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PCC189-CASCODE R.F.
AMPLIFIER VALVE

HE MULLARD PCC189 double-triode will be en-
countered in a number of present-day v.h.f. television
tuner units. In these units, the triode sections of the valve

are connected as a cascode
r.f. amplifier; that is, a
grounded-cathode section is
coupled in series with a
grounded-grid section.

The new valve is particularly
suited for this application be-
cause it is characterised by low
noise, good stability and efficient
screening. These properties re-
sult from the special construc-
tion illustrated in the diagram.
Frame grids are used in both
sections. These enable small
spacings to be used between the
electrodes, so that the time
taken for electrons to travel
from the cathode to the anode
is very short, and good high-
frequency performance is con-
sequently ensured. The anodes of
both sections are fashioned so
that high values of mutual con-
ductance are obtained without
jncurring increased values of
anode-to-grid capacitance. Each
section of the valve possesses &
variable-mucharacteristic. Good
cross-modulation performance
can thus be achieved and inter-
ference between the sound and
vision carriers eliminated.

PCF806-0SCILLATOR
MIXER FOR V.H.F.

The new Mullard PCF806 is a
triode-pentode intended for use
in the mixer stage of v.h.f.
tuners, and is to be found in
many of the latest television
receivers. The triode section is
designed to operate as an oscilla-
tqr and the pentode section as a
mixer.

The design of the triode section
is similar to that of earlier
oscillator valves, but a slightly
higher value (5:56mA/V) of mutual
conductance has been achieved.
This, together with a low ampli-
fication factor (17), results in a
high effective slope. Consequent-
1y excellent oscillator operation
—especially at the higher fre-
quencies—can be achieved with
the PCF806.

WHAT'S NEW
IN

THE NEW SETS

These articles describe the latest Mullard
developments for entertainment equipment

The frame grid used in the
pentode section results in a
mutual conductance of 12mA/V
at the working point, and a con-
version conductance of 4-5mA/V.
This value of conversion conduc-
tance is about double that
obtainable with mixer valves not
using frame grids, and the in-
crease has been achieved with-
out any reduction in input
impedance. Hence the conver-
sion gain of the PCF806 is also
about double that of the earlier
valves. Use of the PCF806 means
that the design of the subsequent
if. amplifier stages can be
simplified and the standard of
receiver performance consider-
ably improved.

NEW ENVELOPE
FOR BY100

In the past year, many televi-
sion receivers have appeared
which incorporate the Mullard

BY100 silicon mains rectifier.
Mullard have now designed a new
envelope for this device which is
more convenient for wiring into
receivers,and it is intended that
this new version will eventually
supersede the old version com-
pletely.

The difference in envelope is
that the threaded stud surround-
ing the output connecting leads
is now absent so that the new
rectifier, although a straight-
forward replacement, is consid-
erably shorter than the old.
Electrically however, the stud-
less version is identical with the
earlier version. It has a maxi-
mum recurrent peak inverse
voltage rating of 800V, at which
the reverse current is 10pA. It
will deliver an average forward
current of 550mA at 50°C, while
its maximum peak current rat-
ing is 5A. At this peak, the for-

ward voltage drop is 1-5V.
MVE 1574
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Fig. 5. Section of voltage-controlled delay line. L and L! are
inductive circuit elements and C variable-capacitance semi-
conductor diodes.

adjusted to ensure critical damping of the motor.

The same damping arrangement is used on repro-
duction, but additionally the phase modulator is fed
with a correction voltage which is a function of the
horizontal jitter and drift error obtained from the
output of a comparator which determines the re-
maining degree of error by sampling at the line
repetition rate.

Time Element Compensator

Further, finer correction of timing errors in the
reproduced output signal of the recorder is provided
by this unit which is totally electronic in operation.
The principle involved is as follows : the video signal
at the output of the demodulator is passed through
a lumped-constant delay line.
The capacitive elements of the
delay line are variable-capaci-

is one input of a time comparator circuit, which is the
error detector. The other input of this is from a ref-
erence pulse generator, which may be switched to
produce pulses from either an external reference
source or an internal line frequency flywheel oscilla-
tor. The output of the comparator is a varying volt-
age, the polarity and amplitude of which is a measure
of the departure from consistency of timing of the
reproduced waveform. After being passed through
phase splitting driving stages, the correction voltages
are applied to the voltage-controlled delay line.

When the internal reference is in use, individual
reproduced synchronizing pulses are compared with
the average rate of the reproduced synchronizing
pulses, integrated over a period of 2 to 3 milli-
seconds. Under this condition of operation, the
time element compensator will only correct for geo-
metrical errors in the picture.

With the external reference source in use, all
repetitive, random and geometric errors up to a
maximum of 1 usec are corrected to less than +0-03
psec.

Voitage-controlled Delay Line

The complete voltage-controlled delay line assembly
consists of four individual but similar lines,
each made up of 11 sections. A diagram of a part
of one line is shown in Fig. 5. Anti-phase correc-
tion voltages are applied as reverse bias to each
set of diodes, thereby changing their capacitance
and consequently the delay of the lines. The
nominal impedance of the voltage-controlled delay
line is 500 ohms, and the signal level at the input
is approximately 025 V peak-to-peak.

The four delay lines are connected in series in
two groups, known as the ‘A’ variable delay and the
‘B’ variable delay. (Fig. 6.) The total static delay
through each group is 1-5 usec. The output of the
error detector is so phased that a greater delay is
applied to “early ” signals, and the delay line is made
to have less delay for a “late ” signal.

An interesting feature is that the delay control
voltage is applied directly to the A lines and is sub-
ject to a 1.5 usec delay before being applied to the
B lines. The additional 1.5 usec fixed delay at the
output of the B driver and phase splitter exactly
match the static or mean delay of the whole of the

“A"GROUP VARIABLE DELAY “B'GROUP VARIABLE DELAY
A Al
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A block diagram is shown in
Fig. 4.

