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INTRODUCTION

The Audio Signal Generator SI21 is a high grade laboratory osciliator providing an extremely stable output in
the frequency range 10c/s to i20kcrs. The unique dini display provides direct readings 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 continvous adjustment of the output

frequency.

Two output arrangements are meorporaled; one providing 2 high impedance cutput of O to 30V in five ranges, with
L 3
centinuous adjustment from zzr: in each range, and the other providing 60C-chm oputputs (terminated or unter-

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

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

standard components, and has been designed for ease of eperation.
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SPECIFICATION

FREQUENCY COVERAGE

FREQUENCY ACCURACY

FREQUENCY PULLING

600-0ofim outputs

High-level outputy

FREQUENCY STASILITY

WAVEFORM DISTORTION

(600 Q terminated)

OUTPUT LEVEL ACCURACY
{Ambient teninerasiuce 20°C - 3 Q)

6000-phm outputs

High-level ontputs

QUTPUT LEYEL STABILITY

600-0hm outpurs

High-fevel ontputs (0 to 307}

Shewrt-term

10¢/s to 120ke;s

1Y, or =0-5¢/s, whichever is the greater, over the whole
band on both 6002 outputs. On the high-level output
this accuracy is maintained up to at least 20kc/s.

Up to 20ke.'s less than 0-05Y,
S0kc’s less than 0-1%,
100ke/s less than 0-39%,
with 600 external load switched on and off.
Up to 10ke's tess than 0-037
20Kkc/s less than 0-19%
50ke/s less than 0:29, ,
100ke/s less than 0-5% -

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

One part in 10! over short periods

Frequency Harmonic content

{with respect to fundamental)
16¢/s Better than —34dB (2Y%,)
32cls Better than —40dB (1%)
64c/s Better than —45dB (0-6",) ;
160css Better than --50dB (0-31%,) |
300c/s to 10kc/s Better than —54dB (0-29, 4
30kess Better than --52dB (0-259,)
50kcfs Betier than --50dB (0-319%)
100kc/'s Better than --48dB (0-49)

Better than +-0-548

Below 20ke’s Better than -::0-5dB
50ke/s _ Better than —1dB
100ke)'s Better than --3dB

Betier than 0-2dB
Below 10kels, better than 0-2dB
Between 10ke's and 20kc;s, better than 0-3dB

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

OUTPUT IMPEDANCE ACCURACY

(600-0hm ourpnis)

ATTENUATOR ACCURACY

HUM LEVEL

POWER SUPPLY

DIMENSIONS

WEIGHT

Te
w0

Better than =0-2dB

Retter than 60d4B

below signal level

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

17in % Tin, o0 7hin, (43-2em » 29-2em 0 [9¢em)

{71 (7-7 ke)



OPERATING PRINCIPLES
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Vib vz

Fig. 1 Basic Wien Bridge Oscillator

The S121 utilizes a Wien Bridge osciilator, the basic
circuit of which is shown in figurz 1. Via is the
oscillator vauve, Vib an amplifies and inverter, and
V2 the output amplifier anc dback cathode
follower, The circuii oscillate: at a frequency
determined by the sct values of the bridge compon-
ents, the frequency heing that woich

a  develops a voltage across K. in phase with the
oulput of V2, and
b develops a positive feedback voltage greater

o

ihan the negative feedback voltage.

POSITIVE FESDBACK
PHASE SHIFT

HEGATIVE
FEEDBACK VOLTAGE

\ POSITIVE
FEEDBACK VOLTAGE

Fig. 2 Conditions for Oscillation

LEAD

o
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Positive feedback from V2 cathode is developed
across bridge arms R,, C, and Ry, Cp, negative
feedback being developed across bridge arms THI
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 frequencies. 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
(developed across R.) and the output at the anode
of V2, The feedback and output voltages are in
phase when wRw Co = IJwR, Cu.* which gives
the fréquency of oscillation
1

fo D e e e e —
27 \/ R, Ry C. Co
In the S121, R, always equals Ry, and C, always
equals Cy, hence the equation can be re-written
—
25 RC
where R = Ry —= Rs
and € =Gy = Gy

fo

# Derived from the "imaginary’ parts of the formula for
the condition of balance in a Wien bridge circuit.

Lt A b



operating instructions

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.

I
2=R (10" C)

In the SIi2I, values of Cy and Cp (1.e. 'C’) are
elected by switching circuits to provide frequency
multiplying factors of xi, x10. x100 and x1800.
The basic frequency runge of 10cfs to J20¢/s is
covered in 10c/s steps by the selection of suitable
vajues for R, and Ry, again by switching circuits.
Frequency variation within each step is facilitated
by making part of the appropriate value of R, and

10f° =

DPERATING

POWER SUPPLY

The instrument operuizs from 40c/s to 60c/s
supplies of 100V to 13+ 15DV te 220V or 220V io
250Y, adjustment io suit the supply voltage being
provided by a screwdriver-operated switch on the
left side of the front panel. indication of the range
to which the input veitage sclector switch is set is
given by u small scale lucated directly above the
switch. When theinsiverent is to be used with 100V
to 115V supplies, fuse F51 {located directly below
the input voltage selecicr switch) must be changed
to 2A rating; 2 LA fuse is normally fitted.

