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INTRODUCTION

The Audio Signal Generator S121 is a high grade laboratory osciiiator providing an extremely stable output in
the frequency range 10c’s to i20keis. The unique dini display provides direct reaidings of frequency with a
discrimination of 1'%, over the entire frequency range. The frequency control system permits the selection of major
intervals in the frequency range, for measurements on Slters etc., and the continuous adjustment of the output

frequency.

Two outpul arrangements arz mcorhorated; one providing 2 high impedance sutput of 0 to 30V in five ranges, with
L]
continuous adjustment from zzre jn each range, and the other providing 600-chm outputs (ferminated or unter-

minated} from 1048 to -74dB (reference 0dB-=1 mW into 600 ohms) in 148 steps.

The Instrument uiilizes 2 Wien Bridge oscillator, arranged to cover the frequency range with a minimum number of

standard components, and has been designed for ease of operation.




SPECIFICATION

FREQUENCY COVERAGE

FREQUENCY ACCURACY

FREQUENCY PULLING
600-ghm outputs

High-level outputy

FREQUENCY STABILITY

WAVEFORM GISTORTION
(600 Q terminated:

OUTPUT LEVEL ACCURACY
{Ambient tensnersiuce 20°C 3 C)
600-phm ontputs

High-level ontputs

QUTPUT LEYEL STABILITY
600-0hm ontpurs

High-ievel oniputs (0 o 30V)

Short-term

10c/s to 120ke;s

=19, or =0-5¢cfs, whichever is the greater, over the whole
band on both 600Q outputs. On the high-level output
this accuracy is maintained up to at least 20kc/s.

Up to 20ke's less than 0-05¢%,
S0ke's less than 0-19,
100kcis less than 0-3%,
with 600 external load switched on and off.
Up to 10ke's less than 0-037,
20kc/s less than 0-1%%
50kefs less than 0-29%, .
100ke;s less than 0-59%, -

measured at 30V for all external loads from 3k 0 to 100k O,

One part in [0! over short periods

Frequeric_v H{H‘IMOMJ’C content

{with respect to fundamental)
16¢/s Beiter than —34dB (2Y%,)
32cis Better than —40dB (195)
64c/s Better than —45dB (0-6",)
100¢ss Better than --50dB (0-319%,)
300c¢/s to 10kc/s Better than —54dB (0-29,) -
30kess Better than --52dB (0-259,)
50ke/s Betier than --350dB (0-312,)
100ke/'s Better than --48dRB (0-49,)

Better than 0-5dB

Below 20kes Better than -:.0-5dB
50kc/s _ Better than —1dB
100keis Better than --3dB

Better than 0-2dB

Below 10ke/s, better than 0-2dB

Between 10ke's and 20ke/'s, better than 0-3dB

Allowing ‘half-an-hour warming up period, short-term
stability of output level is better than 0-2dB.

UTPUT IMPEDANCE ACCURACY

(660-0hm ontpuis}
ATTENUATOR ACCURACY

HUM LEVEL

POWER SUPPLY

DIMENSIONS

WEIGHT

+ 20
Better than =0-2dB

2eiter than &0d

beiow signal level

100V to 115V or 190V to 250V, 40¢is 1o 60c’s single phase.
Power consumption approximately 25 Watts.

P7ine > 1ding = 7hin, (43-2em 0 29-2em 0 [9em)

(71 (77ke)
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OPERATING PRINCIPLES
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Fig. 1 Basic Wien Bridge Oscillator

The S121 utilizes 2 Wien Bridge oscitlator, the basic
circuit of which 15 shown in fig 1. Via is the
oscillator vaive, Vib an amplifi: {inverter, and
V2 the outpur amplifier and dback cathode
follower. The circuii eoseillates at a frequency
determined by the st values of the bridge compon-
ents, the frequency huing that waich

ang

a develops a voltage across K. in phass with the
oulput of V2, and

b develops a pomn e fecdback voltage greater
than the negative feedback voltage.
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Fig. 2 Conditions for Oscillation

Positive feedback from V2 cathode is developed
across bridge arms Ry, C, and Rs, Cp, negative
feedback being developed across bridge arms TH1
and Re. For given values of the bridge components,
the positive feedback voliage is a maximum at one
frequency only, while the negative feedback is
constant at all frequencics. Figure 2 illustrates the
relative magnitudes of the feedback voltages
about the frequency of oscillation, and shows also
the phase relationship between the positive feedback
(c‘evelopc,d across Ry} and the output at the anode
of V2. The feedback and output voltages are in
phase when wWRy Cp = IjwR, C,.* which gives
the frequency of oscillation
+I

fo = il 9T
2 ER: C. O

In the S121, R, always equals Ry, and C, always
equals Cy, hence the equation can be re-written

where R = R, = R,
and C = C; = Cy

* Derived from the ‘imaginary’ parts of the formula for
the condition of balance in a Wien bridge circuit.
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operating instractions

For a given value of C, the value of R can be varied
to provide a basic frequency range. This range can
be multiplied by any factor required by suitably
decreasing the value of C. For example, to multiply
the basic frequency range by 10, the value of C
must be decrcased to one tenth.

]
T 2-R (107 C)

In the SI2I, values of Cy and Cp (ie. ‘C’) are
selected by switching circuits to provide frequency
multiplying factors of x1, xI0. x100 and x1000.
The basic frequency runge of 10e/s o 120¢/s is
covered in 10c¢/s steps by the selection of suitable
values for R, and Ry, agaia by switching circuits.
Frequency variation within ¢ach step is facilitated
by making part of the appropriate value of R, and

10f,

DPERATING

POWER SUPPLY

The instrument operuizs from 40e/s to 60c/s
supplics of 100V o 113+, 150V (o 220V or 220V o
250V, adjustment to suit the supply voltage being
provided by a screwdriver-operated switch on the
left side of the front puncl. indication of the range
to which the input veltige sclector switch is set is
given by u small scale jucated directly above the
switch. When the instrarsent is to be used with 100V
to 115V supphes, fuse £51 {located directly below
the input volluge seleciar switch) must be changed
to 2A rating: a 1A fuse is normally fAtted.

The power supply is connecied to the instrument via
the front panel. 1t is cwsential that all the power
supply connexions ars wade correctly, the wires
being wdentified as follows:

Red—Live Black---MNeuiral Green—Earth

Note: The positive of the h .t suppiy is connected to
the chassis. the refurn circuit being at Iut. negative.