The video signal containing
timing errors, enters the time
element compensator and is fed
through the delay line, and also
to a sync separator. The output
of the sync separator (contain-
ing sync signals having the same
timing error as the video signal)

4th POWER
AMPLIFIER
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“B"DRIVER &
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Fig. 6. Video signal path and
delay line driving stages of
the time element compensa-
tor.
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Fig. 8. Frequency characteristics of delay line (before correction -

by tracking equalizer) showing variation of response under high
and low bias conditions. The response is made level between 0
and 5 Mc[s under all bias conditions by the tracking equalizer.

A group variable delay line. In other words, the
correction voltage is delayed by a period equal to
the transmission time of the video signal through the
A delay lines. By this means, correction is made
twice over the same portion of the video waveform,
and thus the actual delay operation takes place
during only a small time interval of the signal. Half
of the maximum total correction range of the system

+10V i

-1V
54S SAWTOOTH / ‘

Fig. 9. Principle of error detector PRODUCED FROM
showing derivation of control voltages REFERENCE 1
for delay line by timing variations of
reproduced waveform. (Timebase not
to scale.) LoRRECT |
TIMING ~
SAMPLING
PULSES

——-l 5/.15!<——

- (which is approximately 1 usec) is carried out in

the A lines and the remaining half in the B lines.
(Fig. 7.) v

A further fixed delay of 1.5 usec is inserted in
the video circuit. This is to compensate for the
difference in timing due to the unequal path lengths
traversed by the signals fed to the error detector and
the delay lines respectively. Over the working
range of the voltage-controlled delay line, the fre-
quency response and the impedance of the line vary,
due to the change in value of the capacitive elements.

The cut-off frequency under the non-correction
state is about 10 Mc/s. During a low-delay/high-
bias condition, f,=12 Mc/s; under high-delay/high-
bias conditions, f.=85 Mc/s (Fig. 8). At 5 Mc/s
the response differs by about 4 dB between the high
bias and low bias states. In order to counteract this
change in video response, a variable equalizer cir-
cuit is incorporated at the output of the voltage-
controlled delay line. This is known as a tracking
equalizer and is controlled by the bias voltages which
are fed to the A delay lines.

The change in impedance due to the variation of
the capacitive elements is of the order of +20%.
This variation produces reflections in the delay line;
however, these reflections are kept very low and in
practice are not objectionable, since a reflection must
traverse the line twice before it comes out; careful
design of the line ensures the maximum attenuation
of such reflections. The reflections over the operat-
ing range do not exceed 0-5% in one sense and 0-8%
in the other.

The Error Detector and Delay Line Driver

The primary correction voltage for the delay line
is generated in the error detector, where the pulses
from either the external source (reference 3jync) or
the internal line frequency oscillator are .nade to
produce a sawtoorh waveform with a 5 usec negative
slope (Fig. 9). The output of the sync separator
(containing the timing error of the input video signal)
is gated to allow only the leading edge of each line
synchronizing pulse to pass. This is used to trigger
a 2 psec sampling pulse generator, thus the leading
edge of the sampling pulse is modulated by the time
error of the original video signal. ‘
The time-modulated pulses derived from the video
signal are made to sample the steady 5 usec sawtooth

ONE LINE PERIOD —————»
POSITIVE OUTPUT)VOLTAGE

(EARLY
ZERO OUTPUT VOLTAGE

NEGATIVE OUTPUT VOLTAGE
(LATE)

—_—-

FROM
REPRODUCED | EARLY
WAVEFORM

LATE

WIRELESS WORLD, NOVEMBER 1962

519






Reducing Interference in

Untuned-L.F. Receivers

IN the June 1956 issue under the title “ Unconven-
tional F.M. Receiver ” was published a design based
on the pulse-counter low-distortion discriminator
described earlier (April 1956). A crystal-control
modification of the same receiver was described in
Wireless World in the April 1958 issue, and other

~ versions have appeared elsewhere and apparently
have been widely used.

An unusual feature of my design was the choice
of an if. in the region of 0.15 Mc/s, so that an un-
tuned RC amplifier could be used, dispensing with
the need for alignment. The tuning of the single
r.f. stage is fixed, and broad enough to cover all three
B.B.C. channels in any one location It has been
found by some that although there is no perceptible

250p

! Fig. 1. Acceptor circuit
centred on 2.2 Mc;s for
reducing i.f. gain at
interfering frequencies.

ACCEPTOR
CIRCUIT

i T 470

interference when only the two outer channels
(Home and Light) are working, with all three there
is a rustling or chattering background.

Having been otherwise occupied, I have not had
time until recently to look into this complaint. The
first thing was to ascertain the cause. The particular
receiver available for test was crystal-controlled for
the three Wrotham channels (89.1, 91.3 and 93.5
Mc/s), the third harmonic frequency of the oscillator
being 0.12 Mc/s less than the wanted channel fre-
quency in each case. The table shows in the first
column these third-harmonic frequencies for the
three crystals; in the second, the channel carrier

100k

Oscillator third Carrier Difference Difference
harmonic frequency freq y freq y
frequency present created by

in if. limiter

Tunedto3 9118 L 89.1 2.08

3 913 0.12 220 1%

H 935 2.32 L
Tuned to H 93.38 L 89.1 4.28 '2.20

3 913 2.08 290, 1.96

H 93.5 0.12 S
Tuned to L  88.98 L 89.1 0.12

3 913 232 249, 220

H 93.5 4.52 .
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By M. G. SCROGGIE, B.Sc., M.I.E.E.

frequencies; in the third the resulting difference
frequencies supplied to the if. amplifier (the sum
frequencies are ignored as being too high to be signi-
ficant); and the last column the difference frequencies
that would be created from these by the non-linearity
of the limiter, supposing they were still present at
appreciable strength there.