The power supply is connected to the instrument via
the front panel, It is essential that all the power
supply connexions are ade correctly, the wires
heing identitied as foliows:

Red—Live

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

lack---MNeutral Green—Earth

CONTROLS

The fuaction of each control lccated on the front
pancl, and its method of use, is as follows:

Frequency Selection Centrols

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

R variable, so that continuous coverage over the
basic frequency range is provided in 10c/s bands.
The variable parts of R,.and Rpare ganged together.
For cach range of frequencies (10c/s to 120c/s, 100¢/s
to 1:2ke/s, tke/s to 12ke/s and 10kc/s to 120ke/s) the
width of the bands is increased by the multiplying
factor. The range lkc/s to 12ke/s (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 outputs over the range
4+10dB to —70dB (relative to ImW) and the other
providing high impedance outputs from 0 to 30V in
five continuously variable ranges:.

INSTRUCTIONS

(located one ecach 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.

Frequency band selectors: The frequency band
sclector 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 coversd and the width of the bands
within each range are

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

Operation of the band selector 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 ‘adjucent’ ranges). The
frequency scale thus represents a band between the
limits sct by the frequency controls. In the 10¢/s to
120c/s range, the bands covered are 10c/s to 20c/s,
20c/s to 30c/s, 30c/s to 40c/s and so forth up to
110c/s to 120¢/s, and in the 100¢/s to 1.2kc/s range
the bands covered arc 100c/s to 200c/s. 200c/s fo
300¢/s etc.

S = i e . - B



Frequency scale and fine frequency control: 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 sclector 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 scction, the setting 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 are 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

Scaie Extensions
Major Freguency Width of Right Side
Range Each Band
Left Side - R et

Per Division = . Total
10c/'s to 120¢,5 10¢,s 0-1¢/s 0-2¢/s 0'8¢/s
100cs to 1-2ke/s 100c/'s lefs 2c/s -+ Befs
lkeds to 12ke’s lkefs 10c's 20¢'s : 80c/s
10ke/s to 120ke,'s iOkess 100¢/s 200c/s i 800¢/s

Thus, on the 200c/s to 400c/: band (100c/s to
1.2ke/s range). the frequency scaic 13 extended to
cover from 299¢/s to 408c/s.

Qutpur Selector Control

This is an ¢ight position switch (including one ‘oft”
position) for the selection of a &0i0a terminated
or unterminated output, or ong of five *high-level’
outputs. i the ‘6002 positions the precision
attenuator s connected in civeurt, while in the
‘high-level’ positions, the continuously variable
voltage control is connecied in circuit; the front
panel is engraved to indicatz which controls are
related to specific positions.

The output impedance on the voltage ranges
depends upon the range selectad; with the variablz
control fully clockwise the impedance for each
range is:

30V range: 3:3ko

3V range: 9500

300mV range: 1000

30mV range: 100

3mV range: 90

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

Voltage Ouiput 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.

600-ohm Output Attenuators

Two controls are incorporated to provide attenu-
ation from -t 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
is given in table 2.



operating instructions

TABLE 2

Decibels and Equivalent Voltages
(0dB = 0.775V)

dB ; Yoltage dB Voltage
410 1 28V —10 025V
49 2.2V i) 022V
+8 1.95V ) 0-195v
Z2F 1-73v =3 0-173v
L 1-55V — 14 0-16V
L5 1-38V —15 0-14v
44 1-23v —16 0-12V
g [tV =IF i 011y
%32 0.98Y —18 98mV
| 087V —19 87mY

0 0775V ~2) 77-5mV
= 0-69V - 69mVY
= 0-62V =99 62mvY
3 G55V 33 55mY
i 9-40V ~24  4SmV
-5 0-44V —25 HmV
=3 0-39V —25 39mV
L 7 0-35v —27 35my
-8 (o AV —28 3lmv
f e28v —-29 27-5mV

- i :
i
Pl

| :
dB ! Voltage dB Voltage
—30 " 25mV —50 2:5mV
-3l 22mY —51 22mV
—32 195mY —52 1-95mV
33 [7mVY —53 I-7mV
—34 15:5mVY —54 I-6mV
—35 14mY —55 1-4mV
—36 [2mY —56 1-2mV
=37 | UHmv - ~53 b-ImV
—38 | 98mV —58 980V
-39 | 87mV —59 870V
—40 7-8mY —60 780,V
—4] 6-9mVY —6l 6900V
—42 | 62mV —62 620,V
—43 55mV —63 550,V
—44 ° 49mVv —64 490,V
—45 1 44mV —65 440,V
—46  ; 39mV —66 390V,
B 35mV —67 350uV f
—48 - FimV —68 3oy |
—49 © 28mV —69 W5y
. —70 245V

Switching Cn

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

Cutput Selection

The oscillator output is available at the two term-
inals on the right-side of the front punzl. It should
be noted that the postiive h.t. line is connected
the chassis and consequently 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 levelis 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 oscillator can also be used as the source in a
fransiission measuring set; Wayne Kerr Trans-
former Type T121 and A.F Volimeter Type MI121
are available to complete the set.

