


NOTES AND CAUTIONS

. E IECTRK’AL SAFETY PRECAUTIONS

This equipment is protected in accordance w__i;i;h 1EC _Safet} Class 1, It has been designed
and tested according to IEC Publication 348, 'Safety'Re'quirements for Electronic Measuring
Apparatus', and has been supplied in a safe condition. The following precautions must be

- observed by the nser to ensure safe operation and to retam the equipment in a safe condition.

D_'e‘fé'bts and abnormal stresses
Whenever it is ]J.kelv that protection has heen 1mpa1red for example asa result of damage

caused by severe conditiens of transport or stcrage, ‘the eqmpment shall be made 1n0perat1ve and
be secured agamst any unmtended operatmn - : =

Removal of covers

Removal of the covers is likely "tc"expose live p_a:?_s -although_-_reaéonabie-precautioas have

~ been taken in the design of the equipment to shield such parts. The equipment shall be dis-

connected from the supply before carrying out any adjustment, re_p‘la'cement or maintenance and
Tepair during which the equipment shall be opened. H any adjustment, maintenance or repair

. under vollage is inevitable it shall only be cdrned out by a sk11ied person who is aware of the
ha.zard involved 200 :

Nate that capamtors inside the equ1pment may sti]l be cha rged when the equipment has been
disconnected from the Supply Before carrying out any work inside the equlpment capacitors
connected fo high voltage pomts should be discharged; to discharge mains filter capacitors, if

: httel;_i 4 s_hc:rt together the L (Ine) and N (neutral) pins of the mains plug.

Mains Qlug'_ et

The mains plug shall onh e mserted in a socket outlet pronded wﬂ:h a protective earth
contact.  The proteective action shall not be negated by the use of an extension lead without pro-
tective ¢onductor. Any interruption of the protective conductor mside ur oataxde the equipment
is ]ikely to make the equipment dangerous . :

Fiuses

Note that there is a supply tuqe in hoth the live and neut;ral wires of the supply lead
If only one of these fuses should rupture certain parts of the equlpment cuuld remam at supply
potential. -

To pr 0v1de protectwn qgamst breakdown of: the supply lead, its connectors and fﬂter .
where fitted, an external supply fuse (e, Za fitted in the connecting plug) should be used in the
live lead. The fuse should have a continuous rating nol. exceedmg 6 AL L =

' .Make sure that Q_n‘ly- fuses with the requiregl _rg;ed cur.:;'ent_ and of the .spgp'iﬁéd}'t}r'pg are
used for replacement. = The use of mended fused and the short-cireuiting of fuse holders shall -
be avoided. ' N e ) AP

RADIO FREQUENCY INTERFERENCE.

This equlpmem conforms with the re,qu'rements ef EEC Dlrectwe ?6/889 as to hmus
of r.f. interfarence. .

(1a)
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General

information

1.1 FEATURES

The TF 2002B gives high quality a. m. outputs
from 10 kHz to 88 MHz and f, m. outputs between
100 kHz and 88 MHz. It has very high frequency
discrimination which, coupled with the good stability
reached soon after switching on, makes it particu-
larly 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 is the low leakage
which will be found of advantage for tests on receiv-
ers that have an internal ferrite rod aerial.

Permeability tuning of the oscillator and output
filter modules enables the complete range to be
covered in only eight bands. The hand calibrated
near-logarithmic tuning scale is displayed in a con-
tinuous zig-zag pattern, with scales running alter-
nately left and right. This cuts out much of the
tedium usually associated with tuning about the band-
change frequencies. Above 100 kHz (carrier frequ-
ency) direct reading incremental tuning gives high '
discrimination, Frequency control can also be
achieved by externally applied d. c. or by the use of
Digital Synchronizer TF 2170B.

Crystal check points are available at intervals
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 incremental control
can be adjusted to high accuracy against the crystal
check points by means of two independent trimmer
controls.

Up to1 V p.d. can be obtained with 100% mod-
ulation over all the range and up to 2 V p.d. is avail-
able with c. w. or f.m, outputs, Output is controlled
by cam operated 20 dB and 1 dB step attenuators with
voltage and dB calibration in terms of p.d. across a
50 Q load or of source e.m, f.; interpolation between
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attenuator steps is provided by the carrier level con-
trol and meter., Automatic level control holds the
output constant against frequency or range changing,

An auxiliary unmodulated output is available
for driving a counter or the Digital Synchronizer
TF 2170B.

Internal a. m, up to 100% is produced by a con-
tinuously tuned low distortion oscillator covering a
frequency range 20 Hz to 20 kHz, This means that
the generator can be used for r.f., i.f. and a.f. res-
ponse measurements on a receiver with no additional
equipment other than a receiver output meter. The
oscillator output is available for external use at ter-
minals situated at the rear of the instrument. En-
velope negative feedback ensures a good modulation
quality up to at least 80%, and modulation depth is
independent of both carrier tuning and carrier level.

The continuously variable a.f. oscillator also
provides frequency modulation, and deviation is
indicated directly on the modulation meter. Three
ranges of deviation are provided for each carrier
range above 200 kHz.

External frequency control terminals can be
used to provide dynamic sweep measurements (with
or without internal AM), FSK, phase modulation or
digital f. m,

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

Silicon devices are used throughout and empha-
sis has been placed on accessibility despite the com-
pact structure and thorough screening. The instru-
ment has three major horizontal sections; the centre
one containing the oscillators and other circuits can
be withdrawn and operated without electrical
disconnection,



General information

1.2 DATA SUMMARY

Characteristic

Frequency

Ranges

Mechanical
tuning

Calibration
accuracy

Fig. 1.1 TF2002B M.F./H.F. A.M./F.M. Signal Generator

10 kHz to 88 MHz in 8 bands.

A 10
B 32
C 100
D 320
E 1
F 3.2
G 10
H 32

+ 1%, with the scale in the index
Provision is made for
adjusting the scale position against

position.

Performance

32 kHz
100 kHz
- 320 kHz
- 1000 kHz
- 3.2 MHz
- 10 MHz
- 32 MHz
- 88 MHz

the internal calibrator.

Supplementary information

The frequency scales are near
logarithmic and a 1000 division
linear logging scale is provided.

2002B (1)



Characteristic

Stability

Attenuator
reaction

Electrical
fine tune

Discrimination

2002B (la)

Performance

At constant ambient temperature
within the range +10° to 35 °C and
in the 15 minute period commenc-
ing 3 hours after switch on, the
frequency 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 maxi-
mum frequency variation per 15
minutes will not exceed three times
the amognts stated above. Follow-
ing a 10 C change in the ambient
tempgrature within the range +10 C
to 35 C 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.

Operative above 32 kHz only. Each
carrier frequency band is provided
with three ranges of electrical fine
tuning as shown below :

General information

Supplementary information

For a supply voltage change of
+10% or -10% about 230 V or

115 V the frequency change is

less than 1 p.p.m. +1 Hz measured
after a 2 hour warm-up period.
Improvement in stability can be
achieved using the Digital Syn-
chronizer TF 2170B.

With the output loaded with 50
and the coarse attenuator at maxi-
mum output, the maximum frequ-
ency shift between the extremes

of the fine attenuator control is not
greater than 88 Hz at 88 MHz.

Table 1.1
Af range or f.m.
deviation (kHz)
Frequency Band 1 2 3
32 - 100 kHz B £0.05 +0.15 =0.5
100 - 320 kHz C £0.15 0.5 =+£1.5
320 -1000 kH=z D +£0.5 1.5 5,0
1 - 3.2MHz E 1.5 5.0 15
3.2- 10 MHz F 1.5 5,0 =15
10 - 32 MHz G 5.0 =15 +50
32 - 88 MHz H +£5.0 15 +50

Sweep widths in excess of the table
may be obtained; between 100 kHz
and 320 kHz (Range C) up to 5.0 kHz
is obtainable and between 320 kHz
and 1000 kHz (Range D) up to 30 kHz.

Better than 0.005% of carrier frequency.

Electrical fine tuning up to the maxi-
mum in table 1.1 may be used as an
external frequency shift facility for
manual or automatic frequency con-
trol, frequency modulation, phase
modulation, or sweeping (see under
frequency modulation).
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Characteristic

Discrimination
with Digital
Synchronizer
TF 2170B

Incremental
frequency
accuracy

Crystal
calibrator

R.F. output

Max level (with
50 © load)

Attenuators

Total level accuracy
(50  load)

Levelling
accuracy

Impedance

Counter
output

Amplitude modulation

Depth

Meter

Accuracy

Performance Supplementary information

10 Hz at any carrier frequency
32 kHz to 88 MHz.

+15% of full scale when the FM/ Af Fine
Cal control is centralized.

+5% of full scale when standardized on
the + Af, or - Af range against the
internal crystal calibrator.

Check points at 1 MHz, 100 kHz and
10 kHz intervals. Additional check
points at +1 kHz about these points.

Accuracy. Crystal 0.01%.
1 kHz null +10 HZ.

10 kHz - 88 MHz

1 V p.d. with up to nominal 100% a. m,

or 2 V p.d. without a. m,

Variable down to 0.1 pV at all frequencies.

Seven position coarse atten-
uator with 20 dB steps.
Twenty-one position fine
attenuator with 1 dB steps.
External 6 dB pad TM 5573/1
provides 6 dB.

+1 dB up to 88 MHz.

An additional error of +0.5 dB

above 32 MHz may occur at

10°C and 35°C.

A. L. C. maintains carrier level
meter setting constant within 0.5 dB
at all carrier frequencies.

Effectively 50 © at all level settings.
V.S.W,R. 1.1:1 with attenuator set

at +106 dB uV or lower; with or without
6 dB pad TM 5573/1.

Greater than 100 mV into 50 .

Continuously variable up to a
nominal 100%.

Indicates equivalent peak
modulation,

Up to 80% depth: +5% modulation from
20 Hz to 20 kHz subject to the limit-
ations of table 1. 2,

Above 32 MHz the accuracy
is +7% with modulation
frequencies from 15 kHz to
20 kHz.
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General information

Characteristic Performance Supplementary information

Frequency modulation

Deviation Above 100 kHz carrier frequency, The fine tuning and f. m. facili-
continuously variable with three ranges ties can be used simultaneously
to maximum peak deviations as shown provided the total excursion does
in table 1.1, not exceed the range maximum

shown for fine tuning, but the
deviation accuracy will be
impaired. When using 3 f.s.d.
on maximum fine tuning and
f.m. ranges the f.m. accuracy
is then +20%.

Meter Indicates peak deviation.

Accuracy With mod frequencies between 20 Hz
and 4 kHz:
+15% of full scale when the FM/ Af fine
cal control is centralized or +6% of full
scale when the Af system has been
standardized.

Modulation frequency With carrier frequencies above 1 MHz

characteristic the modulation frequency range is
extended to 20 kHz with a flatness of
+2 dB with respect to 1 kHz.

Distortion Less than 3% at maximum deviation with
mod frequencies between 20 Hz and 4 kHz,

Internal As for amplitude modulation.

oscillator

External f.m. (a.c.) 20 Hz to 20 kHz, accuracy of deviation
and frequency limitations as for internal
modulation,

Input approximately 1.2 V r.m.s. (im-
pedance varies between 2 to 2, 5 kQ2) for
maximum deviation as shown in table 1.1,
(Deviation adjustable at panel).

T"xternal An input between -5.75 V and -7. 75 V gives
At(d.c.) control of the carrier frequency by at least
the maximum deviations shown in table under
electrical fine tuning.
Polarity; negative going voltage increases
frequency. The input impedance is 100 k2
(in series with -6, 75 V).

Synchronizer BNC socket on rear panel for TTF 2170B.
input Standing voltage ~6.75 V.
Polarity; negative going voltage increases
frequency.

Sensitivity per volt applied varies between
5% on carrier frequency on lower ranges
and 0.5% on higher ranges.

8 2002B (1b)



Characteristic

Spurious signals

Carrier
harmonics

Leakage

Spurious
AM on CW

Spurious
FM on AM

Spurious
FM on CW

Spurious
AM on FM

Microphony

Power requirements

AC SUPPLY

Voltage

Consumption
DC SUPPLY

Voltage

Current

Dimensions and weight

2002B (1b)

General information

Performance Supplementary information

-40 dB 32 kHz to 10 MHz at all levels.
-35 dB 10 MHz to 88 MHz at 1 V meter setting.
-30 dB 10 kHz to 88 MHz at 2 V meter setting.

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

-75 dB relative to the carrier in a

3 dB bandwidth of 650 Hz at carrier
frequencies below 450 kHz and in a 20 kHz
bandwidth above 450 kHz,

For 30% a. m., up to 88 MHz at 1 kHz mod.
frequency, deviation is less than 250 Hz
and at 10 kHz mod. frequency, deviation
is less than 3 kHz

Less than 6 Hz in the CCITT (1960) psopho-
metric telephone weighted bandwidth. Less
than 25 Hz in a 50 Hz to 20 kHz bandwidth.

Less than 1% from 320 kHz to 3.2 MHz,
less than 0.3% above 3.2 MHz

at 1 kHz modulation frequency and
maximum deviation for the band in use.

Less than 1, 5 kHz deviation is caused by
2 g acceleration in the range 10 Hz -
100 Hz.

Any voltage within the limits
190 to 264 V or 95 to 130 V at
any frequency between 45 and
500 Hz.

15 VA approximately,

Any voltage within the limits
19 to 32 V d. c. (with positive
earth).

0.40 A approximately,

Height: 284 mm (11,2 in)
Width: 473 mm (18.6 in)
Depth: 392 mm (15, 4 in)
Weight: 26.4 kg (58 1b)
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1.3 ACCESSORIES

Accessories supplied

1. Trimming tool. M.I. code 22951-221,
(Stowed inside the instrument),

2, Hexagon wrench for removing r.f. bex cover. M.I. code 22951-012
(Stowed inside the instrument).

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

4, Output lead, type TM 4969/3; BNC plug to BNC plug.
5. Telephone Jack Plug, M.I. code 23421-607. TFor crystal calibrator output socket.
6. Mains lead, M.I. code 43129-071.

7.*  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

1.** Matching Pad, type TM 5569; 50 to 75 Q@ BNC socket to Belling-Lee L734/P plug.

*ok TM 5569 is a 25 Q series resistor and provides unity voltage ratio.

2. Matching Pad, type TM 6599; 50 to 75 2 BNC plug to Burndept PR 4E plug.

3. Dummy Aerial DC Isolating Unit, type TM 6123; input, BNC plug on 3 ft lead; output, spring
loaded terminals. TFor general receiver testing or for use on circuits with d. c. potentials

up to 350 V.

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

5. 20 dB Attenuator Pad, TM 5573.

6. Shielded Adapter, M,I. code 43168-008, Converts 3/4 in spaced terminals to BNC socket.
7. RF Fuse Unit, BNC plug to BNC socket with spare fuses., TM 9884,

8. Protective Lid, M.1. code 41690-018, Provides storage space for all accessories.

9. Rack Mounting Kit, M.I. code 54127-021.
10. Impedance adaptor 50-75 &, M.I. code 54411-051.

0 2002B (1d)



2

Operation

21 INTRODUCTION.

Signal Generator TF 2002B is an instrument of
very wide application and a few typical examples of
its capabilities are given at the end of this chapter.
Preliminary requirements before switching on are
detailed in Sects. 2.2 to 2,4. The function of all
the controls is listed in Sects. 2.6 to 2.8 and
locations are shown in Figs., 2.1 and 2, 2.

22 PRELIMINARY REQUIREMENTS

Prior to connecting the instrument to the a.c.
supply check that :

1. Voltage selector switch is set to accept the
local supply (voltage regulation eliminates trans-
former tap changing except between 95/130 V and
190/264 V ranges).

To change the range, remove locking plate,
set the switch correctly, reverse the plate and refit.

2. Fuses are of the required rating, not open
circuit and secure in the holders.

3. Meter pointers are at zero. If necessary,
adjust the screws on the meters to set the pointers
at mechanical zero.

23 A.C. SUPPLY CABLE

The a.c. supply cable is fitted at one end with
a female plug which connects with the instrument.
When fitting the supply plug ensure that the conduc-
tors are connected as follows : -

Earth - Green/yellow
Neutral - Blue
Live - Brown

24 BATTERY OPERATION

For battery operation it is only required to
connect the battery to the appropriate terminals
located at the rear of the instrument.

A mains/battery switch is not provided since

this input functions automatically and the circuits
are protected against reverse polarity, etc. This

2002B (1a)

feature could be used for emergency standby battery
operation which would cut in automatically in the
event of a mains supply failure.

2.5 FUSES

Two 160 mA fuses are fitted for 190-264 V
operation but for 95-130 V supplies 250 mA fuses
are required.

DC fuse

A fuse rated at 500 mA is included in the
unregulated d.c. line.

All supply fuses are standard 20 mm x 5 mm
and all are slow blow (time lag) types.

RF fuse

An r.f. fuse is available as an optional
accessory for the purpose of instrument protection
when using the generator for checking the receiver
section of transceivers.

2.6 CONTROLS—supply and tuning

1. SUPPLY switch. Turn clockwise to switch on.

2. Main tuning scale. The scale is engraved in
a continuous zig-zag from 10 kHz to 88 MHz.

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

4, Main FREQUENCY control. The knob skirt
carries a logging scale that enables the main
tuning scale to be divided into 1000 divisions.

5. SET SCALE control. Mechanical adjustment
of main tuning scale for frequency standardi-
zation. A positive index locates the nominal
centre position.

6. INCREMENTAL FREQUENCY control and
scale. Provides calibrated frequency shifts
up to the limits indicated alongside the control.

7. SET ZERO control. Sets the frequency of the
zero calibration mark of the INCREMENTAL
FREQUENCY control (6).



Operation

10.

11,

12,

13.

Af RANGE. Range of incremental tuning
selected by this switch, according to table on
front panel.

FM RANGE. Range of frequency modulation
selected by this switch, according to table on
front panel.

FM/ Af FINE CAL. Control for increasing
the accuracy of the INCREMENTAL FREQU-
ENCY and deviation scale setting. To main-
tain unstandardized accuracy, control should
be central.

CRYSTAL CALIBRATOR selector. Selects
the intervals at which marker pips are provi-
ded (1 MHz, 100 kHz, 10 kHz). An additional

14,

27

switch position gives a sharp null separated by 4,

1 kHz from each 10 kHz marker.

CRYSTAL CALIBRATOR LEVEL control.
Adjust the a, f. level of the markers.

FUNCTION switch, Three internal switch
positions: CW, AM, FM: four external switch
positions: AM, ¥M, LEVELLING, A f (inter-
nal AM is also available in the EXTERNAL

A f mode).

CONTROLS—modulation and output

Coarse attenuator. Six 20 dB steps.

Fine attenuator. Twenty 1 dB steps.

RF output socket. 50 Q BNC socket.

COUNTER OUTPUT. 50 2 BNC socket,

Output is an unmodulated c, w. signal greater
than 100 mV independent of attenuator setting
useful as an auxiliary output or for driving
digital synchronizer.

/.
xt AM& _
evelling
/ Range

al
Output emf using

9 10 6

[ 608 Pag TM5573/Y
A oR
N Py ) pd on matched [OF
1 2 3 g 48 abave 1V Load without
=1 2 3 2 3 Ia ©)—ado
v N
FMB Af M o ::: 2
Q 2N , 0
=X/ FM/Af kHz 3
T.\ftne Cal
MAR/.ONI INSTYUMENTS Lro L§
1ff 22224 \ [MARCON|

Fig. 2.1 Controls—supply and tuning

CRYSTAL CALIBRATOR OUTPUT socket,
Phones jack; (1/4 in two pole) the internal
loudspeaker is disconnected when a plug is
inserted,

5.

CARRIER LEVEL control. TUsed in conjunct~
ion with 7, sets the carrier to calibrated level
indicated by 6. Permits fine adjustment of
carrier level for interpolation between atten-
uator steps.

2002B (1)



10.

CARRIER LEVEL meter, With the meter
pointer at 1 V (0 dB) mark, the attenuator dials
are direct reading in dB above 1 pV or voltage
across a 50 2 load. With the pointer at 2 V
double the attenuator voltage reading or add

6 dB.

1 V/2 V switch. 1In the 2 V position the output
level is doubled. In this position amplitude
modulation is not possible.

MODULATION meter. Scaled in percentage
AM depth and in kHz for f, m. deviation.
Ranges 0-1.5 kHz: 0-5 kHz: 0-100% a.m.
depth.

MODULATION LEVEL control, Adjusts mod-
ulation level of either internal or external f. m.
or a, m. modulation signals,

MODULATION OSCILLATOR range switch.
Selects internal modulation frequency range.

Ti????o”

Operation

MODPULATION FREQUENCY control and scale.
Continuously variable internal modulation
frequency control.

EXTERNAL AM and LEVFLLING terminal.
Inlet for external amplitude modulating signals.
AC coupled for EXT AM and DC coupled for
EXT levelling functions, With FUNCTION
switch at 'EXT LEVELLING' position, a poten-
tial appears at the terminal and carrier level
may be varied by d. c. from a remote source.

EXTERNAL FM and A f terminal, AC coupled
for EXT FM and DC coupled in EXT Af funct-
ions. A standing potential is present on the
terminal when function switch is at EXT A f.

CARRIER switch, Switches carrier signal on
or off. For interuptions of the carrier. Oper-
ates in any position of the FUNCTION switch,

MODULATION switch, Switches internal mod-
ulation oscillator on or off.

\

Supply

C ner ‘-'
- o
':r."’

Modulation Level

Ext AM&

elimg Set Zero £9] —Incremental Freq ange
e N T
< 7 ] &7 s R
o @ M/at Fs, /N €
/ Y y Ranges kHz/Z ®

40

10
&
&
01
»
x[e[nmoloerImaz»»
oo
=3z
o
N 100y
&

]
dB above LV

add

37 2 19 Output emt using
Q5o SN [6deradTMssTy

s 0 oRrR
v d'-/‘" pd on matched

9 Y

< kH:
6t =\ Losd without P:
6 o~
/ o
$

Fig. 2.2 Controls—modulation and output
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Operation

2.8 REAR PANEL CONNECTORS

1,

A f/LEVELLING NEUTRAL terminal.
able at this terminal.

using the crystal calibrator
A

2.9 SETTING THE CARRIER FREQUENCY
very low impedance -6. 75 V potential is avail-
tion,

The two terminals EXT
AM/LEVELLING and EXT FM/ A f on the front
panel also carry a -6. 75 V potential when the

Position the SUPPLY and CARRIER switches
FUNCTION switch is in the appropriate posi-

at ON and the FUNCTION switch at CW then allow a
period of not less than 10 minutes for the instrument
to stabilize,
Using the range switch, select the range that
includes the required carrier frequency. The ran-
ges are as given in table 2.1.
Therefore, if it is required to use either
of these functions such that the -6. 75 V poten-
tial does not appear across the drive source
and does not shift the mean carrier level or
frequency, the external source can be connect-
ed between the appropriate front panel terminal
and this terminal.
2

Table 2.1
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
MODULATION OSCILLATOR OUTPUT. For D 320-1000 kHz H 32 - 88 MHz
triggering an oscilloscope when viewing mod-
ulated waveforms or for a, f, testing, 600 Q
source impedance, Using the crystal calibrator
3. INPUT FROM TF 2170 or TF 2170B. BNC Marker points at 1 MHz, 100 kHz or 10 kHz
connector which accepts the output from Digi-  intervals can be chosen by the CRYSTAL CALIBRA-
tal Synchronizer TF 2170 series, TOR selector switch, The last position of the switch
4. MAINS VOLTAGE SELECTOR. FEnables gives markers at 10 kHz and connects into circuit a
instrument to be set to suit local supply 1 kHz rejection filter that gives a null 1 kHz either
side of each 10 kHz point.
5. MAINS INPUT connector. 3 pin - third pin
connected directly to chassis.
6. BATTERY terminals, For d.c. operation
during mobile use.
7. AC fuses. 160 mA time-lag.
8.
9.

DC fuse. 500 mA time-lag.

A loudspeaker is fitted to detect the crystal
Clips for 6 dB pad.

calibrator markers, but if greater sensitivity is
desired, plug a pair of headphones into the CRYSTAL
CALIBRATOR OUTPUT socket.

Headphones with an
impedance in the range 50 Q to 50 k2 are suitable.
Switch the calibrator on by setting the CRYSTAL
CALIBRATOR selector swifch to a position that
gives markers at convenient intervals.
ambiguity due to the limitation of the main fre-
quency scale use the initial settings shown in
Table 2. 2,

To avoid

PR RPY
2 ©

4 \
© 6,0
32y
Nowra S Satt

-67% )

Table 2.2
Frequency Crystal calibrator
S’{ range selector setting
© A 10 kiiz
r%‘z‘:’:n:o Y rrd B 10 kHz
Y 160mA m m C 10 kHZ
s
S L | e D 100 kHz
\g @ E 100 kHz
F
G
Fig. 2.3 Controls at the rear of the instrument H
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1 MHz
1 MHz
1 MHz
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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
CALIBRATOR LEVEL control (red knob).

If it is desired to standardize the scale, turn
the SET SCALE control to position the scale point
corresponding to the crystal marker, coincident
with the cursor.

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

Set the incremental tuning control at 0.
Switch to RANGE F (3.2 - 10 MHz) then using the
main FREQUENCY control, set the cursor at 4 MHz
on the main tuning scale. Plug in headphones and
set the CRYSTAL CALIBRATOR selector at 1 MHz,
Slightly adjust the main FREQUENCY control until
a marker is heard. Set the CRYSTAL CALIBRA-
TOR 8elector 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 CALIBRA-
TOR 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 is obtained by adjusting
the INCREMENTAL FREQUENCY control, This
has a centre zero scale and the facility is provided
to enable carrier frequency shifts of less than +1%
to be made for accurate bandwidth and other
measurements,

Three ranges of A f are available for each
carrier range B to H and the full-scale frequency
shifts available for the various ranges are given
in the table on the front panel of the instrument.

The sensitivity, i.e. the frequency shift
tz from centre zero) produced by the incremental
tuning is substantially the same for any carrier
frequency in any one range and with the FM/ A f
FINE CAL control centrally positioned, the incre-
mental scale calibrations will be accurate to within
=157 but, accuracies of +5% are obtainable at any
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particular carrier frequency by following the stan-
dardizing procedure given below.

1. Set the INCREMENTAL scale at zero and the
Af RANGE switch as required.

2. Using the internal crystal calibrator adjust
the carrier frequency to produce a convenient beat
note close to the required carrier frequency, e.g.
10, 700 MHz, using both the main carrier FRE-
QUENCY control and the SET ZERO control.

3. Adjust the INCREMENTAL scale to a fre-
quency close to the frequency shift required at

which the next crystal marker is available, e.g.
10. 710 MHz,

4, Adjust the FM/ A f FINE CAL control to
obtain a crystal beat which corresponds with the
INCREMENTAL scale setting. The incremental
tuning is now adjusted very accurately between the
calibration points and to 5% accuracy or better
elsewhere on that A f range.

Subsequent small changes in carrier fre-
quency do not significantly affect the accuracy.