It is seen that when switched to any of the three
channels there are several frequencies at or near
2.2 Mc/s, and frequency modulation of them might
well account for the type of interference experienced.
While these signal components would be relatively
weak, it should be noted that the gain of the if.
amplifier described is of the order of 36 dB at 2 Mc/s.
Furthermore, when switched to the 91.3 Mc/s
channel there are difference products of 2:08 and
2.32 Mc/s, which, if there was non-linearity early in
the i.f. amplifier, would create 0.24 Mc/s, at which
the i.f. gain is only about 1 dB below maximum.

If this analysis is correct, an appropriate cure
should be one or more acceptor circuits centred on
2.2 Mc/s, as in Fig. 1. A practical difficulty is that
the capacitance must be small—less than 10pF—so
as not to reduce the if. bandwidth appreciably, and
then the self-capacitance of the inductor is of com-
parable magnitude, with undesirable results. In fact,
the effect of the first acceptor tried was a substantial
increase in interference! This was traced to the
self-capacitance of the coil increasing its apparent
inductance at the interference frequency, whereby
it tuned the parallel stray capacitance of the amplifier

SERIES
TUNING
CAR. L, SELF-CAR
! 32 OF COIL
STRAY-CAP. L,
OF STAGE  *}*
]

1
I
oo

Fig. 2. How the implementing of Fig. I can
give a contrary result if the inductance of the
coil is calculated without allowing for its
self-capacitance.

stage as a rejector circuit to that frequency, as shown
in Fig. 2.

After compensating for this effect by reducing the
inductance to 334uH, the interference was reduced
to an acceptable level with 8-9pF series tuning
capacitance. The coil was a small low-capacitance
multi-layer type.

An alternative cure, theoretically less desirable but
audibly acceptable and simpler to apply, was 10 pF
across the 0-1 MQ grid leak of each of the two if.
stages.
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Third International Symposium on Batteries

BOURNEMOUTH, 2nd-4th OCTOBER, 1962

OVER 300 specialists from all parts of the world
attended the three-day conference on batteries
last month. Held under the auspices of the
Inter-departmental Committee on Batteries (a body
charged with the duty of co-ordinating research in
Government establishments and in industry) this
Symposium is regarded as of sufficient importance to
be opened by a Government scientist of the highest
rank. This year it was Sir Solly Zuckerman, C.B,,
F.R.S. (Chief Scientific Adviser to the Government
on Defence) who underlined the importance of
batteries in modern weapon systems and praised the
reliability now achieved in the special batteries used
in missiles. This was in no small measure due to the
international exchange of information, and our
American friends with their vast resources had con-
tributed much to battery reliability in space and to
the development of solar cells, though their recent
disturbance of the Van Allen belt had made the re-
sults from these devices somewhat less predictable!
While noting that this year the majority of papers
still dealt with batteries depending on electro-chemi-
cal action he pointed to the rising interest in fuel
cells and other forms of energy exchange and hinted
that in 1964 the title of the Symposium might be ex-
panded to include these.

Lead-Acid Batteries. In spite of their long establish-
ment as the principal type of storage battery and of
the vast amount of research. which has gone into
their development, lead-acid cells are still capable
of providing intriguing problems and fascinating
answers. The whole of the first day was devoted to
the lead-acid battery and one of the most interesting
_papers was that by Dr. M. Barak (Chloride Electrical
Storage Company) who showed coloured cine-micro-
photographic films of the surface of a pure lead elec-
trode when taken through a complete cycle from
cathodic to anodic conditions. The formation of the
dark brown film of lead dioxide when the plate was
positive and of the formation of a network of white
lead sulphate crystals over the surface on discharge
were observed, at least by delegates in the front seats
(the projector lamp power was below par) and the
evolution of gases was seen to be confined to pre-
ferred sites. This not only explains some anomalies
in the Tafel relationship (that the hydrogen over-
potential varies as the logarithm of the current den-
sitv), since the effective area of the electrode is
obviously not its superficial area, but throws some
light on the migration of atomic hydrogen over the
surface to points of nucleation where combination to
molecular hydrogen takes place. ’ .
The electron microscope has been called in to in-
vestigate electrode structure and Mrs. Jeanne Bur-
bank (U.S. Naval Research Laboratory) gave as an
example its successful use in finding the essential
difference between two commercially produced lead-
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cadmium cells for “float” operation. The lead
dioxide particles in the unsuccessful battery were
found to be granular with smooth contours and
rounded edges, resulting in poor cohesion, whereas
in the successful battery they were prismatic crystals
of the tetragonal SPbO, with twinning and many
branch arms resulting in a stable interlocked mass.
The texture and capacity of the inferior battery
plates could be improved by prolonged shallow dis-
charge cycles which produces prismatic PbSO, spines
on the amorphous active material particles.

Normally, both @ (orthorhombic) and B (tetra-
gonal) crystal forms of PbO, are present together in
lead accumulator plates and the proportions and dis-
tribution of the two forms are factors determining
the performance of the battery. Dr, E. Voss and
Dr. J. Freundlich (Accumulatoren Fabrik A.G.)
reported detailed investigations of the discharge
capacities of lead dioxide electrodes formed exclu-
sively of one or other of these forms. They found
that although the instrinsic maximum capacity out-
put per unit areas (true surface) is higher for the «
variety, the capacity per unit weight is higher for the
B8 form. The stability and self-discharge properties
of « and BPbO, in sulphuric acid have been investi-
gated by P. Ruetschi, J. Sklarchuk and R. T.
Angstadt (The Electric Storage Battery Co., U.S.A.)
and they find that pure aPbO, was less stable, in
spite of a smaller true surface area.

