPUT i Ww"“
TRANSMISSION LINE FORM
O] B8AL
UNBAL OuTPUT

INPUT

ALTYTE]

WIRING DIAGRAM

Fig. 3.3 25Tt

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

The modulated signal is coupled to the output
stage by T3 at low frequencies and by C12 and C13
at higher frequencies. Frequency compensated
feedback is applied by R23 and R24 by using the
inherent inductance of these wire wound resistors.
No bias is applied to the output transistors VT7
and VT8 which, for silicon transistors, produces
a 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-off condition) but is substantially
linear for the remainder.

TRANSFER CHARACTERISTIC
OF CLASS C QUTPUT STAGE

OUTPUT (HALF OF PUSH PULL PAIR)

BASE INPUT : 50 MOD

hia 1}

Fig. 3.4 Modulation deepening process

The application of a modulated signal to a
push-pull stage having this characteristic gives an
effective increase of the modulation depth by a
factor of approximately two. The process is
shown in Fig. 3.4.

Two output transformers are used; TS5 for
ranges A to D and T4 for ranges E to H. Each
has an impedance transformation of 1:4, balanced
to unbalanced. Both transformers 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.
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UNBAL

BAL
QuiTPUT

INPUT

TRANSMISSION LINE FORM

UNBAL
BAL QuTPUT

INPUT

ALI TN

WIRING D1AGRAM

o
2574
o—
UNBAL
ouTPUT
BAL
257—5 } INPUT
1 i
o— | = 194483

Fig. 3.5 25T4 and 2575

34 OUTPUT FILTERS
Circuit diaggram—Fig. 7.4

All the carrier filters are similar, consisting
primarily of a = tuned circuit with a variable per-
meability inductor, coupled to the r.f. tuning drive.

Considering the range D circuit as typical,
the = tuned filter is made up of the variable inductor
L3 in series with the trimmer inductor L2, together
with C1, C2 and C3. C4 and L1 constitute a high-
pass filter to reject the audio frequency modulation
components that would otherwise pass the w output
circuit.

35 A.L.C. AND ENVYELOPE FEEDBACK
Circuit diagram—Fig. 7.5

To maintain constant output level and to
achieve minimum envelope distortion of a modu-
lated carrier, the circuit compares the output
from the wide band amplifier with the modulating
and carrier level control signals.
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The audio drive plus the d. c. signal from
the CARRIER LEVEL control form the instruction
signal applied to VT1 which operates as a phase
splitter giving balanced outputs 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 propor-
tional to carrier level and an a.f. component pro-
portional to the modulation depth. This is the
reference signal.

These signals are added algebraically by the
bridge R20, R22, R18 and R24 and the correspond-
ing difference thus produced, is the composite d.c.
+ a.f. control signal that is used to modulate the
wide band amplifier. The balanced control signal
is applied between the bases of VT2 and VT6, which
are connected as a long-tailed pair with VT3 acting
as a constant current tail. The unbalanced output
from the long-tailed pair is fed to the high gain
modulating amplifier consisting of VT7 and VT8 in
a composite transistor circuit, whose collector
currents are direct coupled to the emitler circuit
of the modulating stage of the wide band amplifier,
board (@) . Localized feedback across VT7 and
VT8 is provided by R36 in conjunction with C2 to
C6 in order to modify the phase shift characteris-
tics of the system and ensure stability.

A small forward bias current is applied to
MR3 and MR4 which brings the diodes to the knee
of their characteristic to ensure that minimum
distortion is introduced into the modulated signal.
These diodes are matched by corresponding diodes
MR1 and MR2 on the opposite side of the compara-
tor bridge so that the effect of any variation of
diode characteristic with temperature is balanced
out.

The CARRIER LEVEL meter is connected to
the comparator bridge via two star networks; R12,
R21, R23 and R13, R19, R25. This way it regis-
ters the difference between the coutrol and the
instruction signal, i.e. its reading corresponds to
the reference signal and hence to the carrier level.

3.6 MODULATION OSCILLATOR
Circuit diagram—rFig. 7.6

Internal modulating signals from 20 Hz to
20 kHz are provided by a Wien bridge oscillator
with six switched frequency ranges.

Board carries the Wien bridge capacitors

C1 to C6 and C7 to C12, which are selected by
SC1F and SC1B. The resistive arms of the bridge
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are provided principally by the ganged potentio-
meters ORV1A and ORV1B, the MODULATION
FREQUENCY coatrol.

The amplifier and amplitude stabilization
components are carried on board @ VT1 and
VT2 are arranged in a high gain composite transis-
tor circuit. This first stage is followed by VT4
acting as a convenient amplifier and by VTS5 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 MR1, thus if the
output signal increases, the impedance of the
diodes increases, thereby increasing the feedback
and maintaining the output level constant. The
effective value of C4 is increased by shunting it by
29C13 on the three lower frequency ranges. RV3
is adjusted to balance MR1 and MR3 to prevent
2nd harmonic distortion which would otherwise
result.

When the oscillator is not required, oscil-
lation is stopped by shunting the output to earth
by SAB. Whenever the switch SAB is on, the
modulation oscillator signal is available at the
rear terminals TPS8, 9.

3.7 AMPLITUDE MODULATION
DRIVE CIRCUITS

Circuit diagram—Fig. 7.7

Amplitude modulating signals either internal
from modulation oscillator, or external a.c.
coupled from TP3, are selected by the FUNCTION
switch, SB, and applied to MODULATION LEVEL
control 0RV2. The CARRIER LEVEL control,
ORV3, determines both the amplitude of the modu-
lation signal and the level of d. c. instruction
signal, so the modulation depth does not vary with
the setting of this control.

3.8 A.M.,/F.M. DRIVE AND MONITOR
Circuit diagram—Fig. 7.7

Board @ carries the a. m./f. m. monitor,
also the a. m. and f.m. drivers.

2002AS (1a)

Technical description

In the a. m. driver, VT1 acts as a current
amplifier of the composite instruction signal
which is applied to the a.l.c. and envelope feed-
back circuit.

Monitoring of the modulation level; a.m.
depth and f. m. deviation is carried out by M2.
The circuitry driving M2 comprises the monitor
amplifier, carried on board @ and the full-wave
peak rectifier on board @ 3VT3 operates as an
emitter follower impedance converter to drive the
meter, M2, via one of two sensitivity presets, one
for a. m. and the other for f. m. (RV2; RV3).
3MR3, 3MR4, 3MRS5, in conjunction with the set
zero preset 3RV1, provide a zero balancing action
free from temperature defect.

A very long time constant is used in the peak
detector circuit to ensure accurate readings down
to 20 Hz but, to overcome the excessively slow
adjustment of modulation monitoring which would
otherwise occur, a patented discharge circuit is
employed. The system is in essence a trigger
circuit comprising 3VT2 and 3VT4, and functions
to discharge the metering time constant capacitors
C3 and C4 when the MODULATION LEVEL control
is turned down.

A direct coupled amplitude modulating and
level control path is provided from the front panel
terminal TP3, via SB1F, bypassing 3VT1, to the
instruction drive circuit of the a.l.c. and envelope
feedback unit in the r.f. box.

3.9 FREQUENCY MODULATION
DRIVE CIRCUITS

Circuit diagram—fFig. 7.7

Frequency modulating signals are derived
internally from board (2) or externally from ter-
minal TP5 and are monitored as for a.m. The
monitored f. m. drive voltage is fed to a three
positioned range attenuator.

Direct voltages to provide a calibrated incre-
mental frequency facility are derived firom ORV6,
4VT1 and 4VT8. These voltages are fed through
a three position Af range attenuator.

The outputs from the f.m. and Af range
attenuators are connected in parallel. This
composite voltage is fed via a trimming control
0RV7 and the three point tracking arrangement on
board , SGO and SG1 to the f. m. driver ampli-
fier on board (3).
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Table 3.1
Range Freq/position Switch tag Lead colour
C 100 kHz SGOb 6 ORANGE/BROWN
C 500 divs SG1b 6 ORANGE/RED
c 320 kHz SGOf 7 ORANGE
D 320 kHz SGOf 5 WHITE/ORANGE
D 500 divs SG1b 4 WHITE/RED
D 1000 kHz SGOb 4 WHITE/BROWN
E 1 MHz SGOb 2 GREEN/BROWN
E 500 divs SG1b 2 GREEN/RED
E 3.2 MHz SGOf 3 GREEN/ORANGE
F 3.2 MHz SGOf 1 BLUE/ORANGE
F 500 divs SG1b 21 BLUE/RED
F 10 MHz SGOb 21 BLUE/BROWN
G 10 MHz SGOb 19 BROWN
G 500 divs SG1b 19 BLACK/RED
G 32 MHz SGOf 22 BLACK/ORANGE
H 32 MHz SGOf 20 GREY/ORANGE
H 500 divs SG1b 17 GREY/RED
H 72 MHz SGOb 17 GREY/BROWN
Leads to the wipers
SGof 18 ORANGE
SG1b 13 RED
SGOb 13 BROWN

With the FUNCTION switch in its fully clock-
wise position, TP5 may be used to provide exter-
nal Af via a path which bypasses the tracking net-
work. The direct coupled facilities for electrical
control of the carrier amplitude and frequency are
connected to amplifiers which have a mean standing
potential of half their supply voltage. This poten-
tial therefore appears on the appropriate terminals,
TP3 and TP5, when the levelling or Af functions
are in use.

The Af/LEVELLING NEUTRAL terminal,
which carries a -6, 75 V from a low impedance, is
provided at the rear of the instrument for use when
this standing potential is an embarrassment.
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3.10 CRYSTAL CALIBRATOR
Circuit diagram—Fig. 7.8

A crystal controlled 1 MHz oscillator is used
as the standard to produce a series of harmonics
and sub-harmonics which can be compared with an
unknown radio frequency, The circuitry is divided
between two printed circuit boards. Board (§)
which is mounted inside the r.f, box, carries all
the circuits up to the mixer stage.

The 1 MHz signal follows two paths: firstly

to a limiter and then to two cascaded divide by ten
circuits that give a train of 100 kHz and 10 kHz
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pulses, secondly to a Schmitt trigger and then a
pulse shaper for harmonic generation. The output
from the pulse shaper meets that from the divider
circuits at the input to the mixer and mixes with
the r. f. from the wide band amplifier.

1 MHz standard frequency is generated by
VT1, which uses a crystal in a modified Colpitts
circuit. Trimmer capacitor C34 brings the fre-
quency exactly to 1 MHz. Output is taken via a
w filter circuit whose frequency is adjusted to
1 MHz by L1. VT2 is a common base, class C
amplifier producing a high level signal, Its output
circuit is adjusted to 1 MHz by L2. MR1 and MR2
form a limiter which clips the 1 MHz signal to give
a faster rise pulse. When the CRYSTAL CALIBRA-
TOR selector is in the 100 kHz position, the 100 kHz
storage counter operates. VT4 and VT5 are held
biased non-conducting by R11 and R13. A positive-
going pulse edge changes C14 (C15) and C16 and the
voltage developed across MR3 holds VT3 off. The
negative -going pulse edge turns on VT3 allowing
C14 (C15) to discharge, but there is no discharge
path for C16 which thereby charges up in a series
of steps as successive pulses arrive. The value of
C15 is selected to give voltage steps such that when
ten have been received the potential across C16 is
just sufficient to turn on VT4. A cumulative
switching action through the regenerative coupling
between VT4 and VT5 occurs, both transistors are
rapidly turned on and C16 is discharged. When
C16 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 MHz input, gives a 100 kHz pulse train
output.

The 10 kHz storage counter operates in an
exactly similar manner with C22 being charged in
steps through C18 (C19) and MR5, and being
discharged every tenth step through VT7 and VTS8.
By feeding a small part of the 100 kHz signal via
C21 and R14 forward to the 10 kHz counter, the
switching points of the counter are brought into
exact synchronism.

A second output from the crystal oscillator,
taken via C25, feeds the Schmitt trigger VT9 and
VT10, which produces a sharp edged pulse to
drive VT11l. VT11 operates in the class C mode
and conducts for part of the positive-going half of
the input waveform. L3 resonates with stray
capacitance at 50 MHz and tries to ring at this
frequency whenever VT11 conducts. MR7 damps
this so that only one negative-going half cycle is
produced. The output from VT11 thus consists of
a train of 10 ns pulses at a 1 MHz repetition rate
and contains a spectrum of 1 MHz harmonics of
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approximately equal amplitude throughout the
range of the signal generator.

The r.f. carrier from the wideband amplifier
is fed via VT13, acting as a buffer stage, to the
emitter of VT12, Mixing takes place in VT12
between the r.f. carrier and the 1 MHz, 100 kHz
and 10 kHz pulse trains fed to the base. Audio
frequency beat note signals are fed from the collec-
tor of VT12 via SA2 to the crystal calibrator
amplifier, which is carried on board (5)

In the 1 kHz (filter) position of the CRYSTAL
CALIBRATOR selector SA2 routes the a.f. signal
via a 1 kHz band-stop filter consisting of C9, C10
and L1, VT1, VT2 and VT3 are a conventional
a.f. amplifier chain to bring the beat note up to a
suitable level to drive headphones on the loud-
speaker LS1. The frequency response of the
crystal calibrator a.f. system is limited to
1.5 kHz by the filter on boards @ and and by
C6 in the collector circuit of VT2. The CRYSTAL
CAL LEVEL control is a potentiometer ORV8
interposed between VT1 and VT2. Its configuration
has been chosen to ensure that VT2 is always fed
from a high source impedance.

In the OFF position of the CRYSTAL CALI-
BRATOR selector OC2 is effectively connected
between collector and base of VT1 to reduce its
gain, by negative feedback, and prevent unwanted
audio frequencies being heard.

