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PY88-BOOSTER 
LINE OUTPUT 

PENTODE 
PLSOO 

FOR DUAL-STANDARD 
RECEIVERS 

It is important in dual-standard 
television receivers to ensure 
that the performance of the line 
timebase does not deteriorate 
when the receiver is switched 
from one line standard to 
another. 

Most of the functions of the 
line timebase are critical in 
application and such changes in 
performance would therefore be 
noticed by the viewer. Thus 
consistency in performance 
must be achieved despite the 
fact that the energy require
ments for 625-line operation are 
roughly half as great again as 
those of 405-line operation. 

In many new dual-standard 
receivers, the task of ensuring 
comparable performance has 
been simplified by utilising the 
new Mullard line output pen
tode, typePL500. This new valve 
has improved ratings compared 

WHAT'S NEW 
IN 

THE NEW SETS 
These articles describe the latest Mullard 
developments for entertainment equipment 

with valves previously recom
mended for 405-line operation. 
In particular, an exceptionally 
high ratio of anode current to 
screen-grid current is achieved 
by an entirely new form or 
anode-the 'ca vi trap' anode. 
With this construction, second
ary-emission electrons from the 
anode-which contribute-great
ly to the screen-grid current
are recaptured by the partitions 
of the cavitrap anode. Because 
of the improved current ratio, 
the PL500 is capable of deliver
ing greater deflection power, 
which helps to prevent any sig
nificant change in performance 
between the two line standards. 

DIODE 
For Dual-Standard 

T.V. Receivers 
THE PY88 is a Mullard television booster diode now to 

be encountered in the line timebase circuits of switch
able receivers, especially in conjuction with the Mullard 
PL500 line output pentode. 

Because of the excellent in
sulation between the heater 
and cathode, the PY88 has a 
high heater-to-cathode voltage 
rating of 6·6kV. The peak and 
average anode current ratings 
of the valve are also high-550 
and 220mA respectively-but to 
achieve these it has been neces
sary to increase the heater 
voltage from the 19V required 
with the PY800 Mullard booster 
diode to 30V. 

With its improved ratings, 
the PY88 is thus well equipped 
to meet the more stringent 
booster diode requirements of 
625-line operation, and the 
valve is particularly suitable 
for stabilised time base circuits 
using the PL500 high-output 
line pen to de. 

COMPLEMENTARY MATCHED PNP 
AND NPN TRANSISTORS 

FOR TRANSISTOR PORT ABLES 
Designed for use in transformer
less audio amplifiers, the new 
Mullard audio frequency pack
age-the LFK3-is now to be 
encountered in many portable 
receivers. The output pair of 
the package consists of the 
complementary matched p.n.p. 
and n.p.n. transistors types 
OC81 and AC127. The p.n.p. 
driver transistor type OC81D 
completes the package. 

The current amplification 
factor of the output transistors 
is greater than 50 at 200mA and 
38 at 300mA. The base currents 
of every pair are rna tched to 
within 20% at a collector cur-

2WW - 107 FOR FURTHER DETAILS. 

rent of 50mA, and each output 
transistor is cross-matched 
with the driver transistor to 
give reduced current gain 
spreads. 

The peak collector current 
rating of the output transistors 
is 300mA, which enables an out
put power of up to 500m W to be 
obtained using a 9V battery. 
The sensi ti vi ty of the package 
is such that outputs of up to 
lOOmW can be achieved without 
a pre-amplifier, and outputs of 
up to 500mW necessitate only a 
simple single-transistor pre
amplifier. l!VE1974 
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International Exhibitions 

THIS year's exhibition report season seems to have 
produced more than the usual crop. The glut is 
partly due to the fact that Continental radio shows 
have become either biennial or erratic and, in spite of 
much discussion and many attempts to arrive at 
some degree of rational distribution, are showing 
klystron tendencies to bunching. Last year there 
were no shows in Berlin, Paris or Amsterdam; this 
year they were all back again with some overlap both 
in time and in the goods exhibited. Paris had fol
lowed Amsterdam in opening its doors to foreign 
competitors, but Berlin awaits reciprocal agreements 
-notably with London-before admitting other 
nations' products. 

It has often been suggested that instead of national 
shows there should be a single peripatetic inter
national European radio and television show, but we 
do not think that this would ever be accepted be
cause, with at least five countries interested in play
ing host, the gap would be too long to satisfy national 
requirements. In the U.K. this year's experience, 
of dropping the . national show has taught everyone 
its importance as an annual sales stimulus at the 
start of the winter season. We do not think this 
unfortunate experiment is likely to be repeated. 

There is always the possibility of holding national 
exhibitions annually and expanding each in turn into 
an international show, but this seems to us to be 
forcing the issue for the benefit of exhibiton organ
izers rather than for the benefit of buyers or manu
facturers. It is permissible to ask why one wants an 
international exhibition in Europe at all. Certainly 
it is of interest for the natives of one country to be 
able, without travelling, to compare the methods of 
design and quality of finish of other people's goods, 
but until the Common Market has been running 
long enough for tariffs to have practically dis
appeared, and until all countries are participating, a 
foreign television set or radiogram has to be very 
good indeed to compete with the indigenous product. 

Every industrial European nation has, or could 
soon acquire, the capacity to satisfy its home market; 
many have production methods, developed for cut
ting costs to compete with their own nationals, which 
give them a vast surplus capacity. This is a world 
problem and not one special to the radio industry. 
With home markets within sight of saturation, future 
markets must be sought in the emergent and de
veioping countries of the world. It is to these spheres 
of interest that international competition will increas
ingly be directed and for which international exhibi
tions will have the greatest attraction. 

The venue of international exhibitions can to some 
extent be decided by the · competitive publicity of 
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exhibition organizers, but in general it is finally 
settled by inclination, by a concensus of acceptance 
by visitors. Whether buyers from the expanding 
overseas markets will prefer to come to Europe to 
make their decisions or whether they will expect us 
to demonstrate to their customers on the spot 
remains to be seen. Meanwhile we learn that one 
German manufacturer has, in the first nine months 
of this year, exhibited in no fewer than fourteen 
exhibitions in Europe, the Americas and north Africa. 

Gatherings of the Clans 
The announcement, recorded on p. 549 of this 

issue that the Institute of Electrical and Electronic 
Engineers is to open a branch in the U.K. and has 
obtained the consent of the Institution of Electrical 
Engineers to use part of their premises at 2 Savoy 
Hill, London, W.C.2, will be welcomed by all who 
believe that science (and with certain reservations 
technology) should be international. It should also 
give pleasure to sons of the Emerald Isle who have 
adopted electronics as a career, for the full title is 
to be the U.K. and Eire Section of the I.E.E.E. 

One of the reasons given for the formation of this 
new Section is that it will provide the nucleus for 
English language conferences, for which there has 
been increasing interest throughout the European 
Region. The International Television Conference 
held in London in 1962 was a good example of 
Anglo-American co-operation between the British 
learned societies, for not only the I.E.E. but also the 
Brit. I.R.E., the Television Society and the British 
Kinematograph Society played an active part. No 
doubt the newly formed I.E.E.E. United Kingdom 
and Eire section will continue to encourage collabor
ation with all English speaking associations fostering 
allied interests and also with those of our European 
friends who favour English as the language for inter
national exchange and pooling of knowledge. 

This journal has often deplored the proliferation 
of conferences and conventions, particularly where 
this has arisen through mistaken motives of prestige, 
"empire building" and rivalry between organiza
tions. In our rapidly developing field there is 
material enough for discussion without unnecessary 
duplication, and we congratulate the I.E.E.E. on its 
initiative and the I.E.E. on its magnanimity in pro
viding a home for the new Section. Provided that 
the declared intention to keep the association on a 
strictly two-way exchange basis is adhered to, we 
see no foundation for any talk of takeover bids. 
Furthermore, the I.E.E.E. is a learned society and 
not a professional qualifying and regulating body. 
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TRANSISTOR DESIGN WITH SIMPLIFIED CALIBRATION 

THEW. W. oscilloscope has been described in recent 
months, and as one of its main applications is the 
testing of audio amplifiers, we now introduce a 
signal source for this purpose. An incidental use 
for the instrument is the calibration of the oscillo
scope, which will be described shortly. 

The oscillator covers the range lOc/s to lOOkc/s, 
which is more than sufficient for any audio testing, 
and square waves are available over the whole range. 
A constant-impedance (600n) sine-wave output is 
provided by a 40dB step attenuator and a continuous 
control up to IV r.m.s. 

For several reasons, it was decided to use a mov
ing-coil meter to indicate frequency, rather than the 
usual dial. The most important point is that only 
four easily-obtainable signals are required for the 
whole calibration. Secondly, frequency drift of the 
oscillator, which can happen in the best of circles, 

A Fig. I. Phase-shift oscillator. 

Fig. 2. Basic Wien-bridge oscillator. ..... 
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is relatively unimportant, as it is immediately shown 
up by the meter, and calibration remains correct. 
Thirdly, the circuit required to operate the fre
quency meter is available for use in external fre- ' 
quency measurement. 

Batteries are built into the unit, but are connected 
by a plug and socket, so that a common power 
supply can be used to feed the range of units we 
intend to describe. If it is desired to build only the 
oscillator part of the instrument, the switching will 
be considerably simplified, although ·difficulty with 
calibration will return. 

Oscillator 

At low frequencies, the ordinary type of oscillator 
using an inductance and capacitance to define its 
frequency becomes impracticable, as the values of 

-,
I 
I 
I ... 
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these components are truly enormous. For instance, 
to obtain a frequency of IO.c/ s a tuned circuit of, 
say, 25 henrys and lO,uF would be required, and 
components of this size cannot be varied very easily, 
apart from the low Q that would be obtained. 

There are two ways out of this problem. One is 
to use two higher-frequency oscillators with easily 
accommodated tuned circuits, and make one oscilla
tor beat with the other. To obtain lOc/ s, the two 
frequencies could then be, say, lOOkc/s and 
lOO.Olkc/ s. The fundamental frequencies would be 
filtered out leaving the lOc/ s. This method has 
its advantages, but the waveform at low frequencies 
tends to become a little ragged, due to one oscillator 
" pulling " the other into step during part of the 
cycle, and in any case, two oscillators are needed. 

The most common approach, and the one we have 
employed, is to use a resistance-capacitance-tuned 
oscillator. This can be rather more difficult than 
the inductive type in several respects, but the tech
niques are fairly well established and little trouble 
should be experienced. 

RC oscillators can be further sub-divided into 
phase-shift oscillators and Wien-bridge types. T he 

· phase shift variety, shown in Fig. 1, relies on the 

~ 
Fig. 4. Super-alpha 
pair, giving very high 
input impedance. 

..... 
Fig. 3. Wien bridge, 
corresponding to left
hand side of Fig. 2. 

T Fig. 5. Complete circuit diagram. 
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these components are truly enormous. For instance, 
to obtain a frequency of 10c/s a tuned circuit of, 
say, 25 henrys and lO/^F would be required, and 
components of this size cannot be varied very easily, 
apart from the low Q that would be obtained. 

There are two ways out of this problem. One is 
to use two higher-frequency oscillators with easily 
accommodated tuned circuits, and make one oscilla- 
tor beat with the other. To obtain lOc/s, the two 
frequencies could then, be, say, lOOkc/s and 
lOO.Olkc/s. The fundamental frequencies would be 
filtered out leaving the 10c/s. This method has 
its advantages, but the waveform at low frequencies 
tends to become a little ragged, due to one oscillator 
" pulling" the other into step during part of the 
cycle, and in any case, two oscillators are needed. 

