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EIECTRICAL SAFETY PRECAUTIONS

This equipment is protected in accordance with IEC Safety Class 1. It has been designed
and tested according to IEC Publication 348, 'Safety Reguirements for Electronic Measuring
Apparatus’, and has been supplied in a safe condition. The following precautions must be
observed by the user to ensure safe operation and to retain the equipment in a safe condition.

Defects and abnormal stresses

Whenever it is likely that protection has been impaired, for example as a result of damage
caused by severe conditions of transport or storage, the equipment shall be made inoperative and
be secured against any unintended operation.

Removal of covers

Removal of the covers is likely to expose live parts although reasonable precautions have
been taken in the design of the equipment to shield such parts. The equipment shall be dig~
connected from the supply before carrying out any adjustment, replacement or maintenance and
repair during which the equipment shall be opened. If any adjustment, maintenance or repair
under voltage is inevitable it shall only be carried out by a skilled person who is aware of the
hazard involved,

Note that capacitors inside the equipment may still be charged when the equipment has been
disconnected from the supply. Before carrying out any work inside the equipment, capacitors
connected to high voltage points should be discharged; to discharge mains filter capacitors, if
fitted , short together the L (live) and N (neutral} pins of the mains plug.

Mains plug

The mains plug shall only be inserted in a socket outlet provided with a protective earth
contact. The protective action shall not be negated by the use of an extension lead without pro-
tective conductor. Any interruption of the protective conductor inside or outside the equipment (
is likely to make the equipment dangerous.

Fuses

Note that there is a supply fuse in both the live and neutral wires of the supply lead, C
If only one of these fuses should rupture, certain parts of the equipment could remain at supply o
potential, ' :

To provide protection against breakdown of the supply lead, its connectors, and filter o
where fitted, an external supply fuse (e.g. fitted in the connecting plug) should be used in the
live lead. The fuse should have a continuous rating not exceeding 6 A.

Make sure that only fuses with the required rated current and of the specified type are
used for replacement. The use of mended fuses and the short-circuiting of fuse holders shall o
be avoided. ;

RADIO FREQUENCY INTERFERENCE

This equipment conforms with the requirements of EEC Directive 76/889 as to limits of
r.f. interference

4 23008 {2)

NOTES AND CAUTIONS



 Chapter

I | General information

1.1 INTRODUCTION

The TF 2300B Modulation Meter measures
f.m. deviation and a.m. depth. With its wide
range of deviation frequency, modulation bandwidth
and carrier frequency, the instrument is suitable
for application to fixed and mobile point—-to-point
communications, broadeasting, telemetry and
multi-channel link eguipment in the h.f., v.h.f,
and u.h.f, bands., Distortion and channel separa-
tion tests on f.m. stereo transmitters can also be
made.

Positive and negative f.m. deviation can be
measured in ranges from 1.5 kHz to 500 kHz full-
secale at modulation frequencies between 30 Hz and

FHIAY MODULATION METER. Tez3ons
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3.4 kHz on the 1.5 kHz deviation range, and 30 Hz
and 200 kHz on all other deviation ranges. AM
depth can be measuredupto 95% ina 30 Hz to S0 kHz=
modulation bandwidth. Either f.m. ora.m. can
bemeasured inthe presence of the other. -Although
measurements are normally made by means of the
meter readout, i.f. and demodulated outputs are
available at the front panel for examination or
analysis.

Spurious a.m. and f.m. duetohum and noise
are kept toa level insignificant for most applications
but, where required, an optional crystal oscillator
can be fitted, or an external local oscillator may
be used. The instrument can be operated without
a local oscillator for measurements in the 1 to
2 MHz range.

Range .
Frenuenc,

e N_H" Fesprnge
L rsek B e
] "

Fig. 1.1 FM/AM Modulation Meter TF 23008 with Crystal Osciliator TK 2302
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1.2 DATA SUMMARY

FM measurement

Carrier frequency range :

Deviation range :

Moduiation freguency :

Accuracy :

AM rejection :

Inherent noise :

AM measurement

Carrier frequency range :

Modulation depth range :

Accuracy :

RF input

Frequency range :

Calibration accuracy

Sensitivity :

Maximum input

Input impedance :

4 to 1200 MHz.

Six ranges with full-scale indications of 1.5, 5,

by a switch.

-15, B0, 150
and 500 kHz. Positive or negative deviation indication selected

30 Hz to 200 kHz on all ranges except the 1.5 kHz deviation

range which is limited to 30 Hz to 8.4 kHz,

3% of f.s.d. for deviations up to 500 kHz and modulating

frequencies between 3¢ Hz and 150 kHz.

5% of f.5.d. on the 1.5 kHz deviation range.

+10% of f.s.d. for deviations up to 500 kHz and for modulating

frequencies between 150 kHz and 200 kHz,

Additional deviation error typically less than 150 Hz in 2 15 kHz

bandwidtk when the a.m. depth is 80% and the modulating fre-

quency is 1 kHz,

Deviation less than -50 dB relative o a level of 5.0 kHz
deviation in a -3 dB handwidth of 50 Hz to 15 kHz from 4 to
200 MHz {ypically -56 dB); less than -40 dB from 200 to

1038 MHz (typically —46 dB).

4 to 400 MHz.

Two ranges with full-scale indications of 30% and 100%. Peak

and trough indications selected by a switch.

3% of f.s.d. for modulating frequencies between 3¢ Hz and

15-kHz, and modulation depths up to 80%,

+5% of f.s.d. for modulating frequencies between 30 Hz and

50 kHz, and modulation depths up o 95%.

4 MHz to 1200 MHz in 11 bands as follows : 4 to 8, 8 to 15,
15to 27, 27 to 48, 48 to 84, 84 to 147, 147 to 255, 255 to 426,

426 to 650, 650 to 1038 and 1038 to 1200 MHz.
reduced sensitivity up to 1600 MHz with internal

Usable with
oscillator and

at higher frequencies with an external osciliator.

+3%.

Less than 12 mV between 4 and 426 MHz (typically 5 mVy,
Less than 35 mV between 426 and 1038 MHz {typically 15 mV),

Less than 100 mV between 1038 and 1200 MHz (typically 50 mV).

3 Vr.m.s. (200 mW).

Nominally 58 Q.

23008 {2)
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IF output
Frequency :
Armplitude :

Output impedance :

LF output

Frequency range :

Noise filter :

Stereo :

De-emphasis :

Cutput ievel :

Distortion, f.m. :

Distortion, a.m.

Power requirements

AC mains :

Power consurption :

Dimensions and weight

23008 (2¢)

Nominally 1.5 MHz.
Between at least 220 mV and 1 Ve.m.f.

Nominally 10 k&2,

30 Hz to 200 kHz with switchable 15 kHz low-pass filter
for f.m. ranges 5, 15, 50, -150 and 500 kHz.

30 Hz to 3.4 kHz on the 1.5 kilz deviation range.

30 Hz to 50 kHz on a.m. (Typical response curves are shown
in Fig, 1.2.) '

Modifies response to a nominal -3 dB bandwidth of 50 Hz to
15 kHz for noise measurements at ouiput terminals only.
Usable for f.m. anda.m. .

Channel separation typically 44 dB from 200 Hz to 15 kHz
decreasing to 39 dB at 50 Hz. Suitable for measuremenis on
stereo transmitters designed to meet FCC regulations and
CCIR Report 293-2.

Switchable to 0, 50, 75 or 750 ps.

Nominally 0 dBm into 600 £ when meter reads full-scale,
except on the 1.5 kHz deviation range when the output is
nominally <10 dBm.

Less than 0.2% for f.m. deviations up to £75 kHz and modulating
frequencies up to 15 kHz, (T'ypically,0.1%.)

Grgn oo

Less than 1% for f.m, deviations up to £300 kHz and modu~
lating frequencies up to 25 kHz. (Typically less thaa ©,5%).

Less than 3% for f.m, deviations up te £500 kHz and modulating
frequencies up to 200 kHz. (Typically 2%.)

s |
FLLsis T,

Less than 1% for a.m. depths up to 80%. (Typically, 6.5% up
to 60% depth.) Gt

Less than 2% for a.m. depths between 80% and 909%.
(Typically, 1.0% between 60% and $0% depth. )

brao trom

95 V1o 130 Vor 190 V to 260 V, 45 to 500 Hz.

12 VA.

Height Width Depth Weight
175 mm 426 mm 380 mm 12.5 kg
(7 in) (16 3/4 in) {15 in) (27.5 1b)



RELATIVE RESPONSE (dB)

tig. 1.2 Typical demodulated frequency response curves for meter and L, output with de-emphasis off
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1.3 ACCESSORIES

Supplied

44688-003 EXTENSION BOARD, TM 7526

43128-003 MAINS LEAD, TM T7052.

Optional .

For use when servicing printed circuit boards. Stowed
internally - see Fig, 4.1.

52302-900 CRYSTAL OSCILLATOR, TK 2302

Frequency range :

Sensitivity :

FM noise :

Crystals :

54452-011 SIGNAL SNIFFER

Attenuation

Dimensions :

Provides an alternative to the internal variable local oscillator,
particularly for low noise measurements at high frequencies,
Fits into the recess in the front panel.

80 to 1000 MHz for f.m., 80 to 400 MHz for a.m.

Less than 12 mV hetween 80 and 500 MHz (typically 5 mV).
Less than 100 mV between 500 and 1000 MHz (typically 30 mV).

Deviation relative to a level of 5 kHz deviation in a 3 dB band-
width of 50 Hz to 15 kHz is less than :

-52 dB up to 800 MHz (typically -56 dB},
-50 dB from. 800 to 1000 MHz (typically -55 dB).

Up to three switch selected crystals may be used.. Marconi
type QO 1670 series, in fundamental frequency range 40 to
60 MHz.

T comnector for insertion between transmitter and load with
pick-up to give a small signal from the T branch to the modu-
lation meter.

Dependent upon frequency. Approximate range is -66 dB at
4 MHz, -50 dB at 25 MHz, -24 dB at 500 MHz, -18 dB at
1000 MHz when terminated by 50 Q.

66 mm x 66 mm x 15 mm (2.6 in x 2.6 in x 0.6 in),

54431~021 20 W, 50 , 20 dB ATTENUATOR

Attenuation :
Frequency range :
Impedance :

Rating :

Connectors :

Dimensions :

23008 (2h)

Attenuator for use with signal sniffer where additional attenua-
tion and/or termination is required with transmitters up to 30 W.

20 dB nominal.
DC to 1 GHz.
50 2 nominal,

20 W continuocus. 30 W for up to 5 minutes with off periods of
at least 5 minutes.

50 Q, BNC plug to BNC socket.

66.4 mm long x 38 mm dia. nominal (2,625 in x 1.5 in nominal),




54431011

Fig. 1.3 1 W 502 20 dB Autenuator, 12 W 50 Q Termination, Signal
Sniffer, RF Fuse Unit and 20 W 50 C 20 dB Attenuater

Attenuation :
Freguency range :
Impedance :
Rating :
Connectors :

Dimensions :

54422-011 12 W, 50 @ TERMINATION

Impedance :
Frequency range :

Rating :

Connector :

Dimensions :

1 W, 50 8, 206 dB ATTENUATOR

Attenuator for use with signal sniffer or where termination is
required with transmitters up to 1 W,

20 dB nominal.

DC to 1GHz.

5¢ §2 nominal.

1 W continuocus. {
50 &, BNC phug .to BNC socket.

66 mm long x 16.5 mm dia. nominal (2.6 in x 0.65 in nominal).

Termination for use as a good non-radiating termination for
transmitters up to 15 W,

50 £ nominal.
DC to 1 GHz.

12 W continuous. 15 W for up to 5 minutes, with off periods of
at least 5 minutes.

50 £, BNC plug.

50 mm x 25 mm nominal (2 in'x 1 in nominal).

23608 (2a)



43281~007 RYT FUSE UNIT, 56 2, TM 9884

VBWR :

Insertion loss :

Rating :
Comectors :

Dimensions :

Fuse for protection against accidental overload.

Better than 1.4 :1 up to 500 MHz.

Better than 0.75 dB at 300 MHz.
Better than 1.25 dB at 500 MHz.

0.4 W.
50 £, BNC plug to BNC socket.

88 mm x 14 mm (3.5 in x 0.55 in),

54127-131 RACK MOUNTING CONVERSION KIT

Adapts the instrument for use in 2 19 inch rack,

416580-079 PROTECTIVE FRONT PANEL COVER

For protection of the front panel during transit.

43126-012 INPUT LEAD, TM 4969/3

2300B (2h)

50 £, 1.57 m (62 in) long, BNC connectors.

IWARNING!

54431-021 20 W, 50 @ 26 dB ATTENUATOR
54422-011 12 W, 50 Q TERMINATION

Beryllia is used in the internal construction of these
accessories. This material when in the form of fine
dust or vapour and inhaled into the lungs can cause a
respiratory disease. Because of this hazard, you are
strongly advised not to open the accessory, I a fault
is suspected the accessory must be returned for repair
to Marconi Instruments Service Division, or disposed
of in such a manner that no health hazard will result.






Fig. 2.1

OUTPUT socket. Type BNC. Provides
demodulated output for connection to extra-sensitive
meter, wave analyser ete.

Meter. Reads %a.m. depth and f.m. devia-
tion. RF LEVEL arc applies to position 1 of
FUNCTION switch, and SET mark to the four SET -
positions.

(15) SET CAL FM preset. Standardizes deviation
measuring accuracy. Adjust for SET reading on
meter with FUNCTION switch at SET CAL.

DE-EMPHASIS switch. Applies de~emphasis
to demodulated signal at OUTPUT socket. Does
not affect meter readout, except on 1.5 kHz devia-
tion range. *

@ SUPPLY switch. Lamp indicates that supply
is on.

23008 2)

Front panel controls and connecters

Rear panel :
Supply plug. Accepts Maing Lead type TM 7052,

Mains fuse. 100 mA (for 230 V) or 160 mA (for
110 V) slow-blow type.

Mains voltage selector. 230 V position for 190 -

260 V, 110 V position for 90 - 130 V. Reverse
locking plate when changing range.

Crystal Oscillator TK 2302 :
CRYSTAL sockets. Accept style D miniature

crystals for local oscillator control. SeeSect. 2.11
for crystal selection.

CRYSTAL switch. 8Selects crystal required

" and corresponding tuning preset.

CRYSTAL tuners. Select correct crystal
overtone.



" 2.4 PREPARATION FOR USE

It is helpful in reading these instructions and
in using the instrument until completely familiar
with its operation, to remember that where a con-
trol or switch position is marked SET, the control
should be adjusted to make the meter read on the
line marked SET.

Before commencing measurements :

(1)  Check the mechanical zero of the meter and
adjust, if necessary, by means of the screw.

Note. When set to TUNE or SET AM and
with no r.f. input, the meter will read slightly
backwards. This is normal and is due to the bias
on the AM detector diode.

{2)  Turn the RF LEVEL control towards the
_minimum necessary for the signal level.

(3)  Connect the signal to be tested to the RF IN
socket at a level which, operating into 50 &, will
develop a voltage within the limits given in Sect.
1.2 under 'RF input'. At the highest carrier fre-
quencies the shortest possible input lead should be
used or an external 53¢ © matching attenuator.

Inputs greater than 3 Vr.m.s. may

damage the attenuator. X in doubt, use an exter~
nal attenuator or RF Fuse Unit TM 9884,

(4}  Switeh on the SUPPLY and check that the red
lamp glows.

2.5 MEASURING FM DEVIATION

After carrying out the preparation procedure
in Sect, 2.4 :

Note. Before carrying out a series of
measurements, and from time to time during
measurements, switch to SET CAL and check
that the meter reads SET. If necessary, adjust
the f.m. calibration by inserting a screwdriver
in the SET CAL FM preset and adjusting until the
meter reads SET.

(1)  Set the MODULATION RANGE switch to suit
the expected deviation of the signal under test.

{2}  Set the FREQUENCY RESPONSE switch to
200 kHz unless the modulating frequency is less

than 15 kHe. X so, switch to 15 kHz in order to
obtain the best signal-to-noise ratio,

(3}  Set the DE-EMPHASIS switch as required.
Its setting has no effect on the internal meter
reading unless the MODULATION RANGE switch
is in the 1.5 kHz deviation position. The de-
emphasis is effective on the demodulated signal
at the QUTPUT socket.

4)  Set the FREQUENCY RANGE switch to suit
the carrier frequency of the signal. For detailed
instructions on oscillator arrangements, see
Sect. 2.10. In this section, it is assumed that
the internal local oscillator will be used.

{5) Set the FUNCTION switch to TUNE OSCIL- (
LATOR. Swing the TUNE FREQUENCY coarse
control to find the response on the meter and if
necessary adjust the RF LEVEL control to avoid

meter readings which are greater than f.s.d.

Two peaks should be found on the meter. Tune

to the higher frequency peak using the fine control.

(6)  Set the FUNCTION switch to ¥M SET FRE~
QUENCY. Slightly readjust the TUNE FREQUENCY
contrels until the meter deflects to the SET line.
Avoid spurious settings -~ the correct one is that
closest to the original setting obtained in (5).

{7} Set the FUNCTION switch to DEV+ and DEV-

The demodulated peak frequency deviations above

and below the carrier frequency may be measured

on the meter or viewed on an oscilloscope connected

to the OUTPUT socket. Read the meter on the

scale corresponding to the setting of the MODULA~ (
TION RANGE switch.

Note. Huneqgual readings are obtained,

distortion in the equipment under test is indicated.
See Sect. 2.13.

Do not attempt to SET CAL on the

1.5 kHz f.m. deviation range.

2.6 MEASURING AM DEPTH

After carrying out the preparation procedure
in Sect. 2.4 :

{1}  Set the MODULATION RANGE switch {o the

30% or 100% a.m. depth range according to the
expected modulation depth of the signal under test.

23008 (2a)



2) Set the FREQUENCY RESPONSE gwiteh to
80 kHz.

(3} BSet the FREQUENCY RANGE switch to suit
the carrier frequency of the signal. For detailed
instructions on oscillator arrangements, see
Sect. 2.10. In this section, it is assumed that
the internal local oscillator will be used.

(4)  Set the FUNCTION switch to TUNE OSCIL-
LATOR. Adjust the tuning dial to the carrier
frequency. Tune for peak deflection and then
adjust the RF LEVEL control to give a meter
deflection below the AM MAX line in the black

RF LEVEL arc, preferably towards the lower end
of the arc for best mixing and hence minimum
distortion.

(8)  Set the FUNCTION switch to AM SET FREQ.
Slightly readjust the TUNE FREQUENCY econtrols
until the meter deflects to the SET line. - Avoid
spurious settings - the correct one is that closest
to the original setting obtained in (4).

{(6)  Bet the FUNCTION gwitch to SET AM. Adjust
the adjacent SET AM control until the meter reads
on the SET line. Note that this setting can be done
with or without modulation since the adjustment is

to the mean level of the i.f, signal. However,
appreciable even harmonic distortion can affect

the setting accuracy and, in such circumstances,

it is preferable to set up with modulation.

