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Low Frequency

Waveform Generator Type LF 141
and Variable Phase

Attachment Type VP.142

This versatile signal generator has an
important improvement over the
earlier type —the F.E.T integrator

in place of the electrometer valve




This new instrument is a source of low-
frequency electric signals of many
different sorts. It is designed particularly
for measuring the dynamic response of
automatic control systems, but previous
experience has shown us that this type of
device has a much wider range of
applications than that. It has a great
many of the advantages of our de-luxe
LF.b1, and some new ones.

Over 90 Auxihary

distinct generator
waveforms triggers the main
from the main set, or external
generator oscilloscopes

Portable—the
first truly
‘one hand’
servo test set

Variable phase
output for
phase
measurements

Main Generator

The heart of the main generator is a new type of integrator
(patents applied for) which is a distinct advance on the type used
on earlier instruments, eliminating the delay after applying a
tngger pulse This integrator 1s connected to a square wave
generator in a feedback arrangement so that it is self-oscillatory,
generating square waves and tnangular waves at the same time
The triangular waves are shaped by a non-linear resistance into
sinewaves of low distortion

As 1n the LF 51, further patented features permit the main gen-
erator to be run for just one whole cycle. or for half a cycle A
‘gate’ terminal is also brought out to the front panel, which allows
the main generator to be keyed producing bursts of pulses of
any number from one upwards

In the half-cycle conditton. the generator rests at the positive or
negative irit of voltage, so a d ¢ voltmeter connected to the out-
put terminal reads the amplitude In low frequency servo testing
this 1s a point of great importance—one simply turns the ampli-
tude knob until the required movement of the servo is obtained
By flicking the '} cycle’ switch (or applying a voltage pulse to
‘sync in’) the volitage goes lo the other imit. stepwise rampwise,
or according to the waveform selected One can now venfy that
the other end of the movement s correct Then, turning to con-
tinuous operation or any of the other modes, one knows that the
voltage, at all frequencies, and all shapes, will be precisely that
just set on zero frequency. (Anyone who has attempted to set
the amphtude of very slow sine waves will know what a bornng
procedure this can be)

A new feature of the present design 1s the ability to cut off either
the positive or negative half of the vaveform Mainly this s
useful for generating pulses 'from earth’ instead of balanced
positive and negative It can also result in some further interest-
ing waveforms and delayed waveforms Remember that from
the auxthary output terminals the complete square, tnangle and
sinewaves are simultaneously available

Auxiliary Generator

The auxihary generator supplies a suitable square wave for
tniggering the main generator to make waveforms 37 to 48 and
7310 96 It has the important advantage of generating simultane-
ously a triangular wave, mainly for triggenng an oscilloscope.
Given a modern type of oscilloscope with adequate dc. level
control of the triggerning, one can ‘shide’ up and down the
tnangular wave. Thus considering waveform 80, for exampie,
one can adjust the oscilioscope to have either the leading or
traithng edge at exactly the best part of the screen This is a low
frequency equivalent of the delay hne supplied in fast oscilio-
scopes for the same purpose, with the advantage of continuous
variation.



Variable phase attachment

This uses the same unique circuit principle as the attachment for
the LF.61, generating variable phase waves of constant amplitude
from a single phase generator. Its main purpose is for phase
measurement using Lissajous figures on an oscilloscope.

This question of phase measurement in low frequency systems
is complicated by the question of noise and distortion. One
occasionally meets the problem of a very noisy signal in which
the simple Lissajous figure method would fail because one cannot
accurately distinguish the point at which the ellipse degenerates
into a straight line (which is the way the phase is compared). In
this case a suitable filter can always provide a satisfactory
solution—bandpass filter with negligible phase shift at the fre-
quency in question. This way one can also measure the har-
monics.

A good many people have persuaded themselves that this simple
method of measurement is unsuitable for servo-frequency work,
and they then purchase transfer function analysers at five or ten
times the price (our T.F.A. 46 being a good.example). We there-
fore wish to emphasise that it is only very occasionally that the
direct Lissajous figure method fails through noise and distortion.
and that a variable LF filter can then be used with complete ease.
Furthermore, there is no difficulty whatever in getting rapid phase
measurements even at very low frequencies. For example, if the
frequency is one cycle per minute, one requires a normal d.c.
oscilloscope (long persistence trace not needed). One adjusts
the shifts at some high frequency so that the spot will pass
through the centre of the screen. Applying the test signal one
moves thg variable phase knob to 'steer’ the spot to the centre.
After a few minutes experience one can do this in half a cycle.
A small refinement on the new instrument is the amplitude
control on the variable phase output, so that if the Lissajous
figure is reduced first to a straight line (for phase measurement) and
also to 45° one can read the amplitude as well, because under
these conditions the signals are equal in amplitude. To do this
we have naturally made sure that the variable phase output is of
sufficiently constant amplitude at all settings. We do not pretend
that this is a very accurate measure of amplitude, depending as it
does on the oscilloscope amplifiers.

The complete outfit is really as different as could be from ‘a low
frequency oscillator’ as some people insist on calling it. There
are so many diffetent tricks one can play with it that one could
not possibly list them all here, but only a few that come to mind.

1. Phase measurement in power systems. The main generator
to be ‘phase locked’ to the supply. Quite easily done by using
the ‘1 cycle driven’ mode. and using the variable phase output
as just described. There is nothing critical in the frequency control.
and if it is slightly wrong the sine-wave will be a little distorted—
of no importance for phase measurement in this way.

2. Demonstrating the ’starting surge’ in a.c. systems. By re-
moving a paralysing voltage from the GATE terminal one can
start a train of sine waves at any desired phase angle, for driving
classroom or experimental arrangements.

3. Square wave with variable rise time. In waveform 43 both
the repetition rate and the rise time are separately controllable—
a useful test in some non-linear systems.

4. Sine-Squared pulses. Waveform 73 is ‘sinesquared’ which
has the valuable feature of generating harmonics inside an
accurately known bandwidth, unlike the rectangular pulse which
has excessive high frequency energy for many tests. (If the half-
amplitude duration is 1/f seconds, the spectrum contains no
components above f c/s).

5. Keying with a batch counter. In medical and other applications
one sometimes requires a train of pulses of known number. This
is easily done with the LF.141 paralysed on the gating terminal
by a voltage from a batch counter. The counter can be counting
square pulses of fast rise time (as needed to operate it) from
the auxiliary squarewave output terminal. Meanwhile the main
output terminal is emitting whatever waveform is required.

LF.141 main generator

Frequency. 0-002 to 2.000 c/s in six ranges with overlap at each
end of each range. Absolute accuracy 3% of setting.
Amplitude. O to 20 volts peak to peak {(undamaged by short
circuits). Accuracy of amplitude dial +6% of full scale. There are
three ranges with full scale 20, 2, and 0-2 volts peak to peak
respectively.

Output impedance and current.

20 volts range. 10 ohms. 10 mA maximum (more will cause
distortion. not damage).

2 volts range, 110 ohms, safe for short circuit

0.2 volt range, 11 ohms, safe for short circuit

Square wave rise time. 5 uS max.

Linearity of ramp. better than 3%.

Sinewave distortion. better than 2%.

Auxiliary output terminals. Sine and square wave outputs at 20
volts peak to peak and triangular wave at 32 volts peak to peak
are available from the three auxiliary outputs. No damage will
be caused by shorting these to earth, but the generator will not
work with more than 250 pA peak drawn from them.

Sync. input requirements. A sharp leading edge of 10 volts will
initiate the trigger action. (Not more than 10 uS rnse time).
Input resistance 22 kQ.

GATE input requirements. 20 volts DC, positive or negative.
This must not exceed 30 volts, or damage will be caused Input
resistance 27 kQ.

DC biassing of output. By removing the link between Earth and
0 volts the output may be biassed to a maximum of 100 volts
positive or negative by a suitable battery or power supply.
Temperature Rating. The instruments are suitable for use in
ambient temperatures up to 40°C.

Auxiliary Oscillator

Frequency Range. Approx 0-1 to 1,000 c¢/s. uncalibrated in four
ranges with overlap.

Qutputs. Square waves of about 10 volts peak to peak at a mean
of about -—14 volts, and triangular waves of 20 volts peak to peak at
a mean of about O volts.

Variable Phase Unit

Output. Sinewave of the same frequency as the LF.141 and
variable in phase 0 to 360 .

Voltage. O to 10 volts peak covered in one range.

Angle accuracy. +3

Voltage accuracy. *0-5 voits.

Qutput impedance. 10Q.

Power Requirements

12 to 156 VA, 45 to 65 c/s single phase a c. The voltage selecto:
can be set to 105, 110, 115, 120, 125, 210, 220, 230, 240, 250
and the instrument will operate satisfactorily with variations not
exceeding +10% from the set voitage.

Construction

The variable phase umit 1s screwed to the bottom of the LF.141,
receiving its inputs from a multiway plug and socket. The elec-
tronic components are on printed circuit boards. hinged for easy
servicing. Most of the components are chosen from the inter-
service approved list, and are run at the proper Service ratings.