Alkaline Batteries. The kinetic basis for the success-
ful operation of sealed nickel-cadmium cells was dis-
cussed by U. B. Thomas Jr. (Bell Telephone Labora-
tories) who pointed ‘out that in theory no gas was
involved and no net chemical change was involved in
a complete charge/discharge cycle of any nickel-
cadmium cell, but that on overcharge gas would be
evolved continuously. Although theoretically the
oxygen and hydrogen would eventually be reduced
and oxidized at the negative and positive plates, the
process is impracticably slow. In practical sealed
cells the first step taken by the designer is to provide
excess chargeable material in the negative plate to
ensure that under any operating conditions the plate
1s never fully charged and no free hydrogen is
evolved. Overcharging then results only in oxygen
evolution at the anode. Rapid diffusion to the
cathode is ensured by a short path (probably 10-30
microns) through a film of electrolyte on the porous
surface of the negative plate. There is a rise of pres-
sure due to the oxygen evolution, which as Dehmelt
and von Dohren (Accumulatoren Fabrik A.G.) have
pointed out increases the rate of oxygen reduction (to
water). The steady state is dependent on complete
sealing and any loss of oxygen or of water would re-
sult ultimately in the failure of the cell.

At the previous Symposium, R. T. Doran (Royal
Aircraft Establishment) reported work on the addi-

WIRELESS WORLD, NOVEMBER 1962



tion of the hydroxides of compatible elements such
as magnesium and cobalt to the nickel hydroxide
electrode. This work has been extended to scandium
and indicates that not only can the working potential
be raised, but that the electrode capacity improves
with age. The high cost of scandium limits practical
applications but it is thought that the improved per-
formance may be of value in satellites.

Fuel Cells. The difference between the open-circuit
voltage of an oxygen fuel cell and the working volt-
age on load may be considerable and is due pri-
marily to polarization phenomena at the electrode
surfaces. The higher the chemical reactivity of the
fuel the better will be the working voltage, and in
this respect pure hydrogen gives the best results.
However, the future of fuel cells undoubtedly de-
pends on the use of more easily stored liquid fuels
and Dr. M. L. Gillibrand and G. R. Lomax (Chloride
Electrical Storage Co.) gave theoretical reasons for
their choice of hydrazine (N,H,) and described 2
practical cell, comparable in size to a car battery
giving a power output of about 60 watts (100
amperes at 0.6 volts). The open-circuit voltage of
the cell was 1.0 volt. Fuel cost is, of course, high
and in response to a questioner the authors estimated
present running costs at £3 per KkW-hr.

Solar Cells. Damage from high-energy particles in
the Van Allen belt is a subject which is very much to
the fore these days, and a review of the facts and the

results of some experiments using synchro-cyclotrons
and linear accelerators to simulaté conditions in
space were presented by F. C. Treble (Royal Aircraft
Establishment). The principal source of damage is
not high energy electrons, which can be effectively
stopped by cover plates of glass, quartz or sapphire,
but by protons which are capable of producing lattice
displacements in silicon at a threshold energy of only
190 electron-volts. These defects act as traps for the
recombination of minority current carriers and so
reduce the output from the cell. Calculation shows
that effective screening from proton bombardment
would incur a prohibitive weight penalty. Tests
have shown that there is no significant difference be-
tween p-on-n and n-on-p silicon junctions as far as
damage is concerned, but gallium arsenide, which is
less dependent on minority carrier lifetime, shows
to advantage. Cells of this type have the additional
advantages of higher output voltage and lower sensi-
tivity to temperature rise,

The problems of heat balance, and the reduction
of range of temperature variation between light and
dark by the regulation of absorption on the front face
and re-radiation of heat from the back present an
interesting study, as was evident from a paper by
H. J. H. Sketch (also of R.A.E.). Taking as examples
the design of solar cell systems for a celestial-
stabilized astronomical satellite and an earth-stabi-
lized communications satellite, he outlined the factors
deciding the geometry of the solar-cell paddles which
often seem to assume unnecessarily weird shapes,

TELEVISION

THE Eire television service (Telefis Eireann) is due to
bring into service on November 1st its 625-line trans-
mitter at Kippure, near Dublin. The station will then be
operating on both 405 and 625 lines and therefore the first
dual standards station in the British Isles, The 405-line
transmitter operates in Band ITI with a 3-Mc/s vision
bandwidth (in a 5-Mc/s channel) and a.m. sound and
the 625-line station (also in Band III) with a 5.5-Mc/s
vision bandwidth (in an 8-Mc/s channel) and f.m. sound.

A dual standards station—at Truskmore, Sligo—is also
to be introduced shortly. The 405-line transmitter is
scheduled to be brought into service later this year and
the 625-line transmitter early next year.

It is planned that the remaining three transmitters
will operate on 625 lines only. They should be radiating
the 625-line transmitter early next year.

In the table below we give operating characteristics
of the transmitters at the first five stations. The two
405-line transmitters employ positive vision modulation
and the 625-line transmitters negative modulation. The
vision e.r.p. of all transmitters is 100 kW.

Frequencies (Mc/s)
Polar’'n.

Vision Sound
GORT (Maghera) 53.75 59.75 H
CORK (Mullaghanish) 175.25 181.25 \4
DUBLIN (Kippure)* 184.75 181.25 H
KILKENNY (Mt. Leinster) 191.25 197.25 v
SLIGO (Truskmore)* ... 204.75 201.25 v
DUBLIN (Kippure) 207.25 213,25 H
SLIGO (Truskmore) 215.25 221.25 v

*405-line transmitters.
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IN IRELAND

Londonderry (B.B.C.)

