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Television Anniversaries

THIS month the British Broadcasting Corporation
celebrates the 25th anniversary of the start of its
“high-definition ” television service, which was
inaugurated by Lord Selsdon on 2nd November
1936. We offer our sincere congratulations to the
Corporation on its fine record, and on the technical
quality of its transmissions which, in spite of the
handicap of what is now called a low standard of
definition, are admitted by our friends on the Con-
tinent to be among the best if not the best in Europe.
Picture quality is not determined by the number of
lines alone, but is a product of good studio lighting
and camcra work, and the work of the B.B.C. in
these sectors is second to none, as indeed it is in the
technical development of the means of transmission.

Looking back through the pages of this journal
of 25 years ago we are reminded of the activity in
the Baird and Marconi-E.M.I. camps as the day
drew near when regular 2-hour daily transmissions
were decreed to start, with Baird on 240 lines, 25
pictures per second, sequential scanning and EM.IL.
on 405 lines, interlaced 50 fields, 25 pictures per
second taking turns on alternate weeks. Baird used
an intermediate film technique for scanning the
scene, but EM.I. werc able to start from scratch
with “direct” pick-up using the Emitron electronic
camera on which work had been proceeding for some
time before under the leadership of Isaac Shoenberg.

One feature of this period which is often forgotten
is that the few receivers which were in service were
more often than not dual-standard types, but these
were never produced in any large quantities. In
February 1937 the P.M.G. deccided in favour of the
405 line system.

As in other countries interest in this latest wonder
of science was first stimulated by public demonstra-
tions, and weekly lists were published in this journal
of thz places wherc people could go to sece the
demonstrations. After a slow start the growth of
viewing became exponential. The industry quickly
met the demand for privately-owned receivers and
in September 1939 when, with the outbreak of
hostilities, the service closed down, there were at
least 20,000 sets in operation.

This, rather than the actual date of commence-
ment of a regular service should be Britain’s claim
to fame in the history of television. Other highly-
developed countries were carrying out development
work and appreciated the vast future possibilities of
television, but we—that is the authorities, the indus-
try and the public were quicker off the mark than
any nation in the world, including America, in
expanding our service.

We have no wish to put a damper on the festivi-
ties currently organized by the B.B.C. in cclebration
of its Silver Jubilee, but when it is said that “ twenty-
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five years ago Britain alone in the world started a
television service” the good feelings of our over-
seas admirers are apt to become tempered by a cer-
tain, and in our view a justifiable, irritation. Even
if, as a correspondent in this issue suggests, the
words “high definition ” are interpolated—as indeed
they are by the B.B.C. when it remembers to do so—
this does not entirely dispose of the matter. It all
depends on what one means by “regular,” “pub-
lic” and “high definition.” The last of these is
purely relative. Taking a world view in 1934 it
meant “not 30 lines”; in 1935 it was applied to
the German 180-line service which started in March
and to the French 180-line service which began in
December. A year later the B.B.C. were still using
the positive and not the comparative form of the
adjective to describe the 240- and 405-line systems
with which their service started. In 1948 France
established the superlative with 819 lines. (If we
must continue to split hairs, may we suggest a
nomenclature for the degrees of “high definition ™:
Mark I=180, Mark 1*=240, Mark II=405 (and
441), Mark 11*=3525, Mark IT**=625 and Mark III
=819 lines?)

More hair splitting is possible when argument
shifts to the ground of what constitutes a “service”
as distinct from a public demonstration of tele-
vision. In the Unesco report (1953) “Television,
a World Survey” it is stated for example (pages 57
and 58) that in America prior to 1939 . . . “public
demonstrations of television were undertaken by a
number of companies” but that “ Television broad-
casts for the general public began on 30 April, 1939,
the day the World’s Fair opened in New York.”
But these were on 441 lines and the Federal Com-
munications Commission felt “that the public had
to be warned against investment in receivers which,
by reason of technical advances, when ultimately
introduced, may become obsolete in a relatively
short time.” The decision to raise the American
standard to the present 525 lines was in fact made
on 3rd May, 1941, and in the latter part of that
year there were, according to the Unesco report,
an estimated 5,000 receivers in use. The highest
estimate of the number of television receivers in use
in Germany before the war was 5007.

