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I N T R O D U C T I O N 

The Audio Signal Generator S I 2 1 is a high grade laboratory oscillator providing an extremely stable output in 

the frequency range lOc/s to l l O k c s . The unitjue dial display provides direct readings of frequency with a 

discrimination of l ' 'o «ver the enure frequency range. The frequency control system permits the selection of major 

intervals in the frequency range, for measurements on Alters etc., and the continuous adjustment of the output 

frequency. 

^ .- ^)' 

Two output arrangements are iocorporated; one providing a high impedance output of 0 to 30V in five ranges, with 

continuous adjustment from / e r ; in '.-ach range, and the other providing 600-oIira outputs (terminated or unter-

minated) from - lOdB to - 70dB (reference OdB 1 mW into 600 ohms) in I d B steps. 

The instrument utilizes a W'ien Bridge oscillator, arranged to cover the frequency range with a minimum number of 

standard components, and has been designed for case of operation, .-v. - r „ 



••"•Mi:'-:; '• 

F R E Q U E N C Y C O V E R A G E 

F R E Q U E N C Y A C C U R A C Y 

S P E C I F I C A T I O N 

!Oc,'s to 120kc/s 

± 1 % or -_iO-5c/s, whichever is the greater, over the whole 
^ band on both 600O outputs. On the high-level output 

this accuracy is maintained up to at least 20kc/s. 

F R E Q U E N C Y P U L L I N G 
600-ohm outputs Up to 20kc/s less than 0-05"/;, 

50kc/s less than 0 1 % 
\s less than 0-3% 

with 600 n external load switched on and off. 

less than 0-05% 
less than 0 - 1 % ' 

50kc/s less than 0-2% ^ 
lOOkc/s less than 0-5% 
measured at 30V for all external loads from 3k O to 100k O. 

Hi^h-Ievel outputs Up to lOkc/S 
20kc/s 

F R E Q U E N C Y S T A B I L I T Y 

W A V E F O R M D I S T O R T I O N 
(600l i terminated) 

One part in 10' over short periods 

Frequency 

16C/S 
32c/s 
64c/s 
lOOc/s 
300c/s to lOkc/s 
30kc/s 
50kc/s 
lOOkc/s 

O U T P U T L E V E L A C C U R A C Y 
(Ambient temperature ? 0 ' C C) 

600'ohtn outputs Better than -_--0-5dB 

High-!eyel outputs Bciow 20kc,'s 
50kc/s 
lOOkC'S 

Harmonic content 
(with respect to fundamental) 
Better than - 3 4 d B ( 2 % ) 
Better than 40dB ( 1 % ) 
Better than - 4 5 d B (0-6%) 
Better than -50dB (0-31%) 
Better than - 54dB (0-2%) ' 
Better than 52dB (0-25%) 
Better than - 5 0 d B t 0 - 3 1 % ) 
Better than --48dB (0-4*,'o) 

Better than ; 0-5dB 
Better than - IdB 
Better than 3dB 

O U T P U T L E V E L S T A B I L I T Y 
600-ohm outputs Better than 0-2dB 

Wgh-ievel outputs (0 to 30V) Below lOkc/s, better than 0-2dB 
^ Between tOkc/s and 20kc/s, better than 0-3dB 

I Short-term Allowing >iaIf-an-hour warming up period, short-term 
stability of output level is better than 0-2dB. 

O U T P U T I M P E D A N C E A C C U R A C Y 
(600-ohm outputs) ±2% 

A T T E N U A T O R A C C U R A C Y 

H U M L E V E L 

P O W E R S U P P L Y 

D I M E N S I O N S 

W E I G H T 

Better than -0 -2dB 

Bctte'- than 60dB 
below signal level 

lOOV to 115V or 190V to 250V, 40c;S to 60c s single phase. 
Power consumption approximately 25 Watts. 

17 in. V 1 \ . x 11 in. (43-2cm x 29-2cm x 19cm) 

171b {7-7 kg) 

6 

1 



O P E R A T I N G P R I N C I P L E S 

;r;Vt': \ '-'4 -\

Fi-j. 1 Basic Wien Bridge Oscillator 

T h e S121 utilizes a Wien Bridge oscillator, trie basic 
circuit of which is shown in figure 1. V i a is the 
oscillator valve, V l b an a m p l i i k r and inverter, and 
V 2 the output ainpiiher and •eedback cathode 
follower. T h e circuit oscilUites at a frequency 
determined by the set values o f the bridge compon­
ents, the frequency being tha i vv^nca 

a develops a voltage across R,, in phase with the 
output o f V 2 . and 

h develops a positive feedback voltage greater 
than the negative feedback \oltage. 

POSITIVE rE=Ci3ACK 
PHASE SHIFT 

LAG 

NEGATIVE 
FEEDBACK VOLTAGE 

POSITIVE 
FEEDBACK VOLTAGE 

Positive feedback from V 2 cathode is developed 
across bridge arms R;, , Ca and Rb , Cb, negative 
feedback being de\d across bridge arms T H l 
and Rc. I 'o r given values of the bridge components, 
the positive feedback voltage is a max imum at one 
frequency only, while the negative feedback is 
constant at a l l frequencies. Figure 2 illustrates the 
relative magnitudes o f the feedback voltages 
about the frequency of oscil lat ion, and shows also 
the phase relationship between the positive feedback 
(deveioped across R, , ) and the output at the anode 
o f V 2 . T i i e feedback and output voltages are in 
phase when wRh Cb ^ 1/t^Ra C ^ , * which gives 
the frequency of oscillation 

Fig. 2 Conditions for Oscillation 

2 T r \ / R , R b C a C b 

In the S 1 2 I , R^, a lways equals Rb, and Ca always 
equals Cb, hence the equation can be re-written 

I 

where R R^ - Rb 
and C --̂  C:, = - Cb 

^ Derived from the 'imaginary' parts of the formula for 
the condition of balance in a Wien bridge circuit. 



opcraiiflii instructions 

For a given value o f 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 decreased to one tenth. 