The transformer (shown in figure 3) provides a
balanced 600 or 1500 output from an unbalanced
60002 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 earth.

6100
UNSALANCED
INPUY

1500
BALANCED 60001
ouTPUT BALANCED
i OUTPYT

l

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.

.

6000 g
UNBALANCED <&
INFUT &

g’ : 3000

750 UNBALANCED
UNBALANCED ouTeUT
OUTPUT
3 o
<5 l
a 750 r
S 3000

g

Fig. 3 Transformer T12i

TELCHNICAL DESCRIPTION

GEMERAL

The osciliator arcuits are constructed on an
aluminium ailoy chassis, on the reverse of which is
fitted the front panzl mask., The chussis is secured
vertically in a mild steei 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-
lator circuits. Figure ¥ illustrates the location of the
major cempenents.

The frequency band sclector knob operates through
a bevel gear to drive the associated rotary wafer
switch (82), the drums carrying the scale “limit’
figures being mounted on the same spindle as the
switch. The frequency band multiplier knob
operates the switch S1 direct, & rack and pinion
device being fitted to the shaft of the switch to
operate the scale ‘limit” figure shutier mechanism.
A similar rack and pinion device is fitted to the
variable frequency control (RV!) to operate the
frequency scale marker,

The operation of a Wien Bridge circuit, which
forms the basis of SI21, is described briefly in the

section headed ‘Operating Principles’. Figure 4
shows the circuit arrangement of the SI121 in a
simplified form, the complete circuit diagram
being given in figure 9 at the end of this book.

FREQUEMCY DETERMINING
COMPONENTS
£

Frequency-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 RVl1a and
RV1b. Selection of the appropriate ‘band’ resistors
is made by the rotary wafer switch S2, S2a selecting
from resistors R1 to R4 (series r.c. bridge-arm) and
S2b selecting from R5 to R8 (parallel r.c. bridge-
arm). 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, RVla and R10, RVIb)are
given in table 3.

o ek

il
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technical description

TABLE 3

Effcctive Resistance Values in R.C. Bridge Arims

Resistors Selected Resistive
. VYalues of each
Range ' e 3 e e LAY i S S St T R.C. Arm

Series R.C. Arm Paraliel R.C. Arm (£2)

10-20 RVlia, R RVIb, RIO

102-5k—47-5k
20-30 RVia, R9, R4 RVib, R10, R8 50-6k-32:2k
3040 RVia, R9, R3 RVib, R10, R7 33-6k-24-4k
40-30 RVia, R9. R3, R4 RVib, RI0, R7, R8 - 25-9k-19-5k
50~60 RVia, R9, R2, R3 fAVib, RI0, R, R7 ; 20-1k-16-4k
'60-70 RVla, R, RI RVlb, RI0, R5 16-4k-14-1k
70-80 RV1a, R9, Ri, R4 ' RVIb, Ri0, RS, R8 14-3k-12-3k
80-90 R¥ia, R, RI. R3 RV1b, R10, R5, R7 ; 12:5k-10-9k
90-100 RVia, R9, Ri, R3, R4 RVIb, RI0, R5, R7, R8 5 H-1k=9-9k
100-110 RV!a, RY, RI, R2, R3 ; RVib, R0, R5, R6, R7 i 10-0k-9-0k
110-120 RvYiz RS, RI, R2, R3, R4 ;

RVib, Ri0, R5, Ré, R7, RB : 9-1k-8-3k

The restaiors used in the bridge are of high stability to ensure accuracy and

reliabibi'y of the frequency calibration. f‘
13
+
Frequency multiplying arm. The capacitors employed for each factor
are detailed 12 tuble 4.
The frequency multipiving factors of 1. 10, 100
and 1000 are obteined by the selection from Capacitors C4, C5, €6, CI0, Cil and Cl2 are each

capacitors €l to C6 and C7 10 Cl2, in the series formed by two components connected in parallel,

and parallel r.c. arms of the bridge respectively.
cleciion is made by ihe rotary switch S1, of
which Sla selects the capucitors in the series r.c.
arm. and Slb the capucitors in the parallel r.c

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.

