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MULLARD ELECTROLYTIC

PCF 802
TRIODE PENTODE
FOR LINE
OSCILLATORS

INE oscillator circuits incor-
porating the Mullard PCF802
are being used in the dual-
standard receivers that are now
appearinginreadinessforBBC-2.
Because negative vision mod-
ulation will be used in the new
625-line service instead of the
positive modulation of the
present 405-line service, line
oscillators operating on the
flywheel principle are attrac-
tive. The Mullard PCF802 has
been designed for use as a sine-
waveoscillator whose frequency
is controlled by the triode sec-
tion of the valve functioning as
a reactance valve.

A notable feature of this type
ofcircuitis thatonlyoneswitch
is needed to change the fre-
quency of the oscillator from
that required for the 405-line
standard — 10-125kc/s — to that
required for the 625-line stan-
dard 15-625 kc/s.

AT

w9 iy p

Special attention has been
paid in development of the new
valve to minimising hum and
microphonic interference.
Furthermore, the amplification
factor of the triode section of
the valve is high, thus making
the section particularly suit-
able for operation as a react-
ance valve.

AT'S NEW IN

CAPACITORS

Standard Series provides
economy and reliability

TANDARD electrolytic capacitors of the Mullard C425
series form a notable supplement to the established C426
series of miniature electrolytics, and are frequently en-

countered in domestic entertainment equipment,

Although the imagination can be fired by descriptions of minia-
ture equipment and components, space in present-day domestic
equipment is not always at a premium. Reduction in cost without
loss of performance is sometimes a more important factor. In
applloa tions where the smallness of can sizes 1 and 2 of the C426
series is not required, use of the standard C425 range w111 aﬁ‘ord a
more economical solution. o

The standard capacitors are i
18-7mmlongandhaveadiameter i j
of 6-8mm. Eleven different com- {
binations of capacitance and 3
working voltage are available
in the series, ranging from
0:64uTF, 64V to 40uF, 4V. As with
the C426 series, the tolerances
on these capacitances are —10,
-+50%,, and the power factor of
the components is extremely
low, indicating the high quality
of the capacitors.

With the lower values of
capacitance in the standard
series, it may be necessary to
choose a voltage rating higher
than that dictated by circuit
conditions, but this will simply
add to the long service life that i} if
is a characteristic of Mullard i
electrolytic capacitors. P PR

CAR RADIO
TRANSISTOR PACKAGE

The Mullard LCR2 car radio
audio package comprises the
OC82DM miniature driver tran-
sistor and the ADI140 output
transistor. The AD140 has a
high current gain and possesses
good linearity and frequency
characteristics.

The package forms a two-
stage class A amplifier capable
of delivering 3W when driven
directly from the detector ofan

4WW—090 FOR FURTHER DETAILS.

all-transistorreceiver. The sen-
sitivity of the amplifier with
respect to a 1k source is
typically 26mYV for full output.
The LCR2 is thus meeting the
need for high audio gain in car
radios, ensuring an excellent
standard of performance while
offering an economic design.
(Replacementsformaintenance
should be ordered by the indi-

vidual type number.)
MVE 15686
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Hi Fi by LETTERS from Mr. C. C. V. Hodgson and from the B.B.C. in this month’s
correspondence columns revive a topic which has been and probably always
Numbers will be a source of controversy as long as there is interest in high-quality

sound reproduction.

No one denies that the ideal sound reproducing system should have a
frequency response extending to the upper limit of audibility of the youngest
listener; otherwise the occasional but nevertheless important transients in
sound will show differences from the original. An illustrated lecture, for
instance, on the influence of the country of origin on the tonal quality of
triangles would be pointless without frequencies up to or beyond 15 kc/s.

Which brings us to our point, that there is a wealth of material, including
the bulk of European music which can be transmitted without detriment to
the composers’ intentions and enjoyed even when nothing is transmitted
above 8 kc/s. In the days of 78 r.p.m. shellac records the preferred cut-off
was 5 to 6 ke/s. It should not be forgotten that, as Eckersley used to say,
the wider you open the window the more the dirt blows in.

Frequency response is easy to specify and to measure, but it is not the
only, or indeed the first criterion of good sound quality. There are many
other qualities which can be treated objectively and given numbers, but we
should not forget that a performance can be spoilt also by control engineers
—even musicians—who sometimes have an “off ” day. Frequency response
or the lack of it is usually the last thing to be appreciated by the mind in
selecting meaningful clues from the complex stimulus of music.

For every listener who finds the v.h.f./f.m. transmissions of the B.B.C.
deficient in high-frequency response there must be thousands who are
thankful that sufficient funds were made available to provide a refuge from
the pandemonium of medium waves and thus to restore the possibility of
once again listening to plays and good music. This was the first objective of
the v.h.f./f.m. service, not the extension of frequency range. Nevertheless,
the quality is transparently geod (given adequate receivers, amplifiers and
loudspeakers) and interposcs no serious impediment to the enjoyment of the
programmes. Occasionally a programme of outstanding excellence is trans-
mitted just as there are outstanding recordings to be found in the outputs
from the gramophone companies. We think it unlikely that anyone will find
any correlation here with frequency response or conversely any failure that
can be attributed to lack of it. Memorable experiences in sound reproduc-
tion and recording can seldom be devised, they just happen; and when they
do we accept them gratefully. They are no less acceptable because the
reasons ascribed for success may prove to be false. In this connection we
remember the jubilation of the wideband boys at the startling improvement
in sound quality which accompanied the B.B.C.’s move to Alexandra Palace
and the opening of the television service in the v.hf. bands in 1936. This
was at first widely attributed to the release from the frequency constraints
of medium-wave broadcasting, but was subsequently shown to be due to
the simultaneous first use of a new design of microphone “A” amplifier
with less than 1% harmonic distortion.

This is not to say that Mr. Hodgson is wrong in wanting a wider audio
response; we would all like to run 120 m.p.h. motor cars—just in case our
journeyings might one day take us to the M1.
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Elements of Transistor Pulse Circuits

1.—THE PULSE CIRCUIT FAMILY

By T. D. TOWERS,* m.B.E.

N the last two decades, many new electronic

fields have opened up where the elementary circuits

or “building blocks ” have tended to become
more and more sophisticated. In the fields of com-
puters, control systems, data processing, instrumen-
tation, nucleonics, radar and telemetry, etc., although
the small-signal linear amplifier is still a fundamental,
the engineer is now expected to have an armoury of
other circuits ready to hand—particularly non-
linear, large-signal pulse circuits.

This work is aimed at providing the busy engineer
with a practical review of the more commonly
used non-linear building blocks in their transistor
versions. ‘The treatment is mainly practical and
descriptive with a minimum of detailed analysis
and mathematics.

The pulse circuit family is now so numerous that
it is well to begin with a review survey, to have a look,
s0 to speak, at the family group photograph to
identify the main features of the various members,
before going on to a detaited consideration of each
individually. This brief review of the principa
basic pulse circuits is given below.

Phase Inverter: Transistor circuitry is by now so
well established that most people will have no
difficulty in recognizing the common-emitter tran-
sistor amplifier appearing in Fig. 1. In the small-
signal circuits of communications practice, its
most important feature is the signal-voltage amplifi-
cation from input to output. The phase change
across the stage is of secondary importance. This
type of amplifier also appears widely in pulse cir-
cuits, but in this field the fact that the output is

R

2

>

~ OUTPUT

Fig. 1. Phase { ~_/Q
inverter. )
INPUT
L ; o —0 0V

——ec

Fig. 2. Emitter
follower.

INPUT

= %
-

180° out of phase with the input is much more im-
portant. So much is this so that the circuit is often
known as a ‘“ phase inverter ” or simply an *in-
verter.” It is frequently used merely to invert the
polarity of a pulse without amplification.

Emitter Follower: The other common basic
amplifier in pulse circuitry is the common-collector
one shown in Fig. 2, which is usually referred to as
an “ emitter follower.” It is, of course, the transistor
equivalent of the valve cathode follower. Its principal
characteristics are that the output is in phase with the
input, the output voltage at the emitter always lies
within a fraction of a volt of the voltage at the base
(hence ‘“ emitter follower »*), the input impedance
is high, and the output impedance is low.

QUTPYT 2

OUTPUT 1 :;7;- ”

INPUT <

oV

Fig. 3. Phase splitter.

Many electronic instruments take advantage of the
good stability and linearity of the emirtter follower.
It is usually employed where there is a requirement
for a high input impedance, a low output impedance
or both. The input stage of a transistor oscilloscope
or electronic voltmeter is usually an emitter follower.
The effect of shunt capacitance in long signal leads
or screened cables can be minimized by feeding from
the low output impedance of such a circuit. Where one
circuit feeds into another and the reaction of the
second circuit on the first is to be kept low, use
can be made of an emitter follower as a buffer be-
tween the two stages. The low output resistance
of the emitter follower presents a barrier to feedback
from the higher input resistance of the second stage.
A number of other basic circuits are described below
which are similar to the emitter follower in that they
have a resistor in the emitter circuit. .