CTONTROLS

The function of each controf tocated on the front
panel, and its method of use, is as follows:

Frequency Selection Controls

The oscillator output is set to the required frequency
in the range 10c/s to 120kc/s by means of three
controls. Two of the controls are selector swirches

R variable, so that continuous coverage over the
basic frequency range js provided in 10c¢/s bands.
The variable parts of R,and Ryare ganged together.
For each range of frequencies (10¢/sto 120¢/s, 100¢/s
to 1'2ke/s, Tkefs to 12ke/s and 10ke/s to 120kc/s) the
width of the bands is increased by the multiplying
factor. The range lkc/s to 12kefs (basic range x
100), for example, is covered in eleven lkc/s bands
(10c/s x 100).

Thermistor THI in the bridge feedback circuit
maintains the oscillator output at a constant level
over the frequency range. The output circuit of the ..
S121 includes two switched attcnuator networks. -
one providing 600-ohm oulputs over the range
+10dB to —70dB (relative to !mW) and the other
providing high impedance outputs from 0 to 30V in
five continuously variable ranges:

INSTRUCTIONS

{(located one cach side of the frequency scale).
which are used together to select the band covering
the required frequency, while the third control pro-
vides continuous frequency variation within the
limits of the selectgd band.

Freguency band selectors:  The frequency band
selector and the major frequency range sclector
controls are located to the left and right respectively
of the frequency scale. The band sclector control
facilitates selection of eleven bands in each of
the major frequency ranges, the width of each band
depending upon the particular range selected.
The ranges covered and the width of the bands
within each range are

10¢/s to 120¢/s: eleven bands 10¢/s wide
100c/s to 1.2ke/s: eleven bands 100c/s wide
tkefs to 12ke/s: eleven bands lkc/s wide
10ke/s to 120ke/s: eleven bands 10ke/s wide .

Operation of the band sclector switch automatically
changes the dial figures at each end of the frequency
scale, while operation of the range selector switch
masks or reveals the cyphers of the dial readings.
(Each of the major ranges is a decade multiple or
sub-multiple  of the ‘adjacent’ ranges). The
frequency scale thus represents a band between the
limits set by the frequency controls. In the 10c/s to
120c/s range, the bands covered are 10¢/s to 20¢/s,
20c/s to 30c/s, 30c/s to 40c/s and so forth up to
110¢/s to 120¢/s, and in the 100c/s to 1.2ke/s range
the bands covered arc 100c/s to 200c/s. 200c¢/s fo
300¢/s etc.

C i s . . B T



Frequency scale and fine frequency comtrol: The
frequency scale, which is approximately logarithmic,
has ten major divisions each sub-divided into five
minor divisions. The frequency coverage of the
scale is indicated by the dial figures at each end, the
figures being changed by operation of the frequency
band and major range selector controls. Adjustment
of frequency within a band is provided by the
variable control located immediately below the
scale panel, a fine pointer indicating the selected
frequency. A frequency overlap is provided between
cach of the major ranges. Where a frequency is

TABLE

operating instructions

required within the overlap section, the sctting is
obtained more accurately in the lower range.

A frequency overlap is also provided between
adjacent bands, by extending the frequency scale
each side of the first and last major markers. The
major scale and the extension divisions aré under-
lined in black; a further marker, not underlined,
is provided at each extreme limit of the scale for
setting-up purposes. The frequency extensions
are given for each of the four major ranges in

table 1.

Frequency Scale — Extensions

Major Frequency Widthn of
Range Each Band
10e/'s 10 120¢,5 i0c/'s
100c's o {-2ke/s iG0c/'s
Ikeis to 12ke /s lke/fs
ISke/s to 120ke,’s iokess

O-lcss

100¢/s

Scaie Extensions
Right Side
Left Side - == =Sk —

Per Division i Total
0-2¢ss 0-8¢/s

2c/ls - % Befs
10c)'s 20c/'s , 80c/s
200¢,'s i 800¢/s

Thus, on the 300c/s to 400c/: tand (100¢/s te
1.2ke/s range). the frequency scaie is extended to

cover from 299¢/s to 408z/s.

Oautpot Setector Control

This is an ¢ighi position swiich (including one ‘oft”
= I \

In the OFF position, the outpui selector control
short circuits the 0uTPUT and EARTH terminals, and
isclates both output circuits from the oscillator.
The oscillator still operates, however, so that
a stable signal is aveilable when the selector is sct
to an output position.

S e ar 6

position) for the selection of a &00n terminated
or unterminated output, or one of five ‘high-level’
outputs. i the ‘600" posttions the precision
attenuator ts connected i civcust, while in the
‘high-level’ positions, the continuously variable
voltage control is vonnecied in circuit; the fron
panel is engraved to indicate which controls are

Voitage OQuiput Control

This control, calibrated from 0 to 30, enables
the level of the output voltage to be adjusted
within the range selected by the output selector

control.

clated to specific pesitions.

The output

impedance on the voltage ranges

depends upon the range selected; with the variable

controf fully clockwise the
ranae is:

;
impedance for each

30V range: 3-3kn
3V range: 950a
300mV range: 1000
30mV range: 100
3mV range: 90

600-chm Qutput Attenuators

Two controls are incorporated to provide attenu-
ation from - 10dB to —70dB (relative to 1mW
in 600 ohms), one control covering from —10dB
to —60dB in 10dB steps, and the other covering
from O to -—10dB in 1dB steps. The approximate
equivalent voltage output for any given dB setting
15 given in table 2.



operating Instructions

TABLE 2

Decibels and Equivalent Voltages
(0dB = 0.775V)

dB ' Voltage dB Voltage
+10 ' 25V —10 025V
49 22V — 1l 022V
+8 1-95V —12 0-195v
. 173V 13 0173V
L6 1-55V —14 016V
L5 : 1-38V —15 0-14v
4 123V —16 012V
+3 -1y —17 011y
2 0-98Y —i8 98mV
A1 0-87Y —19 87mV
0 _ 0-775Y —22 77-5mV
L 0-69V —2i 69mVY
L] 0-62Y —22 &2mY
_3 055V ~23 55mVY
—4 0-dev —24  49mv
55 044y —25 HmV
-6 0-39V —25 39my
L_7 0-35v —27 35my
—8 O3V i —28 3mVv
L5 028y —29 27/-5mV
: i
i
. 4