CABLE 4

Multiplying Factor Capacitors

- Series R.C. Parallel R.C.
raghor Bridge Arm Bridge Arm
X1 cé ci2
X10 cs cll
X100 C3, C4 C9, Clo
X1000 o = c7.c8




technical description

o T R 1
w| | v R

RIS

T0 QUTPUT
CIRCUITS

R24 (N PARALLEL
WITH R63

R22
RI7 R21

cig

—
N
”
&

RVia

RS9,
REC

PO € AAAABCO—

€23

H
flr_

= Ci9

Fig. 4 Oscillator Cucuit — Simplitied

OSCILLATSR ' AMPLIFIER

The oscillatorfamplificr circuit wntizes two double
triode valves V! apd V2, V]a and Vipb form a high
gain amplifier, while V2 opoiries as a cathode
follower in the ampmifier circait and as a high-
impedance constant-current ouipul stage.

The cathode output of V2, deveicped across R24, is
applied via C19 to thermistor THi and resistor R2
to develop the negative feadhack voltage, and to the
serics and paraliel r.e. bridge arms to develop the
positive feedback volage. Nepative feedback is
applied to the cathode of Viu, and positive feedback
to the grid of Via. The ifvedbacik voltage applied
from V2 is maintained at a constant level irrespective
of frequency by the operation of the thermistor
THI, and by the suitabie sejection of load comp-
ensating resistors R59 and RéD. The thermistor is
mounted on the outer face of the front panel, to
prevent its characteristic being affected by temper-
ature rise within the case,

The amount of feedback required to sustain
oscillations in the Wien bridge circuit is about
9.5 dB only; all the excess gain of the amplifier
Vlia and VIb provides negative feedback at the
cathode of Vla to stabilize the output level, and to

reduce  distortion in the generated waveform.

. . - ]
Undesired phase shifts near and above 100ke/s,
caused by stray capacitance, are minimized by CI5
connected across R12.

The anode output of Vla is coupled to the grid of
Vib via Ri14, RIS, Cl4 and R6!, and the anode
output of V1b is coupled to the grids of V2 via
C17, R19. R21 and R62. These coupling networks
together with components R16, C16 and R22, CI8
arc provided to ensure an adequate stability
margin at the upper and lower frequencies.

OUTPUT LIRCUITS

The oscillator output, developed across the resistive
anode load 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
cathiode resistor 1 maintained at a constant level,

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

—



technical description

545 (ART) cal s4q (PART)
5 In 5
9-30v 0-30v
a5 1 4 .
0_:_,,\,, 0-3v High-level Attenuator
g . The high-level atteruator circuit is shown in
o . figure 5. Five voltage ranges are provided by the
07300m% 1 kva - iy switched potentiorneter network R43 to R47 and
R3S ; . . :
: R42, adjustment over cach range being provided
OSCILLATOR 2 — CUTRUT i i
i ——nd p e by potentiometer RV_2. Parallel c_onnected resistor
0-30my 0-30m¥ R42 enables the desired potentiometer ratio to
R46 be obtained without the usc of close tolerance
' ' low-value resistors. R38, connected across RV2,
0-3my . pti is selected to set the output level to within 0-5dB
R42 > R47 A 5 ;
o g of the calibrated scale. The output impedance
ofF g : Torr depends upon the settings of S4 and RV2; with
e £ 20 RV2 at its maximum clockwise position, the
_ impedances for each range are given under the
t —O TERMiNAL heading Output Selector Control in the operating
i instructions.
Fig. 5 High-level Attenuator
*
s4a (PART) e
8 oUTPUT
TERMINAL
7
6
Q
S5
POSITION]| 4B
! +10
2 -0
3 =10
{ 4 =20
i 5 =30
6 ~40
s4b {PART) ! < a4 7 =50
" I -gdp s S4c {PART) 8 -60
—O O
D—J —948 < R3S 8 7 '3
<
6 ~i0d8 h38 R58
D'l R37
EARTH
. O fERMINAL

Fig. 6 6000 Attenuator

mrmsen



technical description

TABLE 5

6000 Attenuators

L I {
| switeh ! Attenuators : Total Attenuation
Fanga | Position Selected (Fig. 5) of Networks
i P < S |
T i :
+1i0dB | i ' . 0
0 | 2 | ‘ 10dB
—l0dB | 3 ' 20dB
—20dB | 4 ] 30dB
—30d8 5 40dB
—40d8 13 50dB
—50dB 7 : 6048
—60dB 8 ; A,B,C ; 70dB
| ! i :
6000 Attenuators - >
- 3 e 5 = Tl LPI /7757
The step attenuators are shown in figure 6. The o
oscilialor output is connected via S4b to the 0 +ov NS S 3

to --10dB poteniiometer chain RZ7 to R37, and
is then routed w0 the ourpLy terminal via a
combination of T-attenuators = Sda. All the
resistors utilized have a high stabiiity and a
tolerance of £+0-5%.

o8

The absolute level of the ouwlput o set to within
0-5dB by T-attenuator R39, R4U and R4l. The
characieristic impedance ef ail the T-attenuators
is 6000; network A has an auenuation of 10dB,
network B an atienuation of « and network
C an attenuation of 40dB. The A, B and C
attenvator netwoerks are selected by operation of
switch 85 to provide @ range of -£0dB to +10dB
in 10dB steps. as detailed in tabie 5

The attenuator earth leads ars arranged to reduce
earth currents to & minimum. Care has also been
taken to reduce currents between the EARTH
terminal and the power supply lead, an important
precaution where the oscillator s to be used as a
source for bridge measuremenis or attenuator
testing.