KILKENNY &

Locations of the Eire stations, together with those of the B.B.C.
and I.T.A. (operational and planned) in Northern Ireland. Low-
power transmitters at Larne and Newry are also planned by
the B.B.C. .
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Microwave Components

I.EEE. CONFERENCE IN LONDON

ALTHOUGH complementing the recent micro-
wave valve congress (see p. 462 of our last month’s
issue) the LE.E. conference was rather smaller—
thirty papers were given in three days. These will
be printed in full in the conference report series
of the Institution: only a selection (mainly illus-
trating general trends) are discussed in this report.

P-i-n Silicon Diodes for Power Modulation

One very noticeable new trend in this field is the
increasing use of p-i-n silicon junction diodes for
power modulation (variable attenuation or switch-
ing)—five of the papers dealt with various aspects
of this topic. Essentially a p-i-n diode consists of
a silicon wafer into which charge carriers can be
injected. When a forward bias is applied these
carriers drift through the crystal lattice colliding
with imperfections. The time interval between
collisions is much shorter than the period of a micro-
wave r.f. cycle so that a microwave field acts like
a d.c. field on the carriers, transferring energy to
them. This energy is in turn transferred by col-
lisions to the crystal lattice so that the effective
resistance of the diode is then only a few ohms. This
resistance can be increased to an effective open
circuit (several thousand ohms) by sweeping the
carriers out of the silicon by means of a reverse
bias. It is this variable resistance which is used
to provide power modulation: the p-i-n diode being
coupled across the waveguide or coaxial microwave
transmission line to give variable power absorption
or reflection (as described in papers by Baker and
Muskus). The diode also produces a small shunt
capacitance across the line, but this can be tuned
out by an added inductance. More sophisticated
arrangements also described at the conference used
two diodes in a 3dB coupler (see papers by Roberts
and Robinson and by Anderson) or magic-T (see the
paper by Anderson just mentioned and also the
paper by Allen). A better overall match can be
obtained by absorbing power in the diodes in the
off or isolated condition rather than by reflecting
it back to the source. As was pointed out by Ander-
son, wider bandwidths and better temperature com-
pensation can be obtained by balanced arrange-
ments.

The switching speed of such devices is determined

by the time taken for the hole carriers to diffuse -

into or out of the intrinsic region. As was pointed
out by Baker and also by Muskus, this time can be
kept to a minimum by applying suitable excess bias
voltages at the beginning and end of each switching
pulse, switching times of the order of 0.5 psec being
readily achievable in this way.

The power-handling capacity of such devices was
discussed in the paper by Baker already men-
tioned. The maximum continuous power which
can be handled is limited to the order of 10W per
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diode by the necessity to keep the silicon tempera-
ture below 300°C. This is because above this
temperature the intrinsic resistivity of silicon begins
to increase and this increases the diode insertion
loss (and thus the power absorbed). This leads to
a further increase in resistivity, producing a run-
away effect and eventual damage to the diode.
Even so the power handling capacity is consider-
ably greater than that of the point contact diodes
which have also been similarly used for power
modulation. The peak pulse power handling capa-
city is limited to about 500W by the diode reverse
breakdown voltage. In addition the small amount
of rectified current produced causes self biasing of
the diode: this increases the insertion loss and this
results in a limiting action at high peak powers.
Advantages of such modulators over other types
(e.g., mechanical, ferrite or discharge-tube devices)
mentioned in the paper by Muskus already referred
to, are their light weight, small size, relative insen-
sitivity to temperature changes, fast switching speed,
low switching power requirements, and ruggedness.
Another important recent use of such diodes—to
eliminate the need for a keep-alive discharge and
to reduce spike leakage in T-R cells—has already
been described in the Technical Notebook section

. of our August issue (p. 402).

A component which has a very wide variety of
uses is the circulator. This is a multiport device in
which power entering port 1 emerges only from
port 2 (no power being transferred to any of the
other ports) and so on in a cyclic manner. This
enables incident and reflected power in a wave-
guide to be separated without loss, and is thus of
use, for example, in permitting a common aerial for
transmission and reception or for separating the
output from the input in a single-port parametric
amplifier. Circulators in which magnetized ferrites
are used to provide phase shifts in rectangular guide
or Faraday rotations in circular guide which are
non-reciprocal (i.e., unequal in opposite directions)
are well known. However, these devices require
complicated transitions which tend to make them
bulky and expensive. Recently much more com-
pact forms of circulator have been developed using
(magnetized) ferrite loaded waveguide junctions and
these were discussed by Aitken and McLean and
also by Penney. Apart from their compactness, two
other advantages of this type of circulator are that
they can be more easily made broadband and also
that they are less sensitive to temperature changes.

Non-reciprocal phase-shifting devices using fer-
rites need, as is well known, a magnetic field for
their operation. When a switchable device is re-
quired this field is usually provided by an electro-
magnet. It is, however, difficult to produce rapid
switching with this arrangement owing both to the
self-inductance of the electromagnet and to switch-
ing eddy currents set up in the waveguide wall. A
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different approach described by Nourse is to con-
centrate the field entirely in the ferrite, making use
of the remanent magnetism in a square-loop
material. This results in the additional advantage
that no energy is required to maintain the phase
shift at a given value, but only to change it. Com-
puter ferrite rings were used, mounted on a dielec-
tric rod along the centre of the waveguide: a central
conductor was used to carry current pulses which
switched the direction of remanent circumferential
magnetization in the rings. A minimum switching
time of 50 nanoseconds was achieved using this
arrangement.

The recent advent of low-noise pre-amplifiers has
focused attention on image channel rejection de-
vices, since image noise can degrade the noise
factor by 3dB. The obvious method of image sup-
pression is, of course, to use a filter, but it is diffi-
cult to design and track such filters for a wide
tuning range. Another approach is to use an image
suppression mixer, and one was described at the
conference by Endean and Robinson. The circuit
uses a combination of ring mixers and 90° phase
shifters which is actually the standard single-side-
band modulator arrangement, though the design
conditions are different.