Departures from the specification during the first twelve months
of proper use will be corrected free of charge.



Shipping Details

Net Size Net Weight Packed Size Packed Weight
LF 141 alone M17x8:3"x 141" 17 tbs 97x19"x 24~ 74 Ibs
(28-0x21-1x35-8cms)  7-7 Kgs {74x48x 61 ems ) 34 Kgs
VP. 142 slone 4-2"x8-3"x 141" 5-3 Ibs 207 x 115" x 187 44 ths
13-2x21-1x35-8cems)  2-4 Kgs (56 x 44 x 46 cms ) 20 Kgs
LF. 141+ VP 142 144" x8-3"x14 17 22:3 lbs 8" x19x 24" 80 Ibs
{36-5x21 1x35-8¢cms)  10-1 Kgs (74 x 48 x 6% cms ) 36 Kgs

The range of waveforms available on the LF141
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SPECIAL ROTES

1. Tt is inadvisable to alter any of the preset controls
without careful consideration and suitable measuring
instrumente,

2. Synchronizing Voltage. A voltage step of 10 volts
and rise time’ not more than 1O0pS is required to initiate
the trigser actinn.

.3, Zate Voliage. A positive or negative D.C. voltage
of 20 volts applied to the gate terminal will stop the
main generator. More than 3C volts will cause danmsge.

L, Driven Operation. Attemvts to 'drive' the main
generztor faster than the actual frequency setting will
rosult irn frequency division or other forms of mal-.
operztion, '

Se In l-ter instruments the terminal referred to as
SYNC IK is re-lnbelled E{T DRIVE.

6. WARNING, The circuits and methods of operation
are the subject of potents pending in many countries.

Designed and manufactured by
SERVOMIX CONTROLS LID.,
CROWBOR UGH, SUSExI, ENGLAND
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INSTALLATION

1s After unpacking the instrument, remove the dust cover and

check that there is no visible damage and that the voltage selector
is correctly set to the nominal value of your 4.C. supply. For
voltages 200 to 250V use fuse rated at 0.5 amps. For voltages

100 to 120Vuse a 1 amp fuse,

2. Connect a suitablevplug. The GREEN wire is earth; RID is
line and BLACK is neutral,

3, Switch on, with an oscilloscope connected between OV and
output terminals, leaving the connecting strip joined between OV
and B. Set the main FREGUENCY dial to 10,FREQUENCY MULTIFLIER to
x 100, OUTPUT VOLTAGE controls to maximum, and CONTINUGUS /ND
SINEW.AVE on the other switches. Verify that 1000 ¢/s sinewaves
appear, Turn the top right hand switch to square, triangle,

- and ramp, and verify they also are working.

Lk, Connect the oscilloscope between OV and squarewave output of
the auxiliary oscillator, With both knobs turned fully clockwise
the output should be a squarewave of 10V p - p at approximately
1000 c¢/s.

S. If the preliminary tests above are satisfactory it may be
assumed that the instrument is in normal working order,.

OPERATING NOTES

The following notes tell how to get any of the 96 numbered
waveforms illustrated in the data sheet,

1 - 4 Normal continuous wave -~ method obvious.
5 - 12 As above, but half-wave-rectified by using the #*, + or -~ switch.

13 - 36 Set the mode selector switch (5 o'clock from main frequency
dial) to 2 positions round from CONTINUOUS. Operate the switch at

top right marked 1/2 cycle. The main generator is now moving from the
lower limit voltage to the upper limit voltsage or vice versa, deing
just haldf a cycle. Thus the entire process takes bBalf the period
corresponding to the frequency setting. Fut, where the output has
been "held" at half way by the polarity selector switch the output
voltage will be changing during only part of this time.: e.g.

wave 15 corresponds to 1/2 cycle., 31 is the first half and 23 the
second half of 15, so each lasts only 1/4 cycle.

NOTE: Vave 14t only lasts a few microseconds, vhatever the
freguency setting may be. BUT the main generator is still going,
and attemptsto flick the 1/2 cycle switch before it has ended its
excursion will not reverse the wave,
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37 - 38 Set the mode selector switch to the appropriate
position (2nd, counting CONTINUOUS as 1). Apply to the
SYNC IN terminal a suitable source of square waves or
pulses which may very well come from the LF,141 AUX
OSCILLATCR. Make sure the driving frequency is slow enough
for the main generator to have time for its cycle as set
on main frequency controls. No. 43 is now set as to
repetition frequency, by the external oscillator, and

as to rise time by the main frequency controls. Thus 43
is simply an alternation of 15 and 19, both of which are
in turn based on 3. Note that for completeness wave %

is shown as giving rise to waves 16, 20, 44 and their half
versions. In all of these, as in 4 the ramp periocd is not
the same as in 3. The reason for making them available

is that there may be occasions when one uses 3 and its
derivatives from the triangular wave special terminal,
while using the more rapid ramps from 4 and its derivatives
from the main output terminal.

4g ~ 72 Set the mode selector switch to positions 4 or 5
(counting CONTINUOUS as 1) and operate the 1 CYCLE switch
at top right., Fach depression will cause the main generator
to go through one complete cycle of operation.

As always, it is no good pressing it again before the cycle
is over. Note that 57, 59, 60 etc do not start at once -
not due to any fault in the operation but because one has to
wait until the voltage arpears above (or below) the earth
line.

HENCE one has the immediate response from the square wave
special terminal followed by the pulse, e.g. 59. This delay
may be useful.

73 - 96 liode selector in positions 4 or 5 (counting CONTINUQOUS

as 1.) apply the recommended driving voltage to SYNC IN terminal.

73 is merely 49 repeated after a period determined by the

frequen.y of the driving wave. For that matter, 73 (etc.)

can be driven at random moments, by noise, provided only that

the main generator will 'miss' if too-rapid repetition is

demanded. This is in itself useful, as it allows one to

count the proportion of pulses which follow within a certain period
after the initial pulse. Thus groups of pulses applied to

SYNC IN terminal will be translated into spaced pulses.

GATED CR KEYED GAVES Whatever the other conditions, driving
voltages and so forth, the main generator can be paralysed

by applying a d.c. voltage of 20V. to the GATE terminal., On
removing this d.c. voltage the main gencrator will run normally.

MISCELLANECUS ADJUSTMENTS Set the #20V E.T. surplies within 1%

of their nominal values before making any other adjustment. Always
set the + 20V first since the - 20V stabiliser uses the +20V
supply as a reference, The +9.4V reference supplies are

adjusted in accordance with the procedure for amplitude calibration
(see below).
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The zero of the output amplifier is checked by turning the
‘output volts' knob fully anti-clockwise and then measuring
the output voltage with a d.c. voltmeter, If the d.c. present
is too high, short circuit basc VI21 to O V,, adjust RV9 to

get O V, out, remove short circuit base VI21 to OV, adjust

RV8 to get O V out.

Subsequent minor adjustments may be made by adjusting RV9
only.

The amplitude calibration can be checked by turning the volts
output knodb to 10, waveform selector to 'squarewaves' mode
selector to '1/2 cycle switched'. By moving the '1/2 cycle'
switch (SW?) to alternate positions the output may be set to
+10V and -10V, using RV16 (-ref) and RVi4 (+ref) respectively.

Now turn to 'continuous' triangle waves (2000 c¢/s) and adjust
RV4 for O output (this sets the mean d.c. level of the
integrator output to OV).

Set to 200 c¢/s squarewaves and adjust RV6 for zero output
(adjust mark-space ratio of scuarewaves to unity).
Use multi-range meter set to 10V range.

It is important to realise that these adjustments not only
affect the mark-space ratio but also the frequency and the
distortion present on sinewaves,

The frequency accuracy may be checked against a suitable source
and, if adjusiment is required it can be effected at the 20

mark of the dial by means of RV22 and at the 2 mark of the dial

by means of KV23, These controls are slightly intcrdependent

so successive adjustment is usually necessary. The best frequency
ranﬁe)to set absolutely correct is the x 0.1 range (0.2 ¢/s to

2 ¢/s).

The three fustest ranges are adjusted by C7.

This enables these ranges to be corrected as closely as the
tolerance on the integrating resistors (R51/52/53 or RS54/55/56 or
R57/5€/59) will allow.

GENFRAL DESCRIPTICN

Two oscillators are present in the LF,141 the auxiliary
oscillator and the main generator. Both circuits are based on
an arrangement of trigger plus integrator with overall feedback
to produce a self oscillating condition.

Auxiliary Oscillator, (Circuit diagram A.141/6)

VT31 and VI32 form the Schmitt trigger circuit which produces
square waves (not at O V wotential) across R153. These square-
waves, reduced in size and brought to O V potential, form the
input to the integrator (VTs 33, 34, 35, 36). The integrator
output is at a mean potential of approximately O V, and is fed
back to the trigger circuit input in such a polarity and
amplitude that at the required maximum positive or negative
excursion of integratcr output the trigser circuit output
voltage is reversed abruptly.