A 6000 resistor, R58, is connected across the out-
put when S84 is set {0 position 7 (6000 TERM).

POWER SUPPLY

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

i
Nz %i
s 8
Rans | i §. el
iHPUT | i | -
9 \ 517 éj, czsr
7 iy !
i i f
|
3'2 i gg
?ZUOVC‘!
1
2207 S| 0000 -~
-

Fig. 7 Power Supply

L)

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

The 260-C-260V secondary output of T1 is full-
wave rectified by double diode V3, and smoothed
by capacitive input filter C24, LI and C23 to
provide the h.t. supply. V3 cathode is connected to
chassts. hence the ‘positive’ h.t. line is at earth
potential, the negative h.t. linc being at approx-
imately —290V with respect to earth,

The heaters of valves V1, V2 and V3 are supplicd
from the 6:3V 1-5A secondary, which also supplies
the pilot lamp LPI, used for lighting the scalc of the
voltage selector panel.

o A
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PERFORMANMNCE TEST

MAINTENANCE

The performance of the S121 can be checked by any
of the standard methods for measuring frequency
and a.f. voltuges. A recommended series of tests,
together with notes on any adjustments which may

re-adjustment procedures’,

YVOLTAGES

“be neesssary, are given in the ‘Re-alignment and

The voltages quoted in table 6 are intended as 4
guide only: deviations up to £20% can be caused

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

a  Output selector control set to the 6000 TERM
position

All attenuators sct to their zero positions

=

¢ Frequency set to 1000 c¢/s

d  Power supply input maintained at its nominal
value.

el

TABLE ©

Typical Voltages

All measurements are taken with the negative lead connected
13 the negative A.t. line,

Power Consumption

AY Ometer
Model 8 Test Points Reading
Range
100V dc. . Via  Anode  pin | 1 91V
25V de, Cathode  pin 3 v
-
250V d.c. Vib Anode pin 6 166V
23Y d.c. athode pin 2 Hy
100V d.c. Grid pin7 EA'S
1000V d.c. V2 Anode junction R23./24 i 270V
100V d.c. Cathode pin 3 75V
or pin
250V d.c. Grid junczion R207R62 50V
1000V d.c. V3 Cathode  chassis 290V
250V d.c. Junction RII/RI3 240V
H.T. Current 33mA

25VA

+



RE-ALIGNMENT AND RE-ADJUSTMENT
PROCEDURES

General

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

a  Freguency standard,
accuracy.

10cis to 100kes, 0-1%;

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

¢ Valve Voltmeter, 19 accuracy (e.g. Wayne
Kerr MI215

d  Waveform Analyser (e.z. Wayvne Kerr A321).

¢ Distortion factor meter, to cover from 16¢/s 1o

64c/s.
f  Universal Bridge fe.g. Waynz Serr B221) or
Wheatstone Bridps, O- ',", ACLEVHEY,

AVQOmeter Medel

2
o

Fine Frequency Conirol (RVia omi RYVib)

Before checking the accurucy of ilie frequency
output. it is advisabiz to check ine setiing of the
fine frequency controi. which is frmed by ganged
potenuozne!vu RVia and RV ik, 17 the control has
been replaced, care should be tuken to ensure that
in its fully counier-clogkwise position, the red
pointer on the frequency scale aligns with the
extreme left hand marker. Then:

a  Scithe frequency band selector controls to give
the 10c/s to 20c’s band, and adjust the fine
frequency control to align the scale pointer to
the 10¢/s marker. Using a h“.uge instrument,
check that the the combinea series resistance of

9 and RV1a is 100k +£0°3"%. Re-alignment
of RV relative to rthe scale pointer may be
necessary to achieve this resutt. CThecek that the

cmbined < .,I’lc.“- resistance of R1) und RVibis

100& 0 £0-5%,. Ensurc that the potentiometer

spindle is tocked with grub-screws,

b Adjust the fine frequency contrel to align the
scale pointer to the 20c/s marker, and check
that the combined series resistance of R9 and
RVia and of R10 and RV1b is 50ka £1%

Frequency and Level Alignment

General:  Sct the power supply to within 57
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 SI21 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 TERM

position.