dB i Voltage dB Voltage
—30 ° 25mV —50 2:5mV
—3! 22my —5i 2:2mV
—32 1 195mY —52 1:95mV
--33 7mY —53 FTmY
—34 15-5mVY —54 L-6mV
—35 14mv —55 1-4mV
-3 [2mV —56 l-2mV
—37 1 lmv - —57 b lmY
38 ' 98mV —58 980uY
-39 | 87mV —59 8702V
--40 7-8mY —60 780,V
—41 . &9mVY —6f 6900V
—42 | 62mV —82 620.Y
~43 | 55mV ~63 5501V
—44 49mV —&4 490,V
—45 i 44mv —65 440,V
—46 . 39mV —66 390V,
—47  35mY —67 350uy i
—48 - Fimv —68 30y |
—45 28mV —69 2752y
: . -70 245,V

s
it

TTIMG-UP THE S3CILLATOR

Switching CGn

For accuracy of freguency and output level, the
instrument should be switched on half-an-hour
before use (or an hour, if extreme accuracy is
raquired) in order that it may reach thermal
equilibritun. Note that, whan in use. the output can
be switched off by the output selector comtroi
without disturbing the operation of the oscillator;
the outpur will then be available when required
without the necessity for a waiting peried.

Ountput Seleciion

The oscillator output is available at the two term-
inals on the right-side of the front pansl. It sheuld
be noted that the positive h.t. line is connected to
the chassis and conscquently the return ‘circuits,
which are at h.t. negative, are isolated; a good earth
connexion is desirable.

Three types of output are available: high-level, 6000
terminated and 6000 unterminated. The required

output and level is sct up by the output selector and
associated attenuator controls, Three controls are
associated with frequency selection; further details
of these are given under the heading “Controls’.

APPLICATIONS

The range of facilities provided and the accuracy
of the S121 oscillator make it eminently suitable
for innumerable applications. The availability of
a stable high-level output, for example, makes
it an ideal instrument for use as a bridge source
(e.g. for use with the Wayne Kerr B221).

The osciliator can also be used as the source in a
iransmission measuring set; Wayne Kerr Trans-
former Type T121 and A.F Volimeter Type M121
are available to complete the set,

The transformer (shown in figure 3) provides a
balanced 6000 or 1500 output from an unbalanced
6000 input. By connecting a 3000 or 750 resistor
between the centre-tap and appropriate output



terminal, a 3000 or 750 unbalanced output is also
available, developed across the centre-tap and
appropriate ‘unconnected’ terminal. Note that the
balanced outputs are not “floating’, but are ‘centre-
tapped’ to carth.

6000
UNSALANCED

tPuT cg; T

1500

BALANCED 60002

ouTPUT BALANCED
l OuTPYT

¥

technical description

When using the transmission measuring set
equipment, it is advisable, if possible, to set the
output level of the oscillator and make the measur-
ing adjustments by means of the ‘Range’ control
on the A.F. Voltmeter Type M121.

o

6001 %
UNBALANTED <
I5PUT &3
[ 3000
750 UNBALANCED
UNBALANCED oUTPUT
QUTPUT
: 4
< l
84 750 v
S 30001

Fig. 3 Transformer T12i

TECHNICAL DESCRIPTION

GEMERAL
The oscillator circuits are constructed on an
aluminium alloy chassis, on the reverse of which is

fitted the front panel mask. The chassis is secured
vertically in a mild steel case. the rear of the case
being fitted with a panel which can be readily
removed to reveal the major components. The
power supply circuits are screened from the oscil-
tator circuits. Figure % illustrates the location of the
major compensnts.

The frequency band selector knob operates through
a bevel gear to diive the associated rotary wafer
switch (82), the drums carrying the scale ‘limit’
figures being mounted on the same spindle as the
switch. The fregquency band multiplier knob
opcrates the switch 51 direct, a rack and pinion
device being fitied to the shaft of the switch to
operate the scale ‘limit’ figure shutter mechanism.
A similar rack and pinion device is fitted to the
variable frequency control (RV1) to operate the
frequency scale marker,

The operation of a Wien Bridge circuit, which
forms the basis of S121, is described briefly in the

section headed ‘Operating Principles’. Figure 4
shows the circuit arrangement of the S121 in a
simplified form, the complete circuit diagram
being given in figure 9 at the end of this book.

FREQUENCY DETERMINING
COMPONENTS

*

Freguency-ranges

The basic frequency band steps are provided by the
selection of resistors R1 to R4 and R5 to RS,
adjustment of frequency within each step being
provided by the ganged variable controls RVla and
RV1h. Selection of the appropriate ‘band’ resistors
's made by the rotary wafer switch S2, S2a selecting
from resistors R1 to R4 (series r.c. bridge-arm) and

2b sclecting from R5 to R8 (parallel r.c. bridge-
armj. The resistors selected, and the effective
resistance of the series r.c. and parallel r.c. bridge-
arms (including the parallel-connected fixed and
variable components R9, RVIa and R10, RV1b) are
given in table 3.

PR
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technical description

TA

BLE 3

Effcctive Resistance Values in R.C. Bridge Arms

Resistors Selected Resistive
Rafge : e N e—— | - Yalues of each
R.C. Arm
Series R.C. Arm Paraliel R.C. Arm ] (€2)
B i
- — e e - ra = -2
10-20 RVia, R RVIb, RIO i 102-5k~47-5k
20-30 RVia, R9, R4 RVib, R10, R8 - 50-6k-32-2k
30-40 RVia, R9, R3 RVib, R1G, R7 33-6k—24-4k
40-30 RVlia, R9, R3, R4 RVib, R10, R7, R8 : 25-9k-19-5k
50-60 RViz, R9, R2, R3 RVib, RI0, R6, RY ’ 20-1k-t6-4k
60-70 RVlia, R, Ri RY!b, R10, R5 16-4k-14-1k
70-80 RVla, R9, Ri, R4 RVib, RICO, RS, R8 14:3k—-12-3k
80-90 RYia, R9, RI, R3 RVib, R10, R5, R7 . 12:5k-10-9k
20-100 RVia, RY, Ri, R3, R4 RVib, R10, R5, R7, R8 1 1k=9-9k
100-110 RV!a, RY, RI, RZ, R3 i RVib, Ri0, R5, R6, R7 i 10-0k~9-0k
110-120 Rvi2 RS, RI, R2, R3, R4 ‘ R¥Ib, RiG, R5, Ré, R7, RB : 9-1k-8-3k
The ressaiors used in the bridge are of high stability to ensure accuracy and :
reliabiliry of the frequency calibration. ;
13

Frequency multiplying

The frequency multiphy'ng factors of i, 1, 100
and 1000 are obtaines by the selection from
capacitors Ct to C6 and L7 10 C12, in the scriey
and parallel re. arms of the bridge respectively.
Scleciion is made hy ihc rotary switch St oof
which Sla seiects the capucitors in the series ..
arm. and Slb the capucitors in the parallel r.c.

arm. The capacitors employed for each factor
are detailed in tuble 4.