{7y  Set the FUNCTION switch to AM PEAK.
Read the percentage modulation depth at the peak.

{8)  Set the FUNCTION switch to AM TROUGH.
Read the percentage modulation depth at the trough.

When the peak and trough readings are
unequal, distortion is present in the input signal.

27 MEASURING FM ON AM

To measure the spurious {.m. on an ampli-
tude modulated source, proceed as for f.m.
measurement, Sect, 2.5.

A certain amount of spurious f.m. is infro-
duced by the instrument itself. When the carrier
is deeply modulated, at high modulating frequen-
cieg, this should be taken into consideration, but
below 40% depth in the audio range of frequencies
the spurious deviation is not very significant, At

23008 (2c)

80% depth and 1 kHz frequency, the maximum
spurious deviation is typically less than 150 Hz
referred to the 15 kHz bandwidth.

Tables 2.1 and 2.2 give typical results which
should be used for general guidance purposes only.

TABLE 2.1
Spurious deviations with increasing *, a.m.

1. R¥ LEVEL control set for meter reading at
the AM MAX line.

2. AM fregquency = 1 kHz,

Spurious deviation

o, a.m, 15 kHz bandwidth 200 kHz bandwidth

30% 75 Hz 750 Hz

86Y% 150 Hz 2 kHz
TABLE 2.2

Spurious deviations with increasing a.m. frequency

1. RF LEVEL control set for meter reading at
the AM MAX line.

2. AM depth = 80%.

Spurious deviatien

AM frequency 15 kHz bandwidth 200 kHz bandwidth

1 kHz 150 Hy 2 kHz
10 kHz 2 kHz 3 ki,
100 k¥Hz - 7 kHz

2.8 MEASURING AM ON FM

The modulation meter may be used to indicate
amplifude modulation in 4 frequency modulated
signal, provided that the deviation is less than
100 kHz. The procedure is that of a.m. measure-
ment, Sect. 2.86.

In general, the spurious a.m. indication will
be proportional to the deviation. The i.f. ampli-
fier is set up for optimum phase response for f.m.
deviation measurement rather than a maximally
tlat response for measuring a.m. on f.m,

Below 100 kiz deviation, the internally
generated spurious a.m. is less than 5% approxi-
mately.



LY NUIDE MEASUREMENTS

By connecting an external meter to the QUT~
PUT socket, noise measurements limited only by
the noise level generated within the instrument can
be made. The internal meter, being peak reading,
is not suitable for measuring noise and, ideally, an
r.m.s. responding meter should be used. However,
sufficiently accurate results are usually ohtained
with an average reading meter by applying the
appropriate correction factor.

Typical meters which can be used are as
follows :

{a) RMS electronic voltmeter capable of
meaéuring to the necessary accuracy (1% of full-
scale deviation gives approximately 7.75 mV on
any range except 1.5 kHz f,s5.d. where the level
is about 2.45 mV). Errors due to crest factor
and zero shift cin be avoided by operating the
meter at mid-scale by means of an attenuator.

(b}  Marconi Instruments Sensitive Valve Volt-
meter, type TF 2600.

fc)  Marconi Instruments Distortion Factor Meter,
type TF 2331,

(b} and (c} are average reading and a correc-
tion of +1 dB should be applied.

For normal noigse measurements the FRE~
QUENCY RESPONSE switch should be in the NOISE
poesition, which gives a 3 dB bandwidth of 50 Hz to
15 kHz {exeept on the 1.5 kHz deviation range).

For narrow band measurements the DE~
EMPHASIS switch can be used to limit the upper
frequency; for example, the 50 us position gives
a response of -3 dB at 3.15 kHz. Alernatively,
use the 1.5 kHz deviation range which gives 2
restricted bandwidth of 30 Hz to 3.4 kHz,

For wide band measurements use the 200 kHz
position of the FREQUENCY RESPONSE switch and
limit the top frequency by a capacitor or filter
across the OUTPUT socket. A capacitor of
0.0015 uF gives a response of ~3 dB at 200 kHz,
or a low-pass filter can be chosen to give the
required lower cut-off frequency.

The output of the modulation meter is 0.775 V
into 600 & for full-scale deflection on the internal
meter (0.245 V on the 1.5 kHz deviation range).

For measurements above about 200 MHz the
Crystal Ogcillator TK 2302 should be used if lowest
possibie internally generated noise is required.
Thus, a crystal suitable for the appropriate fre-
guency must be available.
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‘The curves given in Fig. 2.2 show typical
noise levels produced by the internal oscillator
and Crystal Oscillator TK 2302 over the r.f. range
of the instrument. In the 'noise’ bandwidth, below
100 MHz, there is insignificant difference in res-
pective noise levels. Above 100 MHz, however,
the noise level using the internal oscillator in~
creases progressively with frequency, whereas
with the crystal oscillator the level remains nearly
constant. The necessity to use the crystal oscil-
lator depends on the noise level of the equipment
under test and, as shown by the curves, the band-
width in which the measurement is to be made and
the carrier frequency. In the 200 kHz bandwidth,
there is little advantage in using the crystal oscil-
lator.

In both bandwidths, crystal control will
eliminate oscillator microphony and therefore may
be advantageous in conditions of vibration or high
acoustic noise levels.

FM noise

{1} Connect an external meter to the OUTPUT
socket. Apply r.f. input at a suitable level.

(2}  Adjust the tuning dial to the signal frequency
and tune for peaking, as in Sect. 2.5 (6). Then
adjust the RF LEVEL control for a reading towards
the top end of the black arc on-the internal meter.

{3y  Switch to the appropriate FREQUENCY RES-
PONSE setting, as described above, thus selecting
the required bandwidth, For low noise measure-
ment, particularly on the 200 kHz bandwidth, it is
advisable to minimize the inherent noise in the
modulation meter by adjusting the R¥ LEVEL con-
trol until minimum noise is indicated on the exter-
nal meter (even if this causes the meter to deflect
heyond full-gcale when the FUNCTION switch is at
SET LEVEL - see (7)}.

(4)  Switch to position FM SET FREQ. and adjust
the oscillator until the meter reads SET,

{5) Switch to DEV+, Modulate the carrier to
the reference deviation and select the appropriate
range on the MODULATION RANGE switch.

{6) Read the external meter and record the dB
level.

{7}  Remove the modulation from the signal under
test. Turn the MODULATION RANGE switch to

23008 (2)

the 5 kHz range and then increase the sensitivity

of the external meter to give a convenient reading.
Adjust the RF LEVEL control so that this reading
is at a minimum. Record the new level, which is
given by the reading on the external meter plus

10 dB for each step traversed by the MODULATION
RANGE switch,

{8y  The signal-to-noise ratio referred to the
selected bandwidth in which the measurements were
made is given by the difference between the levels
measured in (6) and (7).

AM noise

{1} Connect an external meter to the OUTPUT
socket. "Apply r.f. input at a suitable level.

(2)  Adjust the tuning dial to the signal frequency
and tune for peaking, as in Sect. 2.6(3). Then
adjust the RF LEVEL control to give a8 meter
deflection at the AM MAX mark {or as near {o it
as possible with a low level input),

{3) Switch to the appropriate FREQUENCY RES-
PONSE setting, as described above, thus selecting
the required bandwidth.

{4)  Switch to position AM SET FREQ and adjust
the oscillator until the meter reads SET.

{(5)  Switch to SET AM and adjust the SET AM
level control for a meter reading at the SET mark.

(8) Switch to AM PEAK, Modulate the carrier
to the reference depth and select the appropriate
a.m. range on the MODULATION RANGE switch.
Since 100% modulation is impracticable, use some
other level and correct the result accordingly,
e.g. use 50% modulation and add -6 dB to the noise
reading to obtain 2 result relative to 100% modu~
Iation.

{7} Read the external meter and record the dB
level.

(8) Remove the modulation from the signal under
test. Turn the MODULATION RANGE switch to
the 30% range and then increase the sensitivity of
the external meter to give a convenient reading.
Record the new level, which is given by the reading
on the external meter plus 10 dB for each step
traversed by the MODULATION RANGE switch.

{9) The signal-—té——noise ratio is given by the
difference between the levels measured in {6) and (7).
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The same procedure applies for both f.m.
and a.m. measurements. The basic requirement
is for a stahle frequency source 1.5 MHz higher
than the signal under test, and this can be obtained
from three sources :

(a)  The internal variable oscillator usable at all
frequencies between 4 and 1200 MHz. :

()  An external oscillator with an output of ahout
200 mV acrogs 50 Q.

4{¢)  The optional CRYSTAL OSCILLATOR type
TK 2302 - for details see Sect. 2.11.

2.10.1 Internal oscillator
Turn the OSCILLATOR selector to INT,
and choose the appropriate range switch.

Adjust the tuning dial with the coarse control
to the carrier frequency of the input signal. Then
adjust the coarse and/or fine controls for peak
meter deflection. Note that there are fwo tuning
points at which the meter peaks, corresponding to
local oscillator frequencies 1.5 MHz above and
below the input carrier frequency; always tune to
the peak at the higher frequency tuning peoint for
correct polarity sense of the FUNCTION switch.

Adjust the fine control from time to time, to
bring the meter reading to the SET mark when
switched to the SET FREQ position. I is per-
missible to tune to another internal oscillator
harmonic as this will not affect the readings
obtained.

The oscillator takes about two minutes to
stabilize after turning on, but this is only of any
significance at very high frequencies. '

2.10.2 External oscillator

If a stable frequency source is available, it
may be preferable to use it rather than the internal
oscillator. Feed the external oseillator signal
into the EXT OSCILLATOR socket and turn the
OSCILLATOR switch to EXT. An input level of
about 200 mV into 50 { is required at a frequency
1.5 MHz above the iuput signal frequency.

- AN AL AT AN R M R RIS TR RPN kst Moo

The primary use of this facility is for
measurement on r.f. signals which contain har-
monics of less than 20 dB down on the fundamental.
Because the internal oscillator signal also contains
harmonics, mixing two such signals can give rise
to spurious results. A ‘pure' local oscillator
signal minimizes the risk.

Secondly, if an external crystal oscillator is
available, it may be preferred to use this, rather
than the internal crystal oscillator, for low level
noise measurements.

2.10.3 Use above 1200 MHz

It is possible to use the instrument above
1200 MHz using the internal or exiernal oscillator.

With the internal oscillator, higher harmonics
are sufficiently present to cover the range 1200 to
1600 MHz at reduced sensitivity. Use the appro-
priate range with a scale indication of half the
wanted frequency; for example, tune to 750 MHz
for measurements at 1500 MHz.

Using a suifable external oscillator the
carrier frequency range can be extended to about
2500 MHz, but the sensitivity may deteriorate.

2141 USE OF CRYSTAL OSCILLATOR TK 2362

This section applies only when the instrument
includes the optional crystal odeillator unit which
fits in the front panel recess. The use of this
oscillator is advantageous when making low noise
measurements above about 200 MHz, or in con-
ditions likely to cause microphony, or where
operation is restricted to a few spot frequencies.
Up to three crystals can be plugged in and any one
selected by a switch.

2111 Fitting the crystal oscillator

(1} Remove the rectangular cover plate held bv
four M3 screws to the front panel.

(2)  Remove the bottom cover of the instrument.

2300B (2)
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(3)  Ingert the crystal oscillator unjt in the front
panel cut-out,

4)  Connect the coaxial plug and red wander
plug to their mating sockets on the housing behind
the OSCILLATOR selector,

(5)  Secure the unit with the four fixing screws
and replace the bottom cover,

211.2  Crystal selection

Crystals should be series resonant 3rd over—
tone types in the range 40 to 60 MHz.

Normal tolerance (200 p.p.m. from 0 to
60°C) is adequate exeept at the higher signal fre-
quencies when 150 P.p.m,. ig recommended, If
possible, all crystals should have similar equi-
valent series resistance, ideally 35 @ +5%,.
the e.s.r. is substantially different from this,
adjustment of the crystal drive may be required
hy selecting a new value for R8 (increase resistance
ife.s.r, is high),

Recommended erystals are

Range {MHz)

40 to 44,999
45 to 54,999
55 to 60

Marconi type

QO 1876F /150/4 /8
QO 1670G/150/A /8
QO 1670K/150/A /S

These crystals are in hermeticaﬂy sealed,
style D miniature cases (US style HCaUy,

The required crystal frequency foy any r.f,
input between 8¢ and 1000 MHz can be calculated
by the following Procedure ;-

1) Add1.5 MHz to the r.{. input frequency tg
obtain the harmonie frequency of the crystal.

2) Divide this sum by the crystal harmonic

factor given in Tahbie 2. 3 against the applicable
r.f. input frequency range. The result ig the
crystal fundaments] frequency.

23008 (2a)

Expressed as a formula

F +1.5) MHz
Crystal frequency = }%m

NOTE., The r.f. Input range of 38.5 to
58.8 MHz can also be crystal controlied by opera-
ting the erystal on its fundamenta] frequency (or

reversed).

TABLE 2.3
Crystal harmonic factors

RF input frequency Crystal harmonic Crystal fundamentai

{MHz) factor range
38.5 - 58,5 1
80 - 118.5 2
118.5 - 178.5 3
178.5 - 238.5 4
238.5 - '298.5 5
298.5 - 358.5 6
358.5 - 418.35 7
418.5 - 4785 8
478.5 - 538.5 9 40 - 60 MKz
538.5 - 598.5 10
598.5 - 658.5 11
658.5 - 718.5 12
718.5 - 778.5 13
778.5 - 838.5 14
838.5 - 898.5 15
898.5 - 958.5 16
958.5 - 1000 17

Example : To find the fundamental crystal frequency
for an r. 1. input of 461.4 MHz.

From Table 2.3, it can be seen that this r.f, ig
within the range corresponding to a erystal har-
monic factor of 8,

1.4 +1,
Therefore crystal frequency xiHHB_%_E

= 57.8625 MHz,

A frequency of 57,86 MHz would he sufficiently
precise, having regard to the tolerance of the
crystal specification and the bandwidth of the i.f.
Crystals are fully specified in Data Sheetg

QO 1870F, -G and -K to which reference shoyld
be made foy further details if required. Datg
sheets and crystals are dvailable from the My
Service Division - for address see rear cover,

Operation
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2.11.3 Crystal oscillator operation

(1)  Plug in a crystal of the required frequency
as selected in Sect. 2.11.2 and turn the CRYSTAL
selector to the corresponding position. The
capacitances of the crystals in the unused positions
affect the adjustment of the oscillator. It is
therefore recommended that crystals be inserted
in all three positions since the oscillator is set up
in the factory with three crystals.

{2)  Apply the r.f, input signal at a suitable level.

{3)  Turn the FUNCTION switch to position 1 and
the OSCILLATOR switch to XTAL.

4y  Adjust the appropriate CRYSTAL TUNE pre-
set for maximum meter deflection. If there is
movre than one peak, choose the one that gives the
best results, e.g. the lowest noise, Thereafter
proceed as for internal.

212 MEASUREMENT IN 1 TO 2 MHz RANGE

The instrument can accept signals in the band
1 to 2 MHz, applied directly to RF IN, with the
oscillator off, f.e. switched to EXT. Input sensi-
tivity is the same as usual. Ensure the modulation
frequency does not take the frequency beyond the
band limits quoted, so as to avoid introducing dis-
tortion caused by the reduced gain outside the pass
band.

Operating the instrument in this way cuts out
the frequency inversion caused by the heterodyne
system normally used. The polarity of the DEV+
and DEV- positions of the FUNCTION switch is
therefore reversed.

2,13 ASYMMETRIC MODULATION AND
CARRIER SHIFT

The presence of asymmetric modulation
usually indicates distortion in the equipment under
test, and is revealed by unequal meter readings
when the FUNCTION switch is turned between PEAK
and TROUGH or DEV+ and DEV-.

In position SET FREQ, the cutput from a
counter circuit in the limiter is measured by the
meter. When the meter indicates SET, the i.f.
is centred on 1.5 MHz exactly. If modulation then
causes the meter reading to fluctuate, carrier

20

shift is present. The extent of the shift may be
measured by connecting a counter to IF OUT., In
cases of severe carrier shift, the modulation meter
must be set up with modulation off.

214 USE OF LF OUTPUT SOCKET

Application of d.c. to this socket may

damage the associated electrolytic coupling capa-
citor.

This output enables the modulation waveform
oi the input signal to be monitored or analysed.
It alse enables a sensitive external meter to be
used to extend the deviation range down to the level
of residual noise within the instrument.

The socket is fed by an independent output
stage in the 2nd 1.{. amplifier and therefore the
internal meter is unaffected by loads connected
to it.

Depending on the position of the FUNCTION
switch, demodulated a.m..or f.m. cutputs are ob-
tained. The frequency response of the LF OUTPUT
is determined by the settings of the FREQUENCY
RESPONSE and DE-EMPHASIS switches. The
frequency response of the meter depends on the
setting of the FREQUENCY RESPONSE switch only,
except when the 1.5 kHz range is in uge, where it is
determined by the settings of both the FREQUENCY
RESPONSE and DE~-EMPHASIS switches.

The impedance of the LF OQUTPUT is approx-
imately 600 &. With DE-EMPHASIS switchedoff, full
scale deflection on the internal meter corresponds
to an putput level of 0 dBm, except on the 1.5 kz

© range, where the oufput level is -10 dBm.

The 1.{. response is substantially level up to
200 kHz. The output is also available with switched
de-emphasis to restore the modulation characteris-
tic of signals that have had pre-emphasis applied.

2.15 USE OF IF OUTPUT SOCKET

This socket can be used o measure carrier
shift by commecting a counter to it ~ see Sect. 2.13 -
or to view the a.m. envelope on an oscilloscope.

It may also be used to measure amplitude
modulation above 50 kHz which normally would not
be passed by the a.m. detector. This is an
extended use of the modulation meter which in
practice would probably be limited by the attenua-
tion of the 10 k& output resistance and the input
capacitance of the measuring instrument.
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Distortion and channel separation in stereo
systems which are designed to meet CCIR Report
293-2 and US Federal Communications Commigsion
(FCC) requirements can be measured with the
TF 23008 Modulation Meter., The general pro-
cedures are described in the following sections.,

2.16.1 Harmc;nic distortion

It can be assumed that distortion introduced
by the modulation meter is small in comparison
with that in stereo transmitters, being typically
hetter than 0.1% for deviations up to 75 kHz and
therefore, for practical purposes, can be ignored.

The frequency spectrum of a GE-Zenith type
of f.m. stereo signal when a 1 kHz test tone (for
example) is applied to the left chanrel and no
signal to the right, is shown in Fig. 2.3,

Ideally, only the fundamental 1 kHz sipgnal in
the left + right (L +R) channel and the 37 and 39kHz
sidebands of the suppressed sub-carrier in the
L - R channel should be present. In practice,
however, harmonic distortions will occur at 2, 3,

4 kHz ,... in the L. + R channel and at 36 and 40,
35 and 41, 34 and 42 k¥z .... in the L - R channel.
These are the distortion components which it is
desired to measure.

