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NOTES AND CAUTIONS

EILECTRICAL 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 Requirements 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 dis-
connected from the supply before carrying out any adjustment, replacement or maintenance and
repair during which the equipment shall be opened. If any adjustment, maintenanee 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 (heutral) 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 the supply fuse is connected in series with the brown (live} wire of the supply
lead. If the equipment is connected to the supply via a two-pin plug, it will be possible for the
fuse to become connected to the neutral side depending upon the orientation of the plug in its
socket. In these circumstances certain parts of the instrument could remain at supply potential
even after the fuse has ruptured.

To provide protection against breakdown of the supply lead, its connectors, and filter
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 exc-eding 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 be

avoided,

RADIO FREQUENCY INTERFERENCE

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

1.1 INTRODUCTION

Distortion Factor Meter TF 2331A measures
the total distortion and noise of audio signals in the
fundamental range from 20 Hz to 20 kHz. A dis-
tortion bandwidth of either 100 kHz or 20 kHz can
be selected and a low-frequency stop filter enables
power supply frequencies to be eliminated from the
result. Noise can be measured in the same two
bandwidths or via a weighting filter to show the
noise level in terms of its interference value in a
broadcast system. A telephone weighting filter
can be fitted as an alternative.

The instrument consists of a selective ampli-
fier tuned to reject the fundamental component and

a wide band voltmeter to measure the noise and
distortion content. Terminals are provided for
connecting the voltmeter output to an external meter
or oscilloscope.

By switching the voltmeter directly to the in-
put terminals the instrument can be used for direct
measurement of voltage in a bandwidth of at least
20 Hz to 100 kHz.

An r.f. detector is incorporated, allowing
distortion and noise measurements to be made on
the modulating envelope of r.f. signals from 500 kHz
to 500 MHz.

Fig. 1.1 Distortion Factor Meter TF 2331A



General information

1.2 DATA SUMMARY

FUNDAMENTAL FREQUENCY
Range :

Accuracy :

RANGE :

INSTRUMENT DISTORTION

Unbalanced :

Balanced :

Fundamental rejection :

2nd harmonic attenuation :

Bandwidth (-3 dB points}) :

Residual measurement :

LF cuf :

INPUT RESISTANCE

600 £ :

HiZ:

INPUT REQUIREMENTS
{For 600 & and Hi Z)

Minimum :

Maximum :

20 Hz to 20 kHz in 6 ranges of 3.16:1 ratio.

+3%.

DISTORTION MEASUREMENT

7 ranges in 1-3-10 sequence from 0.1% full-scale upwards.

Less than 0.025% from 200 Hz to 6 kHz,
Less than 0, 4% from 20 Hz to 200 Hz and from & kHz to 20 kHz,

Less than 0.025% from 200 Hz to 6 kHz.

Less than 0, 04% from 100 Hz to 200 Hz and from 6 kHz to 20 kHz,
Less than 0.1% from 50 Hz to 100 Hz with up to 10 V input,

Less than 0,15% from 20 Hz to 50 Hz with up to 3 V input.

At least 80 dB. |

Less than :-

0.5 dB up to 1 kHz fundamental,

1 dB up to 6 kHz fundamental,

2 dB up to 20 kHz fundamental.

Nominally 100 kHz or 20 kHz, switch selected.

Within +2% of full-scale +1% of reading from 50 Hz to 12 kHz.
Within +2% of full-scale +2% of reading from 20 Hz to 100 kHz.

Can be introduced below 400 Hz to attenuate power supply frequencies

600 2 balanced or unhalanced.
Return loss better than 25 dB at 1 kHz.
Balance hetter than 50 dB rejection at 1 kHz.

Nominally 10 kQ/V up to 10 V input.
Nominally 100 k& from 10 V to 30 V input.

300 mV (less than -8 dBm into 600 ©),

Approximately 30 V (+32 dBm into 600 ).



INDICATION :

INSTRUMENT NOISE :

BANDWIDTH :

INDICATION :

VOLTAGE ACCURACY
{Above 100 uV)

Unbalanced :

Balanced :

INPUT RESISTANCE

Unbalanced :

Balanced :

RF INPUT

Frequency range :

Input impedance ;

Amplitude range :

POWER SUPPLY

Mains :

External battery :

General information

NOISE MEASUREMENT
(Made with tone off)

Mean value of noise relative to signal is indicated in 7 ranges in
1-3-10 sequence from 0.1% full-scale upwards.

Less than 0.02% (200 pV); typically 50 pV.

100 kHz or 20 kHz or via a weighting network to the following
characteristics :-

Broadcast filter to CCIR Recommendation 468 (New Delhi 1970).

VOLTAGE MEASUREMENT
Mean-level meter calibrated in volts r.m.s. /sinusoidal has 10 ranges

in 1-3-10 sequence from 1 mV to 30 V full-scale. Also decibel scale
calibrated from -12 to +2 dB relative to 1 mW in 600 £.

Within £2% of full-scale 1% of reading from 50 Hz to 55 kHz,
Within £2% of full-scale +2% of reading from 20 Hz to 100 kHz.

Within +2% of full-scale +1% of reading from 50 Hz to 55 kHz.
Within +8% of full-scale +2% of reading from 20 Hz to 100 kHz.

1 M£& or 600 £.

600 £2, Return loss better than 30 dB at 1 kHz. Balance better
than 50 dB at 1 kHz.

500 kHz to 500 MHz,
50 22 type N comnector.

1 Vto 4 V at maximum modulation depth.

GENERAL

190 to 260 V or 95 to 130 V, 40 to 500 Hz, 3 VA,

18t0 45 Vd.c., 26 mA.



General information

DIMENSIONS & WEIGHT

1.3 ACCESSORIES
Supplied :

Optional :

Height Width Depth Weight
205 mm 440 mm 280 mm 8.16 kg
(8 in) (17} in) (11 in) {18 Ib)

Mains lead, 43129-071D

Rack mounting kit, 41635-041P.
Telephone weighting network to CCITT Recommendation P534

(Geneva 1972), 44827-522R.



Operation
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Fig. 2.1 Layout of controls

24 CONTROLS

3ET REF LEVEL controls : Adjust in con-
junction with (8) and (9) to bring meter reading to
100% (or to 0 dB for decibel measurements).

DFM INPUT RANGE selector : Set to suit
level of total signal at AF INPUT terminals.
Other end of pointer shows Hi Z input resistance.

@ AT INPUT terminals and switch : Switch
selects input impedances of 600 £, balanced or un-
balanced, and Hi Z. For DFM measurements the
input resistance at Hi 2 is shown by the INPUT
RANGE setting. For Voltineter measurements

Hi Z equals about 1 M.

FREQUENCY controls :
mental frequency.
switch setting.
1 kHz.

Set to reject funda-
Use A or B scale according to
Fig. 2.1 shows controls set to

@ BALANCE controls : Adjust in turn for
maximum rejection of fundamental, PHASE
BALANCE is a high discrimination 10-turn poten-
tiometer.

@ FUNCTION selector : S8witches in funda-
mental rejection filter in positions 2 and 3,
weighting network in position 4.

CAL-USE switch : To standardize meter
for Voltmeter measurements, switch to CAL and
adjust preset to bring meter to CAL mark.

METER : For DFM measurements reads
distortion and/or noise relative to total signal in
percentage or decibels. For Voltmeter measure-
ments reads input level in volis, or dBm in 600 &.

METER RANGE selector : The three right-
hand settings are for Velimeter measurements only

LF CUT switch : Attenuates frequencies
below 400 Hz to eliminate supply hum components.

@ OUTPUT terminals : Provide a signal from
the output of the voltmeter amplifier. At meter
full-scale the output is 150 mV at a nominal 1 k§:
source impedance.



Operation

@ SUPPLY switch : Controls a.c¢. mains or
battery supply. Selection of supply is made by
the MAINS-BATTERY switch at rear.

@ AF-RF INPUT : Switches in the r.f, detec-
tor enabling measurement of noise and distortion
on the modulation envelope of r.f. gignals. The
RF INPUT socket is located at the rear of the
instrument.

SUPPORT : Hinges down to raise front of
instrument.