I 

In the S I 2 1 , values of G , and Cb (i.e. ' C ) are 
selected by switching circuits to provide frequency 
multiplying factors of .x i , xlO. xlOO and xlOOO. 
The basic frequency range of iOc/s to J20c/s is 
covered in lOc/s steps by the selection of suitable 
values for Ra and Rb, again by switching circuits. 
Frequency variation within each step is facilitated 
by making part of the appropriate vahie of R,, and 

Rb variable, so that continuous coverage over the 
basic frequency range is provided in lOc/s bands. 
The variable parts ofRaand Rbare ganged together. 
For each range of frequencies (lOc/s to 120c/s, lOOc/s 
to l-2kc/s, Ikc/sto 12kc/sand lOkc/sto I20kc/s)the 
width of the bands is increased by the multiplying 
factor. The range Ikc/s to 12kc/s (basic range x 
100), for example, is covered in eleven Ikc/s bands 
(lOc/s X 100). 

Thermistor T H l in the bridge feedback circuit 
maintains the oscillator output at a constant level 
over the frequency range. The output circuit of the 
S12I includes two switched attenuator networks, 
one providing 600-ohm outputs over the range 
f lOdB to - 7 0 d B (relative to ImW)and the other 

providing high impedance outputs from 0 to 30V in 
five continuously variable ranges. 

O P E R A T I N G I N S T R U C T I O N S 

P O W E R S U P P L Y ) J 

The instrument operi.te;> from 40c/s to 60c/s 
supplies of lOOV to 115 v. 190V to 220V or 220V to 
250V, adjustment to s;:;' 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 volt ;ge selector switch is set is 
given by u small scale located directly above the 
switch. When the instruiient is to be used with lOOV 
to i l 5 V supplies, fuse F S i (located directly below 
the input voltage selector switch) must be changed 
to 2A rating; a l.A fu?e 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 made correctly, the wires 
being identified as t'ollows: 

Red—Live Black—Neutral Green—Earth 

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

C O N T R O L S 

The function of each control located on llie 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 lOc/s to 120kc/s by means of three 
controls. Two of the controls are selector switches 

i 

(located one each side of the frequency scale), 
which are used together to select the band coverjng 
the required frequency, while the third control p p -
vides continuous frequency variation within the 
limits of the selected band. 

Frequency hand selectors: The frequency band 
selector and the major frequency range selector 
controls are located to the left and right respectively 
of the frequency scale. The band selector .control 
facilitates selection of eleven bands in each of 
the major i '̂requeacy 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 

lOc/s to !20c/s; eleven bands lOe/s wide 
lOOc/s to 1.2kc/s: eleven bands lOOc/s wide 
Ikc/s to 12kc/s: eleven bands Ikc/s wide 
lOkc/s to 120kc/s: eleven bands lOkc/swide 

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 'adjacent' ranges). The 
frequency scale thus represents a band between the 
lim.its set by the frequency controls. In the lOc/s to 
i20c/s range, the bands covered are lOc/s to 20c/s, 
20c/s to 30c/s, 30c/s to 40c/s and so forth up to 
UOc/s to I20c/s, and in the lOOc/s to l.2kc/s range 
the bands covered arc lOOc/s to 200c/s. 200c/s to 
300c/s etc. 

8 



operatinfi instructions 

Freqite/tcy 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 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 
each of the major ranges. Where a frequency is 

required within the overlap section, 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. 

T A B t E i 

Frequency Scale — Extensions 

Major Frequency 
Range 

lOc/s to I20c/s 
I00c;'s to l-2kc;'s 
ikc/s to I2kc s 
!Okc/s to i20kc,s 

Width of 
Each Band 

lOc/s , I 
i coc / s •; ! 
ikc/s ' i 
iOkc/s 

OIc/s 
Ic/s 
lOc/s 
lOOc/s 

Scale Extensions 

Right Side 

Left Side \~— ; 
; j 

per Division ! Total 

0-2c/s 
2c/s 
20c/s 
200C/S 

0-8c/s 
* 8c/s 

80c/s 
800c/s 

Thus, on liie SOOc/s to 400c/:. band (lOOc/s to 
l.2kc/s range), the frequency scale is extended to 
cover from 29yc/s to 408c/s. 

Output Selector Control 

This is an eight position switch (including one 'oft"' 
position) for the selection of a 6(X)a terminated 
or unterminated output, or one of five 'high-level* 
outputs, hi the '600o' positions the precision 
attenuator is connected in circuit, while in the 
'high-level' positions, the continuously variable 
voltage control is connected in circuit; the front 
pane! is engraved to indicate which controls are 
related to specitic positions. 

The output impedance on the voltage ranges 
depends upon the range selected: with the variable 
control fully clockw-i^e the impedance for each 
ranse is: . 

30V range: 
3V range: 

300mV range: 
30mV range: 

3mV range: 

3-3kii 
950iJ 
lOOii 

I O Q 
9i« 

In the O F F position, tiie output selector control 
short circuits the O U T P U T and E A R T H terminals, and 
isolates both output circuits from the oscillator. 
The oscillator still operates, however, so that 
a stable signal is available when the selector is set 
to an output position. 