311 ATTENUATORS

Circuit diagram—Fig. 7.9

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

Both attenuators are of similar construction
and operation. The pad sections consist of resis-
tive 7 networks with a characteristic impedance of
50 2. The body is divided into compartments to
achieve maximum shielding between pad sections.
Pads are brought into circuit by micro-switches
housed inside the screened compartments and
operated in pairs by leaf springs which are them-
selves actuated by cams on the control spindles.

To avoid spurious voltages being developed as
a result of current flowing in the multiple earth
paths, the interconnection between the r.f. box,
the attenuators and the front panel, is done with
special coaxial cable with a copper tube outer.
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3.412 R.F. UNIT FILTERS
Circuit diagram—Fig. 7.10

All leads entering and leaving the r.f. unit
are filtered by components carried on boards @
and . These filters are all basically low-pass
m-section types, with half sections on board@
and full sections on board(8). An additional
section is switched into the amplitude modulation
drive filter by SG11 to give a lower cut-off fre-
quency at the lower carrier frequency ranges.

3.13 POWER SUPPLIES
Circuit diagram—Fig. 7.11

Three stabilizer circuits are employed; the
principal stabilizer comprising components
mounted on and closely associated with board (1).
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 - 130 V respectively. MR3 and MR4
constitute a full wave rectifier circuit.
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If a d.c. supply is used it is fed to the input
to the stabilizer via MR2, which gives protection
from incorrect polarity.

OVT1 is the series control transistor and
Zener diode MR1 provides the reference voltage
for comparison with the base voltage or VT2,
Error signals from VT2 are amplified by VT1
and passed to the base of 0VT1.

For the oscillators, crystal calibrator buffer,
frequency modulation and Af drive circuits, an
additional -13. 5 V stabilizer is provided, The
components are carried on board @ Error
signals developed between the base and emitter of
VT3 are amplified by VT2 and fed to the base of
the series control transistor VT1.

To ensure a low temperature coefficient of
voltage on the -13.5 V rail, a compensating bridge,
comprising of thermistor TH1, R5; R6, RV2 is fitted.

As previously mentioned, the direct coupled
amplifiers in the f.m. and Af drive circuit
require a low impedance ~6.75 V neutral line, this
requirement is met by the stabilizer using VT4,
VT5 and VT6.
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Chapter

4

Maintenance

41 INTRODUCTION

This chapter contains information for keeping
the equipment in good working order and for check-
ing its overall performance.

Before attempting any maintenance on the
signal generator, you are advised to read the pre-
ceding Technical Description chapter.

CAUTION

This instrument uses semiconductor devices
which, although having inherent long term
reliability and mechanical ruggedness, are
susceptible todamage by overloading, rever-
sed polarity and excessive heat or radiation.
Avoid hazards suchas reversal of batteries,
prolonged soldering, strong r.f. fields or
other forms of radiation, use of insulation
testers or accidentally applied short cir-
cuits. Even the leakage current from an
unearthed soldering iron could cause trouble.
Before shorting or breaking any circuit, refer
to the circuit diagrams to establish the effect
on bias arrangements of the transistors.

4.2 SCREW FASTENERS

Screw threads used on this instrument are
of the following sizes: 2BA, 4BA, 6BA, 8BA and
3/8 BSW.

Cruciform headed screws are of the Phillips
Pozidriv pattern; to avoid damaging them a Pozi-
driv screwdriver should be used.

43 REMOVAL OF CASE

To remove the outer case of the instrument
extract the four coin-slotted 2BA screws at the
rear and slide the instrument forward out of the
case. With the case off, the following boards are
accessible, (), @. @, ®. &, ; for the
location of these boards and other components see
Fig. 4.1 and Fig. 4.2.
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44 LOCATION OF SUB ASSEMBLIES
AND COMPONENTS

Removal of the r.f. unit

Extract the eight 2BA screws (four on each
side) that secure the screening case of the r. f.
unit on the side frames of the main chassis. Dis-
connect the 18-way plug and socket on the top cross-
member of the chassis, and disconnect the two snap-
on BNC plugs and sockets on the front bulkhead of
the r.f. unit. The unit can then be removed by
sliding it out of the back of the instrument, taking
care not to foul the interconnecting cable.

With r.f. unit removed, switch wafers SGO
and SG1, the tracking assembly including the poten-
tiometer RV9 and board are accessible. If it
is wanted, for test purposes, to operate the instru-
ment with the r.f. unit removed 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 SKT10.

To remove the r.f. unit cover, unscrew the
two hexagon socket cap screws at the back of the
unit and slide the cover off rearwards. A hexagon
wrench to fit these screws is clipped to the top
cross-rail of the chassis.

Boards (8), (?) and(8): These boards are
located at the rear of the r.f. unit; to reach them
unscrew the two 6BA screws that secure the rear
cover plate and lift it off.

Boards (33 and () : These boards are,
together with sections 2 to 10 of switch SG, mounted
between the oscillators and the output filters.
Extract the six 6BA screws holding the upper cen-
tral 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 FS1.

To make measurements or tests on board
@ it must be removed. Do this as follows:

(a)  Turn the range switch to A.

(b)  Slacken the 6BA screws in the switch blade
plastic coupling pieces on either side of switch
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SAB ORVIA & B SC

0T1 0C1
Fig. 4.1

sections SG9 and SG10 until the coupling pieces
slide off the blade.

(c) With the r.{. unit right way up, extract the
two 6BA screws that secure the support brackets
to the top edge of board (23) .

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

The board may now be pulled out through the
bottom of the r.I. unit. There is sufficient length
of lead to allow the board to be pulled clear of the
surrounding metalwork.

Oscillators and output filters; boards @ Lo
: These boards are contained. in pairs, in
cast boxes bolted on either side of the r.f. unit;
oscillators on the left and output {ilters on the
right. See I'igs. 4.3 and 4.4. Access to the
component side of each hoard may be obtained by
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SAC

ORVS

ORVT

PL6

PL3

Top view with r.f. unit removed

removing the cover plate (secured by three 4BA
screws) on the outside face of the appropriate box.
To get at the print side of a board remove the 6BA
screw and two 8BA 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 Posidriv screws).

(b) Slacken the hexagon socket screws securing
the atlenuator knobs and pull them of[.

(©) Remove the four Posidriv screws securing
the attenuator box, two under each dial.

() Disconnect the snap on BNC plugs and sockets
at the rear of the attenuator. The nut securing the

2002A8 (D



50 2 output socket on the front panel should be
loosened to avoid bending the copper output cable.

(e) Remove cleat securing counter output cable.

163 If the r.f{. unit has already been removed
from the chassis, the attenuator unit will be freed
by extracting the two 4BA screws at each end that
secure the bottom cross rail of the chassis.

To open the attenuator unit:
(a) Slacken the four 6BA screws in slots at the
rear of the side of the attenuator unit, and pull off

rear Cover.

(b) Remove the six 4BA recessed Posidriv
screws from the front of the attenuator unit and

lift the coarse and fine attenuators out of the case.

(c) Access to the individual attenuator compo-
nents can be obtained by removing the twenty 6BA

TP5 SAD ORV7 ORV6 @ ORV3

FS2

Maintenance

screws that secure the rectangular cover plate of
each attenuator.

45 CIRCUIT VOLTAGES

The voltages given on the circuit diagrams
are those which may be expected on a typical
TF 2002AS at a mains input of 240 V, using a
20 k2/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 the range corresponding

board (9) to to the board
board @ G
all other boards A

Pl PL7 SE

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

2002AS (1)
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FREQUENCY

CARRIER LEVEL
all boards except

hoard

ATTENUATORS

CRYSTAL CAL
selector

CRYSTAL CAL LEVEL
control

500 on logging scale

SET
RANGE H for 100% A. M.

90 dBpV

10 kHz

fully counter-clockwise

ORV9

FUNCTION switch

INCREMENTAL
FREQUENCY control

Af RANGE
F.M. RANGE
SET ZERO control
SET FINE CAL

MODULATION

INT. A.M.

scale centre zero
POS 3

POS 3

mid travel

mid travel

100 Hz, internal, 80%

For Service Manuals Contact
MAURITRON TECHN!CAL SERVICES
8 Cherry Tree Rd. Chinnor
Oxon OX9 4QY

Email:- enguiries@mauritron.co.uk

@ Tel:- 01844-351694 Fax:- 01844-352554
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Fig. 4.3 R.F. unit with covers removed—top
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Fig. 4.5 Component layout —crystal calibrator, board §

25TS1 Fig. 4.4 R.F. unit with covers removed—bottom
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4.6 WAVEFORMS

The waveforms for boards 25 and 26 were
taken on a typical TF 2002AS using a mi Oscil-
loscope type TF 2200A. For board 6, an oscii-
loscope with a vertical amplifier having a rise
time of 2.2 ns fed by a x10 probe (10 M2, 7 pF)
was used. Unless otherwise stated the measure-
ment was made between the point indicated and
earth.

LlOO pS—JL3.3 1S

Fig. 4.9 TP4, crystal calibrator selector at 10 kHz

Crystal calibrator—board @

'\-\M-N-‘\Mh- m.lm‘\_ :
L5V .;ii:ri.'lefm:

L_loo ,,J.SJ

Fig. 4.6 TP1, crystal calibrator selector at 1 MHz Fig. 4.10 VT12 base, crystal calibrator selector gt 10 kHz

L—lp,s—J LlHSJ

Fig. 4.7 TP2, crystal calibrator selector at 1 MHz fig. 4.11  VT11 base, crystal calibrator selector at 1 MHz

7 ns

Fig. 4.8 TP3, crystal calibrator selector at 100 kHz Fig. 4.12  Across L3, crystal calibrator selector at 1 MHz
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Wide band amplifier——board @

"—1 HS-’I

Fig. 4.13 VT7 base, carrier frequency
1 MHz, no moduiation

Fig. 4.14 VT7. base carrier frequency
1 MHz, 100", modulation at 400 Hz

L—-Z. 5 1115~>,

Fig. 4.15 VT7 collector,
carrier frequency 1 MHz

4.7 CLEANING ROTARY SWITCHES

It it is necessary to clean the contacts of any
rotary switches. this should be done with benzine

2002AS (1u)
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A.L.C. and envelope feedback—board

ko1 s+

Fig. 4.16 Junction R30 and MR3, carrier frequency
1 MHz, carrier level meter set to 0 dB

.lps—’l

Fig 4.17 Junction R31 and MR4, carrier frequency
1 MHz, carrier level meter set to 0 dB

=1

bt s

Fig. 4.18 VT3 collector, carrier frequency 1 MHz,
carrier level meter set to 0 dB

or white spirit (not carbon tetrachloride) und the
contacts should afterwards be wiped with a suitable
lubricant such as a 17 solution of petroleum jelly
in white spirit. Avoid lubricants containing soap
or solid materials.
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51 GENERAL

This chapter is intended to help users to
fault find, carry out internal checks. make minor
adjustments and realign circuits; use in conjunction
with the circuit diagrams at the rear of this manual.
Performance limits quoted are for guidance only
and should not be taken as guaranteed performance
specifications unless they are also quoted in the
Data Summary chapter. Details of case removal
and access to printed boards are explained in
Chapter 4.

CAUTION

See Sect. 4.1 for precautions in handling
semiconductors and Sect. 4.2 for advice
on screw fasteners.

In case of any difficulty, please write to or
phone the Marconi Instruments Service Division
(see address on back cover) or nearest represen-
tative, quoting the type and serial number on the
data plate at the rear of the instrument. If the
instrument is being returned for repair, please
indicate clearly the nature of the fault or the work
you reqguire to be done.

52 FAULT LOCATION

In this section five fault finding charts are
given which should enable the user to systematically
trace a fault to any one particular part of the
instrument. The charts should be used in conjunc-
tion with the circuit diagrams, static voltages given
on the diagrams and test gear listed below.

Test gear required

a Oscilloscope - general purpose - TF 22004,
TF 2201, TF 2210.

b Avometer - 20000 2/V - Model 8,

5.3 PRESET CONTROLS

Power supplies

(a)  Connect a voltmeter between tag 3 of board@
and earth, with positive to earth. Apply a nominal

a.c. input (230/115 V), and adjust 1RV2 until the
meter reads 15V £0.15 V,

2002AS (1a)

(b) Connect a differential voltmeter such as mi
TF 2606 between tag 3 of board @ and earth). Apply
the nrains input via a rotary auto-transformer and
swing the voltage from 190 - 260 V. Note the vari-
ation of the voltage at tag 3; if this exceeds 20 mV
adjust 1RV1 and repeat the test until minimum
variation is obtained.

Adjustment of 1RV1 has some interaction on
the setting of 1RV2 and, if a substantial alteration
has been made, recheck procedure (a) above.

(c)  Connect a voltmeter between tag 17 of board@
and earth, with positive to earth. Adjust 4RV1

until the voltmeter reads 13.5 V 2100 mV.

Amplitude modulation

(a) Turn the MODULATION FREQUENCY control
fully clockwise. Adjust 2RV1 so that it is just
sufficiently advanced for oscillator to start when

the MODULATION selector is turned from the

range 2 kHz - 6.3 kHz to the range 6.3 kHz - 20 kHz.

To adjust 2RV3, 2RV1 should be set up, as
above.

Connect a distortion factor meter such as
mi TF 2351 between tag 9 on board (@) and earth.
Tune the modulation oscillator to about 400 Hz and
adjust 2RV3 for minimum distortion. If a large
adjustment to.2RV3 has to be made, the setting of
2R V1 should be rechecked.

