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of viewers throughout whole continents. - -

Wireless World

ELECTRONICS, TELEVISION RADIO, AUDIO

Satellites and TV Standards

A VISIT from Arthur C. Clérke, who propouhd.ed the theory'for synchronous éétéllites

in his article “ Extra-terrestrial Relays ” in Wireless World twenty years ago, and the
y yy g0,

recent successful transatlantic transmissions of colour television via Early Bird, the first

commercial synchronous satellite, prompt us to re-open the discussion on television:
standards. There is a growing feeling on both sides of the Atlantic that in order to
gain the maximum cultural, and we hope peace engendering, benefits which television

offers, every effort should be made to: establish a global, or near-global, standard.

The suggestion of a truly international standard is not made purely to facilitate the
exchange of programmes; this can be done with films, as we suggested in a previous
leader. It is because the successful launching of Early Bird has brought within sight
the purpose for which Clarke put forward his scheme for synchronous satellites,
namely, that they could be used to broadcast. television programmes direct to millions

The problems of line standard and field frequency have been ventilated in W.W.

‘on many occasions. With the ending of the French and Belgian 819-line transmis-

sions the remaining two standards, 625 and 525 lines, are used almost entirely in the
eastern and western hemispheres respectively. The only countries in the western

“hemisphere employing 625 lines are Argentina, Barbados and Jamaica, and the only

countries east of the Greenwich meridian which have adopted 525 lines, we believe,
are Cambodia, Iran, Japan, Korea, Kuwait and the Philippines. The situation however,
is now further complicated by the introduction of colour and it would seem to be
short-sighted and parochially minded for us in the U.K. to talk of “going it alone”
if agreement is not reached internationally. soon. ~ With two line standard blocks,
American and European, it would indeed be a tragedy for the future development
of colour television if with each of these a colour standard was not established. As we
sce it, therefore, although a world-wide colour system would be ideal, if this is unobtain-
able, then, as engineers, we must ensure that our voice is heard in the political arena
in which the subject has been dragged so that engineering considerations are fully
appreciated before an irrevocably false step has been taken.

Local Broadcasting

ELSEWHERE in this issue local broadcasting is discussed and a scheme put forward
for the introduction of such a service. The scheme, which provides for the financing
of the stations from advertising revenue, has the advantage that the licensing of thes:
stations would not provide the operators with a “licence to print money ” as has been
said of the television programme contractors. The income after certain deductions would
be used to finance local projects and ease the rates burden. The article also proposes the
introduction of the service in Band II. We in this country certainly do not seem to be
making the best use of this band. In response to a recent enquiry for a British made
car radio set covering the v.h.f. band we were told there is not one; apparently there 1s no
demand for one. The situation is very different on the Continent, especially in Germany
where most car radio sets cover the v.h.f. band. |

It could well be that the introduction of local broadcasting in the v.h.f. band would
revive interest in this section of the spectrum and incidentally revive the flagging spirit
of the domestic radio industry. ~
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ing leads brought to the test circuit. This lends itself
to the exclusive use of 2- -core connecting leads for all
such per1pheral items.

To summarize, it will be found that in any experiment
circuit, simple or complex, about twice as many connect-
ing points are required on the test circuit to comply
with the above stated principles, compared with the
same test circuit not employing these principles. The
resultant use of 2-core connecting leads, however, means
that only about half the number of separate leads are
requited in wiring up the circuit compared with the
single-core item-to-item connected test circuit.

There are currently available on the market a number of
different makes of electronic” experiment ‘ boxes” de-
signed for students’ use. The majority appear to have
little to recommend them from the student’s point of
view, when rapid appraisal of the test circuit and speed
of interconnection are desirable. The most common
faults to be found are :—

(1) Multiple connections necessary at the terminals.

(2) No provision for easy connection and reconnection
of ammeter and voltmeter leads.

(3) Use of terminals with non-captive heads, often un-
insulated terminals as small as 6 B.A. |

(4) Non-compliance with B.S. 530 graphical symbols.

(5) Incorrect voltage and current quantity and subscript
symbols on the panel circuit diagrams

(6) In an attempt to make the circuit ‘““boxes’ more
versatile, extra variable connecting strips and other
complications and ambiguities are often introduced.

The question of versatility of circuit layout involves
economics versus simplicity and correctness of use. For
example, consider a simple test circuit for determining
the static characteristics of a junction transistor in (a)
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Fig. 1. Possible layout of test circuit for determining triode valve
characteristics.
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common base configuration, (b) common emitter con-
figuration; and (c) common collector or emitter follower
configuration. Obviously one single transistor in a box
would suffice for ali these tests, with provision for insert-
ing appropriate resistances in collector, base, and emitter
circuits. To draw out and label the test circuit suitable
for all these three conditions, however, immediately
involves conflictions that cannot be mneatly resolved.
The “ input ” to the transistor does not always appear on
the left-hand side of the panel, as it preferably should;
input voltage V', in the common base configuration
should be re-labelled Vg in the common emitter case,
and so on. Hence it always appears preferable to have a
separate circuit layout for each type of experiment.

The first decision to be made is the form .of construc-
tion, the choice being basically between a ““box”’, with
ﬁxed components mounted internally, and an open

“ panel.” Both require some form of circuit diagram
on the facing surface. Experience indicates that' the
“box ”” type construction is a far more robust and
practical proposition for day-to-day student use.

With the °“ box” construction, there may well be
some points in a more complex test circuit that are not
brought out to the top plate, and so are not available ‘o
the student. This is one of the drawbacks of the box type
of construction. Against ihis adverse feature, howevcr,
are advantages, particularly useful in transistor exper:-
ments. First, *‘ critical  points, such as directly on to
the base of a transistor, can be deliberately made ncon-
available. Secondly, hidden small series limiting resistors
can be connected in certain circuits, their values bcing
swamped by the normal external series resistance tut
sufficient to protect the circuit in the event of a mal-
adjustment. An internal series 100-ohm resistor in
transistor base circuits is usually undetectable by tke
normal external measurements.

Components used should be of the highest quality,
both technically and aesthetically. This applies particu-
larly to terminals, and captive-head insulated types ~re
essential if the experiment kit is to be used -continuously
and to best advantage. Voltmeter and oscilloscope
connections to the circuit are preferably made by means
of telephone- type jacks sockets, which enable immediiie
voltage connections to be made, with no danger i
supply-to-earth short circuits when earthed a.c. instru-
ments are used.

Ammeter connections into the circuit may also be
made by using shorting jack sockets, but in order o
avoid any ambiguity between voltmeter sockets :nd
ammeter sockets, separate 2-pin sockets with a shorting
plug should preferably be used for current purposes.
With low-voltage low-current transistor circuits it may
be preferable to have gold plated ammeter sockets; in
no case is a split radio-type ‘“banana” plug a satis-
factory article for continuous-use.

The question of whether thermionic valves should be
mounted inside the box or plugged in on the workmg
face of the experiment remains to be settled. In semi-
conductor experiments there is no point in beiag
able to view the semiconductor device, and internal mount-
ing of these long-life components helps to protect them.
Thermionic valves, with their limited life, however, are
preferably mounted outside the box, and visual inspection
of the heater when in use is then possible.

Fig. 2 shows two electronic experiments incorporating
the above features—one a valve experiment with the valve
externally mounted and the other a semiconductor
experiment with the semiconductor device mounted
internally. The remaining general arrangement of termi-
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normally taking initial readings within a quarter of an
hour of receiving an experiment.

The time saving is further improved during the course
of the experiment, as voltmeters and ammeters can be
individually and immediately removed and replaced in
the test circuit without having to undo terminals, or
disconnect supply leads, decade box leads, or any other
leads. The overall saving is such that an experiment

that might normally require three hours using ‘ birds-

nest >’ wiring techniques can be successfully accomplished
i two hours.

The ease of removal of voltmeters in particular means
that it is often possible to utilize only one voltmeter
in an experiment, instead of two or three or more. Care
must be taken in hlgh impedancé circuits, however, to
ensure that : removing a voltmeter from one position and
inserting it in another posmon does not introduce any
appreciable effect on the circuit under test, and more than
one meter may sometimes be preferable. This effect

of meter impedance on circuit performance is often

forgotten -by students, and it may be argued that easy
removal of meters from test circuits is one way of re-
minding them of this danger.

- The use of only one a.c. or d.c. voltmeter is obviously
an economic advantage, and it also avoids the need to
calibrate one meter against another in order to avoid
errors between meters. Also eliminated is the need to
label with small pieces of paper or chalk marks the circuit
parameters which individual meters are recording.

The use of two-core leads tailor-made to suit each

experiment drastically reduces the lead maintenance and
replacement rate. Experience over two years with several
hundred two-core leads, during which they were used about
15,000 times per annum, resulted in no losses or mutila-
tions in one year, and in only one loss in the second year.
‘This compares with a loss or mutilation rate of about
109, per annum with single-core leads—due partly to
lack of respect for odd lengths of single-core wire and
also possibly to the greater usefulness of single-core
wire for private purposes! |

In all, student respect ap-
pears to be generated by a
well engineered experiment

| Acknowledgemen'ts.—-The

PROVISION FOR VARIABLE ANODE
' LOAD RESISTOR

using an experiment kit designed on the principles
described. The greater clarity and compactness of the
latter arrangement is immediately apparent, and there is
greater ease of conversion from half-wave to full-wave
working. |

All other experiments show a similar advantage for the
properly designed kit. The more complex the experiment,
or the measurements necessary during the experiment,
then the more clear does this advantage become.

Questions of cost

Undoubtedly this type of experiment kit w1th its extra

‘terminals, provision of ]ack sockets, special leads etc.

is noticeably more expensive than a simple collection: of
components plus lengths of single-core wire. Against
this.extra initial expense must be weighed the following
powerful factors:—
(i) fewer meters need be prowded—poss1bly only one
voltmeter per experiment instead of two or more;
(i1) external equipment such as 31gnal or pulse generators
may often be dispensed with, owing to the provision
of simple internal drive circuits;
(iil) maintenance costs are reduced because of the
smaller number of separate components involved,
~and because of greater student respect for a well
designed assembly
The financial saving of just one multi- range a.c./d.c.
meter is probably more than the difference in cost between
a collection of components and a comprehensive experi-
ment kit, and thus the.economics of the overall picture
should always be borne in mind.

' author ~would like to
thank A. J. Eales, Head of the Department of Electrical
Engineering of the Bristol College of Science and Tech-
nology, for permission to publish this paper, and for all
facilities made available in the course of its preparation.
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Fig. 3. Possible layout of test circuit for p-n-p-n thyristor experiment,
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TWO-STATE DOUBLE-INJECTION DIODE

A NEW type of semiconductor device which can be switched
from one stable state to the other by a voltage pulse or a flash
of light has been developed by Standard Telecommunication
Laboratories. It comprises a gallium arsenide semiconductor
slice with two film electrodes, one gold and one aluminium,
deposited on the same side and separated by about 0.1 mm.
A typical characteristic is shown in the figure. In the forward

mAA
3
2 FORWARD
THRESHOLD
VOLTAGE

direction, for which the gold electrnde is the anode, the initial
slow rise of current with applied voltage is a single current-
carrier process. There is then a negative resistance region
(full line) followed by an extremely rapid rise of current
resulting from a double current-carrier process (2nd stable

state) in which the aluminium electrode preferentially injects
electrons while the gold electrode preferentially injects holes.
During switching back from the double-carrier state to the
single-carrier state, the negative resistance region is absent
or much reduced (broken line). The reverse characteristic
can be similar, as shown, with a small negative resistance
region, or it may have a single-carrier flow up to voltages
many times greater than the forward threshold voltage—
depending on the diode used. If the diode is biased to a
point just below threshold, illumination from a weak light
source (40 W lamp 2-3ft away) will lower the threshold
and so switch it into the double-carrier high-current state.
The photosensitive effect is greatest with light having a
wavelength of about 7 pm. Threshold voltages between 20V
and 200V can be achieved, and it is hoped to produce diodes
with thresholds below 20 V. | |

LASER BEAM TRANSMITS POWER
Devices which have to operate in situations which do not
allow electric supply cables to be connected to them (e.g.

‘in nuclear reactors) can be powered by means of laser beams.

This is a new technique developed by the National Aero-
nautics and Space Administration of the U.S.A. A laser
beam, produced by stimulated emission in a gallium arsenide
p-n junction, is directed at the remote apparatus, where
the light energy is converted back to electrical energy by a
gallium arsenide photodiode. The resulting constant electric

" current is then used to power the apparatus. ~Applications

are restricted by the low efficiency of the system.