2.2 PRELIMINARIES

The instrument may he operated from a.c.
mains of a nominal 115 V or 230 V, 40 te 500 Hz;
or from a d.c. supply of 18t0o 45 V. Fora.c.
operation the stabilizer allows mains voltages in
the ranges 95 to 130 V and 190 to 260 V to be used.
The instrument is normally despatched with the
230 V setting unless specified to the contrary.

In order to check or change the mains input setting
see Sect. 4.3.

For measurements in the field the instrument

may also be d.c. powered from an external hattery_

of from 18 to 45 V, the approximate current drain
being 25 mA.

FUSES

Two fuses are fitted, one in the a.c. mains
input circuit, the other in the h.t. supply to the
stabilizer. The a.c. input fuse should he 100 mA
rating for 230 V operation or 250 mA for 115 V.,
The other fuse is in circuit for both a.c. and d.c.
operation and should be 250 mA rating. Both
fuses are 20 x 5 mm, the a.c. input fuse a delay
type, the h.t. fuse a quick-blow type.

SWITCHING ON
Before switching on

(1) Check that the mains transformer primary

connections are correct for the local supply voltage.

If they have fo be changed remember that the a.c.
input fuse must also be changed.

(2) Set the AC MAINS/BATTERY slider switch
on the rear panel to the position appropriate to the
type of supply to be used.

{3) Connect to the power supply.

For a.c. mains use the lead supplied, fitting
the small 3-pin socket to the AC MAINS plug at the
rear of the instrument. Initially it will also be
necessary to fit a suitable mains supply plug to the
lead, connecting the leads as follows ;-

brown to L (live)

blue to N (heutral)

green/yellow to E (earth).

For d.c. connect the battery to the terminals
at the rear of the instrument obhserving the required
polarity. It is also advisable to disconnect the

a.c. maing lead.

(4} Check and, if necessary, adjust the mecha-
nical zero of the meter.

Switch on by turning the SUPPLY switch
clockwise.

2.3 PRINCIPLES OF MEASUREMENT

Distortion factor iz defined as :

2 . 2 g 3
Hz PV e VTN 100% ... )
2
\, V1

where V

= amplitude of fundamental

1
Vz, V3 conn Vn = amplitudes of 2nd,
3rd .... nth harmonics
N = amplitudes of noise and

hum components.

If the distortion factor is small, say less
than 15%, the error involved in measuring it as :

2 2
VZ tVg +....V, +N

x 100% ..(2)
2 2 2 2 2
Vl +V2 +V3 +....Vn +N

iz also small. K is this latter quantity that is
measured by the distortion factor meter,

Measurement is made by first adjusting the
gain of the instrument so that a voltage representing
the total signal reads 100% or 0 dB on the meter.



The fundamental component is then removed hy
switching in a tunable rejection filter with the
result that the meter indicates the sum of all resi-
dual components relative to the level of the total

signal.

This residue is made up of harmonics of the
fundamental plus supply hum and noise. Assuming
that harmonics are the dominant components the
instrument indicates the distortion factor, in terms
of equation (2), in percentage or in decibels relative
to total signal. Hum components at the usual
supply frequencies or their harmonies can be
eliminated by an 1.f, cut filter. The noise level
alone can be measured by switching off the wanted
signal at source; noise can also he measured in
terms of its interference value by intreducing a
weighting network.

For correct evaluation of distortion a true
r.m.s. meter is required hut, for reasons of
economy, the TF 2331A uses a meter that responds
to average value but is calibrated in terms of the
r.m.3. value of a sine wave. At low values of
distortion the discrepancy is negligible; this is
dealt with in more detail in Sect. 2.7 - Sources of
Error.

NOTE. When adjusting the SET REF LEVEL
control, the meter does NOT indicate the volis
across the input terminal.

24 MEASUREMENTS ON MODULATION

The built-in r.f. detector stage can accom-
modate carrier frequencies within the range of
500 kHz to 500 MHz, modulation depths up to 80%
and levels hetween 1 Vand 4 V. The input impe-

QOperation

r.f. detector has the addition of a low-pass filter
which eliminates false readings due to carrier
breakthrough into the TF 2331A.

1.5 NOISE AND DISTORTION
MEASUREMENT

{1) Set the FUNCTION selector to SET REF
LEVEL and the meter range selector to REF
LEVEL.

(2) Set DFM INPUT RANGE selector according
to the range in which the total signhal amplitude lies.
If the signal amplitude is unknown it can be checked
as described in Sect. 2.6.

Trazio

Fig. 22 1kHz waveform with noise end distortion
(The equivafent spectrutn is shown below)

(3) Set the INPUT switch to either AF or RF.
Connect the sighal leads to the INPUT terminals
or, in the case of r.f,, to the RF INPUT socket
at the rear of the instrument. Set the DFM
INPUT RESISTANCE switch to 600 £ BAL,

600 £ UNBAL or Hi Z; if set to Hi Z the input
impedance, as indicated hy the setting of the
FUNCTION selector, is 10 k&/V up to 10 V input

dance at the r.f. detector socket is 50 . The and 100 ki above 10 V.
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Fig. 2.4 Fundamental rejection

For percentage measurements adjust the SET REF
LEVEL control for a meter reading of 100%. This
condition is illustrated in Fig. 2.3.

For decibel measurements adjust the SET REF
LEVEL control for a meter reading of 0 dB. (In
distortion and noise measurements the dBm scale
indicates relative levels in decibels, not absolute
levels in dBm. The latter calibration is only
valid in voltmeter measurements across 600 £.)

(4) Move the FUNCTION selector to one of the
two REJECT FUNDAMENTAL positions dépending
on the bandwidth required. In the case of r.f.
measurements, the r.f. detector filter bandwidth
is 50 kHz. Set the LF CUT switch to NORMAL.

(5) Set the FREQUENCY range selector and dial
to the frequency of the fundamental. With the
FREQ BALANCE and PHASE BALANCE controls
midway adjust the dial for a dip on the meter.
Adjust the FREQ BALANCE and PHASE BALANCE
controls in turn for maximum dip, switching to

fre =
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E FILTER
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E LF Ccut

g 60 FILTER

=

& a0

] 3t

Zie0 NOISE o I

g |

& w20 50 100 200 500 2 Sk 10k 20k SOk 100k
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TrR24TA

successively lower meter ranges - these controls
have no significant effect above 10% distortion, but
become very critical below 0.1%.

The meter now shows the level of the total
residual components in the selected bandwidth -
see Fig. 2.4. Components below 400 Hz can be
attenuated by switching to LF CUT - see Fig. 2.5
(a typical LF CUT characteristic is shown in
Fig. 4.3). This will show whether power supply
hum, for example, is significant; if the reading
drops appreciably it is advisable to check that the
FREQ BALANCE and PHASE BALANCE controls
are still correctly adjusted.

To eliminate harmonics from the residual
content, switch off the fundamental tone at the
signal source. The meter now indicates noise
(including any hum) in the selected bandwidth -
see Fig. 2.6. Note that if very low noise levels
are to be measured, lower residual noise in the
instrument can be obtained by turning the FUNC-
TION switch back to SET REF LEVEL. In this
case the bandwidth will be 100 kHz and LF CUT
can still be used if required.
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Fig. 2.5 Fundamental rejection with Lf. cut
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Fig. 2.6 Tone off

(7) To measure the weighted noise set the
FUNCTION selector to NOISE VIA FILTER.

This introduces a filter - see Fig. 2.7 - with
characteristics as defined by the CCIR broadcast
weighting network (Recommendation 468). Alter-
natively the instrument can be fitted with a tele-
phone filter to CCITT Recommendation P53A.

NOTE. When using the broadcast filter the
weighted reading is 8.5 dB lower than would be
obtained with a flat 40 Hz to 15 kHz filter. When
using the telephone filter the weighted reading is
2.5 dB higher than would be obtained with a flat
300 Hz to 3.4 kHz filter.

High signal levels

The maximum signal level that can be

measured directly is 32 Va.c. (Note that if there

is any superimposed d.c. on the signal this must
not exceed 32 V d.c. at either of the 600 £ impe-
dance settings.)