(b) Connect a frequency meter, such as mi
counter type TF 2401 or TF 1417 series, to the
output of the a.f. oscillator tag 9 of board @

Set the MODULATION selector to the frequency
range 200 Hz - 630 Hz and adjust the MODULATION
FREQUENCY control, 0RV1, until the frequency is
200 Hz. Slacken the set screws securing the scale
to the spindle of 0RV1 and tune the scale until the
cursor is at the 20 mark. Tighten the set screws
and advance the MODULATION FREQUENCY con-
trol so that the dial reads 63. Adjust 2RV2 so
that the frequency is 630 Hz. Recheck the setting
of the scale at 200 Hz.

(©) Tune the signal generator to 1 MHz, range
E and set the modulation controls to give internal

modulation at 400 Hz. Connect an oscilloscope,

Continued on page 47 }
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Repair and alignment

Operation of i

nstrument

is unaatisfactory.

Is the front panel

output, level,

control

and a.l.c. operating

correctly?
1
1
NO
Is the reading on Is the faufz common
the carrier meter to all ranges?
correct? l
| vis NO
YEIS N|O Is the counter
output correct?
Proceed to a. m. , Is the error large Is the counter output
xtal cal, Afand or smail? correct on the faulty
f.m. | YES NO range?
| ——]
’ Is the signal at 15 the signal
Small, not Large and/or SKT10 correct? on 5G2F/2? NO
intermittent erralic 1 |
| | [ 1 Check if the specific
. YES NO YES NO osacillator output is
Reset Disconnect leads from I { correct
ORV4. pins 11 and 12 on board @ Is the fuse Check that any :
connect a 250 uA Avometer Suspecl on the r.f. Fault in the  oscillator output
across pins 11/12. attenuators. amplifier unbalanced  is correct when j
defective? amplifier output lead is YES NO
circuil. disconnected and | |
Does the Avometer YES replaced by a 50 Check Check if the
read 0-100 pA with | resistor SG2F. oscillator h. t.
carrier level variation. Replace fuse P is correct.
' 25FSl1. l ‘i
I YES No YES NO
YES NO NO Check switch Check that the |
| | | T S | e e
Check continuity and Fault condition 1. Switch instrument off. Trect: on oscillator. switch SZ or SG4F.
insulation of filters on board @ 2. Substitute 100 mA Avometer
on boards (7) and (&) for the r.f. fuse. YfS
and meter circuitry. 3. gfn"‘l”;: Cé.:{r;eaémm Check that SG2F/2 1
4. Remove screened lead or pin 2, board @ YES
X is not short circuit
only from pin 13. to earth
5. Insert variable resistor ° Check as follows, if.
(1 kf2) between the leads NO (1) No {ront panel output
from pins 1 and 13. l on ranges A and B only:
6. Switch instrument on. Check that the 15 Vv Suspect board @ - @
] h.t. is correct. {2) No front panel output on
ranges A. B C and D only
Can the Avometer be set to T Suspect output of wideband amplifier
approx. 40 mA by adjusting Y,ES (SG9F., SGL10F and 25T3)
the variable resistor? Fault in the Suspect SGTF and assoc. wiring.
T 1 13 5 V stabilizer (3) No front panel output on ranges
YES NO board 8 boards E. F, G and H only-
1 @ or or micro Suspect output of wideband amplifier
Is the front panel Fault on board (@ switch 52. NO (SC9F, SGI10F and 25T4)
output now correct? Suspect SG8F and assoc.wiring.
{ 1 Fault in the 15 V {4) No {ront panel output on any one range
YES NO power unit on the Suspect appropriate signal path.
! | chassis and on r [ filter , assoc. wiring and/or
Is the d.c. voltage Fault on board @) board (7). switching,
on pin 2 board @) check SG6F/2
correct? feed to pin 9 board @
and pin 7 board @) to
SKTI0.
! 1
Y?S NO
Fault on board () 1
Is the d.c. voltage on
pin 5 board @ correct?
' i
YI|-:S, NO
Fault on |

Fig. 5.1

4

board (3)

Is the d.c. voltage
on pin 17 board @

YES
|

Fault on

board (7)

Fault location in the c.w. signal path

correct?
|

N|O
Is the d.c. voltuge on
pin 7 board @correcl?
— ]

T
YES

[

|
heck

wiring.

1
NO
|
Fault on board @
carrier potentiometer
or assoc, switch wiring.

2002AS (l1a)



Is the xtal

cal operation

satisfactory?
]

I
YES

Proceed with
a.f. and {.m.
checks.

Repair and alignment

If the 1 kHz [ilter
is inaccurate, suspect
board (3) or SAZB/F.

If the division ratio
between cal marker
pips is incorrect,
realign board @

N|O
If the fault is If the fault is common
not common to to all cal marker pips.
all cal marker has the c. w. been checked?
pips, suspect
board (§) and/or
h.t. supplies.
1
YES NO
| |
Check c. w.

If the speaker does not work,
are the earphones working
correctly?

!
YES
I
Faulty speaker
or assoc. wiring,

<
NIO
Are there any

cal pulses on
pin 1 board @?
]

r
YES
I

Is the h.t. correct
on pin 17 board@?

1
NO

1
Is there any
cal signal on

see Fig. 5.1.

contact 1 of SA2B?
|

1
[ ] [ i
YES NO NIO YES
Fault on board Faulton 15V Are there any Fault on SA2B
b® or W'[‘)’"‘Gd h.t. line. cal pulses on and/or wiring
etween boar i
in 4 board ? to bourd (§).
(® and PL4. s 1 ® ®
NO YES

Disconnect lead {3 there any

pin 4 board (© r.f.onpin$

and check for board @7

continuity and

insulation to |

pin 1 board @

|
YIES NO
Repair open or If correct, is there any Fault on feed
short circuit. is the h.t. on signal on pin 3 from pin 4
pins 1, 2, 3 board @? bourd @ . or

and 7 correct?

l

NO

Fault on h. t.
supply filters,
wiring, or
switch SALF.

2002AS (1)

YES

Fault condition
on board @

R1, R2, R3 on

board @) .

YES
Is there any signal
on pin 7 board @?

NO

Fault condition
on board @

YES
Fault on PL1/
SKT3 or assoc.
cable form.

Fig. 5.2 Fault location in the crystal calibrator circuits

NO

Fault condition

on board @

43



Repair and alignment

1s the amplitude
modulation operating

correctly ?
|
I ]
YES NO
| 1
1s the a.m. Which functions
monitoring are faulty?
correctly ?
YES N|O NIO
Proceed to If the error is large If the error is INTernal INTernal only. EXTernal only.
xtal cal, Af and/or intermittent, small and not and
and . m. checks. is there any modulation intermittent, EXTernal.
signal on pin 13 board ({)?  reset 3RV3.
I8 the c. w. 1s the fault Check switch
correct? common to all SB and wiring.
mod osc ranges?
NO YES
Suspect Is the mod YES NO YES NO
faulty wiring. signal on pin 5 I |
board @ approx. Is the signal on Check c. w. Suspect fault on Suspect fault on
x5 larger than pin 9 board (3) see Fig.5.1. SC1B/F. RV1, wiring.  SC1B/F, RV1.
on pin 13? - correct? SB. SAB or board@) wiring and appro-
| N priate capacitors
\ on board (@) -
Typically 500 mV a.c.
6.4 Vd.c.
Instrument set on
Range E 1 MHz 80%
NO YES moati i YES NO
| 1
Disconnect the leads 1s there any | g .
from pin 5 board @ gignal on : ls: U;ea ilgam; on isn L:; sllxgnal is/;h:o;r:‘oeciloz::‘
Is the signal now pin § board@ ? pin -
2 " 2
correct on pin 57 L—_ — (@ correct? bc?ard (3 correct pin 9 board (3)?
with instrument set
on Range E at 1 MHz
and 80% a.m. at
1 kHz?
YlES (Typically 840 mV a.c.)
NO YES NO
I Disconnect leads NO YES
' on pins 6, 7,
Fault on Reconnect the leads

board (1)

to pin 5 board @
Disconnect leads to
pin 5 board@. Is
the output of board @
now correct?

NO

board (3). Connect
an Avometer (250 pA)
across pins 6 - 7.
Does the Avometer
read 0/100 pA or more
with adjustment of the
MOD LEVEL control?

Fault on wiring.

—

NO YES

Fault on board (3) Fault on
suspect peak
detector input
impedance. Check

-6.75 V line.

Fault on wiring
or switching.
detector.

Fig. 5.3 Fault location in the a.
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suspect peak

YES

board 3  Fault on SB3B,

wiring or M2, a.m.

carrier level
potentiometer, ORV3.

m. circuitry

Fault on ORV2,
S132D or wiring

Fault on board

@. @ or wiring.

Check PLI/SKT3.

Fault on board @

YES

Recheck c. w.
on lower ranges.

—]

YES N

1s the signal on
the slider of
O0RV2 correct?

driver or

—

NO YES

Fault on SB2F
or wiring.

to pin 13 bo:n'd@,

Disconnect lead on
pin 9 board(3). Is
the output now
correct?

NO YES

Check SAB. SB2B/F
and assoc¢. wiring
for short circuit.

Check SB2B/F
and/or assoc.
wiring.

Is the h.t. onpin 7
board (3) correct?

]

NO YES
Fault on Fault on
h.t. line. board (3).

2002AS (1)



Repair and alignment

Having checked the c. w. and
crystal calibrator, does the
Af dial function on all
ranges (C to H) when checked
against the crystal calibrator?
1

I |
YES No

Are the Al dial calibratjon Is this common to

points within £15% when the all ranges?
SET ZERO and FM/ A( FINE '
CAL controls are in the central l j
position? YES NIO
| |
r
YES Is the -6.75 V supply Check board (9 wiring and
! i . 5G1. SG3 and
i i rect” correct on pin 6, swilches SGO, SG1.
Is the lmearln.y correct? bonrd@ a2 the modulation oscillator of the
1 range concerned.
N‘O
Proceed to f.m. check. Check SG1F, PL1/SKT3

leads to pin 8 or pin 21
on board @; or check
the modulator.

r— Y%S NO
|
|
|
|
|
|

Disconnect the lead {rom Suspect fault on board (3),

pin 4 on board@

Measure the voltage on

pin 4 with Hi-Z d.¢. volt-
meter. The voltage with
the Af dial in the centre
position should be -6.75 V.
20.1 V. Swing the dial to
«5and -5 on the Af scale
and note that the change in
reading should be £3.5 V

NIO
|

This may be due to a fault in:
(i ! ca rier Irequercy trac ing
network around board () to determine.
try different frequenc.es on the same range.
{ii) The ind: 1dual modulator/oscillator;
to determine try othei ranges.
(iii) A general circui: fault, this being

h e o —— —
the case, proceed as follows: (#1%). s this correct?
YES NO
I
Check the resistance between pin 4 Fault on board @
and pin 17. This should be 5 k2 +1%. ORV6 or wiring.
Is this correct?
| I
! ]
YES NIO

, Reudjust 4RVG for 5 k2.
Replace the lead on pin 4, board (3). Set the
Af attenuator to positiv 3. Check if the
voltage swing on pin 4, board (4) is the same
as on the slider of 0RV?, Is this correct?

l |

YES NIO
Check if the voltage on pin 18, board @ Check wiring, SAC, SAD for a
varies (less than before) with rotation of the possible open or short circuit.

4 f dial. Is this correct?

YES NIO
Check the voltage variation on pin 19 Investigate the following path for loss of
board @is approx. 6 times larger. signal: ORV7, PL1/SKT3, board @
1s this correct? flying leads to SGO and SG1, SGOF, SGIB,

SGOB, 0RVY, SB4D and interconnecting
wiring for open or short circuit.

[ |
YES Nlo
Investigate the following path for loss of Fault on board @
signal: PL1/SKT3. 0R18, SG1F, 0C13,
board (7). 0C23, board (¥). SG3F and all
associated wiring,

Fig. 5.4 Fault location in the Af circuitry
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Repair and alignment

Can the {. m.

Having checked the A [ dial,
does the frequency modulation
operate correctly ?

—
YES
be standardized

accurately against the Af system?
{Cneck at 1 kHz mod frequency with
a standardized deviation monitor.)

YTS
s the accuracy maintained
over the modulation fre-
quency range?

1
NO

It is now necessary
to check the equality
of the A f and {.m.
source voliages.

YES

Is the demodulated distortion
within himits? (See Sect.:.2.)

Suspect the frequency response of
the low pass filter between pin 19
board (3) and pin 20 beard @; or

NO

-1
NO

Which functions
are faulty?

|

INTernal only.

Check the modulation oscillator
as per 'INTernal only' on AM
fault finding chart Fig. 5.3.

I |
INTernal and EXTernal only.
EXTernpal.

Does the modulation Check switch

signal reach pin 13 SB1B/SB2B
board @ (with the and associated
MOD LEVEL control wiring.

fully clockwise)?

|

YES

NO

the individual modufator. (The
response of the complete f. m. path
- {from EXT FM terminal to pin 4
of the appropriate oscillator

Suspect SB2B
ORV, SB2F and

Is the mod signal
on pin 5 board @

wiring to pin 13

YES
F. M. operation
should now be
satisfactory.

N|0
Suspect SG1F, PL1/SKT3
leads to pin 8 or pin 21 on board
(®. Board (3) itself or the

should be flat, 0.2 dB.)

and approx. 5 times
larger than that on
pin 13 board (3)?

|
YI‘ES Zlo

| |

Does the modulation
signal reach the
slider of ORV7?

Disconnect the lead from pin 4

board (3). set the Af dial to

centre zero. Using a high
impedance d. ¢. volimeter, measure
the voltage at pins 4, 5 and 6. These
voltages should be equal and -6.75 V

individual modulator. 0.1 V.,

Is this correct?