The most common approach, and the one we have 
employed, is to use a resistance-capacitance-tuned 
oscillator. This can be rather more difficult than 
the inductive type in several respects, but the tech- 
niques are fairly well established and little trouble 
should be experienced. 

RC oscillators can be further sub-divided into 
phase-shift oscillators and Wien-bridge types. The 
phase shift variety, shown in Fig. 1, relies on the 

Fig. 4. Super-alpha 
pair, giving very high 
input impedance. 

Fig. 3. Wien bridge, 
corresponding to left- 
hand side of Fig. 2. 

TR 

;r2 
i 

V Fig. 5. Complete circuit diagram. 
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R 1 5.6k0 
R., 5600 
R; 4700 
R 4 470n 
R 5 27kD 
Rr; 2200 
R7 3.3k0 
R8 1k0 
R9 10k0 
R 10 12ki1 
Rn 6.8k0 
R 12 1.2k0 
R 1:3 330!:1 
R 14 lOOn 
R 15 270!:1 ±5% 
R 16 1.2ki1 " R 17 5.6kJ:1 

" R 18 3300 
" R 1n 6800 
" R 20 560 
" R 21 5.6k0 " R 22 3300 

R 23 5600 
R 24 100!:1 

" R 25 47k0 
R26 5.6k.Q 
R 27 4.7k0 
R 28 1kl1 
R 29 56k0 
R 30 33kJ:1 
R31 2.2kJ:1 
R 32 2.2k0 
R 33 1k.Q 
R34 1k0 
R 35 47kJ:1 
R 36 47kl1 
R 37 10k0 
R38 47k0 

COMPONENT LIST 
R 39 8.2k.Q 
R 40 4.7k0 
R41 1kl1 
R42 68kl1 
Rn 20-30kD* 
R±± 400k0* 
R45 1500 
All resistors are !W, ± 10%, except 
where otherwise specified. 

*Selected as explained m text. 
VR1, VR2 10ki1 2-gang log. 
VRl lk.n linear 
VR: 500 0 J in<car 
VR;-VRR 100k0 pre-sets 

(RADIOSPARES) 
Standard Telephones R53 
thermistor 

2/LF paper or electrolytic 
0.2fLF 
0.02/LF 
0.002/LF 
0.002/LF 
0.02/LF 
0.2fLF 
2/LF 
50/LF 
50/LF 
50/LF 
50/LF 
100/LF 
100/LF 
8/LF 

cl6 o.oo1fLF 

paper or electrolytic 
15V 
15V 
6V 
ISV 
6V 
15V 
15V reversible or 
2x16fLF in series 

C17 8/LF 15V 
C 18 3-30pF beehive trimmer 
cl8 33pF 
C 20 50/LF 15V 

50/LF 
56pF 
500pF 
0.005/LF 
0.05/LF 
1/LF 

C"- 50/LF 
Tlit OC44 
TR2 OC44 
TR3 OC42 
TR4 OC71 
TRS OC71 
TR6 OC42 
TR7 OC170 
TR8 OC170 
Z1 OAZ205 
Z 2 OAZ205 
DcD6 OA81 

15V 

15V reversible elec
trolytic or paper 
25V 

or equivalents. 

M 1 SOt-tA meter 
Slow-motion drive (Jackson Bros. 

4511 D.A.F.) 
Makaswitch shafting assemblies-3 

off (Radiospares) 
Switch wafers 2-pole, 6-way-2 off 

(Radios pares) 
Switch wafers 3-pole, 4-way-3 off 

(Radiospares) " 
Spacers for switch shafts-8 off 

medium (Radiospares) 
Burgess microswitch V4TI or similar. 
Coaxial sockets-2 off. 
3-pin battery plug and socket. 
Battery clip connectors. 
Paxolin board.s -ft-in Thick. 
Turnet tags (Radiospares). 
Suitable handle. 
PP9 batteries-2 off. 

fact that a sine wave emerging from a CR circuit 
such as C 1 R 1 is shifted in phase with respect to 
the input by anything up to 90°. In actual fact, it 
is arranged that one such circuit shifts the phase 
60° and a further LWO circuits are added to bring 
the totai phase shift to 180°. The input to the 
transistor base is now in the correct phase to pro
duce positive feedback from the collector, and pro
vided there is enough of it, oscillation will ensue. 
The voltage gain of the transistor must be at least 
29, to overcome losses in the phase-shift network. 

itl polarity by TR2, which feeds back to TR1 via 
the Wien network R, C, R" C~. At a certain fre
frequency, which can be shown to be equal to 
1/(2r. v R, C 1 R 2 C 2), the signal voltage across R 2 C 2 

is in phase with that across the whole network, and 
one-third as great. The voltage applied to the base 
of TR1 is therefore 180° out of phase with the col
lector voltage, and provided the gain of the two 
stages is three times, to make up the loss in the net
work, conditions are right for oscillation. 

If matters were left like that, however, the Wien 
network would not have complete control of fre
quency. The amplifier itself would tend to exercise 
some influence over the phase angle, and the wave
form would be anything but sinusoidal. The gain 
of the two-transistor loop is therefore made as high 
as possible, and negative feedback used. In Fig. 2, 
C3, R5 and R 6 perform this function, the values 

This kind of RC oscillator is not very attractive 
if the frequency is to be varied, because it means 
either a triple-gang potentiometer or capacitor, and 
the most common type for signal-generator work 
is the Wien-bridge oscillator. The basic circuit is 
shown in Fig. 2. 

The output from TR1 is amplified and reversed 

i j\ . /.\ .',··., 1{\,\ ' 
~' · \ ; / 

. l ~' \ 

Fig. 6. Sine-wave 
output at IOcfs. Dis
tortion is less than 
0.25% over the range. 

532 . 

Fig. 7. Square wave 
at IOOkcjs. Rise 
time is 0.15 J.LSec. 

Fig. 8. /Ocjs square 
wave. Oscilloscope 
amplifier is directly 
coupled. 

Fig. 9. Input to dis
criminator diodes 
across D1, which re
jects negative spike. 

Fig. 10. Output of 
discriminator, con· 
stant-width pulses. 
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COMPONENT LIST 

R,9 8.2kO 
4.7kQ 

R41 IkQ 
R4., 68k fl 
R4, 20-30kD* 
R4+ 400k O* 
R45 150D 
All resistors are ,[W, ±10%, except 
where otherwise specified. 

* Selected as explained in text. 
VRx, VRg 1 OkQ 2-ganglog. 
VR3 " IkO linear 
VR4 50011 linear 
VR—VRs lOOkO pre-sets 

(radiospares) 
Standard Telephones R53 
thermistor 
7 paper or electrolytic 

SOjuF 
56pF 
500pF 
O.OOS^F 
O.OS^F 
IfiF 

5.6kQ 
5600 
470 n 
470 a 
27k D 
220 D 
3.3k O 
IkO 
lOkD 
12kD 
6.8kO 
1.2kD 
330 n 
100Q 
270 Q 
1.2kO 
5.6k Q 
330 Q 
680 O 
56 £1 
5.6kO 
330 Q 
560 Q 
1000 
47k Q 
5.6k£l 
4.7ka 
IkQ 
56k Q 
33k D 
2.2k D 
2.2kD 
IkO 
IkQ 
47k Q 
47k Q 
lOkQ 
47k Q 

15V reversible elec- 
trolytic or paper 
25V SO^F 

OC44 
OC44 
OC42 
OC71 
OC71 
OC42 
OC170 
OC170 
OAZ205 

or equivalents. 

Cx 
G, 
Q 
Q 
c3 
Co 
C7 

Cs 

C9 

Cic 
Cn 
Ci2 
Ci3 
C11 
C1S 

2/liF 
0.2uF 
0.02/iF 
0.002/iF 
0.002/iF 
0.02/u.F 
0.2/liF 
2/liF 
SO^F 
SO^F 
SO^tF 
SO^F 
100/uF 
100/uF 
8uF 

(Jackson Bros. 

assemblies 

paper or electrolytic 
15V 
15V 
6V 
15V 
6V 
15V 
15V reversible or 
2xl6/xF in series 

off 
Radiospares) 

Switch wafers 3-pole, 4-way—3 off 
(Radiospares) 

Spacers for switch shafts—8 off 
medium (Radiospares) 

Burgess microswitch V4TI or similar. 
Coaxial sockets—2 off. 
3-pin battery plug and socket. 
Battery clip connectors. O.OOljuF 

S^F 
3-30pF 
33pF 
50 uF 

Cxs 
C17 

Cxs 
Cxg 
c.,« 

15V 
beehive trimmer 

Paxolin boards -in Thick 
Turnet tags (Radiospares). 
Suitable handle. 
PP9 batteries—2 off. 15V 

fact that a sine wave emerging from a CR circuit 
such as C1 R, is shifted in phase with respect to 
the input by anything up to 90°. In actual fact, it 
is arranged that one such circuit shifts the phase 
60° and a further two circuits are added to bring 
the total phase shift to 180°. The input to the 
transistor base is now in the correct phase to pro- 
duce positive feedback from the collector, and pro- 
vided there is enough of it, oscillation will ensue. 
The voltage gain of the transistor must be at least 
29, to overcome losses in the phase-shift network. 

This kind of RC oscillator is not very attractive 
if the frequency is to be varied, because it means 
either a triple-gang potentiometer or capacitor, and 
the most common type for signal-generator work 
is the Wien-bridge oscillator. The basic circuit is 
shown in Fig. 2. 

The output from TR1 is amplified and reversed 

in polarity by TR2, which feeds back to TR1 via 
the Wien network R... C, R2 C2. At a certain fre- 
frequency, which can be shown to be equal to 

l/(2n- VR., Q R2 Co), the signal voltage across R2 C2 

is in phase with that across the whole network, and 
one-third as great. The voltage applied to the base 
of TR1 is therefore 180" out of phase with the col- 
lector voltage, and provided the gain of the two 
stages is three times, to make up the loss in the net- 
work, conditions are right for oscillation. 

If matters were left like that, however, the Wien 
network would not have complete control of fre- 
quency. The amplifier itself would tend to exercise 
some influence over the phase angle, and the wave- 
form would be anything but sinusoidal. The gain 
of the two-transistor loop is therefore made as high 
as possible, and negative feedback used. In Fig. 2, 
C3, R5 and R0 perform this function, the values 

Fig. 6. Sine-wave Fig. 7. Square wave Fig. 8. 
output at lOc/s. Dis- at lOOkcjs. Rise wave, 
tortion is less than time is 0./5^sec. amplifier 
0.25% over the range. coupled. 
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lOc/s square Fig. 9. Input to dis- Fig. 10. Output of 
Oscilloscope criminator diodes discriminator, con- 
is directly across Dwhich re- stant-width pulses, 

jects negative spike. 
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MOUNT lNG BRACKET 
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BATTERY 
SOCKET 

/ 

being adjusted so that the total gain with feedback 
i.) 3. It can now be seen that the Wien network, 
R-, and R<> form a bridge, which is balanced at the 
frequency where R=l/2rrfC assuming the R's and 
C's are equal. To maintain oscillation, the bridge, 
shown in Fig. 3, must be slightly unbalanced in 
order to supply an input to TRl. 