Always use a calibration point close to
required frequency shift, e.g. 20 kHz on the
50 kHz A f range.

For low deviation ranges such as the +0. 5 kHz
range it i8 necessary to calibrate the range higher,
i.e. 1.5 kHz and then switch down. Alternatively
it is possible to calibrate the interval between
+0.5 kHz and -0. 5 kHz against the 1 kHz calibrator
points by careful adjustment of the FM/ Af FINE
CAL control. The +5 kHz range can also be cali-
brated in a similar way against the 10 kHz markers.

Calibrating the incremental scale simul-
taneously improves the accuracy of the f, m,
deviation.

External frequency shift

The EXTERNAL FM/ A f terminal enables
frequency shifts to be remotely controlled or alter-
natively it can he used as the input for phase
locking signals, There is a potential of -6, 75 V
between the terminal and earth, and the source
impedance is 100 k2 (nominal) and the sense of
operation is such that an increase of this potential
in the negative direction increases the carrier
frequency.

The limits of frequency shift that can be
employed depend on the amount of non-linearity
that is acceptable. In general, at the low frequency
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ends of the carrier ranges the maximum usable
excursions are defined by the Table 2. 3 (front
panel table). At the high frequency end of the
ranges, the maximum usable excursions are
approximately three times greater.

Ranges C and D can accept increased drive enabling
greater frequency excursions than shown in

Table 2.3. Range C allows a 5 kHz total swing
and Range D a 30 kHz total swing at the low end of
the band, whilst at the high frequency end of the
bands, three times these figures can be expected.

Table 2.3
Range FM and A f scale
ranges (kHz)
1 2 3
A -~ - -
B 0.05 0.15 0.5
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 50 15 50

The voltage at the EXTERNAL FM/ A f ter-
minal should not fall outside the limits of -2 V and
-11, 5 V if severe non-linearity is to be avoided.

The EXT A f setting of the FUNCTION switch
also provides simultaneous internal 2. m. The
modulation depth can be monitored and adjusted by
temporarily setting the FUNCTION switch to the
INT AM position,

If a c. w, external A f function is required,
the MODULATION LEVEL control must be fully
counter-clockwise,

Frequency shift using Digital Synchronizer TF 2170B

Very small (increments of 10 Hz) accurate and
stable frequency shifts can be obtained when
TF 2002B is used with TF 21708,

This instrument which has been designed for
use with other signal generators in the TF 2002
series, is constructed to fit on top of the generator
such that the combination appears as a single
instrument.

Only two interconnections are required and
the signal generator can, if desired, be used
independently by operating a switch located on the
panel of TF 2170B.

Logging scale

For incremental shifts on range A or
to obtain wider frequency shifts than are provided
by the electrical fine tuning circuits on the other
ranges, the logging scale can be used.

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

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

210 AMPLITUDE MODULATION

Internal a.m.

For amplitude modulation using the internal
a, f, oscillator proceed as follows :

1. Set the FUNCTION switch to INT AM.
2. Set the 1 V/2 V switch to1 V.

3. Set the MODULATION OSCILLATOR switch
to ON.

4. Set the MODULATION OSCILLATOR switch
to the frequency range that includes the required
modulating frequency.

5. Set the MODULATION FREQUENCY control
to provide the required frequency.

6. Advance the MODULATION LEVEL control
(red knob) until the MODULATION METER shows
the desired percentage depth. The maximum

depth for low distortion modulation is limited when
the modulation frequency exceeds certain percentage
of the carrier frequencies, Table 1,2 gives the
maximum modulating frequencies for 5% distortion
at 80% modulation depth,

When the function switch is in the INT AM,
INT FM or EXT A f positions the modulation fre-
quencies 20 Hz to 20 kHz are available at the
MODULATION OSCILLATOR OUTPUT terminals.
This output which is independent of the setting of
the MOD OSC ON/OFF switch, can be used to check
the response of a, f, amplifiers or to trigger an
oscilloscope at the modulation frequency.
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The output level is 0.7 V r.m. 8, (nominal)
into 600 2 and the source impedance is approxi-
mately 600 2.

External a.m. (a.c. coupled)
1, Set the FUNCTION switch at EXT AM.
2. Set1V/2V switchtol V.

3. Apply the external modulating signal between
the EXT AM/LEVELLING terminal and earth,

4, Set the MODULATION LEVEL control in con-
junction with modulation meter to provide the
required modulation depth.

NOTE. Since the modulation meter is a peak
detector, non-sinusoidal modulating signals may
be used without introducing over-modulation.

The input required is approximately 1.2 V r.m., s.
into 1 k2 minimum for a nominal modulation depth
of 100%.

For high modulating frequencies the modula-
tion 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 can be made
through the EXT AM/LEVELLING terminal in the
EXT LEVELLING function.

With the FUNCTION selector at EXT
LEVELLING, a standing potential of -6, 75 V is
present between this terminal and earth, To avoid
developing this voltage across any drive source,
connection can be made between EXT AM
LFVELLING and the -6. 75 V neutral terminal,

{ Af/LEVELLING NEUTRAL), located at the rear

of the instrument., However, it should be mentioned
that using these connections necessitates the use of
a balanced and floating input.

The carrier amplitude can be controlled by
using any one of the three methods given below :
1)) An adjustable shunt resistor connected as

shown in Fig. 2.4 can be used to raise the carrier
level,
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TF 20028
MF/HF AM/FM SIGNAL GENERATOR

0 0O © ©-

= =9

EXT AM/ o)
LEVELLING

@ =HOHO=OXF

TPA2233

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. Fig. 2.5 shows the connections
using an external d, c. supply.

TF 20028
MF/HF AM/FM SIGNAL GENERATOR

EXT AM / ©
1—14‘/ 100kA LEVELLING f ® ' @
¥ |lo® © @

TPAZ234

Fig. 2.5 External amplitude control circuit

3) By applying a two-terminal floating, direct
or alternating potential between EXT AM
LEVELLING terminal and the A f/ LEVELLING
NFUTRAL terminal at the rear of the instrument,

Fig. 2.6 shows a balanced d. c. source but an
a.c, input can be used as an alternative to the
circuit enclosed in the dotted area.

TF 20028
MF/HF AM/FM SIGNAL GENERATOR

0 0O © ©-

. ===
ll‘ | ] I — @
4 I ext amy |HE
£C i HOIC0XT
17 |
| | 0o ® @ ﬂ
I |

TPAZ235
A1/ LEVELLING
NEUTRAL
{rear panel)

Fig. 2.6 External balanced drive source
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The MODULATION LEVEL control is not
operative when the FUNCTION switch is at EXT
LEVELLING but the CARRIER LEVEL meter
remains functional.

211 FREQUENCY MODULATION

Frequency modulation is possible only on
carrier frequencies above 100 kHz. Modulation
frequencies up to 20 kHz can be applied to carrier
frequencies above 1 MHz: for carrier frequencies
between 100 kHz and 1 MHz, 4 kHz is the maximum
to maintain the specified accuracy. Frequency
shifts may be applied together with frequency
modulation but care is necessary to avoid over
modulation, At the low frequency end of each
carrier range the sum of the shift frequency and
the peak f, m. deviation must not exceed the limits
given in the table on the front panel - see Section
1.2, f.m. modulation (deviation).

To obtain frequency modulation using the
internal oscillator :

1. Set the MODULATION OSCILLATOR to ON.
2, Set the FUNCTION switch to INT FM.

3. Set the MODULATION OSCILLATOR switch
to the position corresponding to the frequency range
that includes the required modulating frequency.

4, Set the MODULATION FREQUENCY control
to provide the required frequency.

5, Select suitable FM 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 FM/ A f FINE CAL control central)
and 6% when the INCREMENTAL fine tuning dial
has been calihrated against the internal crystal
calibrator.

When A f standardizing procedure has been
performed for any one carrier frequency, the f. m,
accuracy is simultaneously standardized.

The f.m. meter scale can be expanded in
positions 2 and 1, of the FM RANGE switch where
the improved accuracy is maintained.

External frequency modulation (a.c. coupled)

1. Set FUNCTION switch to EXT FM.

2. Apply a.c. modulating signal between EXT
FM/ A f terminal and EARTH terminal.

3. Set MODULATION LEVEL control and FM
RANGE switch to give required deviation (indicated
on the MODULATION meter). The input required
is approximately 1.2 V r, m, s. into 2.0 k2 minimum
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 2.3. Provided the incremental fine tuning
system has been standardized at a particular carrier
frequency, the f.m, monitor circuit will be within
6% for external signals,

A factory modification is available which
increases the maximum f. m. modulating frequency
limit from 20 kHz to approximately 200 kHz. This
permits pulse f.m. up to 20 kbit rates without
serious distortion.

The leakage performance of the generator
is, however, slightly degraded.

External Af (d.c. coupled)

This input is used for low modulating fre-
quencies, f.m,, external frequency shift, manual
or automatic frequency control, phase modulation
or frequency sweeping, by direct coupling to the
modulation circuit.

When the FUNCTION switch is set at EXT A f
a standing -6. 75 V potential appears on the EXT
FM/ A f terminal, To avoid applying this direct
voltage to any drive source, and possible change
in mean carrier freguency, connection may be made
between the EXT FM/ A f terminal and the -6, 75 V
neutral terminal, (marked A f/LEVELLING
NEUTRAL), located at the rear of the instrument,

The tracking network normally used to
correctly maintain the A f and f. m. deviation
sensitivities over each carrier range, is bypassed
when FUNCTION switch is at EXT Af. With this
condition, the maximum possible frequency shift
is obtained but the deviations are then neither
monitored nor constant.
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Sensitivity at the high frequency end of each
range is generally three times greater than at the
low frequency end.

The following three diagrams show methods
for controlling the carrier frequency.

TF 20028
MF/HF AM/FM SIGNAL GENERATOR

- @@ @«»

o o p—

K - TOFCIORE:

TPA2236

Fig. 2.7 Passive external frequency cantrol

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

TF 2002B
. MF/HF AM/FM SIGNAL GENERATOR

000 © ©-
= FCICCOAT:

— gy 100k

TPA2237

Fig. 2.8  External unbalanced drive source

This circuit can be used for positive or
negative increments of the carrier frequency.

TF 20028
MF/HF AM/FM SIGNAL GENERATOR

000 ® ©
—7—_ o

‘r_ _____ j s} v J—

! o® H &
T o Horrels SO BEO) ©
- 100kAy : EXT FM/BF © ?
{ | TPAZ238
Lo _ _ | at/ LEVELLING

NEUTRAL
(rear panel )

Fig. 2.9 External balanced drive source

2002B (1)

Operation

This circuit can also be used for increases
or decreases of incremental frequency; frequency
shift is proportional to the voltage input, e.g. with
0 V input no frequency shift occurs.

An alternating voltage source can be used
instead of the d. ¢. circuit enclosed in the dotted
area.

Synchronizer input

The TF 2170 series Digital Synchronizer input
on the rear panel may be used for frequency control
or other applications if required. The input para-
meters are listed in Section 1, 2,

Note that the standing voltage on this socket
is -6. 75 V and may be used with external circuits
in conjunction with the A f/ LEVELLING NEUTRAL
(-6. 75 V) if required.

212 SETTING OUTPUT

(1) Setthel V/2 V switch at 1 V, set the
CARRIER switch at ON and adjust the CARRIER
LEVEL control to position the pointer of the
CARRIER LEVEL meter at 1 V (0 dB).

NOTE. Adjustment of the carrier level does not
affect the modulation depth.

(2)  Set the coarse and fine attenuator controls to
obtain the required output. The attenuator settings
indicate the signal level across a matched 50 Q2 load
or alternatively are direct reading in terms of
source e, m, f. when the output is connected through
the 6 dB pad TM 5573/1 which is stored at the rear
of the instrument,

When higher output is required in the c, w.
or f.m, modes the 1 V/2 V switch is set at the
higher position, the attenuator reading must then
be multiplied by two.

Expressed in dB referred to 1.V

With the 1 V/2 V switch at 1 V and with the
pointer of the CARRIER LEVEL meter at 1 V (0 dB)
the signal level across 50 Q2 referred to 1 pV can be
ascertained by adding the dB figures displayed by
the attenuator and by the meter: e.g. coarse
attenuator reads 50, fine attenuator reads 17, meter
reads -1, therefore, output level = 66 dB above
1 uV across a 50  load.
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The coarse attenuator allows output adjust-
ments of 0 to 120 dB in steps of 20 dB and the fine
attenuator can be adjusted from 0 to 20 dB in steps
of 1 dB. Intermediate fine adjustments of less
than 1 dB can be obtained by varying the setting of
the CARRIER LEVEL control.

Frequency modulated or c. w. outputs up to
126 dB above 1 pV into 50 2 can be obtained when
the 1 V/2 V switch is set at 2 V (this is indicated
on the meter),

Under these conditions the output level is
still the sum of the attenuator and meter readings,
e. g. coarse attenuator reads 100, fine attenuator
reads 10 and the meter reads +5 say. This gives
an output level of 115 dB above 1 pV across a 50 @
load.

Expressed in volts

With the CARRIER LEVEL meter at 1 V the
voltage applied across a 50 2 load is indicated on
the fine attenuator dial within the decade shown on
the coarse attenuator dial. If the CARRIER LEVEL
meter is at 2 V the output is twice that indicated by
the attenuator voltage scales.

Counter output

For applications such as operating a frequency
counter, or driving the digital synchronizer, a
separate 50 Q output is provided. This output is
unmodulated and the level which is greater than
100 mV into 50 @ remains within approximately
+2 dB over the entire frequency range.

213 MISMATCHED LOADS

The r. f. output circuit of the signal generator
can be regarded as a zero impedance voltage source
in series with a resistance of 50 2. This is shown
in Fig. 2.10 where :

50N

G E
A

R
-

Fig. 2.10 Equivurent output circuit TPA2223

20

E is the indicated source e.m., f.
R o is the source resistance
Z1, 1is the external load impedance
Vi, the voltage developed across the load is given
by
- 71,
Vi, =B =
Ry + Zp,

or, for purely resistive loads

Vi, = E RL

RoJrRL

Table 2.4 shows the conversion factors for
obtaining the load voltage from the indicated e. m. f.
at different load impedances.

Table 2.4

To find load voltage :

Load ohms Multiply e.m. f. by or subtract dB
10 0.167 15,5
20 0.286 10.9
30 0.375 8.5
40 0,445 7.0
50 0.50 6.0
60 0.55 5.2
70 0.58 4.7
75 0.60 4.4
80 0.62 4.2
90 0.64 3.8

100 0.67 3.5
120 0.71 3.0
150 0.75 2.5
200 0.80 1.9
300 0. 86 1.3
500 0.91 0.8
600 0.92 0.7
800 0.94 0.5
1000 0.95 0.4
2000 0.98 0.2
4000 0.99 0.1
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When using a correctly matched, i.e. 50 §2,
coaxial output cable 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 2.4, Standing waves produced by the
mismatched load can, for most purposes, at lower
frequencies be ignored. However, at the higher
frequencies where cable lengths can become a
significant fraction of a wavelength, extreme mis-
matches should be avoided as described in the
following paragraphs.

Tor greatest accuracy - if the additional
attenuation can be tolerated - use a 20 dB attenuator
pad such as Marconi Instruments type TM 5573
between seriously mismatched loads and the output
cable. This ensures that the cable is correctly
terminated, and also attenuates any extraneous
noise,

Matching to high impedance loads

To match a load that is greater than 50 Q to
the output of TF 2002B a resistor Rg is required
to be added in series with the generator output as
Fig. 2.11, The value of Rg is given by the
difference between the load and the generator
impedances, i.e.

RS = RL"RO

in which case the voltage across the load V7, is
given by

VL=2

For the special case of a 75 2 load, matching
pads Marconi Instruments type TM 5569 or TM 6599,
are available as accessories and consist basically
of a 25 @ resistor with coaxial connectors for
ingertion in series with the output lead.

: TPA222%
Rs
R
658:\ R
RL[J R, [J
G € G
€
v v
= =

SERIES RESISTOR IN CIRCUIT EQUIVALENT CIRCUIT

Fig. 2.11 Matching to high impedance loads

Matching to low impedance loads

To match a load that is less than 50 Q to the
output of TF 2002B a resistor Rp is required to be
added in parallel with the generator output as
Fig. 2.12., The value of Rp is given by
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R, R1,
R =

p RO—RL

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

_Be
R, + Ry,

El = X E

and the voltage across the load Vy, is then given by

Ey
VL T2
Ro H&RL
(i~ “{] ")

PARALLEL RESISTOR IN CIRCUIT EQUIVALENT CIRCUIT

Fig.2.12 Matching to low impedance loads

If the signal generator is likely to be used
regularly with a receiver of different impedance,
it is preferable to construct a proper matching pad
to provide a voltage reduction of some convenient
ratio. This is usually satisfied by a T network as
shown in Fig, 2.13,

Providing the attenuation is sufficient to
accommodate the change of impedance, a pad of
this type can be designed to give a true match;

i.e. not only is the output resistance of the pad
equal to the required source resistance, but also
its input resistance, when correctly terminated,
is equal to the R o of the signal generator. The
values of the resistive elements of such pads can
be calculated from the following expressions in
which

N = Ep/Egut @d F = Rypn/Roye
2N
Rg = ; X Rin
N°-F
(N2 + F)
Ro= Rowt 32 Ry
N -F)
%+ F)
R, = R, -R
1
in (NZ _F 3
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TF 20028
MF/HF AM/FM SIGNAL GENERATOR

RECEIVER

o ® N\ o
@E-@' O@ (0] PN R, R, INPUT

TPB2219 =

Fig. 2.13 Impedance matching network

Table 2.5 below, gives the values of Ry, Ry The values of Ry (high level) and Ry (low
and Rg for the more commonly used impedance level/earth) are given by
conversions. Ry,
Table 2.5 Ry = = -50
Ry
Ri.n Rout N Ry R, Rg R, = ——
Q Q@  ViptoVgy 0 Q Q o
For use with circuits that have a balanced
50 75 10=3.162:1 23.2 51.7 33.8 impedance of 300 2 a special matching unit is
50 75 5.1 32.2 58.5 20.5 available as an accessory and can be ordered under
50 75 10:1 40.1 65.9 10.1 the type number TM 5955/5. The unit incorporates
50 60 +10=3.162:1 24.5 36.4 34.4 a wide band transformer with a 4:1 impedance ratio
50 60 5:1 30.4 41.0 20.3 and a resistive pad to give an overall ratio of 1:6,
50 60 10:1 40.4 50.4 10.1 The voltage ratio is 1:0.5 +0. 5,
214 USE OF DUMMY AERIAL AND DC
A 50 Qto 75 Q matching pad (TM 5573/3) ISOLATOR
with a voltage ratio of 2:1 is supplied with the
instrument. To use the dual-purpose unit, Marconi

Instruments TM 6123, Fig. 2.15, as a dummy

aerial, connect EMF/10 and EARTH terminals to

the receiver under test. The unit then simulates
Matching to balanced loads the impedance of an external aerial normally used
for receivers operating in the 1.f,, m.f. and h. f.
bands. When using the dummy aerial the voltage
input to the receiver will be one tenth (20 dB down)
of that indicated by the attenuators.

To use it as an isolator, connect the EMF/2

and EARTH terminals to the equipment under test,
This allows the signal generator output to be con-~

Equipment with an input circuit in the form
of a balanced winding can be energized from the
generator by using two series resistors as shown
in Fig. 2.14. This method makes use of the auto-
transformer effect of the centre-tapped winding
and is not suitable for resistive balanced loads.

1

'_‘R, nected to circuits having a standing d, c. potential
~ up to 350 V. Used in this way, the output voltage
is half that indicated by the attenuators.
0 1uF
o
q >RL
R 400
100pF MF oe
4}——— ETo_ ISOLATOR
/ e L
Rz ~N, |t 100 EgleL
OEARTH
BALANCED LOAD MATCHING TPAZ224 = -
Fig. 2.14  Matching to balanced loads Fig. 2.15 Generator output using TM 6123
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215 COUPLING TO LOOP AND FERRITE
ROD AERIALS

Many receivers operating in the m. f. and
h. f. bands are now fitted with internal ferrite rod
aerials. Since such aerials normally form part
of the input tuned circuit, it is not feasible to con-
nect the signal generator to the receiver directly.
The concept becomes rather different, for the
signal generator can no longer simulate the aerial
system as it does for receivers requiring external
aerials. Instead, the operational conditions must
be simulated by creating a field of known strength
to ascertain the performance of the receiver.

The system recommended by the 1. E. C.
(publication 69) for use with receivers having frame
aerials can also be applied for those with ferrite
rod aerials, It utilizes a loop radiator connected
to the signal generator in the arrangement shown
in Fig. 2.16,

A circular polarized wave is radiated in the
direction coaxial with the loop. As the magnetic
field of this wave is in the direction of propagation,
it couples to the ferrite rod aerial when it is
mounted coaxially with the loop radiator. A voltage
is induced in the receiver aerial equal to that pro-
duced by an equivalent field strength, which can be
calculated from the parameters of the loop radiator
and the distance separating it from the receiver
aerial.

The equivalent field strength for a frame
aerial is given by the formula :

2
e - 1555 NAT
D

Where
e = equivalent mean field strength in volts per

meter,
N = number of turns in loop radiator.
A = radius of radiator coil in metres.
D = distance in metres between the centre of the

loop radiator and the periphery of the frame
aerial,

current in the loop radiator in amperes.

The meaning of distance D is slightly different
when applied to a ferrite rod aerial because of the
difference in dimensions. The frame aerial is
virtually in one plane but is of large diameter,
whereas the ferrite rod is of negligible diameter
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but has an appreciable aerial dimension. The
distance D, therefore, must be the distance between
the centre of the loop radiator and the mid-point of
the ferrite rod.

When the loop radiator is used with a frame
aerial, it is necessary to fit the loop into a tubular
screen to prevent direct electrostatic coupling.
However, the dimensions of the ferrite rod are so
small that providing it is mounted truly coaxially
with the loop radiator, the direct electrostatic
field virtually cancels itself out and screening is
not very necessary.

The loop recommended by the I, E-C. com-~
prises three turns of solid copper wire -20 swg -
formed into a coil 25 cm in diameter. This loop
has low impedance over the frequency range
covered by ferrite rod aerials, A series resister,
Rg, whose value is high compared with the impe-~
dance of the loop, is connected in series with the
signal generator as shown in Fig. 2.16. The
current in the loop is then equal to E(Ry + Rg),
assuming that the inductive impedance of the loop
is negligible,

To avoid the necessity for tedious calculation
a value for R_ is chosen so that the equivalent field
strength in volts/metre is a tenth of the signal
generator e, m. f. in volts at a convenient value of D.

The recommended value of D is 60 ¢cm, and
this requires a value of 403 2 for R0 + Rg.

For frame aerials the electrostatic screen
recommended by the 1. E. C. consists of a copper
tube 10 to 12 mm in diameter. This tube is bent
into the form of a circle having a mean diameter
of 25 em. It is prevented from acting as a shorted
turn by connecting one end only to earth and insu-
lating the other end.

Measurements of sensitivity and similar
measurements involving low level operation, must
be made in a screened room to prevent the receiver
picking up unwanted signals, It is also most
important that the stray field radiated by the signal
generator is very small; otherwise errors of
measurement will be introduced. Since radiation
from TF 2002B is negligible, radiation errors are
much too small to be considered in the measurement.

|WARN|NG!

When applying TF 2002B to the testing of
transceivers it is recommended that RF
FUSE UNIT TM 9884 (optional accessory)
be used to ensure protection of the resistors
in the attenuator units in case of accidental
switching to the transmit mode.
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Fig. 2.16 Coupling to a receiver with ferrite-rod aerial

216 TYPICAL APPLICATIONS

Applications contained in the sections which
follow are given as a guide to the versatility of
Signal Generator TF 2002B. Many additional
uses are possible and these soon become apparent
to the user.

2.17 RECEIVER MEASUREMENTS

Measurement of receiver sensitivity

The sensitivity of a receiver is its ability to
receive weak signals. To express this ability in
numerical terms we can define the sensitivity as
the smallest r. f, input signal necessary to produce
an acceptable demodulated output.

To measure the overall sensitivity, TF 2002B
is coupled to the receiver input by the appropriate
method, i.e. through a suitable dummy aerial, or
impedance correcting network, for a receiver
requiring an external aerial, or a loop radiator for
a receiver with an internal aerial,

The output from the receiver is measured
using an a. f. absorption power meter connected to
the final output terminals, This type of power
meter is designed to load the a. f. amplifier with
the correct impedance, so the normally connected
loudspeaker is not required for tests.

For a receiver requiring an external aerial,
the sensitivity is stated in terms of input e. m. f.
for a given power output; e.g. 100 pV for 50 mW,
For internal aerial receivers, it is stated in terms
of field strength for a given output; e.g. 10 uv/
metre for 50 mW,
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Measuring ratio of signal + noise +
distortion (SINAD)

When the a. f. output from a receiver is
measured using a power meter, the meter will
indicate a signal level which will include both
noise and distortion and the ratio which is usually
expressed in dB is determined by

S+N+D
N+D

The most common method of measuring the
true signal level utilizes a signal generator to
provide a modulated r. f. input to the receiver
with a power meter connected through a band-stop
filter to measure the a,f. output as shown in
Fig. 2.17.

The power meter should be an instrument
which indicates the true power (or r.m. s. voltage)
otherwise the indicated power levels will not be
correct. When a true power meter is not available
an average reading voltmeter calibrated in r.m. s.
for a sine wave can be employed. Using this type
of meter the power measurement error is not very
large (nominally +1.1 dB) and the accuracy is
usually acceptable.

The measurement is made at the output of
the receiver and the band -stop filter is at the fre-
quency of the desired output signal (e.g. 1 kHz) so
when it is switched into circuit, this signal is
eliminated and the power meter shows the noise
and distortion power only. With the filter switched
out the whole of the output is applied to the power
meter.

The S—+NN:-%D— ratio can be calculated from
these two measured powers.
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Fig. 2.17 Measurement of S+N-+D (Sinad)

The measurement can be simplified by using
a Marconi Instruments Distortion Factor Meter,
type TF 2331, instead of the filter and power meter.
Use of this instrument overcomes the problems
associated with using a filter, i.e. insertion loss
and selectivity.

Manual measurement of automatic gain
control (a.g.c.)

Measurement of the a. g, ¢, characteristic
follows naturally after sensitivity and noise
measurement; because the a,g.c. varies the
sensitivity of the receiver to cope with the strength
of the applied signal.

The arrangement of the test equipment is the
same as for sensitivity measurements the standard
procedure being as follows :

First, an r.f. (carrier) signal modulated at
400 Bz to a depth of 30% is applied to the input of
the receiver and the carrier amplitude is adjusted
to a typical signal level, such as 5 mV for an a. m.

TF 2210

N+D

broadcast receiver. The manual a. f. gain control
of the receiver is then set to give the standard test
output as used for overall gain measurement -
usually 50 mWw,

With the receiver gain control left fixed, the
carrier input level is varied from a level well
below the a. g.c. threshold (i. e. the input level at
which the a. g. c. begins to operate) up to the maxi-
mum input level, (IEC recommend 1 pV to 1 V),

The output power, as read from the output
meter, is plotted as a curve showing receiver out-
put as a function of r. f. input voltage. Both of
these are expressed in decibels relative to the
maximum,

Dynamic measurement of a.g.c.