YES

Connect the voltmeter to
pin 4 board @ and check
that the £5 full scale
swing of the af dial
changes the reading by
exactly 3.5 V on either

side of the zero. Is
this correct?

NO

Reset the appropriate
circuit after checking
for a possible fault.

l

YES

]

NO

Reset 4RVS and

Disconnect the leads
from pin 5, board@.
1s the signal now on
Pin 5.. board (1)?

YES NO YES

Disconnect the leads
from pin 5 board @
and reconnect the
leads to pin 5 board

Is the output of
board @ now correct?

if the 4f has been
checked satisfactorily,
the f. m. should now
function.

Suspect SB3F,
ORS5, SADLF,
SAD2B and

Reconnect lead onto pin 4,
Connect an accurate a.c.
voltmeter to pin 5 board @
Apply 1 kHz of internal mod.
Check that the a.c. output

is exactly 2.47 Vr.m.s:

{7 V p-p) when the modulation
meter reads f.s.d. (5 kHz).
Is this correct?

4RV8. Then assoc. wiring.
reconnect the

lead onto pin 4.

[o]

R
|

Fault on board @

For Service Manuals Contact YES
MAURITRON TECHKICAL SERVICES |
8 Cherry Tree Rd, Chinnor Fault on board (3) suspect
Oxon OX9 4QY the peak deteclor input

YES

The Af swing and f.m. al
1 kHz mod [requency should
align exactly.

46

Tel:- 01844-351694 Fax:- 01844-352554 impedance.
Email:- enquities@mauritron.co.uk

NO

If the error s large,
suspect a defect on
board (3) or the
modulation signal;
otherwise udjust
JRV2 for [.s.d. on
the meter.

1
NO

Fault on wiring
or switch SB.

Fig. 5.5 Fault location in the f.m circuitry
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such as mt 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 formula:

D max - D min

M (%) = X100,

D max + D min

where D max is the peak-to-peak amplitude and

D min the trough-to-trough amplitude of the oscil-
loscope display. Finally adjust 3RV1 until the
MODULATION meter indicates 50%.

NOTE: If it is suspected that the a.l.c¢. and
envelope feedback circuits are out of adjustment,
complete the checks given in the preceding section
before adjusting 3RV1.

(d) Connect a differential voltmeter such as mf
TF 2606 between tag 17 of board @ and earth.
Place the whole instrument in a constant tempera-
ture enclosure and raise its temperature from 20
to 55 °C. Note the voltage variation at tag 17 over
this temperature range: if this exceeds 4 mV,
4RV2 must be adjusted.

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

Check that the absolute value of the voltage
is still 13.5 V 100 mV.

Finally using a suitable d.c. voltmeter (Avo
8), adjust 4RV3 until -6.75 V appears on the
Af/LEVELLING NEUTRAL terminal at the rear
of the instrument.

Connect an audio oscillator, e.g. a mi TF 1101,

via a 10 k2 resistor and a 1 pF capacitor, to the

Af/LEVELLING NEUTRAL terminal at the rear
of the TF 2002AS. Set the oscillator to provide a
10 V 1 kHz signal.

Connect a millivoltmeter, such as a m{
TF 2600, across the Af/LEVELLING NEUTRAL
terminal and earth. See Fig. 5.6. Adjust 4RV4
for a reading of less than 0.5 mV on the millivolt-
meter. The impedance cancellation or neutra-
lization has now been adjusted on the -6. 75 V line.

2002A8S (1a)
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TF not
R-C QSCILLATOR

TF 2600
SENSITIVE VALVE VOLTMETER
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0¥ tkH2z 0k ":IF S8V UNE o
&t LEVELLING
NEUTRAL
—0
Fig. 5.6 Impedance cancellation of the —6.75 V line

R.F. ascillators

To check and adjust the frequency accuracy
of the r.f, oscillators connect a frequency meter,
preferably a counter such as mt type TF 2401 or
TF 1417 series together with TF 2400 range exten-
sion unit, to-the COUNTER QUTPUT socket.

Tune the generator to the high frequency end
of each range, in turn, and adjust the preset induc-
tor of the appropriate oscillator to bring the oscil-
lator frequency to the scale reading. After adjust-
ing the high frequency end of a range, retune to the
low frequency end, and check that the oscillator
frequency is within 1% of the scale calibration. To
adjust the scale coverage at this end alter the value

of C5 on boards @, , @ , @ or C6 onboards
. @ B, , by a small amount.

A.L.C. and envelope feedback circuit

For all adjustments in this section, tune the
generator to 1 MHz on range E.

(2) To make a preliminary setting up of 26RV1,
connect a voltmeter between TP6 and TP7. With
the CARRIER LEVEL control fully counter clock-
wise, adjust 26RV1 for zero reading on the volt-

meter.

(b) Connect an oscilloscope, such as mITF 2200,
between tag 7 of board (26) and earth. The oscil-
loscope should be set to its most sensitive Y ampli-
fier 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 about15mV.
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() Connect an accurate r.{. voltmeter across
the r.f. output socket terminated with a 50 Q load.
Advance the CARRIER LEVEL control until the
voltmeter reads 1 V. Adjust ORV4 until the CAR-
RIER LEVEL meter reads exactly 1 V.

(dy  Set the generator up to give a signal modu-
lated at 1 kHz by the internal oscillator. View the
modulated waveform on an oscilloscope, such as
mi type TF 2200, connected to pin 7 of board @
and earth. With the CARRIER LEVEL meter
reading 1 V, adjust the MODULATION DEPTH
control until the waveform is seen to be modulated
to 100%. Reduce the CARRIER LEVEL meter
reading to 0.5 V by means of the CARRIER LEVEL
control. If the modulation depth has changed,
restore it to 100% by adjusting 26RV1. Bring the
carrier level to 1 V again and reset the modulation
depth to 100%, if it has altered, using the modu-
lation depth control. Repeat this procedure until
there is no change of modulation depth between 1 V
and 0.5 V carrier levels.

Frequency modulation

With the instrument switched OFF, disconnect

the lead on tags 2 and 4 board @ Connect an
ohmmeter between tag 1 and the lead removed from
tag 2.

Rotate INCREMENTAL FREQUENCY dial
between +5 and -5 marks, measuring resistance at
each end of the dial range, the difference in
resistance is the track length R in ohms.

(R = approximately 2.3 k2.)

7 volts = Current A (approximately 3 mA).

R

Connect an accurate milliammeter between
tags 2 and 6. Switch the instrument ON. Adjust
4RV8 for current A (above) on the milliammeter.

Preset control 4RV7 operates to buck the
effective impedance of emitter follower VT7 to
near zero, as follows:

Set INT MOD oscillator to 20 Hz, set mod
con trol fully clockwise. In place of the above
milliammeter connect a 2. 2 k2 resistor between
tags 2 and 17. Measure the a.c. in mV from tag
2 to earth, adjust 4RV7 to minimum. Reconnect
the above milliammeter and readjust 4RV8 for
current A. Reconnect lead onto tag 2.

Turn INCREMENTAL FREQUENCY control

to centre zero. Connect a galvanometer between
tags 4 and 6 and adjust 4RV5 for zero on the galvo.
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Remove lead from tag 2 and tag 4. With an
accurate ohmmeter, (if bridge is used, such as
TF 1313, unplug generator), measure the
resistance betweens tags 4 and 17. Adjust4RV6
for 5050 2.

Adjustment of the A f Supply is now finished.

Reconnect all leads.

Reconnect the galvanometer between tags 5

and 6. Adjust 4RV9 for zero.

Presets on board (4) now adjusted.
Check all connections are re-made.

Check mechanical zero is set on MODU-
LATION meter.

Switch instrument ON.
Set FUNCTION switch to INT F. M.
Switch modulation oscillator OFF.

Adjust 3RV1 to zero MODULATION meter.

Set MODULATION OSCILLATOR to approxi-
mately 1 kHz. Connect an accurate audio volt-
meter between tag 5, board @, and earth. Adjust
SET MOD control until the voltmeter reads 2.47 V
r.m.s,

Adjust 3RV2 for a deflection of 5 kHz on
MODULATION meter.

F. M. RANGE switch on position 3.

Carrier range switch on either C, D, E or
F; (select suitable range) and adjust the MOD
LEVEL control until a conveniently large voltage,
(e.g. 0.4 V), appears on tag 18, board @ using
an audio voltmeter. Note reading on voltmeter.

Turn INCREMENTAL FREQ dial and SET
ZERO control (ORV5 and 6) to their central positions.
Connect a galvanometer between tags 19 and 12,
board (3). Adjust 3RV4 to zero the galvo. Connect
an Avo across 3RV22 and adjust 3RV6 until 1 V is
measured.

Connect the voltmeter to tag 19, and adjust
3RV5 for x6, the reading obtained in previous
check. (i.e6x0.4V = 2.4V).

Presets on board (3) now adjusted.

2002AS (1a)



Crystal calibrator

(a) 1 MHz OSCILLATOR AND AMPLIFIER.

Connect an oscilloscope, such as mi type
TF 2201, via a 10:1 probe to TP1. Set the CRY-
STAL CALIBRATOR selector to 1 MHz and adjust
L1 for maximum waveform clipping. Transfer
the oscilloscope to TP2 and adjust L2 for maximum
clipping. Connect a counter type frequency meter,
such as mi{ type TI 2401 or TF 1417 series to TP2
and adjust trimmer C34 until the frequency
indicated by the counter is exactly 1 MHz +1 Hz.

(b) STORAGE COUNTERS

It is possible to check the operation of the
100 kHz and 10 kHz storage counters without the aid
of other test apparatus.

Tune the signal generator to 100 kHz and turn
the CRYSTAL CALIBRATOR selector to 100 kHz.
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 between 99 and 101 kHz, the

counter is working correctly. If the marker point
is substantially away from 100 kHz, the counter is

2002AS8 (1b)
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dividing by 9 or 11 and a new value must be
selected for C15 so that the counter divides by 10,

A similar procedure is to be followed for the
10 kHz counter with the CRYSTAL CALIBRATOR
selector set to 10 kHz and the signal generator
tuned to 10 kHz. C19 must have a new value
selected if the division ratio is not 10,

(¢) Turn the CRYSTAL CALIBRATOR selector
to 1 kHz (filter).

Connect an accurate (1%) a.f. oscillator,
such as m{ type TF 1101 or TF 2000 via a 47 k2
series resistor between tags 5 and 11 of board@
and connect a valve voltmeter between tags 8 and
11 of board ().  With the a.f. oscillator tuned
to 1 kHz, adjust 5L1 and 5RV1 for minimum
indication on the valve voltmeter.

To avoid overload do not allow the valve
voltmeter reading to exceed 2 Vwith the CRYSTAL
CALIBRATOR LEVEL control, 0RVS8, atmaximum.

The circuit can be set up almost as well

using aural detection of the maximum rejection
point.
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Chapter

6 Replaceable parts

Introduction Ordering

Each of the printed boards and other sub- When ordsring replacement parts, address
assemblies in this instrument has been alloca- the order to our Service Division (for address
ted a unit identification number in the sequence see rear cover) or nearest Agent. Specify
C) to C) , Which wherever practicable is the following information for each part

marked upon it. The complete circuit ieferenceé required.
for a component carries its unit number as a

prefix, e.g. 6R15. Components that do not (1) Type and serial number of instrument.
form part of any sub-assembly carry the prefix
0, e.g. OR6, except those classes of component (2) Complete circuit reference.

about which no confusion is possible.
(3) Description.

For convenience in the text and on the (%) M.I. code number.
circuit diagrams, the circuit reference is
abbreviated by dropping the prefix, except If a part is not listed, state its
where there is risk of ambiguity. When function, location and description when
ordering spare parts or in any other corres-~ ordering.
pondence, be sure to quote the complete circuit
reference.