Again, things are not quite as simple as this, and 
further modifications must be made. In an LC 
oscillator, the amplitude of oscillation builds up 
until the transistor or valve begins to distort, when 
gain falls and the amplitude is stabilized. Wave
form does not suffer, as the LC circuit acts as a 
"flywheel " and ·smooths out the sine-wave. In an 
RC oscillator there is no " flywheel," and the oscil
lation will either collapse or build up until the 
result is almost a square wave. Some form of auto
matic level control is dearly required, and a ther
mistor is usually employed in the position of R(), 
Fig. 2. This is in the negative feedback path to TR2 
emitter; if the output amplitude increases, more 
current is passed through the thermistor, the resist
ance of which is thereby reduced. This allows more 
negative feedback to be applied, which reduces the 
amplitude. In this way, the output is kept almost 
constant. 

A further modification is required because of the 
low input impedance of TRl. This is of the order 
of a few thousand ohms in a common-emitter 
amplifier, even with an un-decoupled emitter resistor, 
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Fig. II. Construction of frame and 
battery holder. Covers are of 
Formica to fit between front and 
rear frames. 

and with a convenient value of variable tuning resistor, 
R 2 , the transistor shunts the bottom reactive arm of 
the Wien bridge_ A further transistor is therefore 
used to increase the input impedance of the first 
stage, the super-alpha-pair connection being em
ployed. In the circuit shown in Fig. 4, the emitter 
current of TRl is the base current of TR2, which in 
turn is less than the emitter current of TR2 by 
roughly the current gain of TR2. The base current 
of TRl is therefore extremely small, negative feed
back from the collector of TR2 serving to decrease it 
still further. In this way, the input impedance is 
raised to several hundred kilohms, and the Wien net
work is not shunted. Variation of the resistance 
arm of the bridge does not affect base current and 
gain to any marked extent, as it is already limited 
by the above mechanism. 

Attenuator 

The input to the attenuator is set to 1 V r.m.s. 
exactly by the variation of negative feedback in the 
emitter of TR4 (Fig. 5). This signal is then attenu
ated in two 20dB steps to give outputs of IV, lOOmV 
and lOmV maximum in 600[2. A continuous control 
of level is given by VR:l · 

Square-wave Shaper 

After amplification in TR5, the sinusoidal signal is 
passed to TR6 and TR7 which, together, form a 
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Fig. II. Construction of frame and 
battery holder. Covers are of 
Formica to fit between front and 
rear frames. 

being adjusted so that the total gain with feedback 
is 3. It can now be seen that the Wien network, 
R. and RG form a bridge, which is balanced at the 
frequency where R= 1/2-/0 assuming the R's and 
C's are equal. To maintain oscillation, the bridge, 
shown in Fig. 3, must be slightly unbalanced in 
order to supply an input to TR1. 

Again, things are not quite as simple as this, and 
further modifications must be made. In an LC 
oscillator, the amplitude of oscillation builds up 
until the transistor or valve begins to distort, when 
gain falls and the amplitude is stabilized. Wave- 
form does not suffer, as the LC circuit acts as a 
"flywheel" and smooths out the sine-wave. In an 
RC oscillator there is no "flywheel," and the oscil- 
lation will either collapse or build up until the 
result is almost a square wave. Some form of auto- 
matic level control is clearly required, and a ther- 
mistor is usually employed in the position of R(>, 
Fig. 2. This is in the negative feedback path to TR2 
emitter; if the output amplitude increases, more 
current is passed through the thermistor, the resist- 
ance of which is thereby reduced. This allows more 
negative feedback to be applied, which reduces the 
amplitude. In this way, the output is kept almost 
constant. 

A further modification is required because of the 
low input impedance of TR1. This is of the order 
of a few thousand ohms in a common-emitter 
amplifier, even with an un-decoupled emitter resistor, 

and with a convenient value of variable tuning resistor, 
R2, the transistor shunts the bottom reactive arm of 
the Wien bridge. A further transistor is therefore 
used to increase the input impedance of the first 
stage, the super-alpha-pair connection being em- 
ployed. In the circuit shown in Fig. 4, the emitter 
current of TR1 is the base current of TR2, which in 
turn is less than the emitter current of TR2 by 
roughly the current gain of TR2. The base current 
of TR1 is therefore extremely small, negative feed- 
back from the collector of TR2 serving to decrease it 
still further. In this way, the input impedance is 
raised to several hundred kilohms, and the Wien net- 
work is not shunted. Variation of the resistance 
arm of the bridge does not affect base current and 
gain to any marked extent, as it is already limited 
by the above mechanism. 

Attenuator 

The input to the attenuator is set to IV r.m.s. 
exactly by the variation of negative feedback in the 
emitter of TR4 (Fig. 5). This signal is then attenu- 
ated in two 20dB steps to give outputs of IV, lOOmV 
and lOmV maximum in 60(X2. A continuous control 
of level is given by VR3. 

Square-wave Shaper 

After amplification in TR5, the sinusoidal signal is 
passed to TR6 and TR7 which, together, form a 
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Schmitt trigger, the output 
being a 6-V p.p. square wave, 
with a rise-time of 0·15 p.sec. 
The circuit operates over the 
whole range of the oscillator 
and is useful for many applica
tions, apart from audio testing. 
clS iS adjUSted tO giVe neither 
an overshoot nor an "under
shoot" on the positive-going 
edge. The output impedance 
is 2kfl. 

The square wave is amplified 
by TR8 and used to operate 
the frequency-meter circuit. 

Frequency Meter 
This part of the circuit is 
effectively an f.m. discrimina
tor which needs no lining up. 
It has been used for a good 
many years in telemetry and 
instrumentation, and has also 
been used in f.m. tuners. The 
output of the square-wave 
amplifier is differentiated by 
one of the cap~citors c22- c25 
and Rm the result being a 
series of positive and negative 
spikes corresponding to positive 
and negative-going edges of 
the square wave. Negative 
spikes are suppressed by D2, 
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Schmitt trigger, the output 
being a 6-V p.p. square wave, 
with a rise-time of 0-15 /j.sec. 
The circuit operates over the 
whole range of the oscillator 
and is useful for many applica- 
tions, apart from audio testing. 
C1S is adjusted to give neither 
an overshoot nor an "under- 
shoot " on the positive-going 
edge. The output impedance 
is 2kn. 

The square wave is amplified 
by TR8 and used to operate 
the frequency-meter circuit. 

Frequency Meter 

This part of the circuit is 
effectively an f.m. discrimina- 
tor which needs no lining up. 
It has been used for a good 
many years in telemetry and 
instrumentation, and has also 
been used in f.m. tuners. The 
output of the square-wave 
amplifier is differentiated by 
one of the capacitors C22- C25 

and R42, the result being a 
series of positive and negative 
spikes corresponding to positive 
and negative-going edges of 
the square wave. Negative 
spikes are suppressed by Ds, 

| A' 7/8^ 3/, l/8'^_ , 

'^Ei IF 
..// rrrd 
A 5/" or^Gi 

„ -#xiFr 

:Y btri7 

1 i 1 

*-->- F- 
« i ~i— 

V8"dIA; insulated rod, 
DRILLED 8c TAPPED AT EACH END 

A DEEP FOR 4 B.A. Jk 

i-ri- n? T 

TV 
^4-f U. 2" 

V" 
I /I6 PANEL A 

, // , // 

T i 5fi ' V»* 1 K] . Tc, ! iF JW' 

i a , It I t*iA ir 

tWtA ^ lA-i 
^ IJH7-H7 p-"T4. rti:A;l_iE. jf' 

Ae- ia" pdzU 

* panel b -i- 

2- 1 ic. : J 
F Vi" 

^ SECURING BOLT 
Along 6B.a.through 

V brass tube 

HINGES MADE FROM 
I6s.w.g. ALUMINIUM" 

A WIDE 

DRILLING FOR ALL PANELS 

A — A'DIA. 

B - A " 

C - A" •• 

D — 5h2 " 

E - Va" " 

F — lll2 " FOR TURRET 
11 n TAGS 

G — 3/32 * 

Wireless World, November 1963 



and we are left with a series of positive spikes, of 
similar shape and energy content, which vary their 
spacing with frequency. The average voltage level 
of the spikes is now linearly dependent on fre
quency, and is applied to the meter which is cali
brated 0-10, corresponding to the frequency ranges 
10c/s-100c/s, lOOc/s-lkcjs, lkc/s-lOkcjs, 10kc/s-
100kc / s. D1 helps to discharge the capacitor be
tween pulses. 

Power Supply 

Batteries are built into the instrument although, 
as explained earlier, a common power supply 
will be described at some future date to power 
the range of test gear. If it is desired to run 
this instrument for long periods near a mains 
outlet, it will probably be found better to substitute 
a small mains supply for the batteries. A small 
transformer, silicon or metal rectifier and RC 
smoothing circuit would take up less room than bat
teries and would only cost about £2. 

It will be seen that the square-wave shaper and 
frequency-meter circuit run from a Zener-diode
stabilized supply. The oscillator gives a reasonably 
constant output over a wide range of supply voltages 
and its supply is not stabilized. 

Metering 

The meter is employed in uhree functions. Pri
marily, it indicates frequency, as already described. 
Secondly, on the "Check IV" position, it enables the 
input to the attenuator to be set to 1 V r.m.s. Its third 
function is needed only occasionally and is therefore 
selected by a biased push-button switch, when the 
battery voltage is displayed. 

.. 
Fig. 14. Slow-motion 
drive assembly. 

.... 
Fig. 15. Rear view of 
instrument, showing bat
tery mounting. Rubber 
band holds batteries in 
place. 
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Calibration 

As regards freque:-~cy, calibration is simplicity itself. 
The top range, 10kc/s-100kc/s, is calibrated by com
parison with the 200kc/s long-wave Light Pro
gramme transmission from Droitwich. With the 
oscillator set to "Sine +Square," take a lead from 
the square wave output terminals to somewhere 
near a radio receiver, and adjust the oscillator for 
zero beat in the loud&peaker. VRR should then be 
adjusted to make tbc meter read "10." 

The 1kc/s-10kc/s range is best calibrated by com
paring it with th~ 1Q.125kc/s of a locked television 
line timebase. It js possible that, on some sets, 
a loop of wire connected to the frequency meter 
and held near the television line-output transformer 
will provide a suitable signal, but we found that 
the waveform gave m1sleading results. To overcome 
this, a parallel-tuned circuit should be made up to 
filter out harmonics of 10kc/ s, the inductance acting 
as pick-up loop. Our tuned circuit was 3lmH 
tuned by 0.01,u.F and 0.04,u.F in series, the output 
being taken across the 0.04,u.F. The circuit can be 
adjusted by connecting it in the lead from the wiper 
of VR,l to C J ~' switching to " CHECK IV " on the 
range 10kc/s-100kc/s, and obtaining a null on the 
meter when the frequency of the oscillator is set 
to 10kc/s. (This range should be calibrated first.) 
As a matter of fact, our inductance took the form of 
a ;}lb. reel of 32 s.w.g. double-silk-covered wire! 
Hold the loop near .tLc line output stage, with the 
instrument set to "Frequency Meter," and adjust 
VR, until the meter reads " 10·1 ". 