A dynamic display of a, g. c. characteristics
or limiting action can be obtained using TF 2002B
as a sweep generator in conjunction with an oscil-
loscope, see Fig, 2,18 and Section 2, 19,

TF 20028

OSCILLOSCOPE

MF/HF AM/FM SIGNAL GENERATOR

The r. f. level can be varied

from approximately 2 V to 0 V p. d.

Bl

by sweeping the saw-tooth input
voltage from -0,75 V to -12,75 V.,

The horizontal axis of the display

then corresponds to the r, f. input
voltage to the unit under test and

RECEIVER
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the vertical axis to its audio output
voltage.

i
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Fig. 2.18 Dynamic measurement a.g.c. characteristics
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The vertical calibration is the direct ampli-
tude calibration of the oscilloscope. To calibrate
the horizontal scale in terms of r.f. input voltage,
the signal generator attenuator can be used in the
following way,

With the attenuator set for a low level, the
overall gain of the system is adjusted to produce
a readable deflection at the 'high' end of the grati-
cule, This deflection should be noted. The
attenuator is then adjusted to increase the signal
generator output by an amount equal to the required
total sweep, and R1 is adjusted to produce the noted
vertical deflection at the 'low' end of the graticule
scale. It may be necessary to repeat this pro- )
cedure several times to compensate for changes in
mean level when R1 is adjusted,

Manual measurement of receiver
bandwidth and overall response

Ideally, the acceptance band of a receiver
should be only just wide enough to accommodate
all the sidebands of the transmitted signal. For
a.m, receivers, this means that the acceptance
band should be just twice the maximum modulation
frequency, If it is too narrow the high frequency
components of the modulation will be lost and, if
it is too wide, not only will the selectivity of the
receiver be impaired, but, as the noise inter-
ference is directly proportional to bandwidth, the
signal-to-noise ratio will also suffer.

A simple statement of the -3 dB bandwidth
is meaningful as a measure of the range of modu-
lation frequencies that a receiver will respond to
but it does not give any indication of how well it
will reject frequencies outside this bandwidth, nor
does it show how the response varies over the
acceptance band. To obtain a more comprehensive
assessment of this aspect of receiver performance,
it is better to plot a graph of the frequency response
characteristic showing the output level (or gain) as
a function of input frequency.

The test gear arrangement is shown in
Fig. 2,19 and the procedure is described.
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Bandwidth measurements on d.s.b.
receivers

With an a, m. output from Signal Generator
TF 2002B applied to the input of the receiver and
with the a. f. output of the receiver connected to a
suitable measuring instrument (preferably with a
dB scale) tune the signal generator and the receiver
to a reference (centre) frequency Fc and set the
output of the receiver to give a datum level on the
output meter e.g. 0 dB.

For bandwidth measurements on d. s. b.
receivers adjust the incremental controls to a
frequency Fc + A F to set the pointer of the output
meter at -3 dBR. Note this frequency then adjust
the incremental controls to a frequency Fc - A F
to again set the pointer at -3 dB, note this frequency.
The bandwidth is ascertained by subtracting

Fc - AF from Fc+ AF - see Fig. 2. 20.
r \K“B
—Af +Af —at +Af -Af +af

Fc Fc Fc

IDEAL TYPICAL

TPA 2246

Fig. 2.20 Bandwidth measurements

For quick and accurate manual bandwidth
measurement especially on highly selective
receivers incorporating crystal filters, Digital
Synchronizer TF 2170B can be used in conjunction
with TF 2002B to provide very stable frequency
shifts in steps of 10 Hz - see Section 2. 20.

Overall selectivity of d. 8.b. receivers

To ascertain the overall selectivity of a
receiver, set up the signal generator, receiver and
output meter as for bandwidth measurement, then
adjust the incremental controls on TF 2002B to
provide small frequency changes above and below
Fe.

OuTPUT METER

RECEIVER

QUTPUT

© S——— COUPLING
® O o ARRANGEMENT
o
HOFICOR-F
° o—r
8 | o

TPC2231

Fig. 2.19 Bandwidth and overall response measurements
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Record the output meter readings, for each
frequency setting then use these to construct a
selectivity curve. Two typical response curves
are shown in Fig. 2,21,

ASYMMETRICAL RESPONSE DOUBLE HUMP RESPONSE

~Af +af —-Af +At
Fc Fc

TPA2245A

Fig. 2.21 Typical overall response curves
Dynamic measurement of receiver

bandwidth or overall response

To determine the selectivity of a receiver
using the method described is a tedious procedure
and if adjustments are found to be necessary to
modify the response it becomes a lengthy exercise
calling for some expertise,

However, the selectivity characteristic of
most receivers is more quickly and easily checked
using a visual (dynamic} method which also offers
advantage that results of any correcting adjustments
can be immediately observed.

TF 20028
MF/HF AM/FM SIGNAL GENERATOR
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This can be done by using Signal Generator
TF 2002B as a sweep generator in conjunction with
an oscilloscope, see Section 2,18, to display the
selectivity characteristic of the receiver.

The test equipment arrangement which can
also be used for r.f. and i, f. alignment is shown
in Fig. 2.22.

For the dynamic method of measuring the
r. f. bandwidth of an a. m. receiver, an amplitude
modulated signal is swept progressively through
the pass band and the two frequencies where the
a, f. output is 3 dB below the output at the centre
frequency are noted. The bandwidth is then given
by the difference between these two frequencies.

If, however, the overall resonance charac-
teristic of the tuned amplifiers in the receiver are
asymmetric or double-humped there is often dif-
ficulty in determining the centre frequency. For
practical purposes, this can be accepted as being
mid-way between points on the resonance curve
which are, say, 14 dB below peak response, i.e.
20% of f.s.d. on linear display.

The TF 2002B is particularly suitable for
this type of swept measurement because the full
internal a, m. facilities are retained when the
instrument is set for external sweep. To use
the TF 2002B in this way you also need :
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Fig. 2.22  Dynamic method for bandwidth and overall response
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1) An oscilloscope with TB output facility (e. g.
MI type TF 2210).

2) Audio frequency detector - see diagram,

3) Sweep width control to suit oscilloscope -
see diagram.

The sweep width control unit shown in the
diagram is suitable for use with most oscilloscopes
at sweep speeds down to 10 ms/cm, i.e. 100 ms
total sweep duration, Control R4 should be adjusted
to give a saw-tooth amplitude of 2 V p-p at point P.
The sweep width control, R3, then covers a total
variation of sweep width from zero to the maximum
available for the TF 2002B frequency range setting,

For bandwidth measurement, first set the
function switch to INT AM and adjust the modulation
controls to give 30% a. m. depth at 400 Hz. Then
set the FUNCTION switch to EXT A f. Frequency
sweep can then be applied.

To make the measurement, first centre the
display using the main FREQUENCY control then
adjust the sweep width so that the displayed res-
ponse fills most of the screen. If the curve is
asymmetric, readjust the frequency so that the
14 dB points on the curve (approximately 1/5th of
total height from the base line) are spaced sym-
metrically about the middle of the screen which
then indicates the centre frequency.

Note the level 3 dB below the centre frequency
level and adjust the FREQUENCY controls to bring
each side of the curve in turn to cross the centre
line at the -3 dB level, noting the signal generator
frequency at each point., The total frequency change
is the r. f. bandwidth of the receiver.

Manual measurement of response
characteristics of $.S.B. receivers

The response characteristic of an s. 8. b.
receiver can be measured very easily because the
a. f. output is derived from the frequency difference
between the input signal and the internally generated
carrier. Furthermore, the a, f. amplifier nor-
mally forms part of the selective chain; so the
response characteristic is usually taken using an
r. f. input signal to produce the wanted sideband
and an a. f, power meter to measure the receiver
output,

The measurements should be made with the

a, g.c, switched off - s, 8.b. receivers are normally
fitted with an a. g, ¢. on/off switch,
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To plot the response characteristic, the
signal generator frequency is first adjusted to
simulate a sideband separated from the carrier
frequency Fc by say, +1 kHz (for upper sideband).

This produces an a, {, output at 1 kHz. The
receiver gain controls are then adjusted to produce
a convenient deflection on the power output meter
and this reading is taken as the reference output
level.

Using the incremental control the frequency
of the signal generator is then adjusted to provide
in turn frequencies F¢ + 2 kHz + 3 kHz.....

The output meter reading for each frequency
setting is recorded and a graph is constructed to
show the response characteristic, It should be
added that the frequency response of the a, f,
amplifier should be known.

When a Digital Synchronizer TF 2170 or
TF 2170B is available this can be used to produce
very stable sideband frequencies. The incremental
control on TF 2002B is then set at zero and the
frequency switches on the synchronizer are stepped
in desired increments to provide the required side-
band frequencies. See section 2. 20.

Dynamic display of response
characteristics of S.S.B. receivers

The a. f. response of SSB receivers can be
displayed on an oscilloscope uging TF 2002B as a
sweep generator, The test configuration is as
shown in Fig, 2.22 with the sweep width control
adjusted to provide a full screen display for the
expected a. f. range.

Measurement of spurious responses

Receivers respond to signals other than those
for which the tuning is set. Two of the most
important of these are the image (second channel)
response and the i. f. spurious response.

(1) Image frequency rejection

The image frequency is the frequency spaced
one i, f. away from the local oscillator frequency
in the opposite direction from the tuned frequency;
i.e. if the tuned frequency is the local oscillator
frequency minus the i. f., the image frequency is
the oscillator frequency plus the i. f. or vice versa.

2002B (1)



The image frequency rejection ratio is the ratio in
decibels between a tuned and an image frequency
signal to produce the same a. f. power output from

the receiver.

To measure the rejection ratio TF 2002B
and the power meter are connected as for sensi-
tivity measurement,

First the signal generator is tuned to the
receiver centre frequency, generally with 400 Hz,
30% modulation, The signal generator carrier
level is then set to produce the standard sensi-
tivity test output from the receiver, usually 50 mW,
and the TF 2002B attenuator settings are noted.

The signal generator is then tuned to the
image frequency and the r.f. input level to the
receiver is increased until 50 mW output is again
obtained, It is generally necessary to increase
the output from the signal generator by 20 to 40 dB
in order to ascertain the image response of the
receiver. The same tuning procedure should be
used as for the tuned frequency; i.e. if the signal
generator is adjusted for peak output at the tuned
frequency it should be adjusted for peak output at
the image frequency.

The image frequency rejection ratio is the
ratio between the two input levels., This is
normally expressed in decibels and is generally
expected to be greater than -40 dB.

(2) Intermediate frequency rejection

Intermediate frequency rejection ratio is a
measure of the response of a receiver to an
unwanted signal at the intermediate frequency.

The rejection ratio is the ratio in decibels
between the r.f. level of an unwanted signal (equal
in frequency to the i. f.) and that of the tuned signal
when both produce the same a. f. output power.

The method of measurement is similar to
that used for image frequency rejection except that
the spurious response is at the i.f.

The signal generator is first tuned to the
centre frequency of the receiver pass band and
with standard modulation applied, the r.f., level
is adjusted to produce the standard output power
(usually 50 mW) and the attenuator settings are
noted,

The signal generator is then tuned to the

intermediate frequency and the signal level is
increased until the standard output power is again

2002B (1)
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The ratio between the two attenuator
It is normally

obtained.
settings is the i. f. rejection ratio.
expected to be greater than ~-70 dB.

218 ADDITIONAL APPLICATIONS

TF 2002B can be used either manually or
dynamically (in conjunction with an oscilloscope)
to check the response of r. f, amplifiers or r. f.
filters, the basic test configuration being the same
for both measurements,

Checking r.f. filters

When it is required to adjust a sharp cut-off
filter, the sweep frequency method shown in
Fig. 2.23 to display the response characteristic,
avoids the tedium and difficulties associated with
the manual tuning method. It also prevents errors
due to frequency drift because small changes in
frequency merely move the displayed characteristic
across the screen without affecting its shape. To
use the TF 2002B in this way you also need :

1) An oscilloscope with time base output facility.
2) A suitable detector (MI type TF 9651 probe).

3) Sweep width control unit - see diagram.

A logarithmic amplifier can, if desired, be
used between the probe and oscilloscope for
improved display of the skirts of the response curve,

For sweep frequency tests on high Q resonant
devices it is essential that a low sweep speed be
used to prevent errors caused by the ringing effect.
At very low sweep speeds, phase shift in an a. c.
coupled sweep width control circuit causes distor-
tion of the displayed characteristic. =Therefore,

a d. c, coupled circuit is shown in the diagram
giving continuously variable control of the sweep
width without variation of the centre frequency,

To set up the control circuit, first adjust R2
to make the saw-tooth at point P exactly symmet-
rical about -6, 75 V; then adjust R5 to bring the
saw-tooth amplitude to 2 V p-p. The sweep width
control, R4, can then be used to vary the width
from zero to maximum for the carrier frequency
used.
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Fig. 2.23 Checking r.f. filters and amplifiers

Wide band f. m.

The cover plate on the rear of the instrument
and the associated marking on the r.f. box 'FM
Wideband/Normal' is for a special military version
of the instrument.

219 GENERAL NOTES ON CONNECTING
AN OSCILLOSCOPE FOR DYNAMIC
DISPLAYS
A negative-going control voltage applied to

the external frequency shift terminal of the

TF 2002B increases the frequency. For an oscil-

loscope display with frequency calibration increasing

from left to right, a negative-going saw-tooth vol-
tage should, therefore, be applied to the terminal,
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the maximum linear frequency sweep width occur -
ring when the voltage sweeps from -5, 75 to -7, 75 V.,

The majority of oscilloscopes now in use
deliver positive-going saw-tooth outputs so the
frequency increases from right to left. In practice,
this is seldom a disadvantage; however, if desired,
the X plate connections to the cathode ray tube can
be reversed to position the high frequency end of
the scale at the right side of the screen.

Because it is not advisable to allow the input
voltage to the signal generator to become positive
with respect to the chassis, the positive peaks of
the saw-tooth should be held at zero by means of
a catching diode in conjunction with a blocking
capacitor, C1, as shown in Fig, 2. 24,
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Fig. 2.24 Diode circuit and width control
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The input resistance at the EXT A f terminals
of the TF 2002B is nominally 100 k2; and the most
convenient way of controlling the input voltage is to
use this input resistance as the lower arm of a
potential divider, with a variable resistor R1 as the
sweep width control, forming the upper arm. The
most suitable value for R1 depends upon the saw-
tooth output from the oscilloscope, but a 50 k2
coarse control in series with a 5 kQ2 fine control
satisfies most requirements.

The optimum value of C1 depends upon the
sweep speed and the amount of series resistance.
To avoid errors due to phase shift, the time con-
stant of the loop comprising C1, R1 and the res-
pective input and output resistances should be long
compared with the sweep time; if the value of C1
is made too high its charging time may encompass
several sweeps so that the displayed curve will not
remain stationary on the oscilloscope screen.

For the common case where the sweep time is
about 0. 01 second and the total series resistance
is of the order of 10 k2, a 10 uF, 100 V electro-
lytic capacitor is usually satisfactory.

With the attenuator set for a low level, the
overall gain of the system is adjusted to produce
a readable deflection which should be noted. The
attenuator is then adjusted to increase the signal
generator output by an amount equal to the required
total sweep, and R1 is adjusted to produce the noted

Operation

vertical deflection at the 'low' end of the graticule
gcale. It may be necessary to repeat this pro-
cedure several times to compensate for changes
in mean level when R1 is adjusted.

220 OBTAINING CRYSTAL STABILITY AND
ACCURACY FROM TF2002B WITH
DIGITAL SYNCHRONIZER TF 2170B
When TF 2002B is used in conjunction with

TF 2170B or TF 2170 shown in Fig. 2. 25 any output

frequency in the range 32 kHz to 88 MHz can be held

stable to within 1 p.p. m. over an ambient tempera-
ture range of +10 °C to +35°C. Used together, the
combination can be considered as a phase locked
frequency synthesizer.

None of the facilities of the generator are
degraded by connection of the synchronizer.

The synchronizer, which is designed to be
fitted on the top of the signal generator, obtains
its input from the counter output socket on TF 2002B
and the coaxial connector positioned at the rear of
the signal generator accepts the phase lock control
voltage from TF 2170B. A switch located on the
panel of TF 2170B enables the signal generator to
be used independently (unlocked condition) without
disconnection.

Digital Synchronizer TF 2170 can also be
used with TF 2002B but frequency control is limited
to 80 MHz and TF 2170 is required to be slightly
modified, see Supplement to Manual EB 2170.

Fig. 2.25 Signal generator TF 2002B with Digital Synchronizer
TF 21708

2002B (1)
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Decibel conversion table

Ratio Down Ratio Up
VOLTAGE POWER DECIBELS VOLTAGE POWER
1-0 1-0 .0 1-0 1-0

-9886 9772 1 1.012 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 1-072 1-148
-9226 -8511 7 1-084 1175
9120 -8318 -8 1-096 1-202
9016 -8128 -9 1109 1-230
-8913 -7943 1-0 1122 1-259
-8710 -7586 12 1-148 1-318
8511 7244 14 1175 1-380
8318 6918 16 1202 1-445
8128 6607 18 1:230 1-514
7943 6310 2:0 1259 1.585
7762 -6026 22 1-288 1-660
-7586 -5754 24 1-318 1.738
7413 -5495 2-6 1-349 1-820
7244 -5248 2-8 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 45 1-679 . 2-818
-5623 -3162 5-0 1.778 3162
-5309 -2818 55 1-884 3.548
-5012 2512 6 1-995 3-981
-4467 -1995 7 2-239 5012
-3981 1585 8 2-512 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 5-623 31-62
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Decibel conversion table (continued)

Ratio Down
YOLTAGE POWER
1585 02512
1413 01995
1259 -01585
1122 -01259
1000 -01000
07943 6-310 x 107
06310 3981 x 10°?
-05012 2:512 x 107
-03981 1-585 x 10!
03162 1-000 x 10°
‘02512 6-310 x 10+
01995 3981 x 10+
-01585 2-512 x 10+
01259 1-585 x 10+
-01000 1-000 x 10+
7-943 x 107 6.310 x 107
6-310 x 107 3-981 x 10°*
5012 x 102 2:512 x 10°*
3-981 x 107 1-585 x 10-*
3162 x 10 1-000 x 10-
2-512 x 102 6:310 x 10°¢
1-995 x 10 3981 x 10
1-585;10" 2-512 x 10~
1259 x 107 1-585 x 10
1-000 x 10 1-000 x 10°¢
5-623 x 10~ 3162 x 107
3162 x 10+ 1-000 x 1077
1.778 x 10 3162 x 10°®
1-000 x 10+ 1-000 x 10°®
5-623 x 10°° 3-162 x 10”°
3162 x 1078 1-000 x 107
1-000 x 10 1-000 x 10~
3162 x 10°¢ 1-000 x 10"
1-000 x 10-¢ 1-000 x 102
3-162 x 10”7 1-000 x 103
1-000 x 107 1-000 x 10~

DECIBELS

16
17
18
19
20

22
24
26
28
30

32
34
36
38
40

SEERD

52
56

65
70
75

85

110
120
130
140

VOLTAGE

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

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

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

1259
1585
199-5
2512
3162

398-1
5012
631-0
7943
1,000

1-778 x 10°
3162 x 10°
5-623 x 10°
1-000 x 10*
1-778 x 10*

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

Ratio Up

POWER

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

158-5
2512
398-1
631-0
1,000

1-585 x 10?
2-512 x 10°
3981 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*

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

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

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

Operation
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Chapter

Technical description

This chapter, which outlines the overall and
circuit functions of Signal Generator TF 2002B, is
intended to be read with reference to the circuit
diagrams and illustrations contained within this
manual,

31 MECHANICAL CHARACTERISTICS

Signal Generator TF 2002B is constructed and
designed to provide easy access to printed circuit
boards and sub-assemblies for the purpose of
servicing and to enable direct access to the oscil-
lator units and associated circuits, the r.f. com-
partment can be completely removed without elec-
trical disconnection.

Efficient screening of particular units together
with the general design, reduces stray fields to a
negligible level whilst temperature rise within the
instrument has been kept to a minimum by the con-
sideration given to the positioning of certain cir-
cuits and the use of carefully designed heat con-
ducting devices.

Oscillator and associated filter circuits con-
tained within the r.f, compartment are tuned by
movable ferrite cores which are driven by a tape

OSCILLATOR
‘' COILS

Fig. 3.1
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attached to a drum as shown in Fig, 3.1. To
obtain a continuous frequency scale in the form of

a zig-zag pattern, the tapes driving alternate ranges
are wound in opposite directions around the drum,
In addition, a SET SCALE control is available to
move the tuning scale to the left or right by a small
amount to correctly position the calibrated scales,

All printed circuit boards and sub-assemblies
in the instrument are allocated a unit identification
number in the sequence Al to A31 and where prac-
tical the assembly is marked with this number;
silk screening is used to identify components on the
printed circuit boards.

Inputs and outputs are conveyed through con-
nectors and terminals located on the lower front
panel and at the rear of the instrument.

Side handleg are fitted to the instrument case
and handles are also fitted to the front panel for
easy handling when the instrument is rack mounted.
These can also be used to provide protection to the
front panel controls when the generator is positioned
face down for repair.

Since the instrument can, if desired, be rack
mounted a modification kit is available.

OUTPUT FILTER
colLs

NRRSRT

o
SN

FREQUENCY
CONTROL

Tuning drive system
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3.2 SUMMARIZED OVERALL FUNCTION
Block diagram page 43

The tuned r. f. oscillator signal (10 kHz to
88 MHz) is applied to the input of a2 wide band
amplifier consisting of a pre-amplifier incorporating
an automatic gain control circuit, two buffer stages,
a modulator and a final amplifier.

Output from the pre-amplifier, which is
maintained at 150 mV by action of the a. g. c. circuit
is passed to the modulator circuit and also through
an emitter follower to two buffer stages which supply
signals to the crystal calibrator and counter output
socket.

The input circuit of the modulator employs a
dual gate field effect transistor (f.e.t.) which
accepts the modulating signal, the d. c. instruction
voltage from the overall automatic level control
circuit, (a.l.c.) and the r.f. signal. From the
modulator the signal is passed to the final amplifier
at a level which is controlled by the d. c. instruction
signal.

The final amplifier consists of an emitter
follower and two Class A common emitter ampli-
fiers. Output from the final amplifier is passed
to a switch selected filter which applies the a, m.
signal to the a.l. c. and envelope detector circuit
to produce a signal of constant level and low dis-
tortion to the input of the attenuators.

Reactance circuits, using diodes or tran-
sistors as variable capacitors, provide incremental
tuning ( A f) which enables the frequency of a selec-
ted oscillator to be either precisely set or swept
over a band of frequencies above and below the set
frequency by the A f driver circuit incorporating
the panel mounted incremental controls.

For very accurate and stable frequency setting
or very accurate frequency shifts (up to £0. 5% in
steps of 10 Hz from the tuned frequency) Digital
Synchronizer TF 2170B can be used instead of the
incremental controls.

The variable reactance circuits also enable
any oscillator R to F inclusive to be dynamically
swept over a band of frequencies by application of
a varying d. c. voltage or low frequency saw-tooth
waveform to the EXT FM/ A f terminals.

To enable the frequency of the r. f, signal to
be accurately tuned, an internal 1 MHz crystal
oscillator with two cascaded decade dividers is
used with a 1 kHz filter. The low level r.f. output
from the crystal calibrator socket on the wide band
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amplifier is passed to a mixer circuit to produce a
beat frequency which is applied to an a. f, amplifier
driving an internal loudspeaker or if preferred,
headphones connected to the phone jack on the
front panel can be used instead of the loudspeaker.

A Wien bridge oscillator with a continuously
variable frequency range from 20 Hz to 20 kHz is
used to modulate the r. f. signal and also to provide
an a, f. output.

Automatic level control and envelope feedback
circuits maintain the set r. f. voltage constant at
the input to the attenuators and also operate to
ensure minimum envelope distortion, The signal
level applied to the attenuators is sampled and
compared with an instruction signal for level and
modulation and the error signal is used to correct
the r. f. signal level and reduce any modulation
distortion.

Modulated r. f. signal levels up to 1 V into
the attenuator are obtained when the 1 V/2 V switch
is positioned at 1 V and this can be increased to 2 V
for c. w. or f.m, signals by setting the switch at
2 V. The -1 dB and +5 dB calibrations on the
meter scale enables interpolation of the 1 dB
attenuator steps.

To ensure that f. m. deviation is maintained
acceptably constant over each carrier frequency
range, tracking circuits which operate in conjunc-
tion with the frequency range switch and main tuning
control, are incorporated.

Provision is made for both amplitude modu-
lation and frequency modulation by an external
source and if desired, the level of the carrier
signal can be controlled from a remote d. c. source.

3.3 SUMMARIZED CIRCUIT FUNCTIONS

Rlock schematic diagram Fig. 3.2 details
the various circuits employed in TF 2002B whilst
the sections which follow briefly explain the opera-
tion of each circuit.

3.3.1 R.F. oscillators
Circuit diagrams Figs 7.2 and 7.4

All the r.f. oscillators use a modified
Colpits circuit with tuning achieved by variation
of inductance. The principal inductor in each
circuit has a ferrite core which is positioned by
operation of the main tuning control to provide the
required frequency.
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Range A

Range A uses a bipolar transistor TR1 for
the oscillator circuit with regenerative feedback
obtained from the tuned circuit and applied to
emitter of the transistor : base bias is provided
by resistors R1 and R2 and resistor R3 shunts the
tuned circuit to reduce its Q to maintain an accept~
able signal level over the frequency range. The
emitter input signal is developed across R4 whilst
R5 serves to return the collector to the negative
supply. The tuned circuit consists of C2 and C3
in parallel with L1 and L2, Capacitor C5 is
selected to set the low frequency end of the range
and L2 is pre-adjusted to set the high frequency

end and consequently the overall frequency coverage.

Range B

Range B also uses a bipolar transistor TR2
for the oscillator circuit with transistor TR1 as a
variable capacitor across the tuned circuit, its
value being determined by the base voltage which
is established by the output from the f, m. or A f
driver circuits or externally applied signal levels.

Range C

Range C is similar to range B, a bipolar
transistor TR2 is used for the oscillator circuit
with transistor TR1 as the variable capacitor.

In this circuit C3 is selected to set the
modulation frequency response,

Range D

Range D is, in outline, similar to range B,
It uses the same type of transistors and differs
only with respect to the value of components.

Ranges E and F

Ranges E and F are similar and differ only
with respect to component values. Both use a
field effect transistor (f.e.t.) for the oscillator
circuit and buffer circuit respectively and a bipolar
transistor as the variable capacitor.

Range G
Range G also uses field effect transistors

for the oscillator and buffer circuits, with a diode
D1 as the variable capacitor operating in conjunc-
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tion with the series connected capacitor C2 to pro-
vide the desired range of deviation.