Voltage Output 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 -\B to --~70dB (relative to I m W 
in 600 ohms), one control covering from lOdB 
to ~60dB in lOdB steps, and the other covering 
from 0 to — lOdB in IdB steps. The approximate 
equivalent voltage output for any given dB setting 
is eiven in table 2. 
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operating instructions 

T A B L E 1 

dB Voltage 

^10 2-5V 
.1.9 2-2V 
+ 8 I-95V 

I-73V 
- 6 I-55V 

I-38V 
1-23V 
I-IV 

^ 2 0-98V 
+ 1 0 B7V 

0 0-775V 
- 1 0-69V 
- 2 0-62V 
- 3 0-55V 
- 4 0-49V 
- 5 0-44V 
^-6 0-39V 
- 7 0 35V 
- 8 0-3IV 
- 9 0-23V 

Decibels and Equivalent Voltages 

(OdB - 0.775V) 

dB Voltage dB Voltage dB Voltage 

- 1 0 
1 

0-25V - 3 0 25 mV - 5 0 2-5mV 
- I I 0-22V - 3 1 22mV - 5 1 2-2mV 
- 1 2 0-195V - 3 2 l9-5mV - 5 2 l-95mV 
- 1 3 0-173V - 3 3 l7mV - 5 3 l-7mV 
- 14 0-16V - 3 4 l5-5mV - 5 4 l-6mV 
- 1 5 0-I4V - 3 5 l4mV - 5 5 l-4mV 
- 1 6 0 I 2 V - 3 6 l2mV - 5 6 l-2mV 
- 1 7 0-1IV - 3 7 I I mV - 5 7 l-lmV 
- 1 8 93mV - 3 8 9-8mV - 5 8 980:iV 
~ I 9 87mV - 3 9 8-7mV - 5 9 870;xV 
- 2 0 77-5mV - 4 0 7-8mV - 6 0 780;iV 
- 2 1 69riiV - 4 1 6-9mV - 6 1 690uV 
- 2 2 62mV - 4 2 6-2mV - 6 2 620;iV 
-23 S5mV - 4 3 5-5niV - 6 3 550;iV 
- 2 4 49m V - 4 4 4-9mV - 6 4 490:;V 
- 2 5 44mV - 4 5 4-4mV - 6 5 440;xV 
- 2 6 39.T1V -46 3-9mV - 6 6 390-xV , 

I 35mV -47 3-5mV - 6 7 350;xV i 
I ^28 3lmV - 4 8 3-lmV - 6 8 3I0:iV ! 
j - 2 9 27-5mV - 4 9 2SmV - 6 9 275;iV 

1 
• - 7 0 245:iV 

S E T T I N G - U P T H E D S C I L L A T O R 

Switching On 

For accuracy of frequL^ncy and output level, the 
instrument should be switched on half-an-hour 
before use (or an iioiir. if extreme accuracy is 
required) in order that it may reach thermal 
equilibrium. Note thai, when in use. the output can 
be switched off by the output selector control 
without disturbing the operation of the oscillator; 
the output will then be available when required 
witiiout the necessity for a waiting period. 

Output Selection / . 5 - ^ . 

The oscillator output is available at the two term­
inals on the right-side of the front panel, it should 
be noted that the positive h.t. line is connected to 
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 arc available: high-level, 600i) 
terminated and 6OO0 unterminatcd. The required 

output and level is set 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'. 

A P P L S C A T I O N S 

* The range of facilities provided and the accuracy 
of the S12i 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 
transmission measuring set; Wayne K.err Trans­
former Type T121 and A . F Voltmeter Type M121 
are available to complete the set. 

The transformer (shown in figure 3) provides a 
balanced 600u or I50ii output from an unbalanced 
600a input. By connecting a 300a or 75a resistor 
between the centre-tap and appropriate output 
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technical description 

terminal, a 300n or 75a 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. 

When using the transmission measuring set 
equipment, it is advisable, i f 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 M 121. 

UNBALANCED 
INPUT 

i 
a . 

e\. 
g OUTPUT 
O o 

soon 
BALANCED 

OUTPUT 

Fig. 3 Transformer T121 

T E C H N I C A L D E S C R S P T i O N 

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
lator circuits. Figure S illustrates the location of the 
major components. 

The frequency band selector knob operates through 
a bevel gear to drive the associated rotary wafer 
switch (S2), the drums carrying the scale 'limit' 
figures being mounted on the same spindle as the 
switch. The frequency band multiplier knob 
operates the switch S I direct, a rack and pinion 
device being fitted to the shaft of the switch to 
operate the scale 'limit* figure shatter mechanism. 
A similar rack and pinion device is fitted to the 
variable frequency control ( R V l ) to operate the 
frequency scale marker. 

The operation of a Wien Bridge circuit, which 
forms the basis of S121, is described briefiy 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. 

F R E Q U E N C Y D E T E R M I N I N G 
C O M P O N E N T S 

Frequency-ranges 

The basic frequency band steps are provided by the 
selection of resistors R l to R4 and R5 to R8, 
adjustment of frequency within each step being 
provided by the ganged variable controls R V l a and 
R V l b . Selection of the appropriate 'band' resistors 
is made by the rotary wafer switch S2, S2a selecting 
from resistors R l to R4 (series r.c. bridge-arm) and 
S2b selecting from R 5 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, R V l a and RIO. R V l b ) arc 
given in table 3. 