Signals of greater than 32 V can be measured
by connecting a variable resistor in series with the
Hi AF INPUT terminal. Its value should be 500 k&

BROADCAST
FLIER

: 3

o
o

*—TELEFPHONE

FILTER RESPONSE (d8)

PERCENTAGE OF TOTAL SIGNAL LEVEL

R
0 - FILTE L .30
20 -k
NQ‘% 0
0% T T T - r T
10 0 S0 00 200 500 1k o S5k 10k 20k
TPRTA FREQUENCY (Hz)

for voltages of 30 V to 100 V, or 1 M for voltages
of 100 V to 200 V, or 1.5 M for voltages of 200 V
to 300 V.

Low signal levels

If the signal level, whether a.f. or modulated
r.f., is too low it may still be possible to make
measurements in decibels by setting the 0 dB
reference level with the METER RANGE selector
on a different range. For example :-

It is required to measure a distortion factor
of about -30 dB in a signal of about 0.3 V
amplitude.

Turn the METER RANGE selector to the .3 V
range and set the meter pointer to the 0 dB
calibration with the SET REF LEVEL control.

Reject the fundamental as described above
and turn the METER RANGE selector to the
.01 V range. Since three ranges (10 dB
steps) have been turned through, the dis-
tortion factor is -30 dB plus the meter
reading.

Note that setting the reference level on a
lower range reduces the total measuring range.

=, oBm ¥ —
FUNCUOn et Ref Level—100 0 tAefievel 3e10
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3 -30 03
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Fig. 2.7  Tone off with weighting filter



Operation

2.6 VOLTMETER MEASUREMENTS

The internal voltmeter can be used to indicate
the level of a signal up to 100 kHz at the AF INPUT
terminals either in volts or in decibels relative to
1 mW in 600 &. Before using the instrument in
this way the meter should be standardized against
the internal calibrating signal. ¥or voltmeter
measurements the DFM INPUT RANGE switch,
SET REF LEVEL control, FREQUENCY and
BALANCE controls are not in circuit and can he
left at any setting.

CALIBRATING THE VOLTMETER

Turn the CAL-USE switch to CAL and adjust
the calibrating preset control to make the meter
read at the CAL mark. This may he done at any
setting of the METER RANGE selector.

USING THE VOLTMETER
Turn the CAL-USE switch back to USE,

Turn the FUNCTION selector to VOLTMETER
and set the METER RANGE selector to the required
full-scale V or dBm value.

Move the INPUT impedance switch to the
setting required - the Hi Z position gives an input
impedance of about 1 M{. The dBm scale on the
meter is only valid for measurements across
600 £2; if the circuit under test is already termi-
nated switch to Hi Z, if not switch to 600 Q.

Read the voltage from the black scale that
corresponds to the full-scale V setting of the
METER RANGE selector; or read the signal level
in dBm by adding the indication on the red scale to
the dBm setting of the METER RANGE selector.

2.7 SOURCES OF ERROR

(1) Average-reading meter

Tends to read low when measuring complex
signals, particularly those consisting of two or
more nearly equal components; the amount of
error depends not only on the degree of distortion
but on the order and phase of the harmonics.

If, for example, you are measuring a signal
with one predominant large harmonic, an error
will be introduced, as shown in Fig. 2.8, when

setting reference level hut not when measuring

the distortion. The indicated distortion will
therefore be high by the amount that the set refe-
rence level deflection is low. The error, which
lies between the limits shown in the shaded part of
Fig. 2.8, is negligible except at high distortion
levels and is even lower with combinations of dif-
ferent harmonics.
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Fig. 2.8 Average r.m.s. error limits

If, on the other hand, the distortion is low
but consists of two or more harmonics of com-
parable level then the set reference level reading
will be correct but the distortion reading will he
low. For distortion caused by two harmonics the
error will have a maximum value of -0.75 dB when
the harmonics are equal, regardless of the level
of distortion, and will be less at other ratios as
shown in Table 2.1.

Table 2.1
Ratio of harmonic
levels Meter error
1:1 -0.75 dB
2:1 -0.35 dB
5:1 -0.2 dB

All errors arising from this cause can he elimi-
nated by using a true r.m.s. voltmeter connected
to the output terminals. Ideally the voltmeter
should have full-scale deflections of 100 mV,

30 mV, 10 mV, 3 mV, etc.; if 8o, the set refe-
rence level deflection can be made at 100 mV and
the other secales will correspond to the % settings
of the METER RANGE selector.
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(2) Harmonic attenuation

Makes the reading low - see Fig. 2.9. The
upper-frequency skirt of the fundamental rejection
filter causes a slight attennation of the lower order
harmonics. Harmonics are also attenuated as
their frequency approaches the 100 kHz or 20 kHz
bandwidth limit; this is naturally more likely to
affect the higher order harmonics.

{3} Residual content of instrument

Tends to make the reading high at very low
distortion - say less than 0.1%. Residual noise
and distortion introduced by the instrument itself
gives an error which will be within +0.025% from
200 Hz to 6 kHz and =0.04% elsewhere.

Operation

(4) 600 £ balanced input

The transformer used in this input condition
introduces a distortion at the lowest frequencies
which increases with input voltage but becomes
negligible below 168 V and above 50 Hz. The effect
is shown in Fig. 2.10.

(5) Distortion on modulated r.f.

Fig. 2.11 shows the working area of the r.{.
detector and providing the r.f. input signal falls
ingide the area shown, the distortion should not he
greater than 1%.
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Fig. 2.11 Curve showing the working orea
of the r.f. detector

{(6) Metering errors

The accuracy with which the meter indicates
the residual content is within the limits given in
Sect. 1.2,

{7y Formula conversion

As mentioned in Sect. 2.2 the distortion
factor meter measures distortion relative to total
signal rather than relative to fundamental. Below
10% distortion the discrepancy is negligible but it
becomes large at high distortion. Conversion
from indicated to true distortion factor can be made
by means of Fig. 2.12.
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Fig. 2.10 Distortion characteristic with 600 £ balanced input

Measurements on a 1 kHz signal with pre-
dominantly 2nd harmonic distortion gives a reading
of 28% (= ~11 dB) distortion.
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Fig. 2.12 Distortion formula conversion

Fig. 2.8b shows the set reference level
reading is low, and therefore the distortion

reading high, by between 0.1 dB and 0.3 dB.

Therefore, partially corrected reading is
-11.3 t0 -11.1 dB (= 27.2 to 27.9%).

Fig. 2.9 shows reading is low by a further
0.3 dB. Therefore, partially corrected
reading = -11 to -10.8 dB (= 28 t0 28.8%).

Error due to instrument residual content,
i.e., an additional uncertainty of +0.025%
distortion, is negligible.

Metering error = +2% of 30% (full-scale)
+1% of 28% = £0.88%, say +0.9% distortion.
Therefore, final corrected reading = 27.1
to 29.7%.

(5) Formula conversion. The final corrected
reading in terms of true distortion factor
(relative to fundamental) is given by Fig. 2.12
as 28.5 to 31%.

NOTE. If the signal contains two significant
harmonics their approximate ratio should be deter-
mined and a further correction obtained from
Table 2.1 and carried out after step (1) above.