The next range is 100c/s-1kc/ s and here the 
440c/ s B.B.C. tuning note is used. This is trans
mitted for a few minutes before the opening of 
Home, Light and Third Network programmes, the 
latter being most convenient. In this case, the 
tone is transmitted from Zero-30 minutes to Zero-15 
minutes and from Z-5 minutes to Z-3min. 20sec. 
The signal across the loudspeaker terminals or from 
the detector should be applied to the frequency 
meter and VRn ad;usted until the meter reads 
" 4·4 ". The lowest range, 10-lOOc / s, relies on the 
frequency of the mains. The output of a 6V heater 
transformer is fed to the " Frequency Meter Input" 
socket via a potentiometer, and with the instrument 
set to "Frequency Meter" VR.-; is adjusted until the 
meter reads " 5 " . 
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and we are left with a series of posi ve spikes, of 
similar shape and energy content, which vary their 
spacing with frequency. The average voltage level 
of the spikes is now J nearly dependent on fre- 
quency, and is applied to the meter which is cali- 
brated 0-10, corresponding to the frequency ranges 
lOc/s-lOOc/s, lOOc/s-lkc/s, Ikc/s-lOkc/s, lOkc/s- 
lOOkc/s. Di helps to discharge the capacitor be- 
tween pulses. 

Power Supply 

Batteries are built into the instrument although, 
as explained earlier, a common power supply 
will be descr'oed at some future date to power 
the range of test gear. If it is desired to run 
this instrument for long periods near a mains 
outlet, it will probably be found better to substitute 
a small mains supply for the batteries. A small 
transformer, silicon or metal rectifier and RC 
smoothing circv t would take up less room than bat- 
teries and would only cost about £2. 

It will be seen that the square-wave shaper and 
frequency-meter circuit run from a Zener-diode- 
stabilized supply. The oscillator gives a reasonably 
constant output over a wide range of supply voltages 
and ts supply is not stabilized. 

Metering 

The meter is employed in three functions. Pri- 
mal y. it ind cates frequency, as already described. 
Secondly, on the " Check IV " position, it enables the 
input to the attenuator to be set to IV r.m.s. Its third 
function is needed only occasionally and is therefore 
selected by a biased push-button switch, when the 
battery voltage is displayed. 

=
Fig. 14. Slow-motion 
drive assembly. 

Calibration 

As regards frequency, ca bration is simplicity itself. 
The top range, 10kc/s-100kc/s, is cah'brated by com- 
parison with the 200kc/s long-wave Light Pro- 
gramme transmission from Drohwich. With the 
oscillator set to "Sine + Square," take a lead from 
the square wave output terminals to somewhere 
near a rac o receiver, and adjust the oscillator for 
zero beat in the loudspeaker. VRS should then be 
adjusted to make the meter read " 10." 

The Ikc/s-lOkc/s range is best calibrated by com- 
paring it with the 10.125kc/s of a locked television 
line iQiebase. It is possible that, on some sets, 
a loop of wire connected to the frequency meter 
and held near the television 1 xe-output transformer 
w'fi provide a suitable signal, but we found that 
the waveform gave misleading results. To overcome 
this, a parallel-tuned circi, t should be made up to 
filter out harmonics of lOkc/s, the inductance acting 
as pick-up loop. Our tuned c -cuit was 31mH 
tuned by 0.01/xF and 0.04/xF in series, the output 
being taken across the 0.04/xF. The circuit can be 
adjusted by connecting in the lead from the wiper 
of VR3 to C,2, switching to "CHECK IV" on the 
range lOkc/s-lOOkc/s, and obtaining a null on the 
meter when the frequency of the oscillator is set 
to lOkc/s. (This range should be calibrated first.) 
As a matter of fact, our inductance took the form of 
a ^Ib. reel of 32 s.w.g. double-silk-covered wire! 
Hold the loop near the 1 me output stage, with the 
instrument set to "Frequency Meter," and adjust 
VR7 until the meter reads " 10-1". 

The next range is lOOc/s-lkc/s md here the 
440c/s B.B.C. tuning note :s used. This is trans- 
mitted for a few minutes before the opening of 
Home, Light and Third Network programmes, the 
latter being most convenient. In this case, the 
tone is transmitted from Zero-30 minutes to Zero-15 
minutes and from Z-5 minutes to Z-3min. 20sec. 

lie signal across the loudspeaker terminals or from 
the detector should be applied to the frequency 
meter and VR,., adjusted until the meter reads 
"4 4". The lowest range, 10-100c/s, relies on the 
frequency of the mains. The output of a 6V heater 
transformer is fed to the " Frequency Meter Input" 
socket via a potentiometer, and w..h the instrument 
set to " Frequency Meter " VR., is adjusted until the 
meter reads 5 ". 

Fig. 15. Rear view of 
instrument, showing bat- 
tery mounting. Rubber 
band holds batteries in 
place. 
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J.. 
Fig. 16. Top view. Rear panel (B) is normally held in place 
by nut. 

Amplitude Calibration 
To calibrate the "C11eck IV" level, an a.c. meter is 
required. The output of a 6V heater transfor~er 
is " potted down" by means of a 10k{2 potentio
meter until the voltage on the wiper is 1 V r.m.s. 
This voltage is then applied to C 2 (;, having first 
disconnected it from Cu, and the resistor in series 
with the meter selected so that the meter reads a 
convenient figure. "5 " is the 1 V level on our meter. 
This point on the meter scale can then be marked 
"SET LEVEL" .if desired. To set up the level 
when the instrument is in operation, turn S:1 to 
"CHECK IV," ~ct VR1 (OUTPUT CONTROL) 
to maximum, and adjust VR1 (SET IV) until the 
meter reads "5." VR, is calibrated by simply 
dividing the track into 10 equal-resistance divisions 
by means of an ohmmeter and marking them 0-10. 
R:; should be selected to . give a full-scale reading of 
20V, when the "Bat~ery Check" button is depressed. 
The meter, it will ce seen, is a SO,uA type, and 
this caused some worry, as not everyone can afford 
to take the obvious and easiest course of ordering 
from the makers' cm rent catalogues at up to £3 
a time. We did, however, locate a source of cheaper 
instruments. Z. and I. A~ero Services Ltd., of 14 
South Wharf Road,. London, W.2, are able to supply 
meter movements at £1. These were originally 
used as Rontgen-hour indicators and need a new 
scale, which is best done by comparison with a 
test meter, keeping the scale vertical. This is the 
type of meter in the prototype instrument. 

Construction 

The drawings and photographs are self explanatory. 
The layout of the components is not critical, and 
almost any other fprm of construction would be 
equally suitable. Printed boards would be ideal, 
but the turret-tag method gives similar benefits and 
is probably easier to make. The slow-motion drive 
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is not essential, but wa5 included in the prototype 
partly for its ease of adjustment and partly because 
it reverses the rotation of the potentiometers, so 
that clockwise rotation of the knob increases the 
frequency. 

If only the sine wave output is needed, it is 
possible to simplify and cheapen the instrument 
considerably. All the circuitry associated with TRS
TR8 can be eliminated, together with the discrimin
ator diodes. The meter, metering circuit and switch 
can be dispensed with if the constructor is willing to 
accept the small change in amplitude with frequency. 
The oscillator can be powered by the batteries 
directly, neglecting the Zener diodes Zl and Z2 • A 
calibrated dial would be used mounted on the slow
motion drive, a hole being cut in the front panel. 
Access to a signal generator will now be required, 
and if one calibration scale is to be used, close-toler
ance components will be needed for C 1 -C 8 • If an 
oscillator is already available, it will be found that 
the circuit of TRS-TR7 forms an effective squarer 
in its own right. 

Additional layout and wiring diagrams will be 
given next month, together with some suggestions 
for the use of the instrument in amplifier testing, and 
photographs of amplifier waveforms. 

-------------------~----

Voltage Stabilizer 
THE range of voltage stabilizing and regulating eqmp
ment manufactured by Claude Lyons Ltd., Valley 
Works, Hoddesdon, Herts, has been extended by the 
introduction of the BTR-5 series of a.c. electronic volt
age stabilizers . The circuit principles of the established 
BA VR series are retained, but distortion has been re
duced and solid-state circuitry used. At a power factor 
of 1.0 the distortion is no greater than 6%, this is 
reduced to 2% by the use of a filter . (Filters are fitted 
in the BTR-SF models). The output voltage is ad
justable from 200 to 254V. The input arrangement 
permits three selections by link adjustment, these are 
-15% to +5%, ±10% or -5% to +15% relative to 
the output voltage setting. The · maximum output is 5 
amps. The output stability is ± 0.3% from zero to full 
load, this too, is improved in the BTR-5F version, the 
time constant is 0.1 second. The units can be supplied 
with or without filters and either rack or cabinet versions 
can be obtained. Overall dimensions and prices vary 
with the version required. The whole unit including 
terminal access and input range selector is enclosed in 
a metal case. 
2WW 321 for further details. 

Claude Lyons voltage stabilizer Type BTR-5. 
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Fig. 16. Top view. Rear panel (6) is normally held in plate 
by nut. 

Amplitude Calibration 

To calibrate the " Check IV " level, an a.c. meter is 
required. The output of a 6V heater transformer 
is "potted down" by means of a KMl potentio- 
meter until the voltage on the v per is' IT r.m.s. 
This voltage is then applied to C2r,, having first 
disconnected it from C14, and the resistor in series 
with the meter selected so that the meter reads a 
convenient figure. " 5 " is the IV level on our meter. 
This point on the meter scale can then be marked 
"SET LEVEL" if desired. To set up the level 
when the instrument is n operation, turn S;, to 

ECL IV," set VRa (OUTPUT CONTROL) 
to maximum, and adjust VR4 (SET IV) until the 
meter reads " 5 " VR8 is calibrated by simply 
dividing the track into 10 equal-resistance divisions 
by means of an ohmmeter and marh ig them 0-10,. 
R5 should be selected to give a full-scale reading of 
20V, when the " Battery Check " button is depressed. 
The meter, it will be seen, is a 50/iA type, and 
this caused some worry, as not everyone can afford 
to take the obvious and ear" ist course of order" ig 
from the makers1 cuirent catalogues at up to £3 
a time. We did, however, locate a source of cheaper 
instruments. Z. and I. Aero Services Ltd., of 14 
South Wharf Road, London, W.2, are able to supply 
meter movements at £1. These were originally 
used as Rdntgen-hour indicators and need a new 
scale, which is best done by comparison with a 
test meter, keeping the scale vert ;ai. This s the 
type of meter in the prototype instrument. 

Construction 

The drawings and photographs are self explanatory. 
The layout of the components is not a deal, and 
almost any other form of construction would be 
equally suitable. Printed boards would be ideal, 
but the turret-tag method gives similar benefits and 
is probably easier to make. The slow-motion drive 

is not essential, but was included in the prototype 
partly for its ease of ad istment and partly because 
it reverses the rotation of the potentiometers, so 
that clockwise rotation of the knob increases the 
frequency. 

If only the sine wave output is needed, t is 
possible to s: aplify and cheapen the istrument 
considerably. All the c rcuitry assoc ated v th TR5- 
TR8 can be eliminated, together v 'th the discrf-nin- 
ator diodes. The meter, metering c" cuit and switch 
can be c spensed with if the constructor is willing to 
accept the small change i amplitude with frequency 
The oscillator can be powered by the batteries 
directly, neglecting the Zener diodes ZL and Z2 A 
calibrated dial would be used mounted on the slow- 
motion drive, a hole being cut in the front panel. 
Access to a s:gnal generator v 41 now be reqi red, 
and f one cal: iration scale is to be used, close-toler- 
ance components v '11 be needed for Cj-Q,. If an 
oscillator s already available, it will be found that 
the circuit of TR5-TR7 forms an effective squarer 
in its own right. 