Capucitors C4, C5, C6, C10, Cli and C12 are each
formed by two components connected in paraliel,
one having a fixed value, and the other being selected .
during test to provide the desired total capacitance.
C3, {9 and Cl. C7 are trimmer capacitors for the
x100 and x1000 factors respectively.

TABLE 4

Multiplying Factor Capacitors

- Series RC. Paralle! R.C.
- Bridge Arm Bridge Arm
Xl ce Ccil2
Xio C5 cn
X100 C3, C4 C9, Cl0
X1000 Ci, C2 C7.C8




technical description
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OSCILLATOR ' AMPLIFIER

7es two double
V1ip form a high

The oscillatorfamplifier circuii v
triode valves ¥! and V2. Viaa
gain amplifier, while V2 op cathode
follower in the ampiifier circuii and as a high-

impedance constant-current ouipuT stage.

fnodd 4

The cathode output of V2, developed across R24, is
applied via C19 to thermistor THi and resistor R2
to develop the negative feadback voltage, and to the
series and paraliel re. bridge arms to develop the
positive feedback volige. Nepative feedback is
applied to the cathede of Vi, and positive feedback
to the grid of Via. The isedback voltuge applied
from V2 is maintainud al a constant level irrespective
of frequency by the operation of the thermistor
THI, and by the suitabie seleciion of load comp-
ensafing resistors R3% and Ré0. thermistor 1s
mounted on the outer face of the front panel, to
prevent its churacteristic being aifected by temper-
ature rise within the case,

[
T

The amount of feedback required to sustain
oscillations in the Wien bridge circuit is about

a and VI1b provides negative feedback at the
iock of Vla to stabilize the output level, and to
reduce distortion in the generated waveform.

2k
\
ol

5 dB only; all the excess gain of the amplifier
la
3

ig. 4 Oscillator Chicuit — Simplified

. ' - .
Undesircd phase shifts near and above 100kc/s,
caused by stray capacitance, are minimized by C15
connected acress R12.

I'he anode output of Vla is coupled to the grid of
Ib via R14, RIS, Cl14 and R61, and the anode
utput of VIb is coupled to the grids of V2 via
i7, R19. R21 and R62. These coupling networks
ogether with components R16, C16 and R22, C{8
re provided to ensure an adequate stability

mzlrgin at the upper and lower frequencies.

ng <4

28

OUTFPUT CIRCUITS

The oscillator output, developed across the resistive
anode ioad of V2, is applied via switch S4 (wafer b)
to either the high-level attenuator circuit or the
600-chm attenuator circuit. V2 acts as a constant
current generator since the voltage across the
vathode resistor is maintained at a constant level.

In position 6 of S4, the anode of V2 and the
output terminal are connected dircctly to the
chassis (earth), The output 1s thus switched off
although the power supply is not interrupted and
the oscillator continues to operate.

e



technical description

54; {an) ¢l s4a (PART)
5
s
0-30v 0-30V
R43
4 ] 4
0-3v 0-3v
R44
5 3
¢-300mY 0-300mV
RV2 2
R3s R4S
. 2 } F
0SCIiLATOR R — ouTPyT
QUTPYT b3t 00 youimaL
0-30mv 0-30mV
R46
) !
[ NU— {
6-3my ﬁ 0-3m¥
R42 g R47
o 6
oFF e
ol 11}
T EARTH
> . * — TeRMiNaL

High-level Attenuator

The high-level attenuator circuit is shown in
figure 5. Five voltage ranges arc provided by the
switched potentiometer network R43 to R47 and
R42, adjustment over cach range being provided
by potentiometer RV2. Parallel connected resistor
R42 cnables the desired potentiometer ratio to
be obtained without the use of close tolerance
low-value resistors. R38, connected across RVY2,
is selected to set the output level to within 0-5dB
of the calibrated scale. The output impedance
depends upon the settings of S4 and RV2; with

RV2Z at its maximum clockwise position, the
impedances for each range are given under the
heading Output Selector Control in the operating
instructions.

Fig. 5 High-eve! Attenuator
*
£ K4
6 Q2 fom Lo [ | S4q (P.\m)I
O [ A A A A A A A, ’-f\-vv--m\r‘v~i~\ - ggn:?»}u
- R27 A4y R 50 EEY RS2
' I 7
o
T R28 ) pY
-z <
G ¢ 5ﬂss R3S ]
<pze , < fﬁ
- 348
- E A B
~448 ‘< 35b 554
"__‘g " 85
L3 1] & o o Qn
- 543, . IOI"q\ﬁ‘a I “-l>uﬁ‘5"3o POSITION] 4B
¢ i e Yo 7 e [ +10
- 548 R LA J 8 ' -0
53 3 (HisH) < 3 =0
' < B33 4 -20
| orem_ < —
s4b {Part) ’ ) 7 =50
i _gdp < S4c [PART 8 =60
'——ﬁ—\_ﬂa H < { )
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technical description

TABLE 5

6000 Attenuators

1 | i
! Switch E Attenuators ; Total Attenuation
iT9nge ; Position Selected (Fig. 5) of Networks
o ; . i_ e e ..i —_ M - — e S—
+10dB | i 0
0 i 2 | 1048
—lodg . 3 i 20dB
—20dB i 4 ! 30dB
—30d8 5 40dB
—40d8 3 5048
—50dB 7 | 60dB
—60dB 8 A,B,C ! 70dB
! ! ! :

6000 Attenuators

The step attenuators are shown in figure 6. The
oscitlaior ouiput is connected viu S4b to the 0
to --10dB potentiometer chain R27 to R37, and
is then routed to the ouTePr® terminal via a
combination of T-attenuators and Sda. All the
resistors utilized have a high stabiity and a
tolerance of 4+0-5%.