I I 



technical description 

T A B L E 3 •••• b.^r:=i. ol^V^--.'. 

EHcctive Resistance Values in R . C . Bridge Arms . . . . ; 

Resistors Selected Resistive 
. • i Values of each 

Range 1 i R .C . A r m 
Ser ies R .C . A r m ; Paral le l R .C . A r m ( i i ) 

10-20 i RVla. R9 i RVlb, RIO „ i l02-5k-47-5k 
20-30 RVta, R9. R4 j RVib. RIO, R8 • 50-6k-32-2k 
30-40 R V U . R9. R3 ! RVib. RiO, R7 33-6k-24-4k 
40-50 i RVla. R9. R3. R4 1 RVlb. RIO. R7, R8 25-9k-l9-5k 
50-60 RVla. R9. R2. R3 i • RVlb. RIO. R6, R7 ! 20lk-l6-4k 
60-70 i RVla. R9. Rl 1 RVlb. RIO, R5 T l6-4k- l4lk 
70-80 I RV!5. R9. R l , R4 i RVib. RIO. R5. R3 l4-3k-l2-3k 
80-90 1 RV!a. R9, R l . R3 RVlb. RIO. R5, R7 t2-5k-i0-9k 
90-100 ' RVla. R9, M . R3, R4 ! RVlb, R!0, R5, R7, R8 l l lk -9 -9k 

100-110 RV!r.. R9, R!, K2. R3 j RVib, RiO. R5. R6, R7 I00k-90k 
!i0-l20 i R V i i R9. R I . R2. R3, R4 1 RVib, RiO. R5, R&. R7, R8 

! 
9 lk-8 3k 

The rcbLStors used in the bridge are of high stability to ensure accuracy and 
reliability of the frequency calibration. 

Frequency multiplying 

The frequency m.uiti{>'v':';g factors of 1. 10, 100 
and 1000 are obtained by the selection from 
capacitors C i to C6 and C7 to C12, in the series 
and parallel r.c. arms of the bridge respectively. 
Selection is made by thrj rotary switch S I , of 
v/hich S l a selects the cupaultors m the series r.c. 
arm, and S i b the capacitors in the parallel r.c. 

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

Capacitors C4, C5 , C6, CIO, C i 1 and C12 are each 
formed by two components connected in parallel, 
one having a Hxed value, and the other being selected 
during test to provide the desired total capacitance. 
C3, C9 and C I . C7 are trimmer capacitors for the 
xlOO and xlOOO factors respectively. 

T A B L E ' 4 

•' V •• • 
Multiplying Factor Capacitors 

; Factor 
Series R.C. 

i Bridge A r m [ ' 
• 1 • I-

Parallel R .C . 
Bridge A r m 

X I 
XiO 
XlOO 
XlOOO 

^ C 6 . . J ... 
- r - . C5 1 

! C3, C4 I 
C i , C2 

C I 2 
C l l 
C9. CIO 
C7. C8 

12 



technicai descripth 

Fig. 4 Oscillator Circuit — Simplified 

O S C I L L A T O R A M P L I F I E R 

Tlic oscillator/anipiificr circuit utilizes tv/o double 
triode valves V I and V2. V i a and v i b form a high 
gain amplifier, while V2 oper;)tes as a cathode 
follower in the amplilier circuit and as a high-
impedance constant-current ou:pi:i stage. 

The cathode output of V2. devcieped across R24, is 
applied via C!9 to thermistor T H t and resistor R2 
to develop the negative feedback voltage, and to the 
series and paralic! r.c. bridge arms to develop the 
positive feedback voUage. Negative feedback is 
applied to the cathode of V i a , and positive feedback 
to the grid of V i a . Ttie feedback voltage applied 
from V2 is maintained at a constant level irrespective 
of frequency by the operation of the thermistor 
T H l , and by the suitable scleciion of load comp­
ensating resistors R59 and R60. 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. 

s 
I h e 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 
V i a and V l b provides negative feedback at the 
cathode of V i a to stabilize the output level, and to 
reduce distortion in the generated waveform. 

Undesired phase shifts near and above lOOkc/s, 
caused by stray capacitance, are minimized by C15 
connected across R12. 

The anode output of V i a is coupled to the grid of 
V l b via R i 4 , R15, C14 and R 6 I , and the anode 
output of V l b is coupled to the grids of V2 via 
C I 7 . R I 9 . R21 and R62. These coupling networks 
together with components R16, C16 and R22, C I S 
are provided to ensure an adequate stability 
margin at the upper and lower frequencies. 

\ , 

• • • \ ' .-..t 

O U T f U T C I R C U I T S 
T -

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-ohm attenuator circuit. V2 acts as a constant 
current generator since the voltage across the 
cathode resistor is 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. 
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Fig. 5 High-level Attenuator 

i 

> : -t^: . .. . • 

High-level Attenuator 

The high-level attenuator circuit is shown in 
figure 5. Five voltage ranges are provided by the 
switched potentiometer network R43 to R47 and 
R42, adjustment over each range being provided 
by potentiometer RV2. Parallel connected resistor 
R42 enables the desired potentiometer ratio to 
be obtained without the use of close tolerance 
low-value resistors. R38, connected across RV2 , 
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 R V 2 ; with 
R V 2 at its ma.ximum clockwise position, the 
impedances for each range are given under the 
heading Output Selector Control in the operating 
instructions. v . , . v ^ . 

Fig. 6 6000 Alientiator 
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T A B L E 5 

600a Attenuators 

Range 
Switch Attenuators | T o t a l Attenuat ion 

Range Position 

Selected (Fig. 5) j 
1 t 

of Networks 

-f lOdB 1 
! 