If a service means the regular emission of pro-
grammes which may or may not reach a viewing
public, then the B.B.C’s claim to priority is open
to question, but if it is argued that a service is not
established until it is widely accepted, then there
is no question that in 1939 Great Britain, with more
than 20,000 receivers, led the world.

4 Das Fernsehen in Deutschland bis zum Jahre 19457 by
Gerhart Goebel, Archiv fiir das Post-und Fernmeldewesen, Vol.
5, No 5, August 1953,
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Subscription Television

By L. S. WHITE*

BASIC REQUIREMENTS AND THEIR TECHNICAL FULFILMENT BY THE TELEMETER SYSTEM

A SUBSCRIPTION television service provides
entertainment in the home and uses the subscriber’s
television receiver to display it. It differs from the
familiar television services in that a price is set for
each programme offered and this demand must be
met, one way or another, before the selected pro-
gramme can be seen. The service can be distri-
buted throughout a community by means of a cable
network, or it can be broadcast over an area by a
transmitter.

Whichever method of distribution is used, the
nature of the service creates a number of basic
requirements that must be met and places squarely
before the designers of a Pay TV system a number
of problems that must be solved if technical and
commercial success is to be realized. In the dis-
cussion that follows some of these problems are
stated and the method by which the “Telemeter”
system solves them is described in some detail.

FLEXIBILITY. The system must be engineered in
such a manner that it can be used in conjunction with
most "established and acceptable transmission media
without placing tco many or too restrictive conditions
upon the means of distribution. It must be capable of
shou!dering responsibilities that good commercial prac-
tice places upon it and provide facilities that satisfy the
needs of both the system operator and the subscriber
to the service.

The Telemeter system is a multi-channel system
that is basically capable of handling any number
of programmes in monochrome or colour. The
broadcast system transmits coded signals at fre-
quencies in the spectrum assigned to the service
by an authority. The cable system either “stacks”
the programme channels in the conventional way,

* British Telemeter Home Viewing Lid.

using a band of frequencies not normally acceptable
to a television receiver (h.f. coaxial network), or
uses cable circuits that are available and which are
peculiar to a particular design of network (1.f. multi-
pair networks).

In all three cases, the subscriber is provided with
a unit which is inserted in series with the input
terminals of a receiver and the aerial or cable lead;
in no instance does the installation of the unit in-
volve interference with the receiver or its circuitry.
The facilities provided by the unit ensure that there
can be no doubt in the subscriber’s mind as to the
transaction he is entering into. The price of the
programme is clearly displayed and on payment of
the demand the programme is seen in its entirety.
The fundamental principle behind the Telemeter
system establishes a relationship between the system
operator and the subscriber that is the common
experience of everyone who has purchased enter-
tainment, whether it be films, the theatre, a foot-
ball match or a boxing match. In this manner, the
interests of the system operator, the programme
supplier and the subscriber are adequately protected.

PRICE. The system must be able to set a particular
price on a programme, to vary this price easily from
programme to programme from a central station and to
inform the viewer of this price. As the times at which
subscribers may select a programme are random the
pricing information and control must always be acces-
sible during the course of a programme; in [ike measure
the pricing principle should not exclude the possibility
of running * continuous shows” of two or more
‘“houses ” to enable those who entered late to see a
complete performance.

On turning the selector switch to a particular
channel, the Telemeter pricing system automatic-
ally enables the subscriber to see the price asked
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Fig. 2. Control logic circuit of subscriber’s unit.

for the programme. Associated with each pro-
gramme channel is a control channel which con-
tains the pricing information. This information
consists of a pulse train, each pulse representing a
value of sixpence. The logic which controls the
pricing mechanism recognizes the start and end of
a price sequence by arranging for the price pulses
to be preceded and followed by pulse intervals
which are ten times as long as the price pulses
themselves. The position of the end-price interval
is variable with respect to the entire sequence and
by varying this position the programme price is
set. The waveform, shown on the left of Fig. 1,
is generated by a rotating perforated disc. The disc
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has two perforated tracks which extend into a gap
in a “lighthouse ” which contains two semiconduc-
tor photo-diodes with their source of illumination.
The disc rotates at 10 r.p.m. and the output pulses
so produced form the substance of the price infor-
mation contained in the control channel. The price
pulse repetition rate is approximately 10 per second
with a 50% duty cycle.