Add aonal layout and w' ' ig diagrams wdl be 
given next month, together with some suggestions 
for the use of the instrument n amplifier testing, and 
photographs of amplifier waveforms. 

Voltage Stabilizer 

THE range of voltage stabilizing and regulati»g equip- 
ment manufactured by Claude Lyons Ltd., Valley 
Works, Hoddesdon, Herts, has been extended by the 
introduction of the BTR-5 series of a.c. electronic volt- 
age stabilizers. The circu prindnles of the established 
BAVR series are retained, but distortion has been re- 
duced and soi.i-state circi utry used. At a power factor 
of 1.0 the d'stor on is no greater than 6%, tl .s is 
reduced to 2% by the use of a filter, (Filters are fitted 
in the BTR-5F models). The output voltage s ad- 
ustable from 200 to 254V. The input arrangement 

permits three selections by 'nk adjustment, these are 
— 15% to +5%, +10% or — 5^o to +15% relative to 
the output voltage setting. The maximum output is 5 
amps. The output stability is ±0.3% from zero to full 
load, this too, improved n the BTR-5F verson, the 
time constant is 0.1 second. The units can be supplied 
with or v thout filters and either rack or cal net versions 
can be obtained. Overall dimensions and prices vary 
with the version required. The whole unit including 
terminal access and input range selector is enclosed in 
a metal case. 
2WW 321 for further details. 
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A forty-page quick reference guide to Mullard Components 
is now available from the Components Division of Mullard 
Ltd., Mullard House, Torrington Place, London, W.C.l. 
zWW 302 for further details. 

Ferralon Plastics.-W. W. Chamberlin (Associated Com
panies) Ltd., of Sarto . .:-is Road, Rushden, Northants, have 
issued a loose··leaf catalogue illustrating the plastic covering 
materials they manufacture for the radio industry. Some 
300 fiif'ishes with several types of backing are available, and 
a representative selection of actual samples appear in the 
catalogue. 
zWW 303 for further details. 

Television downlead cables are described in a recent 
leaflet from British Insulated Callender's Cables Ltd. Technical 
details including constructional data and curves showing levels 
of attenuation, in dB's per 100ft, through Bands 1 to V are 
included. Copies of this publication are obtainable from 
21 Bloomsbury Street, London, W .C.l. 
zww 304 for further details. 

A brochure describing the transistorized American Daystrom 
" non-contact " wire gauge is available from Daystrom 
Ltd., Bristol Road, Gloucester. This instrument can handle 
products with diameters within the range of 0.001 to 0.750in, 
± 0.0001in. 
zww 305 for further details. 

American Valve Guide.-The Metropolitan Supply Co. 
of 443 Park Avenue South, New York 16, have sent us a price 
catalogue of the American valves and tubes they handle. 
Called '' Buyers Guide " it includes some 3,000 types. 
2WW 306 for further details. 

Two dual concentric loudspeakers are described in a 
leaflet from Tannoy. Both speakers have a frequency response 
of 25 to 20,000 c/s and the larger of the two, the " Fifteen " 
has a power handling capacity of 50 watts. The other speaker, 
called the " Twelve", is rated at 30 watts. Copies of this 
leaflet are obtainable from Tannoy Products Ltd., West Norwood 
London, S.E.27. 
2WW 307 for further details, 

The microwave and electronic instrument division of 
Elliott Brothers (London) Ltd., have produced a catalogue on 
their transistor curve tracer. This instrument can generate 
the data necessary to trace and display the characteristic curves 
of semiconductor devices on any general purpose oscilloscope. 
Copies of this publication are available from Elstree Way, 
Borehamwood, Herts. 
ZWW 308 for further details. 

Radio receivers, radiograms and tape recorders 
manufactured by the German organization Loewe Opta are 
described and illustrated in a 24-page brochure available from 
Highgate Acoustics, 71-73 Great Portland Street, London, W.l. 
The publication is in English. 
2WW 309 for further details. 

Aerialite Ltd. have revised their" Aerials and Accessories " 
wall chart to . include their new range of '' Golden Gain " 
u .h.f. aerials and accessories. Copies are available from their 
head office at Castle Works, Stalybridge, Cheshire. 
2WW 310 for further details. 

Decca Radar Ltd., Decca House, Albert Embankment, 
London, S.E.1, have just released a brochure on a range of 
manual and automatic (electro-mechanical) waveguide 
switches for use in microwave systems, laboratory measure
ments and test circuits. The outstanding characteristic of 
these switches is that their isolation is greater than 100 dB 
over the whole waveguide band. 
2WW 311 for further details. 

Publication AEP .25-7 from the Westinghouse Brake and 
Signal Company Ltd., 82 York Way, King's Cross, London, 
N.I, is of particular interest to designers and engineers re
quiring encapsulated rectifier units in bridge, centre-tap 
or voltage-doubler arrangements. Among those described 
are potted versions with current ratings from one to four 
amperes having voltage ratings up to 420V. 
2WW 312 for further details. 
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A fixed station v.h.f. radiotelephone Type FM120 ill 
described in a leaflet from Hudson Electronic Devices Ltd.: 
of 4 Sydenham Hill, London, S.E.26. These single-channei 
equipments, which, to special order, can be modified for seven
channel operation, employ f.m. modulation and have minimum 
outputs of 50 watts (de-rated to 25W in the U.K.) throughout 
the frequency range 71-175 Mc/s. A technical specification i~ 
included. 
2WW 313 for further details. 

A leaflet describing a new vacuum tweezer system from 
the scientific division of the American Schueler & Company is 
now available from Schuco International London Ltd.,· 46 
Ravensdale Avenue, London, N.l2. The system is completely 
self-contained and the vacuum pencil tweezer, which has five 
different vacuum pick-up tips, operates from a 220-240V a.c. 
vacuum generator. 
2WW 314 for further details, 

Societe Europeenne des Semiconductors of 41 rue de 
L'Amiral-Mouchez, Paris have produced a 12-page catalogue, 
in English, covering their comprehensive range of silicon and 
germanium semiconductor devices. These are listed in 
tabular form and include construction, absolute maximum 
ratings and typical characteristic details. Separate sections 
are given for various types of transistors, diodes, rectifiers and 
microminiature logic blocks. They li.ave also prepared an 
English wall chart for their diodes and rectifiers, and another 
for transistors. 
2WW 315 for further det;~ils. 

Literature describing the complete lines of standard products 
of the scientific quartz and metals division is available from 
General Technology Corporation, 3510 Torrance Boulevard, 
Torrance, California. Leaflet 7100 describes standard 
quartz and pyrex accessories used for diffusion, doping 
and heat treating operations in the semiconductor industry. 
The division's line of standard tungsten, molybdenum and 
tantalum filaments, used for dielectric coating, metalizing of 
plastics, etc. are described in leaflet 7200. 
2WW 316 for further details. 

A 576-page booklet listing and illustrating the products of 
Precision Instrument Components, which range from anti
backlash gears and ball-bearing to universal multi-ratio gear 
boxes and worm and wheel assemblies is now available in the 
sterling area from the manufacturing licencees and distributors 
Reliance Gear Company, of Almondbury, Huddersfield. 
Other things of interest, include instrument differentials with 
less than 10 minutes of arc lost motion, breadboard develop
ment parts, helical gear assemblies and servo gear boxes. The 
Reliance Gear Co., who already have an extensive range, have 
informed us that the American tie-up has increased their stock 
range by some 20,000 items. 
2WW 317 for further details. 

Plastiglide's comprehensive range of swivelglides, plastic 
guides and ferrules specially designed for the furniture and 
radio and television industries are listed in a new 80-page 
publication from Plastiglide Products Ltd. of 58 Birming
ham Road, Stratford-upon-Avon. 
2WW 318 for further details. 

Imhofs have just . issued a booklet describing their range 
of over seventy standard handles-many of which are listed 
for the first time. Full dimensional details are given, together 
with illustrations of each type of handle. Also listed in 
this booklet is a wide range of miscellaneous accessories 
including hinges, locks, catches, castors, etc.. Copies of this 
publication are available from Alfred Imhof Ltd., Ashley 
Works, Cowley Mill Road, Uxbridge, Middx. 
2WW 319 for further details. 

The International Nickel Company (Mond) Ltd. have 
published a new leaflet entitled " The properties of the 
platinum metals.'' This gives the latest published data on 
the basic properties of the six .metals in the group and 
covers the principal characteristics, which make platinum 
metals so important to industry. The other metals in the 
group-palladium, rhodium, ruthenium, iridium and osmium 
which possess individual characteristics-are also described 
in the publication. Copies are obtainable from the publicitY 
department at 20 Albert Embankment, London, S.E.l. 
2WW 320 for further details, 
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A forty-page quick reference guide to Milliard Components 
is now available from the Components Division of Mullard 
Ltd., Mullard House, Torrington Place, London, W.C.l. 
2WW 302 for further details. 

Ferralon Plastics.—W. W. Chamberlin (Associated Com- 
panies) Ltd., of Sartoris Road, Rushden, Northants, have 
issued a loose-leaf catalogue illustrating the plasdc covering 
materials they manufacture for the radio industry. Some 
300 finishes with several types of backing are available, and 
a representative selection of actual samples appear in the 
catalogue. 
2WW 303 for further details. 

Television downlead cables are described in a recent 
leaflet from British Insulated Callender's Cables Ltd. Technical 
details including constructional data and curves showing levels 
of attenuation, in dB's per 100ft, through Bands 1 to V are 
included. Copies of this publication are obtainable from 
21 Bloomsbury Street, London, W.C.L 
2WW 304 for further details. 

A brochure describing the transistorized American Daystrom 
" non-contact" wire gauge is available from Daystrom 
Ltd., Bristol Road, Gloucester. This instrument can handle 
products with diameters within the range of 0.001 to 0.750in, 
± O.OOOlin. 
2WW 305 for further details. 

American Valve Guide.—The Metropolitan Supply Co. 
of 443 Park Avenue South, New York 16, have sent us a price 
catalogue of the American valves and tubes they handle. 
Called " Buyers Guide " it includes some 3,000 types. 
2WW 306 for further details. 

Two dual concentric loudspeakers are described in a 
leaflet from Tannoy. Both speakers have a frequency response 
of 25 to 20,000 c/s and the larger of the two, the " Fifteen " 
has a power handling capacity of 50 watts. The other speaker, 
called the "Twelve", is rated at 30 watts. Copies of this 
leaflet are obtainable from Tannoy Products Ltd., West Norwood 
London, S.E.27. 
2WW 307 for further details. 

The microwave and electronic instrument division of 
Elliott Brothers (London) Ltd., have produced a catalogue on 
their transistor curve tracer. This instrument can generate 
the data necessary to trace and display the characteristic curves 
of semiconductor devices on any general purpose oscilloscope. 
Copies of this publication are available from Elstree Way, 
Borehamwood, Herts. 
2WW 308 for further details. 

Radio receivers, radiograms and tape recorders 
manufactured by the German organization Loewe Opta are 
described and illustrated in a 24-page brochure available from 
Highgate Acoustics, 71-73 Great Portland Street, London, W.l. 
The publication is in English. 
2WW 309 for further details. 