Phase Splitter: The phase splitter (often called
““ balanced inverter ) shown in Fig. 3 provides
two output signals of opposite polarity from a single
input — hence the term “ phase splitter.” Output
1 (from the emitter) and the input are of one polarity,
and output 2 (from the collector) is of opposite
polarity. If the collector and emitter resistors are of

* Newmarket Transistors Ltd.
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equal value, the two voltage output signals are of
equal amplitude, since by transistor action the
collector and emitter currents are virtually equal.
The high voltage negative feedback resulting from
the ecmitter resistor reduces the voltage gain to
just below unity at both output terminals. One
defect of the circuit is that while the output im-
pedance at the collector is high (approximately
equal to the collector load resistance), at the emitter
it is low (approximately equal to the input source
resistance divided by the tranmsistor current gain).
This impedance unbalance can be got round by
including in series with the emitter output a re-
sistance equal to the collector load resistance. The
two outputs are then equal in voltage, opposite in
phase and from equal source impedances. They
are thus completely balanced, but the circuit has no
voltage gain. A typical use of this sort of circuit is
to convert a single-ended sweep voltage into a
symmetrical deflection for an oscilloscope.

Paraphase Amplifier: Fig. 4 illustrates a circuit,
the paraphase amplifier, which serves the same func-
tion as a phase splitter, but also provides equal
signals and, without padding, cqual impedances at
the two outputs. This is one of the family branch
known as “ long-tail pairs > or ‘ long-tailed pairs ”’,
which all have the same feature of an emitter resistor
common to two independent transistor amplifiers
through which the amplifiers react on one another.
The appearance of the circuit in Fig. 4 with the
common emitter resistor, Ry, projecting downwards
makes the term * long-tail pair” self evident.
The emitters of Q1 and Q2 are close to earth potential
through their forward-biased emitter-base diodes.

WIRELESS WORLD, JANUARY 1964

If R, is large, then a relatively constant direct
current flows through it. If the signal voltage
applied to QI increases, the input base current also
increases. This in turn causes the emitter current of
Q1 to increase. As the sum of the emitter currents of
Q1 and Q2 is fixed (being equal to the tota! current
through R), the current through Q2 must decrease
by an amount equal to the increase in the Q1 current.
These changes of current are reflected in the collector
output voltages. Output 1 falls as output 2 rises.
Thus for a single-ended input into the paraphase
amplifier, there are available at the outputs balanced
push-pull voltages from equal impedance sources
(the collector resistances R). The circuit also
provides some voltage gain from input (o output.

Differential Amplifier: The paraphase amplifier
described above has only one input signal. It is also
possible to use this basic long-tail pair to accept two
signal inputs and give an output proportional to the
difference between the input signals. This is the
differential or difference amplifier. The basic circuit
is set out in Fig. 5. Here the two input signals are
applied to the transistor bases. The voltage at the
emitter of Q1 (and thus of Q2) follows the voltage
at the base of Q1, so that the base-to-emitter voltage
of Q2 is equal to e;—e¢;. The corresponding signal
voltage at the collector of Q2 is then by transistor
action in Q2 proportional to this input voltage
difference. When e, and e, are equal in amplitude

] z’j]
-
—

Basic operationai amplifier.

[

INPUT QUTPUT

o

—

Fig. 6.

but opposite in polarity, i.e. when e,= —e = &
then the output of the difference amplifier, being
proportional to ¢, —e, = 2e, is a single sided signal
proportional to the balanced input signal. This
circuit can thus be used to convert the push-pull
output of a phase-splitter or a paraphase amplifier
to a single-sided output with respect to earth.

In the above description, signals have been shown
as a.c., but they can equally well be d.c., because all
have been illustrated with d.c. coupling.

Operational Amplifier: Another class of amplifiers
widely used in non-linear circuits is the * operational
amplifier ” shown in block form in Fig. 6. The in-
ternal amplifier gain A is real and negative, t.e. it
has 180° phase shift and greater than unity amplifi-
cation from input to output. The external voltage
feedback loop across the amplifier through the
impedance Z’ combined with the series input im-
pedance Z gives the complete operational amplifier
certain useful properties. For example, where the
internal amplifier gain is very large, it can be shown
that the operational amplifier gain is approximately
Z’/Z. The description ¢ operational > arises because
this type of amplifier may be used to accomplish a
number of mathematical operations.

With transistors, the basic operational amplifier

3
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Fig. 8. Sign changer.

takes the form of Fig. 7, where a common-emitter
configuration provides the necessary real negative
voltage gain.

Sign Changer: To change the sign of a signal
(i.e. phase change 180° without amplitude change),
Z’ is made equal to Z. For d.c signals this would take
the basic form shown in Fig. 8 where the feedbhack
impedances Z and Z’ are equal resistances R.

For a.c. signals, however, the two resistors R could
be complex impedances, i.e. any combination of
R, L and C, although usually, for simple sign
change, resistors alone are used to ensure a rhase
shift independent of frequency.

Scale Changer: To change the scale of a signal
(i.e. amplitude change by a factor &), the feedback
components of the operational amplifier should be
selected to have Z'/Z = k, a real constant. Again,
scale change is usvally effected with Z and Z’
selected as resistors, which gives the circuit of Fig. 9.
In this, the output voltage is of opposite sign to the
input, and increased by a factor k. Often the analogy
is drawn here between the scale-changer operational
amplifier and a lever with its tulcrum at the transistor
base. The output volts go down as the input volts
g0 up and the output volts travel is & times that at the
input.

Phase Shifter: To change only the phase of a
sinusoidal a.c. signal, the series and feedback im-
pedance components of the basic operational amplifier
of Fig. 7 should be made equal in magnitude but
should differ in phase angle. By using suitable values
of capacitance or inductance, by themselves or with
resistors, any phase shift from 0° to 360° may be
obtained at any selected frequency.

4

Integrator: A specific example of phase shifting
is the integrator circuit of Fig. 10 where the series
input impedance is a resistor and the feedback
impedance a capacitance. Here it can be shown that
the output voltage e, is related to the input voltage
e; by the formula

1
€y, = — ii2§". e,dt

The amplifier thus provides an output signal which is
proportional to the time integral of the input voltage,
i.e. it is an integrator.

Differentiator: Another phase-shift version of the
operational amplifier is the differentiator circuit
shown in Fig. 11. Here the series input impedance
1s a capacitor C and the feedback impedance a
resistor R. It can be shown that the output voltage
€, is related to the input voltage e; by the formula

e, = —RC de;/d:
The amplifier thus provides an output voltage which
is proportional to the time derivative of the input
voltage, i.e. it is a differentiating circuit or “ differen-
tiator ”’,

Adder: A final use of the operational amplifier is
to obtain a single output voltage which is a linear

combination of a number of input circuits. This
is illustrated in Fig. 12, with two inputs, where the

“Vee
éRL

OQUTPUT

— 0V

Fig. 9. Sca'e changer.

) Ve
1

QUTPUT

. T /\ e,
Oo— * —
INPU
&y
$ —o oV

T

Fig, 10. Integrator.

input series impedances R, and R, and the feedback
impedance R are all resistive. It can be shown that
the output voltage ¢, in this case is related to the
input voltages ¢;, and e;, as follows:—

R’ R’
R, R,
Thus the output voltage is linearly related to the
two input voltages.

€= —5 €y €2
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Fig. I1. Differentiator

If now R, is made equal to R,, the output voltage is

given by

R’
R. ey + €
This makes the output voltage proportional to the
sum of the input voltages. The circuit is then known
as an ‘“adder”. The addition action has bcen
demonstrated for two inpucs only but clearly more
than this could be used.

In the more general case where the input resistors
have different values, by suitable selection of resistors
the scale of each input can be adjusted before adding.

This is only one of the many methods of combining
a number of signals but it has the advantage that it
may be extended to a very large number of inputs
requiring only one additional resistor for each input.
With a sufficiently high gain amplifier, there is a
minimum of interaction between the input sources.

o =" —

Linear Sweep Generators

A common requirement in non-linear circuitry is a
lincar sweep generator which produces an output
voltage varying linearly with time. The simplest
linear sweep is obtained by suddenly applying a
direct voltage, V, to a resistor R and a capacitor in
series as shown in Fig. 13 and taking the voltage
across the capacitor as output. The resulting
voltage v, obeys the equation vy == V (1-—e—"c¥),

This gives a nearly lincar rise in voltage solong as
ris very much less than CR. Indeed it can be shown
that the deviation from a linear rise v, = Vi/CR is
less than 5% if ¢ does not exceed CR/10, or if the
output voltage does not rise above V/10. The rate
of change of the output voltage can be shown to be
given by

dv,/dt = i/C
where 7 is the charging current through the resis-
tance. ‘The more constant 1 is, the better the linearity
of the sweep.

One method of improving linearity is to use the
constant-current  collector characteristic of the
transistor whose base input current is fixed. This is
illustrated in Fig. 14 where the base current of the
transistor Q is fixed (neglecting the small forward drop
in the base emitter diode) by the base supply voltage
V., and the base input series resistor Ry. When the
switch S is closed, the voltage V is applied vig the
capacitor C between the collector and emitter of the
transistor, which therefore conducts, the voltage
polarities being correct for a p-n-p transistor as
shown. As the transistor base current is fixed, so is
its collector current. Thus the capacitor charging

WIRELESS WORLD, JANUARY 1964
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current is fixed and the output voltage rise is vir-
tually linear. The charging current can be controlled
by varying R, and consequently the transistor
collector current.