AR BesL drrdugeneill 100 mmedsuring uistor-
tion in an f.m. stereo transmitier is given below :-

(1}  Connect the fransmitter output to the modu-
lation meter in accordance with Sect. 2.4 - Pre-
paration for use.

(2)  Bet up the modulation meter with the trans-
mitter signal on, in accordance with Sect. 2.5 -
Measuring f.m. deviation.

_ The following notes are intended to amplify
the setting instructions and refer specifically to
the GE-Zenith system,

{3)  Set the controls as follows :~

MODULATION RANGE : 150 kHz,
FREQUENCY RESPONSE : 200 kHz.
DE-EMPHASIS : OFF, even if pre-emphasis
is being applied.

FUNCTION : DEV+or DEV-,

(4)  Apply a test signal of a chosen frequency to
the lefi channel with no signal to the right channel.

{5) Connect Wave Analyser type TF 2330 series,
or an equivalent instrument for harmonic analysis
of the audio range, to the QUTPUT socket of the
modulation meter. (Refer to the instruction manual
on the analyser for calibration and measuring pro-
cedures.)

—{L+R} INFORMATION——I (L= R} INFORMATION 1
i PILOT SUPPRESSED
g ! TONE SUB~CARRIER
21 I | !
= o s s 1 o A e -
o H 0 i \
N % / i
! " ; iy 3
f Loy | .
; 11 ; : vl bkl
Y IBER i i f gy BNy T
50(Hz) 1234 519 23 335 36 373839 40 41 &2 53
: MODULATION FREQUENCY {kHz} : :
DISTORTION __; i DISTORTION
COMPONENTS COMPONENTS

TPBESBA

Fig. 2.3 Frequency spectrum of f.m. stereo signal with 1 kHz madulating tone
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Fig. 2.4 Test arrangement for measuring distortion

(6} The frequency spectrum of the demodulated
output of the modulation meter can be obtained by
tuning through the frequeney range and taking
measurements at the appropriate frequencies.

The result is usually referred to the fundamental
and expressed as percentages or dB readings, cal-
culated by the usual method for harmonic distortion
measurement as described in the wave analyser
manual.

For practical working purposes, the small
amount of distortion introduced by the modulation
meter can be neglected.

2.16.2 Channel separation

If it were possibie to view the 50 Hz to 15 kHz
and the 23 to 53 kHz regions of Fig. 2.3 separately,
the waveforms shown in Figs. 2.5(a) and (b) would
be seen, :

The ideal composite modulating signal with
the 19 kliz pilot tone removed should be the sum
of these waveforms as shown in (c). In practice,
there will be amplitude unbalance and relativephase
shift (group delay error) between the two added
signals., These two effects, which can be viewed
on a direct coupled oscilloscope, are illustrated in
(d) and (e}, where amplitude "B’ represents a signal
on the right channel due fo an input on the left
channel.

Channel separation is given by :
8 t = 20 EiY 1
eparation = Ogl()}a vesnas (1)

where A and B are measurements indicated in
Figs. 2.5(d) and (e).

An f.m. sterec transmitter or stereo modu-
lator must meet gpecified requirements as regards

response and phase shiff. In the FCC require-
ments, it is deemed that these are met if the
channel separation exceeds 29.7 dB.

A guitable oscilloscope, such as a Marconi
Instruments type TT¥ 2210, comnected to the OUT-
PUT socket of the modulation meter, enables the
channel separation to be measured.

From 200 Hz to 15 kHz, the channel separa-
tion figure of the modulation meter is typically
14 dB below the minimum required of f.m. stereo
channels in the F'CC regulations, while at 50 Hz
(the worst condition), it is typically 10 dB below.

The fest arrangement for measuring channel
separation is ag illusirated in Fig. 2.4, except
that the wave analyser is now replaced by an oscil-
loscope, and the procedure is as follows -

(1} Set up the equipment and modulation meter
as already described for distortion measurements.

(2) Apply a test signal to the left channe] at
15 kHz modulation frequency (for example) with no
signal on the right channel.

Masl CHANMEL SIGHAL

COMPOSITE SIGNAL {IDEAL}

VAN @
N N
foxn, =i ®
000 -

e, Rug}

COMPOSITE SIGNAL

COMPOSTE SIGHAL WITH AMPLITCDE UNBALANCE WITH GROUP DELAY GRR( SETWEEN CridHMELS

Fig. 2.5 Derivation of composite stereo signal showing unbafence and

phase shift errors
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(3)  Connect the oscilloscope, switched to d.c.
coupling, to the OUTPUT socket of the modulation
meter. If the oscilloscope has a high input resis-
tance it is advisable to connect a resistor of about

1 k& (the exact value is unimportant) in parallel
with the oseilloscope input; this is to prevent
leakage in the electrolytic output coupling capacitor
of the modulation meter from producing a voltage
which may shift the trace off the screen. Adjust
the oscilloscope to suitable time base and input
attenuator settings for a composite signal waveform,
The procedure here depends on the equipment being
tested; in general it consists.of setting up the
system for deviation, and gain etc., in accordance
with individual system manmufacturers' instructions
until a satisfactory waveform is seen. The gain of
the L - R channel should then be adjusted for mini-
mum amplitude 'B'. Measure this amplitude and
calculate separation in accordance with formula {1).

23008 (2)

2147 PHASE MODULATION

To find the degree of phase modulation,
measure the deviation and divide by the modulating
frequency to obtain the answer in radians.

218 TELEMETRY DEVIATION

To measure the deviations in a modulated
telemetry signal comnect the QUTPUT socket to the
external meter via a switched series of band-pass
filters at the sub-carrier frequencies. This
enables the deviation due to each tone to be
measured, having first calibrated the meter against
a signal modulated by a single tone.
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Decibel conversion table

Ratio Down _ Ratio Up
VOLTAGE POWER DECIBELS YOLTAGE POWER
1.0 1-0 .0 1.0 10
9886 9772 A 1012 1023
9772 9550 2 1023 1.047
9661 9333 3 1-035 1072
9550 ' 9120 4 1-047 1-096
9441 8913 5 1.059 1122
9333 8710 s 1072 1-148 -
9226 8511 7 1-084 1175 (
9120 8318 8 1-096 1202 :
9016 8128 ‘ 9 1109 1.230
8913 7943 1-0 1122 1-259
8710 7586 12 1148 1-318
8511 7244 1-4 1175 1-380
8318 6918 1-6 1202 1445
-8128 6607 18 1230 1:514
7943 6310 2.0 1:259 1-585
7762 6026 22 1288 1-660
7586 5754 24 1-318 1738
T413 5495 26 1349 1-820
7244 5248 28 1-380 1905
7079 5012 30 1413 1995
-6683 4467 35 1-496 2:239
6310 -3981 4.0 1-585 2512
5957 3548 4.5 1.679 2818
5623 -3162 . 58 1.778 3162
5309 2818 55 1.884 3.548 L
-5012 2512 6 1.995 3-981
4467 1995 7 2:239 5012
-3981 1585 8 2:512 6310
-3548 1259 9 2-818 7943
3162 1000 10 3162 10-000
2818 07943 1 3.548 1259
2512 06310 12 3-981 15-85
2239 05012 13 4.467 19-95
-1995 03981 14 5.012 2512
1778 03162 15 5623 3162
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Ratio Down

VOLTAGE

1585
1413
1259
122
-1000

07943
06310
-05012
-03981
03162

02512
-01995
-(1585
01259
-01000

7-943 x 10
6-310 x 107
5012 x 107

3981 x 107

3-162 x 10°

2512 x 10
1:995 x 10°

- 1585 x 107

1259 x 107
1000 x 1072

5623 x 10

3162 x 107

1-778 » 10
1-000 x 10
5623 x 10-*

3162 x 10
1000 x 10
3162 x 10+
1-000 x 10-¢
3162 x 107
1-000 x 107

Decibel conversion table (continued)

POWER

-02512
01995
-01585
01259
-01000

6310 x 10
3-981 x 10
2:512 x 107
1-585 x 10~

~1:000 x 107

6-310 x 10+
3981 x 10
2-512 x 10
1-585 x 10
1-000 x 10

6-310 x 10-*
3-981 x 10-°
2512 x 10~
1-585 x 105
1000 x 10°°

6310 x 10
3-981 x 10
2512 x 10¢
1-585 x 10
1-000 x 10-¢

3162 x 107
1-000 x 107
3162 x 10°*
1-000 x 10-*
34162 x 10°

1-000 x 10~
1-000 x 10~
1-000 x 10"
1-000 x 102
1000 x 102
1-000 x 10

DECIBELS

16
17
18
19
20

P2
24
26
28
30

32
34
36
38

VOLTAGE

6-310
7079
7-943
8913
10-000

12-59
15-85
1995
2512
31-62

3981
5012

© 6310
79-43
100-00

1259
158-5
199-5
2512
3162

39841
5012
631-0
794-3
1,000

1778 x 107
3162 x 10°
5623 x 1
1-000 x 10°
1-778 x 10*

3162 x 10
1-000 x 10°
3162 x 10°
1000 x 10°
3162 x 10°
1-000 x 107

Ratio up

POWER

39-81
50-12
6310
79-43
100-G0

158-5
2512
3981
631-0
1,000

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

1-585 x 10*
2512 x 104
3-981 x 104
6310 x 10
1-000 x 10°

1-585 x 10°
2-512 % 108
3981 x 10°
6310 x 10°
1-000 x 10°

3162 x 10°
1-000 x 107
3162 x 107
1-000 x 108
3162 x 10°

1-000 x 10°
1-000 x 10%°
1-000 x 10¢
1-000 x 107
1-000 x 10*
1-000 x 10"

25




. .Cb'ap'f.er

3 - Technical description

31 INTRODUCTION

The following description should be read in
conjunction with the block diagram, Fig. 2.1, and
the circuit diagrams, Chap, 7.

The ¢ircuit is summarized in Secet. 3.2 and
then each unit is deseribed in Sect, 3.3 to Sect.
3,18, ’

32 CIRCUIT SUMMARY

The signal to the RF IN socket is fed to a
mixer (Unit Al ~ see Sect. 3.3) where it is hetero-
dyned with the output from a local oscillator. The
local oscillator is an accessory erystal oscillator
{TK 2302 - see Sect. 3.16), internal oscillator
(Units AZ, A2a and AZb - see Sect. 3.4) or exter-
nal escillator connected to the EXT OSCILLATOR
socket, according to the setting of the OSCILLATOR
switeh (Unit A15),

The output from the mixer is fed to an L. £,
amplifier (Unit A3 -~ see Sect. 3.5) whichhas a
linear phase/frequency response io f.m. The
i.f. signal is fed to the IF OUT socket and toc a
limiter (Unit A4 - see Sect. 3.6) for f.m. ora
detector (Unit A1l - see Sect. 3.13) for a.m.
according to the setting of the FUNCTION switch,
The signal to the a.m. detector is fed through a

-variable resistor R1, the SET AM level control.

The Hmiter is followed by a discriminator
{(Unit A5 - see Sect, 3,7). Alternatively, the out-
put from a calibrator (Unit A12 - see Sect, 3.14)
is fed to the discriminator when the FUNCTION
switch is at SET CAL, The output from the dis-
criminator is fed through a 200 kHz low-pass
filter (Unit A6 -~ see Sect. 3.8), an L. {, amplifier
{(Unit A7 ~see Sect, 3, 9) and, when the FREQUENCY
RESPONSE and FUNCTION switches are set accord-
ingly, a 15 kHz low-pass filter (Unit A8 - see
Sect, 3.10).

FMDEVT
LEVEL FMOEV]  uimiren 534051?
G _,,._mf—““
an) i MIXER SETFEED] [ A, [
T .
£l . i o] e, .
bt otz SES [> (o i g DS CRIMINATOR ] 0 | D
<300 o \ T ¥ R ?
SET
F (' CaL 200%Hz 15t |F [ TEVRzZ
AMPLIFIER - AMPLIFIER EMMAX
T5kHz
&M TROUGH S
EXT OSCILLATOR T ‘ U EY al
e o i
- Co TUNE 0S¢ &, CALIBRATOR <}
| ADJ LEVEL R
GUTBUT
G V
N = > =S
48
INTERNAL 7 1
OSCILLATOR A M TROLGH
G 9
s
CRYSTAL - gE{
QSCHT ATOR = = FEEY FAL
(OPTIONAL) S [> I>E
- _W/O«Dw po{omd
o l’>‘l > ) @ Ind LF FEAR W
I
DETECTOR i TRy WREFen AN
MODULAT{ON
f RANGE l
SETFREG]
WO TESE 0‘\
TUNE GSC 8 ADJLEVEL

Fig. 3.1 Block diagram
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According to the setting of the FUNCTION
switch, the 15 kHz low-pass filter (or the 1st 1. 1.
amplifier) for {. m. or the detector for a.m. is
connected to an attenuator on the MODULATION
RANGE switch SC {on Unit A0), The attenuator
consists of one 10 dB and two 20 dB I sections
which are swifched in as appropriate, The second
20 dB section contains two preset resistors R2
and R4 for adjusting the deviation reading on the
150 and 500 kHz ranges, When the FUNCTION
switch is at SET CAL, the range attenuator is re-
placed by a II network containing a preset resis-
tor R3 (on Unit A0) for adjusting the level from
the calibrator,

The range attenuator is connected to the
previous stage through a capacitor C14 on the
FREQUENCY RESPONSE switch SE, Cl14 gives
a 50 Hz high-pass response on the NOISE setting.

After the range attenuator is another 1, f.
amplifier (Unit A9 - see Sect. 3,11) followed by a
peak reading voltmeter (Unit A10 - see Sect, 3.12).
When the MODULATION RANGE switch is set to
1.5 kHz, the output to the peak reading voltmeter
is from the final stage of the 1. f, amplifier. For
other settings, the output is from the first stage.

Connected across the output of the first stage
of the 2nd L f. amplifier are three capacitors C5,
C6 and C12 on the DE-EMPHASIS switch 8D, giv-
ing the appropriate low-pass characteristic, Algo
connected across the output of the first stage is a
capacifor C13 on the FREQUENCY RESPONSE
switch SE. Cl13 gives a 15 kliz low-pass response
on the NOISE setting.

33 MIXER--UNIT A1
(Circuit diagrom: Fig. 7.2)
The mixer is a conventional, wtuned, sguare

law type using a point contact silicon diode MR1.
The output is at an 1.4, of 1,5 MHz.

The mixer is preceded by an r. £, attenuator
AT, the RF LEVEL control, which gives 6 to
65 dB attenuation at an input impedance of 50 &2,
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34 LOCAL OSCILLATOR--UNITS A2, Ala,
AND Alb
‘(C(rcm‘t diagram: Fig. 7.2)

There are four oscillator cireuits having
coverages of V311 with frequencies of 5,5 to 9.5,
9,5 to 16,5, 49,5 to 85.5 and 85.5 to 148. 5 MHz,
The eleven ranges are covered by using harmonics
a8 shown inTable 3,1, The last four ranges are
covered by using less than the v/3:1 ratio.

The oscillator circuits each consist of a sin-
gle f.e.t. TR1, TR2, TR3 or TR4 (on Unit A2a)
tuned by means of a coil LI, L2, L3 or 14 and
several varactor diodes in paraliel. The voltage

"to the varactors ig determined by the coarse TUNE

FREQUENCY control R1 {on Unit A2), the fine
TUNE FREQUENCY control R6 (on Unit A0) and
the preset controls Rl to R16 {(on Unit A2b). Rl to
R16 are for trimming the oscillator ranges to fit
the tuning dial. Power is supplied to the required
oscillator circuit according to the setting of the
FREQUENCY RANGE switch SA (on Unit A2).

The oseiilator circuits are followed by 2
buffer amplifier (on Unit A22a )} which consisis of
a gingle transistor TR&. Distortion is introduced
deliberately to provide good harmonic outpuis.

There is a2 diode D1, D2, D3 or D4 between
each oscillator circuit and the buffer amplifier.
When the power is on, the diode is forward biased
and the signal is allowed to pass through,

TABLE 31

Frequency coverage of internal oscillator

Carrier Oscillator
frequency Oscifigtor Farmonic frequency
{MHz) (MHz)
48 TR1 1st 5.5-9,5
8-15 TR2 ist 9.5-16,.5
15-27 TR1 3rd 16,5-28.5
2748 TR2 3rd 28,5-49.5
4884 TR3 1lst 49.5-85.5
84-147 TR4 1st 85.5-148, 5
147-255 TR3 3rd 148, 5256, 5
255426 TR4 3rd 256.5-427.5
426 -650 TR4 5th 427,.5-651.5
650-1038 TR4 7th 651,5-1639.5
10381200 TR4 8th 1639.5-1201. 5

27




3.5 IF AMPLIFIER—UNIT A3
{Circuit diagram: Fig. 7.2}

The i. f, amplifier consists of three stages,
each of two transistors, the stages being coupled
by band-pass filters. No limiting occurs in the
amplifier, Linearity, frequency response and an
overall gain of 530 dB are stabilized by negative
feedback in each stage,

3.6 LIMITER—UNIT A4

(Circuit diagram: Fig. 7.3)

The limiter consists of three stages, each of
two emitter-coupled transistors, arranged so that
signal amplitudes above a ceriain level are limited,
The emitters are connected to preset resistors o
equalize the excursion in each direction.

Part of the i.f. signal is tapped off from the
third stage to a differentiating capacitor C7 and
inductor 1.1 and then to a detector MRI to produce
uni~directional pulses as shown inFig. 3.2. The
mean d. c. component Vi, is almost proportional
to the repetition frequency, When the FUNCTION
switch is set to SET FREQ, this d.c. is fed to the
meter which reads SET when thei. f. is correct.

3.7 DISCRIMINATOR-—UNIT A5
(Cireuit diagram: Fig. 7.3)

The first stage of the pulse counter type dis-
criminator is a trigger amplifier VI1 which pre-
cedes a Schmitt trigger VT2 and VT3, 'This pro~
duces a large square wave output with constant
rise and fall times. The collector voltage of VT1
is set by means of a preset resistor RV1 so that
the Schmiit trigger is close to the point of regen-
eration,

The square wave is fed to a differentiating
capacitor C4 and then to a pulse generator VT4 and
VTS5, This produces positive-going pulses which
are clipped by the next transistor VT6. The emit-
ter of VT6 is taken to the ~12V line so that it clips
the bases of the positive-going pulses, thus main-
taining constant amplitude.

28

Fig, 3.3,
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Fig. 3.2 Opergtion of limiter

A pulse of fixed amplitude and width is gen-
erated every time the i, f, signal passes through
zero in the positive-going sense as shown in
At any given repetition frequency, these
pulses have a constant mean amplitude Vy,. There~

fore Vi will vary divectly as the deviation,
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Fig. 3.3 FM demodufation
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The output stage is an emitter follower VT7
which, unlike VTG, is conducting continuously and
presents a constant low impedance to the following
200 kHz low-pass filter.