{0c]s to [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 20.5¢/s. Check, with a valve voltmeter, that the
output stays constant to within 419 over the entire
range.

I100c]s to 1-2ke s range:  Check that the frequency
at each step in the 100c/s to 1-2kefs range is within
1% If necessary C5 and Cl11 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
{20¢/s range.

10ke|s to 120kcfs range:  Sei the frequency band
selectors to give the 10ke/s to 20ke/s band, and
adiust the fine {requency control to align the scale
poil.tcr with the 10kefs marker. Check that the
iput is within £197 of 10ke/s, adjusting trimmers
(,l and C7 if necessary. By increasing the adjusted
setting of one trimmer and reducing the adjusted
sctting of the other, obtain an output level within
% of that obtained on the first two ranges. Lock the
trimmers with solder, and re-check the frequency
accuracy at 10kc/s.
Adjust the fine frequency control and the band
selectors to give a scale indication of 100-5kc/s in the
10kefs to 120ke/s range. Check that the output
frequency is within 30-1% of 100kc/s, adjusting C15
if nceessary. Check that the frequency at each step
in the range 10ke/s to 120ke/s is accurate to within
£ 125

Tkefs to 12kefs range:  Set the frequency band
selectors o give the Lke/s to 2ke/s band, and adjust
the fine frequency control to align the scale pointer
with the fke's marker. Check that the frequency is
within 1% of 1ke/s, adjusting C3 and C9 if necessary.
By increasing the adjusted setting of one trimmer
and reducing the adjusted setting or the other,
obtain an oufput 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 3-1%.

-—
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Scale Accuracy: Select the lkc/s to 2ke/s band,
and adjust the fine frequency control to the 1-1ke/s,
1-2kefs, 1+3kefs, 1-4kefs, 1-5kcfs, 1-6kc/s, 1-7kefs,
1-8ke/s, 1-9kc/s and 2-Okc/s markers, checking that
the output frequency is within 4 1%/ of the indicated
value.

Setting-up Output 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 50¢/s, 500¢/s.
Ske/s and 50kc/s is constant to within 1%,

Set the attenuators to give -+10dB and the frequency
controls to give a freguency of lke/s. The output
voltags must be between 2-33V and 2-57V; R39,
R40 and R4l can be adjusted as indicated in table 7
to sct the output between the required limits, if
necessary. (Note that the characteristic impedance
of the T-attenuvator formed vy R39, R40 and R4 is
6000).

Values of R3%, R

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

Sclect lkc/s by means of the frequency controls, set
the output sclector 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 R3§
are 39k, 47k. 56k, 68k, 82k and 100k).

Distortion

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

e it

40 and R4l

Select

Cutput R3? and R40

ot i i i | e e 5 e 575
2-57V 150
29 330
2:9Y 510
31V 68:1
33V 811
3-3Y 1000
37V 12600
39V 1380

Select
R4

10k
56k
3-6k(2
2-7k02
2:0k(2
-5k
1-2k()
P lke)




TABLE 8

Second and Third Harmonic Levels

Third

Frequency Harmonic Harmonic
100c/s 52 dB down 50 dB down
200<;'s 52 dB down 53 dB down
500zs 52 dB down 60 dB down
Hezss 52 dB down 63 dB down
Ske:s 54 dB down 54 dB down

J0kc's 54 dB down —

e lovel controls
quency to lhefs.

atvser switched
: harmonic does

Set the ocutput selector and volu
to give 3V output, and set the
Checek that with the \\."we.‘bi"'
to ‘6000 unterminated” the seu-
not exceed 4848,

Using a distortion factor mzter, check that the
distortion at leéc/s does not succed - -34dB; at
32¢/s, -40dB; and at 64c/s, - 45dB.

Frequency Stability

Connect an oscilloscops 1o ihic autput terminals,
and set the oscilator to give an output of 30V a3
101kefs {i0Ckeis to 110ke/s =and)., Using the
frequency standard. cheek that '.\'] 1 the voitage
selector switch is changed to the 3V output, the
change in frequeney s lzss than ;‘E'J:n,

Set the output selector control to the 6000 TERM
position, the attenuators to give ---10dB, and the
frequency controls to give 10lkeis. Check that
when the output selector is re-set to the (6000
UNTERM position, the frequency change 15 less

than 303c/s.

Residoal Ham

Disconnect the fead connected to the wiper of

swiltch waler Sla and short the grid of Via 1o the
negative hut, line. Connect the valve voltmetcer and

oscilloscope to the output terminals, and set the

oscilintor frequency to 1ke/s. Observe on the

oscitloscope that the output consists mainly of

100e/s sine-wave, and check that the output fevel
does not exceed 6mY on the 6000 terminated
output and 20mV on the 30V output.