In this way the circuit is self-oscillating. RV3 is the fine
frequency control, the coarse frequency setting being obtained
by 86 switching C27, 28, 29, 3, RV1O sets the base bias
current of VI33 and is normally set so that the mark-space
ratio of the squarc wave output varies only slightly when RV3
is rotated fully. RV3 is not calibrated but covews a range
greater than 10:1 giving some overlap on the ranges. This
circuit is only suitable for continuous oscillation and is
intended to trigger the main generator by means of its square
vave output. The triangle wave output is useful for trigger-
ing oscilloscopes and other equipment since by sliding up and
down the trisngle to a suitable level they may be triggered in
advance of the square wave output if required.

Main Generator.

Please refer to the following drawings:

Trigger circuit Bl41/9 left hand side.
Pre-amplifier circuit Bl41/9 right hand side.
Integrator amplifier circuit Bl4l/8 left hand side
Sine shaper circuit B141/8 right hand side

Block schematic diagram Bl4l/2

Simplified block schematic diagram B141/11 A, B, C.

The basis of this oscillator is the 'controlled integrator!
i.e. the combination of pre-amplifier and integrator with
overall feedback applied.

For this circuit, wherever an input voltage greater than about
* 200 mV is applied the pre-amplifier output, V2, is limited at
% 10 ref DL or D2. This voltage is apvlied to the integrator
input causing the integrator output voltage to move linearly
until the condition V out @ R2 is satisfied, then the

V in Rl
integrator output becomes steady again and V2 returns to 0 V,
In practice V in is the output voltage of the trigger circuit
s0 is always * 10 V,, so it is much larger than the minimum
input required for correct operation of the circuit. Waveforms
for the circuit are given in Fig.(2)

With the addition of the trigger circuit and further feedback
loops the system may be ma e oscillatory or not at willj; the
simplified circuit then becomes as in Fig.(3).

(See Figs. (1), (2), (3) & (4))
The sequence of events is:~

V in, V1, V2 all positive, V out falling linearly and taking
V in with it at a lesser rate., When V out = -V1, R6+R7+R8

RE + R5
then V2 falls to O V allowing V in to reverse polsrity and
operate the trigger circuit. V in, V1, V2 are all immediately
negative and V out rises linearly again toking V in with it at
a lower rate. Again when V out = V1, R6+R74R8, V2 falls to

RIHR5

0 V, the trigger circuit is operated and the cycle resumes
again.
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If a d.c. input is applied via the 'Gate Input' terminal

then the trigger circuit will be held, according to the
polarity of input applied, and oscillation will be inhibited.
This is 'gated' operation and enables the oscillations to be
started and stopped at will. By choosing the correct polarity
of held off potential the oscillations may be made to start
from either the positive or negative extremity as required.

NOTE: The correct condition for oscillations to be produced

is OV. at the 'gate' terminal, so if a square wave is to be used
as the 'gate' input (to produce short bursts of oscillation)

then it must be of a sort which applies O V. to the 'gate' terminal
during the relevant period of time.

When point X is open circuit (see drawing No. B141/11B) an

input is required to operate the trigger circuit. This may take
the form of a d.c. voltage applied via a switch (provided on the
front panel (SW7) and marked '1/2 cycle') or a succession of
alternately positive and negative pulses. €19, Rikk form a
differentiating circuit to convert a square wave applied at the
'EXT. SYNC. INPUT' terminal to this form. For each input change
the circuit will now produce 1/2 cycle of output change; the
form of the output change may be selected at will by SW2.

When a diode is inserted at point X (see drawing B141/11C) then
the triggering action will be produced in one direction

only, depending upon the polarity of the diode, The circuit
output voltage will thus remain stationary at the corresponding
positive or negative extremity until an input pulse of the
correct polarity is applied, when it will perform one complete
cycle of operation and then wait for another triggering pulse.
In this condition the circuit may be triggered by either SH8

or by meauns nof a square wave applied to the 'EXT. SYNC. INPUT!
terminal, A diode is included in the sync input circuit to ensure
that only the correct polarity pulses are applied. This
precaution prevents spurious triggerings from the back edge of a
narrow triggering pulse.

‘Locked! or 'Synchronized' Continuous Oscillation

The main generator may be 'locked' to an external source.

(a) If the external source is of sinusoidal from
then 5 -~ 10V p - p should be applied to the
‘gate input' terminal and the LF.141 set to
either 'continuous' or '1/2 cycle ext. driven'.
The main frequency dial can then be adjusted for
positive synchronizing with minimum distortion.
The lock obtained is good but the phase angle
between the source voltage and the LF,141 output
voltage is indeterminate.

(b) If the external source is of square wave form
approximately 10V p - p should be applied to
the 'ext. sync. input' terminal and the LF141
set to either 1/2 cycle or 1 cycle ext, driven.
By adjustment of the main frequency dial a
positive lock can be obtained with the phase
angle between source and LF, 141 output fixed at
approximately 900,



‘DI‘}TE\IT TP CIRCUIT NOTRS

Trigger circuit. (Drawing MNo. B141/9 left hand side)

This iz = simple D. C. “mplifier with iuput and output mean
voltase st O YV, Overall voliags feedback is applied to
produce the trigzer effect. The outnut volt-ge is limited
to £ 10 V, by diodes MR2 and MR3, This output is uscd as
the sqguare wave output of the LF,14l

Integrator Iro-amplifier. (Drawing No. B141/9 right hand side)

Another simple D, €, amplifier with talanced inuput stage for
low D. C, drift, D, C, drift of this stege will czuse drift
of the mean level of the triangular wave output. ¥V4% therefore
sets the D, C, level of the triangular wave output.

Integrator fmplifier, (Drawing No. Bl41/8 left hand side)

This is a fairly higl grin D, C. amplifier with very hich

input inmpedance and very low input current. This is necessary
because the integrating resistonce changes from zbout 150 kQ

to about 15 HQ at various settings of the frequency multiplicr.
A specially selectad pair of field efiect transistors are used
as th2 input element, RV6 s ts the bins on this input stage.
This control thereforc sets the glopes of tine trinngulor wave

to be equsl in both the ner‘t1VL and yositive geing directions;
it therefore sects the mark/spnce rotio of the square wave output
to unity.

Sine Shaper. (Drawing No. B141/8 centre scctinn)

This is a simple network of diodes and resisters; the diodes

are biassed by voltages derived from the * reference supplies,

Four diodes =re used for positive inputs and four more for the
cgative input., They hove the effect of reducing the sicope of
the outpui wave at succecsively higrer break points nand in this
vay the outmut is mude ﬁ'“ro rimate to o sine curve, The actual

output obtained conzists of straight line segments, but the
distorticn is very small., The output impedsnce of the shaper

is quite high and is loaded only by the kigh input impednnce

of the cnitter follower circwit. (DPrawinz YNo. FL41/8 richt

hand side). This circuit is of a simple L. C., amplifier with
hich input impedance, low output lmP“dﬁnue, gain of approximatelyr
unity, end low D, C, drift; its functicen is simply to provicde

the power nccessary to drive the fcllowing relatively low impedance
circuits,

Clipper & TFolaritv felccicr. (Drawing P11/2 centre, connected to
SW2 and SW3

This circuit usss four diodes, MR29, %0, 31, 32, and four
resistors, X139, 140, 141, 142, to form a circuit capablc of
either:-

(2) Clipping waves to * 10 V., peak (used for forming
‘remp' waves) or

(b)  emabiing the eelzct
half, only the neg
Thi n1+uru ena Ll
le

ion ¢f all, only the positive
tive -1f, of any.input wave,
s the user to seLcct any
t its polarity at will.
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Output Amplifier (Drowing 4141/20)

Thie is a straightforward hich gain, low drift I. C, amplificr,
The input stn e is a long-tailed pair of %runsistors (VT21,
VI22), Uwc zero setting petentiometers nre provided. RV9

gets the input voltaze to zero and shonuld be initially set with
the base of V72l shorted to O v, RVE sets the input current

to zero. The long~tailed poir input stage givec good D. C.
stability; VI23 is another amplifier with cmitter biassed by
Zener diodes MP26 and MRZ7 in serics. Vi2h iz the output
emitter-follovcr nnd VIZ5 is a cons*ant current source provided
to recduce the current loading on Vi 24, This output is essentially
short~circuit proof sven when the short-circuit is sustained for
a verr long timc. Diodes 125 and MR2S ar. protecticn devicos
for the emitter te bare junctions of VI23 and Vt.24% respectively,

Power Supplics

These are series element type with simple long-tailed poir
amyplifiers and compound cmitter followars. HRSL is the reference
diode for the +20 ¥, supcly, the =20 V, zuwnply usces the +20 V,
supply os a reference ond hae an auxiliary negative suprly using
MR52 to give linear operation of the mmplifier transistor VT4,
The refercnce supplies give an output, for the shaper network
mnd the 'catching'! diodes of the trigger and pre—mmplifier
outputs, of about % 9.4 V., They are derived from the + 20 V,
supplics, use separate Zener diodes KR53 and MES4 and are of

the shunt stabiliscr type.