28 USE AS AN AMPLIFIER OR WAVEMETER

The instrument can be used to amplify signals
in a range of at least 20 Hz to 100 kHz or to
measure frequency between 20 Hz and 20 kilz,

AMPLIFIER

Set up as for voltmeter measurements. The
voltmeter amplifier provides a gain of up to x150
between the INPUT and OUTPUT terminals. Maxi-
mum output, which is limited by full-scale deflec-
tion, is 150 mV, Output impedance is about 1 k&,
and input impedance can be switched to either 600 £
or 1 M&. The METER RANGE selector must bhe
set so that the range full-scale value is greater than
the input voltage. Therefore, the full amplifier
gain of x150 is only obtained with inputs below 1 mV,

WAVEMETER

Set up as for DM measurements. The fre-
quency of the input signal is shown by the FRE-
QUENCY contreols when adjusted for maximum
rejection. If the FREQ BALANCE control is set
midway the accuracy of indication is +3% - the
range of this control is about +0.25% at the h.f.
end of the scale to 0. 85% at the 1.£f. end.
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Decibel conversion table

Ratio Down Ratio Up

VOLTAGE POWER DECIBELS VOLTAGE POWER

1-0 1-0 1] 10 10
-9886 9772 -1 1012 1-023
9772 3550 2 1-023 1-047
9661 9333 3 1-035 1-072
9550 9120 4 1-047 1-096
9441 -8913 -5 1059 1122
9333 8710 -6 1072 1-148
9226 -8511 -7 1-084 1175
9120 8318 8 1-096 1-202
016 -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 1:445
8128 6607 18 1-230 1-514
7943 6310 20 1.259 1-585
J762 -6026 22 1-288 1-660
7586 -5754 24 1-318 1-738
7413 -5495 2:6 1-349 1-820
7244 5248 28 1-380 1-905
7079 -5012 30 1-413 1-995
6683 4467 35 1-496 2239
6310 -3981 40 1-585 2:512
-5957 -3548 45 1-679 2-818
-5623 3162 50 1.778 3162
5309 2818 55 1-884 3.548
-5012 2512 6 1.995 3981
4467 1995 7 2-239 5012
3981 1585 8 2512 6310
3548 1259 9 2-818 7943
-3162 1000 10 3162 10-000
-2818 07943 1 3.548 12.59
2512 06310 12 3981 1585
2239 05012 13 4.467 1995
1995 -03981 14 5012 2512

1778 03162 15 5-623 31-62
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Rotro Down

VOLTAGE

1585
1413
1259
4122
1000

07943
06310
05012
03981
03162

02512
-01995
01585
-01259
-01000

7-943 x 107
6310 x 10
3012 x 10°?
3981 x 107
3162 x 107

2512 x 107
1995 x 10~
1585 x 10
1259 x 107
1-000 x 10-

5623 x 10-*
3162 x 10~
1.778 x 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 10~

Decibel conversion table (continued)

POWER

02512
01995
01585
01259
01000

6310 x 107!
3981 x 10
2-512 x 10
1-583 x 107
1-000 x 107

6310 x 10~
3981 x 104
2-512 x 10+
1585 x 10~
1-000 x 10+

6-310 x 10
3981 x 10
2512 x 10-°
1-585 x 10
1-00G x 10

6-310 x 10-¢
3-98% x 10¢
2512 x 10
1-585 x 10
1-000 x 10-¢

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

1:000 x 10
1:000 x 100
1-000 x 10"
1-000 x 102
1:000 x 10
1:000 x 104

DECIBELS

16
17
18
19
20

110
120
130
140

VOLTAGE

6310
7-079
7-943
8-913
10-000

1259
15-85
19-95
2512
3-62

9o
5012
63-10
79-43
100-00

1259
158-5
199-5
2512
3162

3981
501-2
631-0
794-3
1,000

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

3162 x 10*
1-000 x 10°
3162 % 10°
1000 x 10°
3162 x 10¢
1-000 x 107

Ratio Up

POWER

3981
50-12
6310
7943
100-00

1585
251-2
39841
6310
1.000

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

1-585 x 104
2512 x 100
3-981 x 10¢
6310 % 10*
1-000 x 10°

1-585 x 10°
2512 x 10°
3981 x 10¢
6310 x 10%
1-000 x 10¢

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

1-000 x 10°
1-000 x 10"
1-000 x 10"
1-000 x 102
1-000 x 107
1-000 x 10"



Technical description

3.1 GENERAL SUMMARY

There are three main sections in the instru-
ment - DFM, Voltmeter and Power Supply. The
DFM section provides for selection of measurement
function, adjustment of reference level, and rejec-
tion of fundamental. The Volimeter section
measures the output level of the DFM section and
has an 1.f. cut facility to remove power supply fre-
quency components; it can also be used to measure
the voltage applied to the input of the DFM section.

3.2 DISTORTION FACTOR METER SECTION
(Circuit diagram Fig. 7.2)

A choice of three a.f. input impedances is
available : 600 2 balanced, 600 §& unbalanced and
high impedance (Hi Z), determined by the setting
of switch SJ. The 600 £ BAL setting introduces
transformer T1 with secondary loading resistors

Rl and R9. For the 600 £ UNBAL condition the
input is terminated directly by R1. Af the Hi Z
setting the input impedance depends on the ampli-
tude of the input signal. Because of negative feed-
back the impedance at the base of VT1 is very low
(the signal current corresponding to full-scale
being approximately 100 pA). RV1 and R5, in
series in the signal path, therefore determine the
input impedance on the 1-10 V range. At maximum
sensitivity, corresponding to an input of about

0.6 V, the impedance is at its minimum value of
6.2 k.

This rises, as the sensitivity is reduced, to
a maximum of about 100 kQ at an input of 10 V.,
The input impedance is 50 £ at the r.f. input socket
for signals from 1 Vto 4 V,

When the DFM INPUT RANGE seclector is
switched to the 10-30 V range an attenuaior, R2-R3,
is introduced. This is sufficient to prevent large
variations in input sengitivity affecting the impe-~
dance appreciably and so it remains at a nominal
100 kQ from 10 to 30 V.
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fig. 3.1 Functional diagram —DFM section
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Transistor VT1 is a phase-splitter and pro-
vides outputs of opposite phase and appropriate
amplitude relationship (2:1) to drive a "Wien Bridge’
type of network. This network is the fundamental
rejection filter and the overall negative feedback
taken to the base of VT1 (via R17 and C18) serves
to flatten the skirts of its response and so presents
a sharper curve to the amplifier.

VT1 is a eritical stage for noise and distor-
tion and itz operating conditions provide a good
compromise between the two. It has a fixed
emitter load of 750 f and a collector load which
is adjustable around a nominal 1500 £ by the
PHASE BALANCE control, RVé - the latter is a
10-turn potentiometer to give the necessary pre-
cision of adjustment. The collector load feeds
the series CR branch of the fundamental rejection
filter and the emitter load the parallel CR branch.

The fundamental rejection filter network
provides at leagt 80 dB rejection using only resgis-
tors and capacitors. Variable resistors RV2 and
RV5 are ganged together to form the MAIN TUNE
control and RV3 and RV4 are ganged together to
form the FREQ BALANCE control. The latter is
necessary at distortion values below 10% when the
MAIN TUNE control becomes too critical. RV2
and RV3 are in the series CR branch of the filter
and RV4 and RVS are in the parallel CR branch.

20
" BROADCAST
FILTER v \
ad LY
OF o
e LY
Y | Y

o 1
o Fi
2 ARV i
)
g 4
w ’f |

F i
¥
F i
’I’EI-EFW
i 3
FILTER
5¢ 50 0o 200 500 th n 5k e 20k
LT FREQUENCY Mz}

Fig. 3.2 Weighting filter response

VT2 is a buffer emitter follower. Itisa
gilicon type to keep the working point of VT3 inde-
pendent of temperature. VT3 provides the gain in
the system (about x90). Its emitter load is by-
passed at high frequencies by C20 to maintain the
response. VT4 ig the output stage and is con-
nected as an emitter follower.

The 100 kHz bandwidth is determined by C30
and the 20 kHz bandwidth by C23 and C30 in paral-
lel. Alternatively the output can be passed througl
a weighting filter 44827-517M which simulates the
response of the ear to a typical broadeast system.
This response is shown in Fig. 3.2. The filter
inciudes a 2-stage feedback amplifier VT20 and
VT21 with a gain of about 18 dB to compensate
for the loss of the filter network.

As an alternative the instrument may be
fitted with a telephone weighting network. This
response is also shown in Fig. 3.2. The filter
board, 44827-522R, is of basically similar design
to that of the broadcast filter, except that the
amplifier gain is about 8 dB.

33 VOLTMETER SECTION
{Circuit diagram Fig, 7.3)

Input transistors VT35, VT6 and VT7 combine
to form a high input impedance stage with an over-
all gain of approximately unity. VT5 operates at
a collector current of approximately 10 pA at whicl
it produces current gain to drown the noise of VT8,
but produces very little noise itself. It is selectec
for a fairly high gain at this low collector current,
which gives it its low noise characteristic plus a
high input impedance.