None 1 0 
0 2 ^ j lOdB 

— lOdB 3 B ! 20dB 
—20dB 4 A, B I . 30dB 
—30dB 5 40dB 
—40d3 A . C 50dB 
~50dB 7 B . C 60dB 
—60dB e A . 8 . C ! 

1 
70dB 

600a Attenuators 

The step attenuators are shown in *̂ îgure 6. The 
oscillator output is connected via S4b to the 0 
to -- lOdB potentiometer chain R27 to R37, and 
is then routed to the O U T P I / - ' t:;rminal via a 
combination of T-altenuators and S4a. A l l the 
resistors utilized have a high stability and a 
tolerance of ± 0 - 5 % . 

The absolute level of the output set to within 
0-5dB by T-attcnuator R39, k40 and R 4 i . The 
characteristic impedance of ail the T-attcnuators 
is 600i^; network A has an aitcr:uation of lOdB, 
network B an attenuation of 20dH and network 
C an attenuation of 40dB. The A , B and C 
attenuator networks are selected by operation of 
switch S5 to provide a range of -^OdS to ^ lOdB 
in lOdB steps, as detailed in labie 5. 

The attenuator earth leads are arranged to reduce 
earth currents to a minimum. Care has also been 
taken to reduce currents betvveen the E A R T H 
terminal and the power supply lead, an important 
precaution where the oscillator is to be used as a 
source for bridge measurements or attenuator 
testing. 

A 600u resistor, R58, is connected across the out­
put when S4 is set to position 7 (600a T E R M ) . 

P O W E R SUPPLY 

The a.c. power supply input is connected to the 
primary of T l via the on/oiT switch S6, fuse F S i 
and the voltage tap selector switch S7 (fig. 7). 
S7, located on the front panel, is a preset control 
enabling transformer taps to be selected to suit 

Fis. 7 Power Supply 

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

The 260-0-26CV secondary output of T l is full-
wave rectified by double diode V3, and smoothed 
by capacitive input filter C24, L I and C23 to 
provide the h.t. supply. V3 cathode is connected to 
chassis, hence the 'positive" h.t. Imc is at earth 
potential, the negative h.t. line being at approx­
imately —290V with respect to earth. 

The heaters of valves V I , V2 and V3 are supplied 
from the 6-3V 1-5A secondary, which also supplies 
the pilot lamp L P I , used for lighting the scale of the 
voltage selector panel. 

15 



M A I N T E N A N C E 

P £ R i = O R M A N C E T E S T 

The performance of the S12I can be checked by any 
of the standard methods for measuring frequency 
and a.f. voUages. A recommended series of tests, 
together with notes on any adjustments which may 
be necessary, are given in the *Re-ahgnment and 
re-adjustment procedures'. 

V O L T A G E S 

The voUages quoted in table 6 are intended as a 
guide only; deviations up to ± 2 0 % can be caused 

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

a Output selector control set to the 600ii T E R M 
position 

b A l l attenuators set to their zero positions 

c Frequency set to 1000 c/s -

d Power supply input maintained at its nominal 
value. ; • 

•14:: 

T A B L E 6 

. Typical Voltages 

A'tl nieasuremmts are taken n'iih the negative lead connected 
10 the negatixe h.t. line. 

A V O m e t e r 
Model 3 

Range 
Tes t Points Reading 

(OOV d.c. ; Via Anode 

pin 1 - 1 91V 
2-5V d.c. Cathode pin 3 • 1 IV 

250V d.c. Vlb Anode . -i • 
pin 6 ! 166V 

25V d.c. Cathode pin 8 ! I I V 
iOGV d.c. Grid pin 7 ! 9V 

lOOOV d.c. V2 Anode junction R23/24 270V 
lOOV d.c. Cathode pin 3 75V 

or pin 3 
250V d.c. Grid junction R20/R62 50V 

lOOOV d.c. V3 Cathode chassis 290V 

2S0V d.c. Junction RI 1/Rt3 , j 240V 

H .T. Current 33mA 
Power Consumption 25VA 

16 
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R E - A L I G N M E N T A N D R E - A D J U S T M E N T 

P R O C E D U R E S 

General -• . •• 

Re-adjustment and re-alignment should not be 
contemplated 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, lOc/s to lOOkc/s, 0-1% 
accuracy. 

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

c Valve Voltmeter. 1% accuracy (e.g. Wayne 
Kerr MI21) . 

d Waveform. Analyser (e.g. Vva\ne ICerr A321). 

e Distortion factor meter, to cc'-er from 16c/s to 
64c/s. 

f Universal Bridge (e.g. Wayne iverr B221) or 
Wheats-one Bridge. 0-1% aceu.-.icy. 

g AVOmeier Model 8. 

Fine Frequency Control ( R V i a Linu R.Vrh) 

Before checking the accuracy of the frequency 
output, it is advisable to check toe setting of the 
fine frequency control- which is formed by ganged 
potentiometers R V l a and R V l b . i f the control has 
been replaced, care should be taken to ensure that 
in its fully counter-clockwise position, the red 
pointer on the frequency scale aligns with the 
extreme left hand marker. Then: 

a Set the frequency band selector controls to give 
the lOc/s to 20c/s band, and adjust the fine 
frequency control to align the scale pointer to 
the lOc/s marker. Using a Bridge instrument, 
check that the the combined series resistance of 
R9 and R V l a is lOOkn ± 0 - 3 % . Re-alignment 
of R V l relative to the scale pointer may be 
necessary to achieve this result. Check that the 
combined scries resistance of RIO and R V l b is 
lOOko ± 0 - 5 % . Ensure that the potentiometer 
spindle is locked with grub-screws. 

b Adjust the fme frequency control to align the 
scale pointer to the 20c/s marker, and check 
thai the combined series resistance of R9 and 
R V i a and of RIO and R V l b is 50k(> i l % . 