REDUCING LOCAL OSCILLATOR DRIFT

IN most receivers the effects of oscillator drift must be
minimized, particularly to maintain the.signal within the
bandwidth of the if. amplifier. In v.hf. receivers this is
normally achieved by introducing a feedback a.f.c. system.
It is possible to stabilize an i.f. without using a servo system
and to the accuracy of a crystal oscillator, and a system for
use in high quality u.h.f. television receivers, where ‘the
stability was required to be high, has been developed by
P. A. C. Segrave, P. R. J. Court and A. M. Reiter of the
Interndtional Telemeter Company, U.S.A.

The output of the tuner f with its associated drift + Af is
applied to a mixer with a frequency f,+3f, from a crystal oscil-
lator (see diagram). Assuming that f>f, and that the differ-
ence frequency -of the mixer is selected, the output is (f + Af)
—(f,+3f,). This signal, together with the original tuner signal,
f+Af, is then fed to a second mixer to. give a difference fre-
quency of (f + AN—{(f £ A)—)f, £ 8f,)] which is f,+3f,. Thus
the resulting i.f. is independent of the signal frequency and
has the frequency and stability of the crystal oscillator.

The oscillator drift in poor u.h.f. tuners can be compensa-
ted by this means and a drift of + 1.5 Mc/s (with the tuner

r

e

(f£4f) - (fot 6%) fo L 6fo

MIXER
CRYSTAL
OSCILLATER]
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output at 45 Mc/s) has been accommodated. Drift range is
dependent on the choice of intermediate frequencies and

" crystal frequency. With this system it may be possible to

eliminate the fine tuning control in television receivers.

CARBON RESISTOR TRANSDUCERS

Although carbon has been used as the sensitive element
in pressure transducers, piezo-resistivity in ordinary carbon
composition resistors appears to have attracted little atten-
tion. A note published in Rew. Sci. Inst. February 1965,
outlines results of the measurement of the pressure
sensitivity. .

The test apparatus consisted of a pressure chamber main-
tained at ice point, a precision test gauge and a resistance
bridge, giving an overall accuracy of 0.1% full scale. Five
different 1k7 composition resistors were tested up to a
pressure of 5001bin™*. All appeared to have a linear res-
ponse, but a slight hysteresis was noted. Measurements
were repeatable to within 1%. Pressure-resistance sensi-
tivity was between -0.5 and -2.0X107°ohmlb™ in®. Since
the temperature sensitivity was found to be about -2.5X107*
ohm deg C71, it was necessary to maintain constant tempera-
ture; otherwise, of course, a method of temperature compen-
sation is necessary. The low cost, simplicity and availability
of carbon composition resistors could provide a useful tech-
nique for both static and dynamic pressure measurements.

WIRELESS WORLD, AUGUST 1965
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Miniature D.C. Converters

100V and 1,000V battery-powered h.t.
supply units neon stabilization
circuits use a multivibrator-inductor
inverter feeding a Cockcroft Walton
voltage multiplier.

RIMARY aims of the author’s experimental work on
transistor d.c. converters were to avoid the bulk and
complexity of most existing designs and, equally, to

dispense with the necessity for special components. Ex-
amination of the two circuits presented here will show
that these aims have been met. Both are powered by
low voltage dry batteries, consume less than the average
flash-lamp bulb, but have in common the ability to
supply a stabilized high tension voltage to a wide range

of equipment where the current demand is reasonably -

low.

The first circuit was developed specifically to replace
the h.t. battery in portable valve receivers and gives
100 V output at 1 W. Although this type of set can give
excellent performance, the cost of h.t. batteries is high,
and as the voltage, upon which the set’s sensitivity so
much depends, drops quite rapldly if used contlnuously
for long periods, efficient operation becomes uneconomi-
cal when compared with transistor receivers. Another
factor is the difficulty of obtaining some of the older types
of battery. By reducing the cost of maintaining an
adequate hit. voltage, this converter can give a new lease
of life to an old set.

The second circuit has a maximum output of 1,000 V

~times, giving approximately 100V at 10mA.

By D. BOLLEN

~at 75 mW and is likely to be useful where Geiger tubes,

oscilloscopes and kindred equipment are to be battery
operated.

100V circuit

The inverter section of Fig. 1 is based on a multivibrator

“which, oscillating at about 400c/s with the components

specified and feeding into a centre tapped inductor, pro-
duces a square-wave output of approximately 12V under
load. Trl and Tr2 act as low dissipation switches. The
prototype has been successfully run for long periods with
an input of 23 W, using 200 mW transistors without heat
sinks. The inductor, a push-pull output transformer
with the 3-ohm winding ignored, was also tested well
beyond its normal rating, the result simply being that
laminations became slightly warm after some hours
of operation.

To convert the 400-c/s output from the multivibrator
to a high direct voltage, a Cockcroft Walton multiplier
circuit 1s used. The capacitors, in two series chains, are
charged by the “pump” action of the diodes or, to put
it another way, are. charged in parallel and discharged
in series. The circuit can be regarded as several volt-
age doublers placed end to end.

The 12V output from the inverter is multiplied eight
Silicon
diodes were used in the multiplier but, as the peak in-
verse voltage is not greater than 40V and the maximum
mean current handled by each diode 1s less than 20 mA,

~ there is no reason why an ordinary point contact ger-

manium signal diode, such as the OA81, should not prove
equally suitable. Bearing in mind the circuit require-
ments, the choice of diode can quite Well be determined
by price and availability.

Stabilization is achieved by matching the workmg point

Fig. 1. 100V converter, using a multi-
vibrator. For |15V working Trl and Tr2
are both XBI102 or OC72. For 10V working
both are OC81 or TK23. In the multiplier
all the diodes are QA202 and all the
capacitors 30uF, 25V working.

WIRELESS WORLD, AUGUST 1965
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RANDOM

SERS of electronic systems are discovering that noise—
traditionally regarded by designers as an unwanted by-
product of their systems—has many useful properties for

testing purpcses. A random signal can be arranged to have
as wide a frequency spectrum as necessary, so that only one
test need be made instead of a succession of sinewave tests
at different frequencies. A random signal ccntains sudden
transitions between amphtudes—-of a kind that systems are
sub;ected to in normal operation—which cannot be simulated
in sinewave testing. Randcm signal testing allows transient
responses to be obtained in situations where it might be
difficult or impossible to generate sharp impulse test signals
because of mechanical inertia prcblems. . In centinuously
operating systems where the apphcatxon of conventicnal test
signals may be highly inconvenient (e.g. chemical process
plant), the noise produced by the system itself may be used
for measurement purposes.

Manv of these advantages were well brought out by two
-1ecent ccnferences on random signal testing, cne at the I.E.E.
in London, which dealt mainly with the determination of
prccess plant dynamics, and ancther at Southampton Univer-
sity, which was biased towards vibraticn testing of mechanical
structures. The last-mentioned was sponsored by the Insti-
tute of Sound and Vibration Research at the University, the
Society of Environmental Engincers and the Advisory Group
for Acronautical Research and Development Other grow-
ing applications for random excitation are in acoustic measure-
ments and servo testing.

Statistical properties of signals

The two conferences underlined the fact that random signal
work is concerned mainly with statistical properties of
signals—stochastic functions—rather than deterministic func-
tions expressed by mathematical laws such as ¢=E sin 0.
Properties of interest are: mean and r.m.s. values; probability
‘density functions (e.g. Gaussian distribution) and joint prob-
ability density -functions; power spectra and cross spectral
density functions; and autocorrelation and cross-correlation
functions. From the autocorrelogram of a random signal it
is possible tc find any hidden periodicities and to determine
the power spectrum. From the cross-correlogram, the fre-
quency and transient response of a system can be obtained.

Probability density functions are useful for detecting, among

other things, the presence of hidden non-linearities.

An unusual application described at Southampton was an
investigation by the Autonomics Division of the N.P.L. into
the characteristics of the human operator as part of a control
loop. P. H. Hammond explained that this could be done by
statistical analysis of the non-linearities and random noise
- mtroduced by the operator. The control task was to centre
a spot on a c.r.t. by means of a joystick, and an autocorrelation
analysis was made of the operator’s wrist tremor (the noise)
during this process under various environmental conditions.
From the autocorrelograms power spectra were obtained.

The random signals used for testing are not usually
“white” noise—this demands amplifiers and other equipment
of wide bandwidth and considerable power handling capacity
and requires correlation analyses to have extremely long inte-
gration times if they are to give reliable results. In practice
some kind of noise spectrum limitation, or a compromise sig-
nal, partly random and partly periodic, is used. At South-
ampton, for example, J. T. Broch. described a random vibra-
tion testing technique which was similar to a swept sinewave
frequency test except that the single frequency was replaced

384

SIGNAL TESTING--ano pseubo ranpbom METHODS

by a narrow band of noise. By sweeping this narrow-band
random excitation over the entire frequency range required
the equivalent of a wide-band random vibration test was ob-
tained, but with simpler and less expensive equipment.

An example of partly random and partly periodic excitation
is the “pseudo-random binary signal,” and many of the
contributions to the London conference brought out its ad-
vantages for determination of process plant dynamics. Fea-
tures of this type of signal are illustrated in Fig. 1, taken

BINARY _
STATES l }

L,

I ' ’ [ _.
R B
CLOCK PULSES

Fig 1. Part of a pseudo random binary test signal.

from a paper by B. W. Finnie and G. T. Roberts of Edin-

burgh University. The randomness exists in the sequence of
the binary states, while the periodicity is introduced because
the random sequence is cyclic, repeating after perhaps several
hundred or several thousand digits, and because the tran-
sitions between states can only occur at regularly spaced
instants (on clock pulses). Such sequences are usually gener-
ated by special shift registers with feedback connections, and

the random patterns have a length of 27—1 bits, where n is

the number of two-state elements in the register. One advan-
tage of these signals is that they can be easily injected into a
plant because the variable concerned has to be switched
between two values only. In cross-correlation measurements,
integration is only necessary over the time of the random
pattern length (i.e. (2"—1) X clock pulse interval); furthermore,
convenient digital methods may be used to obtain the neces~
sary delay, and multiplication is readily achieved.

Finnie and Roberts gave an illustration of the superior
accuracy obtained with pseudo-random binary signals when
used for input/output measurements on systems. Fig. 2
shows the results of two cross-correlation experiments on
a first-order system, one using the background white noise
as the test signal and the other using a pseudo-random binary
signal in the presence of the background noise. The drawn
lines indicate the theoretical responses, and it .can be seen
that the measurements using white noise show a much larger
deviation from the calculated values.

I-0

4
&~

USING BACKGROUND ] \ PLUS BINARY J
NOISE 10\ TEST SIGNAL _
o]

CROSS-CORRELATION FUNCTION

o
o=

SECONDS

SECONDS

Fig 2. Results of cross-correlation measurements on a Ist-order
system using (left) white noise, (right) pseudo random binary signal.
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Technical Co-ordination of European Manufacturers.—
Formed during 1964, the Committee of European Associa-
tions of Manufacturers of Passive Electronic Components
(C.E.P.E.C.), has been responsible for fostering co-ordina-
tion in technical matters between European manufacturers.
Six nations are represented on the board, and a committee
<f seven technical executives has been established. Each
executive is responsible for a particular subject-—capacitors,
resistors, ferrites, electro-mechanical components, general
questions and microcircuits. Gt. Britain is represented on
the committee by two R.E.C.M.F. members, A. G. Manson

(Plessey) and P. G. Williams (Mullard) who deal with -

resistors and microcircuits respectively,

Collation of Component Failure Data.—The question of
the reporting of component failures has been discussed un-
officially by the Reliability Sub-Committee of the Radio and

Electronic Component Manufacturers’ Federation, the Elec-

tronic Engineering Association, the Society of British
Aerospace Companies and representatives .of Government
establishments, The R.E.C.M.F. states that if a suitable
central collating body were established, there is much useful
data which could be passed back to component manufac-
turers, thus leading to greater reliability and improvement in
design,

Royal Society Award.—The Royal Society’s S. G. Brown
Award and Medal has been presented this year to F. T.
Bacon, consultant to Energy Conversion Ltd., for his work
on the development of fuel cells. The award is made for
an outstanding contribution to the promotion and develop-
ment of mechanical inventions. Mr. Bacon was nominated
by the Institution of Mechanical Engineers.

Electronics and Shipping.—With the aim of bringing to the
attention of shipbuilders, shipowners, and specialist engineers
“the impact that electronics can have on the economies of
building and running ships” the Scottish sections of the
I.LE.E. and L.LE.R.E. are planning a symposium for next year.
It will cover electronics, measurement and control and will
be held at the University of Strathclyde, Glasgow, from April
12th to 15th. Further information can be obtained from
K. A. Murphy, 50 Holeburn Rd., Newlands, Glasgow, S.3.

