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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 10xF 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 10c/s, the two
frequencies could then be, say, 100kc/s and
100.01kc/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.

pair, giving very high
input impedance.

>
Super-alpha

WV Fig. 5. Complete circuit diagram.

<4

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

R; 5.6kQ Ry 8.2k Caq 50uF 15V

R, 560Q Ry, 4.7kQ Csy 56pF

R, 4700 R4 1kQ Cos 500pF

R, 4702 Ry4» 68k} Cos 0.005uF

R; 27kQ Rys 20-30k Q* Ca; 0.05uF _

Ry 220Q R,y  400kQ* Csg 1uF 15V reversible elec-
R, 3.3kQ Rys 150Q trolytic or paper

R; 1kQ All resistors are +W, --109,, except Cos- 50uF 25V

Ry 10kQ where otherwise specified. . TR1 0OC44 \

Ry, 12kQ *Selected as explained in text, TR2 0C44

R;; 6.8kQ VR,, VR, 10k  2-ganglog. TR3 0OC42

R;s 1.2kQ VR, 1kO linear TR4 OC71

Ry, 330Q VR, 5000  linear TR5 OC71 )

Ry, 100Q VR;-VRy 100k} pre-sets TR6 0OC42 or equivalents,
Ry; 2700 4-5%, (RADIOSPARES) TR7 OC170

R 1.2kQ s TH, Standard Teiephones R53 TR8 OC170

Ry, 5.6kQ 2 thermistor Z, 0OAZ205

Ry 3300 " C; 2uF paper or electrolytic Zy OAZ205

Ryq 6800 - Co 0.2uF D,-D; OAS8!1

RZO 56Q sy C3 OOZ[LF Ml 50/.LA met.er

Ry, 5.6kQ 5 Cy 0.002uF Slow-motion drive (Jackson Bros.
Ro, 3300 s C; 0.002uF 4511 D.AF)

Ry, 5600 5 Cs 0.02uF Makaswitch shafting assemblies—3
R,, 100Q . C; 0.2uF off (Radiospares)

Ry; 47k Q) Cq 2uF paper or electrolytic Switch wafers 2-pole, 6-way—2 off
Ry 5.6k} Cy 50uF 15V (Radiospares)

R, 4.7kQ) Cip 50uF 15V Switch wafers 3-pole, 4-way—3 off
Ryg 1kQ Cy 50uF Y% (Radiospares) ‘

Roy 56k () Cio 50uF 15V Spacers for switch shafts—8 off
R, 33kQ Cis 100uF 6V medium (Radiospares)

Ry, 2.2kQ Ciy 100uF 15V Burgess microswitch V4TI or similar.
Rgso 2.2kQ Cy;s 8ul 15V reversible or  Coaxial sockets—2 off.

Rys 1kQ 2x16uF in series 3-pin battery plug and socket.

Ry, 1kQ Cis 0.001u.F ' Battery clip connectors.

Rys 47k Q) Cis 8uF 15V Paxolin boards -in Thick.

R 47k Q Cig 3-30pF  beehive trimmer Turnet tags (Radiospares).

Ry, 10kQ Cio 33pkK Suitable handle.

Ryg 47kQ Csyp 50uF 15V PP9 batteries—2 off.

fact that a sine wave emerging from a CR circuit
such as C, 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 iwo 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 TRI1 is amplified and reversed

Sine~-wave

Fig. 6.
output at 10cfs. Dis- at

Fig. 7. Square wave
100kc/s. Rise
is 0.15usec.

Fig. 8.
wave.
tortion is less than time

0.259, over the range. coupled.
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10c/s square
Oscilloscope
amplifier is directly

in 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/(27 /R, C, R, C,), the signal voltage across R, C,
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,
Ci, Ry and R, perform this function, the values

Fig. 9. Input to dis-  Fig. 10.
discriminator,

stant-width pulses.

7. ¢ ‘ Output of
criminator diodes con-
across Dy, which re-

jects negative spike.
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BATTERIES™ >

BATTERY
SOCKET

being adjusted so that the total gain with feedback
is 3. It can now be seen that the Wien network,
R. and R, form a bridge, which is balanced at the
frequency where R=1/2xfC 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 TRI.