VT7 is an emitter follower with a 2 k& load
in its collector circuit to feed the attenuator, con-
trolled by the voltmeter range selector. Since
the aftenuator itself presents 2 k& the resultant
a.c. collector load is 1 k.

The fine attenuator, R52 to R61, isa
simple potentiometer device with four 10 dB
steps giving 10 dB, 20 dB, 30 dB and 40 dB for
the 10 V, 3V, 1V and ,3 V ranges respectively,
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‘When the voltmeter range is set to ,1 V the input
is attenuated 50 dB by R40, R41 and RV10 (which
are capacitance compensated by C40 and C41},
and the fine attenuator switched out. As the
voltmeter range is lowered further the four 10 dB
steps are gwitched in again,

VT13 is the first transistor in the main volt-
meter amplifier, It hag a gain of about 3 and
always operates at around the 1 mV level. It is,
therefore, selected for low noise,

VT14 is a buffer emitter follower and its
bias is provided by d.c. feedback from the output
stage. R78 provides preliminary bias and so
protects V15 from complete saturation when
switching on.

VT15 is an npn transistor connected as an
amplifier. Is gain is variable by the a.c. coupled
CAL preset potentiometer on the front panel. The
collector circuit comprises a 3 kR resistor, R#4,
and 2 1 kR resistor, R85, in series, the latter
being decoupled with a 10 uF capacitor, €61, giving
an 1.f. boost to level the frequency response.

VTI16 is the driver transistor for the output
stage. Its d.c. conditions are set by RV14 so that
the output stage transistors have a centralized d.c.
output to prevent crushing, limiting or low gain.

VT17 and VT18 are the output pair and are
connected in push-pull. Their bases are clamped
6 V apart by MR11 and a collector swing of about
+2 V is possible before any limiting starts. This
is quite adequate to drive the meter diodes. Each
emitter circuit has a 220 £ resistor in series with
an 520 § resistor bypassed by a 500 pF capacitor
to stabilize the a.c. gain and d.c. working con-
ditions. An output is taken from the emitter of
VT18 to the OUTPUT terminals on the front panel.
It gives about 1560 mV r,m.8. and has a nominal
impedance of 1 k. C71 is selected for best
accuracy at 100 kHz on all ranges from 1 mV to
100 mV.

A constant standard signal is available at
the base of VT13 to set up the gain of the main
volimeter amplifier. It is provided by VT9 and
VT12. These transistors form a multivibrator
controlled in amplitude of output by MR10. RVI11
is set to optimize the full-scale accuracy at
medium frequencies on all ranges from 1 mV to
100 mV.

The LF CUT filter removes hum at supply
frequencies from the distortion measurement.
When it is switched in, low frequencies in the signal
path are attenuated by C49 and extra 1.f. degenera-
tion is achieved by switching C64 and C85 in series
with C59, and C66 in geries with C63. Also, a.c.
negative feedback at low frequencies is introduced
by coupling the emitter circuits of VT16 and VT13
through RV15.
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34 POWER SUPPLY SECTION
(Circuit diagram Fig. 7.1)

The design of the power supply caters for the
use of a.c. supply voltages of 190 to 260 V or 95
to 130 V at 40 fo 500 Hz, and d.c. supply voltages
of 18to 45 V. It provides an h.t, of -15 Vviaa
3-transistor stabilizer network.

If an a.c. supply is used it is rectified hy a
conventional full-wave rectifier usging silicon diodes
MR7 and MRS and smoothed by capacitor C48.

Resistor R56 and capacitor C50 ensure that the
collector supply to VT8 iz free of ripple.

From the filter, or from a battery, the
supply is fed to the stabilizer circuit. This con-
sists of a series stahilizer, VT11, an amplifier,
VT8, and an emitter follower, VT10, Part of the
output voltage is compared by the amplifier with a
reference voltage provided by the Zener diode MR9
The resultant error signal is fed back to the series
stabilizer via the emitter follower.

Diode MR6 provides protection against a d.c.
supply being connected with reversed polarity.
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41 GENERAL

This part of the handbook is for guidance
where it is most needed in servicing the instrument.
In case of difficulties that cannot be resolved with
the aid of this book, or for advice on maintaining
the instrument, please write or phone our Service
Division, or nearest Area Office, or Agent.
Always mention the type number and serial number
of your instrument (for addresses see rear cover).

This instrument uses semiconductor devices
which, although having inherent long-term relia-
bility and mechanical ruggedness, are susceptible
to damage by overloading, reversed polarity, and
excessive heat or radiation. Avoid hazards such
as reversal of batteries, prolonged soldering,
strong r.f. fields or other forms of radiation, the
use of insulation testers, or accidentally applied
short circuits.

Power unit board

(TM 7070)

Mains
transformer
T2

(TM 7318)

Back panel
Fig. 4.1

DFM board
(TM 7317)

Voltmeter board

42 ACCESS TO COMPONENTS

REMOVING CASE

The case can be removed by unplugging the
mains lead from the back panel, unscrewing the
six coin-slotted screws holding the rear cover
and then removing the rear cover and the case.

OPENING THE CHASSIS

To allow easy access to components the
chassis is hinged in several places and can be
opened out, as shown in Fig. 4.1, by removing
the right-angled cross-member from the five
pillars and then slackening or removing the appro-
priate 4BA and 6BA cheese-headed screws, and
unsolder wires to tags 26, 27 and 30.

RV1 & RVS8
(set ref level)

C1
Weighting

network
board

RT detector

The instrument opened out
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PRINTED CIRCUIT BOARD IDENTIFICATION

Starting from the #ight-hand end of the
instrument viewed from front : the first printed
circuit board, marked TM 7070, carries the
main power supply components; the second,
marked TM 7318, carries the main voltmeter
components; the third, marked TM 7317, carries
the main DFM components; and the small board
on the left-hand back-plate, carries the weighting
network components.

43 A.C. MAINS INPUT RANGES

The mains transformer is mounted in a
screening can on the right-hand back-plate of the
instrument. The two primary windings should be
connected in series for the 190 to 260 V range and
in paraltel for the 95 to 130 V range, as shown in

Fig. 4.2,
lrs F ’)‘5 F

is Fq ps Fi
s T
2300 TN 15

Fig. 4.2 Mains input connections

The reversible label should be adjusted so as
to correspond to the transformer setting,

4.4 REPLACEMENT OF SEMICONDUCTORS

Transistors VT1, VT2, VT3 and VT4 are
critical for internal noise. To check for noise
when replacing them :-

Shori-circuit the INPUT terminals; set the
FUNCTION selector to SET RE¥Y LEVEL and the
METER RANGE selector to the .001 V range;
select a transistor to give a meter reading under
10% of full-scale (<100 pV).

As a further guide :-

With VT1 removed the meter should read
about 600 pV: with VT3 removed it should read
about 200 pV.

If VT3 is replaced ensure that its gain is
adequate or attenuation of second harmonics will
be greater than that shown in Fig. 2.9.

45 CIRCUIT VOLTAGES

Some typical circuit volfages are given
below and on the circuit diagram. Those on the
circuit diagram are d.c. voltages and those in
Tables 4.1 and 4.2 are a.c. signal voltages.

The voltages shown in Tables 4.1 and 4.2
were measured, unless otherwise stated, ona
400 Hz signal with the FUNCTION selector set to
SET REF LEVEL, the METER RANGE selector
set to the 100% range and the meter set to 100%.
To measure them use a valve voltmeter such as
Marconi Instruments type TF 2600 (series).

Table 4.1

Transistor Terminals

Transistor Base Emitter Collector
VTl 10 mV 10mV 20 mV
VT2 10 mV 10 mV -
VT3 10 mV - 1V
VT4 1v 1v -
VT13 1mV - 2 mv
VT4 2mV 2mV -
VT15 2 mv - 10 mV
VT16 4 mV - 170 mV
VT17 170 mV - 900 mV
VT18 170 mV - 900 mV

*VT20 300 mV 300 mV -

VT2l - - 2.5V

*Measured with a 1 kHlz signal with the
FUNCTION selector set to NOISE WEIGHTED and
the meter at full-scale on the 30% range.