The absolute level of the oulput w set to within
0-5dB by T-attenuator R39, ®&( and R4l. The
characteristic impedance of ail ihe T-attenuators
is 6000; network A has an avienusiion of 10dB,
network B an attenuation of I30d# and network
C an attenuation of 40dB. The A, B and C
attenuator networks are selected by operation of
switch 85 to provide a range of -50dB to +10dB
in 10dB steps, as detailed in tabis 3,

The attenuator earth leads ars arranged to reduce
earth currents to o minimum. Care has also been
taken to reduce currents betiveen the EARTH
terminal and the power supply fead, an important
precaution where the oscillator is to be used as a
source for bridge measurements or attenuator
testing,

=5

A 6000 resistor, RS8, is connectzd across the out-
put when 54 is set to position 7 (6000 TerMm).

POWER SUPPLY

The a.c. power supply input is connected to the
primary of T! via the onfoff switch S6, fuse FSI
and the voliage tap selector switch $7 (fig. 7).
S7. located on the front panel, is a preset control
enabling transformer taps to be selected to suit

TR

3
0.
&
=

SRR
\\f y
__:%JQ-’LQ_QQQQ

-

P
P

LPI /7%7

-

+0v

+
o
-~

000009000

[=——] I-J_—l
-
FZ“I €23

b1

-1

-

)
3 ZL §!
?ZGOVC-! L
1
220y 0000 -
-

Fig. 7 Power Supply

®

input supplies between 100V and 115V, 190V and
220V or 220V and 250V,

The 260-0-260V secondary output of T1 is full-
wave rectified by double diode V3, and smoothe
by capacitive input filter C24, LI and C23 to
provide the h.t. supply. V3 cathode is connected to
chassis. hence the ‘positive” ht. line is at earth
potential, the negative h.t. line being at approx-
imately =290V with respect to earth.

The heaters of valves VI, V2 and V3 are supplied
from the 6:3V 1:5A secondary, which also supplies
the pifot lamp LP1, used for lighting the scale of the
voltage selector panel.
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PERFORMANMCE TEST
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MAINTENANCE

The performance of the $121 can be checked by any
of the standard methods for measuring {requency
and a.f. vollages. A recommended serics of 1ests,
together with notes on any adjustments which may

re-adjustment procedures’,

VOLTAGES

 be necessary, are given in the ‘Re-alignment and

The voltages quoted in table 6 are intended as z

by variations of component values within their
tolerances. The measurements were obtained with
an AVOmeter Model 8, with the oscillator operating
under the following conditions:

a  Output selector control set to the 6000 TERM
position

b Al attenuators set to their zero positions

¢ Frequency set to 1000 ¢/s

d  Power supply input maintained at jts nominal

guide only: deviations un to 4-20% can be caused value.
%
¢
i
TABLE 6 ’
+
Typical Vollages
ALl meusurements are taken with the negative lead connecied
s the negative h.t. line.
A Ometer
Mndel 8 Test Points - Reading
Range
100V d.c. Yia Anode pin | 5 o1y
25V d.c Cathode  pin 3 ‘ LV
»
250V d.c. Yib Anode pin 6 166V
25Y d.c. athods pin 2 1y
{00V d.c. Grid pin 7 vV
1000V d.c. V2 Anode junction R23.:/24 270V
100V d.c. Cathode  pin 3 75V
or pin 8
250V d.c. Grid junciion R20/R&2 50V
1000V d.c. V3 Cathode  chassis 290V
250V d.c. Junction RII/RI3 240V
H.T. Current 33mA
Power Consumption 25VA



RE-ALIGNMENT AND RE-ADJUSTMENT
PROCEDURES

General

Re-adjustment and re-alignment should not be
coniemplated unless it is proved to be absolutely
necessary, and the procedure should be adopted only
by skilled technicians. Given with the procedures
are details enabling the performance of the oscillator
to be checked. The equipment required is:

a  Frequency standard, 10c/s 1o 100kess, 0-1%
accuracy.

b Oscilloscope (e.g. Cossor Tyne 1035).

¢ Valve Volumeter. 1% accuracy (c.g. Wayne
Kerr MI21).

d  Waveform Analyser (e.g. Wavre Kerr A321).

e Distortion factor meter, to cover from 16¢/s 1o
64¢/s.
I Universai Qridge {e.c. Wa

18,0,
Wheatstone Bridpa, 017

Gy ©

Wit lin v,

AVQOmerer Aodel

g
o

Fine Frequency Control (RVia uad RViby

Betore checking the accuracy
output. it is advisabiz to chook 1
fine frequency control. which i
potentiometers RVig apd RY

frequency
ing of the
4 by ganged
< controt has
been replaced, care should be tken 10 ensure that
in its fully counter-clockwise position. the red
peinter on the frequency scale afigns with the
extreme left haud murker. :

a  Scithe frequency band selectar controls 1o give
the 10c/s to 20¢/s band, and adjust the fine
frequency control o n the seale pointer to
the 10c/s marker. Using a Bridge instrument,
cheek that the the combined series resistance of
R9 and RVia iy 100kn £0-3v. Re-alignment
of RV1 relative to the scale pointer may be
necessary to achieve this result. Cheek that the
combined <eries resistance of RO und RYIibis
1000 £0-3%,. Ensure that the potentiometer
spindle is locked with grub-screws.

b Adjust the fine frequency control to align the
scule pointer to the 20¢/s marker, and check
that the combined series resistance of R9 and
RVia and of R10 and RV1b is 50kq 419

fos

Frequency and Level Alignment

General:  Set the power supply to within 5%
of 230V or 110V, and set the input tap selector
switch (located on the front panel) to the approp-
riate corresponding position.

Switch on the S121 and, using an oscilloscope,
ensure that a pure sine-wave output is obtained at
all frequencies, on both ‘600 ohm terminated’ and
30 volt” outputs,

maintenance

Set the output selector control to the 6000 TEraM .

position.

10c s 10 {20c s range: Using a frequency standard
and an oscilloscope, ensure that each decade step in
the range 10¢/s to 120c/s is accurate to within 1%
or £0.5¢/s. Check, with a valve voltmeter, that the
output stays constant to within 4:1%/ over the entire
range.

100cis to 1-2kefs range: Check that the frequency
at each step in the 100c/s to 1-2ke/s range is within
1% If necessary C5 and Cl1 may be increased in
value by the addition of parallel capacitors, to
adjust the frequency to within the required limits.
Check that the output voliage over the range is
within 1% of the level measured over the 10¢/s to
120¢/s range.