Atienuators

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

Valve Roeplacement

Replacing V1, V2 or V3 should effect no change in
the performance of the S121,

Thermistor Replacement

When the thermistor THI is replaced it will
gencraily be necessary to reset the output level by
changing the values of R38, R39, R40, and R4l,
Notes regurding the selection of these resisiors are
given in this section of the book.

REMOVYAL AND REPLACEMENT
PROCEDURES

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

maintenance
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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 face
down, and disconnect at the main tag board
the four leads from the power unit and the
single lead from switch S4b (to R23 and R23).

b Slacken the two nuts securing the end bracket
at the left of the untt, and remove the four bolts
which fix the cast unit to 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 ‘Groverloik” pin positioned on the
poientiomster side of tac flexible coupler,
slacken the grub-s 5, and unscrew the four
retaining serews. The notentiometer can now
be removed.

Replacement, The procedur2 to be adopied for
the replacement of a2 poiestiometer is the reverse
of that detaiicd for rema+al. It will be necessary
wilta 1/16 in diamweter hode In the potentio-
meter shaft to repin tne flexible couplers. To
cnsure that this hole it drilled on the correct
cenires:

na
o

Fit the potentivmeter securely in position by
15 of the four retaiming bolts.

b Adjust the pointer of the front pane! scale so
that it is aligned witii the extreme right-hand
marker when the poientiometer is set to its
maximum ctockwise position.

¢ Tighten the grub-screws on the coupler,
which is then rotafed until the hole in the
ceupler is in a convenient position to use as &
focation for the 1/16 in, dnill.

d  Drill the hole and fita 1/161in. diamerter x3/8 in.

The cast unit can be re-fitted once the potentiometer
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
RVlaand RVIb’ removal procedure. Then slacken
the bolts rctaining the brackets at each end and
top centre of the scale, and remove the scale.

Replacement. When re-fitting a glass scale, ensurc
that the scalec 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

Reineval. Remove the cast unit, as detailed in
sub-paragraphs a and b of the ‘Potentiometers
RVia and RV1b' removal procedure. Siacken the
two bolts retaining the guide rack, slacken the
two grub-screws in the drive pinion wheel, and
remove the pinion wheel.

Replacement.  Fit the new pointer, and re-fit thfa
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

Remoral, To remove the front panel mask:

4 Remove all knobs fitted to the front panet
controls,

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

*¢  Remove the cover retaining pillars (where
fitted).

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

(4]

If fitted, remove retaining ring on the power
supply input socket, and drop the socket back.

ey

Remeove 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 to be adopted when
re-fitting the front panel mask is the reverse of that
detailed for its removal.

Power Supply Chassis
Removel. First remove the front panel mask
(detailed in the previous paragraphs), then:

a  Disconnect the four lcads 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 Sia and Sib
Removal.

in sub-paragraphs o and b o

(35

—~

he heading

Potentiometers RVia and RVisnT, ¢

First remove the cast 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.

Yalve Chassis

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

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

b Disconnect the lead to the side bracket.

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

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

. L]
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Fip. 8 Location of Major Components
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COMPONENT LIST

Circuit
Reference

Rl

R2

R3

R4

RS

R&

R7

R8

R9

RIO
Ril
R12
RI3
RI4
RI5
al6
RI7
Ri8
Ri9
R20
R2}
R22
R23
R24
R25
R26
R27
R28
R29
R30
R3!
R32
R33
R34
R33
R3%
R37
Ri8
R39
R40
R4!
R4l
R43
R4
R4S
R4s
R47
RA3
R49
R50
RS
R52
R53
RS54

Description
20k 0-59% Constanta
50k 0:5%, Constanta
50k 0-5% Constanta

100k 0:5% Constanta
20k 0:5%, Constanta
50k 0-5%, Constanta
30k 0597 Constanta
100k 0.5%] Constanta
47-5k 0-5%, Constanta
7-5k 0-5% Constanta
56k 0% Morgan
500 T Erie
22 1054 Erie
i 10% Morgan
160k 10% Morgan
33k 10% Morgan
2% 0% Morgan
22k 165, Erfe
330K 55/ Morgan
10 20%, Margan
120k L2 Morgan
480 102% Morgan
&7 20%, Morgan
3k 5% YVeiwyn
47 209 Morgan
100 205, Morgan
64-1 0-5%, Constanta
594 0:5%¢ Constanta
51 0-5% Constanta
435 0-5%¢ Constanta
43 0-5% Consztanta
35 0-5%;, Constanta
34 0-5% Constanta
- 0:557 Constanta
26 0-5%, Constanta
25 0-5%, Constanta
139 0-5%, Constanta
alC. 10%; Morgan
ALC, 109, Morgan
ALC, 0% sMorgan
ALC, 0%, Marzan
-l G55 Constanta
9k G-3%, Constanta
900 0:504 Constanta
20 0-5%7 Constanta
50 0-5% Constanta
Y 0-5%, Constanta
! 0-5% Constanta
311 Q-5 Constanta
3 L6 2 Constanta
491 0-5%, Constanta
491 G-5% Constanta
588 0:5%4 Constanta
588 0-5%, Constanta