Bootstrap Circuit: A better method for linear
chargirg of a capacitor, however, is to use a large
amount of negative feedback to keep the voltage
across the series charging resistor R of Fig. 13
constant. The feedback circuit for achieving a
constant charging current into the capacitor is the
well-known ¢ bootstrap » circuit. The basic arrange-
ment is shown in Fig. 15 (a). When the input
switch, S, is closed to short-circuit the capacitor C,
the supply battery voltage V is effectively applied
between carth and the top of resistor R, and C is
discharged. If now switch S is opened, any voltage
applied from V via R to the point X at the amplifier
input, would reappear at the output of amplifier A
(unity gain) and be applied via battery V to the top
end of R. Thus the direct voltage across R (and
thus the current through it) would remain constant

~————~—4;rh——————1
1
Vo f-'—-_w
L =
e

Fig. 13. Capacitor charge circuit.

o

—
T

0

- l =
L

88

Yo

Fig. I 4. Transistor lincar cap. citor charging.

although the voltage at X changes. Thus C charges
up with a constant current and we get a linear
voltage rise at the outpui. It should be noted that
amplifier A not only should have unity gain, but
must have a high input impedance so as to take
negligible input current and low output impedance
so as to have negligible voltage drop across the
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output. The bootstrap circuit is a true integrator,
whose name arises from its ability to * pull itself up
by its own bootstraps .

The basic transistor version of the bootstrap
integrator is given in Fig. 15(b). Here the switch
S is normally closed and capacitor C is discharged.
When S is opened, transistor Q acts as a unity gain
amplifier to transfer the rising voltage on C to the
top end of R. The capacitance Cj is very large com-
pared with C and the voltage across it does not vary
significantly as C charges up. Thus Cj substitutes
for the battery V in Fig. 15(a). The current through
R is virtually constant and the voltage in C rises
linearly. The emitter follower Q has the requisite
unity gain, high input impedance and low output
impedance. The diode D is included so that as the
voltage at the top end of R is bootstrapped up, and
rises above the rail voltage, it reverse-biases the
diode and cuts off the timing circuit from the power

supply.

Miller Integrator: Another method for improved
linear charging up of a voltage across a condenser is
the Miller “ integrator ” shown schematically in
Fig. 16(a). Normally switch S is closed, and capacitor
C discharged. When S is opened C begins to charge
up through R, and it can be shown that due to the
feedback through C, the output rate of rise is the
same as would have been achieved with a capacitance
A xC in series with a resistance R across a voltage
supply A XV, where A is the voltage amplification
factor of the amplifier. This effective multiplication
of the capacitance by the amplifier gain is of course
the Miller effect and hence the description ‘‘ Miller
integrator.” The apparent increase of both capacit-
ance and rail voltage lead to a much more linear
voltage rise than would have been achieved with the
same values without the feedback amplifier.

A simple transistor version of the Miller integrator
is given in Fig. 16(b). Here the transistor Q acts
as the high gain amplifier. Normally switch S is
closed and transistor Q, with base then connected

2

SR 'Lv
—
AR, L— _1 o
EIENE
0 -
o=V

Fig. 15(a). Basic bootstrap integrator; (b). Transistor boot-
strap integrator.
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Fig. 16(a). Basic Miller integrator; (b). Transistor Miller
integrator.

to earth, is cut oft. With no collector current flowing,
there is no voltage drop in R, the output is at rail
voltage and the capacitor C is fully charged. When
S is opened, base current begins to be supplied
through R’ and the transistor begins to switch on.
By the feedback through C as explained earlier,
the voltage at the output falls linearly from the rail
voltage level towards earth.

High Input-lmpedance Amplifier

Darlington Pair: I pulse circuitry there is often
a requirement for an amplifier with a high input
resistance and a low output resistance. The emitter
follower discussed earlier does provide these to
some extent, but where they are required to a higher
degree, use is often made of the compound emitter
follower or ““ Darlington pair > illustrated in Fig. 17.
To a first approximation, the current gain of this
circuit is equal to the product of the current gains
of the individual transistors. The input resistance
is equal to the emitter load resistance multiplied
by this current gain product and the output resistance
to the source resistance divided by this product.
From this it is clear that very high input and very
low cutput resistances arc possible.

Bootstrap Amplifier: Another circuit used to
achieve high input resistance, especially where
base-bias resistor networks are likely to shunt the
signal input is the bootstrap input circuit in Fig, 18,
Here negative feedback introduced by the unby-
passed emitter resistor gives a high input impedance
at the base of the transistor Q. To prevent this
being shunted significantly by the base bias network
R,, R,, the base bias current is supplied through
an isolating resistor R; from the centre point of
R, and R,. A capacitor C connected between the
transistor emitter and the bottom end of R, feeds
back a signal voltage almost equal to the voltage at
the top end ot the emitter resistor R,. It can be
shown (if C is large enough for its reactance to be

WIRELESS WORLD, JANUARY 1964
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Fig. 18. Bootstrap high-impedance amplifier.

neglected at the frequency considered) that the
signal voltage across R, is (e;—Ae;), where A is the
voltage amplification of the transistor. Thus the
bias network draws from the signal source a current
of only ¢, (1—-A)/R,. This means in effect that R;
is effectively multiplied by 1/(1—A) so far as the
a.c. signal current is concerned, while still represent-
ing its own value for d.c. bias purposes. With high
gain transistors, A can be brought very close to
unity so that 1/(1—A) can be very large, and the
bias network does not significantly shunt the signal
input. This is only one further example of ““ boot-
strapping,” i.e. multiplying the apparent value of a
resistor by applying nearly equal in-phase signal
voltages at each end.

Regenerative Switching Circuits

The circuits surveyed so far have all been non-
regenerative. No survey of pulse circuits would be
complete without mention of the group of important
switching circuits which use large positive feedback
to give regenerative switching between two discrete
states, i.e., ‘‘ two-state ”’ circuits.

Blocking Oscillators: One of the most ubiquitous
regenerative switching circuits is the blocking
oscillator. This is essentially a transformer-coupled
oscillator, with rcgenerative feedback from output
to input large enough to cause the transistor to
become either saturated or cut off over a substantial
part of the operating cycle. Fig. 19 illustrates
the basic circuit for transistors in common-emitier
form. Feedback is obtained by the phase-reversing
transformer T. Output can be taken directly from
the collector as shown or from a tertiary winding
on the transformer. It is usually arranged to
produce output pulses of large magnitude and short
duration. By suitable choice of the bias Vg,
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the circuit can be made to give a periodic train of
pulses (astable or free running), or single pulses
when triggered by a suitable pulse input.

The blocking oscillator is often used as a clock
oscillator to generate a continuous train of accurately-
controlled short pulses to synchronize a series of
switching operations. It is also used to obtain abrupt
pulses {rom a slowly-varying input triggering
voltage, i.e., for pulse reshaping. It can be easily
arranged to generate pulses of very large peak power
with a low duty cycle. It also finds uses as a fre-
quency divider, a low-impedance switch and a
gating voltage source.

Multivibrators: Another regenerative two-stage
circuit frequently met with is the multivibrator.
In its commonest transistor form, as in Fig. 20(a)
this is a two-stage common-emitter amplifier with
phase inversion over each stage, and with the output
heavily coupled back to the input. This heavy
positive feedback gives the circuit the property of
switching rapidly between two extreme states, with
one transistor switched hard on and the other cut-off.
How long it stays in the extreme states is decided
by the cross coupling impedances Z and Z’ selected.
There are three basic possibilities all derived from
the general circuit shown in Fig. 20(a).

Astable Multivibrators: When both cross-
coupling impedances Z, Z’ are capacitances, we
get the circuit of Fig. 20(b), which is free running
(astable), and produces at each collector a train of
rectangular pulses, without external triggering.
Hence it is often called a square wave generator.

Bi-stable Multivibrator: When both cross-
coupling impedances of Fig. 20(a) are resistances
we have the bi-stable multivibrator illustrated in
Fig. 20(c). This can exist indefinitely in either of
two stable states with one transistor on and one
transistor off, but also it can be caused to make
an abrupt transition from one state to the other by a
suitable external trigger pulse. It finds extensive
application in pulse circuitry to generate square
waves from pulses, and for certain digital operations
such as counting.

Monostable Multivibrator: The last member or
the multivibrator branch of the pulse circuit family
is the monostable multivibrator shown in Fig. 20(d).
The use of a resistor and a capacitor for cross coupling
in this circuit gives the curious property of one
permanently stable state (Q on and Q’ off) and one
quasi-stable state (Q off and Q" on). The circuit
normally lies in its stable state but if suitably triggered
it passes abruptly into the quasi-stable state for a
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OUTPUT

4 ST

@)
[ ke
$:

OUTPUT

——o 0V

—o-Vee

OUTPUT

0UTPUT

- oV

Fig. 20.
(c). Bi-stable multivibrator.

(a). Basic multivibrator. (b). Astable multivibrator.
(d). Monostable multivibrator.

time which is long compared with the transition time
between states. Eventually, however, this multi-
vibrator will return abruptly to its stable state on
its own without any external signal being required
to produce the reverse transition.

The primary use for the monostable multivibrator
is to establish a time interval which starts on the
application of a pulse, but whose length is indepen-
dent of the length of the trigger pulse. It is much
used for pulse reshaping and for establishing preset
delays.

Schmitt Trigger: There are many derivatives of
the blocking oscillator and multivibrator circuits
described above, but in this brief preliminary survey
mention can be made of only one. This is the
Schmitt trigger, illustrated basically in Fig. 21.
It has the interesting property that when the input
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Fig. 21.  Schmitt trigger.

voltage V,, is below a certain level, called the trig-
gering level, the transistor Q2 is hard on and Q1
cut off. When V,, rises above the triggering level,
there is an abrupt changeover, Q1 switching on and
Q2 off. If V,, is reduced again below the trigger
level, the circuit returns to its original state. From
this it is clear that the Schmitt trigger is neither
bi-stable nor monostable in the ordinary sanse.
It behaves like a non-regenerative switch controlled
by the input d.c. level, but has the advantage that
it switched abruptly at very high speed and can be
designed to have an accurate adjustable trigger level.
The circuit is very widely used to produce a square
wave from a slowly varving input of irregular pulse
shape, and as a sensitive voltage level detector.