3.8 200 kHz LOW-PASS FILTER—UNIT A6
{Circuit diagram: Fig. 7.3)

This filter has a responsge 3 dB down at
250 kHz to give optimum flatness up to 200 kHz.
The filter integrates the pulses from the discrimin-
ator, as shown in Fig, 3.3 and rejects the i. f.
signal, This produces a voliage which is pro-
portional in amplitude to the deviation,

In order to accommodate the channel separa-
tion requirements of stereo broadcast monitoring,
the filter design is such as to provide 2 linear phase
frequency response over the appropriate part of
the frequency range.

3.9 1st LF AMPLIFIER—URNIT A7
{Circuit diogram: Fig. 7.3)

The amplifier has high stability, wide band-
width and constant gain. It consists of a current
feedback pair VT1 and VT2 followed by 2 composite
emitter follower VT3 and VT4 which has a very
low output impedance, Increased gain is provided
by positive feedback through a capacitor C6. DC
bias is taken to the first stage through a resistor
R8. AC negative feedback is taken to the first
stage through R8 and also through a capacitor C5,
& resistor R7 and a preset resistor RS (on Unit A0).
R5 is the SET CAL FM preset by which the gain is
adjusted, Initially, the gain is adjusted so that a
known input deviation gives the correct reading,
Whenever necessary, the gain is re-adjusted using
the calibrator when the FUNCTION switch is set
to SET CAIL,

The output impedance is due almost entirely
to a resistor R14 which matches the 15 kHz low~
pass filter., The input impedance is due almost
entirely to a resistor R2 which matches the 200 kHz
low-pass filter,

23008 {2a)

3.10 15 kHz LOW-PASS FILTER--UNIT A8

(Circuit diagrem: Fig. 7.3)

This filter has a response 3 dB down at
28 kllz to give optimum flatress up to 15 kHz., The
filter restricts the bandwidth to the audio range,

When the FUNCTION switch is set to DEV+
or DEV -, the Tilter is in circuit when the FRE-
QUENCY RESPONSE switch is set to 15 kHz FM
MAX or to NOISE, The filter is by-passed by a
resistor R26 {on Unit A0} when the FREQUENCY
RESPONSE switch is set to 200 kHz FM MAX,
The filter is also in cireuit when the FUNCTION
switch is set to SET CAL in order to prevent high
frequency ringing due to the use of a square wave
for calibration.

3.11 2nd LF AMPLIFIER—UNIT A9

(Circuit diagram: Fig. 7.4)

This unit is similar to the lst 1, f. amplifier,
also having high stability, wide bandwidth, con-
stant gain and immunity from supply changes.

The first stage is a current feedback pair
VTl and VT2, Increased gain is provided by
positive feedback through a capacitor C6. DC
bias is taken to VT1 through a resistor R7. AC
negative feedback is taken to VT1 through R7 and
also through a capacitor C4, a resistor R8 and a
preset resistor RV1 for adiusting the gain. When
the MODULATION RANGE switch is set to other
than 1.5 kHz, the ouiput for the meter is taken
from this stage.

The second stage is another current feed-
back pair VT3 and VT4, Increased gain is pro-
vided by posgitive feedback through a capacitor
C10, DC bias and a, ¢. negative feedback is taken
to VT3 through a resistor R16.

The final stage is a composite emitter
follower VT5 and VT6 which has a very low output
impedance. When the MODULATION RANGE
switch is set to 1.5 kHz, the outpuf for the meter
is taken from this stage, The OUTPUT socket is
connected to this stage. i
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‘I'ne output impedance is due almost entirely
to a resistor R22 which matches the external load.
The input impedance is due almost entirely to a
resistor R2 which matches the range aitenuator,

312 PEAK READING VOLTMETER--UNIT Af0
{Circuit diagram: Fig. 7.4) '

The first stage is an amplifier VT1, with
negative feedback through a resistor R3, directly
. coupled to an emitter follower VT2, The output
from VT2 is fed through a preset resistor RV1,
for adjusting the gain, to a current feedback pair
VT3 and VT4, Increased gain is provided by posi-
tive feedback through a capacitor C6. DC bias is
taken to VI3 through a resistor R12, AC negative
feedback is taken to VT3 through R12 and also
through a capacitor €14 and a resistor R24,

The oufput from VT4 is fed to the input of
another current fesdback pair VT5 and V'I'8 which
have the same circuit as VT3 and VT4 except that
negative feedback through a resistor R19 gives
unity gain, VT3 and VT6 therefore act as an in-
verter so that the outputs from VT4 and VTS are
in push-pull.

The push-pull ouiputs are fed through a
rectifier MR1 to a capacitor C8 which charges up
to the peak voltage. Across C8 is connected the
meter M1 (on Unit A0} in series with a resistor
R15, MR1, C8, MI and R15 are comnected as
appropriate according to the setting of the FUNC-
TION switch,

313 AM DETECTOR—UNIT Aft1
(Circuit diagram: fig. 7.5)

The signal from the i.f, amplifier is fed to
a common~emitter amplifier VT1 which is directly
coupled to a composite emitter follower VT2 and
VT3. Feedback is taken from VT2 and VT3 to
VT1 through two resistors R7 and R6.

The output from VI3 is fed to a parallel
tuned circuit L1 and C4 and to a diode detector
MRI., LT and C4 distort the signal to compensate
for the non-linearity of MR1 so that the differences
in readings hetween peak and trough are minimal,
MR1 is biased by means of a resistor R14. This
bias causes the meter to read below zero for a
zero inpui when the FUNCTION switch is at SET
AM,
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MR1 operates into a resistive load R10 and
R12, The voltage developed across R12 is fed
through a further resistor R13 to a 50 kHz low pass
filter consisting of two I1 networks C6, C7, L2

-and C8, C9, L3.

A resistor R11 is connected to MR1 so that,
when the FUNCTION switch is set to TUNE OSCIL-
LATOR, the d.c. output component is fed to the
meter which reads a maximum when the tuning is
correct,

3.14 CALIBRATOR—UNIT A12
{Circuit diggram: Fig. 7.5}

The output from a multivibrator VT1 and
VT2, mumning at approximately ¢ kHz, is fed through
a coupling capacitor C6 and resistor RS te an emit-
ter follower VT4, The square wave from the multi-
vibrator is therefore differentiated and then the
negative spikes are clipped, The positive spikes at
exactly equal time intervals are fed to a histable
VT7 and VT8 which produces a 2 kHz (approxi-
mately) square wave with a mark to space ratio of
exactly 1:1.

A crystal XTI accurately controls at 460 kiiz
the frequency of an oscillator VT3,

The 2 kHz square wave from the bistable
and the 400 kHz sine wave from the osecillator are
fed to a gate VTS and VT6 so that the output is
bursts of 400 kfz at 3 repetition rate of 2 kHz.
This has the same effect on the diseriminator as
an i.f. having a deviation of =200 kHz except that
the mean d.c. component is proportional to 200 kHz
instead of to 1.5 MHz,

Power is supplied to the calibrator only
when the FUNCTION switch is set to SET CAL.

3.15 POWER SUPPLY—UNIT A13
(Circuit diagram: Fig. 7.6)

The mains supply is fed from the supply plug
PLL through an interference suppressor FL1, the
SUPPLY switch SA (on Unit A0), the mains fuse
FSI and the mains voltage selector SA to the prim-
ary of a transformer T1 with the supply lamp LP1
{or: Unit AQ) across one of the two windings.
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For the -18 V supply, a pair of the secondary
. windings is connected to a diode bridge D5 to D&

with a reservoir capacitor C1a, The rectified
supply is fed to a regulator IC3 with a pass power
transistor TR4. The voltage is adjusted by means
of a preset resistor R3. Ripple is reduced by
means of a filter R6 and C6. Extra reference
smoothing is provided by a capacitor C3.

For the -12 V supply, the -18 V supply is
fed to a further regulator IC4 with a complement-
ary pair pass. power transistors TR1 and TR3.
The voltage is adjusted by means of a preset re-
sigtor R11. Noise is reduced by means of a capa-
citor C13, Extra reference smoothing is provided
by a capacitor C12.

For the +16,5 V supply, a pair of the second-
ary windings is connected to a diode bridge D1 to
D4 with a reservoir capacitor Cl4, The rectified
supply is fed to a regulator ICI with a pass power
transistor TR2. The voliage is adjusted by means
of a preset resistor R17. Ripple is reduced by

2300B (2)

means of a filter R20 and C9. Extra reference
smoothing is provided by a capacitor C3,

3.16 CRYSTAL OSCILLATOR—TK 2302
{Circuit dicgrem: Fig. 7.2)

The oscillator stage is a common-base tran-
gigtor TR1 with an inductive collector load L1 and
positive feedback through a crystal XL1, XL2 or
X1L3 according to the setting of the CRYSTAL
switch, LI is timed by four varactor diodes D1
to D4 so that the crystal oscillates at the correct
overtone, DIl to D4 are controlied by preset
resistors R1, R2 and R3 according to the sefting
of the CRYSTAL switch.

Following the oscillator stage is a harmonic
generator consisting of two common-base tran~
sistors TR2 and TR3 operating under class 'C!
conditions, This produces a very ‘*spikey! oni-
put containing harmonics up to 1000 Mz,

31






‘Chapter

4 Maintenance

4.1 INTRODUCTION

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

This instrument uses semiconductor
devices which, although having inherent long term
reliability and mechanical ruggedness, are suscep~
tible to damage by overloading, reversed polarity
and excessive heat or radiation. Avoid hazards
such as reversal of batteries, prolonged soldering,
strong r.f. fields or other forms of radiation, use
of insulation testers or accidentally applied short
circuits. Even the leakape current from an un-
earthed soldering iron could cause trouble.

Before shorting or breaking any circuit, refer to
the circuit diagrams to establish the effect on bias
arrangements of the transistors,

Screw fasteners

Screw threads used on this instrument are
mainly M2, M3 and M4 sizes. These are chro-
mium plated or dyed blue. There are also some
BA sizes on the main chassis.

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

4.2 ACCESS AND LAYOUT

The case is in two sections. The top cover
and the bottom cover are each secured by four
screws in the sides of the instrument.

Figs. 4.1 and 4.2 show the general location
of all units above and below the chassis, Com-~
ponents may be identified by markings on the boards
and chassis. For replacement of sub-assemblies
and components, see Sects. 5.5 and 5.6,
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4.3 PERFORMANCE CHECKS

The tests in this section may be used as a
routine maintenance procedure to verify the main
performance parameters of the instrument. All
tests can be completed without removing the case,
except where some internal readjustment is indi-
cated. Tests may be done at any convenient fre-
quency within the carrier range of the modulation
meter provided that this frequency is also within
the range of the test equipment items a, b, ¢, d
and g.

Many of the methods in this section are
simplified and of restricted range compared with
those which would be needed to demonstrate com-
plete compliance with the specification. They
should be regarded only as providing a check pro-
cedure, for use during routine maintenance, to
determine whether repair is needed.

4.3.1 Test equipment required

See Table 4.1,

4.3.2 RF input and if. output

Test equipment : items a, d, e, 1 and n.

This procedure verifies the sensitivity of
the modulation meter and the adjustment of the
local oscillator.

RE input resistance

(1}  Turn the RF LEVEL control mid-way,
Connect the multimeter, set for resistance
measurement, hetween the centre pin of the
RF IN socket and earth and check that the
reading is 50 @ £10 .
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As R17 Al3-Power
R4 200 kHz filter

(16.5 V)  supply unit
A5 B3 Ri1
Discriminator (<18 V3 (-12 V)

Al4.-Component Switch Ad
hoard SB Limiter

Switch Switch Adjd,e. level +16.5 V -12 v
SE 8C A4Ll

Fig. 4.2 location of units (bottom)
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Adjust the signal generator to give a c.w.
output of about 50 mV p.d. and connect it to
the RF IN socket of the modulation meter via
the T comnector and adapter. Connect the

QUENCY controls to suit the r.f, input
frequency, the FUNCTION switch to TUNE
OSCILLATOR AND ADJUST LEVEL and the
RF LEVEL control fully clockwise.

LF oscillator

Frequency : 580 Hz to 56 kHz

Spectrum Resolution : 66 dB at 50 Hgz
analyser
Oscilloscope LF general purpose

Selective level

meter

Crystal oscillator

Frequency : 1.4 to 1.6 MHz

Same frequency and output as
item b in test 4,3.5

To measure resistance, 40 to 60 &

Sensitive Frequency : 50 Hz to 15 kHz
voltmeter Sensitivity : 1 mV f.s.d.
Multimeter

Arplitude AM depth : 80%

modulator

T connector

fo [ wlR GRS IS SO PR

(With very short BNC to N adapter)

voltmeter probe to the T junction of the con~ {4}  Tune for peak meter deflection and then
nector. See Fig. 5.2, adjust the signal generator output until the
meter deflection is at the bottom of the
Note. The T connector/adapter must be black arc.
connected directly to the TF 2300B RF IN
socket for good v.s.w.r. at the input. (8)  Switch off the TT 2300B and check that the
signal generator output, as indicated on the
On the modulation meter, turn the FRE~ voltmeter, is within the figure given for r.f,
QUENCY RANGE switch and TUNE FRE- input sensitivity in Sect. 1.2 - Data Summary.
TABLE 4.1
Type Minimum specification Recommended medel
AM gignal Output : 100 mV across 50 2 TF 2002 series
generator AM : upto 80%
Envelope distortion : 1% at 50% mod.
FM gignal Deviation : up to 250 kHz TF 9958/2
generator Mod. freq. : up to 150 kHz
FM signal Output : 200 mV across 50 Q TF 1066B/6
generator Deviation : up to 250 kHz
Mod. freq. : up to 150 kHz
Electronic Sensitivity : 10 mV TF 2603
voltmeter r.m.s. or average reading
dB calibration
Frequency Frequency : 580 Hz to 1.5 MHz TF 2401 series
meter

TF 1101 {quantity 2)

OA 1094 series

or TF 2370

OA 2350 series

TF 2600

Salford Selectest

TF 1102 or TK 2181

TM 7948

23008 (2a)
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iF output and frequency

(6) Connect the frequency meter to the IF OUT
socket and checlk that the i.f. remains
within 10% of 1.5 MHz when the modulation
depth of the input signal is varied from 0 to
80%. (Keep the leads ag short as pessibie.)
If the frequency is in error see Sect. 5.4.10.

IF output impedance

(7y  Adjust the BRF LEVEL control to increase the
voltage at the IF OUT socket to 700 mV,
Connect 3 10 k@ +2% resistor across the
voltmeter input and check that the reading
drops fo between 310 and 400 mV.

433 FM deviation accuracy

Test equipment : items b, e, fand g.

If & complete calibration is to be made,
first verify that AI0RV1 FM and AM GAIN, is at
the approximate centre of its travel, In other
cases, the setting need not be disturbed if the
required adjustments can be made satisfactorily,

The internal {.m. calibrator provides a
standard of good long-term stability for checking
and resgetting the deviation reading accuracy as
described in Section 2,5 (8}, The calibrator
accuracy is largely dependsnt on the frequency of
its 400 kHz oscillator crystal, which is unlikely to
change significantly. If the calibrator accuracy
is suspected, the deviation reading should be
checked by making a normal! measurement on a
symmetrically modulated signal of accurately
known deviation set up by the Beassel Zero method
described below,

a)

Connect the signal generator, externally
modulated by the 1.{f. oscillator, to the
inputs of the modulation meter and the
spectrum analyser, as shown in Fig. 4.3,

LF

OSCILLATOR

SIGHAL
GENERATOR

MOD N RF OUTY

TF23008

LIRS

@)

@)

TABLE 42
MODULATION FREQUENCY Deviation
RANGE RESPONSE (kHz}
(kHz) (kHz)
500 200 480
200 360.7
200 145
150 200 145
15 48
50 15 48
: 15 14.5
15 15 14.5
15 4.8
5 15 4.8
1.5 15 1.4
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fRF i

FREQUENCY
MEYER

SPECTRUM
ANALY SER

Fig. 4.3 Bessel zero measurement

Adjust the oscillator frequency, checked
against the frequency meter, to 26.27 kiz,
Slowly increase the signal generator deviation
from zero untii the carrier component, viewed
on the spectrum analyser, disappears for the
second time. This occurs at a deviation
ratic of 5.52, which means that the deviation
is 145 kHz. (The FREQUENCY RESPONSE
switch should be at 200 kHz.)

Set up the modulation meter f{o measure this
signal as described in Sect. 2.5, using the
150 kHz range.

Modulating Carrier
frequency

{kHz)

disappegrance

55.46
150

26.27

26.27
8.696
8.696
2.627
2,627
0.8G96
0.8696
¢.5822

[N SR A i SV R

oI N oV WS
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(4) 1 the moduiation meter reading dillers irom
145 kHz when switched to either DEV+or
DEV-, adjust the SET CAL FM preset to
give the best compromise accuracy hetween
the two measurements. Then turn the
FUNCTION switch to SET CAL and, without
disturbing the SET CAL FM preset, bring
the meter reading to the SET mark by adjusi-
ing the infernal {.m. preset, AOR3 - see
Fig, 4.1, I this has insufficient range
select a new value for resistor AOR19.

This check can also be made at other devia~
tions as shown in Table 4.2.

If the deviation errors show a general trend
in one direction the presets AOR3, AOR4,
AORZ and A14R V1 should be adjusted to give
the best compromise on their respective
ranges. As AOR3 affects all ranges it
should be adjusted first.

(6}

Preset Adjust for best compromise
on deviation range
{kHz)
AOR3 5, 15, 50
AOR4 500
AQRZ 150
AI4RV1 1.5

{AOR3 will be usually found to give the best
compromise by adjusting on the 5 kHz
deviation range.)

4.3.4 AM depth accuracy
Test equipment : items a, f and i.

AM depth accuracy, unlike {.m. deviation,
cannot be checked against an internal calibrating
circuit. Therefore, the a.m., measurement
accuracy can only be checked by making a normal
measurement on a signal of accurately known modu-
lation depth. A depth of about 50% is recommended.
It is important that this signal should have a very
low envelope distortion as this can causeanapparent
error in depth indication.

The modulation depth can be checked by means
of a selective level meter as follows :-

Set the 1.f. oscillator frequency to 3 kliz and
use it to modulate the signal generator io a
depth of nominally 50%.

)

38

e Yo . e

&)

&)

{4)

Note :

(6)

Sef up the modulation meter for measuring
this signal as described in Sect. 2.8,

Connect the selective level meter to the IF
OUT socket of the modulation meter, tune
the level meter to the carrier frequency of
1.5 MHz and set its gain to give a 0 dB
reference level.

Retune the level meter to one of the 3 kiz
sidebands and adjust the 1.{, oscillator out-
put to give a level meter reading of 12 dB
below the reference level. If the sideband
levels are different, adjust for a mean
reading of 12 dB. This corresponds to a
modulation depth of 50%.

If the modulation meter reading differs from
50% when switched to either PEAK or _
TROUGGH, adjust the internal preset AIRVL
for the best compromise accuracy between
the two readings.