BOOKS RECEIVED

Physical Principles and Applications of Junction Tran-
sistors, by J. H. Simpson and R. S. Richards. Written
for the physicist and laboratory worker who is not an
electronics engineer. A thorough treatment of the basic
physics of semiconductors is given in the first part of the
book, which then goes on to deal with circuit design,
both generally and detail. Mathematics are not par-
ticularly obtrusive, and there is a voluminous list of clas-
sified references. Pp. 519. Clarendon Press: Oxford
University Press, Amen House, Warwick Square, Lon-
don, E.C.4. Price 63s.

Handbuch des Rundfunk-und Fernseh-Grosshandels
1962/3. Specifications and nominal prices of German
radio and television receivers, car radios, tape recorders,
record players, aerials, etc. and prices of some current
semiconductor devices, batteries and valves. Published
by the German Radio and Television Wholesalers
Federation with the collaboration of the editorial depart-
ment of Funk Technik. Pp. 460; Figs. 1,278. Verlag
fiir Radio-Foto-Kinotechnik G.m.b.H., Eichborndamm
141-167, Berlin-Borgiswalde. Price DM7-50 (postage
88Pf). :

Design of a Group of Plug-in Television Studio Ampli-
fiers, by K. J. Austin. A B.B.C. Monograph, on the
electrical and mechanical design of video and pulse am-
plifiers for distribution and loss-correction in coaxial
lines. Pp. 18. B.B.C. Publications, 35, Marylebone
High Street, London, W.1. DPrice 5s.

Introduction to Microwave Practice by P. F. Mariner.
Adopts as far as possible a simple non-mathematical
approach and makes use of a considerable number of
explanatory diagrams. Topics discussed include trans-
mission line and waveguide theory, measurement of re-
flection co-efficients, matching over broad and narrow
bands, microwave instruments and components (with a
special chapter on those employed in measurement) and
the uses of ferrites. Three mathematical appendices
prepare for more advanced work. Pp. 238. Heywood
& Co., Ltd. (Book Sales Dept.), Tower House, South-
ampton Street, London, W.C.2. Price 50s.

British Instruments Directory and Buyer’s Guide 1962.
Information on firms, products, specifications and organ-
izations. The glossary of terms has been extended to
include a Russian section. Pp. 376. United Science
Press Ltd., 9 Gough Square, Fleet Street, London,
E.C4. Price 63s.

Cabinet Handbook by G. A. Briggs. Deals with the
more practical side of loudspeaker enclosure construc-
tion. The major part of the book is concerned with
materials, processes and actual -constriiction, while de-
sign in a general way is confined to two chapters. A
whole chapter is devoted to the startling effects of an
amplified electric guitar on loudspeakers, and cures for
the ensuing troubles. Recommendations are given for
room resonance damping. Pp. 112. Wharfedale Wire-
less Works Ltd., Idle, Bradford. Price 7s 6d.

SHORT-WAVE CONDITIONS

Prediction for November
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The full-line curves indicate the predicted median
standard maximum usable frequencies for the month of
November.

The dashed-line curves show the optimum frequencies
which are intended to allow for day-to-day variations
from the monthly median,
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These curves have been prepared by Cable & Wire-
less Ltd. from information supplied by the Radio
Research Station, Slough.
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" Les Platons, Jersey, v.h.f. sound station is changing
the frequency of its Third Programme transmitter from
94.45 Mc/s to 94.75 Mc/s from November 1st. Under
the Stockholm Plan of 1961 which came into effect on
September 1st, this transmitter should have changed to
94.7 Mc/s. However, France in planning her f.m. sound
broadcasting network required to alter the frequency of
the Lille station from 92.2 Mc/s to 94.7 Mc/s. The
U.K. therefore agreed at an international meeting held
earlier this year at Kleinheubach, Germany, between
west European signatories to the Stockholm Plan, to
offset Les Platons by 50 kc/s to avoid co-channel inter-
ference.

At Brookmans Park, Herts., the B.B.C. have brought
into opsration a new 50-kW transmitter, which radiates
the Light Programme on 1214 kc/s (247m) and serves
the London area and parts of the Home Counties,

Portree, Isle of Skye, is now being served by a tem-
porary low-power v.h.f. sound relay station transmitting
the Scottish Home Service on 93.9 Mc/s, pending com-
pletion of a combined television and v.h.f. radio trans-
mitting station at Penifiler early in 1964.

Hearing Aid Tests.—Reference is made in the annual
report of the Royal National Institute for the Deaf to
the work of its laboratory. In addition to its develop-
ment work it provides a personal hearing aid test
service whereby anyone can have any type of hearing
aid tested if they suspect poor performance. The
laboratory still provides facilities for testing and report-
ing on manufacturers’ prototype hearing aids and, since
the publication of the report, has announced the in-
troduction of an audiometer calibration service.

“Network,” a half-hour colour film made by the
A.EI. Film Unit, tells a true story of telecommunica-
tions. A ship stops at sea in the Gulf of Guinea; a
casting has fractured. A replacement is flown from
England and in less than 30 hours the ship is under way
again. A vast network of telecommunications by radio,
telephone and teleprinter carried the messages and
makes such things possible. The film also shows the
mass production of assotted telecommunications equip-
ment in AE.IL factories. It is available on loan from
the A.E.I. Film Library, Crown House, Aldwych Lon-
don, W.C.2.

Components Used in Automatic Control Systems is
the subject of an informal discussion which has been
arranged by the Institution of Mechanical Eneineers in
conjunction with the Institution of Electrical Engineers,
for November 20th next. Registration is required and
applications should be addressed to the Secretary of
the Institution of Mechanical Engineers, 1 Birdcage
Walk, Wesrminster, London, S.W.1.