Frequency and Level Alignment 

Genera!: Set the power supply to within 5% 
of 230V or l lOV, 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. 
Set the output selector control to the 6000. TI-RM 
position. 

lOcfsto nOcIs range: Usinga frequencystandurd ) 
and an oscilloscope, ensure that each decade step in 
the range lOc/s to 120c/s is accurate to within 1% 
or zh0.5c/s. Check, with a valve voltmeter, that the 
output stays constant to within ± 1 % over the entire 
range. • r 

lOOcls to l'2kcls range: Check that the frequency 
at each step in the lOOc/s to l-2kc/s range is within 
1%,. i f necessary C5 and C l l may be increased iu 
value by the addition of parallel capacitors, to 
adjust the frequency to within the required limits. 
Check that the output voltage over the range is J 
within 1% of tiie level measured over the lOc/s to t 
I20c/s range. 

JOkcjs to 120kcjs range: Set the frequency band 
selectors to give the lOkc/s to 20kc/'s band, and 
adjust the fine frequency control to align the scale 
pointer with the lOkc/s marker. Check that the 
output is within ± 1 % of lOkc/s, adjusting trimmers 
C I and C7 if necessary. By increasing the adjusted 
setting of one trinuv.er and reducing the adjusted 
setting of the other, obtain an output level within 
1% of that obtained on the first two ranges. Lock the 
trimmers with solder, and re-check the frequency 
accuracy at lOkc/s. 
Adjust llie fine frequency control and the band 
selectors to give a scale indication of 100-5kc/s in the 
lOkc/s to 120kc/s range. Check that the output 
frequency is within ± 0 - 1 % of lOOkc/s, adjusting C I 5 
if necessary. Check that the frequency at each step 
in the range lOkc/s to 120kc/s is accurate to within 
± 1 % . 

Jkcjs to nkcjs range: Set the frequency band 
selectors to give the Ikc/s to 2kc/s band, and adjust 
the fine frequency control to align the scale pointer 
with the Ikc/s marker. Check that the frequency is 
within 1% of Ikc/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 output level within 1% of that obtained 
on the previous ranges. Lock the trimmers with 
solder, and check that the frequency at each step in 
the range Ikc/s to 12kc/s is within ± 1 % . 

17 
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Scale Accuracy: Select the Ikc/s to 2kc/s band, 
and adjust the fine frequency control to the Mkc/s , 
l-2kc/s, l-3kc/s, l-4kc/s, l-5kc/s, l-6kc/s, l-7kc/s, 
I*8kc/s, ]-9kc/s and 2-Okc/s markers, checking that 
the output frequency is within ± 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 600a T H R M 
position. Check that the output level at 50c/s, 500c/s, 
5kc/s and 50kc/s is constant to within ± 1 % . 

Set the attenuators to give !-10dB and the frequency 
controls to give a frequency of Ikc/s. The output 
voltage must be between 2-33V and 2o7V; R39, 
R40 and R41 can be adjusted as indicated in table 7 
to set the output between the required limits, i f 
necessary. (Note that (he characteristic impedance 
of the T-attenuator formed bv R39, R40 and R41 is 
600n). 

Set tlie output selector control to the 30V position, 
and check that the output level is constant to 
within ± 3 % over the frequency range lOc/s to 
20kc/s. Cheek 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 % ) . 

Select Ikc/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 3Vand 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 600i> T I K M 
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. 

. . . . . . \ 

T A B L E 7 

n ;r.n; 

Values of R39, R40 and R4! 

2-57V 
2-7V 
2- 9V 
3- !V 
3-3V 
3-5V 
3-7V 
3-9V 

160 
330 
51U 
68.0 
S20 

lOOO 
120O 
130O 

lOkO 
5-6kn 
3-6kO 
2-7kO 
20kU 
l-SkU 
I -Ikil 
MkO 

>r .• V 

{ 
18 
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T A B L E 8 

Second and Third Harmonic Levels 

Second j Th i rd 
Frequency H a r m o n i c H a r m o n i c 

lOOc/s »>Uv̂ Vi 
i 

52 dB down l 50 dB down 
200c/s • 52 dB doivn 53 dB down 
500c/s , I 52 dB down 60 dB down 

i k e s ' . [ 52 dB down ! ' . ' 63 dB down 
5kc/s . , 54 dB down , 64 dB down 

lOkc/s 54 dB dQwn 1 — 

Set the output selector and voltage level controls 
to give 3V output, and set the frequency to ikc/s. 
Check that with the waveforrr.' -inaivser switched 
to 'oOOo unterminated* the sec:v-d harmonic does 
not exceed 4Sd3. 

Using a distortion factor me'.::\k that the 
distortion at I6c/s does not ciceed - -34dB; at 
32c/s, -40dB; and at 64c/s, - - 45dB. 

Frequency Stubiiity 

Connect an oscilloscope to tlic output term.inals, 
and set the oscillator to give i-n output of 30V at 
lOlkc/s (iOOkc/s to liOkc/s band). Using the 
frequency standard, chock th-'U when the voltage 
selector switch is changed to the 3V output, the 
change in frequency is i t s s than 505c/s. 