Conclusion

This preliminary brief survey of transistor non-
linear circuits is necessarily incomplete, but is
designed to give the reader some idea of the variety
of such circuits in common use, and how they
differ from the linear small-signal circuits which
are the main building blocks in the communicattons
field. Later the properties and applications of
these non-linear circuits will be dealt with in more
precise detail.

New Cleaning Solvent

MANY clectrical assemblies can be degreased without
dismantling by a recently developed solvent. Trichloro-
trifluoroethane (chemical formula —CF ,Cl. CFCl,)
has a boiling point of 47.6°C and a freezing point of
—35°C. The surface tension at 25°C is 19 dynes/cm.
The fluid is non-inflamable and no special precautions
against fire hazards arc necessary. It is also less toxic
than many other non-inflamable solvents. However,
because of its high vapour density, which is 6.5 times
that of air, care is required when the solvent is used in
small, ill-ventilated rooms and in pits. Contact of the
vapour with open flames or red hot surfaces can lead to
the production of toxic decomposition products.

Because of the low surface tension of trichlorotri-
fluoroethane, plastic surfaces that cannot be wetted by
other solvents can often be wetted and cleaned by this
fluid. Cleaning residues are also less likely. The fAuid
is produced under the trade name of Arcton 113 by
Imperial Chemical Industries Ltd., and cold cleaning
and vapour degreasing techniques can be employed.
Arcton can be used on plastics, rubber and resinous
materials, its properties also make it ideal for the clean-
ing of oxygen systems, photographic film and magnetic
tape.

Arcton 113 costs from 6s 6d per Ib (a gallon tin con-
tains approximately 15Ib).
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BOOKS RECEIVED

Microphones, by A. E. Robertson, B.Sc. (Eng.),
AM.IEE. Revised second edition, considerably en-
larged to cover the principles of operation of principal
current types, problems of noise and the design of
windshiclds. Pp. 357. Price 75s. Published by Iliffe
ls?»ooks Ltd., Dorset House, Stamford Street, London,

E.1L.

Principles of High-fidelity Sound Engineering, by
D. L. A. Smith, B.Sc(Eng.), AMIEE, AMBrit
IR.E. Wrinen for those with an engineering back-
ground who also have a liking for high-quality sound
reproduction and wish to come to terms with the sub-
ject on their own ground. The book opens with a brief
résumé with definitions of the properties of sound, then
discusses tape and disc recording, f.m. receivers, power
amplifiers, loudspeakers, microphones, room acoustics
and stereo reproduction. The irearment is mainly
descriptive but mathematics is used when it helps to
clarify basic relationships. Pp. 158. Sir Isaac Pitman
& Sons Ltd., Parker Street, London, W.C.2. Price 25s.

Introduction to Microwave Spectroscopy, by Terence
L. Squires, AMBritIRE. Explains clectron spin
resonance, describes simple apparatus for its excitation
and measurement and concludes with a chapter on
applications and a glossary of terms. Pp. 140. George
Newnes Ltd.,, Tower House, Southampton Street,
London, W.C.2. Price 30s.

Sound Facts and Figures, by John Borwick. Pocket
guide to essential technical data for the layman In-
terested in high-quality sound reproduction. Pp. 169.
Focal Press Lid.,, 31 Fitzroy Square, London, W.1.
Price 12s 6d.

Fernsehtechnik. Edited by Fritz Schréter.  Volume
5 of Lehrbuch der drahtlosen Nachrichtentechnik, this
German text embodies authoritative contributions from
leading engineers in German industry. Sections are
devoted to pickup devices, transmitters, aerials, receiver
design, measuring techniques, colour television and
allied topics. Pp. 586.  Springer-Verlag, Berlin/
Gottingen/Heidelberg.  Price DM.98.

Meteorological and Astronomical Influences on Radio
Wave Propagation, edited by B. Landmark. Thirtecn
papers read in 1961 at the N.AT.O. Advance Study
Institute, Corfu. Pp. 318. Pergamon Press Lud,
Headington Hill Hall, Oxford. Price £3.

Record of Semiconductor Outlines. Second edition
containing 70 drawings embodying recommendations
by the Group B Engincering Committee of VASCA. Pp
88. The Electronic Valve and Semiconductor Manu-
facturers Association, 156/162 Oxford Strect, London,
W.1. Price 12s 6d.

Bibliography on Atmospheric Aspects of Radio
Astronomy, by Wilhelm Nupen. National Burcau of
Standards Technical Note 171 issued in May 1963 and
comprising 1,013 abstracts of papers under the following
headings: (1) General, (2) Theories, (3) Structure of
Atmosphere, (4) Physico-chemical factors, (5) Radiation,
(6) Particles, (7) Wave characteristics, (8) Radio com-
munication parameters, (9) Methods of obscrvation,
(10) Instruments. Pp. 385. Superintendent of Docu-
ments, U.S. Government Printing Office, Washington
25, D.C, U.S.A. Price $2.00 ($2.50 by post).
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Differential Amplifiers, by R. D. Middlebrook, M.A.,
M.S., Ph.D. Specialized treatise on the principles of
design of symmetrical circuits applied to both valve
and transistor amplifiers for biological and other appli-
cations. Pp. 115, John Wiley & Sons Ltd., Glen House,
Stag Place, London, S.W.1.

List of Recently-coined Terms in Electronics, by
Ellen M. Codlin and C. K. Moore. Second issuc, super-
seding that of 1960, contains about 200 terms and
acronvms which are defined and for which source refer-
ences are given. Pp. 21.  Aslib Electronics Group.
Copies available from Miss B. Newman, Information
& Publication Dept., Ericsson Telephones Ltd., Bees-
ton, Nottingham. Price Ss to Aslib members, 7s 6d or
$1.50 to non-members.

Introduction to TV Servicing, by H. L. Swaluw and
J. van der Woerd. Second cdition of a practical manual
liberally illustrated by photographs of picture faults and
dealing with receivers working on the 625-line and 525-
line standards. Pp. 272. Philips Technical Library,
Eindhoven, Holland, or Cleaver-Hume Press Ltd.,
10-15 St. Martins Street, London, W.C,2. Price 45s.

Elements of Transistor Technology, by Robert G.
Middleton. Starting with the physics of semiconductors
the text leads through diode action to the function of
transistors, their Operation in circuits, transistor equiva-
lent circuits, amplifiers and logic circuits Pp. 288.
Howard W. Sams & Co. Inc., Indianapolis 6, Indiana,
U.S.A. Price $6.95.

Frequency Divider Organs for the Constructor, by
Alan Douglas. Describes simple instruments based on
a 12-notc scale with lower notes derived by successive
frequency division. Full circuit values and hints on
construction are given. Pp. 71. Sir Isaac Pitman &
Sons Ltd., Parker Street, London, W.C.2. Price 25s.

Radio and Electronic Hobbies, by F. C. Judd. Intro-
duction to the wide field open to amateur experimenters
in hi-fi reproduction, magnetic recording, model con-
trol and short-wave listening. Pp. 165. Museum Press
Lid., 26 Ol¢ Brompton Road, London, S.W.7. Price
21s.

Recent Developments in Network Theory, cdited by
S. R. Dcards. Proccedings of the symposium held in
Sept. 1961 at the College of Aecronautics, Cranficld,
comprising fourteen papers and discussions on analysis
and syntheses of passive, active, linear and non-linear
networks. Pp. 250. Pergamon Press Lid.,, Headington
Hill Hall, Oxford. Price 84s.

Carrier Comumunications over Power Lines, by H.-K.
Podszeck. English translation of the third edition of
this standard work by the chief enginecr of the power-
line carrier section of Siemens & Halske A.G. in
Munich. Pp. 184. Springer-Verlag, I Berlin 31 (Wil-
mersdorf), Heidelberger Platz 3. Price DM 36.

Basic Electricity. Part 1 of Standard Technical
Training Notes, Radio Engineering Trade Group, Royal
Air Force. A pictorial approach to the subject, for
airmen and boy entrants. Pp. 197. H.M. Stationery
Office, York House, Kingsway, London, W.C.2. Price
15s.
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U.H.F. LOFT AERIAL

SIMPLE CORNER REFLECTOR DESIGN

URRENTLY available u.h.f. aerials appear to fall
into the category either of a loop variety placed
on top of the television receiver for use in the

very high signal areas, or of a Yagi type normally
intended for external use at roof level in the weaker
signal areas. The corner reflector design, being
perhaps more bulky and difficult to mount, has only
recently appeared on the British market, although
this type of aerial has excellent bandwidth and back-
to-front discrimination capabilities.

In the design of the corner reflector aerial
described, a change from the normal 90° side angle
to one of 60° has been made; this should provide
slightly more gain but at the expense of increasing
somewhat the lengths of the sides, which was con-
sidered relatively unimportant for a loft-type aerial.
Figs. 1 and 2, which are based on Figs. 4 and 6 of
“The Corner Reflector Antenna,” by J. D. Kraus,
Proc.I.LR.E., Vol. 28, p. 513, Nov. 1940, show the
theoretical performance of a half-wave dipole with
two plane reflecting sheets positioned at various

o

ELEMENT TO CORRER SPACING (WAYELENGTH)

A
fig. I Gain of corner reflector aerial relative to a 7 dipole
or values of angle and element 10 apex spacing.

angles. A 45° design would clearly provide a high
gain, but the impedance is unsuitable for a 70-ohm
coaxial feed. The 60’ configuration on the other
hand will conveniently maich into 70-ohm cable
when the dipole is spaced one half wavelength from
the reflector apex. To be of adequate size the re-
flector sheets should be about three times as long
as the element to apex spacing. The width should
be about one wavelength at the design frequency.
The u.h.f. channels allocated for the L.ondon area
are shown in Table 1. Hence, for the purpose of
aerial design a geometric mean frequency of 530
Mc/s has been used. The corresponding dipole
A
length will be 0.95 x 5 allowing for the end effects.