To obtain the required output from the oscil-
lator circuit it was necessary to give R6 a value
of 1 k2 and to overcome the loading which would
be imposed upon the tuned circuit by using this
value of resistor, a choke L2 is connected in
series with the resistor,

Range H

Range H is similar to range G with the
addition of choke L4 which isolates earth currents
to reduce carrier distortion.

Capacitors C3, C4, C6 are positioned very
close to the tuning coil to keep stray inductance
at a minimum,

A series trimmer inductor is not provided
on this range but a selected capacitor C7 is included
to enable the low frequency end of the range to be
correctly set,

3.3.2 Wideband amplifier
Circuit diagram Fig. 7.5 Board A25

The wide band amplifier consists of a pre-
amplifier, two buffer stages, a modulator circuit
and a final amplifier.

Pre-amplifier

The primary function of the pre-amplifier is
to maintain a constant 150 mV to the modulator
circuit but it also serves, through transistors TR5
and TR6, to supply a constant signal voltage to the
crystal calibrator circuit and the counter output
socket.

Input impedance of the amplifier which is set
by resistor R1 is nominally 50 € and outputs from
the selected oscillator unit, which are expected to
vary between approximately 50 and 200 mV, are
developed across this resistor and then applied to
gl of the dual gate field effect transistor TR1.

The constant 150 mV output is obtained by
automatically controlling the gain of the amplifier;
the gain of the amplifier is dependent upon the
voltage applied to g2, TR1 and this is determined
by the automatic gain control (a. g. c.) circuit
which operates as follows :

Output signals from TR3 are rectified by D1
which is connected to the inverting input of the
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error amplifier IC1, A bias voltage determined
by the resistor network R15, 16, 17, 53 and 54 is
also applied to D1 across the decoupling capacitor
Cs.

The variable resistor R16 provides the input
bias for the non-inverting input to IC1, so enabling
the voltage at the output of the IC to be set to a
datum required for 150 mV output from the pre-
amplifier., Diode D4 provides compensation for
the temperature coefficient of D1.

High level r. f. input signals cause the vol-
tage at g2, TR1 to be more negative than the datum
level so the amplifier gain is reduced to re-establish
the 150 mV output.

Low level r. f. signals cause the voltage at
g2 to go more positive than the datum level and con-
sequently the amplifier gain is increased propor-
tionally.

Transistor TR2 is incorporated to hold the
TR1 source voltage constant and it also serves to
provide a stable bias to g1, TR2.

The filter L1, C1 is included to ensure that
interfering r, f. signals are not introduced by the
15 V supply.

Buffer circuits

The two buffer circuits, TR5 and TR6,
serving the crystal calibrator circuit and the
counter output socket respectively, receive their
inputs from the pre-amplifier through the emitter
follower TR4.

Negative feedback for each circuit is obtained
by the emitter resistors R21 and R24, Both
buffers are designed for low gain and to provide an
output impedance of approximately 50 .

Modulator

The modulator circuit employs two dual gate
field effect transistors, TR7 and TR10, together
with bipolar transistors TR8 and TR9.

Output from the pre-amplifier is applied to
g1, TR7 and the modulating signal together with a
d. c. instruction signal from the automatic level
control circuit is applied to g2, TR7.

Large a.f. signals at g2, TR7 such as are
necessary for deep modulation would normally
appear across R37 and this would produce unaccept-
able distortion of the a, m, envelope. To cancel out
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such distortion the a. f. (modulating) signal is
applied to g2, TR10. This transistor amplifies
and pre-distorts the modulating signal by a factor
set by pre-adjustment of R33. Output from TR10
is inverted by transistor TR9 and then applied to
the output of TR7, Circuit TR8 is incorporated
to maintain the source voltage of TR7 and TR10 at
a constant level and also to establish the bias on
gl, TR7 and g1, TRS.

Final amplifier

The final amplifier uses an emitter follower,
TR11, which serves a two stage common emitter
amplifier, TR12-TR13.

Negative feedback is introduced into the
circuit of TR12 by resistor R44 whilst L6 provides
a high impedance collector load at all frequencies
to ensure maximum efficiency.

L7, C25, R42, C29, R55 determine the
higher frequency response.

Collector load for TR13 is provided by the
selected tuned output filter in the r, f. compartment
and the collector current passes through the first
choke of the selected unit. Zener diode D3 is
incorporated in the collector circuit to limit the
excursion of TR13 in the event of high amplitude
ringing transients occurring under fault conditions.

Diode D2 is employed to ensure that a forward
voltage is not applied to D3.

3.3.3 Tuned output filters
Circuit diagram Fig. 7.7, Boards A17 to A24

The eight tuned output filters are contained in
separate cast aluminium compartments which are
housed in the r. f. box.

All filters are similar in that a 7 tuned cir-
cuit is used to cover the same frequency range as
the associated oscillator. The filter is selected
by the range switch and tuned by the main frequency
control as shown in Fig, 3.1,

Each filter provides a variable low-pass
section (dependent on the tuning), a fixed high-pass
gsection (dependent on C5 and L.4) and second har-
monic rejection (dependent on C3).

Output from the selected tuned filter is applied
through a pair of normally closed relay contacts to
the r. f. detector (part of the automatic level control
circuit) and to the attenuators through the source
resistor R42,

37



Technical description

3.34 ALC and envelope feedback circuits
Circuit diagram Fig. 7.9

The a.l. c. and envelope feedback circuits
operate to maintain a constant r. f. input level to
the attenuators and to achieve minimum a. m.
envelope distortion, The circuits compare the
output from the selected tuned filter with a reference
or 'instruction' voltage obtained from the a. m.
driver.

The unbalanced instruction voltage is applied
to a phase splitter (IC2) which produces balanced
negative and positive potentials at TP1 and TP2
respectively. These are applied to temperature
compensating emitter followers TR4 and TR5 to
produce a voltage across R29 which is the reference
for the comparator bridge.

The modulated r. f. signal from the selected
output filter is applied through contacts of RL1 to
the detector circuit D5 and D6 forming the other
input to the bridge. The detector circuit provides
a balanced output across R36, R37 with a d. c.
component proportional to the carrier level and an
a. f. component commensurate with modulation
depth.

A small forward bias current is applied to
D5 and D6 which brings the diodes to the knee of
their characteristic to ensure minimum distortion
of the modulated signal. The diodes are matched
by a corresponding temperature coefficient in TR4
and TR5 on the opposite side of the comparator
bridge so that variation of diode characteristic
with temperature is balanced out.

When the input to the attenuators is at the
required level and the modulation envelope is at
minimum distortion, the difference between the
detected r, f. signal and the reference signal will
be zero. With these conditions there is no dif-
ferential output from the bridge to the error ampli-
fier IC1,

If the frequency of the generator is changed,
the level of the detected signal may momentarily
differ from the reference. The bridge then pro-
duces a composite (d.c. + a.f.) error signal which
is proportional to the difference in level and enve-
lope shape of the two signals.

The error signal is applied to a long tailed
pair, IC1a3 which is initally balanced by the preset
a.l.c. threshold control R3.

The amplified error signal is developed
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across R12 and this is passed to a common emitter
amplifier TR1. Phase correction circuits are
included at this stage and these are selected by the
range switch to satisfy the stability requirements
of each frequency band,

Capacitors C3 and C17 with resistor R43 are
included for r.f. decoupling.

Output from TR1 is applied via emitter
follower IC1b3 to one input of the summing amplifier
ICle3. This connection is d.c. coupled but the
amplitude of the a, ¢, component of the feedback
error signal is controlled by adjustment of R52.

The purposes of the summing amplifier is to
add together the amplified error signal and a
'direct' modulating voltage which is derived from
TP1 through the predistorting diode network D7 ~
D10. The degree of predistortion approximately
matches the non-linearity of the dual gate f. e, t.
modulator TR7 on board A25, thus minimizing the
correction signal necessary from the envelope
feedback circuit. R14 permits the amplitude of
the direct feed to be adjusted.

With R18 set at the -15 V end, the a.c. com-
ponent of the feedback is turned 'off' and the error
signal on TP6 may be minimized by adjusting the
level of the direct modulating voltage with R14.
The feedback is then increased with R52 until
optimum loop bandwidth and stability is obtained.

Output from the summing amplifier is passed
directly to TR7 in the modulator circuit on
board A25.

The carrier level meter is connected to the
comparator bridge through two star networks R23,
R28, R39 and R24, R31, R35. The meter indicates
the sum of the instruction voltage (via R23, R24)
and the error (via R28, R29, R31 and R35).

The relay RL1 and associated driver circuits
TR2 and TR3 are included to enable the measure-
ment of signal to noise ratio. With normal
operating conditions, both transistors are non-
conducting, relay RL1 is not operated, contacts 1
and 4 are closed, and the output between the junction
C14 R42 and earth appears as a zero impedance
giving the signal generator a source impedance of
50 2 (R42).

With the carrier off, the polarity of the vol-
tage across TP1 and TP2 is reversed causing TR2
and TR3 to conduct and operate RL1, Since con-
tacts 4 and 7 are then closed, R42 is connected to
earth again providing a 50 2 source impedance.
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3.3.5 Modulation oscillator
Circuit diagram Fig. 7.11

Internal modulation signals from 20 Hz to
20 kHz are provided by a Wien bridge oscillator
with six switched ranges. Three transistors are
used in the oscillator circuit. The input of TR1
is connected across the shunt arm of the bridge
and its output is passed to the amplifier circuit
TR2. Output from TR2 is applied to an emitter
follower. The oscillator output signal is across
R14 and it is applied to the top of the Wien bridge
network to enable positive feedback. To cover the
frequency range the parallel arm of the bridge has
six switched capacitors C1 to C6 and variable
resistor R25A with preset trimmer R8. The series
arm consists of six switched capacitors C7 to C12
with variable resistor R25B and preset trimmer R7.
R25A and R25B are ganged.

During the non-oscillating condition prior to
'switch on' the negative feedback thermistor R13 is
cold and its resistance high, therefore the amplifier
gain is high. At 'switch on' oscillation commences
readily, causing the resistance of R13 to fall and
the gain of the amplifier to stabilize at a value just
sufficient to maintain oscillation.

The low distortion is minimized by R2 which
biases TR1. To reduce amplitude bounce to a
minimum the resistive arms of the bridge are
finally balanced by a small adjustment of R7 or RS,
Spurious oscillation of the amplifier is prevented
by C4 and R12,

Output from the oscillator for a. f. tests is
available through R1 at the modulation oscillator
output terminals TP3-TP8 located on the rear
panel of the generator,

3.3.6 A.M.driver circuit
Circuit diagram Fig. 7.13

The a. f. modulating signal obtained from
either the internal modulation oscillator, or an
external source, through the function switch and
modulation level control, is applied together with
a d. c. signal to one input of a current summing
amplifier IC1a2 (tag 8).

Amplitude of the a. f. signal is fixed by the
setting of the modulation level control, whilst the
d. c. input is preset by R6 to determine the mean
d. c. output.

The a. f. gain of the amplifier is independent

of the setting of R6, adjustment of this control
varies the ratio of a.c. to d.c. at the output; Ré
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therefore, enables the mean carrier level to be
adjusted so that the available a. f. produces the
correct a, m, depth as indicated by the modulation
meter,

The level of both the a. f, and d. c. output
forming the composite instruction signal from
ICla2 (tag 13) is dictated by the carrier level
control and, since this is incorporated in the
negative feedback loop, the modulation depth is
independent of carrier level. The instruction
signal is then passed to the input of the automatic
level control and envelope feedback circuit on
board A26 through R19.

The non-inverting input of IC1a2 (tag 9) is
set at 7.5 V by R10 and R11.

External levelling is achieved by application
of d. c. voltages to IC1a2 (tag 9) through the
function switch and terminals provided. Resistors
R27, R2 and R28 ensure that the standing voltage
on the external levelling terminal is at 6. 75 V
whilst R12 and C3 are included as stabilizing
components,

The 1 V/2 V switch enables the mean carrier
level to be doubled by short circuit of R19; at the
same time preventing amplitude modulation by
earthing the a, f. input.

3.3.7 Monitor amplifier
Circuit diagram Fig. 7.13

The amplifier provides a low impedance
source of up to 7 V p-p modulating signals about
a stable mean of -6, 75 V d.c. The amplifier is
used to drive the monitor circuit for both a. m. and
f.m. and its output is also passed to the f. m. range
attenuator when using the f. m. function. Resistors
R26 and R25 set the gain of the amplifier and R34
increases the current of the emitter follower output
of IC3b2 to improve its signal handling capability.

Resistors R20 and C4, C2, C5 are included
to prevent amplifier instability whilst permitting
optimum bandwidth.

3.3.8 Monitor circuit
Circuit diagram Fig. 7.13

Both modulation depth and f. m. deviation is
indicated by modulation meter ME2,

D5, D6, C8 and C11 constitute a full-wave
peak detector which is driven by IC2. The gain of
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IC2 is adjusted by the feedback network including
R18 which enables the sensitivity of the circuit to
be preset. D3 and D4 provide compensation for

the temperature coefficient of D5 and D6.

To permit a reasonable discharge time for
the peak reading meter the time constant of the
detector components has to be made smaller than
is required for accurate operation down to 20 Hz.
Therefore, to overcome this problem R15, R16
and C2 are used to provide a small amount of
correction at 20 Hz to maintain the monitor accuracy
at the low modulation frequencies.

3.3.9 FM and Af systems
Circuit diagram Fig, 7.13

The f.m./ A f system is shown in the block
diagram, Fig. 3.2 and the circuits employed are
summarily described.

A f control supply

This circuit provides an output of -6.75V
+3. 5 V (depending on the setting of the A f control)
through a 5 k2 source resistor, R30, which passes
the output to the A f attenuator.

The d. c. output level is determined by the
incremental frequency control R30 which forms
part of the potentiometer network R3, R36, R4
and R37, with R36 and R37 selected to apply -6.75 V
to the input of the amplifier when the scale of the
incremental frequency control is set at centre zero.

To obtain the required +3. 5 V swing, the gain
of the amplifier IC3a2 is set by pre-adjustment of
the negative feedback circuit incorporating R32,
whilst resistor R35 is included to increase the
current in the output circuit of the emitter follower
in the i. c. package to improve the signal handling
ability of the amplifier,

Resistor R9 and capacitor C1 are incorporated
to prevent oscillation occurring in the amplifier.

FM and A f attenuators and FM/ A f cal control

The f, m. attenuator, R12 to R17, sets the
range of f, m, deviation which is then adjusted by
the modulation level control and indicated by the
modulation meter,

The A f attenuator R6 to R11 sets the A f
range and is relative to the ranges shown on the
incremental frequency control.

Both attenuators are stepped to provide incre-
ments of 10 dB and the outputs are paralleled and
passed through a series resistor, R31, to the
tracking network. Resistor R31 is also located
on the front panel and this serves as a fine attenua-
tor for both a.c. (f.m.) and d.c. (A {) to accurately
calibrate the incremental frequency control against
the crystal calibrator.

FM driver and predistortion resistor board A31

Input voltages about a mean of -6, 75 V from
the tracking network are applied to one input of
amplifier IC1b2 which provides a gain of six and a
maximum output of 7 V p-p at a low impedance.

The circuit incorporating TR4 forms a 'boot
strap' stage which augments the emitter follower
within IC1b2 whilst feedback resistor R13 controls
the gain,

Potentiometer R29 and resistor R5 provide
a small amount of bias shift to enable very fine
frequency adjustment for the set zero control which
is used in conjunction with the A f dial, capacitors
C4, C5 with R14 ensure amplifier stability.

Diodes D9 and D10 in conjunction with the
resistors on board A31 predistort the output wave-
form of the f. m, driver to reduce second harmonic
distortion of the final f. m, Only one diode is used
per range of the instrument depending whether it is
the positive or negative half of the waveform that
requires shaping. When a diode conducts it shunts
R13 with the appropriate resistor on board A31 and
80 reduces the amplifier gain on one half of the a. c.
waveform only.

Diodes D1 and D2 offset the voltage drop
across D9 and D10 to ensure that conduction occurs
at the correct part of the waveform,

The output of the amplifier is passed through
source resistor R18 to the f, m. supply filter con-
tained on boards A7 and A8 then to the oscillator
boards.

3.3.10 Crystal calibrator
Circuit diagram Fig, 7.15
A crystal controlled 1 MHz oscillator is used
as the fundamental standard to produce a series of
harmonics and sub-harmonics which can be com-

pared with an unknown radio frequency.

Output from the oscillator is applied to an
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amplifier and limiter circuit and then to two cas-
caded divide-by-ten circuits to produce sub-
frequencies at 100 kHz and 10 kHz, For generation
of harmonics, the output from the crystal oscillator
is also passed toa Schmitt trigger circuit and then
to a pulse shortener.

Both the outputs from the dividers and the
pulse shaper are applied to a mixer which also
accepts the r, f. from the wide band amplifier.

The mixer output is passed through filters to
an a. f, amplifier which is arranged to drive the
internal loudspeaker or external headphones.

The 1 MHz standard frequency is produced
by a crystal controlled modified Colpitts circuit
using transistor TR1. Trimmer capacitor C30
enables the frequency to betadjusted to 1 MHz +1 Hz,
Output from TR1 is taken via a = filter circuit which
is tuned to 1 MHz by L1. TRZ2 is a common base,
class C amplifier producing a large output signal.
Its output circuit is adjusted to 1 MHz by L2. D1
and D2 form a limiter which clips the 1 MHz signal.
When the crystal calibrator selector is in the
100 kHz position, the 100 kHz storage counter
operates. TR4 and TR5 are biased non-conducting
by R11 and R13. A positive-going pulse edge
charges C14 (C15) and C16 and the voltage developed
across D3 holds TR3 off. The negative-going pulse
edge turns on TR3 allowing C14 (C15) to discharge,
but since there is no discharge path for C16 this is
charged in a series of steps by the successive
pulses. The value of C15 is selected to give vol-
tage steps so that when ten pulses have been
received the potential across C16 is just sufficient
to turn on TR4. A cumulative switching action
through the regenerative coupling between TR4 and
TR5 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
exactly the same way with C22 being charged in
steps through C18 (C19) and D5, then discharged
every tenth step through TR7 and TR8. By applying
a small part of the 100 kHz signal through C21 and
R14 to the 10 kHz counter, the switching points of
the counter are brought into exact synchronism,

Output from the crystal oscillator, through
C25, to the Schmitt trigger TR9 and TR10, produces
a sharp edged pulse to drive TR11, Transistor
TR11 operates in the class C mode and conducts
for part of the positive~going half of the input wave-~
form. L3 resonates with stray capacitance at
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50 MHz and tries to ring at this frequency whenever
TR11 conducts. D7 damps this so that only one
negative-going half cycle is produced. The output
from TR11 thus consists of a train of 10 ns pulses
at a frequency of 1 MHz, to produce a spectrum of
1 MHz harmonics of approximately equal amplitude
throughout the range of the signal generator.

The r. f. signal from the wide band amplifier
is applied through C29 to the emitter resistors R31
of TR12., Mixing occurs in TR12 between the r. f.
carrier and the 1 MHz, 100 kHz and 10 kHz pulse
trains applied to the base of TR12, Audio frequency
beat signals from the collector of TR12 are switched
by SA2 to the crystal calibrator amplifier, which is
contained on board A5,

In the 1 kHz (filter) position of the crystal
calibrator selector, SA2, routes the a, f. signal
through a 1 kHz band-stop filter consisting of C9,
C10 and L1 to a three stage a.f. amplifier TR1,
TR2, TR3 to bring the beat note to a suitable level
to drive headphones or the loudspeaker LS1. The
frequency response of the crystal calibrator a. f.
gystem is limited to 1.5 kHz by the filter on boards
AT and A8 and by C6 in the collector circuit of TR2.
The crystal calibrator level control is a poten-
tiometer, R32, interposed between TR1 and TR2.
Its configuration has been chosen to ensure that
TR2 is always fed from a high impedance source.

In the OFF position of the crystal calibrator
selector, C2 is effectively connected between col-
lector and base of TR1 to reduce its gain by negative
feedback, to prevent unwanted audio frequencies
being heard.

3.3.11 Attenuators
Circuit diagram Fig. 7.16

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 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 microswitches
housed inside the screened compartments and
operated in pairs by leaf springs which are actuated
by cams on the control spindles to depress minia-
ture plungers on the microswitches,

Semi-rigid coaxial cable is used between the

r. f. box, attenuators and front panel to overcome
r.f. leakage.

41



Technical description

3.3.12 Supply filters
Circuit diagram Fig. 7.17

Seven of the ten supply filters are of the same
circuit design and differ only with respect to the
value of components. The filters which are con-
nected in the supply lines to various units to remove
any r.f. are basically w section types with half

sections positioned on separate boards,

The crystal calibrator amplifier filter incor-
porating inductors A7 1.4, A8 L4, provides a cut-off
frequency approximating 2 kHz whilst the a. m,
(three section) and f. m. (two section) filters have
cut-off frequencies of 20 kHz, It should be added
that modulation response of TF 2002B is largely
dependent upon the characteristics of the a, m. and
f.m, filters, hence the inductors are adjusted to
precise values.

3343 —13.5V regulator

Circuit diagram Fig. 7.18

This is a series regulator circuit employing
an i, c. package.

A long tail differential pair contained in IC1b2
is used in conjunction with the potentiometer net-
work R27, R28, R29/31 to compare part of the
-13.5 V with a reference (datum) voltage set by R13
and Zener diode D1.

Deviations of the -13. 5 V output either towards
positive or negative causes the voltage developed
across R22 to vary and consequently the current
through transistor TR1. This varies the current
in transistor 9-10-11 in IC1a2 in the appropriate
direction to restore the -13.5 V output.

The circuit consisting of R1, R5, R6 and a
transistor 12-13-14 in IC1a2 is incorporated to
prevent damage should a short circuit be presented
to the output of the regulator. A short circuit will
reduce the negative voltage at the junction of R1 and
R5 and this causes the base of transistor 12-13-14
in IC1a2 to go towards positive so that it eonducts
to take the base of transistor 9-10-11 to -15 V
causing this transistor to be cut off,
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3.3.14 6.75V regulator
Circuit diagram Fig., 7.18

The function of the -6, 75 V regulator circuit
is basically the same as that described in section
3.3. 13 with the exception that the reference (datum)
voltage is obtained through the potentiometer net-
work R14 R15 from the -13.5 V regulator and the
output voltage is sampled directly by the long tailed
pair. The lower output-voltage enables the pro-
tection transistor 12-13-14 in IC2a2 to be connected
directly across the series regulator transistor
9-10-11,

3.3.15 Power unit —15V
Circuit diagram Fig. 7.18

The power unit which operates by switch
selection from a. c. supplies of 95 to 130 V or 190
to 264 V, 45 to 500 Hz censists basically of a mains
transformer, T1, a full-wave rectifier circuit D3,
D4, C1 and a voltage regulator circuit on board Al.

Connection to the a.c. supply is made through
a three pin connector and the a.c. input circuit
includes an ON/OFF switch SD2F and fuses FS1 and
FS2.

Output from the rectifier circuit is passed
through a second fuse, FS3, to the series regulator
which stabilizes the -15 V output.

The circuit of the regulator follows that
commonly adopted for' a series stabilizer in which
R12 is adjusted to set the ~15 V output and R11 is
adjusted for optimum regulation with C2 incor-
porated to minimize ripple.

When an external battery 19 to 32 V is con-~
nected to terminals TP1 and TP2 to power
TF 2002B, the battery supply is switched by SD1F.
Diode D2 is incorporated to protect the power unit
against reversed battery polarity.
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4.1 INTRODUCTION

This chapter which should be read with
reference to Chapter 3 and the drawings, illustra-
tions and circuit diagrams contained within this
manual is primarily concerned with functional
checks of various circuits employed in the instru-
ment to localize the cause of any malfunction and
thereby effect adjustment or repair.

CAUTION

The MOS field effect transistors used in this

instrument have extremely high input resis-

tance and can be damaged by accumulation of
static charges.

Avoid possible damage to the devices when
handling, testing or replacing, by following the
precautions given below :

1, To avoid build up of static charge, the leads
should remain shorted together using a metal
ring until the device is required to be tested
or used.

2. Handle the device by the case not by the leads.

3. Before removing or replacing these devices
ensure that the power supplies are switched OFF,

4, When replacing or removing the devices the
soldering iron used MUST BE EARTHED,

42 SCREW FASTENERS

Screw threads used in this instrument are all
BA sizes.

Ensure that screws removed are refitted in
original positions,

2002B (1)

4.3 ACCESS TO SUB-ASSEMBLIES AND
COMPONENTS

All sub-assemblies and components can be
accessed by following the procedure given.

Removal of case

To remove the outer case of the instrument,
extract the four coin-slotted screws at the rear
and slide the instrument forward out of the case.
With the case off, the following boards are
accessible, A1, A2, A3, A4, A5, A29; for the
location of these boards and other components
see Fig, 4.1 and Fig. 4.2 (shown with r. f. com-
partment removed).

Removal of the r.f. unit

Extract the eight screws (four on each side)
that secure the screening case of the r.f. unit on
the side frames of the main chassis, Disconnect
the 18-way plug, PL1, from SKT3 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
gliding it out of the back of the instrument,

With r.f. unit removed, switch wafers SGO
and SG1, the tracking assembly including the poten-
tiometer R9 and board A30 are accessible. If it is
necessary, for test purposes, to operate the instru-
ment with the r, f. unit removed and lying alongside
the chagsis, this is possible if the 18-way plug is
reconnected with a temporary connection made
between the r.f, unit and main structure. The out-
put 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.
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SAB R25A and B A2 SCandR26 ME2 A29 ME1 SBandA27 SD SAA SKT3  AOR28

AOR34

SAC and R29

SAD and R31

A5 T1 SKT8 and PL5 C1 SKT4 and PL2 Al

Fig. 4.1 Top view with r.f. unit removed
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R30 A4 A27 and A28 LS1

A3 FS1 FS2 FS3 TR1

fig. 4.2 Bottom view with r.f. unit removed
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Boards A6, A7 and A8

These boards are located at the rear of the

A6

r.f. unit; see Fig, 4.3 to enable access, unscrew
the two screws that secure the rear cover plate
and lift it off,

Fig. 4.3

Boards A25 and A26

These boards are, together with section 2 of
switch SG, mounted between the oscillators - see
Fig. 4.4. Extract the six screws holding the upper
central cover plate and remove it. Board A26 is
then accessible. Remove the lower central cover
plate in a similar manner to reveal section 2 of
switch SG.

To replace components on board A25 it must
be removed. Do this as follows :

a) With the r. f. unit right way up, extract the
two screws that secure the support brackets to the
top edge of board A25.

b) Withdraw the two screws that secure the
brackets on the bottom edge of board A25 to the
main drive shaft rear support plate.

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

Be re-arranging the fixing bracket adjacent
to TR3, the board can be fitted to the outside of the
r. f. box for easy access to components.