Table 4.2

Circust Points

Point Voltage

0.85 V
3.1 mV
3.1mV
1mV

tag 1

tag 35
tag 40
tag 45

Note that when measuring circuit voltages the
test leads should be kept well clear of circuitry.



4.6 PRESET CONTROLS
Apparatus required :
(a) Multimeter; 20 kR/V.

(b) Standardized valve millivoltmeter; 1 mV -
30 V3 e.g., Marconi Instruments type
TF 2600 (series).

{c} Oscillator; 50 Hz to 100 kHz, 1 mV to 30 V;
e.g., Marconi Instruments type TF 1101
(series).

SET OT

The h.t. voltage should be checked if VTS,
VT10 or VT11 is replaced. Connect to the supply
and switch on. Comnect the test meter between
tag 70 and earth, positive terminal {o earth, on
the power unit board and adjust RV12 until it indi-
cates 15 V,

DC AT METER INPUT

The d.c¢. voltage at the collectors of VT17
and VT18 should be checked if any transistors or
large value electrolytic capacitors are replaced -
if an electrolytic capacitor is replaced the voltage
should be rechecked after the instrument has been
in use for ahout one day.

Connect the multimeter between the collector
of VT'17 or VT18 and earth, positive terminal to
earth. Switch the METER RANGE selector to the
30 V range and keep the meter test leads well clear
of any circuitry to reduce the pessibility of overall
ogcillation, Adjust RV14 until the meter indicates
7.25V,

VOLTMETER ACCURACY

The accuracy of the voltmeter and its cali-
brating voltage should be checked if any of the
transistors VT5 to VT18 are replaced. Comnect
the oseillator to the AF INPUT terminals and set
it to 400 Hz, Monitor the signal with the standar-
dized valve millivoltmeter. Set the signal ampli-
tude fo 1 mV, 3 mV, 30 mV and 100 mV in turn
and optimize the full-scale error between respec-
tive voltmeter ranges with the SET CAL control

Maintenance

RV13). Setthe CAL-USE swiich to CAL and
adjust preset potentiometer RV11 to bring the
meter pointer to the CAL calibration, Reset the
CAL-USE switch to USE, set the input signal
amplitude to 300 mV, 1V, 3V, 10 Vand 30 V in
turn and optimize the full-scale error between

the respective volimeter ranges with preset poten-
tiometer RV10.

LF CUT

The 1.f. cut response should be checked if
capacitors C59, C63, C64, C65 or C66 are changed
It should conform to the following :-

within +0,25 dB above 1 kHz relative to
within +0.5 dB, ~1.0 dB 400 the response
to 600 Hz at least -30 dB at } { when switched
60 Hz to NORMAL

If it does not, adjust with variable resistor
RV15.,

A typical curve is shown in Fig. 4.3, To
avoid overloading the input circuit when checking
this response start at 1 kHz with the METER
RANGE selector set to the .1 V range and, leaving
the input constant adjust the METER RANGE
selector to increase the meter sensitivity as re-
quired at other frequencies.
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Fig. 4.3 Typical Lf. cut response
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LOW RANGES FREQUENCY RESPONSE

Set the instrument controls for use as a
voltmeter. Comnect the oscillator to the INPUT
terminals and set the input signal amplitude to
1 mV, 3mV, 10 mV and 100 mV in turn at various
frequencies between 20 Hz and 100 kHz. Check
that the full-scale accuracy of the respective volt-
meter ranges is within specification, If it is out
at the higher frequencies reselect capacitor C71
(ensure that lifting of the response at 100 kHz is
not exaggerated or excessive r.f. gain will result).
If it is out at the very low frequencies reselect
capacitor Cé61.

HIGH RANGES FREQUENCY RESPONSE

Set the instrument controls for use as a volt-
meter. Connect the oscillator to the INPUT ter-
minals and set the input signal amplitude to 0.3 V,
1V, 3V, 10 Vand 30 V in turn at various fre- .
quencies from 12 kHz to 100 kHz and check that
the full-scale error of the respective volimeter
ranges is within specification. If it is not adjust
variable capacitor C40.

FILTER GAIN EQUALIZATION

(1) Connect the oscillator to the AF INPUT ter-
minals and adjust it for an output of about 100 mV

at 1 kHz. With the FUNCTION selector at SET
REF LEVEL adjust the instrument as in Sect. 2.5
for a convenient reference level on the meter.

(2) Turn the FUNCTION selector to NOISE
WEIGHTED. If this results in a different meter
reading adjust R115 to restore the reading to the
reference level obtained in (1).

47 RF DETECTOR CHECK

The following tests may he carried out to
check the operation of the r.f. detector. Set the
front panel controls as follows :-

AF/RF INPUT to RF
SET REF LEVEL fully clockwise (max.)
FUNCTION switch to SET REF LEVEL

(1) Using a suitable signal generator such as a
Marconi Instruments TF 801D, connect an r.f.
output of 10 MHz, 1 V e.m.f, and modulated by
1 kHz at 30% to the input socket at the rear of
TF 2331A. With the voltmeter range switch at
RF LEVEL, the meter reading should not be less
than 40 mV.

(2) Repeat the above at 100 MHz and 470 MHz,



Chapter

6 Replaceable parts

Introduction

Replaceable parts are listed in alpha-
numerical order of circuit references, with misg-
cellaneous parts at the end of each list. The
following abbreviatiohs are used :

C : capacitor

Carb : carbon

Cer : ceramic

Elec : electrolytic

FS8, : fuse

IC  : integrated circuit
L : inductor

M : meter

Met : metal

MR : semiconductor diode
Ox : oxide

PL : plug

Plas : plastic

R : resistor

RV : variable resistor
8 ; switch

SKT : socket

T : transformer
Tant : tantalum

TP : terminal

VT : {ransistor

WW : wirewound

W : watts at 70°C
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} MI code

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

If a part is not listed, state its function,
location 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 :

(@) Components indicated by T have their value
selected during test to achieve particular
performance limits.

(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 policy of continuous development,
components may be changed in value or type
to obtain detail improvements in performance.

Whenever there is such a difference between
the component fitted and the one listed, always use
as a replacement the same type and value as found
in the instrument.

Printed hoard assemblies

DFM amplifier T™M 7317
RF detector 44823-1908
Weighting filter/amp. (broadcast) 44 827-51TM
Weighting filter/amp. (telephone) 44827-522R,
Voltmeter TM 7318
Power unit ™™™ 7070



Replaceable parts

Circuit
reference

C1
c2
C3
C4
C5
C6
Cc7
C8
C9
C190
cl
Ci2
C13
Cl4
C1s5
C16
C17
Cl8
C19
C20
c21
c22
c23
C24
C25
C26
c27
c28

C30
C31
C32

C3
C35

Description

Paper 3uF 20% 350V
Elec 100uF -20+100% 25V
Elec 22uF -20+100% 63V
Plas 0.432uF 1.1% 125V
Plas 0.432uF 1.1% 125V
Plas 0.1264uF 1.1% 125V
Plag 0.04aF 1.1% 125V
Plas 0.01246uF 1.1% 125V
Mica 3950pF 0.5% 350V
Plas 0.4pF 1.1% 125V
Plas 0.432uF 1.1% 125V
Plas 0.432uF 1.1% 125V
Plas 0.1264pF 1.1% 125V
Plas 0.04pF 1.1% 125V
Plas 0.01264uF 1.1% 125V
Mica 39530pF 0.5% 350V
Plas 0.4uF 1.1% 125V
Elec 100uF -20+100% 25V
Elec 100uF -20+100% 25V
Paper 0,01uF 10% 400V
Elec 22uF -20+1 00% 63V
Elec 470uF -20+100% 25V
Plas 0,007uF 1% 125V
loz’las 0.0082uF 2% 125V
Plas 0.0027uF 1% 125V
Plas 0.0082uF 2% 125V
Plas 0.0068uF 2% 125V
Plas 0.0027uF 1% 125V