At the input to the subscriber’s unit the pro-
gramme selection is made and the appropriate con-
trol channel is demodulated by the control logic
detector, V1 (Fig. 2). The pulse output from the
detector is direct-coupled to the grid of the pricing
and recording valve, V3, and has sufficient ampli-
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Fig. 3. Block diagram of transmitter for a cable distribution system.

tude to drive this valve from cut-off to full conduc-
tion at each pulse. The pricing relay is thus
operated, and in turn energizes the pricing solenoid.
This solenoid steps a price indicator drum in decre-
ments of sixpence to a position where the price
asked is displayed behind a window on the front
of the unit. The beginning of the pricing pulse
train is recognized by the time-constant of C.R.,
and only during the 0.5 sec start-price pulse will
the grid voltage of V3 reach such a value that
this valve will conduct, advancing the price drum
from the Ist to the 2nd “blank” position which,
in turn, opens S2. This removes C, from being
in parallel with the load R, and allows the subse-
quent short price pulses to be resolved by the
detector. The end-price pulse is recognized by the
t.me-constant C,R,.

PAYMENT. The system must provide means for
receiving payment of the price demand, or, in the case
of a billing system, indicate the acceptance of the charge
by the subscriber. Where cash payment is required, a
multi-coin acceptance mechanism is highly desirable
and a credit storage facility should be provided to
register and hold against future payment any money
inserted in excess of the programme price. The latter
facility should be accessible at all times (whether the
unit is switched on or off) to enable it to be used as a
saviangs bank for the payment of future entertainment.

The Telemeter unit contains a coin mechanism
that accepts any silver coin from a sixpence to half-a-
crown. On inserting a coin an evaluating and
credit-accumulating cycle is initiated and for each
coin deposited the evaluating disc makes one com-
plete revolution. This disc determines the value
of the coin by measuring its diameter and it is
coupled to the credit drum for a period of time
during each revolution which is proportional to the
coin value. On the periphery of the credit drum
is printed in increments of sixpence the value of
credit represented by a given angular displacement.

After the insertion of each coin the drum takes up
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a position which is proportional to the value of the
coin, and as each successive coin is deposited this
angle is increased so that the total angular displace-
ment represents the total sum inserted; this sum is
displayed behind the credit window in front of the
unit and adjacent to the price window.

If a programme is selected before coins are in-
serted, a price demand will be displayed behind
the price window. On depositing coins the
mechanism operates in the manner described above
except that at a certain point in each revolution of
the evaluating disc the credit drum is released and
by spring tension drives the pricing drum towards
the “paid” position by an amount equal to the
value of the coin deposited. As this happens quite
quickly, it appears that the coins inserted pay
directly for the programme, as their value is deduc-
ted from the price shown. This is not the case, but
the method of operation does enable the subscriber
to see at any moment the balance still required to
pay for the programme, and the mechanism does
store and register any excess sum paid if exact
change is not available. If the credit storc registers
a sum of money, this credit can be used to pay
partly or wholly for a selected programme by pres-
sing a button which initiates the cycle of operations
just described.

The “billing ” unit is the same as the “ cash ” unit
except that the coin acceptance mechanism is not
provided. If a subscriber selects a programme a
price demand is set up in the same manner as
described above whercupon a button is pressed, the
programme appears on the receiver screen, and the
recording cycle, which is described in the next sec-
tion, is initiated. At regular intervals the record
is read and the information it contains is used to
make up the subscriber’s bill.

RECORDING. An accurate record must be made of
each transaction entered into by each subscriber. This
record enables disputes between subscriber and system
operator to be resolved and provides information
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Telemeter Unit with lid lifted to show coin slot, price and
credit windows.

whereby the accounts of the various parties engaged in
the enterprise may be prepared. As very large numbers
of subscribers to the service are envisaged, the record
should be of such a form as to be readily handled by
data processing equipment.

In the interests of simplicity, accuracy and relia-
bility, magnetic tape recording is used in the Tele-
meter systems. The information to be recorded
consists of a programme identification number and
a price; no further data is nceded to satisfy all the
necessary requirements.