300 x 101
2x530x10°
=(.95 x 28.3 cm=27cm.

Length=0.95 x metres

10

By N. W. BROWN

TABLE |. U.H.F. CHANNEL ALLOCATIONS FOR
LONDON AREA

Carrier frequencies, Mc/s |
Channel A - |
Vision Sound
23 i 487.25 493.25
26 ) 511.25 517.25 |
30 ’ 543.25 549.25
33 ’ 56725 573.25

For the 60° corner reflector, th= length of the reflect-
ing elements should be not less than 3 x 28.3 cm and
the width not less than 2 x 28.3 c¢m, or, rounded up
to practical dimensions, 3ft x 2ft.

To construct the reflecting sheets the author used
a 6ftx 2ft hardboard panel sawn in half, and then
covered with aluminium cooking foil. The foil can
be glued to the hardboard with wallpaper adhesive,
the edges being turned over an inch or so on to the
reverse side. The foil should be in an unbroken
length across the 2ft dimension, i.e. in the plane of
the aerial and all joints should be overlapped an
inch or so. The completed reflectors are then
mounted, foil innermost, onto two wood-strip equi~
lateral triangles of 3ft side length and these are inset
about 4in from the edge of the hardboard sheets, so
that the unsupported material in between does not
sag unduly.

The bow-tie element is made from two pieces of

ELEMENT TO CORMER SPACING {WAVELENGTH )

A
Fig 2 Radation resistance of a 3 dipole in a corner reflector

for values of angle and element to apex spacing.
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HOLES FOR SUPPORTING ROPES
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Fig. 3. (a) Constructional details of reflec-
tor; (b) Aerial mounting arrangement; (<)
Bow-tie element; (d) Aerial mount, con-
structed from Perspex.

22 s.w.g. aluminium sheet folded into a triangular
formation as shown in Fig. 3. The two halves are
tapered to provide more uniform impedance transfer
to the cable. A balun was not used, but could of
course be incorporated at the lead-away point if
required. The construction should be clear from
the diagrams, but it may be necessary to unscrew
temporarily the major components in order to nego-
tiate the trap door into the loft.

To position the aerial for optimum pick-up a
trial and crror method could be employed, but it 18
definitely worth the trouble to run a long lead
between the television receiver and a meter in the
loft so that one can witness at first hand the effects
of aerial positioning. Suitable metering points can
usually be found either at the agc. line, ratio
detector or video drive to the tube, though in the
latter case the effects of signal modulation make
adjustments a little more diffcult. The picture quality
should finally be checked for multiple effects, when
final adjustmets should be made to the aerial position
if ghosting is in evidence. In the author’s case the
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optimum position of the aerial is about 4{t above the
floor joists and the aerial has conveniently been
roped to hooks screwed into the rafters. A helical
membrane type of coaxial feeder was used as a down
lead and a direct comparison between a commercial
13-element Yagi and the corner reflector, both
optimized as regards mounting position, showed no
measurable difference in signal power delivered to
the receiver.

Results at the author’s address, some 23 miles
from Crystal Palace, are somewhat poor as a_nearby
hill provides a considerable diffraction loss. Hoped-
for improvements in receiver noise factors, which
should come from the use of w.h.f. transistors, plus
the 5dB increase in transmitter power expected next
year, have so far deterred the author from climbing
up to the chimney stack with a commercial type Yagi,
although admittedly the few extra dB may provs
necessary in the long run. For readers situated mor
favourably the aerial described may be worth trying;
the cost is trivial and it can be constructed within a
few hours.
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PHYSICAL SOCIETY EXHIBITION

RITISH manufacturers were invited by the Institute
of Physics and the Physical Society to submit details
of up to six exhibits for this annual exhibition. From

the 744 submitted 448 have been selected by the panel
of referces as “ conforming to the standards of originality
and scientific merit” set by the organizers. These
exhibits are being displayed by 124 manufacturers and
in addition 30 Government research organizations,
universities, colleges, etc. are taking part. The overall
number of exhibitors has increased by 20 compared with
last year bringing the total to 154.

A section of one of the halls is being devoted to a
selection of new equipment primarily designed for the
teaching of physics.

We give in these pages a preview of the exhibition
compiled from information supplied by exhibitors.
Some of the companies and organizations participating
were not able to give us the information asked for in
time for inclusion in this preview and, of course, there
are others whose exhibits do not come within the pur-
view of Wireless World. While, therefore, this is not a
complete survey it will, we hope, serve as a useful guide
to those intending visiting the exhibition and be of
general interest to those of our readers unable to visit
the show. Where we have thought it might be useful
we have appended a number for use on the reply card

by professional readers requiring further information on
specific exhibits. We hope to publish a further report
in the next issue after Wireless World staff have visited
the stands.

The exhibition, the 48th in the series, opens at the
Royal Horticultural Society’s Halls, Vincent Square,
London, S.W.1, on January 6th for four days. It will
be open from 10.0 to 6.30 each day but on the 7th
admission before 1.0 is limited to members of the
Institute and Society and invited guests.

Admission is by ticket obtainable from exhibitors or
direct from the organizers at 47, Belgrave Square,
London, S.W.1. Applicants are asked to enclose a
stamped addressed envelope to accommodate the tickets
(43 % 3in).

A Handbook (which is a useful book of reference)
is again being issued by the organizers from whom it is
obtainable price 10s plus 2s postage.

This year’s exhibition lectures are:—

“The electrical properties of thin films” by Prof.
E. H. Rhoderick (7th at 3.0).

“Patient monitoring: technical problems and its
impact on hospital administration” by H. S, Wolff (8th
at 5.0).

*“ Instruments for noise measurement by H. J. Purkis
(9th at 3.0).

LIST OF EXHIBITORS

Stand Stand Stand Stand
AEL ... ... 139 Engelhard Industries . 39 Metals Research ... 28 Royston Instruments ... 48
AMF British Research Lab. 61 English Electric Vatve Co. ... 58 Meterflow ... .. 44
A.W.R.E. .. 50 Microwave Instruments i
Admiralty .. .. 9 Eecdback ... ... 121 & 160 _ 10 & 156 éf%cL.abor“o.r.'.es ST
Airmec . 12 Fenlow Electronics .. .. 52 Middlesex Hosp. Med. Sch. 65 Safety in Mines Res. Estab.... |25
Aveley Electric .. 18 Ferranti ... 95 Mining & Chemical Products 42 Sangamo Weston 122
Avo . 127 Fielden Electronics ... ... 47 Ministry of Aviation e Seismograph Service 3
7 Fisons Fertilizers ... e 30 Murrhead & Co. ... o 124 Shandon 78
B-'-S'R,-A- oco o ooo e Flann Microwave Insts. . 97 Mullard 118, 148 & 165 *“Shell "’ Rectearch 31
Baldwin Industrial Controls 8 Flatters & Garnett 159 si .C
Beckman Instruments 75 Fleming Instruments o S uthern Anslytical” - 8
Bell & Howell LD = g T 3 = N.G.N. 145 outhern Analytical w2
Bellingham & Stanley ] BEEL LAERERS  ax National Coal Board L.132 Sogenique (Electronics) .., 5|
Birmingham University 89 & 90 Nat. Inst. for Medical Res.... 112 Specto Avionies ... .0 45
Brandenburg 4 G.E.C. ... 142 Newecastle University .. 157 Sperry -_ .. 3
Brighton College of Tech.... 102 Gallenkamp & Co. ... 74 & 163 Newport Instruments e 92 Sunderland Technical College 63
Bristo! University ... .. 8l General Radiological .16 Nuclear Enterprises 3
British Aircraft Corp. ... 137 Genevac ...~ .. . 140 Techne (Cambridge) o 8
British Oxygen Co. s George Elliott Laboratories 46 Optical Work 128 Telcon Metals ... 104
s 105 Graphic Instruments ... 38 (1S e Telequipment 162
4 Gulton Industries ... e 17 Oxtord Instrument Co ... 79 Telio el
CNS. I Guy's Hospital Med. Sch. ... 67 ~ Oxiord Univ. (Clarendon) 80 Tl e o o 1
.N.S. Instruments .., ..o M P a b ocoo Thermal Syndicate ... .. 19
Cambridge Instrument Co.... 143 Tinsley, H., & Co. ... . 123
Camlab .. Hi6 Hatfie!d instruments w1 Panax Equipment ... 141 & 5] Townson & Mercer ... e 114
Central Electricity Res. Lab. 143 Hilger & Watts 109 & 155 Paton Hawksicy Electronics 7 Transitron Electronics oo B
Chemical Electronics Co. ... I3 Perkin-Elmer ... 91 20ch Century Eiectronics
Cossor Instruments e 2 Imperial College 87 & 88 Pianer, G. V. ... 98 135 & 158
Coulter Electronics .. 37 Inertia Switch e 4 Plessey ..o 10
Instron .. 20 Prior & Co. ... .. 129 ;i
BSIR e 33 Iotermacional Res. &Dev 1 60 Putin o e 10p UL Atomic Energy Autho-
awe Instruments ... . 126 Pye. W. G., & Co. ... S5
Decca Radar ... ... .. 55  J &P. Enginecring ... ... 119 4 Unirasonoscopa Co. = o
Devices .. 26 lohnson, Matthey & Co. ... 22 Un!cam REtunents - 99
Digital Measurements . 33 Queen Mary College .. 70 niv. College of N. Wales ... 62
Dynatron Electronics . 101 Kasama Electronics .., . 42
Kent, George ... 146 R.AF. Inst. of Aviation Med. 64 Vacuum Reflex . 76
E.M.l. Electronics ... ... 15 Radyne ... 56 Vacuum Generators . 147
Edwards High Vacuum ... 144 Labgear . .. 84& 152 Research Electronics 72 & 154 Vgnner Electronics ... e 29
Ekco Electronics ... ... 100 Langham Thompson ... 24 Research & Eng. Controls... 94 Vinten, W. . .. 130
Electrical Remote Control... 93 Lewis, H. K. ... ... 152 Research & Industrial Insts. 57
Electron Physica'l lqsts. ... 106 Res. Lab. for Archaeology... 113 War Office ... . 6
Electronic Applications ... 27 M-O Valve Co. ... 138 Roils-Royce ... ... 59 Watson & Sons .. 83
Electronic Instruments ... 96 Mechanism ... o 34 Royal Infirmary Edinburgh 68 Wayne Kerr Laboratories .., 49
Elliotc-Automation 133, 134, 136 Megatron ... _ o e 4l Royal Meteorological Society 69 Wood, Hugh, & Son o 164
& 153 Mercury Electronics .. 43 Royal Military Col. of Science 65 Wray (Optical Works) ... 107
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GUIDE TO THE STANDS