0-5 1012
05 1012
0-5 012
0-5 1012
0-5 1012
05 1012
05 1012
0-5 [012
05 1012
05 1012
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 1012
05 1012
05 1012
“0-5 1012
05 10i2
05 1012
05 1012
T
T
T
T
05 1012
05 1012
0-5 1012
0-5 1012
05 1012
0-5 1012
05 lol2
05 012
05 §0l12
0-5 1012
05 1012
05 1012
05 o012

) — v W g
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Circuit
Reference

R55
R56
R57
R58
R59
R60
R6!
Ré2
R&3

RVia
RVIb
RY2

Ci
c2

HE4
2G5
*C6
7
c3
c9
*Cio
*Cii
Lo i
13
Cid
<3
Cié
C17
iR
Ci
C20
C21
€22
c23
Clg

€25

< < <
e K -

L!

=
1

LPI
FSt
THI

Description
42) 0-5% Constanta 05 1012 1
121-3 0-5%, Constanta 0-5 otz |
12 0-5%, Constanta 0:5 1012 |
600 0-5% Coenstanta 05 1012 |
39k 104 Morgan T
56k 105 Morgan iy
100k 109, Morgan T
M 10%, Morgan T
47k 10%, Morgan T
55k M-10-62 Berco 19 Linearity
55k 2 Gang
6k Tw Reliance 5% Linearity
3i30gF Mullard E7864-0t
130pF ] T.CE. SMP401
3/30pF Mullard E7864-01
1500pF 0-+274 T.CiC. SMP401
0-015%u:7 +0-i%, T.C.C, SM1006
01891 «¢ +0-1Y, TLE. SMI1007
37300F Mullard E7864-0!
1000F % TEE, SMP401
3:58n¥ Muitard E78£4-01
i 500+ ' L2 T.C.C. SMP401
+0-19 T.C.C. SM1006
+0-1% T.C.C. sMico7
350V e, CEI%L
350V T.CC, CP48N
Butgin CP3
10, Erie N750K
350V i 7 CP37N
0%, Erie N750K
150V Hunt JEN 159 HNN
200, il o SMPIQ|
150V i R ¥ CEI9F
25Y TEC, CE25CE
350V H.CIC, CEI7iLE
H 450V 1CE CEI9P
R VERTE S 350V T.EE CP32N

*These components have the fixad values shown above and A.1.C. (Adjust in Calibra-
tion’ cipacitors connected in paraliel, which are: C4, C10 33pF nominal; CS, Cll
{55pF nominal and C6, CI2 G-001:F nominal

o
12AT7 or ECCBI
12B47
6X4 or EZ90

20H 40ma, Type C230 Gardeners
Primary—I10-5, G, 110, 200, 220V Parmeko
Sec. 260-0-26CV 40mA, 6-3Y

154

Ministry Type 6000/57

Commercial Type 6503:57

Open Core

63V -l Amp Lamp Type OS76 Osram
Fuse | Amp L1055 Belling Lee
50K 10, A54i2100 5TIC

component list
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COMPONENTS MARKED THUS *
COMPRISE FIXED VALUE & A.i.C. COMPONENT

IN PARALLEL SWITCHING S1A-B SWITCHING SzA-3 sac | S4A-8-C S5A-8-C-D-E-F |
- FOSITIGH] FACTOR RANGT | OPEN [CLUSEL[OPENTCLOSED, OSITIGH _FALILITY FoSITicn] 4B
CIRCUIT REF.| FIXED A | ™% X 10-20 |n2.3.4 L2 T 0-3my i 1
C+ : Clo | rso0p 33p NOM. 3 19| Z0-50 [1.2.3 [4 |2 i 2 -3¢y 2 [} Ay o
Cs : Cul |ooisop| 150p WoM.j f x"}'g:u 080 2 :.4 R e : 0'3‘_3;’\'.,“" : :ég S%f,f;[ AICHIGH)S
C6 : Ci2 [0°159154 (0001 NOM. 5060 |14 23 N 3 prs 0307 ] 5 30 e 4 SSF
%0-10 234 |I [ 11 2 6 OFF 6 -0 ALC.(LOW) ALC.(LOW)
70-60 |25 i+ i 7| TEAM. 600LL 7 =30
80-90 124 |13 1.2 8 UNTERMINATE 8 —60
50-100 |2 134 |12
R SWITCHING S7
TR 234013 POS]V_RANGE|T1 TAPS
T [100-116] 0&1I0
2 ligo-220(+52200] ~
3 220-250[+108220

AUDIO OSCILLATOR Type Si2I O | ey | DRG N2 3870/L ‘
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