Adjustment of AGR VI may affect the accu-
racy of the f.m. deviation reading; there-
fore, after adjusting ASRVL, reset the £.m.
calibration as shown in Sect. 2.5 {(8) (not by
adjusting the internal preset).

This check can also be made at other modu-
lation depths, as shown in the following table,
in order to optimize reading errors.

TABLE 4.3
MODULATION Modulation Sideband
RANGE depth amplitude
%o Yo (dB}

100 90 ~G .94
160 80 -7.96
100 70 -4.12
160 60 ~10.,46
160 50 12,04
160 40 -14.02

30 30 ~-16.52

30 20 ~20. 00

30 10 -26.,02

The higher modulation depths are not recom-
mended unless an unusually low envelope
distortion can be achieved.
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4,35 FM noise
Test equipment : items b, h, j and k.

This is measured by comparing the output

- of the modulation meter when § kHz deviation is
applied with the output when deviation is zero.

To ensure that the latter output is due to the modu~
lation meter alone it is important that the source
should be exceptionally free from spurious noise
deviation.

(1)  Apply an f.m. input with 5 kHz deviation
from the signal generator. . Connect the
oscilloscope and voltmeter to the QUTPUT
socket as shown in Fig. 4.4.

SEGHAL
GENERATOR

STEP 117 O oUTPUT

1F23008 YOLTMETER

STEP {4}

RF 1IN

CRYSTAL
OSCILLATOR

DSCILLOSCOPE

RRIDNIC

Fig. 44 FM noise measurement

(2}  Set the modulation meter for deviation
measurement as in Sect. 2.5. Switch the
MODULATION RANGE switch to 5 kHz and
the FREQUENCY RESPONSE switch to
NOISE.

{3)  Note the reading on the voltmeter - this
should be about 0 dBm if the modulation
meter is terminated in 600 Q.

{4y Replace the signal generator with the externa]
crystal oscillator set to the same carrier
frequency. Increase the voEmeter sensi-
tivity to give a suitable reading and adjust the
R¥ LEVEL control for a minimum reading.

Note the reading on the voltmeter. The
difference between this reading and the
reading obtained in (3) should be 50 dB or
40 dB depending on the carrier frequency.

2300B (2)

(6)  Check that the oscilloscope trace is free from -
hum, external field and noise. If not, check
the power supply ripple - see Seet. 5.4.3,

4.3.6 FM distortion
Test equipment : items b, ¢, 2f and i.

Because no signal generator isavailable
having f.m. harmonic distortion low enough, the
harmonic distortion of the modulation meter cannot
be measured directly. I is therefore necessary
to measure the intermodulation distortion and then
to calculate the equivalent harmonic distortion.

48] Set up the equipment as shown in Fig. 4.5.
Adjust c to give a c.w. output of 200 mV at
a frequency of 200 MHz. Adjustb to give
a c.w. output of 50 mV at a frequency of
201.5 MHz, i.e. set togivean i.f. of
1.5 MHz,

{2)  On the modulation meter, set the FUNCTION
switch to TUNE and the OSCILLATOR switch
to EXT. Adjust the frequency of ¢ for a
maximum reading on the meter and adjust
the RF LEVEL control for a reading within
the black arc.

EXT
SIGNAL SELECTIVE
uTeuT
osmLL:noR —] seNgRATOR 95E weacos |2 LEVEL
- < 200my METER
/F N
SIGNAL
LE 56mv
—_— RAT
OSCILLATOR GENEbA or
TPAINITA

Fig. 4.5 FM distortion measurement

{3) Switch fo FM SET FREQ and adjust ¢ fre-
quency to bring the meter reading to the
SET mark.

(4)  Switch to DEV+ and turn the FREQUENCY
RESPONSE switch to 15 kHz and the MODU-
LATION RANGE switch to 156 kHz.
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generators as shown in the following table, if the two levels are -40 dB and -46 dB, giving a
“setting up each deviation with the other difference of 6 dB, the increment is 1 dB; the sum :
generator set to c.w. of the two levels is therefore ~40 +1 dB = -39 dB. T
Tahle 4.4
Signal Modulation Deviation
generator frequency
c 16 kHz (f1} 37.5 kHz (dl1} oz
- a i
25
b 14 kHz (£2) 37.5 kHz d2) e
. Y
5
(6) Switch off b and set up the level meter to § s
give a reference level of -6 dB at f1. z
Switch on b again. : ] : R
DIFFERENCE REIWEEN LEVELS df
(7)  Measure the levels of the following com-~
ponents :- .
Fig. 4.6 Summction of dB levels
2nd order ¢ (f1 -£2) ;. 2 kHz
3rd order : (212 ~f1y - 12 kHz 43.7 AM rejection

Express the levels in dB relative to 0 dB, Test equipment : items a, fand m.

Add +6 dB to the 2nd order reading and ) )
+9 dB to the 3rd order reading. The r.m.s. (1) Setup the equipment as shown in Fig. 4.7.

sum of the two levels (see below for method Adjust the signal generator to give a c.w.
of caleulation) is equivalent to the harmonic output of 100 mV at any convenient frequency.
distortion. If should be lower than -54 dB
0.2%).
(3) Repeat the test at two other gettings as SIGNAL rE] ampLITUBE
follows :~ GENERATOR MODULATOR TFz3008 3
MOD N RF IN ( !.
{a) FREQUENCY RESPONSE switch: 200 kHz,
f1:26 kHz, £2: 24 kHz, dl1: 1506 kHz, d2: LF
150 kHz. Total deviation: 308 kHz, {1 -f2: e fscitLaToR

2 kHz, 22 -fi: 22 ¥Hz. The distortion
should be lower than -50 dB (¢.3%).

(b) FREQUENCY RESPONSE switch: 200 kHz, Fig- 4.7 AM rejection measurement
f1: 150 kHz, £2: 140 kHz, dl: 250 kHz, d2:
250 kHz. Total deviation : 500 kHz, f1 -f2:
10 kHz, 2f2 -f1: 130 kHz. The distortion
should be lower than -32 dB (2.5%).

Adjust the 1.f. oscillator frequency to 1 kHz
at a level which gives 80% modulation on the
meter,

Summation of dB levels
(2)  Set the FUNCTION switch to TUNE and the

The r.m.s. stm of two dB levels can he TUNE FREQUENCY controls to give a maxi-
obtained by increasing the level of the larger one mum meter reading., Then adjust the RF
by an incremernt hetween 0 and 3 dB; the value of LEVEL contrel for a reading within the black
increment depends on the difference between the arc.
40 23008 {2)
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(3)

)

®)

(6)

Switch to FM SET FREQ and adjust the TUNE
FREQUENCY controls to bring the meter
reading to the SET mark.

Switch to TUNE and adjust the RF LEVEL
control to give a reading just below full-
scale on the black arc.

Turn the MODULATION RANGE switch to
5 KHz and the FREQUENCY RESPONSE
switch to 15 kHz.

Switch to DEV+ and DEV- in turn and check
that the residual reading on the meter is less
than 500 Hz. It is typically about 150 Hz.

23008 (2)

4.4 CLEANING AND LUBRICATING

Rotary switch contacts

These should be cleaned once or twice a year,
depending on usage, with benzine or white spirit (not
carbon tetrachloride). After cleaning wipe the con-
tacts with a suitable lubricant such as a 1% solution
of petroleum jelly in white spirit.

Oscillator unit

Excessive lubrication must be avoided but
the moving parts should be cleaned and lubricated
once or twice a year with light machine oil.



Chapter

Repair

51 INTRODUCTION

This chapter contains information for the
localization and repair of faults, Performance
Limits quoted are for guidance only and should not
be taken as guaranteed performance specifications
unless they are also quoted in the Data Summary
section.

CAUTION. See Maintenance, Sect. 4.1, for pre-
cautions in handling semiconductors and for advice
on screw fasteners.

The extension board is used in servicing
printed circuit boards and is released by undoing
the two captive thumbscrews found at the left-hand
side of the rear panel enabling the board to be
lifted out.

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

52 FAULT LOCATION
General procedure

Methodical fault location can be performed
at the following three levels :

i) Front panel functional checks for general
Jocalization of a fault ~ see Sect, 5.2.2.

(ii) Internal checks for more detailed loeali~
zation ~ see Sect. 5.2.3.

(iii) Systematic calibration, which can be used to
locate a fault for which methods (i) and (ii)
are inadequate - see Sect. 5.4,

5.2.1 Test equipment required

See Table 5.1.

52.2 Front panel checks

As a first step in fault finding, the three
following tests will help you to verify nearly all
the circuits of the modulation meter and io localize
the fault to certain areas. Thesge tests can he per-
formed without removing the cover. Failure of all
three tests may indicate a faulty power supply, in
which case first check the fuse on the rear panel.

(1)  Turn the FUNCTION switch to SET CAL.

If the meter reads SET, the calibrator (Al2) and
the discriminator, ist and 2nd 1.f. amplifier, peak
reading volimeter and associated circuits (A to
Al10)y are working. If there is no meter indication,
but the 2 kHz calibrator square wave can be seen
with an oscilloscope at the OUTPUT socket, then
the peak reading voltmeter circuit, (Al0), is faulty.

TABLE 5.1

fterm Type

a  Signal generator
4 and 1000 MHz.

Minimum specification

Frequency: 1.5 MHz and between

Recomnmended model

TF 144, TF 995, TF 1066
or TF 2002 series.

Output: c.w., up to 100 mV.

b Multimeter
250 Va,c.

¢ Measuring oscilloscope  Bandwidth: 5 MHz.

20 Vd.c. at 20 kQ/V.

Salford Selectest

Sensitivity : 20 mV/cm.
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(2)  Turn the FUNCTION switch to TUNE OSCIL~ .

LATOR AND ADJUST LEVEL. Connect a signal
to the RF IN socket and check that, by adjusting the
TUNE FREQUENCY and RF LEVEL controls, a
meter deflection in the black are can be obtained.
If so, the local oscillator, mixer and i,f. amplifier
(Al to A3} and most of the a.m. detector (All) are
working. If not, but the meter deflects when the
input freguency is changed to the i.f. of 1.5 MHz,
then the local oscillator or mixer are suspect. A
fault in the local oscillator can be confirmed if the
first paragraph of test 2 gives a positive result
when using an external local oscillator.

(3}  Turn the FUNCTION switch to FM SET FREQ.
or AM SET FREQ. (after setting up the meter
deflection as in step 2 above). Check that the
meter deflects to the SET mark when the TUNE
FREQUENCY control is slightly readjusted. If so,
the limiter circuit (A4) is working.

Input attenuator

This can be checked by feeding a 1.5 MHz
signal into the EXT OSCILLATOR socket., With
the OSCILLATOR switch set to EXT and the FUNC-
TION switch set to TUNE (position 1), the sensi-
tivity should be approximately 150 mV for 2 meter
reading within the black arc.

If an r.f. signal is now applied to the RF IN
socket and the RF LEVEL control turned fuliy
clockwise, the sensitivity should be approximately
5 mV for a meter reading within the black arc,

If there is a meter deflection only when the
signal is applied to the EXT OSCILLATOR socket,
then the mixer or more probably the attenuator is
at fault.

5.2.3 Noise

Meter fluctnations, when the instrument is
correctly tuned to a ¢.w. signal and the FUNCTION
switch is set to either FM DEV+or FM DEV-, is
indicative of excessive noise.

The checks detailed in Sect. 4.3.5 and5.4.11
should be carried out to localize the source of the
noise. If the check of Sect. 5.4.11 is satisfactory,
the noise is most probably due to the local oscilla-
tor.

The FREQUENCY RESPONSE switch may be

used to determine the frequency content of the noise.

23008 (Zh}

If the noise decreases with the TREQUENCY RE-
SPONSE switch set to NOISE, then thenoise is of
very low frequency and possgibly due to IC1 in the
power supply unit A13 (this supplies +16.5 V for

the local oscillator).

I the power supply check of Sect. 5.4.3
proves satisfactory, but the local oscillator noise
persists on all frequency ranges, then a component
on the oscillator contreol board A2b, or TR5 on
board A2a, may be the cause. If the noise cceurs
on individual frequency ranges, the f.e.i. oscilla-
tors TR1 to TR4 on board A2a should be suspected.

5.2.4 Internal checks

Having roughly localized the fault by the
front-panel tests it may be more sccurately located
by signal tracing tests, using the inter-unit wiring
diagram as g guide.

{1}  First check the power supply unit outpui
voltages at C17 (+16.5 V}, C21 (-18 V) and C20
(-12 V) - see Fig. 4.2 for location. I these are
incorrect, reset as described in Sect. 5.4.3.

2y I trouble is suspected between the calibrator
unit and the meter, turn the FUNCTION switch fo
SET CAL and check the calibrator waveforms from
the calibrator unit output to the meter. These
should be as shown in Sect. 5.8, although the {re-
quency of the square wave modulation is not ecritical
and may differ from the nominal 2 klz value
illustrated.

(3)  Having identified a faulty board, use the
static voltage information on the circuit diagrams
as a guide to locating the source of the trouble.

53 WAVEFORMS

The oscillograms illustrated in Fig. 5.1 show
the significant waveforms that oceur between the
output of the calibrator unit (A12) and the OUTPUT
socket. The measuring points are indicated on the
inter-unit wiring diagram, Fig. 7.1, and the cir-
cuit diagrams.

Measurement should be made with an oscil~
loscope of at least 5 MHz bandwidth and 20 mV/cm
sensitivity. Contact with the printed hoard edge
connectors may be made from below the chassis
but, if more convenient, the Extension Board
TM 7826 may be used to allow access from ahove
the chagsis,
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TABLE 5.2

lem Type Minimum specification Recommended model
a bigital multimeter Range : 0 - 20 V d.c. TF 2670 or TF 2671
0-270Va.c.
Accuracy : #1%.
b Variable mains Range: 190 - 260 or Variac
transformer 90 ~ 160 Va.c.
¢ Wave analyser Range : 50 - 200 Hz, TF 2330A
Sensitivity : 50 pV.
d Differential voltmeter  Discrimination: 1 mVin I8 V, TF 2606
e Frequency meter Range: 5 - 150 MHz. TF 2424A
i Sweep generator 500 kHz - 27 MHz TF 2361 with TM 9692
g Sweep generator 27 -~ 255 MHz, TF 2361 with TM 9693
h Sweep generator 255 - 650 MHz. TF 2361 with TM 9694
i Sweep generator 650 ~ 1200 MHz. Sanders 6700 with 6722
b RF millivolimeter Range: 4 - 1200 MHz, TF 2603
k T connector {With very éhort BNC to N adapter) TM 7948 -
1 Oscilloscope Sensitivity : 10 mV/cm. | -
m  Signal source Range : 100 Hz - 23 kHz. TF 2001
n Sengitive volimeter Range : 100 Hz - 23 kHz, TF 2600

0 Crystal oscillator

P RMS voltmeter

Frequency : 1.5 MHz.

Frequency: 30 Hz ~ 150 kFz. -

Sensitivity : T mV full-gcale.

q BNC/miniature Belling
adapter

54 REALIGNMENT

54.1 Introduction

This is a complete realignment procedure
with the steps arranged in a logical oxder. If the
full procedure is not required, for example follow-
ing a component replacement, individual steps may
be performed providing they do not interact with
other adjustments. Although the likelihood of such
interaction is pointed out wherever possible, it is
recommended that you always consider the effects
of any readjustment by reference to the circuit
diagrams.

2360B (2b)

5.4.2 Test equipment required - see Tabhle 5.2,

5.4.3 Power supply (A13)

Test equipment : items a, b, ¢ and d.

(1} Measure the output of the regulated supplies
at C17, C2 and C20 - see Fig. 4.2, If the voltages
are not within £1% of nominal, adjust R17 for

+16.5 V, R3 for -18 V and R11 for ~-12 V (see

Fig. 4.2).
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[T Teewecun 0L the mstrument, par-
ticularly the frequency scale.

(2} Connect the wave analyser (battery operated)
to the +16.5 V line and check that the 50 Hz, 100 Hz
and 150 Hz ripple components are each less than

10 V.  Check that the Same components on the
-18 V and the -12 V lines are each less than 10 HV.

(3} Replace the wave analyser with the differen-
tial voltmeter. Check that the +16.5 V line voltage

supply is varied from 190 to 260 v, for 95 to 130 V).

The change on the -18 V line should be not greater
than 220 mV and on the =12 V line should be not
greater than 2 mv, i

5.44 Local oscillator (A2, A2a and Azb)

Test equipment : item e,

(1} Conneect the frequency meter to the oscillator
cutput socket SKJ.

(2} Set the FREQUENCY RANGE switch to
range 1 and set the coarse TUNE FREQUENCY
control fully counter-clockwise. Check that the

" bointer lines up with the datum line to the left of
the scale. If hecessary, adjust the spindle coupl-
ing of the TUNE FREQUENCY control,

(3} Set the FREQUENCY RANGE switch to each
range in turn and use the coarse TUNE FRE-
QUENCY contro] to cover each range. With the
fine TUNE FREQUENCY control centred and the
pointer on the frequency scale at the marks below
the scale line, the reading on the counter should
be as follows within = 3% :-

Ranges 1 and 3 5.5 to 9.5 MHz
Ranges 2 and ¢ 5.5 to 16.5 MHz
Ranges 5 and 7 49.5 to 85.5 Mz
Range 6 85.5 to 148.5 MHz
Range 8 85.5 to 142.5 Mg
Range 9 85.5 to 130,3 MUz
Range 10 83.07 to 148,5 MHz
Range 131 129.94 0 150.19 MHgz

4) If the ealibration aceuracy is outside limits,
adjust the preset resistors on the oscillator conm-
trol board as follows :~

46

Note.
can affect the ralihratine ~r .

Changing the d. ¢, voltage supplies

LT W ARG

Bottom of range

Land 3 R1 R2
2 and 4 R3 R4
5and 7 R5 Rg
6 RY Rs8
8 Ra Rip
9 . Ri11 Riz
10 R13 Rig
11 Ris R1sg

After adjusting one end of a range, recheck the
other end and readjust as necessary,

(8} If the preset resistors provide insufficient
adjustment, realign the oscillator ag deseribed
below.

(6} To gain access to the coils, slacken the
hexagon-head bolts which hold the oscillator
screening box to itg mounting bracket, and slide
the sereening box upwards so that it comes free
when the bolts disengage from the keyhole slots

in the mounting bracket, Theye are two further
kevhole slotg, Insert the lower two bolts in these
to hold the Screening box in a convenient position.

(7)  Bet the fine TUNE FREQUENCY control to
mid-position and set the preset resistors on the
oscillator control hoard to minimum. After
adjusting the preset resistor for one end of a
range, recheck the other end and readjust the
other preset resistor as necessary,

{8)  Set the FREQUENCY RANGE switch to range 1
and set the coarse TUNE FREQUENCY control
fully counter-clockwise. (heck that the pointer ig
at the datum line. If hecessary, adjust the control
coupling.  Set the coarge TUNE FREQUENCY con-
trol fully clockwise, Adjust L1 to give 9.8 Miz

or the nearest frequency obtainable, Set the
pointer to the 8 Mz marker and adjust R1 +o give
9.5 MHz. Set the bointer to the 4 MHy marker and
adjust R? to give 5.5 MHz.