Controls,

RV15 sets the +20C YV, supply and should be set correctly first.
RV13 sets the 20 V. " it " oo i second.
RV13? setting depcends upvon the +20 V. being correct, hence the
need to st RV15 (+20 V.) first.

RV1k sets the + rcf,

RV16 scts the - ref,

Iote: The * ref, supplies are adjusted by making the square wave
output amplitude correct. Due to the phasc inversion property of
the output amplificr RV14 (+ref.) zcturlly sets the negative output

.r

to ~1C V. RV1S (~ ref,) actually sets the positive output to +10 ¥,

FAULT FINDING

By removing the dust cover and the bottom cover, you expost

every part of the instrument. The princed circuit boards nre
hin;cd 2t the front end so thot by removing the screw at the
upper riar end of esch board if may be swung out giving acccess to
both sides of 11 boards.

If the instrumont stops it is advisable to switch to '1/2 cycle
switched' and check whether + 10 V, appears &t the output terminzls
when the 1/2 cycle switch is moved, Check for each yosition of the
vaveform selector (ensure that attenuator is at 1 and 'output
volts' ot 10)., It may be found that only one waveform is offcctcd
or that the instrument is €1l right on 1/2 cycle bui not or
continuous. :

If the output is O V. at all tiwes, check the 20 V, and
* ref., then susprct the output emplificr.
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If the output is +10V or -10V at all times, then
suspect the triggering mechanism first, integrator and pre-
amplifier next.

NOTE: If RV6 (set mark-space ratio) is inadvertently rotated

too far in either direction, oscillation may cease; readjust

in accordance with the foregoing instruction. Always turn the main
frequenrcy dial to 20 when trying to cure the non-oscillating
condition, as RV6 has least cffect atthis end of the dial.

Aso if RV4 is rotzted too far from the correct position
oscillation may ¢ecase;  again readjust as above, again have

main frequency dial at 20 initially,

If no results are obtained either on continuwous or 1/2 wave,
then switch to 1/2 wave and connect a voltmeter to OV and

the square wave high impedance terminal. On operating the 4/2
wave switch, cthe voltage should change from +10 to ~10V or
vice~versa, Lf 4% does not change or is at some voltage far
removed from +10V then suspect the trigger circuit, If it
does change, reconnect the voltmeter to the junction RV22 -~ R1.
This voltage should also change in the same way; if not, than
suspect the pre-amplifier circuit or the resistor chain R, RS,
R6, R?, RS, If this voltage does change then reconnect the
voltmeter to the triangle wave high impedance terminal., This
voltmeter should chango alss, but the peak value is #16,1V and
the rate of change depends on the frequency setting; therefore
turn to 2000 c¢/s for quick rosponse. If this voltage does not
change suspect the integrator amplifier, integrating '
resistors and capacitors, or the resistance chain RVZ2, RV1, RV23,
R10.

By using these techniques the possible area of fault may be
reduced, thereby easing the work,

The following voltages may be found useful for general

servicing and fault finding. They were all measured on an AVO 8
(20,000 ©/V) on an appropriate range. It is advisable to adjust
the: mains voltage to be as near correct as possible.

Voltage across Ch2 = 28,5V
" " ch1 = 28.5V
" Wz = 20V
" "OMRS2 = 6.9V
" " MRS = 6.9V
LU " MRG3 = 6.9V
" " MRS1 = 5.6V
" at emitters VTUO & VT41 from OV. = 40,5V
" across R189 = 5.1V ’
" " RI68 = 1.4V
" " R1?7 = 6,3V
" "OR0 = 4,9V
" " RR9 = 6,3V
" oo R33 = 4,7V
" " MREO = 5.6V
" " MR10 + MR11 + MR12 all in series = 11,9V
u " R76 = 1.4V
" " R8O = 2.1V
" " ROk = 9,5V
" " MR26 + MR27 in series = 13,6V
" " R136 = Qv
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A.C. ripple voltages  (maximum values for LF,141 without VP, 142)

Across C42 1.3Vp - p 100 ofs

" C1 = 1.3V p~-p 100 c/s
" €32 = 15V p-p 5 ¢/s
On ~20V line from O V= 10aV p - p
LR To\ R M o 5V p e
L] ~ref 1" 1] i - lth p - p
it +ref 11 1] L1 I{,mv Pe-p

WARNING: The circuit and methods of working of this variable
phase device are subject to patents and patents
pending in many countries.,
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FIT?IHG THE VARIABLE PiASH ATTACHMENT

Unscrew the rubbér feet of the LF141 and remove the bottom cover.
Remove the LF.141 upper cover and take the six plastic washers
from the inside of this cover,

Remove the VP.142 cover and fix the two instruments together,
using the same screws and vashers,

Connect the 11-way plug =nd its spring retainer.

The VP.142 should now be checked for correct operation and, if
it needs adjustment, do this as detailed below and then:

Fix the cover of the VP,142 by the 4 rubber feet and screws and
then put back the LF.141 ton cover.

CHECK OF CORRECT OPERATICH

Set the LF.141 to give cortinuous sinewaves at any convenient
frequency, say, 100 ¢/s. Iivomine the output from the VP,142

and verify that it is a substantially undistorted sinewave and
that the amplitude does not vary by nore than about #2/46 as you
rotate the phas¢ dial. Verify that the phase dces in fact alter
contirnuwously and that the amplitude is 10V pealt with the amplitude
control full up. '

ADJTUSTHENT OF THE VP, 142

"NOTE: In ordinary use it is not necessary to adjust either of
these instruments except after a fault or some other exceptional
circumstance. When it is necessary to do so, Tirst adjust the
LF, 141 exactly as in the handbook and then proceed with the VP, k2
as follows, Al though these instructions appear complicated,

the vhole setting up procedure should not tale more than almost

5 minutes, given a suitable oscilloscope and d.c. volimeter,

1. Set the LF.11 to continwous sincwaves at 20 c/s.

2. Put a d.c. voltmeter (about 10V f.s.d) on texrminal TP1
and adgust RV2 to give OV, At TP1 there should be a
20 C trld:}ghlal wave of about _jav P-Dp.

3. Connect the d.c. voltmeter and a CRO to TP2 and adjust
RV8, RV9 and RV1 to give a triangular wave of amplitude
about 22V p -« p, no d.c. content, and no discernable
discontinuities. (It is best to set RV1 first by shorting
the junction of R26, 27 and R32 to OV and adjust for O d.c.
by RV1, After adgugtxng the other two con»zolu, RV1i may
need further small adjustment).



Lk,  Transfer the meter and CRO tc TP3% and check the presence
of a good sinewave of about 20V p -~ p with less than 100 mV d.c.
(The d.c. level at TF3 is set by factory adjustment of R135

and should not need altcration).

S Transfer to TPh and check a good sinewave of 20V p - p
vith less than 100 mVY of d.c. using RY3,

6. Transfer to TPS and find a good sinewave of 20V p - p.
The d.c. level at TP5 is set by factory adjustnent of R149 and
should not need alteration.

7. Transfer to TP6, adjusting the d.c. to O by RV4,

8. Transfer to the VP.142 output terminal, turn the ammlitude
control fully up and short circuit TP? to OV, and then adjust

RV7 for zero output. KRemove the short and adjust RVS Tor zero ouliue

Subsequent minor adjustments may be made, using RV? only.

Turn the emplitude control to maximw: and verify that there is
a pood sinewave of about 20V p - p smplitude with less than 100
mV d.c., at 211 positions of the variable phase dial, and also
that the amplitude control is working normally.

9. Set the amplitude control to 10V and the phase dial to O°

and adjust RV6 so that the peak output veltape is 10.15Y. (This
can be done on a d.c. nmeter by putting the mode selector switch to
'half cycle switched').

The instrument is now ready for use.

GENERAL, DESCRIFTICN

(Refer to drawings Bil2/2, B142/16 and B142/17).

The VP,142 accepts the sine, sgquare and triangular waves from the
e, via the 11-way plug and socket, which also connccts the

LF, 141 the 11-way plug and socket, which al ccts th

power (#20V) supplies, reference (+9,5V) supplies, OV and earth,

The sine, square and triangular wave inruts are modified and
combined in a special circuit arrangement to produce a triangular
wave which differs in vhase from the triangular wave output

of the LF,141 by exactly 90° at all frequencics.

The amplifier A1 accepts the triangylar wave input and procuces,
at TP1, an inverted version of the same amplitude, Amplifier A3
accepts the square wave inpyut and produces an amplified and
clipped version at its output.

The threc voliaze waves thus obtained are applied via the diode
resistor network to the inzut of A2, which combines and adds the
required components in such a way as to produce a 90° shifted
triangular wave at the A2 output,

This 90° shifted triangular wave is applied to the sine shaper
vhich produces a sin2 wave output, Because of the high impedance
present this sine wave is applied to emitter Tolleower 1, which
lowers the impedance. At this peint in the circuit we row have

8 sine wave of the same frequency and amplitucde as that from the
LF. 141 but leading in phuass by €0°, This wave is now inverted

by Al to provide the -90° sine wave.



is first applicd to emitter follower 2 and thus provides the -180°
sine wave, This wave is also inverted, in waplifier A5, to provide
the O° gine wave,

The four sine waves, 0°, -90°, -180°, -270°, are all of equal
amplitude (atout 10V p -~ p) and are apolied via a resistor networlt,
consisting of R184 to K203 inclusive, to the twelve taps of
potentioneter kV11, This network ensures the application to ezch
tap of a voltege of the correct amnlitude and phase angle. Since
the taps are at 30° accurately swvaced intervals the 'phase! dial

is lircar and the output voltage scnsibly constant at all sangular
settings.