Aerialite Ltd. have revised their " Aerials and Accessories " 
wall chart to include their new range of "Golden Gain" 
u.h.f. aerials and accessories. Copies are available from their 
head office at Castle Works, Stalybridge, Cheshire. 
2WW 310 for further details. 

Decca Radar Ltd., Decca House, Albert Embankment, 
London, S.E.I, have just released a brochure on a range of 
manual and automatic (electro-mechanical) waveguide 
switches for use in microwave systems, laboratory measure- 
ments and test circuits. The outstanding characteristic of 
these switches is that their isolation is greater than 100 dB 
over the whole waveguide band. 
2WW 311 for further details. 

Publication AEP.25-7 from the Westinghouse Brake and 
Signal Company Ltd., 82 York Way, King's Cross, London, 
N.l, is of particular interest to designers and engineers re- 
quiring encapsulated rectifier units in bridge, centre-tap 
or voltage-doubler arrangements. Among those described 
are potted versions with current ratings from one to four 
amperes having voltage ratings up to 420V. 
2WW 312 for further details. 
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A fixed station v.h.f. radiotelephone Type FM120 ia 
described in a leaflet from Hudson Electronic Devices Ltd.; 
of 4 Sydenham Hill, London, S.E.26. These single-channel 
equipments, which, to special order, can be modified for seven- 
channel operation, employ f.m. modulation and have minimum 
outputs of 50 watts (de-rated to 25W in the U.K.) throughout 
the frequency range 71-175 Mc/s. A technical specification is 
included. 
2WW 313 for further details. 

A leaflet describing a new vacuum tweezer system from 
the scientific division of the American Schueler & Company is 
now available from Schuco International London Ltd., 46 
Ravensdale Avenue, London, N.12. The system is completely 
self-contained and the vacuum pencil tweezer, which has five 
different vacuum pick-up tips, operates from a 220-240V a.c. 
vacuum generator. 
2WW 314 for further details. 

Societe Europeenne des Semiconductors of 41 rue de 
L'Amiral-Mouchez, Paris have produced a 12-page catalogue, 
in English, covering their comprehensive range of silicon and 
germanium semiconductor devices. These are listed in 
tabular form and include construction, absolute maximum 
ratings and typical characteristic details. Separate sections 
are given for various types of transistors, diodes, rectifiers and 
microminiature logic blocks. They have also prepared an 
English wall chart for their diodes and rectifiers, and another 
for transistors. 
2WW 315 for further details. 

Literature describing the complete lines of standard products 
of the scientific quartz and metals division is available from 
General Technology Corporation, 3510 Torrance Boulevard, 
Torrance, California. Leaflet 7100 describes standard 
quartz and pyrex accessories used for diffusion, doping 
and heat treating operations in the semiconductor industry. 
The division's line of standard tungsten, molybdenum and 
tantalum filaments, used for dielectric coating, metalizing of 
plastics, etc. are described in leaflet 7200. 
2WW 316 for further details. 

A 576-page booklet listing and illustrating the products of 
Precision Instrument Components, which range from anti- 
backlash gears and ball-bearing to universal multi-ratio gear 
boxes and worm and wheel assemblies is now available in the 
sterling area from the manufacturing licencees and distributors 
Reliance Gear Company, of Almondbury, Huddersfield. 
Other things of interest, include instrument differentials with 
less than 10 minutes of arc lost motion, breadboard develop- 
ment parts, helical gear assemblies and servo gear boxes. The 
Reliance Gear Co., who already have an extensive range, have 
informed us that the American tie-up has increased their stock 
range by some 20,000 items. 
2WW 317 for further details. 

Plastiglide's comprehensive range of swivelglides, plastic 
guides and ferrules specially designed for the furniture and 
radio and television industries are listed in a new 80-page 
publication from Plastiglide Products Ltd. of 58 Birming- 
ham Road, Stratford-upon-Avon. 
2WW 318 for further details. 

Imhofs have just issued a booklet describing their range 
of over seventy standard handles—many of which are listed 
for the first time. Full dimensional details are given, together 
with illustrations of each type of handle. Also listed in 
this booklet is a wide range of miscellaneous accessories 
including hinges, locks, catches, castors, etc. Copies of this 
publication are available from Alfred Imhof Ltd., Ashley 
Works, Cowley Mill Road, Uxbridge, Middx. 
2WW 319 for further details. 

The International Nickel Company (Mond) Ltd. have 
published a new leaflet entitled " The properties of the 
platinum metals." This gives the latest published data on 
the basic properties of the six metals in the group and 
covers the principal characteristics, which make platinum 
metals so important to industry. The other metals in the 
group—palladium, rhodium, ruthenium, iridium and osmium 
which possess individual characteristics—are also described 
in the publication. Copies are obtainable from the publicitv 
department at 20 Albert Embankment, London, S.E.I. 
2WW 320 for further details. 
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NEW LOW-NOISE TRANSISTOR CIRCUIT FOR 
ELECTROSTATIC MICROPHONES 

By P. J . BAXANDALL, B.Sc.(Eng.} 

Amplitude-modulated R.F. Bridge Method with Many Advantages 

THE conventional way of using an electrostatic (or 
condenser) microphone is shown, in its simplest 
form, in Fig. L The resistance R is made so large 
that, even at low audio frequencies, insufficient cur
rent can flow into or out of the microphone capacit
ance C, during one audio cycle, to cause a significant 
alteration in the stored charge Q. Since Q = CV, it 
follows that if Q is kept constant, the voltage V across 
the capacitance must vary when acoustic pressure 
causes C to vary. With the values shown, the 
response will be 3 dB down at about 30 c/s. From 
the point of view of signal-to-noise ratio, however, 
it is advantageous to use an even higher value of 

.,. 
: IOOV 

..L. 

+ 

OUT 

E 

Fig. I. Conventional 
electrostatic micro
phone circuit . 

resistance than that dictated by the required low
frequency response. 

When, in 1957, the writer first considered the prob
lem of using an electrostatic microphone with purely 
transistor circuitry, it was quite obvious that the im
pedances involved in a circuit of the Fig. 1 type were 
far too high for it to be practicable simply to replace 
the valve by a transistor.* 

However, by operating the electrostatic micro
phone element in a radio-frequency circuit, so that 
its capacitance variations are caused to modulate an 
r.f. carrier, the above-mentioned high impedances 

* It is interesting to reflect, however, that the notion of tran
sistorizing the Fig. 1 circuit now seems to be much more nearly 
a satisfactory practical proposition than it did in 1957. This is 
because some types of silicon planar transis tor are now available 
which will operate satisfactorily, in very high impedance circuits, 
at collector currents of a small fraction of a microamp. 

Whilst the signal-to-noise ratio obtainable when u sing such a 
transistor in the Fig. 1 type of circuit would p.robably be rather 
inferior to that given by a valve, there are signs that other ampli
fying devices may in due course become available which will 
overcome this limitation. One such device is the insulated-gate 
field effect transistor (ref. 1) and another is the insula tor valve 
(ref. 2) . 
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are completely avoided and a very good performance 
can then be obtained with semiconductor circuits. ' 

The general idea of using radio-frequency circuits 
for electrostatic microphones is, ,.of course, quite old, 
and both frequency modulation and amplitude modu
lation have been employed. 

F.m. systems have the disadvantage that random 
noise f.m. on the oscillator output inevitably gives rise 
to noise at the audio output terminals. Since the 
wanted f.m. is usually of quite small deviation, this 
noise f.m. can prevent the overall noise performance 
from being up to the highest professional standards. 

In an a.m. system, however, by using a balanced 
bridge circuit, random noise modulation of the oscil
lator may be prevented from reaching the audio out
put terminals, and it was mainly for this reason that · 
the author rejected f.m. systems right at the begin
ning and concentrated on a.m., bridge circuits-and 
if a bridge was to be used, then there was everything 
to be said for employing the transformer ratio arm 
principle first proposed by A. D . Blumlein. 

R.F. Bridge Circuit 

The broad outline of the system adopted is, then, 
to have a radio-frequency oscillator with a centre
tapped output winding, the microphone element and 
a capacitor of equal value being connected in series 
across this winding, forming a bridge network. An 
r.f. out-of-balance voltage is then obtained between 
the junction of the capacitances and the winding 
centre tap, of magnitude dependent on variations in 
the microphone capacitance with acoustic pressure. 
This amplitude-modulated r.f. voltage is subse
quently demodulated to recover the wanted audio 
signal. 

In the first experiments, the centre tap of the oscil
lator winding was earthed and the bridge output was 
tuned to parallel resonance by an inductor to earth 
from the junction of the capacitances. This output 
was fed straight to a diode detector, the bridge being 
set slightly out of balance to give some carrier output 
and thus ensure linear demodulation. Quite encour
aging results were obtained, though it was found im
portant to select the right type of diode if excessive 
detector-circuit noise was to be avoided. Ordinary 
point-contact diodes were hopelessly noisy, but 
G.E.C. EW78 silicon junction diodes (now obsolete) 
gave consistently good ·results (10 samples tried), the 
noise output then being only slightly above the ther
mal noise level. 

It was soon realized, however, that by employing 
a proper phase-sensitive detect01 and operating the 
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frequency response. 
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transistor circuitry, it was quite obvious that the im- 
pedances involved in a circuit of the Fig. 1 type were 
far too high for it to be practicable simply to replace 
the valve by a transistor.* 

However, by operating the electrostatic micro- 
phone element in a radio-frequency circuit, so that 
its capacitance variations are caused to modulate an 
r.f. carrier, the above-mentioned high impedances 

* It is interesting to reflect, however, that the notion of tran- 
sistorizing the Fig. 1 circuit now seems to be much more nearly 
a satisfactory practical proposition than it did in 1957. This is 
because some types of silicon planar transistor are now available 
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are completely avoided and a very good performance 
can then be obtained with semiconductor circuits. 

The general idea of using radio-frequency circuits 
for electrostatic microphones is, of course, quite old, 
and both frequency modulation and amplitude modu- 
lation have been employed. 

F.m. systems have the disadvantage that random 
noise f.m. on the oscillator output inevitably gives rise 
to noise at the audio output terminals. Since the 
wanted f.m. is usually of quite small deviation, this 
noise f.m. can prevent the overall noise performance 
from being up to the highest professional standards. 

In an a.m. system, however, by using a balanced 
bridge circuit, random noise modulation of the oscil- 
lator may be prevented from reaching the audio out- 
put terminals, and it was mainly for this reason that 
the author rejected f.m. systems right at the begin- 
ning and concentrated on a.m. bridge circuits—and 
if a bridge was to be used, then there was everything 
to be said for employing the transformer ratio arm 
principle first proposed by A. D. Blumlein. 

R.F. Bridge Circuit 

The broad outline of the system adopted is, then, 
to have a radio-frequency oscillator with a centre- 
tapped output winding, the microphone element and 
a capacitor of equal value being connected in series 
across this winding, forming a bridge network. An 
r.f. out-of-balance voltage is then obtained between 
the junction of the capacitances and the winding 
centre lap, of magnitude dependent on variations in 
the microphone capacitance with acoustic pressure. 
This amplitude-modulated r.f. voltage is subse- 
quently demodulated to recover the wanted audio 
signal. 