J0kels to I20kefs vange:  Set the frequency band
selectors to give the 10kefs to 20ke/s band, and
adjust the fine frequency control to align the scale
poiater with the 10ke/s marker. Check that the
output is within 1% of 10ke/s, adjusting trimmers
Cl and C7 if necessary, By increasing the adjusted
setting of one trinumer and reducing the adjusted
setting of the other, obtain an output level within
17 of that obtained on the first two ranges. Lock the
trimmers with solder, and re-check the frequency
accuracy at 10ke/s.

Adjust the fine frequency control and the band
selectors to give a scale indication of 100-5ke/s in the
10ke/s to 120kefs range. Check that the output
frequency is within 40-1% of 100ke/s, adjusting C15
if necessary. Check that the frequency at cach step
in the range 10ke/s to 120ke/s is accurate to within
£ 194

Jhefs to 12k [s range:  Set the frequency band
selectors to give the ks to 2ke/s band, and adjust
the fine frequency contral to align the scale pointer
‘u

vith the Tke's marker, Check that the frequency is
within 197 of lke/s, adjusting C3 and C9ifnecessary.
By increasing the adjusted setting of one trimmer
and reducing the adjusted setting or the other,
oblain an output level within 1% of that obtained
on the previous ranges. Lock the trimmers with
solder, and check that the frequency at cach step in
the range 1ke/s to 12ke/s is within F19.

— e
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mainteniney

Scale Accuracy: Select the lkefs te 2ke/s band,
and adjust the fine frequency control to the 1-1kc/s,
U2kefs, 1-3kefs, 1-4kcfs, 1-5kefs, 1-6ke/s, 1-7kefs,
1-8ke/s, 1-9ke/s and 2-Okcfs markers, checking that
the output frequency is within - 137 of the indicated
value,

Setting-up OQutput Level

Connect a valve voltmeter to the output terminals
and set the output selector control to the 6000 TERM
position, Check that the output level at S0c/s, 500c/s,
Skefs and 50ke/s is constant to within +1%,.

Set the attenuators to give +10dB and the frequency
controls to give a frequency of lke/s. The output
voltags must be between 2:33V and 2-57V: R39,
R40 and R4l can be adiusted as indicated in tahle 7
to sct the output between the required limits, if
necessary. (Note that ihe characteristic impedance
of the T-attenvator formed bv R39, R40 and R4 i3
6000).

Values of R3¢, R4

pex

Rt

Set the output selector control to the 30V position,
and check that the output level is constant to
within 4:3% over the frequency range 10c¢/s to
20ke/s, Check that rotation of the output selector
control to the 3V, 300mV, 30mV and 3mV positions
produces accurate reductions in the output level
by a factors of ten (£ 1%).

Sciect 1ke/s by means of the frequency controls, set
the output selector control to the 3V position, and
the voltage level control to 30. Check that the
output level lies between 3V and 3.15V, adjusting the
value of R38 if necessary. (Suitable values of R38
are 39k, 47k, 56k, 68k, 82k and 100k).

Distortion

Set the output selector control to the 6000 TERM
position, connect a wavelorm analyser to the output
and check that the amplitudes of the second and
third harmonics do not exceed the figures quoted in
table 8.

~

R4l and R4

Select
Sutput R3% and R40
R TS Y
257V 160
7Y 330
2:9Y 51Q
3y 6342
3-3v 8203
35y 1000
37V 1200
39V 1300

Select
R41

10k
5.6k}
3-6k0d
2-7k0
2:0k)
1-5k()
-2k}
t-1k$2
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TABLE 8

Second and Third Harmonic Levels

Third

Frequency Harmonic Harmonic
100¢c/s 52 dB down 50 dB down
200¢,s ‘ 52 dB down 53 dB down
500zs 52 B down 60 dB down
tko:s 52 dB down 63 dB down
Skess 54 dB down 54 dB down

10ke's 54 d3 down —

Set ihe ottput scl"tor and voltuge lovel controls
o give 75\’ Qulimut cE set the ency to 1hefs.
Checek that with }e fvser switched
10 ‘600 untermin l 'Z e seurnd hrmonic does
not excced - 5-0:}"} v

Using a distortion factor meher, cheek that the
distortion at 16¢/s docs not owseed - -34dB; at
32¢fs, -4udB; and at 6dcjs, - 45dB.

Frequency Stabiiity

Connect an oscilloseops 1o s output e r. xmls,
and sct the oscillator to give = | f

101ke/s (i0Ckeis to 1HOko!s oar l’amv the
frequency standard. check that when the voliage
selector switch s changed to the 3V output, the
change in frequen }is ess Than 3035¢/s.

)
‘:‘

o
J di

Set the ontput a:‘.c-tm control to the 6000 TERM
position, the attenuators to give ~-10dB. and the
frequency C!Jntr(!]-z to give 10Tke/s. Check that
when the output selector is re-sst to the 6000
UNTERM position, the Trequency change s less
than 303¢/s.

Residoal Ham

Disconnect the iead connected to the wiper of

switch waler Sla and short the grid of Via to the
negative hut, line. Connect the valve voltmeter and
oscilloscope to the output terminals, and set the
osciliator frequency to lke/s. Observe on the

oscilloscope that the output consists mainly of

100ic/s sinc-wave, and check that the output level
docs not exceed 6mV on the 6000 terminated
output and 20mV on the 30V output.

Atienuators

Unless a reliable standard®attenuator is available,
it iz better to cheek that each resistor in the various
T-attenuator networks is within £0-5% of its
noiminal value,

Valve Replacement

Replacing VI, ¥2 or V3 shouid effect no change in
the performance of the S121.

Therinistor Replacement

When the thermistor THI1 is replaced it will
generally be necessary to reset the output level by
chamging the values of R38, R39, R40, and R41,
Notes rezarding the selection of these resistors are
given in this section of the book.

REMOVYAL AND REPLACEMENT
PROCEDURES

In order to perform either electrical or mechanical
servicing it may be neccessary to remove certain
parts. of the oscillator. The procedures to be adopted
are given in the following paragraphs.

muaintenance
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Potentiometers RV1a and RV1b

Removal. To remove the fine frequency control
potentiometers from the unit:

a  Remove the three medium size knobs from the
frequency controls, and remove the unit from
the case by releasing the four screws at the
corners of the front panel. Place the unit fuce
down. and disconnect at the main tag board
the four leads from the power unit and the
single lead from switch S¢b {to R23 and R23).

b Slacken the two nuts seruring the end bracket
at the left of the unit, and remove the four bolts
which fix the cast unit io the panel. The end
bracket can then be pushed to one side to
allow the cast unit to be removed.