Main chassis

This section lists the components of each
unit in alpha~numerical order of the complete Circuit
circuit reference. The following abbreviations

are used:-— reference Description M.1. code
El 00, - -
c . capacitor c1 sc 1000uF +50-20% 100V 26427-121
Cer : ceramic c2 Cer O.1uF +50-25% 30V 26383~031
f,ge" : gzztmlﬁm c3 Elec 1uF +100-20% 50V 264,14,-106
JX  : jack ch Corf 0.0047uF +oo-0 350V 26372-615
L : inductor
LS : loudspeaker C5 Cer B 0.00L7uF + -0 350V  26372-615
M : meter cé Cor # 0.004L7uF + =0 350V 26372615
Mot : metal c7 Cer B 0.,0047uF +@-0 350V  26372-615
Min : minimum
MR  : semiconductor diode c8 Cer # 0.0047uF + -0 350V  26372-615
Ox  : oxide c9 Cor f# 0.0047uF + -0 350V  26372-615
PL : plug .
R : resistor c10 Cer B 0.00L7uF + -0 350V  26372-615
RV : variable resistor Cc11 Cer ﬁ 0.0047uF + -0 350V 26372-615
S : switch
SKT : socket c12 Cer @ 500pF 25% 500V 26373-609
T : transformer c13 Cer @ 500pF 25% 500V 26373-609
TE : total excursion
TH  : thermistor C1k Cor § 0.0047uF +o-0 350V  26372-615
Var : variable €15 Cor # 0.00L7uF +@-0 350V  26372-615
vT : transistor
W - wirewodnd €16 Cor B 0.004L7uF +o0-~0 350V  26372-615
X : crystal c17 Cer f 0.,00L7uF + -0 350V  26372-615
J) : feed through 8 o
+00L7uF 2-61

_l_ : value selected during test; mnominal o Cor f 0.0047uF +@-0 350V 2637 >

value shown c19 Cer f 0,004 7uF +@=0 350V  26372-615

. . . o

W ¢ resistor rating at 70 ¢ 20 Cer B 0.0047uF + -0 350V  26372-615
e ¢ resistor rating at 55 C
We* : resistor rating at AOSC c21 Cer § 0.004,7uF + -0 350V  26372-615
W*** . registor rating at 20 C c22 Cer B 500pF 25% 500V 26373609
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When ordering, prefix circuit reference with 0

Circuit
reference

c23
c2y
Cc25
€26
c27

C34
€35
c36 T
€37
€38

F51
F52

L4
L2

L3

L5
L6

L7
L8

L34

M1
M2

PL1
PL2
PL3

PL5

Description

Cer 8 500pF 25% 500V

Cer B 0.,0047uF +®-0 350V
Cer B 0.0047pF + ®-0 350V
Cer § 0,0047uF + -0 350V
Cor B 0.0047uF + =0 350V

Cor § 0.0047uF +®-0 350V
Cer 0.01uF +80-20% 100V
Cer 33pF 5% 750V

Elec 100uF +100-20% 25V
Blec 500uF +50~20% 25V

160mA, time-lag
500mA, time-~lag

Crystal cal output

Ferrite bead
Ferrite bead
Ferrite bead
Ferrite bead
Ferrite bead
Five ferrite beads

Five ferrite beads

Five ferrite beads
700

100pA
100pA

1344

18-may

Elbow BNC 'snap-on' part of
Elbow GP 500

Elbow GP 500

Elbow BNC 'snap-on' part of

M.I. code

26373609
26372-615
26372-615
26372615
26372-615

26372-615
26383-055
26321, -822
26417-158
26417-175

23411-054
23411-056

231,24 -662

14223-801
14,4.223-801
144,223-801
44,223-801
44223-801
23635-833
23635-833
23635~833

23646-103

L4572-216
44572-215

28357-548

234.35-243
43125-058
230 44~053
23440053
43126034

Circuit
reference

PL6
PL7
PL8

Rl
R2
R3

R5
R6
R7
R8
R9
R10
R
R12
R13
Rik
R15
R16
R17
R18
R19
R20
R21
R22

RVia
RViD
RV2
RV3
RVL
RV5
RV6
RVY7
RVS

RV9

Replaceable parts

Description M.1. code

Elbow BNC 'snap-onrn' part of 43125-058
3 pin mains 235423-151
Elbow BNC 'snap-on' part of 43126-035

Carbon 10k 10% 2% 24342110
Carbon 10k 10% W 2L.342-110
Carbon 1MQ 10% 37 24,342-166
Carbon 100K 10% 57 24 342435
Carbon 4.9500 1% W 2041 Byl 05
Carbon 6,111k 1% W 24135724
Carbon 9.625k0 1% W 24138734
Carbon 7.115k 1% 2 2,138-728
Carbon 24.75k 1% 2,138-785
Carbon 9.625K2 1% W 24138-734
Cerbon 6,111k 1% W 24138-724
Carbon 6,111kQ 1% W 24138-724
Carbon 9.625Kk 1% ZW 244 38=734
Carbon 7.115K0Q 1% W 2),138-728
Carbon 24,75k} 1% W 21,138-785
Carbon 9.625K 1% W 2413873,
Carbon 6,111k 1% ¥ 24138-724
Met ox 1.15k0 0.5% W 2,755-481
Met ox 27k 7o TE 3/8W 21,552-120
Carb 2200 10% W 244 3,2-058
Carb 10kQ 10% W 21,342-110
Carb 820kf 10% W 2L.342~164
WW 16Kk 2% 3W** 25874~578
WW 15k1 2% 3W** 25874,-578

2,5k, part of switch assy. SC

1k, part of switch assy. 5B

Carbon 4.7k 20% w* 25611-122
Part of switch assy. SAC

WW 2.5k 10% 3W part of LL371-247
2,2k part of switch assy, SAD

1002, part of switch assy. SA

WW 100k 5% 15we* L4,372-015

For symbols and abbreviations see introduction to this chapter

2002AS (1c¢)
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Replaceable parts

When ordering, prefix circuit reference with 0

Circuit
reference

SA

SB

SC

SD
SE
SP
SG
St
SG1
562
SG3
5G4
SG5
SG6
567
SG8
5G9
5G10
S5G11

SH

2 B g A

SN
sP
SQ

S8
ST
S0
sV
SW
sX
SY
SZ

52

Description M.1. code
Crystal Cal switch assembly
includes ORV8 L4 321-219
Function switch assembly
includes ORV3 41,325=206
Modulation switch assembly
includes ORV2 4432L-716
Supply 14,.321-4,06
Supply voltage range 23467-119
Mains/battery 234,67-116
Range switch
Wafer 44332419
Wafer 44332419
Warap 4,332-403
Wafer 44332402
Wafer 4332401
Wafer 144332404
Wafer L 332-0,03
Fafer 44332405
Wafer L4,332-406
Wafer 14.332-,07
Wafer 41,.332-4,08
Wafer 4,332-4,.09
Microswitch 234,83-131
Microswitch 23483-131
Microswitch 234,83-131
Microswitch 234,83~-131
Microswitch 23483-131
Microswitch 23483-131
Microswitch 234,83-131
Microswitch 23,83-131
Microswitch 234.83-131
Microswitch 23,83-131
Microswitch 23183131
Microswitch 23483-13
Microswitch 231,83-131
Microswitch 231,831 34
Microswitch 2383131
Microswitch 23,8%-131
Microswitch 23,83-131

part of

M.I. code

23462-258

234,62-252
4,.322-131

L 322-419

234,83-131
234,83-131
23483131
234,83-131

234.35-293
23445=21L
2344,-193
23454193
23445-214

43126-034

part of 43126-035

23445-275
2344.5-273

23235-176
23235-176
23235-176
23235-177
23235-176
23235177
23235-176
23235-176

43456-006

284,25-835

Circuit

reference Description

SAA Carrier ON-QFF switch

SAB Modulation osc. ON-OFF

SAC Af Range switch assy.
includes ORVS

SAD FM Range switch assy.
includes ORVY

SAE Microswitch

SAF Microswitch

SAG Microswitch

SAH Microswitch

SKT3 18-way

SKTY Panel jack BNC 'snap-on' 500

SKT5 GP 500

SKT6 GP 500

SKT7 Panel jack BNC 'snap-on' 50

SKT8 Bulkhead jack BNC 500

SKT9 Bulkhead Jack BNC 50Q

SKT10 Panel Jjack BNC 'snap-on' 500

SKT11  Panel jack BNC 'snap-on' 500

TP Terminal miniature

TP2 Terminal miniature

TP3 Terminal miniature

TPL Terminal miniature

TP5 Terminal miniature

TP8 Terminal miniature

TP9 Terminal miniature

TP10 Terminal miniature

T Meins

VT4 2N1534

Enob Supply

Knob Modulation level control

‘Knob Carrier level control
Knob Modulation osc.

For symbols and abbreviations see introduction to this chapter

L1442-209
L1141-503

L1142-212
41141-503
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When ordering, prefix circuit reference with 0

Circuit

reference Description

Knob, Modulation frequency
Boss and Dial for above

Knob, Frequency

Boss and Dial for above
Knob Set scale control
Knob Carrier range control
Knob Set zero control

Knob Af Range control
Knob F¥/ af Trim FS control
Knob FM Range control

Knob, Incremental frequency

Potentiometer, Boss and Dial for

above

Knob, Coarse attenuator
Boss and Dial for above

Knob, Fine attenuator
Boss and Dial for above

Knob Crystal cal selector
Knob Crystal cal level

Fuse holder for FS1
Fuse holder for FS2

Unit (1) —Power Unit, TM 7466

When ordering, prefix circuit reference with 1

c4 BElec 100uf +100-20% 50V
c2 Elec 100pF +100-20% 25V
c3 Elec 100uF +100-20% 25V
MR1 ZB7.5 Zener

MR2 1N540

MR3 1N540

MRJ, 1N540

R Carbon 2.2k 10% W

R2 WA 3,30 10% 15We**

R3 Carbon 2200 10% W

R4 Carbon 6.3k 10% W

M.l code

41141-308
L1174-017

41146-015
41174011

31141111
41145-206
L4 1 =405
L41145-231
L1144 -405
K1145-231

41141-307

4371247

L1142-301
41174-010

LA144=301
K1474-013
41145220
41144 -503

23416=191
23416191

264,17-160
26417-158
2614,17-158

28371606
28357-048
28357-048
28357-048

2,3,2-088
25133-008
21,.34.2-058
2,342-106

When ordering, prefix circuit reference with 1

Circuit

reference Description
RS Carbon 100Q 10% %
R6 Mot ox 3.9k 7% w*
R7 Met ox 2.7k 7% Sw*
R8 Met ox 75k 7% %W“
R9 Met ox 2.7k 7% 3W*
R10 Met ox 2.7k Th w*
RV Carbon 220k 20% W
RV2 Carbon 4700 20% W
VT4 ACY17

VT2 2N332)

Replaceable parts

M.l code

24342-050
24,552-096
24,552-092
24,552-132
24552-092
24552=092

25611-229
25611-246

28L.26-497
284.2,-356

Unit @ —Modulation Oscillator, TM 7467 /1

When ordering, prefix circuit reference with 2

c1 Elec 100uF +100-20% 25V
c2 Elec SuF +100-20% 70V
c3 Elec 250uF +100-20% 6V
CL Elec 100pF +100-20% 25V
c5 Elec 25uF +100-20% 35V
cé Elec 50uF +100-20% 35V
c7 Elec 100uF +100-20% 25V
c8 Elec 100pF +100-20% 25V
MR1 HG1005

MR2 7ZB6.2 Zener

MR3 HG1005

R1 Met ox 15k 7% 3w*
R2 Mot ox 5.6k 7% 2w+
R3 Carbon 12k 10% %W
RL Met ox 1.2kQ 7% 3w
R5 Carbon 10K} 10% W
R6 Carbon 1.5k 10% W

For symbols and abbreviations see introduction to this chapter
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26417-158
264,17-118
26417-162
264,17-158
26417-143
26417-153
264,17-158
264,17-158

28323-035
28371486
28323035

24,552-114
24,552-103
24342-112
24,552-082
24342-110
2434, 2-08L
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Replaceable parts

When ordering, prefix circuit reference with 2 When ordering, prefix circuit reference with 3
Circuit Circuit
reference Description M.1. code reference Description M.1. code
R7 Met ox 2.4%kQ 7% Jw* 24,552-089 MR7 1544 28357-548
R8 Carb 1k 10% W 21,3,2-080 MR8 1544 28357-5,8
RY Carb 4.7k 10% ¥ 24342-100  MRY 1544 28357-5,8
R10 Met ox 120k 7% Zw* 24552-137 MR10 1S4y 28357-548
R11 Met ox 12k0 7% 2w+ 24,552-112
R12 Carb 22k0 7% ¥ 243,2-118 _
R13 Carb 2.7K0 107 4¥ 20,31,2-092 R1 ¥et ox 11k0 7% 3/8wW+ 24,552-111
R1L Carb 2200 105 AW 2,31,2-058 R2 Met ox 18k 7% 2w+ 24,552-116
R15 Carb 6800 10% W 2,34,2-076 R Met ox L7k 7% 2w 2,552-126
R16 Met ox 5.1k 7% W 24,552-101 Rh Met ox 4.3k Th W 24552-097
R17 T Met ox 5.2k 55 1w 2,332-105 RS Met ox 2200 7% gW* 24552-058
R18 Carb L7k 10% W 21,34,2-126 R6 Met ox 3.6k Th {W 24552-095
RVA Carb 2.2k0 20% ¥ 25611018  R7 Met ox 2700 7% g 2,552-061
RV2  Carb 2.2k 20% W 25611-018 B8 Met ox 1MQ 107 ZW 2,552-166
RV3Z  Carb 1000 20% 4# 25611-002  *? Het ox 220k0 7% ZW* 2L552-143
R10 Met ox 4LTKQ 7% £we 24,552-126
VT 3CYTH 281,35-235 R11 Met ox 10MQ 10% W 24.31,2~191
— — 2835235 R12 Met ox 1MQ 10% % 21,552-166
VT3 MLOL LL522-001, R13 Met ox 33k 7% W+ 24,552-122
— HT101 281,32-735 Ri4 Carb L70KQ 10% %W 2L 34.2-152
VTS BCYTA 281,35-235 R15 Met ox 9.1k0 7% 3/84* 21,552-109
R16 Met ox 10k 7% 3W* 24552-110
R17 Met ox 10Kk 7% 3w 21,552-110
R18 Met ox 22k T% W+ 2,552-118
Unit (3) —A.M./E.M. Drive and Monitor, TM 9057 R19  let ox 1k 7% 2 21,552-080
When ordering, prefix circuit reference with 3 R20 Met ox 100k T JW* 24552-135
R21 Met ox L.7k0 7% Iwe 24,552=100
c1 Elec 100uF +100~20% 6V 261715, K22 Met ox 2200 T i 2552058
c3 Plas O.47uF 10% 250V 26512-264
CL Plas 0.47uF 10% 250V 26512-26} RV1 Carb L7k 20% W 25611-034
c5 Plas 2uF 10% 250V 26512-288 RV2 Carb L7k 20% W 25611-034
c6 T  Plas 820pF 2% 125V 26516-4,62 RV3 Carb L7k0 20% W 25611-034
c7 Cer O41uF +50-25% 30V 26383-031 RV Carb 2.2k 20% W . 25611-018
RVS Carb 10K 20% W 25611-025
MR 1844 28357-548 RV6 Carb 2.2.0 205 =V 25611-054
MR2 1544 28357-548
MR3 1544 28357-548
MR 1544 28357-548
MRS 1544 28357-548 TH1 CZ3 1.5k0 25683-644;
MR6 1544, 28357-548 TH2 CZ3 1.5k 25683644