(9)  Set the FREQUENCY RANGE switch to range 2
and set the coarse TUNE FREQUENCY control
fully clockwige, Adjust L2 to give 17.¢ MHz or
the nearest frequency obtainable. Set the pointer
to the 18 MHz marker and adjust R3 to give

16.5 MHz. Set the pointer to the § MHz marker
and adjust R4 to give 9.5 MHz,

(10) Set the FREQUENCY RANGE switch to range 3,
Set the pointer to the 27 MHz marker. The counter
should read 9.5 MHz., Set the pointer to the 15 MHz
marker and then the counter should read 5.5 MHz,

23008 (2h)
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(11) Set the FREQUENCY RANGE switch to
range 4. Set the pointer to the 48 MHz marker,
The counter should read 16.5 MHz. Set the
pointer to the 27 MHz marker and then the counter

should read 9.5 MHz.

{12} Set the FREQUENCY RANGE switch torange5
and get the coarse TUNE FREQUENCY control
fully clockwise. Adjust L3 to give 88.8 MHz or
the nearest frequency obtainzble, There are

two possible positions - use the inner one. Set

the pointer to the 84 MHz marker and adjust RS

to give 85.5 MHz. Set the pointer to the 48 MHz
marker and adjust R6 to give 49.5 MHz.

{13) Bet the FREQUENCY RANGE switch to range

€ and set the coarse TUNE FREQUENCY control

fully clockwise. Adjust 14 to give 153.0 MHz or

the nearest frequency obtainable, Set the pointer

to the 147 MHz marker and adjust R7 to give

148.5 MHz. Set the pointer to the 84 MHz marker
and adjust RS to give 85,5 MHz.

(14) BSet the FREQUENCY RANGE switch to range 7,
Set the pointer to the 255 MHz marker. The
counter should read 85,5 MHz. Set the pointer to
the 147 MHz marker and then the counter should
read 49.5 MHz.

(15} Set the FREQUENCY RANGE switch to range 8,
Set the pointer to the 426 MHz marker and adjustR9
to give 142.5 MHz, Set the pointer to the 255 MHz
marker and adjust R10 to give 85.5 MHz.

(16} Set the FREQUENCY RANGE switch to range 9.
Set the pointer to the 650 MHz marker and adjust
R1l to give 130.3 MHz. Set the pointer to the

426 MHz marker and adiust R12 to give 85.5 MHz.

(17} Set the FREQUENCY RANGE switch to

range 10. Set the pointer to the 1038 MHz marker
and adjust R13 to give 148.5 MHz. Set the pointer
to the 650 Milz marker and adjust R14 to give
$3.07 MHz.

(18} BSet the FREQUENCY RANGE switch to

range 11. Set the pointer to the 1200 MHz marker
and adjust R15 to give 150,19 MHz. Set the
pointer to the 1038 MHz marker and adjust R16 to
give 129,94 MHz,
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-zontal input of the oscilloscope.

5.45 Minimum sensitivity

Test equipment : items f, g, h, i, j, kand I.

In the first part of this test, a sweep genera-
tor is used to sweep over each range with the i.f.
output displayed on an oscilloscope. The i.f.
response is displayed 1.5 MHz above (and also
1.5 MUz beiow) the frequency to which the TUNE
FREQUENCY controls are set {and also harmonics
of that frequency). The height of the display
depends on the sensitivity of the modulation meter.
When the frequency of minimum sensitivity has
thus been determined, the output from the genera-
tor is measured by means of an r.{. millivolimeter.

(1) Insert the T comnector in the RF IN socket
and connect the appropriate sweep generator and
the r.f. millivoltmeter to it (see Fig. 5.2). Con-
nect the oscilloscope to the IF QUT socket. Also
comect the X drive from the generator to the hori~
Set the RF LEVEL
control fully clockwise.

{(2) Set the sweep generator to sweep the range
{plus approximately 2 MHz) and tune the coarse
TUNE FREQUENCY control over the range. Note
the frequency at which the display height is mini-
mum and reset the coarse TUNE FREQUENCY
control to this frequency.

{(3)  Set the sweep generator to manual sweep
and to the same frequency to give a peak reading
on the meter.

4 Set the FUNCTION switch to SET FREQ
{AM or FM} and slightly readjust the sweep genera-
tor so that the meter reading is at the SET line.

TF 2607
RF MHLIVGLIMEYER
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Fig. 5.2 Checking input sensitivity
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Fig. 5.3 Location of discriminator output lead

(5)° Set the FUNCTION switch to TUNE OSCIL-
LATOR and adjust the output level of the sweep
generator so that the meter reading is at the lower
end of the black are,

(6)  Set the OSCILLATOR switch to EXT (to switch
off the internal oscillator) and note the reading on
the r.f., millivolkmeter. The reading should be
within the figures given for r.f. input sensitivity in
Sect. 1.2 -~ Data Summary.

5.4.6 De-emphasis

Test equipment : items m and n.

(1)  With the modulation meter switched off, dis-
connect the yellow lead from the discriminator unit
output (A5, pin 4) and connect the lead o the output
of the signal source.

(2)  Comnect the voltmeter to the OUTPUT socket.

3 Turn the DE-EMPHASIS switch to 75 us, the
FUNCTION switch to DEV+ and the FREQUENCY
RESPONSE switch to 200 kHz.

(4} Set the signal source frequency to 100 Hz and
adjust its output level to give a suitable reference
deflection on the output volimeter.

) ’f’&il'y LRI DARHCEL DUL OO J,.chucuu_y, ht:l::plug
the output level constant, and check that the res-
ponse relative to the 100 Hz reference is within
+1 dB of :

-3 dB at 2.1 kHz,
-16.9 dB at 15 kHz.

{6) Repeat step (5) with the DE~-EMPHASIS switch
set to 50 us and check that the response is within
+1 dB of :

-3 dB at 3.15 kHz,
-16.9 dB at 22,5 kHz.

(7) Repeat step (5) with the DE~-EMPHASIS switch
set to 750 us and check that the response is as
follows :-

Within +1 dB of -3 dB at 210 Hz,
within +2 dB of -16.9% dB at 1.5 kHz.

5.4.7 Range attenuator

Test equipment : items m and n.

(1) Connect the signal source as in step (1) of
Sect, 5.4.6.

(2)  Connect the voltmeter to monitor the signal
source output.

{3}  Turn the MODULATION RANGE switch to
8 kHz and the DE-EMPHASIS switch to OFF.

(4)  Set the signal source frequency to 1 kHz and
adjust its output to give full-scale deflection on the
meter.

(3) Turn the MODULATION RANGE switch to

15 kHiz. Icrease the signal source output by 106dB
and check that the meter reads within 1% of full-
scale.

{6) Repeat step (5) for the 50, 150 and 500 kHz
deviation ranges. If there is an error on the 150
and 500 kHz ranges, it may be necessary to adjust
AOR2 or AOR4 - see Sect. 4.3.3.

{7y  Switch off, remove the test equipment and
reconnect the yvellow lead to the discriminator
output.
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548 AM and Lf. response
Test equipment : items m and n.

{1} Onthe a.m. detector unit (All}, disconnect
the link from pins 17 and 18. 'Then connect the
signal source between pins 18 and 10 {earth).

{2y  Turn the MODULATION RANGE. switch to
100% and the FUNCTION switch 1o AM PEAK.

(3) Comnect one voltmeter across the QUTPUT
socket and another to monitor the signal source
output.

4y  Set the signal source frequency to 10 kHz
and its output to give a reading of 100% on the
modulation meter. Note the reference level on
the output voltmeter.

{8)  Vary the signal source freguency, keeping
the level constant, between 30 Hz and 50 kHz and
note that the reading on the output voltmeter is
flat to within +0.25 dB of the reference level.

(6}  Switch off, remove the test equipment and
replace the link between A1l pins 17 and 18.

54.9 Discriminator trigger
Test equipment : item a.

(1)  With the modulation meter switched off, dig-
connect the iead from pin 2 on the discriminator
unit {A5) and connect the multimeter to the collector
of ABVT2 {or VT3).

(2)  Switch on and adjust ASRV1 to a point where
the circuit is at change of state, i.e. multimeter
either reads 0 Vor 15 V. When the potentiometer
is adjusted the voltage will jump either to 15 Vor
G V from the original reading. Set to a position
just before it jumps.

(3)  Transfer the meter to pin 7 (i.e. test point
adjacent to RV1}. Note the voltage and decrease
it by 0.5 V by rotating RV1 counter-clockwise.
Check that the output waveform at the output ter-
minals of the instrument is free {rom spurious
pulses. Switch off and reconnect pin 2.

23008 (2a)

5.410 IF amplifier A3

Test equipment ~items {, h, 4, o and g

(1) Replacement of components, other than filter
coils, shouid not normally cauge the response of
the i.1. amplifier to change, however, if the gain
or response require to be checked or the filters
are replaced the following procedure should be
used :-

Connect the r.I, output of the sweep genera-
tor, centred 1.5 MHz, to RF IN. Connect the x
drive of the sweep generator to the external x input
of the oscilloscope. The oscilloscope y input
should be connected via the BNC/miniature Belling
adapter to SKTB of the i.f. amplifier, Set the
sweep generator output to approximately -15 dBm.

(2) A typical i.{. ampilifier response would have
-3 dB points at 1.01 and 1. 99 MHz and -20 dB
points at 576 kHz and 2.47 MHz.

Adjustment of 14 and L6 tends to move the
response about its centre frequency, whilst L2
and L5 both affect the h.f. response.

Adjustment of L1 and L3 aids in control of
the skirts of the response curve.

{3} Gain

The gain of the i.{. amplifier is approxi~
mately 47 dB when measured between SKTA and
SKTB of the i.f. amplifier, however, a convenient
gain chieck iz between RF IN and SKTE. The
expected gain is approximately 32 dB.

With the sweep generator set for zero sweep,
i.e. c.w. at a frequency of 1.5 Milz and an output
of ~15 dBm connected to RF IN, should give an oui-
put from SKTB, as measured by the millivoltmeter,
of approximately +17 dBm.

4) BSeti.f,

Connect the crystal oscillator to the RF IN
socket.

Turn the OSCILLATOR switch to EXT and the
FUNCTION switch to TUNE.

Set the RF LEVEL control for a meter reading
at the top end of the biack arc.

Turn the FUNCTION switch to FM SET FREQ
and adjust A41Ll through the hole in the limiter/
digeriminator cover {see Fig. 4.2) to bring the
meter reading to the SET mark.
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Test equipment : items 1, o and p.

(1} Connect the r.m.s. voltmeter and the oscil-
loscope to the OUTPUT sccket.

(2)  Turn the OSCILLATOR switch to EXT.

{3y Connect the 1.5 MHz crystal oscillator to
the RF IN socket and turn the FREQUENCY RES-
PONSE switch to NOISE.

{4) Turn the FUNCTION switch to SET FREQ
FM and check that the meter deflects to the SET
mark,

(5)  Turn the FUNCTION switch to TUNE and
adiust the LEVEL control to bring the meter
reading to the top end of the black arc.

(6) Turn the FUNCTION switch to SET CAL and
adjust the r.m.s. voltmeter range switch to give
a convenient reference level. Note this reference
level,

(7} Turn-the FUNCTION switch to DEV+ and the
MODULATION RANGE switch to 5 kHz. Increase
the external voltmeter gensitivity and check that
the reading is at least 55 dB below the reference
level, i.e. -75 dB relative to the level of 50 kHz
deviation. If satisfactory, then noise is not due
to the diseriminator or 1.£. circuits but may be
due to the oscillator or the power supply.

{8)  If not satisfactory, remove the yellow lead
from the discriminator output, A5 pin 4 (see
Fig. 5.3)and check that the noise level drops to
at least -68 dB. A high noise figure can be im~
proved by selection of transistors VI3, VT4,
VTS5 (most prone to cause noise) and VT6 in the
discriminator {A5). The noise display on the
oscilloscope should be free of any ripple or hum
components, if these are present suspect unit
Al13, IC3 and IC4 (-18 V and ~12 V regulators).

5.5 REPLACEMENT OF SUB-ASSEMBLIES
Oscillator

To lift out the lid of the oscillator screening
box and the control board, mount the box as des~
cribed in Sect. 5.4.4(6), detach the lead from the
control board to the feed-through capacitor on the
inner side of the box and remove the four screws
holding on the 1id.
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the seven leads from the feed-through capacitors
and the socket and remove the four pillars and
the three screws.

IF amplifier

To remove the lid of the sereening box,
remove the four screws,

To remove the complete assembly, unsolder
the lead from the lead-through terminal, withdraw
the two miniature pligs and remove the two serews
on the rear panel and the one screw on the chassis,

To remove the board, remove the eight
screws, lft up the board and unsoclder the lead
from the lead-through terminal and the leads from
the two sockets.

Limiter and discriminator

To remove the lid of the screening box,
remove the four screws.

To remove the limiter board, unsolder the
five leads from the feed-through capacitors, the
lead-through terminals and the discriminator
board and remove the four nuts.

To remove the discriminator board, unsolder
the five leads from the feed-through capacitors and
the lead-through terminals and remove the four nuts

Printed circuit boards

The following are plng-in cireuit boards
which can be removed by pressing a spring clip
ard pulling the board upwards :

1)  1st1.f. amplifier (AT).

{2) 2nd L.f. amplifier (A9).

(3}  Peak reading voltmeter (A10).
4) AM detector (All).

(8)  Calibrator (Al2).

An extension board, type TM 7926, is stowed
on the inside of the rear panel. By means of this
board, any of the above can be raised above its

compartment for examination while in the operative
condition.

Power supply unit

To lift out the power supply board, remove
the two serews.

23008 (2d)
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DIMENSIONS OF DRIVE CORD
atob —448 mm (17°6in)
a to¢ - 700 mm {27 6in)

Locking nut

,b \[p

13 turns

NOTE : Access to the drive cord can be improved
by removing the following units :

(i) Local oscillator, after loosening the two
shaft couplings,

(ii} Mixer, after removing the RF LEVEL knob
and nut,

(iti} Crystal oscillator, if fitted,

(iv} I¥ amplifier.

Beales of the RANGE switch can also be detached
if necessary,

Altows adjustment for tension

M Drive spindie

1BC2612A

Fig. 5.4 Fitting drive cord

5.6 OSCILLATOR DRIVE CORD

Details of the drive cord are shown in
Fig, 5.4,

5.7 REPLACEMENT OF COMPONENTS

Fuse

The 20 x 50 mm fuses are fitted in holders
which are mounted on the rear panel, Do not change
gither of these fuses without first switching off the
mains supply, otherwise circuit damage could re-
sult,

Transistors

Transistors that are mounted in holders may
need to be selected for low noise if replaced.

23008 (Ze)

Crystal

On the calibrator (Unit A12), the crystal
fitted may either have pins to fit a socket or be
wire-ended. The socket is always fitted, but with
a wire~ended crystal, the socket contacts are
removed and taped o the board beneath the crystal.
Either type of crystal may be used for replacement,
but if a type with pins is to replace a wire-ended
type, the socket contacts must be refitted and
conhected to tags 13 and 14.

RF attenuator

AT1 is a sealed unit. Contact Marconi
Instruments if repair appears necessary in this unit.
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Chapter

6 "~ Replaceable parts

Introduction

The modulation meter consists of 2 number
of sub-assemblies, each of which is allocated an
identity number in the sequence A0 to Al5 inclus-
ive, as follows :~

AD - Main chassis
Al - Mixer
A2 - Oscillator assembly

A2a Qgcilliator
A2b Oscillator controls

A3 -~ IF amplifier

A4 - Limiter

Ab - Diseriminator

A6 - 200 kHz 1.p. filter

AN - 1gti.f. ampliifier

A8 -~ 15 kHgz i.p. filter

A9 - 2nd 1. {f. amplifier -
Al0 - Peak reading voltmeter

All - AM detector

Ai2 -~ Calibrator

Al3 - Power silpply unit assembly
Al4 - Component board

Al5 - Oscillator switch

The complete reference of a part consists of
the sub-assembly number followed by its circuit
reference, e.g., A4C5, ATR4, ete., and this should
always be stated on any order, letter, etc. For
convenience in the text and on cireuit diagrams,
the circuit reference is abbreviated by dropping
the sub-assemhbly prefix except where there is a
risk of ambiguity,

Replaceable parts are grouped in order of
sub-assembly designation and itemized in alpha-
numerical order of circuit references, with mis-
cellaneous parts at the end of each list. The
following abbreviations are used ;-

C ; capacitor

Carb : carbon

Cer 1 ceramic

D ¢ semiconductor diode
Elec + ele ctrolytic

FS§ : fuse

1c : integrated cireuit
L : inductor

LP : lamp

M : meter
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Met : metal

Min : minimum value
MR : semiconductor diode
Ox : oXxide

PL : plug

Plas : plastic

R : resistor

RV : variable resistor
5 : switch

SK : socket

SKT . socket

T : transformer

Tant : tantalum

TR : transistor

Var : variable or preset
VT : transistor

W . watts at 70°C

WWwW : wirewound

ferrite bead

: value selected during test; nominal
value listed

0] : feed-through component

—+

Ordering

When ordering replacements, address the
order to our Service Division {(address on rear
cover) or nearest agent and specify the following
for each component required.

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

{3) Description

{4) MIcode

* a8 piven on the serial nhumber label at the rear
of the instrument; if this is superseded by 2 model
number label, quote the model number instead of
the type number.

If a part is not listed, state its function, loca-
tion and description when ordering.

One or more of the parts fitted to the instru-
ment may differ from those listed in this chapter
for any of the following reasons :

{a) Components indicated by ”f‘ have their value

selected during test to achieve particular
performance limits,
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(b} Owing to supply difficulties components may
be substituted by others of different type or
value provided that the overall performance

of the instrument is maintained.

{c) As part of a poliey of continuous development,

components may be changed in value or type

to obtain detail improvements in perf ormance,

‘Whenever there is such a difference between -
the component fitted and the one listed, always use

a replacement the same type and value as found in

the instrument.

Transistor selection

Transistors that are mounted in holders may

need to be selected for low noise if replaced.