The voltnge from RV11 is applied to RV10 which acts as the voltage
output control. This voltage is amplified by means of amplifier

16 1o procuce a maximum output of 10V p - p at quite low imnpedance.

DETATLTD CIRCUIT IICTES

JMPLIFTERS A and 22 (drawing No. B142/16)

These emplifiers are identical in internal circuit and have belanced
input stages for low d.c., drift. The d.c. level of 41 is set to

OV by RV2: d.c. drifts of this arplifier will causc madfunc®? »d: | of
the diode resistor suwuming network, MR1I4 to lNR19 and R26, k27, 180
and R181, resulting in discontinuities and high d.c. content in the
triangular wave at TF2. The d.c. level of .2 is sct to OV by RV1;
d.c. drifts of this amplifier will cause excescive d.c. content in

the triangular wove at TP2,

MMPLIFTIER 43 (drawing Ho. B142/16)

This is a ‘'clipping' type amplifier so it has no d.c., zero sct
provided, nor arc its d.c. drifts important., The clipped output
voltage is lorger than required. The positive and regalive oo Ten
inputs to thec diode/resistor swming network being scparately
adjustable by means of hV8 and RV9., If these adjusiments are not
correct or the clipping levels drift the effect will be to produce
discontinuities and/or excessive dec. content in tle triangular

vave output.

DIODE & RESISTOR SUINTING NITJORK. (drawing B142/16 & Ba42/2)

This netlwork accerts a 0° triangular wave, a 180° triangular wave

and 2 sguare wave input and by means of rectification and addition

of these arplics the correct inyuts to A2 via P26 and R27 to

produce a triangular wave at TP3 which is displaced in rhase from
either of the input triangular waves by a0°, Whether the displicer
is +90 or -90° from the L¥,1%41 triancular wave depends upon the
polarity of the square wave arrlied and in the case of the VP,142

the displacenent is +90° (-270°),

The resistors R180 and R181 remove most of the diode errors by
keeping them forward tiased for zero inrut. The resistors R182

and R133 feed forward a small azount of square wave inrut voltage
which assist in reducing the cffect of the finite rise time of ile
output of amylilier A3, A slow rise time here will result in severe
discontinuities in the triangular wave at I3, ith correct
adjustrient the circuit showm rroduces negligible discentinuities

up to a frecuency of 200 c¢/s and cnly slight deterioration us to

2000 c¢/s (The steps in a 20V p - p sine wave at 2000 ¢/s are

about 1V amplitude which corresponds to about 57%).
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'SINE SHAPER (drawing B142/16)

This shaper network is exactly as that fitted in the LF.141; a
description is given in the 141 handbook.

EMITTER FOLLOYUFR No. 1 (drawing B142/17)

This circuit accepts the sine wave high impedance output from the
shaper networkx and provides unity voltage gain and enough current
gain to lower the outrut imvedance to drive the resistor network
at RV11 and the input inpedance of 24,  The d.c. drift of this
circuit is low and the d.c. output volt=zge, for zero input voltage,
is set to OV +100mV at the factory by adjustment of R135.

RMITTER FOLICWER No. 2 (drawing B142/17)

This circuit is identical to No., 1 and performs the same sort of
job. The factory adjusted resistor for d.c. level is R149,

AMPLIFIZRS Alt and 45 (drawing No. Bik2/17)

These amplifiers are identical in circuit and feedback component
values, They have balanced input stages for low d.c. drift. D.c.
output is adjusted to OV by means to RV3 for Alt and RV4 for A5,
D,c. drifts of these amplifiers will not prevent the instrument
from function correctly but will cause d.c. to appear at the
output terminal.  The function of these amplifiers is:i-

Ay inverts the -270° wave to give the -90° wave.

AS inverts the -180° wave to give the O° wave.

OUTPUT AMPIFIKIR 16  (drawing No. B142/17)

This is a straightforvard high gain, low drift, d.c. amplifier
almost identicol to the LI.141 amplifier. ]V? sets the outrput
voltaege to CV for OV input, RV5 sets the input current of
VT40 correct for CV innut and output, Instructicns for setting
these potentiometers are given under 'Miscellaneous Adjustments'.
The output of this amplifier is essentially short circuit proof
even for long periods of time, The overall gain is adjustable
by means of RV6 over a small range having a mean value of atout
x2.bs5. This is necessary to take up the tolerances in the
resistors, a. used for gain-setting in all the amplifiers and b,
in the network around RV11,

The adjustment of KV6 is made with the phase dial set to '0'C

RV10 (voltage outrut) set to '10' and the L¥.141 set to 1/2 cycle

switched,  The output voltige, measured bty means of a d.c. meler, is

then set by RV6 to 10.15V, If the d.¢ level is rot exactly zero

then allowance may be made for this by switching the '1/2 cycle!

switch (SW7) and setting RV6 so that the mean of the output excursion:

(+V0~(Vo)) is 10.15V but this is not usuzlly recguired since the d.c.
V2

content is too snmall, The output is set to 10.15V at O° tecause it

falls by about 3.4 at the 15° intervals, the average of the naxina

and minima is then approxinately 10V.
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NOTE: The phase angles given above, and in the setting up
'procedure, are thosc actually present at the Test pO]Dto. Due to
the 130° phase reversal of the output amplifier the slider of
RV11 is actually on the -180° tap when the dial is set to 0° and
80 on all rounc RV11; for each dial setting the actual position
of the slider is always 180° different from the dizrl reading.

FAULT FINDING

By removing the lower dust cover one of the printed circuit boards
of the VP,142 is visible. By undoing the 4 x 2B. screws the VP. 1@2
chassis may be disconnected from the LF,141 and if the instruments
are stood with front panels facing upwards it is possible to part
the VP, 142 from the LF,141 (opening like the pages of a book),
without disconnecting the 11-way plug. In this position the
instruments may be run providing care is taken not to ccntact the
mains wiring in the LF.141.

One of the printed circuit boards of the VP,142 is screwed into

place and may be removed by undoing these screws anddisconnecting

the wires to TP1 and TP2. The earth (chassis) connection is made

via one of these screws and must be replaced when the screws are
refitted. When undone the printed circuit board may be swing out or
the chassis allowing access to both sides of both hoards, It is
usually best to work in the range 20 to 2000 c/s for signal tracing

as these frequencies are easier to deal with, using an cscilloscope.
In case of faulty operation check first that the LF,141 is operating
correctly, If it is, then check in the VP142 for the presence of
20V, * ref, sine wave, square wave, triangular wave, CV and earth
ixputs. If any of these are incorrect check the 11-way plut and
socket and its connections in the VP.142 and the LT, 141 If vo asigonal
output at all is produced check for presence of signal volt“fe at
RV10. If signal is present here then suspect the output amplifier,
or the wirint to and from it,

If signal not present at TV10 then check for signal at RV11, If
present here susyect the wiring from RV11 to RV10or RV10 for an
open circuit,

There will normally always be some signals present at RV10 since a
mininum of two faults at once is reauired to cause no signals at all
here, However, if this fault shoul occur, assuning all the corrcct
signals and volt ges are present at the invuts fro PL1, then check foc
signal at TP2; if no signal here then check for signal at TP1 and at
each end of RV8 and RV9, also at the input end of R1 and the base of
Vi3, fils0 check for signal at the base of VT30 and collector VD30,

A more likely condition is when the signal at one of the cardinal
points, e.g. TP3, TP4, TFS and TF6, is either missing or of incorrect
amplitude., This fault will show itself on the output as a much
larger veriation than normal of output voltage as the 'phnse! dial
(RV11) is rotated. It will also result in large errors of angle,

In this case check for correct signal, atout 10V p - p at each of =
5, and 6 and then when the faulty signal is 16enb1;1 'd procezed dir
to the amplifier feeding this test point. Note that, in connecti
with this tyre of fault, incorrect signals at two of the cardinna
points, say 0° and 150°, will usually only rean onc fauli sonewhors
since the 180° opposing voltage is derived from its oprosite numbs
therefore consult the drawing No. B142/3 and investignte the nos
likely cause of the trouble first.




By use of the above methods the likely area of trouble may be
reduced and the work made casier. Power supply and refercnce
voltages are as for the LF.141, signal voltages are listed here
for guidence:

INPUTS FRCM LF.141

Sine 20V p - p -

Square 20V p - p

Triangle 32V p - p

TP1 and TP2, triangular wave of about 32V p - »

Output of .3, square wave of about 35V p - p

_Output of sine shaper (do not load, .52 min) sine wave 20V p - p.
Inputs and outputs of emitter followers 1 and 2, &%, A5, sine waves
20V p - p.