Set the output selector control to the 600a T E R M 
position, the attenuators to give - lOdB, and the 
frequency controls to give lOikc/s. Check that 
when the output selector is re-set to the 600a 
iJNTrRM position, the frequency change is less 
than 303c/s. 

lOOc/s sine-wave, and check that the output level 
does not exceed 6mV on the 600a terminated 
output and 20mV on the 30V output. 

Attenuators 

Unless a reliable standard*attenuator is available, 
it is better to check that each resistor in the various 
T-attenuator networks is within iliO-5% of its 
nominal value. 

Valve Replac',;nient 

Replacing V l , V2 or V3 should effect no change in 
the performance of the S121. 

Thermistor Replacement 

When the thermistor T H l is replaced it will 
generally be necessary to reset the output level by 
changing the values of R38, R39, R40, and R41. 
Notes regarding the selection of these resistors arc 
civen in this section of the book. 

RevidualMuin • : • 

Disconnect the iead connected to the wiper of 
sv.itch waler S l a and short the grid of V i a to the 
negative h.t. line. Connect the valve voltmeter and 
oscilloscope to the output terminals, and set the 
oscillator frequency to Ikc/s. Observe on the 
oscilloscope that the output consists mainly of 

R E M O V A L A N D R E P L A C E M E N T 
P R O C E D U R E S 

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. 
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Potentiometers R V l a and RVlb Glass Scale 

Removal. To remove the fme 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 R25). 

b Slacken the two nuts scur ing the end bracket 
at the left of the unit, 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. 

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

d Displace the 'Croverluck' pin positioned on the 
potentiometer side of the flexible coupler, 
slacken the grub-scre^-s, and unscrew the four 
retaining screws. The potentiometer can now 
be removed. 

Replacement, The procedure to be adopted for 
the replacement of a potentiometer is the reverse 
of that detailed for remo* ah It will be necessary 
to drill a I/1& in, dianu^ter hols in the potentio­
meter shaft to repin tiie flexible couplers. To 
ensure that this hole is drilled on the correct 
centres: , . 

a Fit the potentiometer securely in position by 
m_*ans of tlie four retainmg bolts. 

b Adjust the pointer of the front panel se.al^ so 
that it is aligned witli the e.\treme right-hand 

:A- marker when the potentiometer is set to its 
i-: maximum clockwise ptjsition. 

c Tighten the grub-screws on the coupler, 
which is then rotafcd until the hole in the 
coupler is in a convenient position to use as a 
location for the 1/16 in. drill. 

d Dril l the hole andfita 1/16 in. diameter x3/8 in. 
pin. 

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-alignm.ent procedures, under the heading T i n e 
Frequency ControF. 

Removal. First remove the cast unit, as detailed 
in sub-paragraphs a and b of the 'Potentiometers 
R V l a and R V l b ' 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 

Pointer and Pinion Wheel \ 

Removal. Remove the cast unit, as detailed in 
sub-paragraphs a and b of the 'Potentiometers 
R V i a and R V l b ' removal procedure. Slacken 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 the 
pinion wheel. 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: 

Remove all knobs fitted to the front panel 
controls. 

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

Remove the cover retaining pillars (where 
fitted). 

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

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

Remove the retaining nut on the power supply 
on/ofl' sw^itch and drop the switch back. 

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

r-. . , i -• f • . 

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

a 

b 

*c 

d 

e 

f 

g 

h 
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Replacement. The procedure to be adopted when 
re-fitting the front panel mask is the reverse of that 
detailed for its remo\aK 

Power Supply Chassis 

Removal. 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-ht the chassis, reverse the 
procedure adopted for its removal. 

Snitches S la and Sib 

Removal. First remove the cast unit, as detailed 
in sub-paragraphs a and b urvJ-.r the heading 
^Potentiometers R V l a and R V i > " . then: 

a Disconnect the leads from the tag panels. 

b Remove the pinion wheel. 

c 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 R V l a and R V l b ' , then: 

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

b Disconnect the lead to the side bracket. 

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

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

V2 

' 

Ml 

POWER S U P P L Y 
COMPOHENTS 

FiK. 8 Location of Major Componciits 
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C O M P O N E N T L I S T 