Electro-acoustics meeting of the Brit. I.R.E‘ at which
Professor E. J. Richardson will speak on noise control,
will be held on October 29th and not 31st as originally
announced. The meeting begins at 6.0 at the London
School of Hygiene & Tropical Medicine, Keppel Street,
W.C.1.

Heathkit high-fidelity equipment is to be demon-
strated by Daystrom Ltd. at the Russell Hotel, Russell
Square, London, W.C.2, on November 3rd to 7th next,
from 11 a.m. to 8 p.m.

“Stereo Broadcast Decoders.”—In Fig. 6 of last
month’s article under this title (p. 489) the two 0.001uF
capacitors near the extreme right hand side of the dia-
gram should be 0.0001xF, In Fig. 8 the connections to
some of the grids of the ECH84 heptode section are
shown incorrectly: in each heptode grids 2 and 4 are
internally connected and should go to the 22kQ com-
mon h.t. dropping resistor (shown next to R,) and
grid 3 should be fed from the respective phase chang-
ing network rerminated by the 470k{ resistor.

“Sine v Square Waveform.”—The output quoted at
the end of the fourth paragraph of this article (October,
p. 464) should be 650W.
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B.A.T.C. Officers.—Grant Dixon, who has been chair-
man of the British Amateur Television Club since its
very early days and has fostered its growth from some
20 members in 1947 to its present membership of about
500, has retired from the chairmanship but remains on
the committee. He is succeeded by John Ware. Other
committee members are J. Tanner (G3NDT/T),
G. Sharpley (G3LEE), M. J. Sparrow (G3KQJ/T),
I. Waters (G3KKD/T), L. ‘Al F. Stockley, D. S. Reid,
M. Lilley and J. Royle (G3NOX/T).

Micro-miniaturization.—With a view to securing some
degree of co-ordination among manufacturers in the
field of micro- -miniaturization, an exploratory meeting to
discuss future liaison and joint consultation between the
members of the seven participating organizations was
held on September 12th. The meeting was convened
by the R.E.C.M.F. and attended by representatives of
the following: BR.EM.A,, E.EE.A.,, SBAC., SIMA,
T.E.M.A. and V.AS.CA.

Kenya’s television station was formally opened in
Nairobi on October 1st. Patrick Jubb, director-general
of the new Kenya Broadcasting Corporation, stated that
they are more concerned with television for educational
purposes than for entertainment.

Amateur radio operators in New York State are to
be allowed to have their station call letters and numbers
registered as car numbers “in recognition of their
service in rescue work and other emergencies.”

“Toute la Radio”, our well-known Paris contem-
porary of which E. Aisberg is director, is changing its
title to Toute Pélectronique with the November issue.
The journal is in its 29th year of publication.

News From Industry

British Electronic Industries Ltd., the holding merger
company for Pye Ltd. and E. K. Cole Ltd., report
that trading profit for the year to March 31st last has
dropped to £2.6M as compared with £3.2M for the
previous year. After taxation, there is a loss of
£155,112, as against a previous profit of £491,851.
Individually Pye’s pre-tax profit for 1961-62 is down
from £1.39M to £0.89M, while E. K. Cole’s loss has
increased to £746,180 (£665,429).

Collaro Name Change.—Collaro (manufacturers of
record changers, etc.).and Magnavox Electronics (mar-
keting a range of radiograms, record players and tape
recorders), both subsidiary companies of the American
Magnavox Company, have been merged to form the
Magnavox Electronics Company, with headquarters at
Alfred’s Way, By-Pass Road, Barking, Essex.

Lintas, the advertising agency which is part of the
Unilever organization, has incorporated a compre-
hensive Marconi-RCA closed-circuit television system
in its new premises in New Fetter Lane, London.
TV auditioning, previewing ‘commercials”, and
general experimental work are facilitated by the equip-
ment which will work on 405- or 625-line standards.
A central control room houses two teleciné channels
and programme outputs are fed, after amplification and
processing, to standard television receivers in offices
throughout the building.

A.E.I. Automation Ltd. has been formed to develop
and supply systems of automation for industrial -applica-
tions in wh'ch computers will often be the main integrat-
ing apparatus. The company will undertake research,
development and design, installation and commissioning,
and sales and contract management. Headquarters of
the new company will be in the grounds of Booths Hall,
Knutsford. The chairman of A.E.I. Automation is Sir
Eric Jones, managing director is J. L. Russell (see Per-
sonalities) and the chief engineer 1s J. L. W. Churchill.
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British Relay Wireless & Television Ltd.—Trading
profit for the year ended April 30th last, at £3,934,798,
is some £417,000 up on the previous financial year.
Chairman, Sir Robert Renwick, in his report, states that
in the London area where the company serves 16
boroughs, they have been completing the line links
whereby the 15 main stations and 42 sub-stations are
integrated into what is believed to be the largest relay
system in the world. He also reports the acquisition of
a retail business trading in the London area as Gem
I}ladio & Electrical Services and operating from 25
shops.

Electric & Musical Industries Ltd.—Group sales for
the year to June 30th, 1962, were £82.58M, compared
with £82.44M previously. Trading profits were £7.39M,
against £7.84M for 1960-61. Profits and turnover of the
Electronics Division reached a new peak, E.M.I. (Aus-
tralia) profits increased substantially, and there was a
further increase in the profits of Pathé Marconi in
France. In the U.S.A. the profits of Capitol Records
fell substantially, said to be partly due to the cost of the
first year of its entry into the electronics field.

Bush and Rank Cintel.—Consolidated trading profit
for the 53 weeks to June 30th was £370,266 as com-
pared with £480,711 for the preceding year. After
certain charges and taxation the net profit attributable
to the parent company is £177,851 (£189,777 for
1960-61).