¢ Remove the connexions to the potentiometer by
unscrewing the nuts anchoring the terminating
tags.

d Displace the ‘Groverluck pin positioned on the
powentiomster side of the flexible coupler,
slacken the grub-s . and unserew the four
retaining screws. sotentiometer can now
b2 removed.

Replacement, The procadurs to be adopted for
the repiacement of a poicitiometer is the reverse
of that detailed for rea L 1t will be necessary
to drilf a 1/1€ in. diameter hoke in the potentio-
meter shaft to repin tne flexible couplers. To
cnsure ihat this hole is drilled on the correct

‘1:

a  Fithe potentiomete: securely in position by
mzans of the four retainmmg bolts.

b Adjust the pointer of the front panel seale se
that it is aligned withi the extreme right-hand
marker when the poicntiometer is set to jts
maximum clockwise position.

¢ Tighten the grub-screws on the coupter,
which is then rotwied uatii the hole in the
ceupler is in a convenient position to use as a
iocation for the 1/15 in. drill.

d  Drill the hole and fita 1/161n. diamerer x3/8in.
a

DR

The cast unit can be re-fitted once the potentionmeter
has been pinned. Notes on the setting-up of a new
potentiometer are given in the re-adjustment and
re-alignment procedures, under the heading *Fine
Frequency Control'.

Glass Scale

Removal.  First remove the cast unit, as detailed
in sub-paragraphs a and b of the ‘Potentiometers
RVla and RVIb’ removal procedure. Then slacken
the bolts retaining the brackets at each end and
top centre of the scale, and remove the scale.

Replacement, When re-fitting a glass scale, ensure
that the scale apertures coincide with the drum
engraving before tightening the retaining bolts.
Re-fit the cast unit and replace the unit in the
case.

Pointer and Pinion Wheel

Removal, Remove the cast unit, as detailed in
sub-paragraphs a and b of the ‘Potentiometers
RVia and RVIb’ removal procedure. Slacken the
two bolts retaining the guide rack, slacken the
two grub-screws in the drive pinion wheel, and
remove ihe pinion wheel.

Replacerment.  Fit the new pointer, and re-fit the
pinion whezl. Set the pointer to the extreme right=
hand scale marker with the potentiometer in its
maximum clockwise ‘position, and tighten the grub-
screws in the pinion wheel. Check the travel of the
pointer over scale length.

-

Front Panel Mask

Removal, To remove the front panel mask:

a4 Remove all knobs fitted to the front panel
controls,

b Disconnect the leads to the rear of the output
terminals, and remove the output terminals.

*c  Remove the cover retaining pillars (where
fitied).

d  Disconnect the leads to the thermistor, and
remove the thermistor housing.

¢ If fitted, remove rctaining ring on the power
supply input socket, and drop the socket back.
f  Remove the retaining nut on the power supply

on/off switch and drop the switch back.

g  Disconnect the leads to the fuse holder, and
remove-the holder.

h  Unscrew the bolt situated at each corner of the
panel mask, and remove the mask.



Replacement. The procedure 1o be adopted when
re-fitting the front panel mask is the reverse of that
detailed for its removal.

Power Supply Chassis

Remoyel. First remove the front panel mask
{detailed in the previous paragraphs), then:

a  Disconnect the four leads from the cast unit
to the main tag panel.

b Remove the retaining bolts and release the
power supply chassis.

Replacement. To re-fit the chussis, reverse the
procedure adopted for its removal.

Switches Sla and Sib

Removal,
in sub-paragraphs and b undsr the

i reading
‘Potentiomelers RVia and RYin,

then:

First remiove the cost unit, as detailed

a  Disconnect the leads from the tag panels.
b Remove the pinion wheel.

¢ Slacken the switch fixing nut, and remove the
switch.

Replacement. To re-fit the switch, reverse the
procedure adopted for its removal,

Valve Chassis

Removal.  First remove the cast unit as detailed
in sub-paragraphs a and b under the heading
‘Potentiometers RV1a and RVID’, then:

a  Disconnect the leads from ‘drum-switch’ S2a
and S2b.

b Disconnect the lead to the side bracket.

¢ Slucken the bolts through the brackets and
board, and remove the valve chassis.

Replucemeni, To re-fit the chassis, reverse the
procedure adopted for its removal.

t N
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COMPONENT LIST

Circuit
Reference

RI

R2

R3

R4

RS

R&

R7

R8

R9

RIO
Ril
RI2
Ri3
R4
Ri5
A6
RI7
Ri8
Ri9
R20
R21
R22
R23
R24
R25
R26
R27
R28
R2?
R30
R33!
A32
R33
R34
R335

DI

nao
R37
R38
R39
R40
R4]
242
R43
Rads
A4S
R44
R47
RA43
R49
R50
R5I
R52
R53
R54

Description
20k 0-5%; Constanta
50k 0-5%; Constanta
50k 0-597 Constanta

100K 0-5% Constanta
20k 0-5%% Constanta
50k 0-5%; Constanta
30k 0537 Constanta
100 0.5%; Constanta
475k 0-5%¢ Constanta
47-3k 0-5% Constanta
56k 109, Morgan
500 (8 Erie
22k 14 Erie
i 1054 Morgan
150k 109, Morgan
33k 10, Mergan
22K 1% Morgan
22k 105 Eriz
330 5% Morgan
g0 209 Morgan
L0 Ly Morgan
580 10%, Morgan
57 20% Morgan
3k 592 Weliwyn
' 20%, Morgan
1350 2094 Morgan
S4-1 0-5% Constanta
594 0-5% Constanta
51 059 Constanta
435 50 Constanta
43 0-59/ Constanta
35 0-5% Constanta
34 0597 Constanta
H 0-5%4 Constanta
28 0-5%; Constanta
25 059 Constanta
139 0.5%¢ Constanta
2 4.C. oY% Margan
ALC, loys Morgan
ALC, 0% sMorgan
ALC, 0% Morgan
-1 G5%, Constanta
9k G-5%, Constanta
900 0-3% Constanta
90 {-5¢7 Constanta
S0 0-5%7 Constanta
it 0-5%, Constanta
! ;5 Constanta
301 Q-5 Constanta
3 0-3%, Constanta
491 0-5%; Constanta
491 G-5%; Constanta
588 0-5%4 Constanta
588 052 Constanta

05 1012
0-5 1o0I2
05 1012
0-5 1012
05 1012
05 1012
¢-5 1012
0-5 J0i2
0-5 1012
0-5 l0I12