A.E.l. (139)

Among the products of the com-
pany’s Instrumentation Division
being demonstrated is a new high-
resolution electron microscope
(EM6B) combining high performance
with simplicity of operation. The
electron optical system provides a
continuous range of magnification
from X 1,000 to X250,000 and the
instrument has a resolution of 5
angstroms.

The Electronic Apparatus Division
will be showing a photoelectric high-
speed camera tube developed to pro-
vide a means of recording events
requiring time resolutions better than
10 'nsec for their evaluation.

The dielectric anisotropy detector
to be shown is for the detection of
cracks and similar imperfections in
those insulating materials which are

heterogeneous and unsuitable for
ultrasonic techniques. 4WW 301
Associated  Electrical  Industries

Ltd., 33 Grosvenor Place, London,
S.w.1.

AME BRITISH RESEARCH LAB. (61)

A fuel cell will be shown using an
ion-exchange membrane to give what
is effectively a gas-impermeable solid
electrolyte. A bismuth telluride-
copper junction has been found to
give a very close approximation to a
square law when used as a thermo-
junction, and examples will be
demonstrated. 4WW 302

AMPF British Research Laboratory,
Blounts Court, Sonning Commonn,
Reading, Berks.

A.W.R.E. (50)

Among the items to be shown by this
establishment of the United King-
dom Atomic Energy Authority will
be an electron tube developed for
recording the modulation of light
from a ruby laser. The design of
the electron optics of the tube was
carried out by Mullard under a de-
sign study contract.

A variety of pressure transducers
(including ~ piezoelectric, diaphragm
and pressure gauges) developed for
recording transient shock waves in

P-n junction in gallium phosphide, giving light

output in forward direction.
Admiralty.
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Developed by the

gases and liquids will also be shown.
A section of the display will be
devoted to high-speed photography
including some systems employing
electro-optic techniques.
Atomic Weapons Research Estab-
lishment, Aldermaston, Berkshire.

ADMIRALTY (9)

From the Baldock laboratory, a gas
laser will be shown, consisting of a
ring of reflectors and used for the
measurement of small angular move-~
ments. Two frequencies are pro-
duced, the difference corresponding
to angular velocity of the system.
Light-emitting p-n junctions will be
demonstrated. Other Admiralty
establishments will also be repre-
sented.

Research & Development Services

Department, Admiralty, Empress
State Building, London, S.W.6.
AIRMEC (12)

A range of test and laboratory instru-
ments are to be shown this year
together with precision cable con-
nectors and adaptors. Frequency
standards, signal generators, watt-
meters and u.h.f. slotted lines are
included in the displayed range of
instruments. 4WW 303

Airmec Ltd., High Wycombe,
Bucks.

AVELEY ELECTRIC (I8)
Among the exhibits will be an
automatic hystograph. This is an
electromechanical instrument which
provides a columnar display of 10 or
more series of electrical impulses.
The demonstration will show the
operation of the hystograph in con-
junction with an Aveley tolerance
analyser to show the distribution of
values in a batch of resistors or
capacitors in the form of a hysto-
gram. 4WW 304

Aveley Electric Ltd., South Ocken-
don, Essex.

AVO (127)
A new transistor voltmeter will be
presented, having an input resistance
rising to 30M(2 on the higher ranges.

Bismuth

telluride/cop-
per thermo-junction by
AMF, used in ammeters.

Maximum sensitivities ate 100mV
and 30uA full-scale. The instrument
is battery powered. A semiconduc-
tor amplifier which is to be shown is
intended for the measurement of
currents down to 107'3A.
4WW 305
Avo Ltd., 92-96 Vauxhall Bridge
Road, London, S.W.1.

B.1.S.R.A. (I7)

A method of measuring the oxygen
content of gases has been developed,
using a reversible, solid-electrolyte
electrochemical cell. Gases of un-
known and known oxygen contents
are applied to the electrodes and the
e.m.f. measured.

An inductive-loop digital data
transmission system for cranes will
be demonstrated in model form.

British Iron & Steel Research
Association, 11 Old Park Lane,
London, W.1.

BELL & HOWELL (131)
The Consolidated Electrodynamics
division of Bell & Howell are to ex-
hibit several types of strain gauge
transducers. They are also going to
show a recording oscillograph they
have developed to record data, from
d.c. to 10kc/s, on eighteen separate
channels. 4WW 306
Bell & Howell Ltd., Consolidated
Electrodynamics Division, 14 Com-

mercial Road, Woking, Surrey.

BIRMINGHAM UNIVERSITY (89 & %0)

The Department of Electrical Engin-
eering propose to demonstrate a
character recognition system, a linear
saturable reactor and a method of
measuring internal stresses in metals
by ultrasonics. The first-mentioned
exhibit consists of an information ex-
traction unit, which utilizes a photo-
diode mosaic, and a resistance logic
network forming a signal processing
unit.

The Department of Physics will
perform a number of experiments to
demonstrate  physical phenomena.
These will include demonstrations of
the Barkhausen effect (through the
Curie point), Bragg’s law of reflec-
tion, electron diffraction and
Brownian motion.

The University of Birmingham,
Edgbaston, Birmingham, 15.

BRANDENBURG (14)
A 1 to 20kV supply unit, designed
for use with electron microscopes and
other similar instruments is to be
displayed. It is to be shown working
with a potentiometric type of pen re-
corder displaying its negligible drift
characteristics. 4WW 307

Brandenburg L:id., 139 Sander-
stead Road, South Croydon, Surrey.
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Radio telemetry equipment used by the Central Electricity Research

Laboratories to obtain information on behaviour of turbines,

BRIGHTON COLLEGE (i02)
One of the items on this stand will
be an attachment for a three-terminal
bridge for rapidly checking the con-
ductance of a conducting film.
Brighton College of Technology,
Moulsecoomb, Brighton 7, Sussex.

BRISTOL UNIVERSITY (81)
The H. H. Wills Physics Laboratory
are to demonstrate a new photo-
graphic process based on the forma-
tion of lattice defects, charge carriers
and even chemical decomposition by
light in thin films of lead iodide.
The method has certain advantages
over conventional photography. For
instance, images can be enlarged up
to 1,000 times and the films, which
require no processing, can Dbe
handled in daylight with complete

safety. .
University of Bristol, H. H. Wills
Physics Laboratory, Roval Fort,
Bristol 8.
BRITISH AIRCRAFT CORP. (I137)

A radio-frequency extensometer for
strain measurement in concrete is to
be demonstrated, together with a
range of miniature resistance thermo-
meters and  vibrating-diaphragm
pressure transducers. In the latter,
the diaphragm is maintained at reson-
ance, variation of pressure causing a
change in compliance and therefore
in the resonant frequency. 4WW 308
British Aircraft Corporation Lid.,
100, Pall Mall, London, SW.1.

BRYANS (105)
A twin-channel digital-to-analogue
converter, with buffer storage facili-
ties, is to be demonstrated together
with a portable automatic XY-TY
plotting table. Information will also
be available on some new proto-
type units which will not be at the
show. These include a high-sen-
sitivity plotting table, a twin-channel
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X-Y recorder and a function
generator. 4WW 309
Bryans Lid., Willow Lane, Mir-
cham, Surrey.
C.N.S. INSTRUMENTS (32)

Exhibits will include the S.R.2 pro-

portional  temperature  controller

using a saturable reactor, the

“Sirect” proportional temperature
prop p

controller and a read-out extenso-
meter which is based on a design by
the National Engineering Laboratory.
The bridge balance decade dials may
be calibrated in terms of direct
measurement or as a percentage
strain of any gauge length. 4WW 310

C.N.S. Instruments Lid., Holmes
Road, London, N.W 5.

CAMBRIDGE INSTRUMENT CO. (149)

Four prototype equipments will be
displayed. A scanning electron
microscope has been developed for
specimens that have comparatively
rough surfaces or other characteris-
tics that make them difficult to
examine, either directly or by “ex-
traction replica” methods. A dis-
placement transducer will be demon-
strated that measures displacement
over a wide range. A continuous
process polarograph and a bridge unit
for temperature coefficient and resis-
tance measurements complete the
stand. 4WW 311
Cambridge Instrument Co. Lid.,
Grosvenor Place, London, SW.1.