In the first experiments, the centre tap of the oscil- 
lator winding was earthed and the bridge output was 
tuned to parallel resonance by an inductor to earth 
from the junction of the capacitances. This output 
was fed straight to a diode detector, the bridge being 
set slightly out of balance to give some carrier output 
and thus ensure linear demodulation. Quite encour- 
aging results were obtained, though it was found im- 
portant to select the right type of diode if excessive 
detector-circuit noise was to be avoided. Ordinary 
point-contact diodes were hopelessly noisy, but 
G.E.C. EW78 silicon junction diodes (now obsolete) 
gave consistently good results (10 samples tried), the 
noise output then being only slightly above the ther- 
mal noise level. 

It was soon realized, however, that by employing 
a proper phase-sensitive detector and operating the 
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IMc/s OSCILLATOR PHASE-SENSITIVE RECTIFIER R.F. FILTER 
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Fig. 2. The author's 
system:-( a) Com
plete experimental 
circuit. (b) Simplified 
diagram to show 
principle. 
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bridge in a nominally balanced state, larger long
term drifts in the bridge balance could be tolerated 
and the possibility of degradation of the noise per
formance by oscillator noise would be reduced. 

It was further realized that by using series instead 
of shunt tuning of the bridge output, and by employ
ing transistors as low-impedance switches in the 
phase-sensitive rectifier, the output impedance could 
be made low (e.g., 600 ohms), and balanced, without 
the need for an audio transformer in the micro
phone. Also it was expected that the noise perform
ance would be excellent. For these reasons experi
ments on circuits using diode detectors were 
discontinued. 

Fig. 2(a) shows the essential features of the cir
cuit finally adopted. This circuit was first success
fully demonstrated in July, 1959, and is the subject 
of British Patent Application No. 6118/61. 

Starting at the left-hand side, there is a single
transistor 1-Mc/s oscillator. This circuit was chosen 
as being the simplest that would do the job. It takes 
about 5 rnA at 6 volts, and operates in class B. By 
using class C operation, the efficiency could have 
been improved, but an extra capacitor would have 
been required in the emitter circuit-and one of the 
considerations is that every component saved is a 
help when it comes to building the circuit inside a 
small microphone casing. 

The output winding of the oscillator is bifilar, 
so as to obtain very tight coupling between the two 
halves and thus to ensure that the voltages at the 
two ends will be very accurately in antiphase. The 
two halves of this winding form two arms of a 
bridge, the microphone and an air-dielectric trim
mer forming the other two arms. 

If the bridge is slightly unbalanced, owing to a 
change in microphone -capacitance, a small 1 Me Is 
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sine-wave voltage will appear at the junction of the 
capacitances, and will have a magnitude propor
tional to the change in microphone capacitance. 
The phase of the voltage will change by 180° as . 
the bridge swings through the balanced condition. 
Thus, assuming the bridge to be perfectly balanced 
initially, the output waveform will be that of a sup
pressed carrier radio transmission when the micro
phone is acted upon by sound waves. 

A very important point is that, looking back into 
the bridge output, the above modulated r.f. wave
form comes from a source of quite low internal 
impedance, i.e., the reactance of the two capaci
tances in parallel, which is about 1,500 ohms-very 
different from the values of many .megohms asso
ciated with conventional circuits. 

Advantages of Tuning the Bridge Output:-By 
series tuning the bridge 'output by means of the 
inductor shown, the impedance seen looking into 
the right-hand terminal of the inductor is made 
even lower-Q times lower, in fact-but the bridge 
output e.m.f. is the same as before. Now, for a 
given e.m.f., the lower the internal impedance of 
the source of the e.m.f., the greater is the available 
power. The fact that in this system the tuned 
bridge, regarded as a source of modulated r.f. output 
signal, has such a low internal impedance, is the 
main reason for the excellent signal-to-noise ratio 
obtainable. 

Of course, if there were no resistive losses, that 
is if the Q were infinite, the internal impedance of 
the tuned bridge would become zero, and infinite 
signal power would theoretically be available, at 
least for very slow changes m microphone 
capacitance. 

In a practical microphone system the Q of the 
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series tuned circuit must not be made too high, other
wise the response of the system at high audio fre
quencies will be reduced, owing to sideband cutting, 
just as in a radio receiver. The resistor shown in 
series with the tuning inductor limits the Q to an 
appropriate value, in the region of 15.* 

The rest of the circuit is concerned with the 
demodulating process, which is carried out by a 
simple phas.e-sensitive rectifier employing two 
junction transistors. 

These transistors are used simply as on-off 
switches, which are operated by a reference voltage 
derived from the oscillator and fed in between their 
bases and emitters through the transformer shown. 
When a transistor is driven "on" at its base, it 
becomes capable of passing current in either direc
tion between emitter and collector, or, in other 
words, it can function as a bidirectional switch. 
This is a great advantage possessed by transistors, 
as compared with valves. 

Thus the two transistors, driven alternately into 
conduction by the 1 Mc/s reference voltage, per-

(b) 

Fig. 3. Phase-sensitive-rectifier emitter-voltage waveforms:
(a) 1.5 V d.c. applied to output terminals. (b) 20 kcfs sine
wave vo1tage applied to output terminals. 

form the same function as the two-way switch 
shown in the simplified diagram of Fig. 2(b). 

Consider one instant of time at which current is 
flowing fwm left to right in the inductor of Fig. 
2(b ), the switch being supposed, at this instant, to 
be in the position shown. Then, while this con.., 
ditiDn holds, the tendency will be for . the top plate 
of the top reservoir capacitor to be charged posi
tively . . · During the next half cycle current will be 
flowing from right 'to left, but the switch will have 
changed over to the lower contact, so that the ten
dency will now be to charge the lower plate of the 
lower · reservoir capacitor negatively, and so on. 

* · If the microphone amplifier input impedance is high com
par.ed with the ou!put i~pedance of the microphone, then the 
res1stor may be om1tted w1thout loss of h .f. response and with an 
irn:provetne.nt in signal-to-noise ratio. The d.c. input resistance of 
~he amplifier is likely to be almost zero, however, owing to the 
mput transformer, and if .the damping resistor is omitted, · a very 
small amount of unbalance of the bridge will give a large rectified 
current. For this reason it is considered better to retain the 
damping resistor even if an amplifier with a high a.c. input 
impeclanc.e is u sed. 
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Thus, all the time, the action of the circuit will be 
to tend to make the top output terminal positive 
with respect to the bottom one. It is easy to see 
that, if the bridge is unbalanced in the opposite 
direction, giving 180° difference in the phasing of 
the inductor current with respect to the operation 
Df the switch, then the opposite polarity of d.c. 
output is produced. 

Some Practical Points:-During most of the experi
mental work the circuit was exactly as shown in 
Fig. 2(a). No special arrangements were made for 
adjusting the phasing of the signal and reference 
in the phase-sensitive rectifier, though a slight 
phase adjustment is available by slightly detuning 
the series tuned circuit. 

Later on, to improve the linearity of the demodu
lation process, the drive voltage to the base of each 
of the switching transistors was increased bv about 
a factor of two, up to 3.5V r.m.s .- This ~xceeds 
the base-to-emitter voltage rating of the transistors 
used, so two miniature point-contact diodes were 
added to prevent driving the bases too far positive. 
Small capacitors were shunted across the base 
resistors, now 4 .7k0, to give a small reference-phase 
correction, thus allowing the series tuned circuit to 
be set exactly at series resonance. These measures 
improved the linearity at the expense of a small 
loss of signal-to-noise ratio. The measured results 
given later in this article were obtained with these 
modifications present, but the simpler arrangement 
is thought more appropriate for general use. 

It may well be asked why ~he oscillator frequency 
was made 1 Mcjs, and several considerations were, 
in fact, involved. The frequency must be high 
enou,gh to give a good noise performance andi a con
veniently low output impedance. A high frequency 
also makes r.f. filtering easier-the filter must have 
negligible attenuation at the highest audio frequency 
and 100 dB or so at the carrier frequency. On the 
other hand, the h~gher the carrier frequency the 
more difficult it becomes to get a really clean per
formance from the switching transistors. One has 
a natural bias towards round numbers and 1 Mcjs 
seems about as good a choice as can be made. 

The procedure adopted for setting the circuit up 
correctly is the following. A 0-1 rnA meter is 
connected ~cross_ the ph~se-sensitive rectifier output, 
and the bndge 1s ~:et slightly unbalanced to .aive a 
small reading on this meter. The slug of the bseries 
tuning inductor is then adjusted for a maximum 
milliammeter reading. Finally the bridge 1s 
balanced for zero reading. 

Sensitivity of Microphone Circuit:-With reference 
to Fig. 2(b), the no-load r.f. output voltage of the 
bridge is given by:- · 

(1) 

wher~ oC is the amount ~y which the microphone 
capacitance departs from Its balanced value. . 

With no audio load on the final output terminals, 
no power can be supplied to the input of the phase::. 
sensitive rectifier, since there is nowhere for · it to 
go. Gonsequently v3 must be such that the peak 
value of the fundamental component of the square 

A 
wave on the switch is equal to V 2 , thus giving zero 
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series tuned circuit must not be made too high, other- 
wise the response of the system at high audio fre- 
quencies will be reduced, owing to sideband cutting, 
just as in a radio receiver. The resistor shown in 
series with the tuning inductor limits the Q to an 
appropriate value, in the region of 15.* 

The rest of the circuit is concerned with the 
demodulating process, which is carried out by a 
simple phase-sensitive rectifier employing two 
junction transistors. 

These transistors are used simply as on-off 
switches, which are operated by a reference voltage 
derived from the oscillator and fed in between their 
bases and emitters through the transformer shown. 
When a transistor is driven " on" at its base, it 
becomes capable of passing current in either direc- 
tion between emitter and collector, or, in other 
words, it can function as a bidirectional switch. 
This is a great advantage possessed by transistors, 
as compared with valves. 

Thus the two transistors, driven alternately into 
conduction by the 1 Mc/s reference voltage, per- 
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Fig. 3. Phase-sensitive-rectifier emitter-voltage waveforms:— 
(a) 1.5 V d.c. applied to output terminals. (b) 20 kc/s sine- 
wave voltage applied to output terminals. 

form the same function as the two-way switch 
shown in the simplified diagram of Fig. 2(b). 

Consider one instant of time at which current is 
flowing from left to right in the inductor of Fig. 
2(b), the switch being supposed, at this instant, to 
be in the position shown. Then, while this con- 
dition holds, the tendency will be for the top plate 
of the top reservoir capacitor to be charged posi- 
tively. . During the next half cycle current will be 
flowing from right to left, but the switch will have 
changed over to the lower contact, so that the ten- 
dency will now be to charge the lower plate of the 
lower reservoir capacitor negatively, and so on. 

* If the microphone amplifier input impedance is high com- 
pared with the output impedance of the microphone, then the 
resistor tnay be omitted without loss of h.f. response and with an 
improvetnent in signal-to-noise ratio. The d.c. input resistance of 
the amphfier is likely to be almost zero, however, owing to the 
input transformer, and if the damping resistor is omitted, a very 
small amount of unbalance of the bridge will give a large rectified 
current. For this reason it is considered better to retain the 
damping resistor even if an amplifier with a high a.c. input 
impedance is used. 

Thus, all the time, the action of the circuit will be 
to tend to make the top output terminal positive 
with respect to the bottom one. It is easy to see 
that, if the bridge is unbalanced in the opposite 
direction, giving 180° difference in the phasing of 
the inductor current with respect to the operation 
of the switch, then the opposite polarity of d.c. 
output is produced. 