T
108

RMA 8

T

T

T

T

RMA 8

T

T

T

T

T
AW 3111

T

T
05 1012
0-5 1012
05 1012
05 1012
0-5 10i2
o5 102
05 1012
05 1012
05 10i2
05 1012
0-5 1012

T

T

T

T
05 1012
03 1012
0-5 1012
05 §0i2
0-5 1012
0-5 lol12
05 otz
05 012
05 {012
05 1012
05 1012
05 012
05 1012

— .
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Circuit
Reference

R55
R3¢
R57
R58
R59
R60
R6!
R62
Re3

R¥ia
RVIb
RV2

Ci
C2
(5]
*C4
BES
*C6
Cc7
ca
S
=Cio
*Cli
&2
13
i
Cis
Cle
iy
Cig
Ci
C20
C2i
can
c23
(o

15

LPI
FSI
THI

421
121-3
12

600
3%
56k

100k
M
47k

35k
55k
sk

3i30pF
130pF
3/30pF
1500nF
0-01594F
01391 ¢
373007
10045

3_.’ J\,I!lr

i SU‘.‘.‘:.',.!'
Q0[5+

0%

ok

Gosaf

Description
059, Constanta
0-59;, Constanta
0-5%, Constanta
0-5% Constanta
e Morgan
105, Morgan
109, Morgan
0%, Morgan
10%, Morgan
M-10-62 Berco
2 Gang
Tw Reliance
Mullard
5 jij. I,
Muliard
0427, T.C.C.
L 0-i% T.C.C.
-+0-1Y JRE.E:
Mullard
S T
Muitard
S 234 T.C.C.
B T.C.C.
+0-1% T.C.C.
350V T.C.C.
350V T.C.C.
Bulgin
HE Erie
350V T.C.C.
10y Erie
150V Hunt
20%; T.C.C.
150¥ T.C.C.
25V . C.
350V T.C.C.
450V T.C.C.
350V T.C.C.

05 1012 1
05 otz |
05 1012 |
0-5 1012 1

T

T

T

T

T

174 Linearity

5% Linearity

E7864-0I
SMP40l
E7864-01
SMP4D!
SM1006
$M1007
E7864-01
SMP403
E7854-01
SMP401
SM1006
SM1007
CEISL
CP48N
cP3
N750K
CP37N
N750K
JEN 159 HNN
SMP10]
CEI9F
CE25CE
CEI7ILE
CEI9P
CP32N

*These components have the fixed values shown above and A.L.C. (Adjust in Calibra-
tion} capacitors connected in paraliel, which are: C4, Cl0 33pF nominal; CS, CI1
t50pF nominal and C6, CI2 0-001:F nominal

»
1ZAT7 or ECCBi

12BH7

6X4 or EZ90

20H 40maA, Type C230
Primary—I10-5, 0, 110, 200, 220V Parmeko

Gardeners

Sec. 260-0-256CV 40mA, 6-3Y

1-5A

Ministry Type 6000/57

Commercial Tyoe $605-57

Open Core

63V - Amp Lamp Type OS76

fuse | Amp L1055
50k 1037 A5412°100

Osram
Belling Lea
SHIEGE

component list

23



10 e S4¢ Saa
‘péz 2 CHASSIS R47
o e
h } i (4 s 23 ol I
' AT ! : T R ‘ﬂg‘tﬁ
1 : b [-¥]
56 ST £
MAINS ) ) ——s Lr
! ! [ 03 3 Ras
i Ly 3 | zoiilniggnA
\:'( J?Q—bf?ig:i [0 ~ A2 T | VIoov2 o4
o e H ¢
= i Al [ =9 . o5
2ot | LRl | N i o
Ot
1-— i (_ﬁ‘f,_ L—o———--—-—— TERMINAL 2
CHASSS p Rl H 7 4 7
60 —p
. e of .
% o—-v,r. TERMINAL |
YT, R59 = - WA et 0
i A 39K a1y A4S
g 3t L cHASLIS
$56% b

A

Szy, } ) é dLcis 1
A RSS Hes R73 Ra Alo | [ Trex T
RVla 20kS SOKS 59K3 lockS  S4TSK . e ||
55% f av;n Via | CL4 .
RI3 R23 RIS R4 f Bo { )l 4 12417 o Z.ﬂL I

55K
20ks Sukg 50k3 fook 475k | 2 3 4 o~ L. 1 (el L AdAnAS
% B L s_ Y Y ¥ ] Fel

558

T AL %

Iy
Cr3e Came 0O 5
3-50’Fi IOOpl 5'3°I’T I Clrl 12 ¢ Lo e
S THI® 2o05 ’Tsao;:
I3

sig | ®¢2 5 4

(O N oL © T L 1
{ S50
COMPONENTS MARKED THUS *
COMPRISE FIXED VALUE & A.1.C. COMPUNENT
IN PARALLEL SWITCHING S1A-3 SWITCHING Sza-8 | sac | | S4A-0-C S5A-B-C-D-E-F |
g FOSITION] FACTOR RANGT | OPEN JCLOSECOPERICLOSED,  POSITIGN  FARILITY PGSITICN 8 L
CIRCUIT RER.| Fixep ALC. 4 Xi 10-20 [1.2.3.4 2 71 ] [ 0-3my ! +10 4
C4 : Clo [1se0p | 33p How. 3 xio | [Zo-30 |23 [4 |2 i z o-3ery | 2 0 -
€5 Cl |ooisop| 150p Wok. 2 X100 30-40 11,24 13 |2 I = 0-3camy 3 -i0 5%32' AICAHIGH)
Co + Ci2 [o459 150 o001 HoM : I 1,000 40-50 (12 |34 T2 4 0-3V | £ -20 w
: 50-60 |14 (23 172 -5 0-307 5 =30 35 s SsF
60-70 234 || | 2 6 OFF 6 -40 ALC.CLOW) ALC.(LOW)
70-80 |23 {14 N 7| TERM. s000L 7 =50
80-90 12,4 |13 Iz 8 |UNTERMINATED] a =60
90-100 |2 i34 |12
100110 |4 1,2,3 { 1,2 SWITCHING S7
Ite=-120 1.2.3.4; 1,2 POS[V RANGE{TI TAPS
1 [100-11G]| 0&119
2 1196=-220]+52200] ~
3 [220-250]+i0& 220

AUDIO OSCILLATOR Type SI21 i ey - | DRG N2 3870/L

NOTE: RV2 is naw 6kS$. Fig. 9 Circuit Diagrum ...
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