Conference on Phonons.—The Institute of Physics and
Physical Society is arranging a conference on phonons to be
held at the University of Edinburgh on April 6th and 7th,
1966. The conference will be concerned with theoretical and
experimental work on phonons, including electron-phonon,
neutron-phonon, photon-phonon and phonon-phonon inter-
actions, the interpretation of phonon dispersion curves and
phonons in imperfect crystals and in liquids.

Northern Electronics Exhibition and Convention.—The
twentieth annual Electronics, Instruments, Controls and
Components Exhibition and Convention, organized by the
Northern Division of the Institution of Electronics will be
held during the period September 28th to October 2nd, in-
clusive, at Belle Vue, Manchester. Admission tickets are
obtainable, free of charge, from the General Secretary, W.
" Birtwistle, 78 Shaw Road, Rochdale, Lancs.

LA.R.U.—Yugoslavia is to be the venue of the next Region
1 Conference of the International Amateur Radio Union. It
will be held in Opatija from May 22nd to 29th next year
and the Radio Society of Yugoslavia (S.R.].) will be the host
society.

Reprints are now available of the Wireless World Crystal-
Controlled F.M. Tuner (originally published in July 1964),
price 3s, and J. Dinsdale’s Transistor High-Qudlity Audio
Amplifier (originally published in January and February
1965), price 5s.

Correction.—We regret the error in Fig. 2 on p. 204 of

the April issue where Tr3 and Tr4 should have been shown

as n-p-n transistors,
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Divisional Organization of E.E.A.—To facilitate collective
action by member companies in both home and over-
seas markets for British electronic capital equipment, the
council of the Electronic Engineering Association has formed
aviation, space, maritime, computer, broadcasting, industrial
electronic and radio communication divisions to cover
individually markets for equipment in these fields. A Central
Technical Committee is responsible for the implementation
of Council policies in the common matters of standardiza-
tion, environmental and reliability testing, components, tech-
niques, inspection, etc., but the divisions will be entitled
also to initiate activities in these fields on their own account.

TV Levy to Help Finance B.B.C.?>—The suggestion that
the money derived from the Government levy on independent

‘television ‘companies should be used to help finance the
‘B.B.C. and thus reduce the licence fee, has been made by

R. B. Henderson, managing director of Ulster Television.
In the course of an address to the Institute of Public

~ Relations in London he said “If the B.B.C. is in financial

trouble let it be given the millions of pounds taken by the
levy on I.T.V. This might reduce, instead of increase, the
licence fee. The money has been earned by television—why
not let it stay there?” '

LE.ET.E. Membership.—By the end of May—two
months after recruitment began—5,000 members of the
Association of Supervising Electrical Engineers had been
admitted members of the recently formed associate organi-
zation the Institution of Electrical & Electronics Technician
Engineers. Among the new members of the Council are
Prof. M. W. Humphrey Davies (Queen Mary College,
London), J. Redmond (B.B.C.), and H. Stanesby (G.P.O.).

BBC-2 for the West.—On September 12th, the B.B.C.
introduces BBC-2 on channel 51 (vision 711.25 Mi /s, sound
717.25 Mc/s) when the new u.h.f. transmitter at Wenvoe
commences broadcasting to viewers in parts of North Somer-
set and South Wales. Test transmissions .are expected to
start about three weeks before.

PAL Transmission Times Altered.—The times of experi-
mental colour transmissions by the B.B.C. from Crystal
Palace on Channel 33 were changed on 19th July. Trans-
mission times—Monday to Friday inclusive—are 14.15 to
]gg(é) and for about 45 minutes after the close-down of

BC-2. -

Broadcast Subscription TV which has been operating
experimentally for over two years in Hartford, Conn., has
been given a three-year extension by the Federal Communi-
cations Commission. Zenith’s Phonevision system is used
in this pilot scheme operated by RKO General.

Duty Remission on Instruments and Apparatus.—The
President of the Board of Trade has raised from £20 to
£30 the minimum value of instruments and apparatus on
which remission of import duty can be claimed.

Increased Use of Transistors by G.P.O.—The Post Office
1s using more transistors in its inland telephone networks.
The use of valve amplifiers necessitated large power sup-
plies and buildings sited near power cable routes.. Use of

‘transistor amplifiers has reduced size and power requirements

so that amplifiers can be housed in footway boxes at the road-
side and fed by lower current capacity cables,

“Electrons i1n Harness.”—The Mullard Film Service
recently released their latest colour production “ Electrons
in Harness.” The film tells an interesting story of elec-
trons in the research laboratory, and covers a wide range of
applications including quantum electronics in transistors,
lasers and masers. Running time 40 minutes. Available
on free loan on application to Mullard Film Service, Mullard
House, Torrington Place, London, W.C.1.
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DOUBLE LINE SYNC

By H. M. WORKMAN*

INCREASING TELEVISION LINE SYNCHRONIZATION RANGE BY DELAYED PULSES

ITH the introduction of dual-system television re-

ceivers there has been a tendency to standardize

on the use of line flywheel synchronization. One
reason for this is due to the difficulty of obtaining accept-
able phasing (correct positioning of the picture informa-
tion within the raster) on both systems without
considerable line tear. Another likely factor could be
the widespread use of line flywheel sync on continental
receivers. It has to be remembered that in operating
on the v.h.f. bands satisfactory line sync, i.e. minimum
line tear, must be considered in the presence of high
amplitude impulse interference, whereas in the U.K,,
the 625-line system is only used on u.h.f. where impulse
interference is almost non-existent.

The use of flywheel sync introduces its attendant
problems of:—

(a) difficulties of servicing loop systems,

(b) a more involved adjustment procedure for setting

the line hold control, from the user’s viewpoint,

(c) circuit reliability is decreased with the increase

in the number of sync components, and the
dependence upon the line output stage for a refer-
ence voltage involving vet further components or
additional windings.

Direct sync does not suffer from any of these dis-
advantages, but has a greater tendency to random line
synchronisation due to noise (line tear) than flywheel
sync in medium to low signal strength areas.

However, the service area for the uwh.f. transmissions
is quite considerable and this together with the growth
of line-operated television receivers does not really justify
the use of flywheel sync circuits, except in very excep-
tional cases and these can be satisfied by an add-on
flywheel unit.

The conditions for direct sync can now be examined.
In direct synchronization the sync pulse controls the
timing of the line oscillator without the use of any
additional circuits. The phasing of the oscillator is
determined by the duration of the front porch of the
composite video waveform, the flyback time of the line
circuit and the tightness of lock. ,

The duration of the front porch is a fixed parameter
but the flyback time and tightness of lock are under the
control of the circuit designer.

FINISH OF PiCTUAE INFORMATION
START » 7 woo

gﬂ""l

(a) (b) (c)

Fig. 1. (a) Foldover just not occurring when flyback commences at
start of sync pulse. (b) Foldover occurring at start of picture when
flyback commences dfter start of sync pulse. (c) No foldover when
flyback commences before start of sync bulse.

WIRELESS WORLD, AUGUST 1963

If the flyback time were fast enough (10-5 ps for a
625 line transmission) the picture information could be
centrally disposed with equal areas of the raster each
side of it. The more practical flyback time of 11 ps
leaves no margin for phasing errors. (By phasing is
meant the positioning of the picture information within
the raster during rotation of the line hold coritrol which
is illustrated in Fig. 1.) Phasing the picture to the right
to avoid fold-over on the left introduces a condition of
incipient loss of synchronism on changing channels or
due to warm-up drift within the receiver. Phasing the
picture to the left causes fold-over along that side.

The delay in the start of the flyback caused by the
front porch produces the basic problem of avoiding fold-
over at the start of the scanning cycle, requiring that
the line output valve is capable of being cut-off imme-
diately the sync pulse starts. This condition is almost
achieved by using a lock so tight that the commence-
ment of the sync pulse and flyback occur simultaneously.
This permits very little mis-phasing of the picture in-
formation with setting of the line-hold control but this
causes a poor noise performance, i.e. excessive line
tearing in medium to weak signal areas.

The unwanted delay introduced by the front porch
can be overcome by delaying the picture information rela-
tive to the sync pulse by a time period equivalent to the
front-porch interval. Then the finish of the picture
information would coincide with the start of the sync
pulse. The delay line would have to be placed before the
detector load and an additional amplifier would be
necessary to drive the sync separator. Such a line of the
former-wound type suitable for working into a 2k
load would be about 15in long by {¢in dia. to have a satis-
factory response up to 6 Mc/s.

Attempts to use the back edge of the sync pulse suit-
ably delayed to switch the line oscillator off gives loss of
synchronism during the frame flyback because of loss of
the back edges.

Neither of these methods is satisfactory and a more
direct method is desirable which allows the picture to be
phased to the right until fold-over commences without
loss of synchronism, enabling correct phase within the
total picture time to be achieved.

This thinking has led to the development of a novel
line sync circuit in which the line oscillator can be locked
solidly at any phasing between the extremes of picture
fold-over at the left to fold-over at the right. A further
important feature is that at a particular setting of the
line hold control there is a very great reduction in line
tear.

Basically the circuit employs a supplementary sync
pulse in addition to the direct or normal sync pulse in
such a manner that when the normal sync begins to lose
control over the phasing of the line oscillator, the supple-
mentary sync extends the useful synchronization range
over which correct phasing occurs. Fig. 2 shows the
extra synchronization range obtained with such an
arrangement.

The supplementary sync pulse of the correct polarity is

#Ferguson Radio Corporation 1L.id.
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— PICTURE AND SYNC WAVEFORM
— =~ DELAYED SYNC WAVEFORM

F = FINISH OF PICTURE INFORMATION
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(a) (b) (c)

Fig. 2. (a) Foldover occurring ac start of picture when flyback com-
mences dfter start of sync pulse. (b) Foldover just not occurring
when flyback commences at start of sync pulse. (c) Foldover occurring
at finish of picture when flyback commences before scan period
is over. (a) and.(b) show synchronization range with direct sync.
(a) and (c) show synchronization obtained with direct and delayed
sync. .
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DELAYED SYNC

-~ Fig. 3. Location of delay network.

NORMAL SYNC PULSE

DELAYED SYNC PULSE

LINE OSCILLATOR GRID PULSE

Fig. 4. Relative positions of pulses.

delayed and suitably shaped so that when the normal sync
commences to lose control over the oscillator, the supple-
mentary or delayed sync takes command and acts to
switch-off the line oscillator. The form of the delayed
sync pulse is important. Should it be too steep it will
tend to take over earlier from the normal sync and thus
cause jitter.
will move rapidly as the line-hold control is varied be-
yond the lock-in range of the normal sync. Fig. 3 shows
the basic essentials of the circuit, whilst Fig. 4 shows the
relative positions of the pulses for one particular phasing.

A delay line may be used to produce the delayed sync
and a mismatch is allowed by raising the terminating
resistance value, in order to avoid large coils. A diode is
necessary to damp ringing which would otherwise extend
to the succeeding sync pulse period causing additional

390

If it is too slow, the phase of the picture -

n NORMAL
———————— e e — —
f— "y SYNC
|
' 20 6mH 100 p
! P 47k m 220k
DELAYED
~{> SYNC
FROM
SYNC - = i 82k
SEPARATOR Gt s e T

@ @ >
%A

Fig. 5. Delay line with 3us delay.
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Fig. 6. Delay circuit avoiding use of_fnductor.

(a) o / SYNC INPUT

(b) VR,
() VR,
(d) Vo

Fig. 7. Formation of delayed sync. pulse. The wavéforms are those
occurring at points indicated in Fig. 6.

tear in low signal strength areas. The input to the delay
line is differentiated to avoid disturbance by the frame
sync pulses. This differentiator also helps to reduce the
loading on the sync separator anode. The output pulse
1s integrated by a series resistance and the oscillator grid
capacitor in series with 100 pF. The simple single sec-
tion line shown in Fig. 5 has a delay of 3 us, a nominal
termination of 20k and a cut-off frequency of
100ke/s. The pulse produced is considerably rounded
but this is not of any consequence. The delay is just
sufficient for a line oscillator grid pulse width of 6 ps.
Another circuit is shown in Fig. 6, the use of a wound
component being avoided. The input pulse is differenti-
ated as previously by R,, C,. The diode D, and time
constant R,C, form a pulse lengthening circuit; C, is
charged during the sync pulse cycle and then discharges

WIRELESS WORLD, AUGUST 1965

www americanradiohistorv com


www.americanradiohistory.com

FROM TO LINE
SYNC OUTPUT
SEPARATOR 35p STAGE
—p—a 1 —| >
001y
= =
'f5p -
0A8I 100K
00kS> 220k T*ZOP 100K 39inaop
\ I g 3 £

Fig. 8. Delay network applied to the Thorn 900 chassis.

slowly through R,. This output is then integrated into
the oscillator grid by R, and C.. Fig. 7 shows the for-
mation of the delayed pulse.