A0—Main aésembly with range attenuator

When ordering, prefix circuit reference'with AD

Circuit

reference Description

ct Cer 0.1uF +50-25% 30V
Cc2 Cer 0.1uF +50-25% 30V
C3 Cer 0.1uF +50-25% 30V
C4 Cer 0.1uF +50-25% 30V
C5 Plas 0,201uF +1.1% 125V
C6 Plas 0.302uF +1.1% 125V
c7 Plas 0.047uF £10% 250V
c8 Cer 0. 1uF +50-25% 30V
Co Plas 0. 047uF £10% 400V

C10 Cer 500p¥F =10% 500V

C12 Plas 3. 3uF £5% 60V
€13 Plas 0.04pF 1% 160V
Cl4 Plas 1, 5uF 2% 100V
LPl Red neon lamp 110V
M1 Meter

PLA Plug, r.f. miniature
PLB Plug, r.f. miniature
PLC Plug, r.{; miniature

M.1. code

26383-031~

26383031~

26383-031-

26383031

26518-330 7

26518-341
26582-206
26383-021
26555471
26364-301

26551242

A

26516-818 -

26511-398
23733-154
44559006

23441-014
23441-014
23441014

Circait
reference

R1
R2
R3
R4
RS
R8

R8

RY

R10
R1i
R12
R13
R14
R15

R1ié

R18
R19

R21
R22
R23
R24

R26

SA
SB
5C
8D
8

SKK
SKL

‘Description

Var carb 3.3k £20% 2W
Var WW 50002 =10% 1W
Var WW 5kQ £10% 1W
Var WW 5000 210% 1W
Var carb 4.7kQ 220% 2W
Var carb 100kQ 220% 2W

Met film 1,925k$ +0.1% 3W
Met film 1.423kG +0,1% W
Met film 1.925kQ +0.1% 3W
Met film 1.222k £0,1% 3W
Met film 4.95k$ 0,1% W
Met film 1.18k$ 20.1% W
Met film 1.027kG 0,1% W
Met film 33.00k8 1% 3W

Met film 1.027kS £0.1% W

Met film 220kQ 2% 2W
Met film 220k 2% W

Met film 10kQ 2% 4W

Met film 1.222k$ +0.1% &W
Met film 4,95k £0,1% W
Met film 1.222kG £0,1% +W

Met ox 220 2% iW

SUPPLY switch
FUNCTION switch

MODULATION RANGE switch

DE-EMPHASIS switeh

FREQUENCY RESPONSE
gwitch

IF OUT socket, 5002, BNC
QUTPUT socket, 5002, BNC

For symbols and abbreviations see introduction to this chapter

23008 (2b)

M.1. code

25645-354
25815-147
25815-129
25815147
25645-384
25645441

24723-332
24723-333
24723-332
24723-331
24723-335
24723-334
24723-330
24637-506

24723330

24773-32%
24773-329

24773297
24723-331
24723335
24723-331

24573-033

23462-258
44340-057
44340-056
44340-059

44340-060
23443443
23443443
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Circuit

reference Description

Atl--Mixer 44990.075

When ordering, prefix circuit reference with Al

ATI1 Attenuator assembly

Cl Cer 33pF 5% 750V

MR1 Diode HP5082-2800

R1 Met film 2.7k £2% tw
R2 Met film 4700 22% 4W
R3 Met film 560 +2% W

R4 Met film 10kQ +2% W
SKC Socket, r.{. miniature
SKD RT IN socket, 508, BNC

SKE Socket, 508, BNC

A2 Oscillator 44990-080

When ordering, prefix circuit reference with A2

C24 Cer 0.0047uF +80-20% 500V
25 Cer 0, 0047pF +80-20% 500V
C26 Cer 0.0047pF +80-20% 500V
c27 Cer 0.0047uF +80-20% 500V
C28 Cer 0.0047uF +80-20% 500V
29 Cer 0, 0047pF +80-20% 500V
C30 Cer C.1ul" +50-20% 20V

Rl Var WW 10kQ £5% 2W

SA FREQUENCY RANGE switch

SKT Socket, 508, BNC

M.1. code

44429-008

26324-822

28349-007

24773-283
24773-265
24773-243
24773-297

23441-044
23443-503
23443-406

26373-665
26373-665
26373-865
26373-665
26373-665
26373-665
26383031

25885-151

44340058

23443-461

Circuit

reference Description M.1. code
cile ndw s fedfe

Ala--Oscillator 44827-276
When ordering, prefix circuit reference with A2g

Complete board 44 827-276
C1 Plas 6,47uF +10% 63V 26582 410
C2 Cer 0,01pF +80-20% 100V 26383-055
Ca Elec 100uF +100-20% 25V 26423-243
C4 Cer 0.01pF +80-20% 100V 26383-055
Ch Cer 0, 01pF +80-20% 100V 26383-055
C6 Plas 580pF 2% 350V 26516-428
c7 Elec 100pF +100-20% 25V 26423-243
C§ Cer 0.01uF +80-20% 100V 26383055
C9 Cer 0, 01pF +80-20% 100V 26383-055
c1o Plas 330pF 2% 350V 26516-372
Cci11 Elec 100uF +100-20% 25V 26423-243
Ci2 Cer 0.01uF +80-20% 100V 26383-055
C13 Cer 0, 01uF +80-20% 100V 26383-055
C14 Plas 560pF +2% 350V 26516-428
C15 Elec 1004F +100-20% 25V 26423-243
C16 Cer 0,01pF +80-20% 100V 26383-055
C17 Cer 0.001uF +80-20% 500V  26383-242
C18 Cer 0.001uF +80-20% 500V  26383-242
Cc19 Cer 0, 01pF +80~20% 106V 26383-055
C20 Elec 22uF +100-20% 25V 26415-805
col Cer 0,001pF +80-20% 500V 26383-242
Cc22 Elec 100uF +100-20% 25V 26415-813
DI to D21 BB405B 28381-101V
D22 1N4148 28338=678

For symbols gnd abbreviations see introduction to this chapter
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Circuit
reference
Dz3
D24
D25

1.1
12
13
L4
L5

R1
R2
R3
R4
R5
R6
R7
RS

Ry T
R10
R1i2

R13
R14
R15
R16
R17
R18
RrR1g +
r2o

res T

T1

TR1
TR2

Description

iN4148
1N4148
IN4148

Coil assembly
Coil assembly
Coil assembly
Coil assembly

RTF choke 6, 8uf

Met film 4.7k +2% 1w
Met film 3009':&2% rw
Met film 3kQ #2% iw
Met film 10ksz +2% 1w

Met film 3008 22% 3w *

Met film 3k 2% 3 W
Met film 10kD =2G iwW
Met film 300§ 2% W
Met film 2,2kQ 22% 2W

Met fiim 10k 2% zW
Met film 820G +2% 3W

Met film 10k +2% 4W
Met [ilm 3,3k 2% IW
Met film 4.7k %29 §W
Met {ilm 6809 +2% iW
Met film 2k 2% iW
Met film 200Q 2% Iw
Met film 338 2% IW
Met film 3.6k8 £2% W

Met film 8208 2% 3W

Oscillator transformer

BF 244B
BT 2448
WN 428

M.l code

28336-676
28336-676
28336-676

44290-138
44290-137
44290-136
44290-135
23642-554

24773-289
24773-260
24773-284
24773297
24773-260
247753284
24773-297
24773-260
24773-281

24773-297
24773-271

24773-297
24773-285
24773-289
24773-269
24773-280
24773-256
24773213
24773~286

24773-271
43541014

28459-036
28459-036
28459-025

Cireuit
reference

TR4
TRS

A2b--Oscillator Controls 44827-274

When ordering, prefix circuit reference with AZb

R1
R2
E3
R4

R6
R7
R&
Ro
R
Ri1
R12
R13
Ri4
R13
R16
R17
R1S8

Description

WN428§
BSX 20

Complete board

Var carb 4. 7k§ +20% iW
Var carb 2.2k$ 220% 3w
Var carb 4.7k0 +20% 1W
Var carb 2.2k0 +20% W
Var carb 4, 7k§ +206% 3w
Var carb 2.2k$ 220% 3w
Var carb 4.7k§ #20% iW
Var carb 4, 7kG «20% 2w
Var carb 4.7k$ +20% W
Var carb 4.7k§ +20% W
Var carb 4.7k +20% 1w
Var carb 4.7kG +20% iW
Var carb 4. 7k§ +20% ;W
Var carb 4.7kG +20% W
Var carb 10kC +20% 4W
Var carb 22k§ +20% 1w
Met film 10k$ 2% W
Carb 1M§ 5% 1/8W

A3—iF Amptlifier TM 7132

When ardering, prefix circuit reference with A3

C1
Cc2
C3
C4
C3
Cé

Complete board

Cer.O. 1uF +50-25% 25 V
Cer 0.1uF +50-25% 25 V
Cer 0.1pF +50-25% 25 V
Cer 0, 1uF +50-25% 25 V
Mica 352pF 21% 750 V
Mica 352pF %1% 750 V

Far symbols and abbreviations see introduction te this chapter
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M.1. code

28459-925
28452-197

44827274
25611-076
25611074
25611-076
25611074
25611076
25611-074
25611-076
25611-076
25611-078
25611076
25611-078
25611-076
25611076
25611-076
25611~078
25611~080
24773-297
24311-945

44648-102
26383-031
26383-031
26383-031
26383-031
26258-141
26258-141
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Circuit

reference
c7

1823

ce
Cio
C11
C12
C13
Cl4
Cls
Cle

Ci8
Clo

L1
12
13

L5
L&

Rl
RZ
R3
R4
R5
RE
R7
RS
RO
RI10
Ril
R1z2
Ri3
R14

56

Description

Cer 0,1uF +50-25% 25 V
Cer 0.1uF +50-25% 25 V
Cer 0.1uF +50-25% 25 V
Cer 0.1uF +50-25% 25 V
Mica 352pF +1% 750 V

Mica 352pF £1% 750 v

Cer 0.1pF +50-25% 25 V
Cer 0.1uF +50-25% 25 V
Cer 0.1uF +50-25% 25 V
Cer 0, 1pF +50-25% 25 V

Cer 0, 1pF +56.25% 25 V

Cer ¢ 0.001uF min, 350 V

55,2 uH
55,2 uH
55, 2 uH
55,2 uH
55.2 H
55,2 uH

Met ox 3, 9k2 =29 W
Met ox 18k +2%
Met ox 82002 2%
Met ox 2000 +2%
Met ox 3, 9k +2% W
Met film 390 +2% W
Met film 1, 5k +2% W
Met ox 5600 22% W
Met ox 4700 2% W
Met ox 2. 7k +2% W
Met ox 11k$? £2% W

g g

[
=

Met ox 1500 +2% W
Met ox 2. 2k 2% LW
Met film 39Q +2% +W

M.1. code

26383-031
26383-031
26383-031
26383-031
26258-141
26258-141
26383-031
26383-031
26383-031
26383-031

26383-031
26372-611

44257402
44257402
44257402
44257402
44257-402
44257402

24573-087
24573-103
24573-071
24573056
24573-087
24773-239
24773-277
24573067
24573065
24573083
24573088
24573-053
24573-081
24773-239

Circuit
reference

R15
R186
R17
R18
R19
R20
R21
RZ2
R23
R24

SKTA
SKTR

VT1
vT2
VT3
VT4
VT5
V6

Description

Met film 1, 5kQ +2% W
Met ox 5600 22% W
Met ox 47002 2% tw
Met ox 18kt £2% W
Met ox 4. 7kQ +2% tw
Met ox 3.3k 2% W
Met ox 3900 £2% W
Met ox 1.2kQ =2% W
Met film 220 +29% W
Met film 68002 +2% 1W

5

|

RF miniature

RF miniature

MPS 3640
MPS 3640
MPS 3640
BCY 72
BCY 72
BCY 72

Ad—Limiter TM 7285

When ordering, prefix circuit reference with Ad

Ci
cz
C3
C4
Ch
Cé
C7
c8
co
Ci0

Complete board

Cer 0.1uF +50-25% 25 V
Cer 0, 1uF +50-25% 25 V
Cer 0,1uF +50-25% 25 V
Cer 0. 1uF +50-25% 25 V
Cer 0. 1pF +50-25% 25 V
Cer 0.1uF +50-25% 25 V
Cer 0. 1uF +56-25% 25 V
Cer 0.1uF +50-25% 25 V
Cer G, 1uF +50-25% 25 V
Cer 0.1uF +50-25% 25 V

For symbols and abbrevigtions see introduction to this chapter

M.l. code

24773277
24573-067
24573065
24573-103
24575-089
24573-085
24573-063
24573075
24773-233
24773-269

23441-044
23441-044

28431-766
28431-766
28431766
28433487
28433487
28433487

44683-401

26383-031
26383-031
26383-031
26383-031
26383-031
26383-031
26383-031
26383031
26383-031
26383-031

23008 (2a)



Circuit

reference Description M.1. code
Cit Cer 0, 1pF +50-25% 25 V 26383-031
clz Cer 0, IpF +50-25% 25V 26383-031

C13 Cer § 0.0047uF +80-20% B00V 26373-665
Cl4 Cer @ 0.0047uT +80-20% 500V 26373665

L1 Assembly TM 8073/2 44253 -208
MRI1 AAZ1T ‘ 28322-157
R1 Met film 1k £2% W 24773-273
R2 Met film 3300 +2% 4w 24773-261
R3 Met film 6800 2% W 24773-269
R4 Met film 47082 £2% W 24773-265
R3 Met film 1000 =29 +W 24773249
R6 Met film ﬁéesz 2% W 24773-269
R7 Met film 3309 2% IW 24773-261
RS Met film 1k £2% 3W 24773-273
R9 Met film 1kQ 2% tw 24773-273
R10 Met film 3300 2% FW 24773-261
R11 Met film 4700 22% 1w 24773265
R12 Met film 10082 +2% W 24773-249
R13 Met film 680 +2% W 24773-269
Ri4 Met film 3308 £2% 1IW 24773-261
R15 Met ox 2k +2% W 24573-080
R16 Met film 1k2 +2% W 24773273
R17 Met film 330Q 2% W 24773-261
R18 Met ox 5600 £2% 1w 24573-067
R19 Met ox 47082 +2% W . 24573-065
R20 Met film 100§ +2% 3 W 24773-249
R21 Met film 1805 +2% W 24773255
R22 Met film 3308 +2% IW 24773-261
R23 Met ox 2. 2k £2% 1w 24573081
R24 Met ox 2, 7k £2% W 24575-083

Circult
reference Description

RV1 Var carb 10002 £20% 1w
RV?2 Var carb 10002 +20% fw
RV3 Var carb 1009 =20% 1w

VTi  BCY72
VT2  BCY72
VT3  BCY72
VT4 BCY72
VT5  BCYT72
VT8  BCY72

X1 Ferrite bead, FX1115
X2 Ferrite bead, FX111i5
X3 Ferrite bead, FX1i15
x4 Ferrite bead, FX1115
X5 Ferrite bead, FX1115

AB—Discriminator 44827-264

When ordering, prefix circuit reference with AS

Complete board

Cl Cer 0, 1pF +50-25% 25 V
c2 Cer 10pF £0.5pF 7150 V
C3 Cer 10pF +0.5pF 750 V
C4 Cer 6. 8pF +0, 25pF 750 V

C5 1 Plas 27pF +2p¥F 350V

Cé Elec 100pF +100-20% 25 V
cr Cer 0. IuF +50-25% 25 Vv

C8 Cer 0.1uF +50-25% 25 Vv

Co Elec 100pF +100-20% 25 V

cio Cer 0.1uF +50-25% 25 V
c11 Cer 0, 1uF +50-25% 25 V

M.1. code

25611-102
25611 -102
25611-102

28433487
28433487
28433 -487
28433487
28433487
28433487

23635-833
23635-833
23635-833
23635-833
23635-833

44827264
26383~031
26324-085
26324-085
26324-708
26516-108
26415~-813
26383-031
26383-031
26415-813
26383031
26383-031

Ci3d Cer @ 0.0047uF +80-20% 500V 26373-665
Ci4 Cer 0.0047uF +80-20% 500V 26373-665

For symbols gnd abbreviations see introduction to this chopter

23008 (2d)
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Clrcuit
reference

MR1
MR2

Rl
RZ
R3
R4
R5
R&
R7
R8
RO
RLO
R11
R1z2
R13
Rl4
Ri5
Ri6
R1Y
Risg

RV1

VTL
VT2
VT3
VT4
VTb
vTe
VT

58

Description

AAZLT
AAZLT

Met film 1.5kQ +2% 1w
Met film 1, 8k +2% W
Met film 3.3kQ 2% W
Met film 330 2% 2w
Met film 1k =2% 1w
Met film 100Q 2% IW
Met film 330§ 2% W
Met film 10k +20; W
Met film 22kQ 2% W
Met ox 5.6k =2% 4W
Met film 10k +2% AW
Met ox 1k 2% Lw
Met ox 2008 =20 W
Met ox 1k +2% W
Met ox 12k§2 =27 W
Met film 33Q =2% W
Met film 470G =29 +W
Met film 47082 £20 3W

Var carb 4, 7ki2 +20% tw

BSX20
BSX20
B&SX20
BCl09
BSYZ7
BC10S
BC10%

Ferrite bead, FX1115
Ferrite bead, FX1115
Ferrite bead, FX1115

M.i. code

28322-157
28322-157

24773-277
24773279
24773-285
24773237
24773-273
24773-249
24773-261
24773-297
24773-305
24573-091
24773 297
24573-073
24573-066
24573-073
24573099
24773237
24773-265
24773-265

25611 -122

28452197
28452-197
28452-197
28452777
28452 -843
28452777
28452777

23635-833
23635-833
23635-833

Circuit
reference

A6-200 kHz Low-pass Filter TM 7700

Description

When ordering, prefix circuit reference with Aé

-Cl

Ccz
c3

L1
L2

R1

Complete board

Plas 720pF +1% 350V
Plas 0.00144pF %1% 350V
Plas 720pF +1% 350V

Assembly TM 7842
Assembly TM 7842

Met film ¥ k@2 £1% 3 W

AT--1st LF Amplifier 44827-265

When ordering, brefix circuit reference with A7

C1
Cc2
C3
C4
Caé
Cé
C7

R1
R2
R3
R4
Rb5
R6
R7
RS
R%
R10
R11
R12Z

Complete board

Elec 470uF +100-20% 25 V
Elec 100pF +100-20% 25 V
Cer L5pF +5% 750 V

Elec 100pF +100-20% 25 V
Elec 100pF +100-20% 25 V
Elec 100pF +100-20% 25 V
Elec 470uF +100-20% 25 V

Met film 10082 +2% W
Met film 1k§2 £1% 2w
Met film 5.6k ilz% iw
Met film 2. 2kQ +2% W

Met film 4. 7§z 2% 2W

Met film 5,650 22% W
Met ox 3.3k +2% W
Met ox 20k 2% W
Met film 2, 2k +2% W

‘Met film 56§ 2% ;W

Met film 828 22% W
Met film 22k0 £2% W

For symbals and abbreviagtions see introduction to this chapter

M.1, code

44414-081
26516-928
26516-520
26516-928

44266-821

44266-821

24637-101

44 827-265

26415822
26415-813
26324-795
26415-813
26415-813
26415-813
26415-822

24773249
24637-101
24773-291
24773-281
24773-289
24773-291
24575085
24573104
24773281
24773243
24773247
24773-305

23008 (2d)