At the actual taps of RV11 and its slider, sine waves of approximately
SVp - p.

Input and output of A6, sine wave of amplitude as set by RV10.

A1l these signals are large and relatively free from distortion in

the correctly operation instrument, In the case of the emitter
follower units this si true also of the signals rlg}t through from
input to output. For instance in enitter follower No. 1 the same 20V
P - p sine vwave should be present at emitter, base, and collector
VT30, base and emitter VI33, collector VT32.

In the case of the fecdback amplifiers A1, A2, Ab, AS, A6, the
input and output signals are very large but the signals present at
some of the intermediate points are very small and highly distorted
normally,

In the case of amplifier A3 the signals are all very large because
there is no overall feedback applied. A1l the transistors except
VIM6 are either fully concducting or cut off depending upon the
polarity of the input voltage.

The following d.c. voltages may be found useful for servicing and
fault finding. They were 2ll measured on an AVO 8 meter set to an
appropriate range; the mains input was set to the correct value,

Enitters, A1 w.r.t. OV

VT4 0.525V )

VT2 0.525V ) These voltages also apply to the
VT3 -19.1V ) corresponding emitters in /2.
VTS5 18,25V )

Emitters, A3 w.r.t., OV
VT3 & 14 4,6V

VI16 18,5V

Fmitters, Haitter follower No,1 wer.t. OV
VT30 o.bsv ) These voltages also arrly to the
VT31 2.5V ) corresponding emitters in emitter
VT332 ~13.5V ) follower No. 2.

Emitters, Alh, w.r.t.gV
V118 0.5V
VT19 0.5V These voltages also apply to the

VT20 +18,75V
VT22 ~11.3V

correSponding emitters in AD.

R 4
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Fmitters, 46, wer.t. OV

VTL4O 0.5V -
VTh2 -13.25V

VT4l ~11,0V



Ref,

s EeNeReoNe N Ne
~N O\ WY -

C10
Ci1
C12
C13

C15
C16
€17
¢18
C19

Value

330pF
. 002}LF
0.5uF
0.0%F
. OOS}J.F
460pF
b74pl

005 F
L0 F
0.0 F

10pF
0021 F
0.0%F
oOO'hJ.F

002y F
100pF
L00MmF
0,0 F
0. 1}11‘1
1 uwF
SOuF
+OO51F
+O05pF
S00pF
5000
100uF
100pF

22KQ
22KQ
33KR
100 Q
10K
150 Q
15KQ
1.1KQ
2.2MQ
330 Q
100182
68KQ
1.51Q
1.583
39802
1KQ
680 N
2.71%
6.8KQ
2.2KQ
68K
1.2KQ
1.2KQ

COMPONFNTS REFERENCH LIST for LF. 1l

Item

Caypacitor

13
sl
LH
t
1l
L

1t
L]
11

"
L]
1
1t
1

Type Voltage

amiG 750V
CP31G 560V
Polystyrene125V
" 500V

" 1"
u 125V

Variable

CP31G 200V
1 500V
" 250V
c281 250V
CCA1G 750V
CP31G 500V
"o 3500
1 500V

t -
CP31G 500V
CMM41G 750V
CP31G 500V
(1 350\[

CPM2G 150V

CPM2X 150V

BRUYO70 50V

CP%1G 500V
11 [1]

CE7-T 25V
u 1
BRO9O8 "

11 1"
RFGS5-E  1/2W
i 11
" 4
L i
1] 1/1“.]
" 1/2v
" 1/4V

1] "
n 1/2v
" 1/4v
u 1/2¥
" "

1" "
L1 1
" L
13 n
" ,l
1L "
u "
t 1
L n
1" 1"
1] 1

Tol.

10%

20%
1%
111
it

5%

20%

5%
20%

u
11
12

204
10%
20%

1"

25%

20%

11

"
1
it

2%

i
1]
1]

1%
1%
n

2%
1%
2%

t
"
f
1"
1
11
"
1"
L 1]
[ 1]

Codo No,

2747-019
2741069
2762209
2762-323%
2762314
2762201
2781158

2741..075
2741-055
2762-507
2762503

2768021
2741069
27141079
2741-065
2741-065

2741069
2747-013
2741065
2741079
2743002
274%.011
277%-385
2741075
2741075
2771256
2771-256
2773475
277%-475

2631~305
2631--305
2631-309
2631-249
2633-297
2631-25%
263%-201
2633274
2631-353
2633-261
2631-321
2631-317
2631-277
2631277
2631-311
2631-273%
2631-269
2631-283
2631-293
2631-281
2631-317
2631-275
2631-275
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Value

100KQ
18KQ
1 KQ
1 KQ
18KQ
680 Q
2.7KQ
6.8KQ
1 KQ
2.2KQ
L7KQ
27KQ

100KQ
39KQ
L7xq
119

390KRQ

L7KQ
10MQ
3. Q2
k7oKQ

39KQ
27KQ
100 Q
68¥¢
10KQ
12KQ
18KQ
330 Q
6.8KQ
100 Q
220 0
1 KQ
8.2KQ
10KQ
220 Q
750 Q
180 @
2.2KQ
180 Q
2.2KQ
560 R
10K
10KQ
560 Q
3, 9K
680 Q
9, 1KQ
680 Q
1 KQ
39KQ
5.6KQ
1K
910 Q

910 Q

1.2MQ

COMPONFNT REFEPENCE LIST for LF. 41

Item

Resistor
1]
1t
t
11
1"
t
11}
1t
114
"
11}

1
1
A1
fl
n
"
L]
L1
L

1
n
t
1
i
tt
1]
L]
"
1
"
L]
u
3]
n
1]
1]
1]
Ll
1
"
1]
n
"
114
t
1]
n
1"
L]
n
n
1"
L1
"

Type
RFQS-E

t

RC2-B

RFG5-E

1"

RFH3-2.5
RIG5-E
"

1
n
u"
1]
L1
1"
1]
n
"
"
"
1"
1
u
1n
i
1
"
u
1n
"
L 1]
"

Viattage
1/2u
"

Li]
"
it
"
1]
11}
L1
"
1"
1"

WL
1
11}
11
11]
1

Y

ti

1/4W

1/2v

1]
L1}
1"
11
"
"
11
13}
2,5U

1/2v
1

1/4v

1/2v

1/4v
"

"
"
"
"
"
L
"
t
1]
L]
"
t
1]
1]
"
1
"

1/2v

Tol.

%
111
"
1
1]
1
1]
"
11
it
1
111

1%

104

Code No .

2631321
2631-303
2631-273
2631-273
2631-303
2631-269
2631-283
2631-29%
2631-273
2631-281
2631-313
26%1-307

2633—321
2633-311
2633«289
2633345
2633-335
2633-313
2617-769
2617-759
2633-337

2631-311
2631307
2631-249
2631-317
2631-297
263%1-299
263%1-303
2631-261
2631-293%
2661-049
2631-257
2631--273
2631-295
2633-297
2631257
2633-270
2633-255
2633-281
2633-255
2633281
2633267
2633-297
2633-297
2633267
2633%-287
2633-269
2633296
2633-269
2633-273
2633-311
2633-291
2633273
2633-272
2633272
2631-347



COMPOLENTS RWFERENCE LIST for LF, 141

Ref, Value Item Type Vattage Tol. Code No.
R10% 10KQ Resistor RFG5-E 1/24 2% 2631-297
R105 2.7¥Q o n " L 2631-283
R106 10KQ n n " " 2631-297
R107 470 Q it " L " 2631-265
108 39KQ n " " " 2631-311
109 1 ¥Q 1 1] 1 1] 2631_273
R110 100 Q " " " " 2631-249
R111 100 Q L RTH3-2,5 2,5V 10% 2661-049
R121 MR " RFGS-E 1/2W 2% 2631-345
R122 100K " " 1/44 1% 2633321
R123 2,7KQ " " 1/2M 2% 2631-283
R124 470 Q " " n " 2634 -265
R125 100KR " " 1/4W 1% 2633-321
R126 220KQ " " 1/2u 2% 2631329
R127 470 Q n " " u 2631-33%7
R128 120K u " L " 2631-323
R129 18KQ L " " i 2631-303
R120 1 KQ u u u " 2631-273
R131 1 KQ n " " u 2631-273
R132 18KQ n i 1" 1] 2631_303
R133 1, 8K g 1" ] t 2631 -279
R134 220 n " " u 2631-305
R135 750 Q " " 1/4W 1w 2633-270
R136 3, 9KQ " u 1/2M 2% 2631-287
R137 %, 9K " ] 1" ] 2631_287
R138 390 © L RFH3-2.5 2,54 5% 2661-063
R139 28KQ L REGS5-E 1/ 1 2633-303%
R140 1.8KQ " " 1/2 2% 2631-279
R'}’*'\ 1. 8}@ 1 1t 1 $t 2631 .,279
R142 18K " " /4 1% 2633-%03
Ri43 1 MQ u " 1/2W 2% 2631-345
R14h 22KQ L n " . 2631-305
R145 2.2KQ " u u n 2631281
R15‘1 22KQ 1t ] " 1" 2631,_305
R152 12K " " 1/ 1% 2633-299
R153 12KQ 1 11 u 1] 2633_‘299
R154 1 KQ w " /20 24  2631-273
R155 100KQ " " VLY 1% 2633-321
R156 22KQ i " 1/2v 2% 2631305
Ri57 . 22KQ " n 1/ 1% 2633-305
R158 56}{;) " 1" ] " 2633,_315
.3159 27K 1" n " " 2633,_307
R16D 27KQ n 1 n n 2633307
R161 100K N i " "o 2633-321
R162 160K " " " v 2633-325
R163 10KQ " " 1/2v 2% 2631-297
R164 10MQ " RC2-B 1Y 1% 2617-769
R165 560KQ " RIGS5-E 1/2W 25 2631-339
-R166 330KQ n n " " 2631-333
R167 271 u " " " 2631-307
R168 470 Q " " " "o 2631-265
R169 10}{;} 1" " 1] 1 2631__29?
R170 1XQ ] " " 1t 2631-273
R171 18KQ " w " " 2631-303
R181 ko Q ] " ] i 2631-241
R182 150KQ " L n u 2631-325
mas 1'81‘,@ (1] ’ 1 1t ’ 1t 2631__279
R184 150KQ " " " " 2631-325