On weak signals the voltage developed across R,, C.
during the leading edge of the sync pulse will contain
noise since D, is conducting. The amplitude of the noise
will be attenuated due to the integrating action of R,, C..
The further integrating action of R,, C, additionally
attenuates the amplitude of noise, and a fairly clean sync
pulse is obtained. The voltage of the normal (anode)
sync will also contain noise from the same edge of
the sync pulse.

When the normal sync just loses control and the

delayed sync assumes control of the oscillator, D, (Fig. 6)-
has been cut-off by the trailing edge of the differentiated
sync pulse input, Fig. 7a. Thus when the picture is
phased to the right or left some line tear may occur.
Between these extremes a setting occurs where minimum

line tear results. This setting is arranged to occur when

the picture is approximately correctly phased. Hence,
starting with the line hold control at the low-frequency
end where the normal sync is operative, line tear due to
noise results. Moving the hold control toward the high-
frequency end the line tear reduces sharply to a mini-
mum, and is the condition when the normal sync has just
lost control of the oscillator, the latter being held in
synchronization by the delayed sync. As the line hold is
rotated still further, the oscillator is controlled by the
rounded portion of the delayed sync-pulse, Fig. 7. Under

‘these conditions errors of small amplitude will cause large

phase shifts and line tear becomes evident again.

Fig. 8 shows this application to a line blocking oscil-
lator as used in the Thorn 900 chassis. Since the delayed
sync has a relatively low slope (Fig. 7) the phase shift of
the picture for a given change in the free-running oscil-

lator frequency, can be large and therefore frequency drift

of the line oscillator is an important factor.

The h.t. stability of the oscillator is acceptable but the
temperature stability during the first 15 minutes requires
correction. This drift is of the order of +200c/s (free
running) and is largely due to the temperature coeflicient
of the oscillator grid resistor. This drift can be countered
by the use of a high stability resistor together with a grid
capacitor of positive temperature coefficient. In practice
a coefficient of greater than P470 is required which is
difficult to manufacture in large quantities. An alterna-
tive solution of using a thermistor in the oscillator
cathode was adopted which reduced the drift to less than
50 c/s. |
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Conditions this month should be similar to those experi-
enced in August 1963. As mentioned last month, frequen-
cies considerably above the MUF may be usable during the
daytime. For example for the Hong Kong-London circuit,
frequencies up to 22 Mc/s will probably be usable at
0800GMT. These increases in MUF are thought to be due
to Sporadic-E ionization.

The prediction curves show -the median standard MUTF,
" optimum traffic frequency and the lowest usable frequency
(LUF) for reception in this country. Unlike the standard

WIRELESS WORLD, AUGUST 1963

—————— MEDIAN STANDARD MUF
OPTIMUM TRAFFIC FREQUENCY
— -+ LOWEST USABLE HF

MUF, the LUF is closely dependent upon such factors as
transmitter power, aerials, and the type of modulation.
The LUF curves shown are those drawn by Cable & Wire-
less for commercial telegraphy and assume the use of trans-
mitter power of several kilowatts and rhombic type aerials.
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LOCAL BROADCASTING

IS IT PRACTICABLE IN THE UK. AND IF

INCE the change of government last year, the new

Postmaster-General, the Rt. Hon. Anthony Wedgwood

‘Benn, has been looking into the country’s broadcast-
ing services for ways to improve what we already have
and also into the possibilities of introducing new services
—Ilocal broadcasting being one of these. The P.M.G. has
refused to comment on any of these topics, except to say
the whole situation is under review and that a White
Paper will be issued as soon as possible. Until that time
—probably in the Autumn or perhaps later—many

questions remain unanswered and it is the intention of

this article to survey the local broadcasting situation and
outline what is considered to be a workable plan. -

The majority of people in this country live close to
their work and spend most of their time within ten miles
of their “castles.” It follows, therefore, that many have
interests in local affairs—a fact that can be confirmed

by consulting the net sales of local newspapers. Would -

they, however, be interested in another communications
medium? This seems to be the question at stake. |

According to the Pilkington Report, presented to the
previous Government three years ago, there is a need
for local broadcasting, but the Report adds, “In repre-
sentations submitted to us there was little evidence of
significant, spontaneous public demanded. . . . The B.B.C’s
plan for local sound broadcasting was supported by the
Corporation’s National Broadcasting Councils, by several
of its Advisory Committees and by many external organi-
zations. The Corporation reported that its ‘trial runs’
[discussed later] had aroused much interest in the towns
where they had been conducted. The companies pro-
posing to engage in local commercial sound broadcasting
offered almost no evidence of public demand. Their
proposals were supported by a few external organiza-
tions; but the support was addressed mainly to the use
of sound broadcasting for advertising rather than for an
additional service. In short, the evidence of demand is
inconclusive.”

But surely, as the Report points out, if people do not
- know what they are missing, they cannot be said not to
want it?

Are the frequencies available?

With reference to frequency space there seem to be
two alternatives open to local broadcasting: to use the
medium-waveband or to use Band II, part of which is
used by the B.B.C. for its national v.h.f. sound services.
Neither of these contravene any of the conventions up-
held by the British Government concerning frequency
allocations.

Medium-wave band

At the European Broadcasting -Convention held in
Copenhagen in 1948, the United Kingdom was allocated
two exclusive medium-waveband frequencies and eleven
shared frequencies. In addition to this Britain is allowed
to use the two International Common Frequencies (1484
and 1594 kc/s) but power must not exceed 2KkW.,
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SO HOW?

Since the Copenhagen Agreement, the number of
medium-waveband stations in Europe has increased con-
siderably and the Agreement can no longer be regarded
as effective for interference-free listening. During day-
light hours, however, radiation from these stations is
limited, making the medium-waveband suitable for local
broadcasting from dawn to dusk. Should Britain require
more frequencies, she could transmit on frequencies other
than those allocated to her, provided no interference
1s caused to the countries observing the Agreement.

If a system is to be introduced, surely it must not be
restricted to day-light hours as would be the case if the
medium-waveband were selected?

V.H.F. bands

The European Broadcasting Conference in Stockholm
in 1961 assigned the frequencies to be used in the v.h.f.
and u.h.f. bands (I to V). Those allocated to countries
in the European Broadcasting Area for sound broadcast-
ing are in Band II which extends from 87.5 to 100 Mc/s.
Not all of this Band is used for broadcasting in the
United Kingdom as (according to the radio regulations
issued by the International Telecommunic¢ation Union in
1959) the frequencies between 87.5 and 88 Mc/s and
from 95 to 100 Mc/s may also be used—and are—for
the fixed and mobile services. In all some 409, of Band
IT is used for non-broadcasting purposes in this country.

Although the B.B.C. occupies most of the 100kc/s
channels in the 88 to 95 Mc/s section of Band II, it is
still possible—by geographical separation—to accommo-
date a large number of low-power stations. The Post
Office has stated that well over 200 single-frequency
stations could be accommodated within this section, and
if more were wanted at a later date, the 95 to 100 Mc/s
part of Band II could provide as many again. There is,

it would seem, room to launch a local broadcasting

service in Band II.

The B.B.C’s proposals

Sir Hugh Carleton Greene, the B.B.C’s director-
general, and Frank Gillard, the director of sound broad-
casting, have both said publicly that the time has come to
start the important task of introducing a service to meet
local needs now that a 98, coverage has been achieved
with the Corporation’s national v.h.f. sound services
which were started ten years ago.

The Corporation suggested to the Pilkington Com-
mittee that they should be allowed to build eighty to
ninety local broadcasting stations in Band II over a
period of four to five years. The staff required to run
these stations, the B.B.C. stated, would, of course, vary
according to local needs, but probably average twelve.

In an article published in the Yorkshire Post nearly
two years ago, the B.B.C’s director-general said “We
played over to the Pilkington Committee a selection of
recordings made during closed-circuit experiments in
various localities and we told them about the local activi-
ties which we should expect our stations to cover—local
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administrative politics, sport, weather, traffic problems,
shopping and marketing facilities, schools and univer-
sities, libraries, museums and art galleries, industry and
business, employments prospects, and so on. A pretty
long list.

“ As for public reactions, our experiments . . . brought
us into close touch with local interests, and at least gave
us more information on this subject than anyone else has.
One can state with complete certainty that wherever
we carried out our experiments we had the enthusiastic
support of the local authorities, of the churches, of local
industry . . . and the reactions of thousands of people who
listened to the demonsiration seemed to show that a
service of this sort would meet with a very genuine wel-
come.” "

Educational pdssibilities

Sir Hugh has said that if the B.B.C. were required to
make out a new case for local broadcasting, “we should
put educational possibilities right in the forefront . . . as
the whole atmosphere in the educational world and
among politicians about the use of broadcasting for
education has changed since the Pilkington Committee
was hearing evidence.

“Let us turn over the evenings, when the mass
qudience is watching television, to meet the needs of
people who are prepared to follow systematic courses in
various .subjects. | |

“J.et us run the educational service as trustees for the
local authority, the local university, the W.E.A., and
other educational interests. The B.B.C. would nrovide
the technical skill and the broadcasting expertise. It
would offer the use of a central library of recorded

Radio Caroline, the *pirate’ ship shown abcve began broadcasting
illegally on 28th March, 1964. Since that time the number of
‘birates’ working off our shores has increased (now at five), as have
their audience ratings which are now counted in millions. Whatever
one may feel about these floating stations, they should not be con-
fused with local broadcasting sta.ions.
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educational programmes. According to the availability
of teaching talent, local interests would mount their own
courses and series from the local studio.

“ Education through broadcasting could, on this local
basis, be a genuine two-way affair with the sort of inti-
mate relationship between teachers and pupils which a
national ¢ University of the Air’ could never provide.”

Commerctal interests

More than one hundred private radio companies have
been registered in recent years, with central bodies
formed to look after their interests; one being the Local
Radio Association. Another interested party in local

" broadcasting is the National Broadcasting Development

Committee.

If licences were to be issued to these companies, would
we have to put up with continuous pop music interlaced
with ads? The “ pirates ” have shown this to be an easy
way of making money. It is all too easy for a commer-
cial organization to allow money-making to override
all other considerations. : |

Cost of stations

Local radio stations are surprisingly inexpensive to build,
according to Pye of Cambridge, who have been doing a
lot of work in this field. They quote figures of approxi-
mately £1,000 for a 250-watt medium-wave transmitter
and £2,000 for a 1,000-watt v.h.f. transmitter, both of
which should provide adequate coverage for an area
having a ten-mile radius. In addition one must of course
add the cost of a studio, with all the necessary ancillary
equipment. The estimated total capital cost for a station
serving a town with a population of 50,000 to 100,000
would be in the region of £15,000 to £20,000.

Running costs vary considerably—and since there has
been no similar service in this country which to base
them upon—it is difficult to offer an estimate. However,
operating costs in other countries suggest that smalil
stations could be run for between £20,000 and £30,000
a year,.

Number of stations

The number of stations needed seems to depend on
two factors which, to some extent, are interlinked—how
many frequencies are available and how local the service
should be. To deal with the latter point first. According
to the 1961 Census Preliminary Report there are 120
Boroughs or Urban Districts in the United Kingdom
with populations exceeding 75,000. Nineteen of these are
Metropolitan Boroughs (Greater London having a popu-
lation of 8,172,000 and four are Scottish. This, how-
ever still leaves a lot of the United Kingdom not covered
(for example, the whole of Northern Ireland and large
parts of Scotland). Therefore, the minimum number of
stations is in excess of 100 and probably nearer 200.

While it is not impossible to accommodate this number
of stations in the medium-waveband, as stated earlier,
they would not give a satisfactory service. In Band II,
however, at least 220 single-frequency stations can be
accommodated, with room for 500 or so later (if and when
the 95 to 100 Mc/s part of the Band is returned).

Choice of scheme

The best choice, in my opinion, is a B.B.C. run local
service with slot advertising—such as that employed 1n
this country’s commercial television service. Although
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it is not possible to do this at the moment, according
to the Licence and Agreement issued to the British
Broadcasting Corporation on 19th December 1963, it
" needs only a letter from the Postmaster-General giving
his permission. A |

The relevant clause (13) in the Licence and Agreement
—which does not expire until 1976—is as follows: “ The
Corporation shall not without the consent in writing
of the Postmaster-General receive money or any valuable
consideration from any persons in respect of sending
or emitting, or the refraining from sending or emitting,
of any matter whatsoever by means of the stations or
any of them, and shall not send or emit by means thereof
any sponsored programme.”