Oscillators and output filters, boards A9 to
A24 : these boards are contained in pairs, in cast
boxes bolted on either side of the r.f. unit; oscil-
lators on the left and output filters on the right.
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R.F. unit with covers removed—rear

See Figs. 4.4 and 4.5. Access to the component
side of each board may be obtained by removing
the cover plate (secured by three screws) on the
outside face of the appropriate box, as marked.

To obtain access to the print side of a board,
remove the screw and the two nuts that hold the
board in position and swing it up and clear of the
box. For oscillator, range H, also unsolder leads
on tags.

Attenuator unit,, boards A27 and A28
To remove the attenuator unit :

a) Remove the attenuator scale plate (held by
two screws).

b) Slacken the hexagon socket screws securing
the attenuator knobs and pull them off.

c) Remove the four screws securing the attenua-
tor box, two under each dial.

d) Disconnect the snap-on BNC plugs and sockets
at the rear of the attenuator. The nut securing the
50 ©2 output socket on the front panel should be
loosened to avoid bending the stiff output cable.

e) Remove cleat securing counter output cable,

1) If the r. f. unit has already been removed from
the chassis, the attenuator unit will be freed by
extracting the two screws at each end which secure
the bottom cross-rail of the chassis.
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AOR33

Fig. 4.4

A26
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TUNING

PL3 A25

R.F. unit with covers removed—top
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SKT10

50

SKT11

TRACKING SG

RESISTORS
A30

Fig. 4.5  R.F. unit with covers removed—bottom

PREDISTORTION
RESISTORS
A31
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To open the attenuator unit :

a) Slacken the four screws in slots at the rear
of the side of the attenuator unit, and pull off rear
cover.,

b) Remove the six screws from the front of the
attenuator unit and lift the coarse and fine attenua-
tors out of the case.

c) Access to the individual attenuator components
can be obtained by removing the twenty screws that

Maintenance

44 PRELIMINARY CHECKS

1) Check to ensure that all switches are un-
damaged and operating correctly and verify that
connectors are securely mated.

2) Check that fuses are of the correct rating and
type, not open circuit, and fit correctly in the
holders,

3) Check using the multimeter (a) on low ohms
range that electrical connections to chassis and

secure the rectangular cover plate of each attenuator. earth points have low contact resistance.

45 TEST EQUIPMENT

The test equipment required for maintenance
and repair of the instrument is listed in Table 4. 1.

Frequency range : up to 20 kHz.

Recommended model

Avo meter model 8 or GEC Selectest.

MI TM 8110, switchable x1 or x10.

Range up to 100 MHz, MI TF 2410 or equivalent.

Output : upto2 V,

Range to 25 V - resolution 1 part 103.

Table 4.1
Item Description

a Multimeter
b Oscilloscope MI TF 2210 or equivalent.
c Input Probes (2 off)
d Frequency Counter
e Distortion Factor Meter MI TF 2331 or equivalent.
f AT Generator

MI TF 1107 or equivalent,
g Digital Voltmeter (DVM)
h Wave Analyser MI TF 2330 or equivalent.
i RF Voltmeter

MI TF 2603 (50 kHz to 1.5 GHz).

MI TF 2600 (10 Hz to 500 kHz).

4.6 CIRCUIT PERFORMANCE

To ensure that the performance of TF 2002B
is maintained, functional checks as given below,
should be made to ascertain correct operation of
the various circuits and where necessary adjust-
ments, as given, should be made to obtain the
required performance.

NOTE. If the results quoted in the following

sections are not obtainable, refer to the related
section in Chapter 5.
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4.61 Power supply 15 V Board A1

1) With TF 2002B connected to the a. c. supply
and switched on, connect the digital voltmeter (g)
between tag 3 (negative) and chassis (positive) and
check that the meter indicates 15 V +150 mV, If
necessary adjust R12 to obtain this requirement.

2) Apply the a, c. input through a variable voltage
transformer and check that with inputs to the power

supply of between 190 and 260 V the voltage between
tag 3 and chassis is maintained to within +20 mV,
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If necessary, adjust R11 to obtain this requirement.
If a substantial alteration of R11 has been necessary,
recheck procedure (1).

3) Disconnect the digital voltmeter (g) and con-
nect the wave analyser (h) between tag 3 and chassis,
and check that at 100 Hz the ripple is not greater
than 50 pV r.m. s,

Refer to Section 5, 2.4.

4.6.2 -13.5V Regulator Board A4

Connect the d. v. m, between tag 17 (negative)
and pin 16 (positive) and check that the meter indi-
cates 13.5 +100 mV. If necessary, adjust R28 to
obtain this requirement.

Remove the d.v. m, and connect the wave
analyser between tag 17 and tag 16 and check that
at 100 Hz the ripple is not greater than 10 uV r, m, s,

Refer to Section 5.2.5.

4.6.3 -6.75 V Regulator Board A4

Connect the d.v. m. between tag 6 (negative)
and tag 16 (positive) and check that the meter indi-
cates a voltage which is half (+60 mV) that at tag 17.

Refer to Section 5. 2.6.

4.6.4 CW output checks

1) With TF 2002B connected to the a. c. supply
and switched ON and with the CARRIER switch ON
and the MODULATION switch at OFF, set the
FUNCTION switch at CW and the CARRIER LEVEL
at1V,

2) Connect the counter (d) to the COUNTER
OUTPUT socket, check that the CRYSTAL CALI-
BRATOR selector is at OFF, then by switching to
each frequency range in turn, check by counter
indication and tuning that outputs are produced at
several selected frequencies throughout each band.

Refer to Section 5, 2.7.

3) With the INCREMENTAL FREQUENCY con-
trol and SET SCALE control centralized, check by
counter indication that the frequency calibrations
on MAIN TUNING scale are correct at the low and
high frequency ends on each frequency range.

Refer to Section 5. 2, 8,

52

4) With the counter (d) connected, tune the signal
generator in turn to frequencies 50 kHz, 200 kHz,
500 kHz, 2 MHz, 5 MHz, 20 MHz and 50 MHz
(ranges B to H) then, using the appropriate Af
range, check that the INCREMENTAL FREQUENCY
control provides the expected deviations at each set
frequency.

Refer to Section 5. 2, 9.

4.6.5 RF output level

1) Using the r. f. voltmeter (i) connected to the
50 2 output, set the attenuators at 0 dB, the 1 V/2V
switch at 1 V, the FUNCTION switch at CW and the
CARRIER LEVEL control to position the pointer of
the CARRIER LEVEL meter at1 V,

2) Set the signal generator frequency in turn to

20 kHz, 50 kHz, 200 kHz, 500 kHz, 2 MHz, 5 MHz,
20 MHz and 50 MHz (ranges A to H) and check that
the r.f. voltmeter (i) indicates 1 V at each frequency.

Refer to Section 5. 2.10.

4.6.6 Crystal calibrator Board Aé

Correct operation of the crystal calibrator
can be proved as follows :

1) Centralize INCREMENTAL FREQUENCY
control.

2) Connect the counter (d) to the counter output,
set the CRYSTAL CAL selector at 1 MHz and tune
the signal generator to obtain a null at 1 MHz.

The counter should indicate 1 MHz +100 Hz

3) Set the CRYSTAL CAL selector at 100 kHz
and tune the signal generator between 1 MHz and
2 MHz and check that 10 marker pips are heard.

4) Set the CRYSTAL CAL selector at 10 kHz
and tune the signal generator between 100 kHz and
200 kHz and check that 10 marker pips are heard.

Refer to Section 5.2, 11,

4.6.7 Crystal calibrator amplifier and 1 kHz filter

Board A5

The 1 kHz filter and the amplifier can be
checked together using the internal a. f. oscillator
as the signal source,
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1) Connect a pair of headphones to the jack
socket on front panel and the counter (d) to the
MOD OSC OUTPUT terminals at the rear of the
instrument.

2) Remove the plug from SKT3 and connect a
2. 2 k2 resistor between tags 4 and 10 and a 470 @
resistor between pin 4 and chassis.

3) Tune the internal a, f, oscillator to 1 kHz
using the counter as an indicator then check by
listening with the headphones and by advancing the
amplifier level control that the filter is tuned to
provide a null.

Confirm this by varying the 1 kHz signal by
+100 Hz, The filter is designed to give a sharp
null at 1 kHz; if this is not obtained, slightly adjust
R13, R14 and L1 to obtain this requirement.

4) Remove resistors, counter and headphones
and refit the plug to SKT3.

4.6.8 Modulation oscillator Boards A2 and A29
1) Connect the counter (d) to the MOD OSC
OUTPUT terminals (rear of instrument),

2) Set the MODULATION switch at ON, the
FREQUENCY selector at 200 - 630 and the MODU-
LATION FREQUENCY scale at 20, The counter
should then display 200 Hz.

3) If the frequency is incorrect adjust MODU-
LATION FREQUENCY control by counter indication
for 200 Hz then slacken the set screws securing the
scale to the drive spindle and turn the scale until
the 20 mark is under the cursor line.

4) Tighten the set screws and advance the
MODULATION FREQUENCY control to set the
scale at 63.

The counter should now indicate 630 Hz +10%.

5) Remove the counter and connect the distortion
factor meter (e) to the MOD OSC OUTPUT termi-
nals, Set the oscillator at 400 Hz and check that
signal distortion is not greater than 0. 04%.

Refer to Section 5,2.12.

4.6.9 Checking a.m. depth

Amplitude modulation depth can be checked,
with limitations, using an oscilloscope to measure
the peak and trough amplitudes of the modulation
envelope.

20028 (1)
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The procedure is given below and the results
obtained are then applied to calculate the percentage
by :

Where Vp and Vt are the measured peak-to-
peak and trough-to-trough amplitudes :

1) Connect the channel A input of the oscilloscope
(b) to the 50 2 output of TF 2002B, set the CARRIER
and MODULATION switches at ON and the FUNC-
TION switch at INT, AM.

2) Tune TF 2002B to 1 MHz. Set the MODULA-
TION OSCILLATOR at 400 Hz, the CARRIER LEVEL
at 1 V, the MODULATION LEVEL at 50% and the

TF 2002B attenuator to provide a suitable input to
the oscilloscope.

3) Measure the peak-to-peak and trough-to-
trough amplitudes, then use the formula given to
check that the calibration accuracy of the modulation
meter is within +5% of the calculated result.

4) When making the above checks verify that the
a.m. envelope is free of discernible distortion.

Refer to Section 5. 2.13.

4.6.10 Checking f.m. deviation

FM deviation is preferably proved using a
modulation meter, e.g. MI FM/AM Modulation
Meter TF 2300.

However, for a quick performance check the
disappearing carrier method (Bessel zero technique)
which is given below, can be used.

1) Connect the counter (d) to the MOD OSC OUT-
PUT terminals (rear of instrument). Set the
CARRIER switch at ON, the MODULATION switch
at OFF, the FUNCTION switch at CW and the
CARRIER LEVEL at1V,

2) With the INCREMENTAL FREQUENCY control,
the SET ZERO and the FM/ A f FINE CAL controls
centralized, tune the signal generator to approxi-
mately 6 MHz using the 1 MHz CRYSTAL CAL
marker to provide, in conjunction with the CRYSTAL
CAL LEVEL control, an audible beat tone of about

1 kHz.

3) Set the FUNCTION switch at INT FM, the

MODULATION switch at ON, the MODULATION
LEVEL control fully counter-clockwise and the FM
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RANGE switch at 3 then, by counter indication, set

the MODULATION OSCILLATOR at 4 kHz precisely.

4) Slowly advance the MODULATION LEVEL
control until the beat tone disappears (i.e. a null
point is obtained) the meter should then read 0. 962
(top scale) which for f.m. range 3 indicates a
deviation of 9. 62 kHz.

5) If the INCREMENTAL FREQUENCY scale is
standardized (Sect. 2.9) a deviation accuracy of
better than +5% can be obtained.

Refer to Section 5.2.14.

NOTE. To avoid distortion and consequent

masking of the null point, the CRYSTAL CAL
LEVEL control should not be advanced further
than is necessary to provide an audible signal.

4.6.11 Checking f.m. tracking

Table 5.1 lists the r.f. check points and the
foliowing procedure which is given for RANGE B
should be repeated for ranges C to H.

1) Connect the counter (d) to the COUNTER
OUTPUT on TF 2002B.

2) Set the FUNCTION switch at CW, the
CARRIER switch at ON, the MODULATION switch
at OFF and the CARRIER LEVEL at 1V,

3) Set the INCREMENTAL FREQUENCY con-
trol at 0, the Af RANGE switch at 3 and the FINE
CAL control (red knob) central (white mark up).

4) Set the r.f. by counter indication at 32 kHz
then set the INCREMENTAL FREQUENCY control
in turn, at +5 and -5.

The counter should indicate frequencies
32 kHz +500 Hz (+15%) and 32 kHz -500 Hz (+15%)
respectively.

(5) Reset the INCREMENTAL FREQUENCY con-
trol at 0 then tune the generator to set the cursor
at 500 on the top scale and note the frequency dis-
played by the counter.

6) Set the INCREMENTAL FREQUENCY control
in turn, at +5 and -5 and check that the frequencies
indicated by the counter are respectively 500 Hz
(+15%) above and 500 Hz {(+15%) below the noted
frequency.

7) Reset the INCREMENTAL FREQUENCY
control at 0, set the r.f. by counter indication at
100 kHz then set the INCREMENTAL FREQUENCY
control in turn at +5 and -5.
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The counter should indicate frequencies
100 kHz +500 Hz (+x15%) and 100 kHz -500 Hz (+15%)
respectively.

8) Reset the INCREMENTAL FREQUENCY con-
trol at 0 then proceed with checks on ranges C to H.

Refer to Section 5. 2,15,

4.6.12 Checking a.l.c. system Board A26

Correct operation of the a.l.c. system can
be quickly proved as follows :

1) Set the FUNCTION switch at CW and the
CARRIER LEVEL at1 V.,

2) Switch to each FREQUENCY range in turn
and tune the signal generator through each frequency
band.

The indicated carrier level should be within
+0, 5 dB of the 1 V mark on the carrier level meter
at all frequencies.

Refer to Section 5.216,

4,613 External a.m. (a.c.) Board A3
Check as follows :

1 With the FUNCTION switch at EXT AM and
with the CARRIER switch at ON and the MODULA-
TION switch at OFF, set the CARRIER LEVEL at
1v, ’

2) Using the external a. f. generator (f) apply a
1.2 V (maximum) 1 kHz signal between terminals
EXT AM/LEVELLING and EARTH and check by
varying the MODULATION LEVEL control that the
modulation depth (indicated by the modulation meter)
can be adjusted to 30% and 100%.

Refer to Section 5, 2.13.

4.6.14 External levelling Board A3

To quickly prove the external levelling function
proceed as follows :

Set the FUNCTION switch at EXT LEVELLING
and the CARRIER LEVEL at 0. 25 V (nominal) then
temporarily short circuit the EXT AM LEVELLING
terminal to EARTH terminal. The pointer of the
CARRIER LEVEL meter should go to full-scale,
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4.6.15 Attenuators (A27 and A28)

Provided the attenuator pads have not been
damaged (see Sect. 2.15) it is only necessary to
prove correct operation of the associated micro-
switches and this can be satisfied by making a
series of resistance measurements as follows :

1) With the CARRIER switch at OFF, connect
the multimeter (a) set at low ohms range, to the
50 © output socket.

2) Set both attenuators at 0 dB and check that
the multimeter indicates a resistance of 50 Q +2%,

3 Position the FINE ATTENUATOR in turn to
each dB setting and check that the measured resis-

2002B (1)

tance at each setting is 50 2 £2%,

4) Return the FINE ATTENUATOR to 0 dB and
repeat (3) for the COARSE ATTENUATOR, checking
that the measured resistance at each setting is

50  +2%,

Refer to Section 5.2, 17.
4.7 CLEANING ROTARY SWITCHES

These should be cleaned two or three times
a year depending upon use. Only benzine or white
spirit (not carbon tetrachloride) should be used.
After cleaning, carefully wipe the contacts with a
lubricant of 1% solution petroleum jelly in white
spirit.
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51 INTRODUCTION

Since the functional checks given in Chapter 4

serve to localize the cause of incorrect performance

of the instrument, this chapter contains information
intended to assist to systematically trace the fault
to the particular part of the suspect circuit,

The information given should be studied with
reference to the circuit diagrams and illustrations
contained within this manual, and it must be stated
that any figures given in this chapter are for
guidance only and are not intended to be accepted
as true performance figures unless they are quoted
in the Data Summary, Section 1.2,

52 FAULT LOCATION

521 Circuit voltages

Voltages given on the circuit diagrams,
except when marked *, are those which can be
expected using a 20 kQ?/V meter on a typical
TF 2002B connected to an a. c., supply of 240 V,
50 Hz and set up as follows :

Frequency 1.8 MHz
Carrier level 1v

AM frequency 1 kHz
AM depth 80%

Voltage levels marked * must be measured
using a high impedance voltmeter, e, g. digital
voltmeter (g).

5.2.2 Fault charts

The fault charts included in this chapter
should be studied conjunctively, e.g. to trace an
f.m. fault it is necessary to have proved correct
operation of the Af, crystal calibrator and c. w,
circuits.

5.2.3 Waveforms

The test waveforms may vary slightly from
the typical waveforms given for guidance and shown
in Figs. 5.6 to 5.19.

524 Power supply -15V

Circuit diagram Fig, 7.18, Board Al
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a) Symptom : fuse FS1 or FS2 blows when
instrument is switched on.

i) Check a.c. input circuit.

i}) Check unregulated d. c. circuit especially
C1 (on chassis) for short circuit,

b) Symptom : no -15 V +150 mV at tag 3.
¥  Check a.c. input circuit especially FS1
and FS2 for open circuit.
il Check FS3 for continuity and D3, D4 for
rectification,

iii) Check TR1 (rear panel) for open circuit
and C3 (board 1) for short circuit.

c) Symptom : inability to correctly set 15 V
£150 mV,

i) Check TR1 and TR2 on board Al.
ii) Check R9, R12, R8, R11, R6.

iii) Check C1 for short circuit and then D1
for operation.

d Symptom : 100 Hz ripple greater than 50 pV.

i) Check C1 (on chassis) for open circuit
or low capacitance,

ii) Check C2, C3 on board Al for open
circuit or low capacitance.

525 -13.5V regulator

Circuit diagram Fig, 7.18, Board A4,

a) Symptom : no -13,5 V or very low voltage
at tag 17,

i) Using d.v.m. (g check for 15 V +150 mV
at tag 18,

ii) Check C10 for short circuit.
iii) Check R1 and transistors in ICa2.

b) Symptom :
+100 mV.

inability to correctly set -13.5 V
i)  Check transistors in ICa2, ICb2 and
transistor TR1.

i) Check R27, R28, R29, R13 and D1,

2002B (1b)



iij) Check C3 for short circuit.

iv) If necessary change value of SIC resistor
R31 (18 k2 - 47 k?) to obtain required output.

—6.75 V regulator
Circuit diagram Fig, 7.18, Board A4,

5.2.6

a) Symptom : no -6, 75 V or incorrect voltage
at tag 6,

i) Using d.v.m. (g) verify d. c. levels +5%
as given on circuit diagram.

ii) Check C9 for short circuit.

iii) Check IC2a2, IC3b2 and transistor TR2.

527 CW outputs

NOTE. Ifthe r.f. box is removed from the main
structure but remains electrically connected for
purpose of test and repair, a wired connection
(earth return) must be made between the r. {,
chassis and the instrument frame and SKT10 must
be loaded with 50 2.

a) Symptom : unsatisfactory c. w. operation

Refer to fault finding chart Fig. 5.1.

5.2.8 Incorrect frequency coverage

Symptom : calibrations main tuning scale
incorrect at low or high frequency ends of any
selected range.

i) Set:

FUNCTION switch at CW.
INCREMENTAL FREQUENCY control
at 0.
SET SCALE control at centre position
(dot uppermost),
ii) With the counter (d) connected to
TF 2002B adjust the FREQUENCY control to
set the cursor coincident with the lowest
frequency calibration on the selected range,
then select a value for the related SIC capa-
citor (C5, C6 or C7 as appropriate) to correct
the calibration.

iii) Adjust the FREQUENCY control to set
the cursor coincident with the highest cali-
brated frequency on the selected range, then
carefully adjust trimmer inductor (L1 or L2
as appropriate) to correct the calibration.
iv) Disconnect the counter and use the
internal crystal calibrator to check the
calibration accuracy at other points in the
range,
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5.29 Unsatisfactory Af operation

Symptom : inability to obtain accurate fre-
quency shifts,

Refer to fault finding chart Fig. 5. 2.

5.2.10 Incorrect r.f. output level

Symptom : measured output voltage greater
or less than 1 V with 1 V/2 V switch at 1 V and
meter pointer at 1 V.

Refer to fault finding chart Fig. 5.1.

Unsatisfactory operation crystal calibrator,
associated amplifier and 1 kHz filter

5.2.11

Symptoms : no marker pips, incorrect
number of marker pips, incorrect operation 1 kHz
filter,

Refer to fault finding chart Fig. 5.3.

5.212 Unsatisfactory operation of modulation
oscillator

a) Symptom : calibration set correctly at 200 Hz

(Sect. 4.6, 8) but incorrect at 630 Hz.
With counter (d) connected to MOD OSC OUT-
PUT terminal, carefully adjust R7 and R8 in
small equal steps for a frequency indication
of 630 Hz +10%. After setting the frequency,
check that the adjustment has not impaired
the amplitude bounce; if this has occurred
slightly re-adjust R7 or R8 to minimize.

b) Symptom : signal distortion greater than
0.04% at 500 Hz,

With the distortion meter (e) connected to
MOD OSC OUTPUT terminals, carefully
adjust R2 for minimum distortion at 500 Hz.

c) See also fault finding chart Fig. 5. 4.

5.213 Unsatisfactory a.m. function

Refer to fault finding chart Fig, 5.4.

5.2.14 Unsatisfactory f.m. function

Refer to fault finding chart Fig. 5.5.
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5.2.15 Unsatisfactory f.m. tracking — Range B

aj Symptom : incorrect A f at 32 kHz.
i) Disconnect the WHITE lead (SG0£9)
from board A30 then connect to any contact
A to AA on A30 to obtain the required result.

b) Symptom : incorrect A{ when cursor is set
at 500 on top scale.

i) Disconnect the BLUE lead (SG1b8) from
board A30 then connect to any contact A to AA
on A30 to obtain the required result.

c) Symptom : incorrect Af at 100 kHz.
i) Disconnect the YELLOW lead (SGObS8)

from board A30 then connect to any contact
A to AA on A30 to obtain the required result.

Ranges C to H

Repeat a, b, ¢ using Table 5.1 for identifi-
cation of lead colour.

5.216 Unsatisfactory operation of a.l.c. system
and/or envelope feedback circuit on Board

A26

The cause of incorrect operation of the a.l.c.
system can be localized using the oscilloscope (b)
to check for expected waveforms at various points
of the circuit.

i) Set the frequency of TF 2002B at 1.8 MHz
and the carrier level at 1 V.

i) Set the FUNCTION switch at INT AM, the
MODULATION OSCILLATOR at 1 kHz and the
a, m. depth at 80%, then proceed as follows :
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a) Using probe (¢ - x10) connect the channel 1
input of the oscilloscope between the junction
R36-D5 and earth and the channel 2 input
between the junction R37-D6 and earth, and
check that the waveforms are as Fig, 5.15
respectively.

b) Using probe (¢ - x1) connect the oscilloscope
in turn to :

TP5 for waveform Fig. 5.16
TP6  for waveform Fig. 5,17
Tag 13 for waveform Fig. 5.18

c) Set the frequency of TF 2002B at 88 MHz then
with the carrier level at 1 V and modulation
as in (ii) check that the waveform is as
Fig. 5.19,

5.217 Replacing attenuator resistors

If the attenuator resistors are required to be
replaced, dismantle the attenuator unit by following
the instructions given in Sect. 4.3, carefully fit the
replacement resistors then check the attenuator
units by following the procedure given in Sect,
4.6.15,

5.3 ADDITIONAL INFORMATION

If further information is required please
write or telephone Marconi Instrument Limited,
Service Division - see address on back cover - or
contact nearest representative, quoting the type
and serial number on the data plate on rear of
instrument,

If the instrument is being returned for repair
please indicate clearly the nature of the fault or the
work you require to be done,
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Table 5.1
Freq/position Switch tag Lead colour
32 kHz SGof 9 WHITE
500 divs SG1b 8 BLUE
100 kHz SGOb 8 YELLOW
100 kHz SGOb 6 ORANGE/BROWN
500 divs SG1b 6 ORANGE/RED
320 kHz SGof 7 ORANGE
320 kHz SGOf 5 WHITE/ORANGE
500 divs SG1b 4 WHITE/RED
1000 kHz SGOb 4 WHITE/BROWN
1 MHz SGoOb 2 GREEN/BROWN
500 divs SG1b 2 GREEN/RED
3.2 MHz SGOf 3 GREEN/ORANGE
3.2 MHz SGOf 1 BLUE/ORANGE
500 divs SG1b 21 BLUE/RED
10 MHz SGOob 21 BLUE/BROWN
10 MHz SGOb 19 BROWN
500 divs SG1b 19 BLACK/RED
32 MHz SGof 22 BLACK/ORANGE
32 MHz SGOf 20 GREY/ORANGE
500 divs SGib 17 GREY/RED
88 MHz SGOb 17 GREY/BROWN

Leads to the wipers
SGOf 18 ORANGE

SG1b 13 RED

SGOb 13 BROWN
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Lnsatlslactorv c.w, output

ALC testing technique 18
g1ven 1n section 4.6, 11,

18 the reading on
CITr1AT Meter correct ?

(section 4,

6 5)

I
YLS
1
Proceed to a, m,
xtal cal., Afand
t. m. circuits,

|
NO

!
Is error large or
small?

[
small not intermittent

Adiust A0 R348 to obtain
correct swing between
1\ anli 2 V positions ot
1 V/2 V switch then
adjust AOR3+4 to position
meter poumter at 1 V,

1
Large and/or erratic
U

Temporarily 1emove
connections to tags 11

[
\’E‘S
Check continuity and
insulation of hilters,
hoaids A7 and A%
and mewer circults,

Is fault common
to all ranges?

i
YES

Is signal present
at counter output?
-

I L
Yl:;s NO
18 signal present
at TP2, A25
(waveform Fig, 5.6)
and at base TR13
(waveform Fig, 5.7)
board A25,

path tag 11 on A7 to
SG4F.

present at TP1,
board A25?

0
Check 13,5 V supply

If satisfactory,
18 2 500 mV p-p signal

L
NO

i
Check for 13,5 V at
appropriate contact
SG4F
Check for oscillator
output to A25 at
appropriate contact
SG2F.
Check for fault n
related oscillator,
Suspect microswitch
SZ. If satisfactory
on A to D but not on
E and ' or vice versa,
check SG7F and SG8F,

and 12 boird A2¢
Connect mult.meter (a) |
on 250 pA tange between YES NO
tnese tigs Does meter T I
powmter swin, hetween 29 Fault 1n circuits Faulty pre-
and 69 pA with carrier TR#4 or TR5, amplifier circuit,
level v iriation 0 to 1 V board A25, board A25,
and between 49 and 69 5pA
with cairier level variation
Oto2V? LI ~1

| YES N|0

1 Is signal at SKT10 satisfactory? Faulty modulator or

NO 1 final amplifier circut

|
Fault on board A26, Yés

Suspect attenuators

1
NO

|
Is ¢ large signal
present at tag 9,
board A26?

i

1
YES

Suspect relay RL1
faulty on board A26.