For symbols and abbreviations see introduction to this chapter
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When ordering, prefix circuit reference with 3

Circuit

reference Description
VT1 BCY33
VT2 B5X20
VT3 28292)
VTL 2N292.
VT5 BSX20
VT6 BSX20
vy 2N3702
VT8 B3X20
VT9 283702

Unit @ —Regulated Power Supply and Monitor

Amp., TM 9056

When ordering, prefix circuit reference with 4

c1 Elec 100uF +100-20% 25V
c2 Elec 100uF +100-20% 25V
c3 Elec 25uF +100~-20% 35V
Cl Elec 100uF +100-20% 25V
c5 Elec 10uF +50-20% 35V
MR ZB7.5 5% Zener

R4 Met ox L4700 756 Zwe

R2 Met ox 4.7k} 7% 2we

R3 Met ox 2.2k} 7% EW*

R Met ox 82011 7% 2w+

RS Met ox 3300 7% LW*

R6 Met ox 3300 7% 2w+

R7 Met ox 1k 7% 3w*

R8 Met ox 7.5k 7% 2W*

R9 Met ox 12kQ 7% 2w*

R10 Met ox 4.7k 7% 2w+

R11 Met ox 5.1kQ 7% 2W*

R12 Met ox 1.5k 7% 2W*

R13 Met ox 8200 7% 3/8W
RiL Met ox 1k 7% 2W*

R15 Met ox 18kf1 7% Jw*

R16 Met ox 2k 7% 2W*

M.1. code

28434 -217
284,52-197
284.53-552
28,53-552
281,52-197
281,52-197
28,.33-4,88
281,52-197
28,33-488

26417-158
26447-158
26L17-143
26L417-158
264 14-121

28371606

21,552-069
21,552-100
24552-088
24552-078
2,552-063
24552-063
24552-080
24,552-107
24552-112
24.552-100
24,552-101
255208
24,552-078
24,552-080
24552-116
21,552-087

When ordering, prefix circuit reference with 4

Circuit
reference Description

R17 Met ox 2.2k 7% 3w+

R18 Met ox 1k 7% Jw*
R19 Met ox 3300 7% Jw*
R20 T Met ox 330 7% 3w*
R21 Met ox L.7kf) 7% owW*
R22 Mot ox 1kQ 7% ZW*
R23 Met ox 4.3k 7% 3w*
R24 Met ox 2k! 7% -g-W"'
R25 Met ox 5100 7% 2w*
R26 Met ox 1kl 7% Jw*
R27 Met ox 2200 T% 2W*
R28 Met ox 220k} 7% w*
RV4 Wi 5000 10% W

RV2 Carb 1k 20% 3w
RV3 Carb 2.2k0 20% W
RVY Carb 100Q 10% 1w
RVS Carb 4700 20% W
RV6 Carb 4700 20% W
RV7 Carb 4.7k 20% W
RV8 Carb 1000 10% 17
RV9 Carb 2200 20% iw
THA CZ3 1.5k

VT4 ACY20

VT2 25701

VT3 BCY3,

VT4 BSX20

V15 BSX20

VT6 2N3702

vT7 BSX20

VT8 2N3702

V19 2N3702

vVT10 BSX20

For symbols and abbreviations see introduction to this chapter

2002AS (1c)

Replaceable parts

M.I. code

24,552-088
21,552~080
24552063
24552-033
24552100
21,552-080
24.552-097
24,552-087
24552071
24,552-080
24,552~058
24552-143

25886-717
25611014
25611=206
25811-013
25611~010
25611010
25641-022
25811-013
25611244

25683-641,

28420717
28453488
281 3,-227
284,52-197
284,52-197
284.33-4.88
281,52-197
281,33-488
28433488
284,52-197
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Replaceable parts

Unit @ —Crystal Calibrator Amplifier, TM 7190  Unit @ —Crystal Calibrator, TM 9369

When ordering, prefix circuit reference with 5 When ordering, prefix circuit reference with 6
Circuit Circuit
reference Description M.1. code reference Description M.1. code
c1 Elec 5uF +100-20% 70V 26417-118 c1 Elec 10uF +50-20% 35V 26444-121
c2 Elec 50pF +100-20% 6V 26412-21,5 C2 T  Plas 27pF #2pF 125V 26516=108
c3 Elec 1uF +100-20% 50V 264,11,-106 3 Plas 470pF 2% 125V 26516-1,06
Ch Elec 100uF +100-20% 25V 26417-158 Ch Plas 0,0022uF 2% 125V 26516-564,
c5 Elec 1uF +100-20% 50V 26414-106 €5 Plas 470pF 2% 125V 26516-1,06
cé Plas 0,4uF 10% 250V 26582208 cé Plas 27pF *2pF 125V 26516-108
c7 Elec 250uF +100-20% 6V 26417-162
c8 Elec 25uF +100-20% 35V 2644 7-143
c9 Plas 0.047uF 3% 125V 26516=820 c7 Plas 0,0028uF 2% 125V 26516-591
c10 Plas 0.047uF 3% 125V 26516-820 c8 Paper 0.01uF 10% 200V 26174-145
c9 Cer O.1pF +50-25% 30V 26383-031
€10 Plas 180pF 2% 125V 26516-303
L1 285rH 44273607 C11 Cer 0,01uF +80-20% 100V 26383055
€12 Plas 150pF 2% 125V 26516-287
13 Cer 22pF *0,25pF 750V 26324-715
R1 Carb L7k 10% 5w 2432126
R2 Carb 47Kk 10% W 24,34,2-126
R3 Carb 10Ki) 107 2¥ 23k2=110 ¢4, Plas B2pF *2pF 125V 26516-222
R Carb 10k 10% ¥ 23k2-110 cq5  Plas 22pF r2pF 125V 26516-088
R5 Carb 3.3% 107% i 23h2-09% 46 Plas 0,001uF 2% 125V 26516-1,81
RS Carb 1kQ 10% i 2434,2-080 47 Plas 110pF 2% 125V 26516-254
R7 Carb 4o 7k? 10% oW 24342-100 48 Plas 0,001uF 2% 125V 26516-481
R8 Carb 330k 10% ¥ 21.34,2-118 191  Plas 300pF 2% 125V 26516-387
R Carb 11 10% Zi 24:3,2-080 20 Elec 10uF +50-20% 35V 264,14-121
R10 Carb 4700 103 4w 24 342-069 c24 Cer O,1pF +50-25% 30V 26383-031
R11 Carb 22k 10% W 24342-418
R12 Met ox 3308 T 1 24552-063
c22 Plas 0,01uF 1% 125V 26516-718
RVA Carb 4.7x0 20} W 25611-022 23 Plas 220pF 5% 125V 26516-328
RV2 Carb 4L70Q 20% ¥ 25611-010 cal Elec 10uF +50-20% 35V 26414124
c25 Cer 0.01uF +80-20% 100V 26383-055
c26 Cer 22pF *t0,25pF 750V 26324,~715
VP ACY20 284,24, -747 c27 Cer 0.1uF +50-25% 30V 26383-031
vi2 23701 281,53 1,88 c28 Plas 120pF +2pF 125V 2651626,
VT3 ATY20 282, ~747 €29 Cer 0.1uF +50-25% 30V 26383-031

For symbols and abbreviations see introduction to this chapter
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Replaceable Parts

When ordering, prefix circuit reference with é When ordering, prefix circuit reference with 6

Circuit Circuit

reference Description M.1. code reference Description M.I. code

€30 Cer O.1pF +50-25% 30V 26383-031 R9 Mat ox 1000 7% 2w+ 24,552-050

c3 Cer 0.1uF +50-25% 30V 26383-031 R10 Met ox 100 7% 2w+ 24,552-020

£32 Cer 0.1uF +50-25% 30V 26383-031 R11 Mot ox 3.9k 7% 3w+ 24552-096

C33 Elec 10uF +50-20% 35V 264,14~121 Ri2 Mat ox 4,7k! 7% JW* 24,552-100

C3k Var air 3-12pF +20-0% 500V 26816~236 R13 Met ox L7000 7% Jw* 24,552-069
Rl Met ox 10 10% 2w+ 2,582-555

1 63 . 5uti Wi264=210 o Met ox 1000 7% 3w+ 21,552-050

L2 25?““ Lh266-217  pog Met ox 1000 7% 2w* 24,552-050

L3 Goil WAZ3505 17 Met ox 2200 7% 2w 24,552-058

Ly 4708 236U2-565  p4g Mot ox 4700 7% 2w 24,552-069

L5 &70uH 2362-565  p1g Met ox 3.9K) 7% Iw* 21,552-096

L6 470uH 23642-555  pog Met ox L,7k0 7% 3w 24552-100

L7 L 70pH 23642-565 ¢y Met ox 5.1k0 3% 3w+ 24,512-4,02
R22 Met ox 3300 3% 3w+ 24,512-363
R23 Met ox 1800 3% 3Iw* 24512-356
R2Y Net ox 5.1k0 3% 3W* 24512402

MRA 1N916 28336-4,66 R25 Met ox 5600 3% Jw* 24,512=372

MR2 1N916 28336-1,66

MR3 1N916 28336-466

MR 1N916 28336466

MRS 1N916 28336-466

MR6 1N916 28336-4,65 126 Mot ox 6800 3% 3w+ 24512=376

¥R7 1N946 28336466  R27 Met ox 2200 3% W 24,512-358
R28 Met ox 2.2k0 7% 3w+ 24552-088
R29 Met ox 1000 7% 2w+ 24,552-050
R30 Met ox 4700 7% 2w* 24,552-069
RM Met ox L70 TH 3w+ 24,552-037
R32 Mat ox 1K) 7% 2w* 24,552-080

R4 Met ox 24301 7% 3W 24,552-119

R2 Met ox 9,1k 7% gw* 24,552-109

R3 Met ox 2k 7% 3w+ 21,552-087

R4 Met ox 4L7Q T% 2W* 21,552-037 R33 Met ox 3.3k 7% W 21,552-091

RS Met ox 1000 7% 3w* 21,552-050 R34 Mot ox 1k 7% 2w+ 24,552-080

R6 Met ox 5600 7% 3w* 24552-072 R35 Met ox 12k 7% Jw+ 24552~112

R7 Het ox 2200 7% JW* 24,552-058 R36 Met ox 330 7% Zw* 2,552-033

R8 Met ox 100Q 7% 3w* 24552-050 R37 Met ox 1k 7% 2w+ 24,552-080

For symbols and abbreviations see introduction to this chapter

2002AS (1b) 57



Replaceable parts

When ordering, prefix circuit reference with 6

Circuit
reference

VT

VT3
VT4
V15

VT6

VT8
V19
VT10
VTi1
VT2
VT43

X4

Description

2N390L
2N3504
BSX20
2N3702
BSX20

BSX20
2N3702
BSX20
BC108
BC108
BSX20
MPS3640
BSX20

1000kHz

Unit (7) —Filters, TM 9054

When ordering, prefix circuit reference with 7

C1

c2
C3
Ch
G5

cé
c7

58

Cer 0.1uF +50-25% 30V
Cer O.1uF +50-25% 30V
Cor Oo1uF +50-25% 30V
Plas 0,047uF 10% 250V
Cer 0.1uF +50-25% 30V

Cor 0.1uF +50-257% 30V
Cor O.1uF +50-25% 30V

M.I. code

28454-786
28454-786
28,52-197
281433-488
284,52-197

284,52-197
284,.33-488
284,52-197
284,52-787
281,52-787
28452-197
284,31-766
281,52-197

28311-703

26383-031
26383-031
26383-031
26582-206
26383-031

26383-031
26383-031

When ordering, prefix circuit reference with 7

Circuit

reference Description M.1. code
c8 Coer O 1uF +50-25% 30V 26383-031
Ry Plas 0,0018uF 2% 125V 26516-543
€10 Plas 0.00366uF 1% 125V 256516=620
L1 120mH 25% 44267-603
L2 120mH 25% L4267=603
L3 120mH 25% L4267-603
Ly 340mH 25% 44271604
L5 1wl 25% 44,2),5~003
L6 1mH - 25/% L,4,24,5-003
L7 120mH 25% 44267-603
L8 120mH 25% 4,26 7=603
L9 45,508 1% 44,267-606
L10 11 .8mH 2% L4 268603

Unit —~Filters, TM 9055

When ordering, prefix circuit reference with 8

c1 " Cer 0,1uF +50~25% 30V 26383~034
c2 Cer 0.1uF +50~25% 30V 26383-031
c3 Cor 0,1pF +50-25% 30V 26383-031
Clh Plas O.1uF 10% 250V 26582-208
c5 Cor 0,1uP +50~ 5% 30V 26383-031
cé Cor 0,1uF +50~25% 30V 26383-031
c7 Cer 0,1uF +50~25% 30V 26383031
c8 Cor 0,1pF +50-25% 30V 26383-031
9T  Plas 0,0026uF 2% 125V 26516 587
c10 Plas 0,0108uF 1% 125V 26516-901
c11 Plas 0,02uF 2% 125V 26516=797
c13 Paper 0.001uF 20% 600V 26474~125
C14 Cer 0,1uF +50-25% 30V 26383-031
€15 Cer O 1uF +50-25% 30V 26383-031
c16 Cor 0.4pF +50~25% 30V 26383-031
c17 Plas 0,1uF 10% 250V 26582-208
c18 Cer 0.4pF +50~25% 30V 26383-031

For symbols and abbreviations see introduction to this chapter
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When ordering, prefix circuit reference with 8