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,
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N16swg. x 12 x 12 i
ALUMINIUM ANGLE

MOUNTING BRACKET
METER SCREEN

"
11" LONG DISTANCE PIECES

n 173
132 pia. x Y16
PAXOLIN DISC

6B.A. x Y4 LONG TO CLAMP
“EARS” OF BALL DRIVE\

4 Al
A el GRUB
ﬂ /SCREW
' of |
5 AN

e Bl e/ SPINDLE OF
VRI & VRZ

Vs  DIA. HOLES BRASS COLLAR

6B.A, DRILLED & TAPPED
INTO BRASS COLLAR

8B.A. SCREWS FOR SECURING BRACKET
& BALL DRIVE TO PANEL 3A;IDIA

MOUNTING HOLE
FOR VR, & VR,

FORMICA
PANEL

AN
165.w.g. ALUMINIUM
MOUNTING BRACKET

Fig. 11, 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,, 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 aifect 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 1V 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 1V, 100mV
and 10mV maximum in 6002. A continuous control
of level is given by VR,.

Square-wave Shaper

After amplification in TRS5, the sinusoidal signal is
passed to TR6 and TR7 which, together, form a
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Schmitt trigger, the outpyy
being a 6-V p.p. square wave,
with a rise-time of 0.-15 usec
The circuit operates over the
whole range of the oscillator
and is useful for many applica-
tions, apart from audio testing,
C,s is adjusted to give neither
an overshoot nor an “under-
shoot” on the positive-going
edge. The output impedance
is 2k{).

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 C,,- C,,
and R,,, 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 D,
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COMMERCIAL LITERBATURE

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.1.
9WW 302 for further details.

Ferralon Plastics.—W. W. Chamberlin (Associated Com-
panies) Ltd., of Sartosis Road, Rushden, Northants, have
issued a loose-leaf catalogue illustrating the plastic 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.
oWW 303 for further detaits.

Television downlead cables are described in a recent
leaflet from British Insulated Callender’s Cables L.td. 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.1.
2WW 304 for further details,

A brochure describing the transistorized American Daystrom
“ pon~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.
IWW 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 ‘* Buyvers Guide ” it includes some 3,000 types.

IJWW 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

T.ondon, S.E.27.
2WW 307 for further details,

The microwave and electronic instrument division of
Elliott Brothers (I.ondon) 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.
IWW 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.1.
The publication is in English.

IWW 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.1, 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 FMI20 is
described in a leaflet from Hudson Electronic Devices Ltd..
of 4 Sydenham Hill, London, S.E.26. These single-channek
equipments, which, to special order, can be modified for seven-
channel operation, employ f.m. modulation and have minimura
outputs of 50 watts (de-rated to 25W in the U.K.) throughout
the frequency range 71-175 Mc/s. A technical specification ig
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,

Société Européenne 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 availabie 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-upan-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.

IWW 3198 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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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. 1. 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 ¢/s. From
the point of view of signal-to-noise ratio, however,
it is advantageous to use an even higher value of

MICROPHONE
(sopy T

Fig. 1.  Conventional
electrostatic micro-
phone circuit.

T

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

0
E

* 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
which will operate satisfactorily, in very high impedance circuits,
at_cellector currents of a smail fraction of a microamp.

Whilst the signal-to-noise ratio obtainable when using such a
transistor in the Fig. 1 type of circuit would probably 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. Omne such device is the insulated-gate
?elfd e)ffect transistor (ref. 1) and another is the insulator 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 am. 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 concenrrated 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 ouiline of the system adopted is, then,
to have a radio-frequency oscillator with a centre-
tapped output winding, the micraphone 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 emploving
a proper phase-sensitive detector and operating the
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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 mA 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 Mc/s
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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 em.f., the lower the internal impedance of
the source of the em.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 in 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
democdulating 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-

Fig. 3. Phase-sensitive-rectifier emitter-voltage waveforms:—
(a) 1.5V 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 may be omitted without loss of h.f. response and with an
improvement in signal-to-noise ratio. The d.c. input resistance of
the amplifier 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.
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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
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 rm.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 4.7k{}, 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
1s 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 andia 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:— C

A .
3 vV, oC A
V2 - ? >< E" ere eee ees (1)

where 8C 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 V, must be such that the peak

value of the fundamental component of the square
3 - 1\. . .
wave on the switch is equal to V,, thus giving zero
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