1
NO

|
1s a large signal
present at tag 7,

-
YES

Fault on board A26

or SGSE.

Set r.f level using
added potentiometer
then check all d. c.
voltages on A26,

board A25?
1
|3 1
Yllis NO
Fault mn SG7F, Proceed as follows
SG8 .
F or SG6F (a) switch mnstrument OFF.
(b) temporarily remove con-
nection to tag 3, board A26.
(c) connect a potentiometer
(say 10 k2) between tags 1
and 14, board A26 with wiper
connected to wire removed
from tag 13.
(d) switch mstrument ON,
Can the output at tag 7 on board
A25 be restored and controlled by
adjusting the potengxometer?
1
J 1
Y!:_’S NO
|
I8 d. c. voltage on tag 2, board A26 correct? With TF 2002B on range E and
switched OFF, is the 1es18tance
1 between tag 7 and tag 8, board
NIO A25 nominally 1,3Q7?
Is d. c. voltage on f_l__-l
tag 5, board A8 YES NO
correct? 1 1
1 Fault on A25 OC or SC
Ylg NIO or faulty output cable
\ \ connection to (tag 7) or
Fault on board AR, Is d. c. voltage on »ag 10, faulty SG7F
tag 17, board A7 board A25. or SG8F.
correct?
r 1
Y: S NO
1
Fault on board A7, Is d.c. voltage on
ag 7, board A3
correct?
f 1
YES NO
! |
Check wiring, Fault on board A3
carrier potentiometer
or related switch wiring,
Fig. 5.1 Fault location n the c.w. signal path
2002B (1a)
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18 the linearity correct?

Having checked the c¢. w. and
crystal calibrator, does the

Af dial function correctly on

all ranges (B to H) when checked
against the crystal calibrator?

Repair

YIIEZS
Are the Af dial calibration
points within +15% when the
SET ZERO and FM/ Af
FINE CAL controls are in
the central position?

|
YES

YFS
Proceed to f. m. check.

NO

|
Is this common to
all ranges?

NIO '
Check SG1F, PL1/SKT3, YES
A31, leads to tag 8 or

tag 21 on board A3; or

check the modulator. board A4?

NIO
This may be due to a fault in :
(i) The carrier frequency tracking
network around board A30 - to determine,
try different frequencies on the same range.
(ii) The individual modulator/oscillator -

1s the -6.75 V supply
correct on tag 6,

|

NO

|
Check board A30 wiring
and switches SGO, SG1,
SG3 and the modulator
section of the range
concerned.

to determine, try other ranges.
(iii) A general circuit fault; this being the
case, proceed as followS : = — == — — — —— — — — —YES

Disconnect the lead from
tag 4 on board A4,
Measure the voltage on
tag 4 with Hi-R d.c. volt-
meter. The voltage with
the Af dial in the centre
position should be -6.75 V,
+0.1 V. Swing the dial to
+5 and -5 on the Af scale
and note that the change in
reading should be +3,5 V
(+1%). I8 this correct?

|

YES NO

|
Check the resistance of A4 R30.
This should be 5 k2 +1%.
18 this correct?

I 1

Y]i)S N|O
Replace the lead on tag 4, board A4.
Set the Af attenuator to position 3.
Check if the voltage swing on tag 4,
board A4 is the same as on the
slider of AO R31.
18 this conlect?

Replace A4 R30.

1
NO

|
Check wiring, SAC, SAD for a
possible open or short circuit.

[
YES
|
Check if the voltage on tag 18, board A3

varies (less than before) with rotation of
the Afdial. Is this correct?

YES NO

NO
Suspect fault on board A4.

|
Fault on board A4,
AOR30 or wiring.

|
Check that voltage variation on tag 19
board A3 is approx, 5 times larger.
Is this correct?

NO
Fault on board A3.

YES

mu'the following path for loss of
efgmal: PL1/SKT3, AOR18, SG1F, A0C13,
beard A7, A0C23, board A8, SG3F and all
associated wiring.

Investign'te the following path for
loss of signal : AOR31, PL1/SKT3,
board A30, flying leads to SGO and
SG1, SGOF, SG1B, SGOB, AOR33,
SB4B and interconnecting wiring
for open or short circuit.

Fig. 5.2 Fault location in the Af circuits

2002B (1)
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Unsatisfactory operation crystal calibrator or 1 kHz filter

18 the xtal
cal operation
satisfactory ?
r 1
YFS NO
Proceed with
a.f. and f.m,
checks.
f T I I
If the 1 kHz filter If the division ratio If the fault is If the fault is common to
is inaccurate, between cal marker not common to all cal marker pips, has
suspect board A5 pips is incorrect, all cal marker the c. w. been checked?
or SA2B/F. realign board A6. pips, suspect
board A6 and/or
h.t. supplies.
I 1
Y]:;.‘S NlO
Are cal marker pips Check c. w.
p t using headph ? see Fig. 5.1,
'
r )
YII:‘.S NIO
Faulty speaker Are there any cal pulses
or assoc, wiring. on tag 1, board A5?
! 1
YlEs NO
|
1s the d.c. correct Is there any
on tag 7, board A5? cal signal on
contact 1 of SA2B?
f 1
YFS NO
|
Fault on board A5 Faulton 15V I R
or wiring between a.c. line, st NlO
board A5 and P14, Fault on SA2B Are there any
and/ or wiring cal pulses on
to board A5, tag 4, board A6?
| 1
YliJS NO
Is there any Dhcamect' lead
r.f. ontag5, tag 4, board A6
board A6? and check for
I continuity and
r insulation to
Ylliis NO tag 1, board A5,
1
18 there any Fault on feed from
signal on tag 3, tag 4, board A25 I 1
board A8? or crystal cal buffer If correct, Repair open or
on board A25. is the a.c. on short circuit,
tags 1, 2and 3
correct?
| 1
Y?S N'O [ 1
YES
1s there any signal Fault condition ] xNo
on tag 7, board A7? on board A8, Fault condition Fault ind. c.
on board A6. supply filters,
l Check for expected wiring, or
I ] waveforms Figs. 5.8, switch SA1F,
YES N,o 5.9, 5.10, 5.11, 5.12,
|
Fault on PL1/ Fault condition on
SKT3 or assoc. board AT.
cable form.
Fig. 5.3 Fault location in the crystal calibration circuits
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Is the emplitude
modulation operating

correctlv?

Repair

[

ATS NO
|
Is thea m, Which functions
monitoring are faulty ?
correctly ?
[ I 1 I 1
YES NO NO INTernal INTernal EXTernal
) ] and nly.
Proceed to If the error is large If the error is small EX lernal oy only.
xtal cal, Af and/or intermittent, and not intermittent,
and f, m. is there any modulation does meter ndicate
checks, signal on tag 13, 100% with 2.47 V
board A4? 1.m.8. ontags5,
board A3,
1s the c. w. Is the fault Check switch
correct? common to all SB and wiring.
mod osc ranges?
YI;.:S NO
Reset A3 R6. Reset A3 R18
YES NO
YES NO [ |
1 | Suspect fault on Suspect fault on
18 the mod signal Suspect SC1B/F, wiring, SC1B/F, wiring
on tag s.xlz)olord A4 faulty wiring. SF, SB, SAB or and appropriate
approx, arger board A2. capacitors on
than on tag 13? | | board A29.
YE|:S Nlo
Is the signal on Check ¢, w, 1s the mod osc
vEs O tag 2, board A3 see Fig. 5.1, output correct
i ) - correct? on tag 9, board A2?
Is there any Disconnect the leads /
signal on from tag 5, board A4. /
tag 5, board A3? 18 the signal now /
correct on tag 5? / l
Typically 1 VmV a.c. YES NO
5.3 Vd.c Instrument | |
set at 1 V on Range E Check SB2B/F Disconnect lead on
YI'SS N|0 1 MHz 80% a.m at and/ or assoc. tag 9, board A2,
wiring. Is the output no
Disconnect lead Fault on 1 kHaz. | e corr:ct? "
e tag 10, board A3, wiring. !
Commect an Avometer !
(250 pA) between ! —
tag 10 and earth. ! l |
Doss the Avometer / YES NO YES NO
read 0/100 pA or more / | | ! |
with adjustment of the Is the signal on I8 the signal on Check SAB, SB2B/F Isthed.c. on tag 7,
tag 18, board A8 tag 11, board A3 and assoc, wiring board A2 correct?

MO0D LEVEL control ?

YES NO
I |

Panit on wiring Fault on

or ME2, board A3,
Suspect peak
detector,

1

correct with

mstrument set at

1V on Range E

at 1 MHz end 80% a.m.
at 1 kHz?

(Typically 720 mV a.c.)

— correct?
Y];,‘S NO
[
Recheck c. w. Fault on
on lower boards A7,
ranges, A8 or wirmg,
Check PL1/
SKT3.

Yl-iS NO
Reconnect the Fault on
leads to tag 5, board A4.
board A4.
Disconnect leads
to tag 5, board A3,
I8 the output of
board A4 now
correct?
| |
st NIC)
Punit om board A3, Fault on
smspect poak wiring or
dmtector input switching,
mpedance.

2002B (1a)

for short circuat.

YES NO

1
Fault 'on Fault on 15 V line
board A2, via SP3B.

YElZS
Fault on board A3
a.m. driver or
carrier level
potentiometer,
R27 or wiring to
SF.

Fig. 5.4 Fault location in the a.m. circuits

|

NO

[
Is the signal on
the slider of
R26 correct?

L

NO

|
Fault on R26
SB2B or wiring
to tag 13, board A4,

YES

¥ault on SB2F
or wiring,
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Having checked the Af dial,
does the frequency modulation
operate correctly ?

|

YES

Can the f.m. be standardized
accurately against the Af system?
(Check at 1 kHz mod frequency
with a standardized dex 1ation meter
or Bessel zero method - see
Sect. 4.6.10.)

|

NO

!
Which functions
are faulty ?

r
YES
I8 the accuracy maintained

over the modulation fre-
quency range?

|
It 18 now necessary
to check the equality
of the Af and f. m.

NO

INTernal only.

source voltages,

YEISS NO
18 the d dulated Susp A'the freq y
distortion withm response of the low-pass
limits?  (See filter between tag 19,
Sect. 1.2.) board A7 and tag 20,
board A8, or the individual
modul . (The resp
of the complete f. m. path
from EXT FM terminal to
tag 4 of the appropriate
oscillator should be flat,
+0. 2 dB up to 4 kHz.)
[ |
YES NO
FM op!eratwn Suspect SG1F, PL1/SKT3
should now be leads to tag 8 or tag 21 on
satisfactory. board A3, Board A3

itself or A31 or the
ndiwvidual modulator,

Check the modulation
oscillator as per
'INTernal only' on AM
fault finding chart
Fig. 5.4

YES

Is the mod signal
on tag 5 board A4
approx. 2 times
larger than that on
tag 13 board A4?

INTernal and
EXTernal,

EXTernal only.

Does the modulation Check switch

signal reach tag 13 SB1B/SB2B
board A4 (with the and associated
MOD LEVEL control wiring.

fully clockwise) ?

NO

Suspe!:t SB2B
AOR26, SB2F
and wiring to
tag 13.

[
YES
Does the modulation

signal reach the
slider of AOR31?

1
NO

|
Disconnect the leads
from tag 5, board A4
Is the signal now on
tag 5, board A4?

l

YES

Disconnect the lead from tag 4,
board A4, set the Af dial to
centre zero, Using a high
resistance d. c. voltmeter,
measure the voltage at tags 4,
5and 6. These voltages

should be typically within 20 mv
of each other and -6.75 V +0.1 V,

If the Af has been
checked satisfactorily,
the f. m. should now
function,

Is this correct?

YES

Connect the' voltmeter to
tag 4, board A4 and check
that the +5 full-scale swing
of the Af dial changes the
reading by 3.5 V +35 mV
(nominal) on either side of
the zero. 1Is this correct?

|
| |

YES NO

Reconnect lead to tag 4
on board A4. Connect
an accurate a,c. volt-
meter to tag 5, board A3,
Apply nternal mod. at

1 kHz. Check that the
a.c, output 18 2,47 V
r.m.8. £1% (7 V p-p)
when the modulation
meter reads f. s.d.

(5 kHz). I8 this correct?

| |
YIiJS NO
The Af swing and f. m,
at 1 kHz mod freq
should align precisely.

1
If the error 1s large,
t a defect on A3
or ME2, otherwise
adjust A3R18 for f.s.d.
on the meter.

[
Reset A4R32,

NO

|
Reset the appropriate
circuit after checking
for a possible fault.

7

NO

l
Suspect SB3F,
AOR5, SADIF,
SAD2B and
assoc, wiring.

YP':S Nl()
Disconnect the leads Fault on
from tag 5, board A3 board A4.

and reconnect the

leads to tag 5, board A4.
18 the output of board A4
now correct?

I—J——I

YES N'O
|
Fault on board A3. Fault on
Suspect the peak wiring or
detector mput switch SB.

impedance.

Fig. 5.5 Fault location in the f.m. circurts
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Repair

WAVEFORMS i 100 ps

The waveforms shown in Figs. 5.6 to 5.19
were taken on a typical TF 2002B using a M.1.
Oscilloscope type TF 2210 with an appropriate
probe (see Chapter 6).

13V
Test waveforms may vary slightly from the
typical waveforms shown.
Fig. 5.9 A6—TP4
2.5V
1.5V
Fig. 5.6 A6—TP1
Fig. 5.10 A6 TR12 base
1us
9.6V v
1.2V
Fig. 5.7 A6—TP2
Fig. 5.11 A6 TR11 base
10 us l 10 ns
13V

Fig. 5.8 A6—TP3 Fig. 512 A6 across L3
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Repair

150 mV

1.

9V

2.8V

2.8V

66

2.2V

Fig. 5.14 A25—TR13 base

Fig. 5.15 A26 Junction R36—D5 (top)
Junction R37—D6é (bottom)

Fig. 5.16 A26—TP5

200 mV
Fig. 517 A26—TP6
900 mV
Fig. 5.18 A26—Tag 13
125 mV

Fig. 5.19 A26—Tag 13 (TF 2002B at 88 MHz)

Unless stated otherwise the measurement
was made between the point given and the related
earth connection.

Except for waveform Fig, 5.19 all measure-
ments were made with TF 2002B at 1.8 MHz.

For modulated waveforms use 1 kHz at 80% depth.

2002B (1)



Chapter

6 Replaceable parts

Introduction

Bach sub-assembly or printed circuit
board in this instrument has been allocated
a unit identification in the sequence AC to

A31.

The complate component reference
carries its unit number as a prefix e.g. A1CH
but for convenience in the text and on circuit
diagrams the prefix is not used.

However, when ordering replacements or
in correspondence the complete comnonent
reference must be quoted.

One or more of the componsnts fitted
in this instrument may differ from those
listed in this chapter for any of tne follow-
ing reasons:

2 Components indicated by -f have their
p
value selected during test to achieve
particular performance limits.

(b) Owiag to supply difficulties, compon-
ents of differ=nt value or type may be
substituted provided the overall per-
formance of the instrument is main-
tained.

(c) As part of a policy of continuous
devzlopnent, components may be changed
in value or type to obtain detail
improvements in performance.

When thers is a difference between the
component fitted and the one listed, always
use as a replacenent the same type and value
as found in the instrument.

Ordering

Wn:n ordering renlacemznts, address
the order to our Service Division (address on
rear cover) or nearest agent and specify the
follnwing for each component required.

(1) Type* and serial number of instrument
(2) Complete circuit reference

(3) Description

(1) M.I. code number

* as given on the serial number label at
the rear of the instrument; if this is
superseded by a model number label, quote
the model number instead of the type
number.

2002B (1d)

COMPONENT REFERENCES

The components are listed in alpha-
numerical order and the following abbrevia-
tions are used:

C : capacitor
Carb : carbon
Cer : ceramic
Cerm : cermet

: semiconductor diode
: electrolytic

Elec

FS : fuse

ic : integrated circuit (package)

L : inductor

Max : maximum

ME : meter

Met : metal

Mic : mica

Mina : minimum value

(054 : oxide

PL : plug

PLAS : plastic dielectric

R : resistor

S : switch

SK : socket

T : transformer

TP : terminal

TR : transistor

WW : wirewound

X : crystal oscillator

-T value selected during test;
noninal value listed

J : feed-through component

W : watts at 70°C

W : watts at 55°C

W x : watts at 40°C

W sx : watts at 20°C

we : watts at unspecified temperature

ZQ& : static sensitive device

Circurt

reference Description M.1. code

Unit A0

Wh2n orderiig, prefix circuit reference
with AO.

c1 Elec 3600uF -20+50% 50V 26427-13),

£3 Elsc L4.7uF 20% 35V 261,86-219

Gy

o1 b0 Cer B 0.00L7uF -20+80% 500V  26373-665

c12  Cer B 39pF 20% 500V 26333-308

€13  Cer B S500pF 25% 500V 26373-609

C14

ooq b0 Cer B 0.00L7uF -20+80% 5007  26373-665
67



Replaceable parts

Circuit
reference Description

€22  Ger @ 39pF 20% 500V
623 Cer B 500pF 25% 500V
2ty Gor B 0.0047uF ~20+80% 50CV
cz7

D1 1N41 48

FS 160mA 230V
FS2 | 350mA 115V

FS3  500mA

JKA  Crystal cal output
L2 Inductor assembly
L3 Inductor assembly

S Inductor assembly
L5 Tnductor assembly
L7 Ferrite beads

L8 Ferrite beads

L5* 700

M= 100uld

ME2  100uA
PL7  Panel pluag

R! M=t ox 5600 2% W
R? Met ox 82k 2% LW

R Met ox 100k 2%

5 Mat ox 5k0 0.5%
R6 Carb 6.111kx0 1%

7 Caro 9.625k0 1%
R8 Carb 7,115k 1%
RY Carb 2.475k0 1%
R10  Carb 9,.625k0 1%
Ri1T Cavrb 6.111:0 1%
R12  Carb 6.111<02 1%
Ri3  Carb 3.625k0 1%
R1L  Carb 7.115%0 1%

EE YT YR YEYEYY

R15  Garb 24,750 1% W
R15  Carb 9.625k0 1% W
R17  Carb 6,411k0 1% W
R18  det f£1lm 1.15k0 0.5% =W

R19 Met ox 5k 0.5%
. ox 2200 2% W
ve 10kis 200 LW
R22 Mot o¢ 820kQ 2% W
R2). Mot ox 15k7 2% W
R251 Var WN 15k 2% LW

N
=

68

M.1. code
26333308
26373-609

26373-665

28336-675

23511-054
2341055
23411-056

234,21-662
144,223-801
144 223-801
14422%-801
1444223%-801
23635-835
23635-835
2564,6-103

4, 572=228
LL579-003
23L.25-159
24,575-067
2L575-119

24575121
24,753%-878
2,138-72),
24,138-73L
24138-728
2,138-785
21.138-7351
241 38-721,
24138-72)
24138734
24,138-723
24138785
24138-73
24,138-724
24.755-481
24753-878
2L575-054
24573-097
24573103
2,57 3401
2537, ~573

Circuit
reference Description
R255 Var WW 16kQ 2% LW

R26  2.5kQ part of switch assy SC
R27 1k} part of switch assy SB
R28  Var carb L.7kQ 20% W

R29 50kQ part of switch assy SAC
R30  WW 2.5kQ 10% 3W

R31 2.2kQ part of switch assy SAD

32 100k part of switch assy SA
R33  WN 100kQ 5% 13W
R34 Var carb 47k0 20% W

SA Switch assy including R32
SB Switch assy including R27
scC Switch assy including R26
SD Sxitch assy

SE Switch slider

SF Switch DPDT

S Switch assy

SAA  Switch DPDT

SAB  Switch SPDT

SAC Switch assy including R29
SAD Switch assy including R31
SK3 18 way

SKT10 Bulkhead elbow socket
SKT11 Bulkhead elbow socket
SKT12 Receptacle BNC 50Q

TP I'2riminal miniature
TP2 Terminal miniature
TP3% Terminal miniature
TP TmmhmlmhﬂMmﬁ
TP5 Terminal miniature
TP Terninal miniature

TRY Terminal miniature

TP10 Terminal miniature
™ Ma1ns transformer
TRY M1.,:91

Unit A1 — Power supply —15V

M.1. code
25874-578
4y 324 -716
44.34.0-016
25611-176
44 322-13%1
W371-247
44322-119
4321219
44372-015
25611-182

hi324=249
1,3,0-016
44324716
14321 =106
23467-155
23,62-258
44.325-609
231,62-258
23462-252
44 327-131
443522-419
23435-293
23445-273
2344.5-273
23403043
23235-175
23235-176
23235-176
23235-179
23235175
23235177
2%235-176
23235-176

1.31,56-006
28,.35-876

When ordering, prefix circuilt reference

with A1,
o Elec 100uF -20+100% 4OV

c2 El=sc 100uF -20+100% 25V
c3 Elec 100uF -20+100% 257
Clh Plas 0.1uF 10% 100V

) Plas 0.1pF 10% 100V

cé Cer 0.1uF -25+50% 30V

26415-8114,
26415-813
265,15-813
26582-211
26582-211
26383-031
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M.1. code
28371-503
28357-028
28357-028
28357-028

24,573-073
25123-002
2L,573-049
24573-093
2L.573-049
2),573-087
24.573-079
2,573-118
24573-081
24,573-083
25611-086
25811-012

28, 31-879
28434-879
23213146

264,15-810
26415-810
26415-822
26516-481
26415-810
264,15-822

24,573-097
25611-084
24573113
24575-105
24575-057
24573-091
25611-07l
25611-071
24,573-090
24573-097
24573-057
24573-037
25683-389
24,573-069
24575-001

Circuit
reference Description
D1 Z5B 7.5V Zener
D2 140N
D3 1N4OL
DL N0
R4 Met ox 1kQ 2% AW
R2 WW 1,50 5% 15W
R3 Met ox 1000 2% W
RL  Met ox 6.8k 2% W
R5 Met ox 1000 2% W
R6 Met ox 3.9k0 2% W
R7 Met ox 1.8k0 2% W
R8 Met ox 75k 2% W
RI Mst ox 2.2k0 2% AW
R10  Met ox 2.7kQ 2% =W
R4 Var carb 220k 20% W
R12  Var carb 4700 20% 1W
TR1  2N2905
TR2  2N2905
Bead insulator
Unit A2 —Modulation Oscillator
When ordering, prefix circuit reference
with A2.
o Elec L7uF -20 +100% 4OV
ce Blec L7uF =20 +100% 4OV
C3 Ele: 470uF -20 +100% 25V
ClL Plas 1000pF 2% 125V
c5 Elec L7uF -20 +100% 4OV
cé Elec 470uF -20 +100% 25V
R1 Met ox 10kn 2% W
R2 Var carb 100k 20% W
R3  Met ox L7kO 2% W
RL  Met ox 22k0 2% W
RS Met ox 2200 2% +W
R6 Met ox 5.5kQ 2% Lw
R7 Var carb 2.2kQ 20% W
R8 Var carb 2.2k0 20% W
R Met ox 5.1kQ 2% =W
R10 Mot ox 10kQ 2% W
RY1 Met ox 2200 2% W
R12 M2t ox 330 2% W
R13  Thermistor 10k0 20%
R1L  Met ox 6800 2% iw
R15  Met ox 470 2% W
R16 Mzt ox 100k 2% W

2002B (lc)

24573121

Circurt
reference

R17

TR
TR2
TR3

Description
Met ox 5.1k0 2% AW

BF24LB
BCY71
BC108

Replaceable parts

M.I. code
24,.573-090
284,59-011
28,.35-235
281,52-787

Unit A3 —A.M./F.M. Drive and Monitor

When ordering, prefix circuit reference

with A3.

o Elec L7uF =20 +100% 1,0V
c2 Plas 1uF 10% 63V

c3 Cer 0.047uF =25 +50% 30V
Cl Cer O.1uF -25 +50% 30V
c5 Cer 22pF 20% 500V.

cé Cer 0.1uF -25 +50% 30V
c7 Blec 220uF -20 +100% 10V
c8 Elez 10uF 20% 20V

c9 Elec 4.7uF 20% 35V

C10  Cer 0.1uF ~25 +50% 30V
C11  ®Bles 10uF 20% 20V

D1 1N, 148

D2 1N4148

D3 1N4148

DL ANR1L8

D5 1NL1L8

D6 1N4148

D9 1N4148

D10 4N41L8

ICA pA739

IC2  uA741C

R4 Met ox 6800 2% W

R2 Met ox 2.7k0 2% W

R3 Met ox 2k 2% W

R Met ox 2.,2kQ 2% W

R5 Carb 2.2MQ 10% 1/6W
R6  Var WW 4.7kQ 10% 1W
R7 Mzt ox 8.2kQ 2% W

R8  Met film 5k 0.5% W
R9 Met film 5kQ 0.5% W
R10  Met film 5kQ 0.5% W
R11  Met £ilm 5kQ 0.5% 4W
R12 M2t ox 100 2% W

R13  Met ox 13k0 2% W

R4 Met ox 1500 2% W

R15  Met ox 16k0 2% LW

26415-810
26582-L14
26383%-018
26383-031
2634.3-134
26383-031
26),15-817
264,88-212
264,86-219
26383-031
261,88~212

28336-676
28336676
28336-676
28336576
28336676
28335-676
28336-676
28336-676

281,61 -312
28,.61-301

24573069
24,573-082
24573-080
21,573-081
2,,322=-974
25811-023
24.573-095
24,753-878
247453-878
24753-878
24755-878
24575-025
24.573-100
24.575-0553
2L573-102
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Replaceable parts

Circuit

reference Description
R16  Met ox 16kQ 2% W
R17 Met ox 1k0Q 2% Lw
R18  Var carb 4700 20% W
R19 Met ox 3.3kQ0 2% W
R20  Met ox L7kQ 2% W
R24  Met ox 22kQ 2% AW
R25 Met ox 220kQ 2% =W
R26  Met ox 1500 2% W
R27 Met ox 24,kQ 2% W
R28  Met ox 27kQ 2% W

R29 T Met £ilm 100kQ 2% iw
R30 T Met film 220kQ 2% W

TR

BC109

M.1. code
2L573-102

24573-075
25611-070
24,573-085
24573-113
24573-105
24573-129
24573-053
24.573-106
24573107
2h773-521
2h773~-32,

281.52-777

Unit A4 AF Control Supply and Monitor Amp.

Wher orderirg, prefix circuit reference

with Ak.