Workable system

Assuming this permission is given, the system I envisage
is as follows: Let the B.B.C. construct between 100 and
200 stations to serve areas with populations of 75,000
and above. This venture could be financed under a
Government loan; the cost for say 150 single-frequency
stations being in the region of £3,000,000.

A financially independent group, with its own director,
should be set up for-local broadcasting within the Cor-
poration; as is already done for the external services.
‘This group could then use the Corporation’s facilities
without—as some would say—prostituting the whole of
the B.B.C’s programmes through the inclusion of adver-
tising.

The B.B.C. could easily provide balanced programmes,
but to give an element of local control, a representative
(or representatives) from each community should be given
a say in the running of the station. Also, I believe that
local newspapers, who have been providing the main
communications medium for many years, should play a

- tain no advertising).

part in local broadcasting. For example, they could pro-
vide the local news bulletins and—through their own
medium—give programme information.

Advertising programme contractors should be ap-
pointed for each regional group of stations and be res-
ponsible for the whole of the advertising side—the
B.B.C’s job being to radiate it. As to the amount of
advertising to be carried, the time ratio laid down for
commercial television seems to be reasonable—six
minutes in every hour. This, of course, would be speci-
fied by the Postmaster-General.

With regard to the number of hours allowed for broad-
casting, a realistic daily period would seem to be from
6.0 a.m. to midnight, with three hours in the evening
devoted to educational broadcasting (which would con-
This would make possible 90
minutes of advertising daily.

If one were to take the running costs to be in' the
region of £125 daily (£30,000 per annum), advertising
revenue must be at least £250 and probably £500 daily
to make the scheme profitable. In terms of cost per
minute, this works out to be just under £3 for the lower
figure to just over £5 to achieve the £500 mark. Based
on these figures and giving the advertising contractor
307, for his services (and not a taxation on profits as in
commercial television) a very handsome surplus would
be obtained from the stations after deducting the running
costs. In figures, taking both extremes of charges, the
advertising contractor would receive something between
£18,000 and £36,000 annually from each station leaving
a surplus between £27,000 and £90,000. Thus, according
to the estimated capital cost of stations, the Government
loan could be re-paid with'n six months if necessary.

Couldn’t the surplus revenue of these local sound
broadcasting stations be used to relieve some of the
burdens put upon the ratepayer? D. C. R.

Books Received:

Handbook of Transistor Circuits, by Allan Lytel. Des-
cribes the operation -of more than 200 circuits reproduced by
courtesy of American manufacturers, The circuits cover a
wide range of applications of interest to the amatcur and
experimenter. Component values are specified, but some of
the circuits are intended for operation from American mains,
and when operated from 240 V mains supplies, relevant com-
ponent values will require changing. Pp. 224, Price 35s.
W. Foulsham & Co. Ltd., Yeovil Road, Slough, Bucks.

Transistors Applied, by H. E. Kaden. An interesting treat-
ment of the theory of transistors covering their characteristics
and operation as circuit elements. In the introduction. the
transistor is compared with the valve; transistor theory is then
unfolded in a logical sequence which includes the physics
of the transistor, four quadrant characteristics, equivalent
circuits, negative feedback, influence of temperature, high-
frequency behaviour and circuit operation., Worked ex-
amples, given at various stages throughout the book, are
used to illustrate practical applications of the theory. Pp.
194; Illustrations 128, Price 37s. 6d. Cleaver-Hume Press
Ltd., 10-15, St. Martin’s Street, W.C.2.

Signal Flow Analysis, by J. R. Abrahams and G. P. Cover-
ley. A general exposition on the application of signal flow
diagrams to circuit networks with particular reference to
basic circuit configurations of transistors and thermionic
valves, A feature of interest to the lecturer and student is
the inclusion of a series of questions at the end of each
chapter. Answers are given in an appendix. Pp. 157; Figs.
215. Price 17s. 6d. Pergamon Press Ltd., Headington Hill
Hall, Oxford,
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Matrix Algebra for Electronic Engineers, by Paul
Hlawiczka. A presentation in two parts of the concepts
of matrix algebra. Part 1 describes basic notation and mani-
pulation and then progresses to applications of matrix algebra
to equations of linear two-part nztworks. In part 2, the
theory is developed to cover differentiation and integration of
matrices and the methods of dealing with differential equa-
tions of passive linear circuits. Pp. 216; nearly 40 Figs.;
price 45s. Iliffe Books Ltd., Dorset House, Stamford Street,
London, S.E.1. ,

Transistor Specification Manual, by the Howard W. Sams
Engineering Staff. Lists useful data on more than 3,500
transistors. American types are dealt with mainly, but many
British, European and Asian types are included. OQutline
diagrams of all the listed types—both TO and non-standard
—are given. Pp. 159; nzarly 200 diagrams, Price 24s. W.
Foulsham & Co. Ltd., Yeovil Road, Slough, Bucks.

Precision Electrical Measurements in Industry, edited by
J. R. Thompson. Edited version of seven papers presented
during the Proceedings of the Symposium on Procedures
and Practices held at Hatfield College of Technology, Nov-
cmber, 1963. Subjects covered by the papers are:—Precise
Electrical Measurement—Some General Principles; Elec-
trical Standards—Construction, Qualities, Care and Mainten-
ance; Audio Frequency Measurements; A Simple Method
for Checking Precision Decade Bridges; Precision Frequency
Measurements;. Radio Frequency Measurements; Measure-
ment Laboratory Procedures and Records. Pp. 123; nearly
40 Figs.; Price 37s 6d. Butterworth & Co. Ltd., 88 Kings-
way, London, W.C.2. |
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PULSE SHARPENING WITH NON-LINEAR

TWO methods of sharpening the leading edges of pulses
and other waveforms to give risetimes of the order of 2ns
have been developed by A, R, Owens, G. White and col-
leagues at the University College of North Wales, Bangor.
Both methods use non-linear capacitors formed by reverse-

biased p-n junction diodes, in which an increase of applied
reverse voltage causes a“’decrease of capacitance. In the
first technique the diodes act as voltage-controlled shunt
capacitors in a transmission line, into which the waveforms

are fed (see figure). Since the delay of each LC section

is v LC secs, the reduction of C by negat-ive-going swings
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of the transmitted waveform reduces the total delay of the

" line for troughs (V) relative to crests (V,). As a result the

waveform at the output of the line is deformed, as shown,
in such a way that the risetimes are reduced (and trailing
edges are lengthened) Actually the output risetime of a
pulse #, ouo = & (my —1 (VLC [Vi]— ¥ LC [V,]) where n
is the number of LC sections. This shock wave effect”
can be used either to generate sharp impulses from sinewave
or other similar waveforms or to sharpen the leading edges
of existing impulses. or square waves.

The second technique uses the same principle of voltage-
controlled capacitance in a simple differentiating circuit, and
makes possible the generation of large-amplitude pulses with
widths narrower than those of the corresponding input wave-
Field-effect transistors have been used as
reverse-biased diodes to provide the non-linear capacitance
(the gate being one tetminal and the source or drain the
other) as they give a large capacitance change (e.g. 7:1) for
a small change of applied voltage. A typical RC combina-
tion is the BA110 with 100 Q. The oscillogram shows pulses
produced by such a non-linear differentiator from a quasi-
triangular waveform obtained from a non-linear transmission
line. The time scale is 5ns per graticule division. It is

~ hoped ‘eventually to obtain risetimes of fractions of nano-

seconds by this method.

ISOTOPE-POWERED THERMOELECTRIC

RESEARCH into possible uses of radioactive isotopes as elec-
tric power sources has produced, amongst other devices, a
series of thermoelectric energy converters, pioneered by the
AEC. in the US.A. These were developed initially for
satellites, but recently such devices have been used for terres-
trial applications, where unattended operation is required.
‘The U.S. Navy, for example, have placed such a generator
on the bed of the Atlantic to serve as a power Source for a
navigational beacon.

A British contribution in this field is the RIPPLE genera-
tor (Radio-Isotope Powered Pulsed Light Equipment), de-
veloped at A.ER.E., Harwell, and intended for use as @
marine navigational aid. The fission product strontium 90, in
the form of strontium titanate, is used as the energy source
and is B— active,—unfortunately requiring heavy shielding.
Suitable a-emitters (i.e. suitable in terms of power density,
half-life, chemical stability and so on) would require less
shielding, but these are expensive.

\WIRELESS WORLD, AUGUST 1965

CONVERTER

The half-life of Sr 90 is 28 years and this permitted a 10
year design lifetime. The absorbed radiation produces heat
which is then converted to electrical energy by the Seeback
thermoelectric effect. (Thermionic converters would require
temperatures of 1200°C or above, whereas the thermoelectric
types can operate at much lower temperatures.) The RIPPLE
generator has an array of bismuth telluride semiconductor
thermocouples in module form to generate a low voltage
supply (400mV) with an efficiency of 3-4%. Conventional
transistor converters cannot readily operate at good efficiency
at low voltages and so a tunnel diode converter has been
developed to provide a more usable 6 volts. The power out-
put at 6 V is 30 mW, and normal techniques are then used to
provide excitation for the xenon flash tube. The generator
provides a 0.2 joule flash of 5 us (visible at a range of 2 miles)
about every 3% seconds. A mean power of 2-3 watts could
probably be obtained without significantly altering the
design. |
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Experimental T hyristor Gontrol Gircuits

By N. M. MORRIS,* B.Sc.,, A.M.LLE.E., A.M.I.E.R.E.

This two-part article presents a range of thyristor control circuits suitable
for use by students and expérimenters. Part 1, this month, starts with
some basic gate firing circuits then goes on to pulse control circuits using

transistors.
ELEMENTARY SWITCHING CIRCUIT
3000, 4A THIS circuit uses a 4 A, 25 p.i.v. thyristor (chosen simply because it was handy
+ at the time), the values of V, and R, being set by the rating of the device. Most
i¥ | thyristors can carry a peak gate current of 2 A, but reference should be made to
SUPPLY 4A . the characteristic curves of the device used. To be on the safe side R, should
VOLTAGE WIS AR i be made much greater than V./2 ohms. Closing S, switches the thyristor on

Ve h 130}
25V, p.¢. L/

A
TS,

while S, switches it off. This is one of the most basic circuits which allows a
Si combination of switching S, and S, to display the device’s limitations; " if
R, 18 increased sufficiently the thyristor holding current can be measured. If R,
18 made large enough the lower limit of gate switch~on current can be measured.

SIMPLE PHASE CONTROL

TO produce a controlled current in a load it is neces-
sary to either switch the load current on and off for
known time intervals, or smoocthly regulate the circuit
resistance. The former method is more efficient and is
used in thyristor circuits. If an alternating supply is
used the thyristor will switch off when the ancde is
negative with respect to the cathode, i.e., conduction
can only take place in the positive half-cycles. The
necessary control is obtained by controlling the switch-
on point in the positive half-cycle. If the gate voltage

’ 1"“ml\";)rth Stﬁﬁ'ordshzre Colleée-ofh'nlr";hnolt;giyr:

1s phase-shifted with respect to the anode voltage, the
firing point is delayed by the appropriate time. In this

simple phase control circuit, R, and C enable a voltage of
15 volts r.m.s. between points O and A to be phase-shifted

over nearly 180°. Diode D1 eliminates the negative
half-cycle in the gate circuit and ZD limits the positive
voltage to 4.7V. Waveforms can be obtained by con-
necting a c.r.o. at the points indicated. Typical wave-
forms at circuit points (1)-(4) for 90° conduction are
shown. (4) has a flattening of the positive peak due to
loading.

» mzzv
®

» T|ME
(;_"Tﬁ ’ 240V
Ry ﬁ\ﬂ 2 'Cl A.C. |
ik —0 8V ——

! . D1 / \

T /l
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TRANSISTOR CONTROL

THE most convenient way to control thyristors in
experimental work is to use solid state devices. Tran-
sistors, unijunction transistors or Shockley diodes can
be used. Thyristors may be damaged if a positive gate
voltage is applied when the anode is negative, owing to
increased leakage current. It is therefore convenient
to use a pulsed gate current, the power dissipated in
the thyristor under reverse bias conditions being
negligible if the pulse width is only a few microseconds.
If the pulse is of sufficient amplitude, the first pulse
will switch the thyristor on. Any subsequent pulses will
not have any effect and could well be eliminated by suit-
able circuitry.