Ref,

R185
R186
R187
R188
R189
R190
R191
R192
R193
R194
R195
R196
R197
R198
R199
R200
R201
R202
R203
ROk

R212
R213
R21h
R15

R216
R217

k231
R232
R233
R23k
R235
R23%6
R237

MR1
MR2
MR3
HRL
MRS
MR6
MR?

MR10
MR11
MR12
MR13
MR14
MR15
MR16
MR1?
MR18
KR19
MR20
MR21
HR25
HR26

Value

1.8KQ
3, 3KQ
6.8
3,3k
27KQ
820 @
2.7KQ
180K
82KQ
L7KQ
3. 9KQ
3,9KQ
12K
6.8KQ
6.8K2
12KQ
1.2KQ
470 Q@
40 @
1.2KQ

349K
10 KQ
6.2KQ

1 KQ
100 R
11, 1KQ

- 22KQ

18KQ
k70 Q
o0 Q

18KQ
5- 61@
2.7KQ

COMPONENTS RUTRLFRCE LIST o LF, k41

Ttem

Resigtor
n

1"
tt
i
i1
1t
1
1"
"
1
"
1n
1t
1
t
1"
1"
T
1

1t
t
n
1
1
1

n
1
1
1"
it
11
1"

Diode
111
"
"
tt

L H]
1

Type
RIG5~E
1

"
"
3]
u
L
i
L]
1
1
"
1
"
1
it
1
11
"
"

1
n
1
"
it
1

1
1]
i
"
1
1
L1

1N914
i

MR56H-2
1N91L
MR56H~2
1N91L
"

"
11
n
n
L
1"
"
L

Wattage
1/2v
1t

"
1
tt
un
1
1]
1
11}
L1
1}
"
"
"
"n
{1
it
1
"

1/
1/ev
"
1/l
1"
1t

1/2\

t
L]
"
1
L 1]
1

BZY88/C6V8

Tol.
2%
114

11
L1
81
|4
"
un
ft
L
11
"
"
"
L1
"
L1
11}
"
"

1%
%
3]
1%
11}
111

2%
L]
;
1]
"

Code No.

2631--279
2631.-285
2631-293
2631-285
2631-307
2631-271
2631..283
2631-327
2631-319
2631-313
2631-287
2631-287
26%1.-299
2631-293
2631-293%
2631-299
2631-275
2631-265
2631265
2631-275

2633287
2631-297

2633273
2633321

2631-305
2631-303
2631-265
2631-265
2631-303
2631-291
2631-283

2862-149
2862-149
2862-149
2862-149
2862-149
2862-149
2862-149

2864119
2862-149
2864-119
2862-149
2862-149
2862-149
2862-149
2862149
2862~149
2862-149
2862-149
2862-149
2862-149
2864152



Refo

MR27
ME=D
Nk273
MEm

MK~

MR%2

MRLO

MR4E
MR47
MR4E
MR49Q
MR50

MR51

MRS2

MRS3 -

MRSk
MR55

553335553

Value

COMPONFNTS REFERENCE LIST for LF.441

Item

Dioge
1]
111
1]
it
1t
11"

1

Transistor
1!
"
"t
"
1]
"
1"
L]
i1
"
"
1
14
1
n
"t
"
"
"
1"
it
un
i

"
"
n
1
1t
"
"
0
1"
1
u
" -
T

Type

BZY88,/C6V8

N9 14

"
R

LI

LU

MR56H-2
BYX22,/400
114

"
1t
L]

MR56H~2

BZY38/C6V8
u

"

1N91L

BCY31

BFY10

BCY31
n

BFY10

BCY31

BFY10

BCY31

BCY?0

BFY10
1"

2N1131
BCY31
BFY10
BCY31
BFY10
Esol?
ES047
BC107
BCY31
u

BFY10
2N1131
BCY31

BCY31

"
t
"
n
u
"
1

25701

1
BCY31
"

L

WVattage

Tol.

Code No,

2864-152
2862-149
2862-149
2862-149
2862-149
2862-149
2864-119

2863-325
2863-325
2863-325
2863.-325
2862-325
2864..119
2864152
2864-152
2864152
2862-149

2865-427
2865-551
2865-427
2865-4i27
2865-551
2865427
2865-551
2865427
2865-290
2865-~551
2865-551
2865-325
2865-427
2865-551
2865-427
2865-551
2866-035
2866-035
2865-555

2865-427

2865.-427
2865-551
2865-325
2865-427

2865-427
2865-427
2865-427
2865-427
2865-427
2865-427
2865-427
2865-427
2865-526
2865526
2865-427
2865-L27
2865427

(Matched Pair)



‘Ref. Vaulue Ttem Typa Vattage Yel,  Lows rue

V52 Transistor  BCY31 2865527
V43 " 1 20465427
Vst " " 2665127
VT35 n 25701 2865526
Vi3S " BFY10 2865-551
RV % 4 K2 Potentioneter CLR/1205/118 2723308
RV 6 1 KQ " u 2723708
8 10 KQ " u 2723441
RV 9 1 KQ " " 27223038
RV40 10 I n " 2725-411
N3 1 K " L 272%--308
RV 2,510 n " 272531
RV45 500 @ " " 2725275
RV16 2.5K2 “ 1 272331
RV22 110 " " 2722-308

RV2% 250 Q n " 272%.-2L0
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COMPONENTS REFZERENCE LIST FOR VP, 142

Value Item Type Wattage Tol Code N°,
22KQ Resistor  RFG5-E 1/ 1%  2633~305
120 Q " " 1/2v 2% 2631-2518
‘}?O Q " " ] 1] 2631__2657
470 Q " " 1 1 2631_2657
120KQ " " " " 2631-3232
22KQ “ " 1/ 1% 2633-305
100KQ u " /oM 2% 2631-3218
18KQ " " " " 2631-3030
330 Q " 1] 4] " 2631_2619
820 @ " " " "o 26312740
18KQ " " " " 2631-3030
330 Q 1 ] 1] ] 2631_2619
6.81&2 1" 11 1 " 2631"2936
L}?m 1 1" 1" 1] 2631,_3431
Lo @ " RFG5-C 2v 5% 2631-6659
680 Q " RFG5-E 1/2u 2% 2631-269
8'6}@ 1" 1 n 1" 2631,_2950
1 KQ [ 1 1 " 2631__2732+
22KQ " n 1/Uv 1%  2633-305
22KQ t 1" " 113 2633,_305
120 Q " " 1/2% 26  2631-2518
l+70 Q u_ 1 " 1" 2631__2657
1*70 Q 1] 1 1" 1 2631_2657
120K " " " " 2631-3232
22KQ " " 1/4v 1% 2633-305
100KQ u n 1/2v 2% 26312218
18}@ 1] 1" L] ] 2631,_3030
3720 Q " n 1] ] 2631"‘2619
820 @ " n " " 2631-2710
18KQ 't ] 1t 1 2631_3030
LoxQ " " " " 2631-3131
330 Q t " u 1 26}1,_2619
6.7KQ " " n 1 2631,_2936
470 Q " RFG5-C 2w 5%  2631-6659
680 Q " RFG5~E 1/2W 245  2631-269
8.2K2 o " " v 26312950
1 KQ " 1 1 " 2631__2?31_,,
27KQ n L u " 2631_3078
10KQ 1t 1 1" n 2631__2974
680 @ 1 " u " 2631__269
330 Q 1 " n " 2631_2619
6.8k " " " "o 2631-293%6
8.2}{9 " 1 " 1" 2631__2950
1 KQ 1 " 1 ft 2631-2734
22KQ " " 1/ % 2633305
680 © " " 1/2u 2% 2631-269
100KR " 1 " " 2631-3218
1}70 Q " n " ] 2631_,2657
470 Q " " " v 2631-2657
120KQ n " " L 2631-3232
22KQ " " 1/4v 1% 2633-305
330 Q " " 1/2u 25 2631-2619
18KQ " " 1 " 2631__3030
330 Q W u " " 2631-2619
820 Q " " " " 2631-2710
18KQ " " " " 2631-3030
330 Q u o 1 L 2631_2619
6.8KQ " oo " " 26312936