¢l Cer 0.C1uF -20+8C% 100V
¢2 Cer 22pF 20% 500V

c3 Elec 47uF 2041006 63V
Ck Cer 0.1uF -20+50% 30V
c5 Cer 18pF 20% 500V

c6 Cer 0.1uF -20+50% 30V
c7 Cer 0,1pF -20+50% 30V
c8 Elec 10uF -2041C0% 63V
(] Elec 1COOLF -20+100% 10V
€10  Elec 100uF -204+1C0% 25V
€12  Cer 820pF -20440% 400V
D/ 1N825

D2 1N, L8

D5 NLALE

DL 0A95

D5 0ASS

IC1  CA3046

102 CA3046

IN5 pA73

R1 Met ox 8.20 5% =W

RZ Met ox 180 2% W

R Mot £1ln 5kQ 0.5% oW
R,  Mct film 5k 0.5% W

R5 Me* ox 3300 2% W

Ré Mot ox 22kQ 2% W

R7 Met ox 5.6 k(1 2% =W

R8 Mot ox 3900 2% W

R3 Mt ox 180 2% W

70

26383-055
263L3-13)
264,15-801
26383-031
2€2),3-129
26383-031
26383-031
264,15-802
264.15-82L
26415-813
26383-1,2

28371-49)
28336-676
28336-676
26325-287
28323287
284,61-901
284,61 -901
28L,61-312

2,552-018
24,573-031
24,753-878
2,753-878
2,575-051
24573105
24,573-091
24,573-063
20,573-025

Circuit

reference Description
R1U  Met ox 6800 2% W
R11  Met ox 6800 2% W
R12  Met ox 10kQ 2% W
R13 Met ox 1k 2% W
RiL Mzt £ilm 10kD 0.5% W
R15 Met film 10kQ 0.5% W
R16  Met ox 8.2kQ) 2% W
R17  Me% ox 33k0 2% W
R18 Mot ox 8.2kQ 2% W
R19 Met ox 33k 2% 1w
R20 Mot ox L700 2% =W
R21  Met ox 33kQ 2% W
R22  Met ox 15kQ 2% %W
R25  Met ox 33kQ 2% W
R2,  Me% ox 15kQ 2% W
R25 Met ox 22k0 2% W
R26  Met ox 8.2k0 2% LW
R27 Met film 5k 0.5% W
R28  Var WW 2200 20% W
R29  Met film 5kQ 0.5% W
R30 Met film®5kQ 0.5% W
R31 T Met ox 27k0 2% W
R32  Var WW 1k 20% 1W
R33 Met ox 1kQ 2% W

R34 Met ox 6.8k 2% AW
R35 T Met ox 4.7kQ 2%

R36 T Met ox 680k 2%

R37

Mat ox 680k 2%

R38 T Met £ilm 100k0 2% W

TRY
TR2

BCY/2
BCY72

M.1. code
24,573-069

24,573-069
214.573-097
24573-073
21,753-893
2,753-893
24575-095
24573109
24573-095
2,.573-109
24573-065
24573-109
24575101
24.575-109
24573-101
24573-105
2L.575-095
24753878
25811-015
24753-878
24,753-878
24573-107
25811-109
24.573-073
24573-093
2,573-089
24573141

2L573-141

24775-321

284.23-487
284.35-487

Unit A5 —Crystal Calibrator Amplifier

Wher orcdering. prefix circuvit reference

with AS5.

1 Blec L4 7uF -20 +100% 63V
o} Bles L.7uF =20 +100% 63V
c3 Elaz L.7uF =20 +100% 63V
Ch Elec 100uF -20 +100% 25V
C5  _Eiec L.7uF -20 +100% 63V
s Plas 0.47uF 10% 63V

c7 Blsc L7uF -20 +100% 10V
c5 Aiec 22uF =20 +100% 25V
c9 Plas 0.047uF 0.5% 125V
310  Plas 0.0L7uF 0,5% 125V
L1 Coil assy

264.15-801
261,15-801
26415-801
264,15-813
26415801
26582-1,10
264,15-809
264,.15-805

26516-820
26516-820

44273507
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Replaceable parts

Circuit
reference

R1 Met ox L7k 2%
R2 Met ox L7k0 2%
R3 Met ox 10kQ 2%
RY Met ox 10kQ 2%
R5 Met ox 3.3k0 2% W
R6 Met ox 6800 2% W
R7 Met ox 1kQ 2% W
R8 T Met ox 470k0 2% W
RO Met ox 1kQ 2% —;‘W
R10  Met ox 2200 2% W

Description

E )

o

R11  Met ox 22k0 2% W
R12 Met ox 3300 2% W
R13 Var carb 4.7k 20% W
R14  Var carb 4700 20% W
TR1  BOY72

TR2  BSX20

TR3 BCY71

Unit A6 —Crystal Calibrator

M.l code
24,573-113
24,573-113
24,573-097
24573-097
24573-085
24,573-069
24,573-073
245731357
24573-073
24,575-057
24573-105
2,573-061
25611-076
25611-070

28,.33-187
284,52-197
281,35-235

When ordering, prefix circuit reference

with A6,

¢1 Elec 10uF -20 +100% 63V
c2 Plas 27pF *2pF 125V

c3 Plas 470pF 2% 125V

Ch Plas 0.0022uF 2% 125V
c5 Plas 470pF 2% 125V

c6 Plas 22pF *2pF 125V

c7 Plas 0.0028pF 2% 125V
c8 Plas 0.01uF 10% 630V

€9 Cer 0.1uF -25 +50% 30V
€10  Plas 180pF 2% 125V

€11 Cer 0.01uF -20 +80% 100V
C12  Plas 150pF 2% 125V

C13  Cer 22pF +0.25pF 750V
C14  Plas 82pF *2pF 125V
C15 Plas 22pF +2pF 125V

€16  Plas 0.,001uF 2% 125V
C17 Plas 110pF 2% 125V

€18  Plas 0.001uF 2% 125V
C19  Plas 390pF 2% 125V

€20  Elec 10pF -20 +100% 63V
G21  Cer O.1uF -25 +50% 30V
€22  Plas 220pF 2% 125V

€23  Plas 220pF 2% 125V

C24  Elec 10pF -20 +100% 63V
C25 Cer 0.01uF -20 +80% 100V

2002B (la)

264.15-802
26516-108
25516-1406
16516-564.
26516-406
26516-088
26516-591
26555-463
26383-031

26516-303
26383-055
26516-287
26324-715
26516-108
26516-088
26516481

2651625,
26516-1,81

26516-387
264,15-802
26383-03%1

26516-718
26516-327
26415-802
26383-055

Circuit
reference

c26
c27
c28
€29
€30

D1
D2
D3
DL
D5
D6
hy
I
L2
L3
Ly

R10
R11

R12
R13
R4
R4S
R16
R17
R18
R19
R20

R21
R22
R23
R2l,
R25

Description
Cer 22pF 0.25pF 750V
Cer 0.1uF =25 +50% 30V

Plas 120pF 2% 125V

Cer O.1uF -25 +50% 30V

Var air 3-14.5pF

1N916
1N916
1N916
1N916
1N916
1N916
10916

£3.5 uH
237uH

Coil

L70pH
L70uH
L 70uH
470uH

Mat
Met

oxX

oxX

ox

oxX

(3.4

5 0X

ox

ox

oxX

oX

oxX

oxX

ox

oxX

ox

0X

ox

oxX

oxX

ox

(00,4

0%

ox

0X

24k0 2% W
9.1k 2% W
20 2% W
470 2% W
1000 2%
5600 2%
2200 2%
1000 2% W
1000 2% iw
100 2% W
3.9k0 2% W
Lo TKQ 2% 20
4700 2% oW
10 10% 2w
1000 2% W
1000 2% W
2200 2% W
4700 2% W
3.9k 2% W
L Tk 2% W
5.1k 2% W
3300 2% W
1800 2% W
5.1k0 2% 5w
5600 2% W

P Y

nf=

M.1. code
2632),-715
26383%-031
26516-264
26383-031
26816-236

28336466
28336466
2833666
28336-166
28336-4.66
28336-166
28336-466

44,26,-210
14, 266-217
L4227-019
236),2-565
23642-565
2364.2-565
236.2-565

24,573-106
24,573-096
21,573-080
24,511=537
24,573-049
2),573-067
24,573-057
24,575-049
24575-049
214,575-025
21,573-087
24573-089
24,573-065
24,582-555
24575-049
24573049
24573-057
24,573-065
24573-087
2457%-089
24,573-090
21,573-061
24,573-055
24573-090
24,573-067
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Replaceable parts

Circuit
reference Description
R26  Met ox 6800 2% W

R27 Met ox 2200 2% W
R28  Met ox 2.2kQ 2% W
R2Y  Met ox 1009 2% W
R30  Met ox 4700 2% W
R31  Met ox 470 2% W

TR1 BC239C
TR2  2N3904
TR3  BSX20
TRy  2N3702
TR5  BSX20
TR6  BSX20
TR7Y  2N3702
TR8  BSX20
Th9  BC103
TR10 BC108

TR11 BSX20
TR12 MPS3640

XL1  1MHz +100 -0 ppm
Crystal holder

Unit A7 —Filters

M.I. code
24,573-069

24,573-057
24,573~081
24.573-049
24,573-065
24573-041

284.52-771
28154 -786
281,52-197
284.33-488
28152192
281,52-197
28,33-488
28,4,52-197
2831,52-787
28,52-787
284.52-197
28431766

28311-703

2831 3-601,

When ordering, prefix circuit reference

with A7.

1 Cer O.,1uF -25 +60% 30V
c2 Cer 0.1uF -25 +60% 30V
c3 Car O.1uF =25 +60% 30V
oL Plas 0.047uF 10% 250V
5 Cer O.1uF =25 +50% 30V
6 Cer O.1pF =25 +50% 30V
c7 Cer O.1uF -25 +50% 30V
c8 Cer 0.1uF =25 +50% 30V
cY Plas 820pF 2% 125V

C10  Plas 0.00366uF 1% 125V

1 Coil assy
L2 Coil assy
L3 (Goil assy
L4 Coil assy

L5 Coil assy

Coil assy
L7 Coil assy
L3 Coil assy
L9 Coil assy

L10 Soil assy

72

26383-031
26383-031
26383%-031
26582-206
26383-031
26383-031
26383%-031
26383-0%1
26516162
26516-620

41267603
14,267-603
10,267-603
11271601
4,2:,5-003
4,24,5-003
14,267-603
41,267-603
44,271-609
14,268-603

Circuit
reference Description M.1. code

Unit A8 —Filters

When ordering, prefix circult reference
with A8.

o Cer 0.1uF =25 +50% 30V 26383%-031
c2 Cer 0.1aF =25 +50% 30V 26383-031
C3 Cer 0.1uF =25 +50% 30V 26383-031
ch Plas 0.1uF 10% 250V 26582-208
5 Cer 0.1uF =25 +50% 30V 26383031
cé Cer 0.1pF =25 +50% 30V 26383-031
c7 Cer O0.1uF =25 +50% 30V 26383-031
c3 Cer 0.1uF -25 +50% 30V 26383-031
9 Plas 0.0024uF 0.5% 125V 26516-571
€10  Plas 0,0108uF 1% 125V 26516-901
C11  Plas 0.0024uF 0.5% 125V 26516-57
C12  Plas 39pF 2pF 125V 26516-145
C13  Plas 12pF 1pF 125V 26516-01L
Cl  Cer 0.1uF -25 +50% 30V 26383-0%1
C15  Cer 0.1uF =25 +50% 30V 26383-031
016  Cer 0.1uF -25 +50% 30V 26383-031
€17 Plas 0.1pF 10% 250V 26582-208
C18  Cer 0.1uF =25 +50% 30V 26383-031
C19  Cer 0.1pF -25 450% 30V 26383~031
€20  Cer 0.1uF -25 +50% 30V 26383-031
g21  Cer O.1uF -25 +50% 30V 26383-031
$22  Plas 0.0011uF 1% 125V 26516-495
£23  Plas 0.0075 1% 125V 265416~689
I Cnil assy 1 .267-603
L2 Coil assy 14,267-603
L3 Coil assy : 14,267-60%
Ty Coil assy 42, 271=60k
L5 Coil assy 44,21,5-003
L5 Coil assy 44 245-003
L7 Coil assy 14267603
L8 Coil assy L1267-603
19 Coil assy W271-608
110  Coil assy 1, 268-602
L11  Coil assy 44,271-609

Unit A9 —Range A Oscillator

When ordering, prefix circuit reference
with A9.

c1 Cer 0.1uF -25 +50% 30V 263%83-031
c2 Plas 0.11uF 2% 125V 26518-293
¢3 Plas 1uF 5% 160V 26511-382
¢5 T Plas 0.0L7uF 5% 160V 26511-3%%7

2002B (1a)



Circuit
reference Description M.1. code
cé Plas 1uF 5% 160V 26511-382
c7 Cer O.1uF -25 +50% 30V 24383-031
1 Coil assy 44,265-208
L2 Coil assy L4261, =205
R1 Met ox 3.3k0 2% W 2,,573~-085
R2 Met ox 1kQ 2% W 24,573-073
R3 Met ox 1kQ 2% AW 24573073
R, Met ox 9100 2% W 24,573-072
R5 Met ox 1000 2% LW 24.573%-049
TR1  BCY7H 284,35-235

Unit A10 —Range B Oscillator

When ordering, prefix circuit reference
with A10.

c1 Cer 0.1uF -20+50% 30V 26383-031
c2 Elec 22uF -20+100% 25V 26415-805
$3 t Plas 18pF *2pF 160V 26516-028
el Cer O.1uF -25 +50% 30V 26383-031
¢5 T Plas 0.0033uF 2% 125V 26516-609
cé Plas 0.01uF 5% 4LQOV 26511-316
c7 Plas 0.33uF 5% 160V 26511-367
c8 Plas 0.33uF 5% 160V 26511-367
11 Coil assy 4, 267=-001
L2 Coil assy L4 264,205
R Met film 47kQ 2% 1w 24,773-313
R2 Met film 6.2k0 2% W 24773-292
R3 Met film 1kQ 2% W 24.773-273
R4 Met film 3.3kQ 2% W 24775-285
R5 Met £ilm 1k0Q 2% ZW 24773-275
R6 Met £ilm 1.5k0 2% W 24773%=277
TR1  BC108 28),52-787
TRZ  BG108 28),52-787

Unit A11 —Range C Oscillator

When ordering, prefix circult refsrence
#ith A1,

1 Plas 0.0028uF 2% 125V 26516-591
c2 Plas 100p¥ 2pF 125V 26516-211
33 T Plas 0.015uF 5% 160V 26511-319
54 Plas 0.003uF 2% 1257 26516-597
c5 Cer 0.1uF =25 +50% 30V 26383-031
¢6 T Plas 0.004uF 2% 125V 26516181
57 Plas 0.033uF 5% 160V 26511330
c8 Plas O.1uF 5% 160V 26511-349

2002B (Lc)

Replaceable parts

Circuit

reference Description M.1. code
c9 Plas 0.0068uF 5% 160V 26511 =161
L1 Coil assy 1), 265-208
L2 Coil assy L 257-211
R Met ox 13kQ 2% AW 24.573-100
R2 Met ox 6.8k0 2% AW 24,573-093
R3 Met ox 1kQ 2% Lw 24573-073
R Met ox 3.3k0 2% W 24,.57%-085
R5 Met ox 1.5kQ 2% W 2,573-077
R6 Met ox 1.5k( 2% W 24573-077
R7 Met ox 82kQ 2% W 24,,573-119
TR1  BSX20 284,52-197
TR2  BSX20 284,52-197

Unit A12 —Range D Oscillator

When ordering, prefix circuit reference
with A12.

G4 Plas 0.001uF 2% 125V 26516-1,81
c2 Plas 68pF 2% 125V 265416-201
c3 Plas 0.033uF 10% 280V 26582-205
Gl Plas 0.001uF 2% 125V 26156-481
3 Cer 0.1uF -25 +50% 30V 26383-031
¢6 T Plas 560pF 2% 125v 26516-423
c7 Plas 0.01uF 5% LOOV 26511-316
c8 Plas 0.033uF 5% 160V 26511-330
11 Coil assy W.263-0L7
L2 Coil assy L 21,.7-010
RT 4700 2% LW 24573065
R2  L4.7x0 2% W 24,573-089
R3  1kQ 2% W 24,573-073
RL 3,30 2% W 2,573-085
R5  1.5kQ 2% W 2,573-077
R6  1.5%0 2% W 24573077
TR1  BSX20 28452-197
TR2  BSA20 28),52-197

Unit A13 —Range E Oscillator
When ordering, prefix circuit reference
with A13.

1 Plas 0,068uF 10% 250V 26582-207
c2 Plas 0.001uF 2% 125V 26516-1,81
C3 Mica 33pF 1pF 350V 26272-391
Cle Cer 22pF 5% 750V 26321, -807
c5 Cer 0.1pF -25 +50% 30V 26383-031
¢6 T cer 68pr 2% 7507 26321,-868

73



Replaceable parts

Circuit

reference Description M.1. code
c7 Mica 560pF 2% 350V 26272-107
c8 Mica 560pF 2% 350V 26272-107
9 Plas 0,0018uF 2% 125V 26516-543
C10  Mica 47pF *1pF 350V 26272-387
€11 Cor 0.01uF -20 +80% 100V 26383-055
1 Coil assy L4 255-005
L2 Coil assy 4 233-014
R1 Met ox 10kQ 2% W 24,511-610
R2 Met ox 470 2% W 24,511-537
R3 Met ox 100kQ 2% W 24511-635
Ry T Met ox 10kQ 2% W 21,511-610
R5 Met ox 100kQ 2% W 24,511-635
R7 M2t ox 300k 2% W 24,573-132
R8 Met ox 6800 2% W 24,511-576
R9 Met ox 100k 2% W 2,511-635
TR1  BSX20 28452-197
TRZ  BPZL6 284,59-024
TR> BF246 284,59~02,

Unit A14 —Range F Oscillator

When ordering, prefix circuit reference
with A1L.

1 Plas 0,047uF 10% 250V 26582-206
€2 Plas 0.001uF 2% 125V 26516-181
c3 Mica 15pF 1pF 350V 26272-020
C4  Cer 15pF 5% 750V 2632,-795
c5 Ger 0.1pF -25 +50% 30V 26383-031
c6 T cer 68pF 2% 750V 26321, -868
c7 Mica 560pF 2% 350V 26272-107
c8 Mica 560pF 2% 350V 26272-107
c9 Plas 0.,0033uF 2% 125V 26516-609
C10  Mica L7pF :1pF 350V 26272-387
C11  Cer 0.01uF -20 +80% 100V 26383-055
iy Colil assy 4%4.237-003
L2 Coil assy 44223-,05
R1 Met ox 10xQ 2% W 2,511-610
R2 Met ox L7Q 2% W 24,541 =537
R3 Met ox 100k0 2% W 24511-635
R, T Met ox 3.9k 2% W 21,511-596
R6 Met ox 180kQ 2% W 2),511-635
R7 Met ox 300kQ 2% =W 24573-132
74

Circuit

reference Description M.l. code
R8 Mst ox 6800 2% W 24511-576
R9 Met ox 100k 2% Iw 2,511-635
TRA1 BSX20 284,52-197
TR2 BF2,6 28),59-02)
TR3 BF246 284.59~02

Unit A15 —Range G Oscillator

When ordering, prefix circuit reference
with A15.,

1 Plas 0.001uF 2% 125V 26516-52),
c2 Mica 47pF 1pF 350V 26272-387
C3 Cer L4.7pF 0.5pF 750V 26324~055
Ch Cer 0.001uF -20 +80% 500V 26383-2),2
¢5 T Ger 10pF 0.25pF 750V 26321,-709
cé Mica 100pF 2% 350V 26272-315
c7 Mica 100pF 2% 350V 26272-315
C8  Mica 0.001uF 2% 350V 26272-150
€9 T Mica 47pF *1pF 350V 26272-387
C10  Cer 0.001uF -20 +80% 500V 26383-242
C11  Cer 0.001uF -20 +80% 500V 26383-2,2
€12  Cer 0.001uF =20 +80% 500V 26383-2,2
D1 V7 28381-135
A Coil assy 44,223-203
L2 Choke 2361,2-325
L3 Coil assy 144,233-901
Ly Choke " 2364.2-325
R4 Met ox 4.7kQ 2% W 21,511 -600
R2 Met ox 12kQ 2% W 24,511-612
R3 Met ox 100kQ 2% W 24,511-635
R5 Met ox 100k 2% W 214511-635
R6 T Met ox 5600 2% Iw 24511-572
RS Met ox 150k 2% W 24573-125
R9 Met ox 300k0 2% W 24573-132
R10  Met ox 220 2% W 24,511-528
R11  Met ox 6800 2% W 24511-576
TR1  B¥ZLE 284,.59~-02L.
TR2 BF246 28,59-02),

Unit A16 —Range H Oscillator

When ordering, prefix circult reference
with A16.

Cc1 Plas 0.0015uF 2% 125V
2 Mica A7pF *1pF 350V

26516-52
26272-387
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Circuit
reference

C3
Ch
c5
c6
c7 1
oy
%
G10
G111
G12

D1

R7
R3
RY
R0
R4

TR1
TRrZ

Unit A17 —Range A Output Filter,

Description
Mica 27pF 1pF 350V
Mica 220pF 2% 350V
Miza 22pF 41pF 350V
Mica 27pF 1pF 350V
15pF 0.25pF 750V
Cer D.001uF -20 +80%
0.001uF =20 +80%
0.001uF =20 +80%
0.001uF =20 +80%

68pF 20% 500V

Cer

Car
Cer
GCer

Cer
BA111

Onoke
Choke
Coil assy

Choke

Mot ox 4.7k 2% W
100 2% W
1.5k0 2%
100kQ 2%.
100kQ 2%

Met ox
Met ox
Met ox

M2t ox

-

150kQ 2% W
300xQ 2% W
220 2% W
ox 6800 2% W
£ilm 330 2% W

Met ox
Met ox

Met ox

BrzLe
BF2L6

500V
500V
500V
500V

M.1. code
26272-041,
26272-073
26272-036
26272-04J;
26324 ~712
26383-242
26383-242
26383%-242
26383-24.2
26343-163

28381-201

2364,2-325
23642-325
14123-901
2364.2-549

24,511-600
24.511=520
2511 -58)
24,511-635
24.511-635

24573-125
24573-132
24511528
21,511-576
24.773-237
281,:59-02L
281, 59-02L,

When ordering, prefix circuit reference
with A17.

Plas O.15uF 10% 250V
Plas 0.22uF 10% 63V
0.015uF 10% 250V
0. 1uF 10% 250V
0.2%.F 10% 63V
0.0047uF 2% 125V

Plas
Plas
Plas

Plas

Coil assy

Coi. assy
(oil assy

Coil assy

Met film 3300 2% W

2002B (Te)

26582-242
26582-406
26582-203
26582-208
26582-,06
26516-646
W4265-212
11261, -205
44267007
L4 265-0,02

24.773-261

Replaceable parts

Circuit
reference Description

Unit A18 —Range B Output Filter,

When ordering, prefix circuit reference
with A18.

M., code

c1 Plas 0.047uF 10% 250V 26582-206
c2 Plas 0.,015uF 10% 250V 26582-203
c3 Plas 0.001uF 2% 125V 26516-1,81
Cly Plas 0.033uF 10% 250V 26582-205
o) Plas 0.068uf 10% 250V 26582-207
¢6 T P1as 820pF 2% 1257 26516162
L Coil assy 44,264,-205
L2 Coil assy 1, 265-1.02
L3 Coil assy 41, 267-001
LY Tnductor 23612-337

Unit A19 —Range C Output Filter,

When ordering, prefix circuit reference
with A19.

o Plas 0.01uF 10% 40OV 26582-232
c2 Plas 0.0047uF 2% 125V 26516~646
3 Plas 330pF 2% 125V 26516-369
Cly Plas 0.01uF 10% 4LOOV 26582-232

c5 Plas 0.022uF 10% 400V 256582-23),

c6 T Plas 330pF 2% 125V 26516-369
L1 Choke 2364,2-331
12 Coil assy 1257-211
L3 Coil assy 44 265-208
Ly  Choke 2361,2-331

Unit A20 —Range D Output Filter,

When ordering, prefix circuit reference
with A20,

C1 Plas 0.0033uF 2% 125V 26516-609
Cc2 Plas 0.0018uF 2% 125V 26516-5.3
c3 Plas 200pF 2% 125V 26516-315
Ch Plas 0.0033uF 2% 125V 26516-609
C5  Plas 0.01uF 10% 250V 26582-202
c6 T Plas 68pF 2pF 1257 26516-201
9y Choke 2364.2-351
L> Coil assy W 2L7-010
L3 Coil assy U 2635007
L, Choke 236),2-325

Unit A21 —Range E Output Filter,

When ordering, prefix circuit reference
with A21.

G Plas 0.001uF 2% 125V 26516181
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Replaceable parts

Circuit

reference Description M.I. code
c2 Plas 510pF 2% 125V 26515-416
c3 Plas 56pF 2% 125V 26516-181
Cl Plas 0.001uF 2% 125V 26516-,81
c5 Plas 0.0022uF 2% 125V 26516-561
c6 T Plas 22pF 2pF 125V 26516-088
L1 Choke 2364.2-325
2 Coil assy L 233-014
L3 Coil assy 3 .255-005
Ly Choke 23642-490

Unit A22 —Range F Output Filter

When ordering, prefix circuit reference
with A22.

o Plas 330pF 2% 125V 26516-369
c2 Plas 0,0028uF 2% 125V 26516-591
c3 Plas 56pF 2% 125V 26516-181
Cly Plas 330pF 2% 125V 26516-369
c5 Plas 680pF 2% 125V 26516-44,
c6 T Pras 12pF 1pF 125v 26516011
11 Choke 2364.2-490
L2 Inductor assy 1, 290-011
L3 Coil assy L,237-003%
L, Choke 2364.2-313

Unit A23 —Range G Output Filter

When ordering, prefix circuilt reference
with A23.

o Plas 100pF 2pF 125V 26516-2,1
c2 Plas 180pF 2pF 125V 26516-303
C3 Plas 10pF 1p¥ 125V 26516-009
ClL Plas 100pF 2pF 125V 26516-241
c5 Plas 220pF 2% 125V 26516-327
ch Var air 2.5-13.4pF 26817-238
A Choke 23642-555
L2 Coil assy 4,.223-405
L3 Coil assy 44,233-901
Lh Choks 2365,2-1,85

Unit A24 —Range H Output Filter

When ordering, prefix circuit reference
with A2).

c1 Cer 27pF 5% 63V 263,.3-170
c2 Cer L47pF 20% 500V 2634.3-160
c3 Var air 2.5-13.4pF 26817238
Cl Mica 33pF 1pF 350V 26272391
c5 Cer 68pF 20% 500V 2633163

76

Circuit

reference Description M.1. code
L1 Inductor 236),2-1,85
L3 foil assy L4144 23-901
Ll Inductor 236,.2-1,80

Unit A25 —Wide Band Amplifier

When ordering, prefix circult reference
with A25.