A suitable pulse generator consists of two transistors
in a Hook configuration with associated components.
Waveforms at points (1), (2) and (3) are shown. The
voltage across C rises exponentially, depending on the
time constant RC, until the voltage at (1) is sufficient to
make Trl and Tr2 conduct, when the capacitor dis-
charges rapidly through the 22 resistor. This results
in a sawtooth at (1) and a positive going pulse at (3).
The pulse is of sufficient amplitude and duration to
turn on most thyristors.

4 PULSE GENERATOR

SYNCHRONIZATION OF PULSES TO
THYRISTOR SUPPLY

TO ensure that the first pulse occurs at the same point
in each positive half-cycle, it is necessary to start charg-
ing capacitor C in the transistor pulse generator (above)
at the beginning of each half-cycle.  This can be
achieved using the circuit shown. At the end of each
half-cycle the voltage across the Zener diode falls to
zero. This ensures that the capacitor is discharged at
this instant if the circuit is used as the power supply for
the above pulse generator. Pulse generator waveforms
at (1) and (3) with this supply are shown. The first
large pulse in each positive half-cycle in (3) would fire
the thyristor, the small pulses corresponding to the final
discharge of the capacitor in that half-cycle.

POWER SUFPLY P
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CONNECTION TO THE THYRISTOR

THE pulse generator may be coupled directly to ths
thyristor as in (a) or through a C R circuit as in (b).
Alternatively a pulse transformer can be used if it is
required to isolate the two circuits from one another.
(See “ Controlled rectifiers in stabilized power supplies ”
by F. Butler, Wireless World, October 1963.) With direct
connection care must be taken to ensure that the voltage
developed across the 22 resistor of the pulse generator
due to leakage current does not trigger the thyristor at
the start of the positive half-cycle. Use of a capacitor
of about 0.1 »F overcomes this difficulty, but a resistor
of about 560 () must be connected between the gate and
cathode, The value of this resistor, R, is not ctrical.

+
LOAD
s
—
(a)

(a)

LOAD

PULSE
ENPUT

T

N
A %4

(b)

O_

AC.SUPPLY

O

FULL-WAVE POWER CONTROL

A SINGLE-PHASE, full-wave output can be obtained
using the circuit (a), the capacitors here ensuring equal
distribution of charge between the two gates. As an
alternative the pulses may be coupled through resistors
of about 30() instead of capacitors. A cheaper way of
obtaining a full-wave output is shown at (b), and full-
wave control of an alternating current output at (c).

LOAD

PULSE

(c)

O

A.C. SUPPLY

.
.

w

NN
A.C. LOAD

CONTROL OF PULSE RATE BY SHUNT TRANSISTOR

IF the capacitor in the pulse generator is shunted by a transistor, as shown
here, the pulse repetition rate will be reduced owing to the increased rise time

of the capacitor voltage,
shunted by a high resistance and jt charges up at its maximum rate, so giving
maximum pulse repetition rate from the pulse generator.,
signal some of the capacitor charging current js shunted away and the capacitor
charges more slowly. This results in a lower repetition rate,
T0 Trl has a very high gain, a small input signal resulting in 2 large change of output
current from the thyristor. In order to obtain zero current from the thyristor
it is necessary to set the Input at its maximum value and adjust RV, until the
controlled thyristor just fails to fire. Because of the high gain of the circuit,
difficulty may be experienced in controliing it smoothly unless some form of
feedback is employed. The 22V power supply already described is quite

suitable for this circuit, |

FROM 22V
SUPPLY

RVy ASY28 EMITTER

100k, LIN.

INPUT

C
SIGNAL ’
O— —0
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With zero input to the transistor, the capacitor is
With an input

This circuit
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SERIES-TRANSISTOR P.G. CONTROL © 1 * Y
USING a series transistor (a) ensures a roughly constant INPUT
capacitor charging current and linearizes the capacitor 500k LK.
voltage waveform. With zero input to the transistor the
charging time constant is large, giving a low pulse repeti- © j\//: A
tion rate. If the circuit is powered by the 22V supply | coNTROL 56k() RV) ;
. . R
already described the charging rate could be so slow that ' k) 10 Tri
the first pulse is generated in-the last few degrees of the (a) : LIN. EMITTER
positive half-cycle, giving practically no output from the | ;
controlled thyristor. Adjustment of base-bias by RV, | | 90k
i . i . . S : 0-tuF
allows for zero adjustment in the practical circuit. This | 1-
circuit can be used as linear ramp generator by taking | ’ —0
an output from the capacitor. By the introduction of an
integral of the ramp voltage as a feedback term it should
be possible to generate an ultra-linear ramp. A diffi-

ASY26

Vg

O
culty with circuit (a) is that the common rail for input v
signals is the positive line, while the common connection
to the thyristor is the negative line. This can be over-
come by the addition of another stage of amplification,
as shown at (b). Adjustment of RV, enables zero output ASY26
to be obtained from the thyristor for zero input signal.
An input to this circuit of 3 to 4 volts is ddequate to
give a phase-shift of 170° to the pulses from the pulse T0 17!
generator. R NPT g
3—4V(max)‘ - 0-1uF
Oo— -Q
o _
+ 22V PRE-AMPLIFIER FOR CLOSED-LOOP APPLICATIONS
M0 -
IN closed-loop applications an input signal of a few millivolts is
sometimes required to control the thyristor, and a further stage of
RV, amplification is required. One experimental circuit is shown at (a).
100k, LIN. 00”_?:37 A controlled output voltage swing of up to 21V can be obtained

with an input of a few mV. Gain control is achieved by means of
RV, while RV, can be used as a set-zero control. The completed

(s EFNEPWUTV) system is shown at (b), comprising circuits already given. Variable
m ' - .
resistor RV, here is used as a set-zero control. The input voltage
o- 4 —Q needed to give full output from the thyristor is about 40mV.
(a)
SAWTOOTH PULSE
D.C. AMPLIFIER GENERATOR GENERATOR

-0
+22V

TO
THYRISTOR
GATES

(Article to be concluded)
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LETTERS TO THE EDITOR

The Editor does not necessarily endorse opinions expressed by his correspondents

Pulse Width Modulated Audio Amplifiers

SOME very interesting contributions concerning Class D
techniques have appeared in the correspondence columns
in recent months. Some of these suggestions merit closer
examination.

F. Butler in the July issue says, ¢ Quite clearly a pure

resistance load is inadmissible ”’. In my article in February

1963, I put forward a suggestion under the heading
““ Modes of operation ” (page 80) whereby a cross-over
type filter is used to separate the h.f. components of the
pulse spectrum from the a.f.- components. -‘The h.f.
components are diverted into a terminating resistor, whilst
the a.f. components pass through to the loudspeaker. In
these circumstances the amplifier ¢ thinks > it is feeding a
resistance load, and is quite unaware of the stored energy
in the filter components. Auxiliary diodes shunting the
output transistors are unnecessary in this case, and the
associated distortion described by B. D. Josephson (July)
does not occur. In my experience, distortion in this
type of amplifier can be so low as to aimost defy measure-
ment—without recourse to negative fecdback. 1 hope
Mr. Josephson will forgive me if I therefore suggest, with
‘respect, that what he really meant to say was not that
... the open loop system [is] unsuitable for applications
which require the lowest distortion ’’; but rather that a
particular type cf open loop amplifier used in conjunction
with a particular type of filter can introduce distortion
which may be significant unless it is corrected by negative
feedback. This is not really surprising, because the output
waveform is not what we set out to achieve. It should be
remembered that 2.f. negative feedback can if necessary
be used in “ open loop ”’ amplifiers. They are, after all,
only “ black boxes ” into which one feeds audio at low
level, and from which, after filtering, amplified audio 1s
obtained.

I submit that it is inappropriate to suggest that the
magnitude of any distortion may be compared with that in
a Class B amplifier with similar standing current, as this
current, and distortion, are determined by totally different
factors in the two types of amplifier.

The current drawn in a3 Class D amplifier when the load
is resistive as suggested above, is constant, and the maxi-
mum efficiency cannot exceed 509%,.

A few years ago, many of us built or bought Class ‘A’
amplifiers, which have a maximum efficiency of 509,
because they gave us the best quality of reproduction.
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It is a curious thing that we were quite happy when
the waste power, and that bit more from the valve heaters
was dissipated in an active device. Now we have separated
this power from the active device, and put it in a resistor
there is a tendency to feel that this  waste  is morally
wrong. Perhaps this is because the ad. men these days
tell us that we don’t want quality anyway, but the brighter,
whiter-than-white ‘ transistor sound ”’!

It does seem a pity not to take advantage of the very
high inherent efficiency of the Class D mode, and there is
even more incentive to do so when the power output runs
into kilowatts.

1 feel that the characteristics of a moving-coil loud-
speaker give us a clue. Fig. 1 shows the measured re-
sistance (not impedance) of a typical cheap loudspeaker
from which it can be seen that the resistance at the pulse
repetition frequency is very much higher than it is in the
audio band. The h.f. resistance is increased partly by skin
effect, and more significantly by eddy currents induced in
the lossy magnet system. Such a loudspeaker has there-
fore quite a good inbuilt filter.

'~ We may simulate such a filter by the circuit shown in
Fig. 2. In the audio band, the amplifier *“ sees’” a low
resistance, that of the load, whilst at h.f. it again sees a

4R

Fig. 2.
QUTPUT

INPUT | ?R

o — & 0

resistance, but a much higher one, assuming X, ~R.
At very high frequencies the attenuation is theoretically
infinite. There is nothing novel about this: it is just a
hybrid transformer.

Mr. Butler’s suggestion for splitting up the audio band,
has in my view a lot to commend it when two loud-
speakers are used, whether the amplifiers are Class A, B
or D. I have in fact used such a system at home for several
years. Significant advantages are.—

(1) The low output impedance of the h.f. amplifier
damps the fundamental resonance of the tweeter effectively
ia contrast to conventional cross-over systems which
remove the amplifier damping effect just when it is wanted.

(2) There is much greater flexibility in the cross-over
filter design. I have actually used two double section RC
filters with staggered cut-off frequencies, and with a high
degree of sum feedback. This gives an absolutely flat
combined response through.the cross-over region, and yet
provides an ultimate rate of attenuation of 12dBjoctave.

In conclusion may I raise one aspect of the closed loop
system which has not so fa1 been mentioned. Namely,
what does one do when something goes wrong? In my
experience there is a smell of burning and one observes
that roughly half the transistors are hard-on, and th= rest
are hard-off. The only waveforms to be found are un the
input socket, and with luck, the mains plug! In an open
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loop system, traditional fault finding methods can be
employed, as each stage of the amplifier functions as a

separate entity.
Oxted, Surrey D. R. BIRT

A STANDARD problem I have been facing recently is to
square a sine wave, maintaining 2 mark-to-space ratio of
one. The output switches a phase-sensitive rectifier which
is very senmsitive to changes in the mark-to-space ratio.
I tried the usual a.c. coupled preamplifier followed by a
limiter followed by a Schmitt trigger but found that the
mark-to-space ratio varied with temperature and with
the amplitude of the input.

At this stage I read the article, in the April issue, by
Turnbull and Townsend on a pulse width modulated
amplifier. With just a little modification I was able to
apply the idea directly to the solution of my problem.
If the square wave output is integrated and used to bias
the first transistor, and if the squarer is d.c. coupled
throughout and has an odd number of stages, then the
feedback maintains the mark-to- -space ratio constant by
adjusting the bias on the first transistor.

The initial setting up is critical in the choice of bias
resistors but no more than in the limiter stages of the
more orthodox method. The device is most effective
for a small sine wave or a triangular wave input, where the
small slope at the mid-point gives the feedback more
control of the switching point—and this is when the
device is most useful. With no input, the circuit oscil-
lates at a low frequency determined by the filter network,
but any signal above about 20mV stops this oscillation.
Rapid fluctuations in the signal amplitude or hum super-
imposed on the signal are not compensated for and

oV

cause corresponding rapid fluctuations in the mark-to-
space ritio, but the average remains constant.

In its simplest form the circuit is as shown though it
lends itself to modifications. I hope that othets may
find the idea wuseful. I have not made an exhaustive
analysis but the device seems a distinct improvement
on the other method.