Ref

R 75

= = = liv i -~ o]
o0 NI~

el li-v - - ol - e I - v B e v I -
AO\Q WO \O
SYRF LIV REIT &

R 99

Value

22K
470 Q
1.8KQ
34 3KQ

22KQ
680 Q
100KQ
k90
70 Q
120KQ
22K
330 Q
18KQ
330 Q
820 Q
18KQ
22KQ
330 Q
6.7KQ
k70 Q
1.8KQ
3. 9KQ
3. 3KQ

10KQ
220 Q
2.2KQ

10KQ
180 @
560 Q
680 @

1 KQ
910 Q
750 Q
309KQ
9, 1KQ
39K
5.6KQ
180 Q
2.2KQ
560 Q

10KQ
680 Q

1 KQ
910 Q
560 Q

12K
8.2KQ
150 Q
8.2KQ
8.2K2

12K
1.2KQ
o Q
360KQ
12 KQ

Ttem

Resistor
1
i
114
1t

1 3]

Type

RIG5-E

RFG5-C

RFG5-1
it

114
RFG5.--C
RFU5-E

1]

Wattage

1/2v
12u
1/20

1"
1]

1/44
1/

"
1
t
11}

1/4v
1/2u

1t
1]

n
n
u
i

2w
1/
1]

1/
1/2u
1/

1/24
1

2V
1/2u
“

2%

2%

2%

5%
2%
i

Code N°,

2631--305

26316659
2631-2796
2631-2873
2631-2859

2633~305

2631-269

2631~-3218
2631-2657
2631-2657
2631-3232
2633305

2631-2619
26312030
2631-2619
2631-2710
26313030
2631305

263%1-2619
26%1.-29%6
26316659
26312796
2631-2873
26312859

2633-2976
26312570
26332813
263%-2976
26332558
26332673
2633%-269

263%-2736
26332729
2633-2705
2633-2875
2633..2659
263%3-.311

2633-2914
2633-2558
263%-2813
26332673
2633-2976
26332697
26%3-2736
26332729
2631-3395
2631-2558
2631-2950
2631-253

2631-2950
2631-2950
2631.-2628%
26312753
2631-6659
2631-3355
2631-2993



Ref

R148
R149
R150
R151
R152
R153
R15k4

R160
R161
R162
R163
R164
R165
R166
R167
R168
R169
R170
R171
Ri72
R173
R174
R175
R176
R177
R180
R181
R182
R183
R184
R185
R186
R187
R188
R189
R190
R191
R192
R193
R194
R195
R196
R197
R198
R199
R200
R201
R202
R203

Value

8.2k
150 ©
8.2KQ
8.2K2

12168
1.2KQ
L90 0

bzkQ
2.7
1 HQ
110KRQ
koo @
120KQ
k70 Q
220K
18KQ
1 K2
1 KR
18KQ
22RQ
1. 810
390 Q
750 Q
3. 9KQ
3. 912
L70KQ
hpor
33012
33%0KQ
13K
7.5KQ
10KQ
7.5K2
12KQ
13K
7.5K2
10KQ
7.5K2
13K
13KQ
7.5KQ
10KQ
7 51‘@
13KQ
13KQ
75K
10KQ
7.5KQ
13KQ

Item

Resistor
11
1
11}
it
1]
§1

L
H
it
i
114
it
t
"
11}
it
t

Type
RIG5-2
13

(1]
"
L
11

RIG5-C

RRG5-E

"

RTH3-2.5
RIGS5--E
1
1"
"
1
1
n
1
1

Wattage

1/24

1]
ti
"
"
114

2\

1/
1/24
1

"
111
L1
1
"
11
"
L
1]
1]
L}

2.5
1/6\
/M

"

"

"

u

1]

"

1t

1"

n

1/
n

L]
n
"
11
L]
u
n
"
"
1"
u
"
i
1"

Tol

2%
"
1)
131
1"

£t

5%
1%

2%

Code N°,

26312950
2631-253

2631-2950
2631-2950
2631-2998
2631-2758
2631-6659

2633%-3%12

2634-283%

2631-2458
26%%-322

26312657
2631-3232
2631-2657
2631-2294
2631-303%0
2631-2734
2631-2734
2631-20%0
2631-3054
2631-2796
2661-063

2633-2705
2631-2873
2631-2873
26313371
26313371
2631-333

2631-333

2633%-3001
26332945
2633-2976
2633-2945
2633-3001
26332001
26332945
2633~-2576
2633-2945
2633-3001
263%-3001
263%-2945
2633-2976
26332545
26333001
2633-3001
2633-2945
26332976
2633-294%5
2633-3001
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COMPONENTS REFERENCE LIST FOR VP, 142

Item

Capacitor

\1
1"

"
1

11}
L1
"

Potentiometer

"
L]
11
"
!
1
1"
1
1"
1"

Diode Rectifier IN91hk
1]

11}
"
1"
"
"
"t
L1

Diode Zener

"

Type

CP31G
CMM1G

CP31G
CMM1G

CP31G
CC1D

CP31G
CC1D

CP31G
CC1D
CP31G

Colvern
DCc/1/P

n
1"
11
n
n
L 1]
11
"

Voltage

500
750

500
750

500
750

00
750

500
750
350

1/2Watt

/v

"
11
L]
"
u
n
1"

Reliance T.W, 2 W

Colvern Spec.

"
1"
"
1"
"
11
LL]
n

BZY88/C6V8
"

Diode Rectifier IN914
"

L]
1}
it
L1}
"
ft

"
fn
"
n
1"
11
1"

a3

Tol
120%
+10%

+20%
+10%

1204

Code NoO,
2741-0754
2747-0130

2741-0754
2747-0130

2741-0691

+0,5% 2768-0216

+207%

2741-0691

10,54 2768-0216

+207
15%
+20%

£10%

+10%
+10%
+10%
+107%
+107#%
+10%
+10%
+10%

5%

5%

2741-0691
2768-0331
2741~0792

2723-3106

2723-3106
2723-3106
2723-3106
2723-4109
2723-4109
2723-3106
2723-4109
2723-14109
2726-4412
2726-4513

2862-1494
2862-1494
2862-1494
2862-1494
2862-1494
2862-1494
2862-1494
2862-1494
2862-1494
2864-1528
2864-1528
2862-1494
2862-1494
2862-1494
2862-1494
2862-1494
2862-1h9k
2862-14gl
2862-1494

27



Ref

VT 1
VT 2
VT 3
VT 4
VT 5

VT 7
VT 8
VT 9
VT10
VT4

VT13
VT1h
V45
V716

V718
V119
VT20
VT21
viz2
vr2h
VIz5
VI26
VT27?7
V128

VT30
VT31
VT32
VI33

VI35

VI37
V38

VT4O
Vi1
VT42
VT43
VThh

COMPONENTS REFERFNCE LIST FOR VP, 142

Item

Transistor, Silicon
"

1"
L1
L]

i
"
1l
"
1"

"
"
1"
"

i
1"
"
"
”

1"
"
1"
11
"

"
"
1"
n

11
it
n
"

11}
1
1n
"
1"

Type

BCY31
BCY31
BFY10
BCY31
BCY31

BCY31
BCY31
BFY10
BCY31
BCY31

BCY31
BCY31
BFY10
BCY34

BCY31
BCY31
BFY10
BCY31
BCY31

BCY31
BCY 31
BFY10
BCY31
BCY31

BCY31
BCY31
BFY10
BFY10

BCY31
BCY31
BFY10
BFY10

BCY31
BCY31
BFY10

2N1131
BCY31

Code Noo

2865-4270
2865-4270
2865-5514
2865-4270
2865-4270

2865-4270
2865-4270
2865-5514
2865-4270
2865-4270

2865-4270
2865-4270
2865-5514
2865-4270

2865-4270
2865-4270
2865-5514
2865-4270
2865-4270

2865-4270
2865-4270
2865-5514
2865-4270
2865-4270

2865-4270
2865-4270
2865-5514
2865-5514

2865-4270
2865-4270
2865-5514
2865-5514

2865-4270
2865-4270
2865-5514
2865-3253
2865-4270

28



IMPORTANT NOTE -~ SPECIFICATION CHANGES

In many circuits alternative compeonents can be used
without degrading our published specification. We
therefere reserve the right to substitute such

alternatives without notice.

Where possible alternative components are given in

the reference lists,

We also reserve the right to change the specification

of any standard instrument without notice.

Taylcr Servomex Ltd.

Crowborough
Sussex
TN6 3DU

Telephcne - Crowborough (089-26) 2181
Telex — 95113 '

Sheet No. €C/0000/12/73
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