Cc1 Elec 4.7uF 20% 35V 261,86-219
c2 Cer 0.,01uF -20 +80% 100V 26383-055
c3 Cer 0.001uF =20 +80% 500V 26383-2,2
Cy  Elec L.7uF 20% 35V 26486-219
€5 ger 0.01uF =20 +80% 100V 26383%-055
cé Cer 0.01uF =20 +80% 100V 26383-055
C7  Eler L4.7uF 20% 35V 261,86-219
c8 Cer 0.01uF -20 +80% 100V 26383-055
9 Car 0.01uF -20 +80% 100V 26383-055
C10  Cer 330pF -20 +4,0% 500V 2638%-136
C11  Elec L.7uF 20% 35V 26486-219
€12  Zlec L.7uF 20% 35V 264,86-219
C13  Cer 10pF 20% 500V 26343120
514 Cer 0.01uF -20 +80% 100V 26383-055
C15 Elec L.7uF 20% 35V 264,86-219
C16  Cer 0.01uF =20 +80% 100V 26383-055
C17 Elec L.7uF 20% 35V 261,86-219
C18  Cer 0.001pF =20 +80% 500V 26383%-2),2
€19  Cer 0.01uF -20 + 80% 100V 26383~055
C20  Elec L.7uF 20% 35V 264,86-219
C21  Elec 4.7uF 20% 35V 261,86-219
£22  Cer 0.001uF -20 +80% 500V 26383-21.2
€23 Elec L.7aF 20% 35V 264,86-219
C2h  Elec 4. 7uF 20% 35V 261,86-219
€25 Cer 330pF -20 +40% 500V 26383-136
C26  Elec L. TuF 20% 35V 264,86-219
€27 Elsc L.7uF 20% 35V 261,86-219
C28 Elec L4.7uF 20% 35V 264,86-219
€29  Cer 100pF 20% 500V 2631,3-167
C30  Elec 4.7pF 20% 35V 261,86-219
€31 Cer 0.01uF -20 +80% 100V 26383-055
€32  Cer 0.01uF -20 +80% 100V 26383-055
C33 Elec L.7uF 20% 35V 26486-219
D1 1N9 16 283%36-1,66
D2 1Ny 148 28336-676
D3 Z5B15 28372-303
DYy 1N916 28336-1,66
4 SN7WIP 281461 -30L
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Circuit
reference

11
L2
L3
Ly
L5
L6
L7

R
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R1L
R15
R16
R17
R18
R19
R20
R21
R22
R23
R2L
R25
R26
R27
R28
R29
R30
R31
R32
R33
R3L
R35
R37
R39
RLO

Description
Inductor
Inductor
Inductor
Inductor
Inductor
Inductor

Inductor

Met ox 51Q 2% W
Carb 1mQ 5% 1/8W
Met ox 100kQ 2% W
Met ox 100kQ 2% W
Met ox 1kQ 2% W
Met ox 32k0 2% W
Met ox 2200 2% W
Met ox 100 2% W
Met ox 100k0 2% W
Met ox 12k0 2% W
Met ox 12kQ 2% W
Met ox 4300 2% W
Met ox 220 2% W
Met ox 1000 2%

w
Met ox 4.7k 2% %W

Var carb 4700 20% W

Met ox 10kQ 2% W
Met ox 100 2%
Met ox 1k 2%
Met ox 100 2%
Met ox 1k 2%
Met ox 51Q 2%
Met ox 109 2%
Met ox 1kQ 2%
Met ox 510 2%
Carb 1mQ 5% 1/8W

Met ox 100k 2% W
Met ox 1kQ 2% W

Met ox 2.2k 2% W
Met ox 3300 2% %W
Met ox 3.3kQ 2% w
Met ox 12k0 2% W

LELEEE ey

Var cerm L70Q 10% -12-W

Carb 1m0 5% 1/8W
Met ox 100kQ 2% Iw
Met ox 3300 2% W
Met ox 2kQ 2% W
Met ox 5.1k 2% W

2002B (1b)

M. code
23642-325
236,2-325
23642-325
2364,2-325
2364,2-325
2364.2-343
2364.2-549

24511-539
244311-945
24,511-635
24.511-635
24,511 -580
24,511-588
24511-558
24,511 =520
24,511-635
24,511-612
24511-612
24541-567
24,511-528
24.511-550
2,511 -600
25541 =214
24,511 -610
24511 =520
24,511-580
24,511-520
24,511-580
24511-539
2,,541-520
24.511-580
24511-539
24311-945
2,511-635
24511-580
24511-588
24511563
24511 =594
2,511 -612
25711-502
24311-945
2,511-635
24,511-563
2,511-587
2511602

Circuit

reference

RL1
R42
R4S
Ry
RL5
Ru6
RL7
R4 8
RL9
R50
R51
R52
R53
R5L
R55
R56

TR1
TR2
TR3
TR
TR5
TR5
TR7
TR10
TR8
TR9
TR14
TR12
TR13

Description

Met ox 3300 2% W
Met film 5.6Q0 2% W
Met ox 750 2% %W
Met ox 100 2% 1w
Carb L70kQ 5% 1/8W
Carb L70kQ 5% 1/8W
Met ox 3300 2% W
Met ox 1.8k0 2% W
Met ox 100 2% W
Met ox 1000 2% 2w
Met ox 390 2% W
Met ox 100 2% W
Met ox 1500 2% W
Met ox 3900 2% W
Met film 330 2% W
Met ox 100kQ 2% W

L0673 A\
BCY71
BFY90
BFY90
BFY90
BFY90
:Z:Z; } Matched pair A
BCY/1
BFY90
BFYS0
2N5109
2N5109

Replaceable parts

M.1. code
24511563
2L773-219
24.511-544
2,.511-520
24,311-937
24311-937
24511563
24,511-586
24,511-520
24 511-550
24511-535
24.511-520
24,541 -554
24,511-565
24775-2357
24511-635

28459-032
28435-235
28)52-157
28452-157
284,52-157
28452-157

44,529-008

284,35-235
28,52-157
28),52-157
281,52-827
28,52-827

Unit A26 —A.L.C. and Envelope Feedback

When ordering, prefix circuit reference
with A26.

C1
c2
C3
Cy
€5
6
c7
c8
c9
€10
C11
c12
C13

Plas 0.022uF 10% 400V
Cer 0.047uF ~20 +50% 30V
Cer 100pF 20% 500V

Cer 33pF 20% 500V

Cor 0.1uF =20 +50% 30V
Cer 0.1uF -20 +50% 30V
Cer 0.022uF ~20450% 18V
Cer 0.01uF -20 +80% 100V
Cer 0.001uF ~20 +80% 500V
Elec 47uF =20 +100% 10V
Elec 4.7uF 20% 35V

Eiec L7uF =20 +100% 10V
Cer 10pF 20% 500V

26582-23),
26383-018
2634.3-167
26343146
26383-031
26383-031
26383-007
26383-055
26383-242
261415-809
264,86-219
261,15-809
26343120



Replaceable parts

Circuit

reference Description

Ci  Eisc L.7uF 20% 35V

C15  Elec 250uF =20 +100% 25V
016 Cer 1.5pF 20.1pF 500V
217  Ger 0.01uF -20 +80% 100V
$18  Cer 1.5pF +0.1pF 500V
€19  Cer 0.001uF -20 +80% 500V
€20  Cer 330pF 20% 500V

C24  Cer 330pF 20% 500V

C22  Cer 0.4uF -20 +50% 30V
€23  Eiec L7uF -20 +100% 10V
024  Cer 0.001uF -20+80% 500V
£25  Pias L70pF 2% 160V

D1 25B5.6

D2 1N41L8

Diy 1NLOOu

D5 HP5082

Dé HP-032

D7 0ASH

D8 0ASH

D9 0A%5

D10 OAGF

11 CA3046

Ic2  LA739

1 Inductor

R1 Met foil 5x0 0.5% LW
R2 Mot foil 5k 0.5% AW
R3 Var carb L7xQ 20%

R Met ox 100k 2% W

RS Mot foil SkO 0.5% W

RS Met ox 3.3kQ0 2% W

R7 Met ox 15k 2% W

R8 Met ox 12x0 2% W

R9 Met ox 20x0 2% W

R10 Mot ox L.7k0 2% 2W

R1' Met ox 10kQ 2% Jws

R12 Mot ox 10kQ 2% W

R13 T M-t ox 4700 2% W

RiL  Var carb L.7kQ 2% IW
Ri5 Mot film 5kQ 0.5% AW
R16  Met film 5k0 0.5% AW
RY7  Met ox 22k0 2% W

R18  Met ox 1k 2% W

RiY  Var carb 50k0 20% W
R20  Met ox 150kQ 2% W

78

M.I. code
264,81,-219
26/.15-818
2631,3-027
26383-055
2634.3-027
26383-2,2
2638%-136
26383%-136
26383-031
261.15-809
26383-2).2
26514-1,06

28371-45%
28336~676
28357-028
2834,9-007
28349-007
26%23-287
28%27-287
28327-287
26%27-287

28461-901
28461-312

23642-553

24 753-878
24753-878
25741549
24,511-635
2,753-878
24.511-59
24511-61"
24511-612
24.511-528
24,511-600
24,511-520
24511-610
24511 -569
25541327
24 753-878
24753-878
24511 -618
24511-580
35541-3L0
24511-639

Circuit

reference Description

R21  Met film 48kQ 2% W
R22  Met ox 4700 2% W
R23  Met ox 110 2% W
R24  Met ox 118 2% W
R25 Vet ox 33k0 2% W
R26  Met ox 33k0 2% W
R27  Met ox 10%Q 2% W
R28  Met ox 10kQ 2% W
R29  Met ox 10kQ 2% W
R30  Met ox 10k0Q 2% W
R31  Met ox 10kQ 2% W
R32  Met ox 100kQ 2% W
R33  Met ox 100k 2% W
R34 Met ox 10kQ 2% W
R35 Met ox 10kQ 2% W
R36  Met ox 1k 2% W
R37 Met ox 1k 2% W
R38  Met ox 10kQ 2% W
R39  Met ox 10k 2% W
RLO Mot ox 33k0 2% W
R4y1  Met ox 33kQ 2% W
R42  Met film 500 1% 1/8W
RL3  Met ox 2.2k0 2% W
RuL T Met ox 4700 2% W
RLDH  Met ox 2200 2% W
6 T Met ox 1k 2% Iw
RL7 T Met ox 1kQ 2% W
Ry8 T M2t ox 1kQ 2% W
Ry T Met ox 2.2k0 2% W
R50 T Met ox 10kQ 2% 1w
R51  Met ox 33k0 2% W
R52 Mot ox 68kQ 2% W
R53 Met ox 100 Q 2% W
RS54 Met ox 6.8k0 2% W
R55 Met ox 4700 2% W
R56  Met ox 4700 2% W
R57  Met ox 47kQ 2% W
RL1  RS12V

TR BIY71

TR2  BCY/M
TR3  BSX20
TRy  BC108
TRS5  BCY7

M.1. code

24773-517
24,511 -569
21511 =611
24511-611
24511-622
24511622
24511-610
24511-610
24511-610
24511-610
24511 =610
24511-635
24.511-635
24511-610
24511-610
21.511-580
24511-580
244511-610
24.511-610
2,511 -622
24511-622
2),616-321
21,511-588
24511-563
21511 -558
24511-580
24511 ~580
24511-580
2.511-588
21,511 -610
24,511-622
24511631
214.511-550
24511 -606
24511-569
24511-569
24511626

23,.86-4.27

281,35-235
28135-235
28,.52-197
28,.52-787
28435-235
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Circuit
reference

Description

Unit A27. —Coarse Attenuator

M.1. code

When ordering, prefix circuit reference

with A27.

R1 Met £ilm 53.30 0.5% W
R2 Met film 790Q 0.5% W
R3 Met film 53.30 0.5% W

R4 Met film 53.30 0.5% W
R5 Met £ilm 7900 0.5% W
R6 Met film 53.30 0.5% w
R7 Met film 610 0.5% W
R8 Met film 24,79 0.5% W
R9 Met film 61Q 0.5% W
R10  Met film 610 0.5% W
R14  Met film 2470 0.5% W
R12  Met film 61Q 0.5% W
R13  Met film 610 0.5% W
R14  Met film 2479 0.5% W
R15 Met film 610 0.5% W

Unit A28 —Fine Attenuator

24634365
21,634 -806
2,634-356
24634356
21, 634-806
21,634-356
2,634~357
24634 -609
24634 -357
24,634-357
24631.-609
24634~357
24634-357
2163-609
24634-357

When ordering, prefix circuit reference

with A28.

R1 Met film 150Q 1% W
R2 Met film 37.30Q 1% W
R3 Met film 1500 1% 1w
R Met £ilm 2920 1% W
R5 Met film 17.6Q 1% W
R6 Met film 2920 1% W
R7 Met £ilm 8700 1% W
R8  Met £ilm 5.779 0.5% iw
R9 Met f£ilm 8700 1% W
R10  Met film 4360 1% W

11 Met film 11.60 1% W
R12  Met £ilm 43%6Q 1% W
R13  Met film 96.30 0.5% W
R4 Met film 71.20 0.5% W
R15 Met film 96.30 0.5% W

Unit A29 —Capacitor Board

24,636-613
2L636-22),
24636-613
24636-710
24636-116
24636-710
24636-905
2463),-032
21636-905
24,63%6-711
24636-113
24,636-711
24634-494
24631 ~368
20,634~49)

When ordering, prefix circuit reference

with A29.

C1 Plas 0.372uF 0.5% 125V
c2 Plas 0,118uF 0.5% 125V
3 Plas 0.0372 0.5%.125V
Cly Plas 0.0118uF 0.5% 125V
5 Plas 0.00372 1% 125V

2002B (1b)

26516-879
26516-856
26516-815
26516-721
26516-623

Circuit

reference Description

cé Plas 0.0011uF 2% 125V
c7 Plas 0.372uF 0.5% 125V
c8 Plas 0.118uF 0.5% 125V
Y Plas 0.0372 0.5% 125V
¢10  Plas 0.0118uF 0.5% 125V
€11  Plas 0.00372 1% 125V
€12  Plas 0.0011uF 2% 125V

Replaceable parts

M.I. code
26516-194
26516-879
26516-856
26516-815
26516-721
26516-623
26516-49.

Unit A30 —Coarse Tracking Potentiometer

When ordering, prefix

circuit reference

with A30.
R1 Met ox 2200 20% =W 2,573-057
R2 Met ox 2200 20% W 2,,573-056
R3 Met ox 1800 20% W 2,.573-058
RL Met ox 1600 20% W 21,573-054
R5 Met ox 150Q 20% W 24573-053
RS Met ox 1300 20% W 24573052
Rr7 Met ox 1200 20% W 28573-051
R8 Met ox 1100 20% W 28573-050
R9 Met ox 1000 20% W 28573-049
R10  Met ox 910 20% W 28573-0,8
R141 Met ox 820 20% W 28573-0L7
R12  Met ox 750 20% W 28573-046
R13 Met ox 680 20% W 28573-045
RiLk  Met ox 620 2% W 24.573-04
R15 Met ox 560 2% W 21,573%-043
R16  Met ox 510 2% W 24,573-01.2
R17  Met ox 470 2% =W 24,.573-061
R18  Met ox L30 2% W 24,573-040
R19  Met ox 390 2% W 24,573-039
R20  Met ox 360 2% W 24,573-038
R21  Met ox 330 2% W 24,573-037
R22  Met ox 300 2% W 24,573-036
R23  Met ox 270 2% W 24.573-035
R2)  Met ox 240 2% AW 24,573-03)
R25 Met ox 2,00 2% W 21,573-058
Unit A31 Pre-distortion Resistors
When ordering, prefix circuit reference
with A31.
R1 T Met ox L7k 2% W 24573-113
R2 T Met ox 47k0 2% W 24,573-113
R3 T Met ox 150kQ 2% 4w 24573-125
Ry T Met ox 220k0 2% W 24,573-129
R5 T Met ox 150kQ 2% W 24573-125
R6 T Met ox 270kQ 2% W 24573131
79



Replaceable parts

Description M.1. code Description M.1. code

Miscellaneous Items

Control Knobs Set scale 31144 =111
Supply switch 411L2-209 Frequency 41146-015
Functicon switch L1145-220 Range 41145-206
Carrizsr level L1141-503 RF Unit

Modulation selector switch L1142-212 Dial drive assembly L41319-00L
Modulation level 41141-503  Coupling bellows 41315-021
Modulation fregquency 41144-308 Gear box 41334.-019
Modulation frequency(dial assembly) 41174-017 Drive tape 34112-713
Cursor for frequency scale %1185~722 Mains irput plig 2342%-159

For symbols and abbreviations see introduction to this chapter
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Index to Units

Unit M.I. code Description Parts list Circuit diagram
No. page Fig.
Al 44823-325 Power supply -15 V 68 7.18
A2 44821-277 Modulation oscillator 69 7.11
A3 44825-229 AM/FM drive and monitor 69 7.13
A4 44825-227 A f control supply and monitor amplifier 70 7.13 & 7.18
A5 44825-228 Crystal cal. amplifier 70 7.15
Aé 44823-326 Crystal calibrator 71 7.15
AT 44811-330 RF unit filters 72 7.17
A8 44811-331 RF unit filters 72 7.17
A9 44821-281 Range A oscillator 72 7.2
Al0 44821-282 Range B oscillator 73 7.2
All 44821-283 Range C oscillator 73 7.2
Al2  44821-284 Range D oscillator 73 7.2
Al3  44821-278 Range E oscillator 73 7.4
Al4  44821-279 Range F oscillator 74 7.4
Al5  44823-315 Range G oscillator 74 7.4
Al6  44823-314 Range H oscillator 74 7.4
Al7  44811-332 Range A output filter 75 7.7
Al8  44811-333 Range B output filter 75 7.7
Al9 44811-334 Range C output filter 75 7.7
A20  44811-335 Range D output filter 75 7.7
A21  44811-336 Range E output filter 75 7.7
A22 44811-337 Range F output filter 76 7.7
A23 44811-338 Range G output filter 76 7.7
A24  44811-339 Range H output filter 76 7.7
A25  44823-744 Wideband amplifier 76 7.5
A26 44823-313 ALC and envelope feedback cirouits 77 7.9
A27 44426 -009 Attenuator (coarse) 78 7.16
A28 44425-507 Attenuator (fine) 79 7.16
A29  44831-207 Capacitor board for mod. oscillator 79 7.11
A30  44811-340 Tracking resistors 79 7.13
A3l  44811-341 Pre-distortion resistors 79 7.13
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Circuit diagrams

Circuit notes
1, COMPONENT VALUES
Resistors : No suffix = ohms, k = kilohms, M = megohms.
Capacitors : No suffix = microfarads, p = picofarads.
-l— value selected during test, nominal value shown.
2. VOLTAGES
Shown in italics adjacent to the point to which the measure-
ment refers. See section 5.2.1 for conditions.
3. SYMBOLS
-4+ arrow indicates clockwise rotation of knob.
ete., external front or rear panel marking.
tag on printed board.
other tag.
preset control,
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

> B P> @o b ¢

static sensitive device

4. CIRCUIT REFERENCES

These are, in general, given in abbreviated form.
See Chapter 6.

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

ete.

i

from have no particular physical
point marked with this R P X puy
reality on the printed boards.
symbol
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Fig. 7.10 Modulation oscillator switch
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Fig. 7.11 Modulation oscillator
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Characteristic

ED 20028
Mla-5/74

Instruction Manual No, EB 20028
for MF/HIIF AM/I‘J\I SIGNAL GENERATOR TF 20028

Supplement for
SPECIAL VERSION WITH WIDE BAND FM

Model Nos. 52002-301L
52002-302J

Chapter 1 GENERAL INFORMATION

1.1 INTRODUCTION

Both the '301" and the '302' versions of the
generator retain all the features of the standard
TV 20028 with the added facility of wide band f.m.
onr.f. ranges G and H. The accompanying manual
for the standard model apphies also to the '-3017
and '-302' versions cxeept for the differences listed
below for each chapter. The '302' version consists
of a '301"' version with additional accessorics ~ sece
below.

1.2 DATA SUMMARY

Characteristics and performance of the
instrument arec as detailed in Manual EB 20028
Scct. 1.2 with the following addition whici: is
related only to the wide band f.m. facility.

Performance Supplementary information

External wide band f.m Lnables square wave modulation Approximate input for
relative to r.f, ranges up to a p.r.{. of 20 kH~ or sine maximum deviation is

G and H.

1.8 ACCESSORIES

wave modulation up to approxi- 3.4 V p-p.
mately 200 kHz.

1. Stowage lid MI code 41690-018

Except for the 2:1 voltage ratio pad 2. RF Fuse Unjt TM 5381 NI code 43281-007
TM 5573/3, MI code 44411-019, which is not
supplied with the '-301' version, the supplicd and 3. 20 dB Pad TM 5573 MI code 44125-501
availihle nceessories are as listed in manual

EB 2002B.

4. Voltage ratiopad 2:1 MI code 44459-015

The '-302" version is supplied with additional S. Spanncr 7/16 in AF
accessorics and these are listed below, 1/2 in AF MI code 22952-001

°
i



ER 20028

Mila-5/74

Chapter 2 OPERATION (4)  Sct the external generator to provide an out-
put of approximately 3.5 V p-p at the required

2.1 INTRODUCTION frequency.  Sect the MODULATION LEVLL control

and I'M RANGE switch on the signal gencerator to
give the desired devintion,  The deviation is indi-
cated by the MODULATION meter on the signal
generator,

Bxceept for the addition of a FAI WIDE DAND/
NORNLA L switch Jocated ab the rear of the instru-
ment as shown in ¥ig, 2.1, the controls and son
nectors are the same as those detailad in Manual
FER21702D aad since the featurcs of the standard
rodel are vetained the following operating instrue-
tions are concerncd with the wide band f.m. facility
for usc on ranges G and I only.

NOTE. The wide band f.m. fcature extends
the sine wave responsce to approximately 200 kilz.

2.2 WIDE BAND I'M (a.c. coupled)

. Chapter 3 TECHNICAL DESCRIPTION
(1) Rclease the coin slotted screw (1) and raise
the hatch (2).  Then remove the now exposed
hutton seal on the r.f. box to obtain access to the
TM WIDE BAND/NORMAL switch.

3.1 INTRCDUCTION
This chapler deseribes only the differences

between the '-501' version and standard model of
TF 20021,

@ 3.2 MECHANICAL DIFFERENCE

The '-301' version incorporates a s.p.d.t.
toggle type switch SAJ (MT code 23162-252) which
is filted within the r.f. box. The swilch cnnbics
the generater to be used for wide band frequency
modulation and access is obtained by following the
instructions given in Scct. 2.2 of this supplement.

ACCESS 70 \

- FM WIDEBAND /NORMAL SWITCH @
FMWIDCBAND RANGES G &HONLYJ

3.3 CIRCUIT MODITICATIONS

- (1) Block diagram (Manual EB 20023, Fig. 3.2) :
( ] The only change is shown in TFig. 3.1,
T eoticia [}
A3 AT A8

Fig. 2.1 Recar pancl of '-301" version of TI 2002B

~_ | normaL

FRE-DISTORTION L ~ —O\o_.-— VARILBLE
REACIANCE
k3 ? F M WIDE BAND
(2) Using a scexewdriver, position the toggle of (> AIFM
the switch UP, i.e. at M WIDE BAND. Replace DRIVER I

the button seal and sccure the hatch.

. Fig. 3.1 Modification to block diagram
(3) TFor wide band (square wave) {requency
moduliation up to 20 Lllz usine r.f. rances G and 11,

connect an external generator between EXT Pa/Af (2) Range B oscillator Unit A10 (Afanual EB 20023
terminal and DATULTL terminal. Fig. 7.2 and Scct, 6,Ai0) :
2



EB 2002B
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0 Modified inter-circuit connections are shown
in Fig. 3.4.

(3) Range E oscillator Unit A13 (Manual EB 20023
Fig. 7.4 and Scct, 6, A13) :

v —— f— o s &

]

A metal {ilm 100 € 22 } W resistor R50
(MI code 24773-2:10) is incorporated in the circuit
of the range E oscillator as shown in Fig. 3.2.

R
10k
1
ct
AORSO
-068
INSULATOR ,l‘i_\or s T
cz L
00t
I 2
< 47
AN =
Fig. 3.2 100 @ recsistor added to range E oscil-

lator circuit

(4) Filter Units A7 and A8 (Manual EB 20028
Figs 7.18 and 7.17) :

To enable wide band frequency modulation
the circuits of units A7 and A8 are modificd as
shown in Fig. 3.3.

l ' Part of A7 1 Part of AY l '
{40 a0
) ne. B W,
292 - °a, cimx W1 neamat
J RS ‘;’z‘»@{:f‘-—{:———v AR ! -3,\3:1
i L SGIF
‘ i ‘ €10 €234y I

]ma L H
ns.l ‘:———.._J |

258 75 S J
SUIF. =
L-—-—- -3- ~~~~~~~ .—3‘ waITee
Fig. 3.3 Modificd circuits for units A7 and A8

A0C28 : Ceramic O 200p) 172065, 500V 26333-568
A0C29 ¢ Ceramic 9 200p1 22070 300V 26533-568
SAJ s Switch SPDT 250V 3A 23162-252
AOR18 is now positioned within the {ilter box,

@

RF UNIT
OSCILLATORS FILTERS
F19.1.2 | NORMAL 1 Fig.7.17
n sGIF  SAJ
4

_LAOC?S ADC28
———SGIF
FM -

WIDE BAND T

(96

Fig 7.4

. - —d razn

Fig. 3.4 Modificd inter-circuit connections

Chapter 4 MAINTENANCE

4.1 INTRODUCTION

Except for checks related to the wide band
f.m. facility, the information given in EB 20023
Sect. 4 can, in general, be accepted as applicable
to the '~-301' version.,

4.2

To check the operation of the wide band f.m,
facility proceed as follows :

1) Conneccet a modulation mcter (MI TY 2300 oxr
equivalent) to the 30 € r.f. output on the signal
generator.  Comnect the output of a sine wave
a.f. generator between the EXT FAM/AL terminal
and EARTH terminal,

(2)  Sct the siznal generator RANGE switeh at G,
the FUNCTION sclector at EXT UM, the FM WIDE
BARND/NORMAL switch at FAI WIDE BAND and the
frequency of the signal generator at 20 Mz,

(3) Conncct the instruments to the mains supply
and switch on.

el
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(4) Sct the a.f. generator for an approximate
output of 3.5 V p-p at 30 kl{z. Then adjust the
signal generator output and the FA controls for an
indication of 50 kliz dcviation on the Modulation
Meter TT 2300,

(5) Sct the FM WIDE BAND/NORMAL switch ac
NORMAL. The indicated deviation should then
approximate 5 kHz,

(6) I desired, repeat the check at other carrier
frequencics on ranges G and H. It should then be
noted that the f.m, tracking network incorporated
in the generator causes some variation in response.

Chapter 5 REPAIR
The information given in EB 20021 is in

general applicable to the '-301' version, taking
into consideration the wide band f.m. feature,

Chapter 6 REPLACEADLE PARTS

Refer to manual EB 20028 noting additions
contained within this supplement.,

Chapter 7 CIRCUIT DIAGRABRIS

Refer to manual EB 2002B noting modifi-
cations given in this supplement.
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