Circuit

reference Description M.1. code
319 Cor O,1uF +50-25% 30V 26383~031
€20 Cer 0.1uF +50-25% 30V 26383-031
c21 Cor O.1uF +50-25% 30V 26383-031
c22 Plas 0.0118.F 2% 125V 26516=722
c24 T Plas 820pF nom. 26516=462
c26 Plas 0.0075uF 1% 125V 26516-689
L1 120md 25% 44,267-603
L2 120mH 25% L4267-603
L3 120mH 25% 1),267-603
Ly 340nH 25% 44271604
L5 1mH 25% 14,2),5~003
16 1mH 25% 4424,5-003
L7 120mH 25% LY 267-603
L8 120mH 25% L1,267-603
L9 37.7mH 1% 44267604
10 15,1mH 2% 14,1,268-602
L14 330mH 25% 41,271-606
Rt T  Met ox 120kn 7% 2we 24,552-137
R2 T  Met ox 100k 7% 3W* 24552-135
Unit (3) —Range A Oscillator, TM 7561

When ordering, prefix circuit reference with 9

1 Cor 0.1pF +50-25% 25V 26383-031
c2 Plas 0,11uF 2% 125V 26518-293
c3 Plas 1pF 5% 125V 26511-382
€5+  Plas 0.047pF 5% 125V 26511-337
cé Plas 1uPF 5% 125V 26511-382
c7 Cer O ipF +50-25% 25V 26383-031
L4 Tuning coil 1),267-001
L2 Trimmer 11,261,=705
R1 Mot ox 3,3kQ 7% 3w+ 24,552-094
R2 Met ox 1kQ 7% 3w* 24,552-080
R3 Met ox 1K 7% 2W* 21,552-080
RY Mot ox 1k 7% 2w* 24,552-080
R5 Met ox 1000 7% 3w* 24,552-050
VT ACY20 28420747

Replaceable parts

Unit (10) —Range B Oscillator, TM 7562

When ordering, prefix circuit reference with 10

Circuit

reference Description M.1. code
c1 Cer 0.1uF +50-25% 25V 26383-031
c2 Plas 0,01pF 2% 50V 26518-053
c3 Plas 0.33uP 5% 125V 26511-367
C5F  Plas 0.001uF 2% 125V 26516-481
cé Plas 0.33uF 5% 125V 26511-367
c7 Plas O,1uF 10% 250V 26582-208
L1 Tuning coil L4,267-001
L2 Trimmer W 264~205
R1 Met ox 3.3k 7 Sw* 24552-094,
R2 Met ox 1kQ 7% W 2,552-080
R3 Met ox 1k 7% 2w* 21,552-080
RY Met ox B20Q 7% 2w+ 24,552~078
R5 Met ox 1000 7% W 24,552-050
VT4 ACY20 28424=747

Unit (11) —Range C Oscillator, TM 9048

When ordering, prefix circuit reference with 11

For symbols and abbreviations see introduction to this chapter

2002AS (1c)

c1 Plas 0,0028uF 2% 125V 26516-4,81
c2 Plas 100pF *2pF 125V 26516=241
€31  Plas 0,015uF 5% 125V 26511-319
Ch Plas 0,003uF 2% 125V 26516=597
c5 Cer 0. 1uF +50-25% 25V 26383-031
c6t  Plas 300pF 2% 125V 26516-358
c7 Plas 0,033uF 5% 125V 26511-330
c8 Plas O.1uF 5% 125V 26511349
9 Plas 0.,0068uF 5% 160V 26511164
1 Tuning coil 1, 265=20L
L2 Trimmer 14257-211
RA Met ox 4.TkQ 7% 2w* 21552100
R2 Yot ox 6.8k 7% dw* 21,552-106
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Replaceable parts

When ordering, prefix circuit reference with 11

Circuit

reference Description
R3 Mot ox 1k 7% Zwe
R4 Met ox 3.3k 7% 2w+
RS Met ox 1.3kN 7% gW'
R6 Met ox 1.5k 7% 2w
VT4 BSX20

VT2 BSX20

M.I. code

24,552-080
24,552-091
2,552-083
24,552-08,

284,52-197
284,52-197

Unit (12) —Range D Oscillator, TM 9049

When ordering, prefix circuit reference with 12

c1 Plas 0.001uF 2% 125V
c2 Dlas 68pF 2% 125V

c3 Plas 0.033uF 105 250V
Ch Plas 0,001uF 2% 125V
c5 Cer O.1uF +50-25% 25V
c6t Plas 100pF 2pF 125V
c7 Plas 0,01uF 5% 125V
c8 Plas 0,033uF 5% 125V
L1 Tuning coil

L2 Trinmer

R1 Met ox 4700 7% S—W“

R2 et ox 4.7k Tr 3/8.4%
R3 Met ox 4.7k 7% 2w*
Rk Met ox 3.3k 7% w+
R5 Met ox 1.,5k0 7% 2w*
R6 Mot ox 1.5kQ 75
VT1 BSX20

VT2 BSX20

26516481
26516-201
26582 -205
26516-481
26383031
26516-241
26511-313
26511-330

144263035
44,24,7-010

24552-069
21,552-100
24,552~100
24552-09
24552081,
24552081,

28,52-197
281,52-197

Unit @ —Range E Oscillator, TM 9047

When ordering, prefix circuit reference with 13

Circuit
reference Description M.I. code
Cc1 Plas 1000pF.2% 125V 26516-481
c2 Cer 33pF 5% 750V 2632, -822
C3 Cer 0,1uF +50-25% 30V 26383-031
CL Mica 330pF 5% 350V 26268-391
c5T  Cer 22pF 5% 750V 2632,-833
cé Plas 0,0033uF 2% 125V 26516-609
c7 Cer O.1uF +50-25% 30V 26383-031
c8 Plas 0,0033uF 2% 125V 26516-609
c9 Plas 0.068uF :10% 250V 26582-207
11 Coil assy, 144255=005
L2 Coil assy. 14233-014
R4 Met ox L7Q T W+ 2,552-037
R2 Met ox 1k 7% Jw* 24,552-080
R3 Met ox 3.3k 7 ZW* 2,552-094.
R4 Met ox 10k} 7% Lw# 2,,552-110
R5 Het ox 10kQ 7% 2w+ 24,552-110
VT4 BSX20 2852197
VT2 BSX20 284,52-197

Unit (14) —Range F Oscillator, TM 9050

When ordering, prefix circuit reference with 14

€1 Plas 0.0015uF 2% 125V 26516-521,
c2 Cer 15pF 0.25pF 750V 2632,-822
C3 Cer 0.1uF +50-25% 30V 26383-031
Ch Hica 330pF 2% 350V 26268-391
¢5F  Cer 22pF 5% 750V 26321,-333
cé Plas 0,0033uF 2% 125V 26516-609
c7 Cer 0.1pF +50-25% 30V 26383031
c8 Plas 0.0033uF 2% 125V 26516-609
C9  Plas 0,047.F 10% 250V 26582-206

For symbols and abbreviations see introduction to this chapter
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When ordering, prefix circuit reference with 14

Circuit

reference Description
14 Coil assy.
L2 Coil assy.
Ri Mot ox 470 Th W+
R2 Yot ox 1k 7% Zw
R3 Met ox 3.3k} 7% £W*
RL4 Mot ox 4.7 7% JW*
RS Mot ox 18k 7% Jw+
VT BSX20

VT2 BSX20

M.1. code

44237003
44223202

24552037
24,552-080
24552-094
24,552-100
24,552-116

281,52-197
284,52-197

Unit (15) —Range G Oscillator, TM 9052

When ordering, prefix circuit reference with 15

C1 Cer 0.01uF +80-20% 350V
c2 Plas 0,0015uF 2% 125V
c3 Cer 0.,01uF +80-20% 350V
Ch Cer 100pF 2% 750V

c5 Mica 68pF 1% 350V

6T  Cer 10pF *0,5pF 750V

c7 Mica 500pF 5% 350V

c8 Cer 0.01uF +80-20% 350V
c9 Mica 0.001uF 1% 350V
€10 Mica 100pF 5% 350V

C11 Cer 0.01uF +80-20% 350V
1 Filter

L3 Tuning coil

Ly Trimmer

MR1 Va7

R1 Met ox 3.3k 7% 3W*

R2 Met ox 1k 7% 3w*

R3 Met ox 1k 7% ZW*

Ry Met ox 100Q 7% 3w*

R5 Met ox 3300 7% Iw*

26383-392
26516-52,
26383-392
26324897
26268-317
26321,-085
26258-392
26383-392
26268-350
26268-325
26383-392

41,221-803
L4135-901
44.235-901

28381-135

21,552-091,
21,552~080
21,552-091,
24,552-050
2,552-063

When ordering, prefix circuit reference with 15

Circuit

reference Description

R6 Met ox L700 7% Sw*

R7 Met ox L.7KN 7% Sw*
R8 Met ox 12kf2 7% 3w*

v BSY28

VT2 BFY18

Replaceable parts

M.1. code

24552-069
21,552-100
24,552-112

28451-713
28453-533

Unit —Range H Oscillator, TM 9053

When ordering, prefix circuit reference with 16

c1 Cer 0.01uF +80-20% 350V
c2 Flas 0.0015uF 2% 125V
C3 Cer 0.,01pPF +80-20% 350V
Ch4 Cer 10pF *0,5pF 750V

c5 Cer 1pF *0,5pF 750V

cé Var air 3-12pF

c7 Mica 100pF 5% 350V

c8 Cer 0,01uF +80-20% 350V
c9 Mica 100pF 5% 350V

c10 Mica 33pF 5% 350V

c11 Cor O.1uF +50-20% 25V

c12 Cer 33pF 5% 750V

L1 Filter

L3 Tuning coil

Ly Trimmer

MR1 BA111

R1 Met ox 1.5k 7% 2w
R2 Met ox 1k 7% 2w+
R3 Met ox 3.3k 7% 3w+
R4 Met ox 1000 7% Zw*
R5 Met ox 3300 7% 3w+
R6 Met ox L7000 7% Jw+
R7 Met ox L.7KQ 7% 3W*
VT4 BsY28

VT2 BSY28

For symbols and abbreviations see introduction to this chapter

2002AS (1a)

26383-392
26516-521,
26383-392
26324,-085
2632,~020
26847~238
26268-325
26383-392
26268-325
26268-308
26383031
26324,~822

44221-803
42,227-901
44,223-202

28381-201

21,552-08L
24,552-080
21,552-094
2,552-050
21,552-063
21,552-069
21,552-100

28451-713
28451-713
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Replaceable parts

Unit @ —Range A Output Filter, TM 7571

When ordering, prefix circuit reference with 17

Circuit
reference Description M.1. code
c1 Plas 0,068uF 5% 125V 26511=343
€2 Plas 0,22uF 1% 125V 26511=360
c3 Plas 0.33uF 5% 125V 26511=367
CL Plas O.47uF 10% 125V 26511-374
11 AF filter L4 268-418
L2 Trimmer 11,253-014
L3 Puning coil 44265-010

Unit (18) —Range B Output Filter, TM 7572

When ordering, prefix circuit reference with 18

c1t Plas 0,01uF 5% 125V 26511-313
c2 Plas 0.068uF 5% 125V 26511-343
c3 Plas 0.1uF 5% 125V 26511-349
Cl Plas 0.15uF 5% 125V 26511-356
L1 AF filter L4268-1418
L2 Trimmer L4.253-014
L3 Tuning coil 44,265-010

Unit (19) —Range C Output Filter, TM 7573

When ordering, prefix circuit reference with 19

1T Plas 0,004, 7uF 5% 125V 26511=149
c2 Plas 0.022uF 5% 125V 26511-321,
c3 Plas 0.033uF 5% 125V 26511-330
ol Plas 0.047uF 5% 125V 26511=337
L1 AF filter L4266-107
L2 Trimmer 4,4.237-008
L3 Tuning coil 14263-034

Unit (20) —Range D Output Filter, TM 7574

When ordering, prefix circuit reference with 20

Circuit

reference Description M.1. code
c1t Flas 0.,001uF 2% 125V 26516181
c2 Plas 0,068uF 5% 125V 26511-161,
€3 Plas 0.01pF 5% 125V 26511-313
Clh Plas 0.015uF 5% 125V 26511-319
L1 AF filter 1264406
L2 Trimmer Lh233-015
L3 Tuning coil 44,251-006

Unit (21) —Range E Output Filter, TM 7575

When ordering, prefix circuit reference with 21

ctT  Plas 330pF 2% 125V 26516-369
c2 Plas 0.0022uF 2% 125V 26516-564,
c3 Plas 0,0022uF Z% 125V 26516-564
Cl Plas 0.005uF 2% 125V 26516-652
L1 AF filter 23635-L73
L2 Trimmer L4,.227-010
L3 Tuning coil 14,241 =002

Unit (22) —Range F Output Filter, TM 7576

When ordering, prefix circuit reference with 22

c1 Plas 0,001uF 2% 125V 2651681
c2 Plas 680pF 2% 125V 26516444,
c3t Plas 220pF 2% 125V 26516-327
cl, Plas 0.001uF 2% 125V 26516-481
L1 AF filter 44,257-210
L2 Trimmer 41,223-201
L3 Tuning coil 4,237-003

For symbols and abbreviations see introduction to this chapter
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Unit @ —Range G Output Filter, TM 7577

When ordering, prefix circuit reference with 23

Circuit
reference

c1
c2

c3t

Ch

L1
L2

L3

Description

Mica 330pF 5% 350V
Mica 100pF 5% 350V
Cer 33pF 5% 750V

Mica 330pF 5% 350V

AP filter

Trimmer
Tuning coil

M.I. code

26268-391
26268325
26321,-822
26268-391

LL257-210
44223-201
44:233-901

Unit —Range H Output Filter, TM 7578

When ordering, prefix circuit reference with 24

C1
c2
c3
Ch

11
L2

L3

Mica 100pP 5% 350V
Mica 15pF t1pF 350V
Var air 3~12pF
Mica 100pF 5% 350V

AF filter
Trimmer

Tuning coil

26268325
26268-302
26817-238
26268=325

44257-210
44,223-202
44227-901

Unit (25) —Wide Band Amplifier, TM 7189

When ordering, prefix circuit reference with 25

C1
c2
C3
Ch
C5
c6
c7
c8
c9
c10

Cer O 1pF +50-25% 25V
Elec 10uF +100-20% 35V
Cer 33pF 5% 750V

Elec 10uF +100-20% 35V
Elec SuF +100-20% 15V
Elec 5uF +100-20% 15V
Elec 10uF +100=20% 35V
Cer 0.47uF +50-25% 3V
Cor 0.47uF +50-25% 3V
Cer O.47uF +50-25% 3V

26383-031
26414-121
26324,-822
2641 4~121
26414113
26444113
26414121
26383-037
26383-037
26383037

When ordering, prefix circuit reference with 25

Circuit
reference

C11
c12
Ct3
C15
c16
c17
c18

381

I
L2
L3
Ly
L5

R1
R2

R3

R5
R6
R7
R8
R9
R10
R11
R12
R13
RAY
R15
R16
R17
R18
R19
R20

Cer
Cer
Cer

Cer
Cer
Cer

Cer

Description

0.LTF +50-25% 3V
0401uF +80-20% 100V
0,01uF +80-20% 100V
Oe1uF +50-25% 25V
0.01pF +80~-20% 100V
0.04puP +80-20% 100V
0.1uF +50=-25% 30V

100mA, quick acting

Filter
Ferrite bead
Ferrite bead
Coil assy.
Coil assy.