CAMLAB 1116)

An electronic vacuum microbalance
designed for precise differential
weighing over extended periods
rather than for absolute measurement
of weight is to be shown by this
company. It has a capacity of 50
grammes and three read-out ranges
covering from 0 to 20,000 micro-
grammes, 4WW 312

Camlab (Glass) Lid., Milton Road,
Cambridge.

Digital data translator from Bryans

CENTRAL ELECTRICITY RESEARCH
3

(143)

Telemetry equipment for the study
of the moving parts of rotating
machines is to be exhibited, along
with an instrument intended for the
determination of heat transfer coeffi-
cient at fluid/solid interfaces. Also
to be shown is an automatic recorder
for the study of corrosion processes.

Central Electricity Research
Laboratories, Cleeve Road, Leather-
head, Surrey.

D.S.ILR. (34)

Twenty-six exhibits and demonstra-
tions from 15 associated bodies are
to be shown. A demonstration of
the methods used to conduct the
London Noise Survey will be
mounted by the Building Research
Association. The National Engineer-
ing Laboratory will have a demon-
stration, using a digitizer and counter,
of their new five-bit binary code,
which is more easilv converted
to decimal for servicing. They will
also show a hot-wire milliameter
using 170 thermojunctions to give a
sensitivity of 2.5mV/mW.

Department of Scientific and In-
dustrial Research, State House, High
Holborn, London, W.C.1.

DAWE INSTRUMENTS (126)

Several newly de seloped instruments
are to be shown. Thess include a
precision sound level meter and
analyser, an ultrasonic cleaning unit,
a2 constant temperature anemometer,
a noise-level indicatc with “thermo-
meter ” display, and an acoustical-
measuring system. 4WW 313
Dawe Instruments Ltd., Western
Avenue, Acton, London, W 3.

DECCA RADAR 55)

A reflectometer to be exhibited
enables v.s.w.r. measurements to be
made over the complete waveguide
band. Only one detector is used,
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A d.c. differential amplifier
from Fenlow Electronics.

Digital multimeter manu-
factured by Digital Measure-
ments Ltd.

to differing
switch
being used for sampling forward and

obviating errors due t
sensitivities, a mechanical

reflected  energy. Electron-spin
resonance equipment, a tunnel-diode
2Gc/s oscillator and a 25dB coaxial
attenuator will be shown. 4WW 314

Decca Radar Ltd., Albert Embank-
menit, London, S.E.1.

DIGITAL MEASUREMENTS (33)
The digital logger which will be dis-
played demonstrates the collection
and recording of meteorological data,
but any variable which can be con-
verted into electrical signals may be
recorded. The equipment can type
up to eight characters for each chan-
nel at a rate of one channel per
second or punch paper tape at 1, 2, 4
or 10 channels per second. There
are three modes of operation, namely,
continuous scanning, single scans on
command or a partial scan of the in-
put channel selected. A digital multi-
meter for alternating and direct
voltage and current and resistance
measurements will also be shown.

4WW 315
Digital Measurements Lid., 25
Salisbury Grove, Mytchert, Hants.

E.M.I. ELECTRONICS (i5)

Two new oscilloscopes, one a
general-purpose instrument with a
bandwidth of d.c. to 10Mc/s (—3dB)
and a very sensitive d.c. coupled
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CX1167

Ceramic thyratron (CX1157)
introduced by English Electric
Valve Company.

dual-channel instrument, are to be
shown for the first time at this year’s
exhibition. 4WW 316

EM.I. Electronics Lid., Hayes,
Middlesex.

EDWARDS HIGH VACUUM (144)
Among the vacuum equipment to be
seen on this stand will be the new
Ton-Pirani pressure gauge operating
over the range 1 to 10-*torr(mm Hg)
which is now being used for the de-
position of micro-circuits. 4WW 317
Edwards High Vacuum Lid,
Manor Royal, Crawlev, Sussex.

EKCO ELECTRONICS (100)

A new range of transistorized count-
ing equipment, of higher specification
and complementary to the existing
thermonic range is to be shown. A
comprehensive  autoscaler-ratemeter
is to be demonstrated, to illustrate
the use of some of the basic units of
the new range. 4WW 318

Ekco Electronics Lid., Southend-
on-Sea, Essex.

ELECTRICAL REMOTE CONTROL (93)
Industrial timing units are the chief
products of this firm. Both electrical
and pneumatic types (the latter for
use in inflammable atmospheres) will
be shown. 4WW 319

Electrical Remote Control Co.
L:d., Elremco Works, Bush Fair,
Harlow, Essex.

ELECTRON PHYSICAL INST. (i06)

A range of electron-beam equipment
will be displayed, including types for
micro-etching, X-ray microscopy and
X-ray diffraction. 4WW 320

Electron  Physical  Instruments
Ltd., Stanley Road, Hendon, Lon-
don, NW.1.

ELLIOTT-AUTOMATION (i33, 134, 136 &
i5

The exhibit will include a computer
based on Goto-pair tunnel-diode
logic circuits, a helium laser, and a
gallium arsenide laser working with
an ultra-high-speed infra-red detec-
tor. A portable neutron generator
with an output of 107" neutrons per
second will also be scen. 4WW 321
Ellioti-Automation Lid., 167 Great
Portland Street, London, W.1.

ENGLISH ELECTRIC VALVE (58)
A new ll-in direct-viewing storage
tube which has a useful viewing
screen of 9.5 in diameter and is par-
ticularly suitable for the daylight
viewing of radar information, is to be
demonstrated. It has two electron
guns, one for writing the signal on
to the storage surface and the other
(the flood gun) for displaying in-
formation written on the viewing
screen. The flood gun is continu-
ously operative and the information
written on the screen persists for as
long as 10 minutes but can be erased

immediately by applying a small
positive  pulse to the backing
electrode.

One of a range of flash discharge
tubes designed for the excitation of
ruby lasers will be shown working in
a laser unit.

On show will also be a hvdrogen-
filed tetrode thyratron (CX1157),
with a ceramic envelope, designed
for compact medium-power radar
equipment. The overall length is
3.84in, diameter 3.25in and it weighs
approx. 10oz. 4WWwW 322

English Electric Valve Co. Ltd..
Chelmsford, Essex.

FEEDBACK (121 & 160)

Educational equipment demonstrated
will include a transistor logic system
consisting of small plug-in elements
with a maximum operating speed of
50ke/s. An instructional servo
system to D shown incorporates the
elements of a complete system, with
provision for variable time-constants.
An 10c/s-100kc/s RC oscillator will
be demonstrated which has two out-
puts at 90° phase difference and a
variable-phase output. 4WW 323

Feedback Ltd., Park Road, Crow-
borough, Sussex.

FENLOW FLECTRONICS (52)

A low-frequency spectrum analyser
covering 0.3c/s to lke/s and a dc.
differential amplifier are the main
items to be cxhibited this year. The
differential amplifier comprises two
stabilized chopper-amplifier chan-
nels; interconnected to provide a dif-
ferentinl input with high input im-
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pedance to both common mode and
differential signals. 4WW 324

Fenlow Electronics Lid., Spring-
field Lane, Weybridge, Surrey.

FIELDEN ELECTRONICS (47)

The equipment shown will include a
new precis:on programme controller,
a linear capacity/pneumatic pressure
transducer and a differential pressure
cell with electrical output. 4WW 325

Fielden Electronics Lid., Wythen-
shawe, Manchester 22.

FLEMING INSTRUMENTS (23)

Equipment designed for the measure-
ment of particle size and pollution
levels in the atmosphere will be
exhibited. 4WW 326

Fleming Instruments Ltd., Coxton
Way, Stevenage, Herts.

G.E.C. (142)

Several demonstrations of the work
undertaken by the Hirst Research
Centre are to be shown. These in-
clude demonstrations on electron
behaviour, the break-up of a hollow
electron beam. measurement of
thermal shock properties by electron
bombardment, generation of pulse
patterns and their properties, mag-
netic films for computer memories,
and time parallax in binaural
perception. 4WW 327
The General Electric Co. Lid., 1
Stanhope Gate, London, W.1.

GENEVAC (140)

Vacuum pumping and associated
equipment will be presented. Two
new rotary piston pumps will be
shown together with an air-cooled
pumping unit, a pressure gauge and
a coating unit which incorporates a
2-in vacuum pump. 4WW 328

Genevac Lid., Pioneer Mill, Rad-
cliffe. Lancs.

GEORGE ELLIOTT LABS. (46)
An EM.I vidicon camera tube, with
a fibre optic faceplate, is to be dis-
played with other products to skow
the progress George Elliott I.abora-
tories have made in the field of fibre
optics. Other products to be shown
include concave plano fibre optics
suitable for use with image intensi-
fiers. 4WW 329

George Elliorr Laboratories Lid.,
73 Thames Street, Sunbury-on-
T hames, Middx.

GRAPHIC INSTRUMENTS (38)

Ranges of galvanometers for use
in high-resolution recorders are to be
exhibited, having all suspension com-
ponents symmetrically disposed
about the axis to increase stability.
The associated recorders are smail,
robust, and produce a 0.002-in trace
on narrow-gauge film or paper.
They can also be used for colour
film. 4WW 330

Graphic Instrionents (Research),
Lid., Trout Road, West Drayton,
Middx.
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GULTON INDUSTRIES (117)

Piezoelectric ceramics in wafers
down to 0.003in thick are used in
the range of electro-mechanical
transducers to be seen on this stand.
Pickup elements constructed of a
sandwich of three plates of thin
ceramic, the cen:re one being a high-
permittivity material, are shown.
The capacitance being some 20 times
greater than that of more conven-
tional elements, they are suitable for
feeding directly into low-impedance
transistor circuits.