Cireuit
reference
R13
Ri4

VTl
VT2
VT3
VT4

A8—15 kHz Low-pass Filter TM 7702

Description

Met film 1k 229, W
Met film 1kQ +1% W

BCYT1
BCY71
2N1304
2N1304

When ordering, prefix circuit reference with A8

Ci
G2

11

Complete hoard
Plas 0.0087uF 1% 160V
Plag 0.0067uF +1% 160V

Assembly TM 7842/1

A9—2nd LF Amplifier TM 8806

When ordering, prefix circuit reference with A¢

Complete board

M.l code

24773~273
24637-101

28435235
28435-235
28443-528
28443-528

44414082
26516-683
26516-683

44271-409

44642-108
26415-822
26383-031
26324-795
26415-813
26415-813
26415-813
26415-822
26324-795
26415.813
26415-813
26415-822
26415-813

24773-241
24637-101
24773-291

Circuit
reference
R4
R5
R6
R7
R8
RS
R1Q
R11
Ri2
R13
R14
Rib
R1§
R17
R18
R19
R20
R21
Rr22

RV1

VT1
VT2
VT3
VT4
VTS
V'Ee

Description

Met film 2. 2kQ +2% iw
Met film 4. 7k 2% W
Met film 5.6k £2% W
Met ox 20k 2% ;W
Mel ox 10kG =2 IW
Met film 2.2k £2% W
Met film 5008 +1% Iw
Met film 50002 =1% FW
Met fiim 5.6k +29,
Met film 2. 2kQ +2%
Met film 4. 7k2 2%
Met film 5.6k 2% Iw

TS I
# =

=

Met ox 20k =2% W
Met film 2. 2kQ +2G 2w
Met film 5602 +2% IW
Met film 820 +2% tw
Met film 22k =29 3W
Met film 1k 2% IW
Met film 6008 £1% IW

Var WW 22k +10% 1w

BCY 72
BCY 72
BCY 72
BCY 72
9N1304
2N1304

M.1 cade

24773-281
24773-289
24773-291
24573-104
24573-097
24773-281
24636-808
24636-808
24773-291
24773-281
24773-289
24773-291
24573-104
24773-281
24773-243
24773247

C24773-305

24773273
24636-802

25811-554

28433-487
28433-487
28433487
28433487
28443-528
28443-528

A10-—Peak Reading Voltmeter TM 8805

When ordering, prefix circuit reference with A10

C1

C3

Complete board

Elec 100pT +100-20% 25 V
Cer 0. 1pF +50-25% 30 V
Elec 470uF +100-20% 25 V

For symbols gnd abbreviations see introduction to this chapter

c1 Elec 470uF +100-20% 25 V
2 Cer 0, 1uF +50-25% 30 V
C3 Cer 15p¥ 5% 750 V

C4 Elec 100uF +100-20% 25 V
5 Elec 100uF +100-20% 25 V
Cé Elec 100uF +100-20% 25 V
CT Elec 470pF +100-20% 25 V
C8 Cer 15pF 5% 750 V

of:] Elec 100pF +100-20% 25 V
C1o Elec 100uF +100-20% 25 V
C11 Elee 470uF +100-20% 25 V
Cc12 Elec 100uF +100-20% 25 V
R1 Met film 47Q +2% 1w

R2 Met film 1k2 19 tw

R3 Met film 5,6k +2% iW
23008 (2b)

44686603

26415-813
26383031
26415-822

59
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(ircuit
reference

C4
Cb
ol
Cc1
C8
Cg
Clé
Cl1
C12
Ci4
Cib

MR}

R1
R2
R3
R4
RS
R6
R7
RS
R9
R10
R11
R12
R13
R14
R15

RI6
RI7
R18
R19
R20
R21

60

Description

Elec 100pF +100-20% 25 V
Elec 100uF +100-20% 25 V
Elec 100uF +100-20% 25 V
Elec 100uF +100-20% 25 V
Elec 15uF +20% 15 V

Elec 100uF +100-20% 25 V
Elec 100uF +100-20% 25 V
Elec 100pF +100-20% 25 V
Elec 100uF +100-20% 25 V
Plag 0. 01pF =10% 630 V
Cer 15p¥F +0, 253pF 750 V

ING14

Met ox 3. 9k +2% W

Met film 5.6k £2% 4w
Met ox 15k02 +2% W
Met film 2, 7k +2F
Met film 4. 7k 2%
Met film 2. 2k 29
Met ox 1. 2k £2% $W
Met film 10ks 2% iW

W
W
W

Ll Ll

Met film 2, 2k2 2% W
Met film 5.6kQ +20 1w
Met film 4. Tk +2% 1W
Met ox 20k £2% &W
Met ox 4700 +2% +W
Met ox 1k +2% W
Met ox 68k{2 £2%
Met ox 20k$2 229

W

[ id

W

b

Met ox 1k 2% tw
Met ox 47082 +2% W
Met ox 20k +2% W
Met film 2.2k +2% W
Met film 5, 6k +2% W

M.1. cade

26415-813
26415-813
26415-813
26415-813
26485-278
26415-813

- 26415-813

26415-813
26415-813
26555-463
26324-712

28336-676

24573-087
24773291
24573-101
24773283
24773289
24773-281
24573075
24773-297
24773-281
24773-291
24773-289
24573-104
24573-065
24573-073
24573-117
24573-104
24573073
24573065
24573-104
24773-281
24773-291

Circuit

reference Description

R22 Met film 4. 7kQ +2% W
R23 Met film 10k 2% iw
R24 Met film 1M$ 2% iW

RV1 Var WW 1.5k £10% 1W

VTi BCY 72
VTz BCY 72
VT3 BCY 72
VT4 2N706
VT5 2N706
vTé BCY 72

At1—AM Detector 44827-270

When ordering, prefix circuit reference with Al1

Comf,)lete board

c1 Cer 0.1uF +50-25% 30 V
c2 Cer 0.1uF +50-25% 50 V
Cc3 Cer 0. 1uF +50-25% 50 V
C4 Plas 680pF 229 350V
[of3] Cer 0.1uF +50-25% 30V
cé Plas 0.0028uF 2% 160V
okt Plas 0.0028uF +2% 160V
o Plas 0.0028uF +2% 160V
co Plas 0.0028uF 42 160V
Ll 22uH

L2 3.54mH

L3 3. 54mH

MR1  AAZ17

Rl Met ox 3k 2% W
R2 Met ox 910kQ +2% FW

For symbofs and abbreviations see introduction to this chapter

M.l code

24773-289
24773-297
24573145

25811-542

28433487
28433-487
28433487
28433356
28433-356
28433-487

44827-270

26383031
26383-031
26383031
26516-446
26383-031
26516-591
26516~591
26516-591
26516-581

44290-244
44267403
44267 -403

28322-157

24573084
24573-072

2300 (Zc)



Circuit Circuit

reference Description M.1. code reference Description M.1. code
R3 Met ox 1k +2% dw 24575075 MR1 AAT1Y ' 28322157
R4 Met ox 10082 £2% W 24573-049 MR2 AAZIY 28392157
R5 Met ox 8.2k0 +2% 1w 24573095
R6 Met ox 20k 229 Aw 24573-104
) o N )
7 Met ox 20k 220 W 24573104 Ri Met film 4. 7kQ 2% W 34773 -289
- - g 1 ‘ _
RS Met ox 1.5k +2% Sw 94573077 RZ Met film 560 29 IwW 24773267
: i .90 1 -
- Met ox 4700 +25 1w 24579065 R3 Met film 120kQ +2% 1w 24773-323
L -
RIC  Met ox 2.4kQ 420 1w 24573-082 4 Met ox 822 +2% §W 24573119
ot £ ag 1 -
RI1  Met film 12k +1% 3w 24637-513 RO Met film 5602 £2% aW 2ATT3-267
t film 4. 7k 2% & -
R12 Met ox 8200 +2 W 24573-071 R6 Met film 4.7k +2% W 24773-289
RT Met film 10kQ 2% 2w 24773297
{ R13 Mot ox 3300 +2% iw 24573-061 .
RS Met film 5,6k £2% 1w 24773-291
R14 Met ox 1MQ #2% W 24573-145 ‘
RY Met film 1kQ 2% ‘w 24773273
R10 Met film 22k 220 W 24773-305
VTl MPS 3640 28431-766
R11 Met ox 15k +2% W 24578101
VT2 MPS 36460 28431766
4 or iy P
VT3 ONT06 _ 28435 256 R12 Met film 1k =29 3w 24773-273
R18 Met film 15kQ +2% iw 24%773-301
Ri4 Meft film 10k 22% fw 24773 -267
A12—Calibrator TM 7620 R15 Met film 22kQ 2% 1w 24773305
When ordering, prefix circuit reference with A12 R16 Met fitm 10kQ £29 -é—W 24773997
Complete boaxd 687101 a7 Met film 10kR <29 2w 24773-297
1 Cer 33pT +5pF 750V 26324822 p1g Met film 5600 2% 1w 24773267
C3 Cer 300pF £10% 500V 26364-158 R20 Met film 5600 +2% LW 94773267
C4 Plas 0.0015uF +5% 350V 26516-528 Rol Met film 10ke £2% 1w 24773297
C5 Plas 0.047uF +10% 250V 26582-208 R22 Met film 15kQ 2% 3w 24779301
8 Cer 0. 00LpF =10% 500V 26364-302 R23 Met film 10kQ 2% 1w 24775297
7 Cer 100pF +2pF 63V 26343-4TT  Rod4 Mot film 100 2% iW 24773225
Ccs Cer 0.001uF £10% 500V 26364-302
o] Cer 0, 003pF +25% 500V 26364-402
C10 Cer 0. 004uF £25% 500V 26364-403 VTl 25323 28433-318
Cll - Elec 100uF +100-20% 25V 26417-158 VT2 25323 28433-318
Ciz Cer 0. 004uF £20% 25V 26364-403 VT3 2N404 44522004
C13 Cer 0. 001uF £10% 500V 26364-302 VT4 2N404 44522-004
14 Elec 100uF +100-20% 25V 26417158 VTS5 2N404 44522004
Cl5 Cer 0. 1uF +50-25% 30V 26383-031 VTH 2N404 44522-004
For symbols and abbreviations see introduction te this chapter
23008 (24) : &l
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Circuit
reference

VT7
VT8

XL1

Description

2N404
2N404

QMITY

A13—Power Supply Unit 44990-308

When ordering, prefix circuit reference with A13

C1

C3
C4

Cs
C7
C8
ca
C19
Cl2

Cl4
C15
Cl6
C17
C18
Cl9
czo
c21
22

D1
to

D8
FSli}
rs2

62

Complete board

Elec 220uF +100-20% 10V
Elec 220uF +100-20% 10V
Plas 510pF %29 350V

Elec 100uF +100-20% 25V
Flec 100pF +100-20% 40V
Plas 680p¥ 2% 350V

Plas 510pF %2% 350V

Elec 100uF +100-20% 40V
Elec 100uF +100~-20% 25V
Elec 220uF +100-20% 10V
Elec 220uF +100-20% 16V
Elec 2200uF +50-10% 40V
Elec 2200pF +50-10% 40V
Plas 0,47uF +20% 100V

Cer ¢ 4700pF +80-20% 500V
Cer ¢ 4700pF +80-20% 500V
Cer ¢} 4700pF +80-20% 500V
Cer ¢ 4700pF +80-20% 500V
Cer @ 4700pF +80-20% 500V
Cer 0,1p2F 20% 100V

1N4004

Fuse link 100mA
{230V operation)

M.L code

44522004
44522-004

28311-680

44827275
26423-251
26423-251
26516-417
26423-243
26415-814
26516446
26516-417
26415-814
26423-243
26423-251
26423-253
26426086
26426-086
26582-323
26373-663
26373-665
26373-665
26373 -665
26373665
26386-409

28357-028

23411052

Circuit
reference

Fs1
Fs2

I1C1
1C3
IC4

PL1

R2
R3
R4
RS
Ré&
R7
RS
RO
R1i0
R11
R12

Rl4
Rls
R17
R18
R19
R20
R21
R22

SA

T1

Description

Fuse link 160mA
{115V operation)

Fuse holder

Fuse holder cover

uA 723
A 723
uA 723

Mains /filter connector

Met film 12582 22% W
Var WW 2, 2k =10% 1W
Met film 3.9k +2% +W
Met film 6. 2k2 +2% W
Met film 3300 =2% IW
Met ox 1,80 +£10% W
Met film 6.8k 2% W
Met film 6, 8k £2% W
Met film 12k 220 IW
Var WWwW 2,2k 210% 1W
Met film 4, 7ki2 +2% W

Met film 5600 2% FW
Met film 12k £2% W
Var WW.2, 2k =10% 1W
Met film 4, 7k £2% W
Met film 6.2k £2% W
Met film 3300 2% W
Met ox 108 +2% W

Met film 12kQ +2% IW
Met film 12k2 £2% W

Mains voliage selector

Mains transformer

For symbols and abbreviations see introduction te this chapter

M.1. code

23411-054

23416-192
23416~198

28461 -706
28461-706
28461 -706

23423~150

24773-259
25811-021
24773287
24773-292
24773-261
24582-559
24773-293
24773-293
24773288
25811021
24773-289

24773267
24773-299
25811-021
24773289
24773292
24773-261
24573-025
24773-299
24773-298

23467-161

43490-014

23008 {2d)



Circuit
reference

TR1
TR2
TR3
TR4

Description

BCYT2
2N3055
2N3055
2N3055

A14--Component Board TM 8742

When ordering, prefix circuit reference with AT4

Cl

R1
RV1

Complete board

Elec 100uF +100-20% 25V

Met ox 18k +2% 4W
Var WW 5k 210% 1W

A15-—-Oscillator Switch 44990-084

When ordering, prefix circuit reference with A15

PLE
PLJ

R1

SKF
SKG

Complete board
Plug, 508, BNC
Plug, 5082, BNC

Met film 5108 229 W

QOSCILLATOR switch

Socket, 5082, BNC

Socket, 2mm

Socket, 5082, GP

Crystal Oscillator TK 2302

Ci
cz
C3

Complete board _

Cer 0, 001uF +80-20% 500 V
Cer 0, 01pF +80-20% 100 V
Cer 0.01uF +80-20% 160 V

M.L code

28433487
28456 -567
28456 -567
28456-567

44688-106

26417-158

24573103
25811 -547

44990-084
23443-307
23443-307

24773-266

44340-061

23443-540
23421-126
23444-146

44827277
26383~242
26383-055
26383-055

Circuit
reference

C4
C5
C6
C7
C8
co
C10
Cil
Clz
C13
Ci4

C15

D1
D2
D3
D4

Ll
L2
13

:{‘35

PLA
PLB

Rl
RZ
R3
R4
R&
R6
R7

Rre T

Description

Tant 4, TpF £20% 35 V
Plas 150pF 42% 350V

Cer 0. 01uF +80-20% 100 V
Cer 0.01uF +80-20% 100 V
Cer 0. 01uF +80-20% 100 V
Cer 0.01uF +80-20% 100 V
Cer 0, 01pF +80-20% 100 V
Cer 0.01pF +80-20% 100 V
Cer 0. 01uF +80-20% 100 V
Cer 0.01uF +80-20% 100 V
Cer 0. 001pF +80-20% 500 V
Cer 33pF 5% 63V

BB105

BB105

BB105

BB105

Oscillator coil

Harmonic generaior coil
Harmonic generator coil
Harmonic generator coil

Harmronic generafor coil

Plug, 2mm

Plug, 5052, GP

Var carb 20kQ £20% W
Var earb 20k £20% $W
Var carb 20k2 =20% W

Met film 1.2k 2% W

b

Met. film 1.2kQ +2% tW
Met film 1.5k £2% 2w
Met film 475 +2% IW
Met film 1k +2% W

For symbols and abbreviations see introduction to this chapter

23060B (2d)

M.l code

26486-556
26516-289
26383-055
26383-055
26383-055
26383055
26383~055
26383-055
26383055
26383055
26383-242
28343-47T1
28381 -096
28381-096
28381-096
28381 -096

44280152
44251 -207
35124411
44251 -207
35124411

23421-058
23444027

25621-301
25621 -301
256231301
24773275
24773-285
24773-277
24773-241
24?73~273

63



Lircuit:
reference

R9
R10
R1t
RiZ
Ri3 ¥
Ri4
R15
Ri6T
R17
R18
R19
R20

SA

TR1
TR2

. TR3
Xi L3

Description

Met film 27082 +2% iW
Met film 22k +2% 2w
Met film 100Q +2% W
Met film 2200 +2% W
Met film 470 =2% W

Met film 1009 2% iW

Met filin 2200 20, iW

Met film 470 2% ;W
Met film 1k =2% ZW
Met film 1k +2% $W
Met film 1kQ £2% W
Met film 39080 =2%

CRYSTAL switch

BFY90
BSX20
BSX20

Mechanical parts

Knob, FREQUENCY RANGE switch
Knob, Coarse TUNE FREQUENCY

Knoby, Fine TUNE FREQUENCY

&4

control

control

M1 code

24773-259
24773-305
24773-249
24793257
24773-241
24773-249

24773257

24773-241
24773273
24773273
24773273
24773-263

445340062

28452-157
28452-197

28452-197
23635~ F3ix

41145-407

41149-021

41149017

Circuit

reference Description

Knob, RF LEVEL control

Knob, DE-EMPHASIS switch

Knob, OSCILLATOR swiich

Knobh, SET AM control

Knob, FUNCTION switch

Knob, MODULATION RANGE switch
Knob, FREQUENCY RESPONSE switch

Window, TUNING dial

Lower cover (feet and stand not
included)}

Attachment screw {four)

Washer (four)

" Stand

Front foot ftwo)
Attachment screw
Rear foot (two)
Attachment screw
Nut
Washer
Top cover
Attachment screw {four)
Washer {four)
Locking plate, Mains voltage selector
Attachment screw {wo}

Washer (two)

For symbols and abbreviations see introduction to this chapter

M.1. code

41149-018
41146-011
41146-011
41149-017
41146-014
41146-011
41146-011

37490-020

35417538
21838-4567
21177-650
35116-109
37588~111
21851-463
22315-663
21851-463
21882-110
21177-650
35523-419
21838-457
21177-650
34444-116
21837~3587
21177-648

+

2300B (2¢)

o






Circuit notes

23008 (22)

ARRANGEMENT

The inter-unit wiring diagram, Fig. 7.1, shows all sub-assembly units in the equipment
together with their reference designators (Al, A2 efc.) and part numbers.
Comyponents that are not on a sub-assembly are part of the main chassis assembly

(designated AQ).

Circuijt-diagrams are arranged in order of the suh-assembly desigpations.

COMPONENT VALUES

Resistors : No suffix = ochms, k = kilohms, M = megohms.
Capacitors : No suffix = microfarads, p = picofarads.

Inductors : No suffix = henries, m = millihenries, p = microhenries.
+ ¢ value selected during test, nominal value shown.

VOLTAGES

Printed in italics. Voltages are d.c. and relative to chassis unless otherwise indicated.

Measured with a 20 kQ/V meter.

SYMBOLS
R arrow indicates clockwise rotation of knob.
/] preset component.
panel marking.

—;} indicates points at same supply potential,

waveform reference number.

SWITCHES

Rotary switches are drawn schematically. Letters indicate the control knob sefting as
shown in the key diagrams. The sequence of sections reading from control knob end

is as follows :-

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

Circuit diagrams
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