DEREK R. LANE-SMITH

Freetown, Sierra LLeone

Units |

ON the question of what units are actuaily used, raised
in the April correspondence, I have not the leisure to
make a survey with any statistical value. With some at-
tempt at impartiality, I glanced through a recent copy
of a journal concerned mainly with semiconductors.
The authors were from the U.S.A., England, Germany and
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Japan. None used m.k.s. units. Neither did they use
c.g.s., except for magnetic fields. They all used uaits
such as the ohm cm., cm?2/volt sec., and so on. I think
this is fairly typical, and those who wish to make SI
universal may well have to devote most of their energies
to persuading such authors to measure the volume of
germanium in their transistors in cubic metres, and the
current density in their transformer windings in amperes
per square metre. For my part, I certainly would not
want such matters discussed. exclusively in c.g.s. units,
either. I think the main reasons why c.g.s. units are
retained are: (i) There is a vast body of literature and
data which employs them, and which any serious student
must understand. (i) For many scientific purposes,
c.g.s. units are the most convenient and elegant. (iii) For
the novice, ¢, and u, are mysterious stumbling blocks,
the comprehension of which may take some years, if it is
achieved at all. (iv) The scientific basis of c.g:s. units is
unexcept1onable

It is only point (iv) with which I feel concerned here,
and I shall therefore consider only points (4) and (5) of
““ Cathode Ray’s ”’ letter in your April issue, as the others
seem to me matters of convenience rather than principle.

On point (4), the question of the * fundamental
differenc: > between H and B, there has, of course, been
much discussion, which is bound to be inconclusive unless
we can agree on the precise meaning of ‘‘ fundamental
difference.” (Is there a ° fundamental difference >’
between ice and water?) In macroscopic magnetic
matter there are indeed two wuseful magnetic vectors
which may differ in direction, magnitude, and if desired,
dimensions. In a vacuum they are coincident in direction
and proportional in magnitude, so that in this case at
least it seems simpler to define our units so that they are
equal, in much the same way that we usually use the same
units for gravitationzl and inertial mass. On the atomic
scale, matter is regarded for magnetic purposes as a space
populated by electronic motions, and electronic and
nuclear spins. These result in a very complicated micro-
scopic field 2. If a microscopic b is defined, it will
merely be proportional to ~ everywhere. The (macro-
scopic) b is'a volume average of 2 over many atoms, and
H is that part of B which is not contributed by the atomic
dipoles. From the atomic point of view, then, a distinc-
tion between the units of B and H is a considerable in-
convenience, and I would have thought this point of view
had a good claim to be regarded as  fundamental.”
The engineer may indeed prefer to use units such that
his fields are simply calculated from his ampere turns,
and his e.m.f.’s appear directly in volts, but surely it is
clear that this is better called a practical expedient than
an indication of any fundamental distinction?

On point (5), if fractional indices occur in algebraic
equations, why should they be rejected in the dimen-
sional equations which reflect them? Those who find diffi-
culty with fractional indices sometimes ask such questions
as *“ what is the square root of a time ? >’ If they find this
nonsensical they might first ask themselves * what 1s a
time to the power minus two ? > whatever their philo-
sophy of dimensions (there are at least two, e.g. see
Silsbee, ¥. Res. Nat. Bur. Standards 66C, 137) 1 think
they will find that when they have answered, or perhaps
re-framed, the second question, then they will have little
difficulty with the first. But in any case the avoidance of
fractional indices by the use of a fourth dimensional
quantity is not the exclusive property of m.k.s. systems,
it can be applied equally to c.g.s. systems, and oddly
enough, ‘“ Cathode Ray ” seems to think that Maxwell
regarded this fourth dimension as unavoidable,

I gave no single definition of ¢ quantity *’ of sugar. If I
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“have a packet, I might measure its mass M, its volume
V, or I might conceivably count the number of molecules
N. I regard these as all more or less satisfactory measures
of ¢ quantity.” ‘“ Cathode Ray ’’ seems worried that N and
V may nat be strictly proportional, though when I raised
the matter of variable density before, he said it had
““ nothing to do with the principle.”” As a matter of fact
I think M and N may not be strictly proportional either,
owing to the slight variation in binding energy per mole-
cule with size of crystal, but I will not split that particular
hair. At all events, M and V are conventionally, and sen-
sibly, regarded as dimensionally different, and any attempt
to adjust the definitions to make them the same s regarded
by ¢ Cathode Ray ’’ as impossible or at least suspect.

With a charged door knob, I might measure the electro-
static charge e, the electromagnetic charge g, or con-
ceivably count the (negative) surplus of clectrons .
All are again reasonably cilled measures of  quantity
of electricity. ‘° Cathode Ray ” now insists that ¢ and e
(and presumably #) must be dimensionally equal. Why?
Is it because the proportionality between ¢, e, and #n is
believed to be strict, so that more than one unit is super-
fluous, as with gravitational and inertial mass? That would
seemn to me reasonable, and that is why I mentioned the
wave velocity as a reliable constant, but I have the im-
pression that ‘“ Cathode Ray ” has a more metaphysical
notion of ‘‘ quantity of electricity ” which transcends
mere measurement. Maybe if e and ¢ happened to have
been given different names, such as perhaps ° charge ”
and ‘¢ activity >’ the temptation to insist on their dimen-
sional equality might be less.

On the question of whether Maxwell thought electrical
quantities expressible in purely mechanical terms, I
would have thought my quotition dogmatic enough,
but ¢ Cathode Ray” quotes Art 623, where Maxwell
has marshalled his equctions, with the exception of either
form of Coutomb’s law, between charges or poles. Nat-
urally they are insufficient at this point to determine ail
quantitics in terms of L., M and T, and either e or m may
be regarded as an independent unit. Using one or other
form of Coulomb’s law, however, he then proceeds to
deduce the dimensions of e or m, and hence 2ll the other
quantities, in purely mechanical terms. He even provides
a table of dimensions (complete with fractional indices)

in these two systems, the c.g.s. electrostatic and electro-
magnetic, which he desciibcs as ““ the only systems of any
scientific value.” If ‘“ Cathode Ray ”’ still believes that
Maxwell regarded electromagnetic quantities as inex-
pressible in purely mechanical terms, I can do little more
than express my astonishment. Even if his interpretation
should be correct, I am still astonished that he chose in the
first place to enlist the support of an author whose units
he finds fundamentally unscund and whose dimensions
repugnant to common sense.

By all means let us use SI units, or any other system,
if after careful examination we find them most suited to
our purposes and understood by as many as possible of
our fcllows, but let us not make them into a kind of re-
ligion which condemns »!l others on insufficient grounds,
and which seeks to enforce conformity in those of other
persuasions by the mere force of legislation. |

Bristol. D. F. GIBBS

Silicon Transistor Tape Recorder

YOUR contributors D. L. Grundy and J. Collins, in
their tape recording amplifier described in the July issue
achieve a constant curreat drive to the record head with
the aid of a high resistance between head and amplifiel.
This arrangement, though eminently suitable for valve

~circuits where large undistorted voltage swings are easily

obtainable, requires an unusually high power supply rail
and a high-voltage output transistor for acceptable results.
Taking the case of the Ferrograph MKk. V tape deck, the
head having an impedance of 18 k ohms at 15 kc/s, only
2-2 volts are needed to produce the peak recording cur-
rent of 120 uA. It is obviously an extremely wasteful
procedure to generate teu times this voltage in the
amplifier and then to lose most of it in the head feed
resistor.

The circuit shown below, which I have used successfully
for two years, meets the constant current drive require-
ments more elegantly, I feel, than many other designs.
The output stage is a complementary common-emitter
configuration. Each transistor then acts as a high im-
pedance load for the other, locil negative feedback from
R, and R; increasing the effective output impedance.

4 MV~ ' 4
470 . Rq -8V
100U 47k I8k 3.3k 560 -
i Rz
. 1 ———AAAN ) 15V
180k 20 p -
Tot o 0Ci40
0C75 K//
r— 7 {}
50mV Tr2 -
" INPUT 4 —oVip—o—
C =2 TO RECORDING
> R LEVEL METER 50U
7 27k \
~ IBIAS '
{8k T T TRAP :
5 §
F I
100k 0C44
.
N 2 =3V
ANAA 3 b
4 RECORD
27k Rs “HEAD
-5k <60 9
>~ > 'L } +
T %
AV V.V p——
120k _
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Supervisory System for Remote Control

TO convey numerous on-off and posi-
tional commands from a = control
station t0 one or more outstations and
to transmit alarms, indications and
meter readings in the reverse direction,
fast time multiplex techniques are used
in the Selectronic 701 supervisory re-
mote control equipment recently de-
veloped by the Integrated Systems Divi-
sion of Standard Telephones and Cables
Ltd. Telephone lines, electrical power
lines or radio links may be employed
to connect the control stations with the
‘outstations; outgoing commands, incom-
ing indications and measurements being
sent over the same duplex circuit,

Before transmission the multiple in-
puts corresponding to command, indi-
cation or measurement functions are
converted into serial form for transmis-
sion in binary code; simple two-condi-
tion signalling is used as in standard
telegraph practice. On the receiving
side—both at the control station and at
the outstations—the procedure is re-
versed to regain the transmitted data.

Each message contains 16 bits of in-
formation. Four of these are used for a
cyclic parity check, eight for selection
purposes (making 256 command selec-
tions possible) and four to designate the
functions to be carried out. In messages
from the outstations all twelve informa-
tion bits are used to convey indications
or measurements, giving a total capa-
city of 3,072 (12X256).

All supervised parameters at the out-
stations are continuously scanned; the
frequency of interrogation for each being
determined by its significance for opera-
tional purposes. If the scanning speed
is not fast enough (that being dependent
upon the transmission speed, which, of
course, is related to the bandwidth of the
circuit), rapidly changing quantities can
be measured more than once in the
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scanning cycle, A plug and socket
arrangement has been adopted for the
programming of the  monitoring
sequence. This allows a choice of which
parameters are scanned, in which out-
stations, in what sequence and how
often. If a change in condition is
signalled, a repeat transmission confirm-
ing the change is called for by the con-
trol station before the relevant display

is up-dated. The same principle is ap-

plied to meter readings when a signifi-
cant change i1s detected.

Measurements may be displayed in
either digital or anologue form, all twelve
bits being needed for transmission if an
accuracy of three significant places is re-

- quired. An analogue to digital converter

can be provided within the outstation
equipment to cater for primary measur-
ing devices with analogue outputs.
The Integrated Systems Division of
S.T.C. is at Burleigh House, 101-145
Great Cambridge Road, Enfield, Middx,

SWW 313 for further details

Small V.H.F. Variable
Capacitor |

A VARIABLE capacitor designed for
use in transistor v.h.f. frequency-modu-
lated tuners was recently introduced by
Jackson Brothers (London) Ltd.,, of
Kingsway, Waddon, Croydon, Surrey.
Two- and three-gang units are currently
available, the dimensions being 0.550 X
0.809X1.040in and 0.640%0.809 X
1.450in respectively and a four gang
version will be available shortly,

The capacitance swing per section is

14.5 pF; the minimum capacitance being
3pF and the air gap 0.010in. These
units are tested at 500 volts and have
an integral three-to-one reduction gear.

SWW 314 for further details

www americanradiohistorv com

| SWW 315

Self-contained Level

Detector

APPLICATIONS of the Saunders-Roe
& Nuclear Enterprises ¢ Betalights ™
have been extended to include the
“ Betaresistor,” an optical level detector
using a self-contained light source
(Betalight) and a CdS photoconductive
cell. Betaresistors can be used for on-
off level control in powders, liquids,
slurries and smoke.

The Betalight uses the unstable.
nucleus of tritium (an isotope of hydro-
gen) to provide B-particles which cause
a phosphor to emit visible radiation.-
The tritium is enclosed in a phosphor-
coated glass tube, providing a safe
self-contained light source. The half-
life of the tritium is such that a life of
15-20 “ years can be expected from
Betalights,

For level control of opaque liquids
and light-coloured powders, a reflection
Betaresistor is used. The source and cell
are shielded, and on immersion light is
reflected by the surrounding medium
causing the cell to be illuminated. An
absorption type of Betaresistor is also
available for level control of opaque
liquids.

For transparent liquids an internal
reflection type is used which is set in
a solid glass block so that in air, light
is internally reflected
and illuminates the cell.
The change of refrac-
‘tive index of the sur-
rounding medium on
immersion causes light
to pass into the medium

and the cell is not illu-
minated. Betaresistors
can also be used in den-

sity control and for
measurements of small
displacements.

The operating tem-
perature range 1S
—40°C to +75°C and
the «cell resistance
decreases by 1% per °C
rise in  temperature,
Stability is +109% after
24 hours and response
time 1s 1 sec. Maximum
pressure is 3001b in-?
but higher pressure

types are under development.

A relay unit (to enable level to be
controlled to within {in with a single
Betaresistor and over any greater range
using a pair) and continuous level con-
trol types are also under development.