Plag 0.0018uF 5% 125V
Elec 1000pF -10+50% 63V
Elec 1000pF -10+50% 63V

Mica 100pF 2% 350V
Plas 250pF 2% 350V

M.L. code

26144-350Y
26415-8130
26415-806A
26518-358T
26518-358T
26518-297B
26518-244N
26518-222W
26257-3598

26518-3558

26518-358T
26518-358T
26518-297B
26518-244N
26518-222W
26257-3598

26518-3558

26415-813U

26415-8130
26174-147H
26415-806A
26415-822G
26516=-687F
265616-925Y
26516-918Z

26516-925Y
26516-684N

26516-9187Z

26516-544E
26426-081F
26426-081F

26272-293V
26516-342Y

Circuit
reference

C36

C40
c41
C42
C43
C44
C45
C46
C47
C48
C49
C50
C51
C52
C53
Cc54
C55
C56
C57
C58
C59
C60
cer T
C62
C63
C64
C65
C66
C67
C68
C69
C70
cr1 T
C72

Description

Plas 250pF 2% 350V

Var plas 0.25-8pF

Plas 0.001uF 2% 350V
Paper 0.1uF 25% 350V
Paper 0.00LuF 20% 500V
Elec 100uF -20+100% 25V
Plas 0.1pF 10% 250V
Elec 470uF -20+100% 25V
Tant 68uF 20% 15V

Elec 500uF ~20+100% 50V
Plas 0.033uF 10% 160V
Elec 22pF -20+50% 100V
Plas 0.1uF 10% 100V
Paper 0. 005uF 10% 250V
Paper 0.005uF 10% 250V
Elec 100pF -20+100% 25V
Tant 33uF 5% 20V

Elec 100uF -20+100% 25V
Elec 470uF -20+100% 25V
Elec 50uF -20+100% 25V
Elec 470uF -20+100% 25V
Elec 470uF -20+100% 25V
Elec 47uF -20+100% 40V
Elec 1000uF -20+100% 16V
Elec 470uF -20+100% 25V
Plas 1uF 10% 160V

Plas 1p¢F 10% 160V

Elec 6. 8uF 20% 6V

Elec 22uF -20+100% 63V
Elec 470pF -20+100% 25V
Elec 470uF -20+100% 25V
Tant 100uF 20% 10V

Plas 2200pF 5% 350V
Elec 100uF -20+100% 25V

For symbols and abbreviations see¢ introduction to this chapter



Cireuit
reference

c73
C74
C75
C76
77
78
C79

Cl1o0
C111
C112

C124
C125
C126
C127
C128

C130
C131
C132
C133
C134
Ci35
C136
C137
C138
C139
Cl1490
C141
Cl42

Fs1

Description

Elec 47uF -20+100% 40V
Tant 33uF 5% 20V

Cer 33pF 5% 750V

Cer 0,1uF -25+50% 30V
Elec 2uF -20+100% 25V
Elec 220pF -20+100% 25V
Elec 470uF -20+100% 25V

Elec 4.7uF 20% 25V
Cer 0, 00LuF +80-20% 500V
Elec 100uF +100-20% 25V

Plas 220pF 2% 350V
Plas 150pF 2% 350V
Plas 680pF 2% 350V
Plas 82pF £2pF 350V
Plas 470pF 2% 350V

Elec 4.7uF 20% 25V

Cer 0. 001uF +30-20% 500V
Elec 100uF +100-20% 25V
Plas 18pF 12pF 350V
Plas 1200pF 2% 160V
Plas 2640pF 2% 160V
Plas T1700pF 2% 160V
Plas 1800pF 2% 160V
Plas 47pF +2pF 350V
Plas 41900pF 2% 160V
Plas 90400pF 2% 160 V
Plas 0.033uF 10% 250V
Plas 0.22uF 2% 63V

100mA slow-blow
(for 230V supply)

M.L. code

26415-8107Z
264 86-589W
26324-822X
26383-0318

26414-109L
26415-818F
26415-822G

26458-004H
26383-242P
26415-813U

26516-329B
26516-289C
26516-446L
26516-225C
26516-408U

26458-004H
26383-242P
26415-813U
26516-029U
26516-512E
26516-926N
26516-835D
26516-543H
26516=-167Y
26516-927L
26516-838X
26582-205M
26582-571V

23411-052W

Circuit
reference

FB1

FS2

L1

£ B E

NN

MR1
MR2

MR4
MR5
MR6
MR?
MRS
MRI
MR10
MR11
MR12
MR13
MR14

PI1

R1
R2
R3
R4
R5
R6

Description

or 250mA slow-blow
{for 115V supply)

250mA quick blow

{for broadcast filter)
{for telephone filter)
{for broadcast filter)
{for telephone filter)
(for telephone filter)
(for telephone filter)
(for r.f. detector)

18923
15923

15923

18923
MIP92001
1N4004
1N4004
Z5B10
Z5B6.2
Z5B6.2
HP5082-2800
HP5082-2800
1N5390

Mains plug

WW 6208 2% 3W

Met film 82k 2% W
Met film 68kQ 2% 1w
Met ox 470k 2% iw
Met film 2.7k 2% 3W
Met film 3.9k 2% Iw

For symbols and abbreviations see introduction to this chapter

Reploceable parts

M.L. code

23411-055P

23411~-04E

44290-402M
44290-434M
44290-403C
44290-435C
44290-436R
44290-437B
44271-417T

28356-018Y
28356-018Y

28356-018Y
28356-018Y
28357-048W
28357-028K
28357-028K
28371-843E
28371-483P
28371-483P
28349-007E
28349-007E
28349-0052

23423-159P

25125-074K
24773-319J
24773-317TN
24573-137G
24773-283L
24773-287V



Replaceable parts

Circuit
reference

R7

RS

RS

R10
R11
R12
R13
R14
R15
R186
R17
R1s
R19
R20
R21
R22
R23
R24
R25
R26

R28
R29

R32

R34
R35

R40
R4l
R42
R43
R44
R45

Description

Met fibm 1.5k 2% W
Met film 5.6k 2% W
Met film 7500 2% 3W
Met film 1.8kQ 2% 1W
Met film 150k 2% W
Met film 150kQ 2% IW
Met film 1.8kQ 2% W
Met film 1.8k 2% W
Carb 330k 5% 1/8W
Met film 220kQ 2% IW
Met film 13kQ 2% W
Met film 4.7kQ 2% W
Met film 75k 2% 3W
Met film 2708 2% IW
Met film 47kQ 2% iW
Met film 10k 2% ;W
Met film 100k 2% ;W
Met film 10082 2% W
Met film 8208 2% W
Met film 2.2kQ 2% IW

Met film 2.2kQ 2% 4W
Met film 18¢ 2% 3w

Met ox 518 2% 1w

Met film 47kQ 2% W
Carb 2.2M% 5% 1/6W
Met film 10kQ 2% W

Met film 1M 0.5% IwW

Met film 31009 0.5% W

Met film 1002 2% IW
Met ox 1M 2% AW

Met film 100k 2% W
Met ox 470k$ 2% IW

M.1, code

24773-277U

24773-2918

24773-270R
24773-279N
24773-325V
24773-325V
24773-279N

24773-279N
24311-933C

24773-329T
24773-300T
24773-289W
24773-318L
24773-259T
24773-313H
24773-297M
24773-321L
24773-249J

24773-271B

24773-281Y

24773-281Y
24773-231P

24573=-042D
24773-313H
24312-9748

24773-29TM

24655-901T
24655-203A
24773-249J
24573-145T
24773-321L
24573-137G

Circuit
reference

R46
R47
R48
R49
R50
R51
R52
R53
R54
R55
R56
R57
R58
R59
R60
R6l
R62
R63
Re4
R65
R66
R67
R68
R69
R70
R71
R72
R73
R74
R75
R76
R77
R78
R79
R80

Description

Met ox 470k$ 2% 1W
Met ox 470kQ 2% 3W
Met film 6.2k 2% §W
Met film 2k 2% §W
Met film 1k 2% 3W
Met film 6808 2% W
Met film 4708 2% W
Met film 9102 2% iW
Met film 820G 2% W
Met film 1kQ 2% W
Met film 4.7k 2% IW