Sheets of oppositely poled piezo-
electric ceramic, bonded together
to form a bimorph bender are used
in pairs in some extremely small
electrostatic relays. These benders
are also usable in a piezoelectric
loudspeaker. 4WW 331

Gulton Industries (Britain), Ltd.,
Regent Street, Brighton 1, Sussex.

GUY’'S HOSPITAL MEDICAL SCHOOL
(67)

The Department of Physics will show
a semiconductor d.c. amplifier de-
veloped for electrophysiological work.
The amplifier is suitable for signals
up to 150mV from a high-imped-
ance source, but the bandwidth is
limited to a few kc/s. The signal
is applied to a bridge having two sili-
con junction diodes whose capaci-
tance varies with voltage, This
amplitude-modulates a carrier which
in turn is amplified and rectified.
Medical School, Guy’s Hospital,
London Bridge, London, S.E.1.

HATFIELD INSTRUMENTS (I1)

An a.c. clip-on milliammeter, de-
signed to measure currents from
ImA to 10A over the frequency
range 20c/s to 2Mc/s without dis-
turbing the circuit under test, is to be
shown. Other items to be shown in-
clude an r.f. bridge covering 50k/s
to 20Mc/s and a high-pzrformance
power supply unit. 4WW 332

Hatfield Instruments Lid., Bur-
rington Way, Plymourh, Devon.

IMPERIAL COLLEGE (87 & 88)

The exhibit, provided by the Depart-
ment of Electrical Engineering, will
show the general behaviour of a
system in which a control system is
used to adjust various inputs to a
process to yield 2 maximum output
and to maintain this condition for
variation in the process parameters.
Such systems are commonly known
as “hill-climbing ” systems,
Imperial College of Science and
Technology, University of London,
Exhibition” Road, London, S.w.7.

INERTIA SWITCH (4)

Equipment to be shown includes a
brake tester in the form of an in-
tegrating decelerometer, a device to
indicate the occurrence of shocks ex-
ceeding a predetermined value, and
vibration switches which are sensi-
tive to vibration amplitudes of
0.005in. 4WW 333

Inertia Switch Lid., 123, London
Road, Camberley, Surrey.

Prototype optical
extensometer
developed by
Instron.

INSTRON (20)

A prototype optical extensometer, de-
signed to record automatically the
extension of the gauge length of a
tensile test specimen, is to be shown
this year. Bench marks are painted
on the specimen to establish the
gauge length and the subsequent
movement of each mark is followed
by an electro-optical SEervo
mecaanism. 4WW 334

Instron Lid., Halifax Road, High
Wycombe, Bucks.

INTERNATIONAL R. & D. (60)
This organization is concerned pri-
marily with research and develop-
ment and are not manufacturers.
They will be demonstrating ruby
laser devices applied to such fields
as micro-machining and micro-weld-
ing. Some of the advantages of gas
lasers in such fields as photography
and microscopy will also be demon-
strated. 4WW 335

International Research & Develop-
ment Co. Ltd., Fossway, Newcastle-
upon-Tyne 6.

J. & P, ENGINEER!NG 19

A coatinuously adjustable e.h.t. unit,
designed to provide up to 4,000 volts
at 3mA with a stability of 1 part in
10" is to be shown this year. The
stability of the unit is demonstrated
by feeding the output into a voltage
drift monitor. 4WW 336

. & P. Engineering (Reading)
Ltd.. Portman House, Cardiff Road,
Reading, Berks.

JOHNSON. MATTHEY & cO. (22)
The exhibit will be chiefly concerned
with materials. Iron/rhodium alloys,
which change from anti-ferromag-
netic to ferromagnetic at 70°C will
be shown. Also displayed will be
an air-drying silver preparation for
the application of conductive films
to insulating substrates. 4WW 337

Fohnson, Matthey & Co. Lid., 73-
83 Hatton Garden, London, E.C.1.
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KASAMA ELECTRONICS (40)

Two instruments will be shown. A
transistor analyser Type RK.Z and
a double pulse generator Type
2/302D. This latter instrument has
a square wave output of 10c¢/s to
1Mc/s with outputs from 0 to 100V
in five ranges. Positive- or negative-
going pulses can be obtained. The
transistor analyser can be used for
measurement of hybrid parameters in
both common base and common
emitter configuration. Other
measurements that can be made in-
clude, leakage current range, collec-
tor turnover voltage and forward and
backward characteristics of ger-
manium or silicon diodes. 4WW 338

Kasama Electronics Ltd., 139/149
Fonthill Road, Finsbury Park, Lon-
don, N4.

KENT (146)

Included in the exhibit will be an
automatic titrimeter for continuous
operation. In the field of mechanical
measurements, a displacement trans-
ducer using a differential transformer
will be demonstrated.  Full-scale
ranges are variable between 0.05in
and 0.25in. 4WW 339

George Kent Ltd., Biscor Road
Works, Luton, Beds.

LABGEAR (84 & 152)
A decade counter Type D4151/A
and a counting ratemeter Type
D4152/A developed for educational
applications, especially physics, are
to be shown this year. A transistor-
ized radio-microphone is also to be
shown. 4WW 340

Labgear Cromwell Road,
Cambridge.

Lid,

LANGHAM THOMPSON (24)

Semiconductor strain gauges (includ-
ing miniature silicon elements) and
examples of experimental transducers
employing these gauges are to be
shown. Langham Thompson will
also be exhibiting transducers for the
measurement of pressure and vibra-
tion and a converter to produce
from an analoguc input an 8-digit
binary output. 4WW 341

§. Langham Thompson Ltd., Park
Avenue, Bushey, Herts.

M-O VALVE CO. (138)
One of the major exhibits will be a
working demonstration of a triggered
cold-cathode gas discharge device
with a rare-gas filling, which has
been designed to protect equipment
from flashover and other voltage
breakdowns. Other new exhibits in-
clude a travelling wave tube for
microwave applications and a ceramic
power triode, shown working as a
500Mc/s oscillator. 4WW 342

The M-O Valve Co. Lid., Brook
Green Works, London, W 6.

MEGATRON (41)

New cadmium-sulphide cells, a
colour meter to measure colour in
terms of C.ILE. co-ordinates, 2
street lighting photometer and photo-
cells with a colour sensitivity similar
to the “sensitivity of a human eye
under night vision conditions” will
be among the exhibits. 4WW 343

Megatron Ltd.. 115a Fonthill
Road, London, N.4.

METALS RESEARCH (28)

The principal exhibit this year is a
quantitative television microscope for
measurement of inclusions, gran
size, phase proportion and size dis-
tribution. A spark slicer accessory
for cutting metallic single crystals
is also on display and will be ex-
hibited in position in their Servomet
spark machine. 4WW 344

Metals Research Lid., 91 King
Street, Cambridge, Cambs.

METER-FLOW (44)

A range of micro-miniature fre-
quency discriminators for missile and
aircraft applications is being intro-
duced. The units, weighing 4oz,
occupy 2 cubic inches and use tran-

sistors and printed circuits. Fre-
quency ranges up to 40kc/s are
available. 4WW 345

Meter-flow Ltd., 606 North FIel:-
ham  Trading Estate, Feltham,
Middx.

MICROWAVE INSTRUMENTS (110 &
156)

A microwave moisture meter will be
on show, together with a polarized-
light mekometer—an instrument used
for distance measurement. FElectron-

spin resonance equipment has been
developed for use in schools and col-
leges. 4WW 346

Microwave Instruments, 98 St.
Pancras Way, Camden Road, Lon-
don, NW.1.

MIDDLESEX HOSPITAL MEDICAL
SCHOOL (66)

The Department of Physics is pre-
paring the exhibits. These will in-
clude a system for low-level count-
ing of radioactive samples by source
modulation and is designed to give
accurate readings on low-activity
samples. A machine dictionary for
Chinese scientific terms will also be

demonstrated. This is designed for
a user with little knowledge of the
language.

Middlesex Hospital Medical

School, Cleveland Street, London,
w.1.

MINING & CHEMICAL PRODUCTS (42)
Gallium arsenide devices will be
featured. One such component is a
diode, infra-red emitting  light
source, the radiation of which can
be modulated at comparatively high
frequencies. Another gallium arsen-
ide diode has a reverse leakage cur-
rent of less than 107" amps. This
diode is shown in a simple frequency
modulation circuit as a voltage-
variable capacitor. 4WW 347

Mining and Chemical Products
Lid., Folieon Park, Winkfield,
Windsor, Berks.

MINISTRY OF AVIATION (1)

Seven establishments of the Ministry
will be participating in this joint dis-
play. Among the Royal Aircraft
Establishment’s demonstrations will
be a gas discharge frequency multi-
plier. This is a microwave device
in which the harmonics of the drive
frequency are produced in a low-
pressure gas discharge.

The Royal Radar Establishment
will be demonstrating a thin-film,
wide-band amplifier, a transistor

swept-frequency oscillator for test-
ing servomechanisms and filters, the
amplification of acoustic waves in
cadmium sulphide and a logarithmic

Double pulse generator Type 2/302D developed
by Kasama Electronics Ltd.
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Continuously sampling automatic titrimeter, intendea

by George Kent for quality-control applications.
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