The address of Saunders-Roe &
Nuclear . Enterprises Ltd. is North
Hyde Road, Hayes, Middlesex.

for further details
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THE GUNN EFFECT

SELECTED POINTS FROM SYMPOSIUM ON MICROWAVE APPLICATIONS OF SEMICONDUCTORS

NE of the most recent and interesting developments
in the microwave field has been the discovery of
oscillations in gallium arsenide by J. B. Gunn', reported

in 1963. Some of the papers presented at the recent LE.E. &
I.LE.R.E. joint symposium entitled: “ Microwave Applications
of Semiconductors,” were concerned with this effect. The
symposium incidentally proved to be more popular than
anticipated—nearly 450 delegates (100 from overseas) attended
the three-day session, during which 39 papers were given.

Short specimens of n-type GaAs (and InP) about 10 cm
thick and mounted between two alloyed Sn contacts (forming
ohmic junctions) were found to exhibit current instabilities
when fields of around a few thousand Vcm! were applied.
The applied potential from a constant-voltage source was
pulsed at a low p.r.f. and with a low duty cycle—around
1-100ns duration. The voltage-current characteristic exhibited
an approximately linear relationship up to a certain threshold
voltage (V7) after which the current fell, exhibiting instability,
in which the current peaks did not exceed the corresponding
threshold current I;. The current-time relationship showed
oscillations continuing for the duration of the pulse. The
threshold voltage was in the region of 10-100 volts depending
on specimen thickness. In many cases the oscillations were
non-sinusoidal giving harmonics of a fundamental which
appeared to be the reciprocal of the electron transit time.
(Drift velocity is calculated from a knowledge of electron
mobilities.) Measurements of efficiency showed that this was
around 1-29;.

A paper by Robson and Mahrous (Sheffield University)
outlined the generally accepted explanation which was first
proposed by Ridley and Watkins? and Hilsum?® and known as
the transferred electron effect. (Hilsum predicted the effect
would occur in GaAs and in a GaAs and GaP alloy).

A transferred electron oscillator requires a semiconductor
with two conduction bands, separated by a small energy
gap, say 8E, (8E = 0.36eV for GaAs) and both populated by
carriers, the ratio being dependent on the ambient lattice
temperature (T,), the number of allowed states and JE.
At low field strengths and at room temperature most of the
electrons reside in the lower band, since 27T < 8E, and will
have a certain mobility u (u = v/E where v is the electron drift
velocity and E the applied field). As the field is increased, the
electrons are accelerated more rapidly between collisions and
assume a temperature 7> T,. As T increases more electrons

f

DRIFT
VELOCITY
v

ELECTRIC FIELD £ ==

Negative mobility in GaAs.
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are able to transfer to the upper band and when kT >3E the
majority will be in the upper band, assuming there are more
available states, and will have a mobility p’. If the rate of
heating increases sufficiently with field strength the transition
from p to p” on the v—E characteristic may be negative
(See figure).

In contrast to the tunnel diode it is not possible to stabilize
the negative resistance by loading with- a low impedance.
Gunn investigated the field distribution along the sample with
a fine electric probe and observed a narrow region of high field
strength (domain) moving across the specimen in the direction
of the electron flow (when V>V, or E>E;). During the
domain transit time the current remained constant at a value
I, below I, and rose to I, when the domain reached the anode
contact. A new domain was then formed at the cathode and the
current returned to its original value. The domain is considered
to be formed by a perturbation of some form which causes an
increase in the field about the perturbation (nucleating centre).
This results in a decrease in current within the domain giving

“a charge build up at the domain walls which causes a further

increase in domain field strength. The field amplitude limits
at E;, when the incremental mobility is positive again.

Within the last year c.w. oscillations have been reported,
both by Gunn and other workers, resulting from efforts to
reduce the dissipation. Some of the results obtained are:
1.8W at 4.9 Gg/s (pulsed); 2.5W at 3 Ge/s (pulsed) and 15mW
at 4 Gge/s (c.w.). Some degree of tunability has been achieved
by mounting the GaAs in a tunable cavity. This has also
resulted in improved coherence. '

It was suggested in a paper by Heeks, Woode and Sandbank
(S.T.L.) that the device could operate as a pulse amplifier by
biasing to just below threshold and superimposing a signal on
the bias to produce a domain each time the threshold was
exceeded. Although pulse shape was not well preserved, the
position in time was accurately maintained, and this might be
useful in p.p.m. systems.

Acoustic amplification

A review paper on piezoelectric semiconductor acoustic
amplifiers was presented by Harcourt, Froom and Sandbank
( S.T.L.). The principle of operation is similar to that of the
travelling wave tube with the elctron beam replaced by the
carriers of a semiconductor. (In fact a theory has been deve-
loped which includeés electron beam tubes as a special case.)
An ultrasonic pressure wave is transmitted along a piezoelectric
semiconductor crystal along with the accompanying electric
wave. A d.c. electric field is applied across the crystal so that
the carriers drift in the wave direction. Interaction between
carriers and the travelling wave occurs and when carrier
velocity exceeds wave velocity and energy is transferred from
the carriers to the wave giving amplification.

Most of the experiments to date have been in the 10-100
Mc/s region and using a CdS crystal, illuminated to provide the
necessary carriers. (CdSe, ZnO and GaAs have also been used
in experiments). The theoretical frequency limit appears to
be about 100 Gg/s but there are considerable problems when
one enters the microwsve region. One, that of acoustic loss
arising from scattering of the phonons by random thermal
phonons, is eased by cooling, but scattering due to crystal

WIRELESS WORLD, AUGUST 1965

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

NEWS FROM

INDUSTRY

£A7 Million Defence Ceontract.—The
Plessey Company are to supply to the
Royal Australian Air Force two new
mobile radar systems that are air-
transportable (in Hercules aircraft of
the R.A.A.F.). Each contains primary
three-dimensional and secondary radars,
display and data handling equipment,
data links, h.f., v.h.f. and u.h.f. com-
munications equipment, and the neces-
sary power supplies. The overall sys-
tem will be used to obtain early-warning
information, to carry out surveillance on
aircraft movements, to assign weapons,
and to control interceptions. Although
Plessey are the prime contractors, the
radars will be manufactured in the
United States by the Waestinghouse
Electric Corporation and the computers
will be made by the Marconi Company.

Semiconducter Patent.—Texas Instru-
ments Incorporated have been granted
by the United States Patent Office, a
patent covering the process used to make
silicon planar transisters. The patent,
number 3,184,823, describes the widely
used steps of impurity diffusion using sili-
con oxide masking and photo-lithographic
techniques for definirg difusion masks
and metal contacts. Transistors made
by this process have base-collector and
base-cmitter junctions extending to the
upper surface of the wafer to avoid
contamination of the junctions. These
features are also used in the manufacture
of monolithic integrated circuits, which
Texas Instruments have produced com-
mercially since 1959. The U.S. Patent
Office concluded that the silicon planar
process was invented by Texas Instru-
ments’ engineers prior to the 1959 filing
date of the patent application by Fair-
child Camera and Instrument Corpora-
tion.

A new television recording centre that
1s independent of the B.B.C. and the
I.T.A. is nearing completion at $-11
Windmill Street, London, W.1. This
centre, which is to be run by the newly
formed company Television Recordings
Ltd., will be linked to the national tele-
vision networks and will have access to
both the European and trans-Atlantic
links. Multi-standard Ampex recording
machines and ancillary Marconi equip-
ment, capable of recording and repro-
ducmg in- black-and-white and colour is
being installed. Its services will be
available to existing television companies
and advertising agencies, as well as in-
dependent production- companies, edu-
cation authorities and users of closed
circuit systems, who require full record-
ing facilities. Mobile recording facili-
ties are also to be provided by the
centre, which has cost around £250,000.
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A chain of Decca Navigator trans-
mitting stations is to be set up along the
west coast of Norway. Contracts for
this venture which are worth approxi-
mately £2,500,000 are at present being
finalized. The Norwegian Authorities
are also co-operating wita the Swedish
Board of Shipping to set up a new
Decca Chain in the Skagerrak.

The Marconi International Marine
Company have purchased, for a cash
sum of £700,000, the marine radio busi-

- ness of Associated Electrical Industries.

According to the vendors, the business
consists of “the supply of marine radio
communication and allied equipment;
and operating and trafhic services, to-
gether with apparatus and spares on ships
or in stock.” Marconi Marine will market
A.E.I. marine radio equipment for as
long as may be necessary and, with the
agreement of individual owners, will also
assume responsibility for A.E.I.’s rental-
maintenance contracts. This acquisition
does not affect A.E.I’s marine radar
business, which comes under the elec-
tronics group. Most of the radio cffi-
cers and others employed in the marine
communications department of A.E.I.’s
telecommunications group are being
offered eguivalent employment (retain-
ing full seniority) with Marconi Marine.
Those on the manufacturing side are not
affected.

C.C. TV for British Railways.—An
experimental closed circuit television
installation is being evaluated at Elm
Park, Essex, as an aid in combating
trespassers on railway property. It was
in this area that a train was derailed by
hooligans in March of this year. The
installation includes a gantry-mounted
camera, monitor and associated equip-
ment for the camera, and a video re-
corder that has a playing time of 30
minutes. The equipment, which is to
be operated by the station’s porters, was
supplied by Peto Scott Electrical In-
struments Ltd. and costs £1,800.

The Westinghouse Electric Inter-
national Company, of New York, have
received a contract from the Sperry Gy-
roscope Company to develop solid state
transmitters for a prototype LORAN-D
(LOng-RAnge Navigation) system which
is -to be air-transportable. This low-
frequency navigational aid is to be used
in the movement of infantry, surface
vehicles, helicopters and aircraft. As the
dimensions of the conventional quarter-
wave LORAN aerial make it impractic-
able for air transport, a top-loaded aerial
for rapid erection has been specially de-
signed under this contract, which is
worth $500,000.
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Servicing facilities for Bush Radio,
Murphy Radio and Rank Telecommunica-
tions have been amalgamated to form a
single service department at Welwyn
Garden City; within the Rank-Bush
Murphy factory. Mr. J. A. Hutton is the
general service manager.

Electrosil Ltd. have formed a micro-
electronics division to sell integrated circuits
manufactured by Corning Electronics, which
13 part of Ccrning Glass who have a
financial interest in Electrosil. Counting
speeds of 80 Mc/s are claimed for one of.
the flip-flops.

Seven electro-encephalographs, which
are to be used for psychiatric studies, have
now been dispatched to the Chinese
Government by the AEI Electronics Group.

Elcom Sold.—Painton & Co., Ltd., the
component manufacturers from Northamp-
ton, have acquired the whole of the issued
share capital of Elcom (Northampton) Ltd.
Elcom will continue as in the past with
only minor changes of emphasis,

B & K Laboratories Ltd., who specialize
in handling test and measuring equipment,
have opened a northern sales and service
ofice on the Bradshaw Trading Estate,
Greengate, Middleton Junction, Manchester

The lemgston Group have formed a

‘new company Livingston Electronics Litd.
‘Mr. D. J. Davis, former head of Livingston
- Laboratories industrial electronics and X-

ray division, is general manager of the new
company, which will widen the Group’s
activities in industrial and scientific instru-
mentation. It will operate from 31 Camden
Road, London, N.W.1.

SGS-Fairchild Ltd. announce price re-
ductions for some of their integrated
circuits. As an example, the full military
range of JK flip-flop elements have been
reauced {rom £16 5s to £9 10s at the 100
up level. The industrial version of this
element 1s now only £4 4s.

E]hott—Automatlon are to establish a new
70,000 .sq ft factory for the manufacture of
microelectronic devices on the new Eastficld
Industrial Estate, Glenrothes. It will be
completed by the end of next year.

A thin film study on silicon monoxide
capacitors has recently been completed for
the London Electrical Manufacturing Com-
pany by Cambridge Consultants Ltd.; a
company which offers a liaison service
between industry and research workers in
university establishments.

A complete television station, to give
Bermuda a second commercial television
programme, is being supplied by Pye TVT
Ltd. A 3-kW, 525-line Band III trans-
mitter is employed.

G.E.C.

(Telecommunications) Ltd. have

~received a contract from the Post Office to

supply equipment for a new microwave link
between London and Leeds.

A northern branch office has been
opened . by EMI Electronics Ltd. at
Regent House, 30 Cannon Street, Man-
chester 4 (Tel.: Deansgate 6378).

H.C.D. Research Ltd. has been formed
to conduct the semiconductor business of
Semikron Rectifiers and Electronics Ltd.,
of 77 Gloucester Road, Croydon, Surrey.
(Tel.: THOrnton Heath 7485.)

Derritron Research & Development Ltd.
and Derritron Telecommunications Ltd.
are moving from Hythe, Southampton, to
new premises adjacent to the Derritron
Instrument Company at Parkland, Stroud,
Gloucestershire. (Tel.: Stroud 331.)
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