Ci rcu i t 
Reference I " Descr ipt ion 

i 

Rl 20k 0-5% Constanta 0-5 1012 I 
R2 50k 0-5% Constanta 0-5 1012 1 
R3 50 k 0-5% Constanta 0-5 1012 I 
R4 lOOk 0-5% Constanta OS 1012 1 
R5 20k 0-5% Constanta 0 5 1012 I 
R6 50k 0-5% Constanta OS 1012 1 
R7 50k 0-5% Constanta 0-5 1012 1 
R8 lOOk 0.5% Constanta 0-5 1012 1 
R9 47-5 k 0-5% Constanta 0-5 1012 1 
RIO 47-5k 0-5% Constanta 05 1012 1 
R l l 56k 10% Morgan T 
Rt2 500 1% Erie 108 
RI3 22k 10% Erie RMA 8 
RI4 I K 10% Morgan T 
R!5 ;ook 10% Morgan T 
RI6 3 3k 10% Morgan T 
RI7 2-2k 10% Morgan T 
RIB 22k 10% Erie RMA 8 
Ri9 330k" 5% Morgan T 
R20 i'JO 20% Morgan T 
R2I 220k 5% Morgan T 
R22 680 10^; Morgan T 
K23 '»7 20% Morgan T 
R24 * 3k 5% Welwyn ' AW 3111 
R25 47 20% Morgan T 
R26 too 20% -• Morgan T 
R27 64-1 0-5% Constanta 0-5 1012 ! 
R23 59-4 0-5% Constanta 0-5 1012 I 
R29 51 os::- Constanta -.1 0-5 1012 I 
R30 45-5 0-5%o Constanta. 0-5 1012 1 
R31 43 0-5% Constanta 0-5 1012 1 
R32 35 0-5% Constanta 0-5 1012 1 
R33 34 0-5% Constanta 0-5 1012 i 
R34 » 0-5% Constanta 0-5 1012 1 
R35 0-5% Constanta 0-5 1012 1 
Rjo ' 25 0-5% Constanta 0-5 1012 1 
R37 139 o-s"'.; Constanta 05 1012 1 
R j a A.I.C. 10% Morgan T 
R39 A.i.C. 10% Morgan T 
R40 A.I.C. 10% ^Morgan T 
R41 A.I.C. io-X Morgan T 
P.42 M l 0-5% Constanta 05 1012 1 
R43 9k 0-5% Constanta 0-5 1012 1 
R44 - 9P0 0-5% Constanta 0-5 1012 1 
R45 0-5% Constanta 0-5 1012 1 
R46 = K 0-5% Constanta OS 1012 1 
R47 10 ^ 0-5% Constanta 0-5 1012 I 
R48 ; 10 0-5% Constanta 0-5 1012 1 
f̂ 49 3H 0-5% Constanta 0-5 1012 1 
R50 311 0-5% Constanta 0-5 1012 1 
RSI 491 0-5% Constanta 0-5 1012 1 
R52 491 0-5% Constanta 0-5 1012 1 
R53 588 0-5% Constanta 0-5 1012 1 
R54 588 0-5% Constanta OS 1012 I 



component li\t 

C i r c u i t 
Reference • Description 

R55 421 0-5% Constanta 0 5 1012 1 
R56 121-3 0-5% Constanta 0-5 1012 1 
R57 12 0-5% Constanta 0-5 1012 1 
R58 0-5% Constanta 0-5 1012 1 
R59 39k •0% Morgan j . T 
R60 56k 10% Morgan ' -. i T . - . • 
R61 lOOk 10% Morgan . ^ < . . . 

R62 m 10% Morgan : ' ' T 
R53 47k 10% ^ Morgan ; • T.,. 

RVla 55k M-10-62 Berco 1% Linearity 
RVlb 55k 2 Gang 
RV2 6k Tv. ' Reliance ' 5% Linearity 

C ! 3/3CpF Mullard E7864-OI 
C2 l30pF 5 T . C . C . SMP40I 
C3 3/30pF Mullard E7864-0i 

• C 4 ISOOpF 0-h2% T . C . C . SMP40i 
*C5 0-OI59;xF • + 0 - 1 % T . C . C . SMI006 
*C6 0-I59I F • f O - ! % T . C . C . SMI 007 

C7 3/30pr Mullard E7S64-0i 
C 3 lOOpF 5% T . C . C . SMP40I 
C9 3/30pF Muitard E7B64-01 

^C!0 • ^ -h2% T . C . C . SMP401 
* C t i 0'0i59v>- • : : + 0 - 1 % T . C . C . SM1006 ^ 
*C12 + 0 - 1 % T . C . C . SMI007 i 

C i 3 350V T . C . C . i C E i 9 L : 
C i 4 0-25.:F 350V T . C . C . , CP48N -
C I 5 50/3C0pF Bulgin CP3 ; 
C I 6 50pF 10% Erie . \ N750K , 
C17 O-iiiF 350V T . C . C . CP37N 
C i 8 iOOpF 10% Erie N750.K 
C t 9 (DCmF 150V Hunt JEN I 5 9 H N N 
C20 330pr 20% T . C . C . SMPIOI 
C2I •2;iF isov C E I 9 F 
C22 50t)-iF 25V • i K T . C , C . • CE25CE 
C23 350V v- T . C . C . C E I 7 I L E 
C24 81.F 450V T . C . C . CEI9P 
C25 OOtfiF 350V T . C . C . CP32N 

'These components have the fixed values shown above and Ad.C. (Adjust in Calibra­
tion} capacitors connected in parallel, which are: C4. CIO 33pF nominal; C 5 , C I 1 
ISGpF nominal and C6. C I 2 O O O L i F nominal 

VI 12AT7 or E C C 8 ! 
V2 I2BH7 
V3 6X4 or EZ90 

Li 20H 40mA, Type C230 Gardeners 
T l Primary—10-5, 0. 1 tO, 200, 220V Parmeko 

Sec. 260-0-260V 40mA, 6-3V 
I c ^ 

Ministry Type 6000/57 
Commercial Type 6005 57 
Open Core 

LPI 6-3V -11 Amp Lamp Type OS76 Osram 
F S ! Fuse 1 Amp LI055 Belling Lee 
T H l 50k !0% A5412/100 S.T.C. 

23 



NOTE: RV2 is now 6kP. Fi'H. 9 Circuit Oiiigf^uu 





TELEPHONE: MAL<ien 2201 SALES AND SERVICE 

TElECRAPHt WAYNKBRR.NEW MALDEI^ 44 COOMBE ROAD, NEW MALDEN, SURREY 

TELEPHONE: LOcust 8-6320 WAYNE KERR CORPORATION 

TELEGRAPH: WAYNKERR, PHILADELPHIA^ 1633 RACE STREET, PHILADELPHIA 3. PENNSYLVANIA 

Princed in Enilan<J lT/3/61/IOOO 