Z4B5.6 Zener
Z4BL4 .3 Zener

Carb 330 10% W
Carb 330 10% W
Carb 330 10% W
Carb 1kl 10% W
Carb 3.9k 10% W
Met ox 24,00 7% 2w
Carb 1k 10% W
Met ox 2k 7% LwW*
Carb 8200 10% W
Met ox 2,00 7% Zw*
Carbon 4700 10% ZW*
Carb 1k 10% W+
W 470 5% 137

WH 479 5% 13%
Carb 1000 10% ZW*
Carb 10001 10% +w*
W L7Q 5% 157

WW 470 5% 13
Carb 22000 10% Sw*
Carb 2200 10% +w*

For symbols and abbreviations see introduction to this chapter
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Replaceable parts

M.1. code

26383-037
26383-055
26383-055
26383031
26383-055
26383-055
26383-031

23411-002

L).255-204
4,223-801
14,1,223-801
44121-805
44121-805

28371435
28371-321

24342-033
24 342-033
24342-033
21,31,2-080
2,34,2-096
2,552-060
24,.34,.2-080
24,552-087
24,3,.2-078
24,552-060
24,342~069
21,34,2-080
25123-037
25123-037
24,34.2-050
24,342-050
25423-037
25123-037
24.542-058
21,3,2-058
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Replaceable parts

When ordering, prefix circuit reference with 25 When ordering, prefix circuit reference with 26
Circuit Circuit
reference Description M.1. code reference Description M.1. code
R21 Carb 2200 10% #* 2434,2-058 MR HG5004 28332-4,65
R22 Carb 2200 10% 1w+ 21,31,2-058 MR2 HG5004 28332-L65
R23 W 2.2kQ 5% 13W 25123-088 MR3 CG92H 28321451
R2l WW 2.2k 5% 13N 25123-088 MR), CG92H 28321-161
R25 Carb 560 10% 27 24,34,1-21.0
T 1:1 unbal to bal L354,8-001  R1 Net ox 7.5kf1 7h gw* 24,552-107
T2 Driver 43535-011 R2 Met ox 8.2k % 3w+ 24,552-108
T3 Driver 43537-001 R3 Met ox 6.8m 7% 3—W"‘ 24,552-106
Tl 2:1 bal to unbal #3557-004  Rh Vet ox 5600 T W 24552072
TS5 2:1 bal to unbal 43535-010  R5 Net ox 2.2k 7% {W* 24,552-088
R6 Mot ox 2.2k 7% {w* 2,552-088
VT4 BSY29 28,51 -716 R7 Met ox 1.5Kk0 7% ¢we 24,552-084
VT2 BSY29 28,51-716 R8 . Met ox 3.3k T% 2w 21,552-094
VT3 35Y29 § natehed pair 44522031 R10 Mot ox 8.2k0 7 3W* 24,552-108
VT4 BSY29 R12 Met ox 5.1k 7% W+ 21,552-101
Y75 BSY29 E watohod pair 1522-031 R13 Met ox 5.1k 7% Zw* 24,552-101
VT6 BSY29 R1L Carb 2.2kf1 10% 1/10W 24, 341-288
R15 Met ox 33k 7% Jw* 24,552-122
2; 3:;:; § matched pair  4h522-033  pi6 Mot ox L.7KO T W 21,552-100
Fuse holder for 25FS1 L3281-003 ~ R17  Met ox 33k 7% {w* 24552122
R18 Met ox 10kQ 7% gw* 24,552-110
Unit (26) —A.L.C. and Envelope Feedback, TM 7486 R19  Met ox 4.7k 7% Sw* 24552100
When ordering, prefix circuit reference with 26 R20 Met ox 10k 7% gw* 24,552-110
R21 Met ox L.7kQ 7% 2W* 24,552-100
c1 Elec 500uF +100-20% 25V 26417=-175 R22 Met ox 10kQ 7% $W* 21,552-110
c2 Plas 220pF 2% 125V 26516-327 R23 Met ox 4.7k 7% 2w+ 21,552-400
c3 Plas 0.001pF 2% 125V 26516-4,81 R2L Met ox 10k) 7% 2wW* 24,552-110
Ch Cer 0,01uF +80-20% 350V 26383-392 R25 Met ox L7k T% W+ 24552-100
c5 Cor 0.22uF +50~25% 6V 2638303l R29 Met ox 33k 7% LW+ 24,552-122
cé Cer 0,22uF +50-25% 6V 26383-034 R30 Met ox 1k 7% Swe 24,552-080
c7 Elec 1uF +100-205% S0V 26414-106 R31 Met ox 1k 7% 2w+ 24,552-080
c8 Elec 1uF +100-20% 50V 26414-106 R32 Met ox 33k T% Zw* 24552122
c9 Cer 0.01pF +80-20% 350V 26383-392 R33 Carb 500 1% 1/8W 24,112-500
c10 Elec S50uF +100-20% 6V 26442-24,5 R34 Carb 1k 10% 1/10W 21,31,1-280
c12 Paper 300pF 20% 500V 26174,-119 R35 Met ox 2.2k T% Jwe 21,552-088
c13T Cer 1.0pF *ipF 750V 26324,-020 R36 Met ox 400Q 7% Jwe 21,552-050
citT  Cer 1.0pF *ipF 750V 26324,-020 R37 Carb 1.8k 10% 1/10W 24, 341-286
c16 Cer 0,01uF +80-20% 100V 26383-055 R38 Carb 100 10% %W 24,3,2-020

For symbols and abbreviagions see introduction to this chapter
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When ordering, prefix circuit reference with 26

Circuit

reference Description M.1. code
RV4 Carb 1k 20% W 25611-014
RV2 Carb 1kQ 20% 2w 25611-014
VI BCY71 matched trio

VT4 BCY71 including R1, 4,6883~070
V15 BC108 R2 and R10

viz  HDO1 s matched pair 14522026
V16 HT101

VT3 HT101 284:32-735
VT7 BSX20 28,52-197
VT8 BSX20 281,52-197
Unit @ —Coarse Attenuator, TM 8968

When ordering, prefix circuit reference with 27
R1 Met film 53.3Q 0.5% % 24634~356
R2 Met film 790f: 0.5% =W 24,634,-806
R3 Met f£ilm 53.3Q 0.5% W 21,634-356
R, Met film 53.30 0.5% W 21634356
R5 Met film 7900 0.5% W 24,634-806
R6 Met film 53.30 0.5% W 24634~356
R7 Met film 610 0.5% 2w 24,631,-357
R8 Met film 2470 0.5% 2W 2,6 34-609
R9 Met film 610 0.5% W 21,634-357
R10 Met film 610 0.5% W 21,634.=357
R11 Met film 247G 0.5% W 24634~609
R12 Met film 610 0.5% W 24634-357
R13 Met film 610 0.5% 2,634-357
RiL Met film 2470 0.5% 2w 24634~609
R15 Met film 610 0.5% W 24634-357
Unit (28) —Fine Attenuator, TM 8967

When ordering, prefix circuit reference with 28

R1 Met film 1500 1% W 24636615
R2 Met f£ilm 37.3Q 1% W 21,636-235

Replaceable parts

When ordering, prefix circuit reference with 28

Circuit

reference Description M.1. code

R3 Met film 1500 1% W 24636-615

Ry Met film 2920 1% W 24636=-714
RS Met £ilm 17.60 1% W 24636-116

R6 Met film 2920 1% W 24636=714

R7 Met film 8700 1% W 24,636~906

RS Met film 5.77Q 0.5% W 24,634,052
R9 Met f£ilm 8700 1% ¥ 24636~906

R10 Met £ilm 4360 1% W 24,636-713

R11 Met film 11.6Q 1% W 24636-115

R12 Met film 436Q 1% W 2L636-713

R13 Met £ilm 96,30 0.5% 1w 24630-1481

R4 Met £ilm 71.20 0.5% W 24634~355

R15 Met film 96.3Q 0.5% W 21,6 31, 1,84

Unit (29) —Capacitor Board, TM 75951

When ordering, prefix circuit reference with 29

c1 Plas 0.372uF 3% 125V 26516-879

c2 Plas Q.118uF 3% 125V 26516-856

Cc3 Plas 0.0372uF 3% 125V 26516-815

ClL Plas 0.0118uF 3% 125V 26516-721

c5 Plas 0.00372uF 1% 125V 26516623

c6 Plas 0.,0011uF 2% 125V 26516-494
c7 Plas 0,372uF % 125V 26516-879

c8 Plas 0.118uF % 125V 26516-856

c9 Plas 0.0372uF 3% 125V 26516-815

¢10 Plas 0.0118uF %% 125V 26516-721

c11 Plas 0.C0372uF 1% 125V 26516623

c12 Plas 0.,0011uF 2% 125V 26516-134
¢13 flec 1000uF +100-20% 12V 26417-403

C14 T  Plas 33pF :2pF 125V 26516-127
C15 T  Plas 33pF f2pF 125V 26516-427

Unit —Coarse Tracking Potentiometer,
TM™ 9063

When ordering, prefix circuit reference with 30

For symbols and abbreviations see introduction to this chapter
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R1 Met ox 2200 7% Zw* 24,552~-058
R2 Met ox 20001 T pw* 24552057
R3 Het ox 180 7% Jw* 24,552-056
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Replaceable parts

When ordering, prefix circuit reference with 30

Circuit
reference

R,
RS
R6
R7
R8
R9
R10
R11
Ri2
R13
Rk
R15
R16
R17
R18
R19
R20

66

Met
Mot
Met
Met
Met
Met
Met
Met
Met
Met
Met
Met
Met
Met
Met
Met
Met

Description

ox 160Q 7% Jwe
ox 1500 7% 3w*
ox 1300 7% 3W*
ox 12000 T% Zw*
ox 1100 7% Zwe
ox 100Q 7% 2w+
ox 910 7% Jw*
ox 820 7% Zw+
ox 750 Tk Jw*
ox 680 7%
ox 620 7% W
ox 560 7% 2w*
ox 510 7% FWw*
ox 470 7% Zw
ox 430 Th 3w
ox 390 7% Jw*
ox 3601 T {wx

M.I. code

24,552-055
24,552-054
24,552-053
24552-052
24552-051
24552-050
24552-047
24.552=046
24,552-044,
24552-043
24552~044
24552-040
24,552-038
24552-037
24,552-036
24552-035
24552-034

When ordering, prefix circuit reference with 31

Circuit

reference Description
R24 Met ox 330 Tk W
R22 Mot ox 300 7% 3w*

R23 Mot ox 27Q 7% JWw*
R2, Met ox 2 7% JW*
R25 Mot ox 24,00 T 2w*

Unit @ — TM 9738

When ordering, prefix circuit reference with 31

R1 T Met ox 82k 7% SwW*
R2 1 Mot ox 82k 7% 3W*
R3 1  Carb 470kN 10% L
Rl T Carb 470k 10% W
R5T  Met ox 220k 7% 3W*
R6+  Met ox L70k0 10% W

For symbols and abbreviations see introduction to this chapter

M.1. code

24552-033
2,552-032
24,552-031
24552-029
24,552-060

24552-133
24552-133
24342-152
24342152
25.552-143
2342-152
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Circuit diagrams

1. COMPONENT VALUES

Resistors: No suffix = ohms, k = kilohms, M = megohms.
Capacitors: No suffix = microfarads, p = picofarads.
T value selected during test, nominal value shown.

2. VOLTAGES

Shown in italics adjacent to the point to which the measure-
ment refers. See section 4.5 for conditions.

3. SYMBOLS

<+ arrow indicates clockwise rotation of knob.
etc., external front or rear panel marking.
tag on printed board.

other tag.

preset control.

® 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 . P . Py
reality on the printed boards.
symbol

4. CIRCUIT REFERENCES

These are, in general, given in abbreviated form.
See also introduction to section 6. 1.

5. SWITCHES
Rotary switches are drawn schematically.

Letters indicate control knob settings.
1F = 1st section (front panel), front

1B = 1st section, back
2F = 2nd section, front
etc.
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