Some Practical Points:—During most of the experi- 
mental work the circuit was exactly as shown in 
Fig. 2(a). No special arrangements were made for 
adjusting the phasing of the signal and reference 
in the phase-sensitive rectifier, though a slight 
phase adjustment is available by slightly detuning 
the series tuned circuit. 

Later on, to improve the linearity of the demodu- 
lation process, the drive voltage to the base of each 
of the switching transistors was increased by about 
a factor of two, up to 3.5V r.m.s. This exceeds 
the base-to-emitter voltage rating of the transistors 
used, so two miniature point-contact diodes were 
added to prevent driving the bases too far positive. 
Small capacitors were shunted across the base 
resistors, now 4.7kL, to give a small reference-phase 
correction, thus allowing the series tuned circuit to 
be set exactly at series resonance. These measures 
improved the linearity at the expense of a small 
loss of signal-to-noise ratio. The measured results 
given later in this article were obtained with these 
modifications present, but the simpler arrangement 
is thought more appropriate for general use. 

It may well be asked why the oscillator frequency 
was made 1 Mc/s, and several considerations were, 
in fact, involved. The frequency must be high 
enough to give a good noise performance andi a con- 
veniently low output impedance. A high frequency 
also makes r.f. filtering easier—the filter must have 
negligible attenuation at the highest audio frequency 
and 100 dB or so at the carrier frequency. On the 
other hand, the higher the carrier frequency the 
more difficult it becomes to get a really clean per- 
formance from the switching transistors. One has 
a natural bias towards round numbers and 1 Mc/s 
seems about as good a choice as can be made. 

The procedure adopted for setting the circuit up 
correctly is the following. A 0-1 mA meter is 
connected across the phase-sensitive rectifier output, 
and the bridge is set slightly unbalanced to give a 
small reading on this meter. The slug of the series 
tuning inductor is then adjusted for a maximum 
milliammeter reading. Finally the bridge is 
balanced for zero reading. 

Sensitivity of Microphone Circuit:—With reference 
to Fig. 2(b), the no-load r.f. output voltage of the 
bridge is given by: — 

a Vi SC 
Va = ~2 'X Zf - •" W 

where SC is the amount by which the microphone 
capacitance departs from its balanced value. 

With no audio load on the final output terminals, 
no power can be supplied to the input of the phase- 
sensitive rectifier, since there is nowhere for it to 
go. Consequently V3 must be such that the peak 
value of the fundamental component of the square 

• A 

wave on the switch is equal to V2, thus giving zero 
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current m L and r. This leads to the result:
v 1 11 ac v3 = 4 x c .. . (2) 

In this equation V,. may be regarded as the peak 
audio output e.m.f., cC being the peak value of the 
capacitance variation. 

Audio Output Impedance:-It is interesting to con
sider what will be the audio output impedance seen 
looking back into the output terminals of the phase
sensitive rectifier. All we need to do is to determine 
how much direct current flows in the output leads 
as a result of appiying a direct voltage, Vdc, to the 
output terminals. The ratio of the voltage to the 
current will be the output impedance, at low audio 
frequencies at least. 

With Vdc between the two switch contacts (Fig. 
2(b)), the waveform on the moving contact of the 
switch will be a s.J_uare wave of peak-to-peak value 
Vue· Owing to the selectivity of the r.f. tuned cir
cuit, only the fundamental component of this square 
wave will be sigmficant in causing r.f. current to 
flow in the tuned circuit, and the peak value of the 
fundamental component of a square wave is 4/" 
times the peak value of the square wave itself. 

Thus we can calculate the current flowing in the 
series tuned circuit, and the power dissipated by it 
in the series loss rtsistance. This power must be 
supplied by the d.c. source connected to the output 
terminals, and :here is nowhere else where the 
power supplied can be dissipated. Thus, by equat
ing V de Ide .to the power dissipated in the series loss 
resistance of the tuned circuit, we may find Ide and 
hence the output imr;edance. Doing this in detail 
gives the result :-

[ Z out] LP = ~ r . . . (3) 

where [ ZouthP is the OUtpUt impedance at lOW 
audio frequencies and r is the total series · loss 
resistance of the tuned circuit. 

At higher audio frequencies things are more com
plicated, because the sidebands are then well 
separated from the frequency to which the tuned 
circuit is tuned (1 Me/ s), and the current in the 
tuned circuit is affected by its reactance as well as 
by the series loss resistance. Allowing for this, the 
total output impedance looks like a resistance of 
-! r. 2 r in series with an inductance; the reactance 
of this inductance is equal to the resistance at an 

'. audio frequency .equal to half the bandwidth of the 
tuned circuit. The inductive component is fairly 

negligible, even at 15 kef s, in the design adopted, 
owing to the low Q o~· the tuned circuit. 

Provided sufficiently fast transistors are used in 
the phase-sensitive rectifier, the measured sensi
tivity and output impedance agree quite closely with 
the calculated values. Semiconductors Ltd. surface
barrier transistors, type SB240, were chosen. OC44s 
were used in the earliest experiments, and whereas 
these did produce results, the waveforms were far 
from the simple theoretical ones which would be 
produced by an ideal switch, and the output im
pedance was considerably lower than the calculated 
value. 

The photographed waveforms shown in Fig. 3 
show that quite fast switching action occurs. For 
these waveforms :t.e tuned circuit was disconnected 
from the input terminal of the phase-sensitive recti
fier and a high-speed oscilloscope was connected to 
this input point. The top waveform, a 1 Mc/s 
square wave, was obtained with a 1.5 V dry cell 
connected to the output terminals of the phase
sensitive rectifier. For the lower waveform, the dry 
cell was replaced by a 20kc/s sine wave from an 
oscillator. 

Low-pass Filter:-Referring to Fig. 2(a) again, it will 
be seen that a low-pass filter is included between 
the phase-sensitive rectifier and the outgoing 
microphone line. This is to prevent r.f. currents 
getting out onto ~he microphone cable, and to pre
vent r.f. signals from elsewhere, picked up by the 
cable for example, getting back into the microphone 
circuits. This filter is very necessary, as otherwise 
objectionable heterodyne whistles could be genera
ted under some conditions. The design of the filter 
is, however, very uncritical-it must have little effect 
on the audio-frequency response, but must have a 
very large attenuation at 1 Mc/s and above. The 
cut-off frequency has been made 100 kc/s, and no 
close-tolerance comronents are required. The 
attenuation at 1 ?lie/ s is about 100 dB, which is 
comfortably sufficient. The inductors were wound 
on -! in outside diameter ferrite toroids, and have 
so few turns that they can be quickly wound by 
hand, whilst the capacitors are small metallized 
paper ones, the maximum value being 0.01 p.F. 

Constructional Aspects 

For the experimental work on this system, the cir
cuit was built in the manner shown in the accom
panying photographs, no attempt being made to 
produce a compact layout. All the components 

Two views of the microphone with its associated oscillator, phase-sensitive rectifier and r.f. {titer. 
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Va = -i- X   (2) 

current in L and r. This leads to the result: — 

  (2) 

In this equation IL may be regarded as the peak 
audio output e.m.f., 8C being the peak value of the 
capacitance variation. 

Audio Output Impedance:—It is interesting to con- 
sider what will be the audio output impedance seen 
looking back into the output terminals of the phase- 
sensitive rect ier. All we need to do is to determine 
how much d ect current flows in the output leads 
as a result of applying a direct voltage. Vac, to the 
output terminals. The ratio of the voltage ;o the 
current w I be the output impedance, at low audio 
frequencies at least. 

With Vac between the two switch contacts (Fig. 
2(b)), the waveform on the moving contact of the 
switch will be a square wave of peak-to-peak value 
Vac Owing to the selectivity of the r.f. tuned cir- 
cuit, only the fundamental component of this square 
wave will be significant in causing r.f. current to 
flow in the tuned circu ;, and the peak value of the 
fundamental component of a square wave is 4/ - 
times the peak value of the square wave itself. 

Thus we can calculate the current flowing i the 
series tuned circuit, and the power dissipated by it 
in the series loss resistance. This power must be 
supplied by the d.c. source connected to the output 
terminals, and .here is nowhere else where the 
power supplied can be c'ssipated. Thus, by equat- 
ing Vac lac to the power dissipated in the series loss 
resistance of the tuned circuit, we may find lac and 
hence the output impedance Doing this in detail 
gives the result: — 

^out LF — ^ r ''" ''" ''" ^ 

where [Zout]LF is the output impedance at low 
audio frequencies and r is the total series loss 
resistance of the tuned circuit. 

At higher audio frequenc ;s things are more com- 
plicated, because the s debands are then well 
separated from the frequency to which the tuned 
circuit is tuned (1 Mc/s), and the current in the 
tuned circuit is affected by lS reactance as well as 
by the series loss res stance. Allowing for this, the 
total output impedance looks like a resistance of 
i 7rzr in series with an nductance; the reactance 
of this inductance is equal to the resistance at an 
audio frequency equal to half the bandwidth of the 
tuned circuit. The nducnve component h fairly 

neglip;ble, even at 15 kc/s, in the design adopted, 
owing to the low Q of the tuned ircul:. 

Provided sufficiently fast transistors are used in 
the phase-sen. it ve rect ier, the measured sensi- 
tiv ty and output upedance agree quite closely with 
tne calculated values. Semiconductors Ltd. surface- 
barrier transistors, type SB240, were chosen. OC44s 
were used in the earliest experiments, and whereas 
these c d produce results, the waveforms were far 
from the simple theore cal ones which would be 
produced by an deal switch, and the output im- 
pedance was conrderably lower than the calculated 
value. 

The photographed waveforms shown in Fig. 3 
show that quite fast switching action occurs. For 
these waveforms .he tuned circuit was disconnected 
from the input terminal of the phase-sensil 'e recti - 
fier and a high-speed oscilloscope was connected to 
this input point. The top waveform, a 1 Mc/s , 
square wave, was obtained with a 1.5 V dry cell 
connected to the output terminals of the phase- 
sensitive rectifier. For the lower waveform, the dry 
cell was replaced by a 20kc/s sine wave from an 
oscillator 

Low-pass Filter;—Referring to Fig. 2(a) again, t vt 11 
be seen that a low-pass filter is, included between 
the phase-sensitive rectifier and the outgoing 
microphone line. This is to prevent r.f. currents 
getting out onto the microphone cable, and to pre- 
vent r.f. signals from elsewhere, picked up by the 
cable for example, getung oacx into the m^rophon: 
circuits. This filter s very necessary, as otherwise 
objectionable heterodyne wnistles could be genera- 
ted under some condit )ns. The des in of the filter 
is, however, very unc.>i.Ical— it must have hide effect 
on the audio-frequency response, but must have a 
very large attenuation at 1 Mc/s and above. The 
cut-off frequency has been made 100 kc/s, and no 
close-tolerance components are required. The 
attenuation at 1 Mc/s is about 100 dB, which is 
comfortably sufficient. The inductors were wound 
on r in outside diameter ferrite tore" is, and have 
so few turns that they can be quickly wound by 
hand, whilst the capac ors are small metallized 
paper ones, the maximum value being 0.01 /xF. 

Constructional Aspects 

For the experimental work on this system, the cir- 
cuit was built in the manner shown in the accom- 
panying photographs, no attempt being made to 
produce a compact layout. All the components 

..... 
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Two views of the microphone with its associated oscillator, phase-sensitive rectifier and r.f. filter. 
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