Radio Rentals’ offer to acquire the ordinary share capi-
tal of the Dawes Radio Group Ltd. has received accept-
ances in respect of approximately 93% of such shares
and the offer has been declared unconditional. The
Manchester based Dawes Radio Group controls a chain
of retail outlets for radio, television and electrical appli-
ances in the North-west.

Marconi Marine have made arrangements with
Kelvin Hughes (a division of S. Smith & Sons (Eng-
land) Ltd.) to offer the latter’s radar type 14/9 and 14/2
to U.K. shipowners on a rental basis only, so as to meet
the special requirement of those needing a medium-
priced radar. Marconi Marine service facilities will be
available throughout the world for Kelvin Hughes radar
supplied in this way.

Thorn Electronics Group.—A new group has been
formed by Thorn Electrical Industries Ltd. to consoli-
date their various engineering and commercial activities
in electronics, including TV studio equipment, closed
circuit television, industrial instrumentation, process
control equipment, radiation counters, and special
cr.t.s for instrument use.

Telcon Metals Ltd., 2 member of the B.I.C.C. Group,
has established its own manufacturing plant in Italy for
the production, from special alloys, of laminations and
magnetic cores as used in the electrical and electronics
industries. The new factory is at Agrate, 10 miles from
Milan, and will operate under the name of Magnetic
Cores (Italy) S.p.A.

Wideband  limiter-discriminators  developed by
R.H.G. Electronics Laboratory Inc, are now available
in the UK. through Livingston Laboratories Ltd., 31
Camden Road, London, N.W.1. (Tel.: Gulliver 4191.)

Digital Measurements Ltd., 25 Salisbury Grove,
Mytchett, Aldershot, Hants. (Tel.: Farnborough 2634)
announce their appointment as sole European agents for
the Military & Computor Electronics Corporation
(MACE) of Florida, U.S.A.

Wire strain gauges manufactured by Tokyo Sokki
Kenkyujo Co. Ltd., of Tokyo, Japan, are to be marketed
in the U.K. by Electro Mechanisms Ltd., of 218-221
Bedford Avenue, Slough, Bucks. (Tel.: Slough 22228.)

The McMurdo Instrument Co. Ltd. have moved their
precision wire-wound resistor production from Kingston
to their Portsmouth factory.
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Protona, the Hamburg, Germany, manufacturer of the
Minifon magnetic-wire recorder, which is marketed in
the U.K. by the Clarke & Smith division of Electric &
Musical Industries Ltd., has been absorbed by Tele-
funken, the West German electronics concern. A
spokesman for Clarke & Smith said that they had been
advised by both Protona and Telefunken that the UK.
marketing arrangements for the Minifon product would
continue as at present.

The Ministry of Aviation has placed orders with Mar-
coni’s W/T Company for the supply and installation of
two airways radar links, one to serve Ringway (Man-
chester) and the other at Heath Row (London); also a
dual channel surveillance radar for the U.K. Air Traffic
Services Station, R.A.F. Hack Green; and three dual
500kW, 50cm radars for the U.K. Airways System in-
itzCl)llations at St. Annes, Lancs., Ash, Kent, and Ventnor,

Aveley Electric Ltd. have been appointed sole U.K.
agents for the complete range of products manufactured
by Nucletron & Electronic G.m.b.H., Munich, Germany,
The Nucletron range comprises stabilized high voltage
power supplies for all types of photomultiplier tubes,
and nucleonic devices, mu-metal screens and holders to
fit all well-known photomultipliers, c.r.t.s and other
special purpose tubes.

The Potter Instrument Company, whose recent
exhibition in London introduced this American com-
pany’s high density magnetic tape system to British
Government specialists and industrialists, are soon to
establish a servicing and spare parts depot in the London
area. For the present all enquiries should be addressed
to the company at 7-9 St. James’s Street, London, S.W.1.

Fine Tubes Ltd. new plant at Estover, near Ply-
mouth, was inaugurated on October 5th. It is antici-
pated that the new 70,000 sq ft mill will increase pro-
duction of the precision drawn small diameter thin-wall
tubing by up to 50%. Electronic applications for the
tubing include use as cathodes, coaxial tubes and
sleeving for tungsten leads in all types of electron tubes.

Addison Electric Co. Ltd. announces that an American
subsidiary company has been registered in the name of
Addison Electric Co. Inc. The address is 1101 Bristol
Road, Mountainside, New Jersey, U.S.A. Addison
Electric is a member of the Muirhead Group.

W. G. Pye & Co. Ltd. is to manufacture, in the U.K,,
pH electrodes to the specification of Dr. Werner Ingold,
of Zurich, Switzerland. These arrangements will not
affect production of the established range of Pye elec-
trodes but they will enable Pye to offer a widened range.

OVERSEAS TRADE

The New Zealand Broadcasting Service is already
making active preparations to cover the Queen’s visit
next February. Another television outside broadcast
vehicle—the third in eight months—has been ordered
from Marconi’s. The latest O.B. unit is to be based at
the Wellington station which, like the other three New
Zealand television stations at Auckland, Christchurch
and Dunedin, is equipped with Marconi vision and
sound transmitters.,

A Scorpion radar set for use in testing the British
Aircraft Corporation’s Bloodhound II guided missile at
the Woomera rocket range, was recently despatched to
Australia by A.E.I’s Electronic Apparatus Division. It
is described by A.E.L. as their largest ever single con-
signment—over 80 tons—of electronic equipment for
overseas.

Sweden’s present air defence system is making ex-
tensive use of early warning and height finding radar
equipment manufactured by Decca Radar Ltd. and
installed by their Swedish subsidiary, Decca Navigator
och Radar AB.
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