Met film 13679 0.5% 1/8W
Met film 432.4Q 0.5% 1/8W
Met film 136.78 0.5% 1/8W
Met film 43.24Q 0.5% 1/8W
Met film 209 0.5% 1/8W

Met film 39k$ 1% 1/8W
WW 108 5% Iw

Met film 10k 2% W
Met film 4.7kQ 2% iW
Met film 68kQ 2% W
Met film 1k 2% IW
Met film 150kQ 2% 1W
Met film 10kQ 2% W
Met film 4.7kQ 2% IW
Met film 3.9k 2% iW
Met film 33k$ 2% iwW
Met film 33k 2% W
Met film 1k% 2% 3W
Met film 3.3k 2% 1W
Met film 1k 2% W
Met film 5.6k 2% 1w
Met film 100kQ 2% W
Met fikm 10kQ 2% W
Met film 1. 8k@ 2% Iw

For symbois and gbbreviations see¢ introduction to this chopter

M.L. code

24573-137G
24573-137G
24773-292W
24773-280U
24773-273A
24773-269K
24773-2656M
24773-272K
24773-2%1B

24773-273A
24773-289W
24625-101Y
24624-7 01N

24624-601J

24624-2268

24624-101M
24617-551Y
25123-020F
24773=-29TM
24773-289W
24773-317N
24773-273A
24773-325V
24773-297TM
24773-289W
24773-287V
24773-309Z

24773-3097

24773-273A
24773-285F
24773-273A
24773-2918

24773-321L
24773-29TM
24773-279N



Circuit
reference

R3Sl
R82
R83
R84
R85
R86
R87
R88
R89
Rg0
R91
R92
R93
R94
R95
R96
R97
R98
R99
R100
R101
R102
R103

R110
R111
R112
R113
R114
R115
R116

R120

Description

Met film 3.9kQ 2% iAW
Met film 8.2k 2% 3w
Met film 6.2k 2% iW
Met film 3k 2% W
Met film 1k 2% iW
Met film 330 2% 3W
Met film 6808 2% iW
Met film 15kQ 2% iW
Met film 20k 2% W
Met film 2.2k 2% iW
Met film 2,7kQ 2% IW
Met film 3.9kQ 2% 1w
Met film 820Q 2% W
Met film 2200 2% W
Met film 2209 2% W
Met film 8208 2% W
Met film 1k% 2% iW
Met film 2708 2% 1w
Met film 2709 2% W
Met ox 100kS2 2% 1w
Met ox 100k 2% W
Met ox 470k 2% iW
Met film 1,5k 2% 3W

Met film 220k 2% 1w
Met film 27k$2 2% iAW
Met film 4.7k 2% ;W
Met film 220 2% 1w
Met film 1.8k$2 2% 1w

Var cermet 4702 10% W

Met film 2702 2% 1w

Met film 220kQ 2% 3w

M.1 code

24773-287V
24773-295P
24773-292W
24773-284J

24773-273A
24773-237K
24773-269K
24773-301P
24773-304C
24773-281Y
24773-283L
24773-287TV
24773-271B
24773-25TW
24773-25TW
24773-271B
24773-273A
24773-259T
24773-259T
24573-121R
24573-121R
24573-137G
24773-277U

24773-329T
24773-307K
24773-289W
24773-257TW
24773-279N
25711-5418
24773-259T

24773-329T

Circuit
reference

R1iz21
R122
R123
R124
R125
R126
R127
Ri28§

nvi

RV2

RV3

RV4

RV5

RV6
RV7
RVs

RV10
RV1l
RV12
RV13
RV14
RV15

SB
sC
SD
SE
SF

Description

Met film 62kQ 2% iW
Met film 4.7k 2% W
Met film 7508 2% §W
Var cermet 2202 10% 1w
Met film 3909 2% 3W
Met film 2.2k 2% W
Met film 2208 2% iW
Met film 2,0k 2% 3W

Var carb 100kQ2 +10k$ 10%
2w

Var WW 5,1k +5.1k&2 2%
4W

Var WW 100k +100kS2 10%
W

Var WW 100k +100k22 10%
4w :

Var WW 5.1k£2+5.1k8 2%
4w

Var WW 1k 5% 2W
Var WW 5008 10% 1W

Var carb 100k£ +10k$2 10%
2W

Var cermet 2005 10% 0.3W
Var carb 22k§ 20% 1w

Var carb 1kQ 20% iW

Var carb 2508 20% 3w

Var carb 10kQ 20% W

Var carb 10kQ 20% 1w

DFM INPUT RANGE
FUNCTION
FREQUENCY
METER RANGE
SUPPLY
BATTERY/AC MAINS

For symbols and abbreviations see introduction to this chapter



Replaceable Parts

Circuit
reference

8G
SH
8J

8K

SKTé6

TP1
TP2 }
TP3 }
TP4
TP5
)

VTl
vT2
VT3
VT4
VTS
VTé6
VT7
VT8
VT9
VT10
VTi1
VT12
VT13
VT14
VT15
VT16
VT17
VT18

Description

NORMAL/LF CUT
CAL/USE

INPUT RESISTANCE
AF/RF INPUT

RF INPUT

AF input transformer

Mains transformer

AF INPUT terminals

18 - 45V terminals

QUTPUT terminals

BCY71
BCY71
BCYT1
BCY71
BC108
BCY72
BCY72
MIP95008
ACYZ20
ACY17
0C25
ACY20
BCY71
BCY72
BSY26
BCY72
BSX20
BCY72

M.l code

23467-162D
44321-406F
44340-080W
23467-1608

23443-733F

43590-024C
43490-055V

23235-176V
23235-176V
23235-1778

23236-176V
23235-1778

28435-237F
28435-237F
28435-237F
28435-237F
28452-787N
28433-487R
28433-487R
44522-004P
28424-74TM
28426-497G
28424-807V
28424-74TM
28435-237F
28433-487R
28452-173L
28433-487R
28452-197H
28433-487TR

Circuit

reference Description
VvTl9  BCYT71

VT20 BC308

VT2l BC238

vT22 BC308

vT23 BC238

KNOBS

Round knob for main FREQUENCY
control

Round knob for FREQ BALANCE
or PHASE BALANCE

Bar knob with skirt for FUNCTION
or DFM INPUT RANGE
switch

M.l code

28435-235L
28433-455R
28452-78lA
28433-455R
28452-781A

41141-204Y

41142-704Y

41145-2062

Pointer knob with skirt for FREQUENCY

or METER RANGE switch

Knob for coarse SET REF LEVEL
control

Knob for fine SET REF LEVEL
control

CAL/USE switch

SUPPLY awitch

Knob for DFM INPUT RANGE
Knob for FUNCTION switch

MISCELLANEOUS

Dial for FREQUENCY control
Dial cover moulding

Dial boss

Wrap-round case

Case back

Case handle (1 of 2)

Case foot (1 of 4)

Lifting stand

Front panel surround

Fuse holder for FS1 or FS82

For symbols and abbreviations see intraduction to this chapter

41145-219V

41141-304E

41141-602M
41142-210M
41142-209R
41141-304E
41145-219V

31759-040J

31185-103X
33857-106W
41651-107A
41635-0348

22315-54Y
37188-102V
35121-105V
41656-019T
23416-191C



Chapter

4

Circuit diagrams

CIRCUIT NOTES

1.

COMPONENT VALUES

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

Inductors : No suffix = henries, m = millihenries, i = microhenries.
T value selected during test; nominal value shown.

VOLTAGES

Printed in italics. Voltages are d.c. and relative to chassis unless
otherwise indicated. Measured with 20 kf2/V meter (or elecironic
volimeter where indicated by ¢). Power unit voltages relate to

240 V a,¢. input.

SYMBOLS
/] preset component

arrow indicates clockwise rotation of knob

panel marking
5=

printed board tag number

SWITCHES

Rotary switches are drawn schematically. Numhbers or letters
indicate corntrol knob setting as shown in key diagrams.

1F = lst section (front panel), front

1B 1st section, back

2F 2nd section, front

ete.
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Fig. 7.3  Voltmeter section
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