The information is coded in binary form and is
transmitted over the control channel on a time-
sharing basis along with the price-control informa-
tion. A code sequence of 15 binary bits is used in
which zeros are transmitted as pulses and ones as
200 ¢/s tones. The sequence is preceded by a
long starting-tone burst of 200 c¢/s to enable the
data processing equipment to recognize the start of
the identity code sequence. Fig. 1 shows on the
right the waveform which is produced by the per-
forated disc described in the section on pricing. As
stated, the disc has two perforated tracks, the outer

INPUT FROM
DISTRIBUTION SYSTEM

CHANNEL CONVERTER

Rear view of Telemeter with coin box removed showing (left)
coin mechanism.

one generating the start-pricing pulse, the price
pulses and the zeros of the programme identity code,
and the inner track generating the starting tone and
the ones of the identity sequence. Fiftcen adjust-
able tabs expose openings either in the outer or
inner track to create the binary code. When a sub-
scriber purchases a programme, the pricing drum
closes switches S, and S, (Fig. 2). The closing of
S, enables the subscriber to view the programme
and switch S; furnishes power to the tape recorder
drive motor. This, in turn, after 4 seconds, moves
S, to the “recording ” position and V3 now serves
to drive the recording head with the composite
waveform generated by the perforated disc. After
8 seconds, enough time for one complete identity
code sequence to be recorded, S; opens and the
recording cycle is completed.

The recording head and tape are contained in
the cash box which, on collection, is taken intact
to the central office. There, while the tape record
is being read by the data processing equipment, the
money is machine counted. The total provided by
the tape record is compared with the cash in the
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Fig. 5. Block diagram of subscriber’s unit for broadcast transmission of Pay TV.

box and a note made in the subscriber’s file of any
adjustments that may be necessary. Also, at the
time the data processing equipment is reading the
tape, it records on a tally board the programmes
viewed by the subscriber. This tally board dis-
plays the identity numbers of all the programmes
offered within the accounting period and so the
cumulative totals of viewers who have purchased
a particular programme may be read-off at any
time.

PROGRAMME INFORMATION. Information on
current and future programmes should be readily avail-
able to subscribers.

The Telemeter system provides an audio pro-
gramme information channel the substance of which
is recorded on a magnetic tape loop and is trans-
mitted continuously from the central station. This
chanrniel, together with the control channel, forms a
group which is handled collectively by the distribu-
tion system. Three control and one programme
information channels occupy a band of frequencies
some 200 kc/s wide. The programme information
carrier furnishes a.g.c. to the input stages of the
subscriber’s unit and the delay is set to provide 20
volts each of detected audio and control signals.
This enables a wide range of input voltages to be
accommodated. The power output to the loud-
speaker contained in the unit is 0.6watts.

SECRECY. The security of the system must be such
that unauthorized persons cannot receive the Pay TV
programmes.

In the case of the cable system Telemeter rely
on the inherent security of a “closed circuit” net-
work together with the use of bands of frequencies
for transmitting the programmes which are not
normally acceptable to a television receiver. Fig. 3
shows in block diagram the transmitting station
arrangement of a three-programme system and Fig.
4, in similar fashion, the programme and programme
information circuits of a subscriber’s unit.

The broadcast system has quite a different set
of problems to solve as the frequencies on which
these programmes are transmitted are readily
acceptable to a normal television receiver. If a sub-
scriber (or any TV receiver owner) were to tune
his receiver to a Pay TV channel the programme
of which was being transmitted by means of the
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Telemeter system, he would hear, on the sound
channel normally associated with the programme,
the programme information (on what is aptly
described in America as the “Barker” channel)
being transmitted through his loudspeaker; the
picture would be so “scrambled” as to be unintel-
ligible; and a price demand would be set up auto-
matically on his unit in the manner previously
described. This state of affairs would have come
about at the transmitting station as a result of the
normal sound content of the programme being trans-
lated to a new carrier frequency not receivable by
the set, the programme information and the control
and recording information being transmitted on the
frequency normally occupied by the television sound
signal, and by the line-synchronizing pulse being
reduced. After payment of the price demand, the
subscriber’s unit operates to restore the programme
sound to its correct position in relationship to the
video signal and to amplify the line-synchronizing
pulses to their full amplitude so that the picture
“locks.” A block diagram of the subscriber’s unit
is given in Fig. 5.

Radio Hobbies Show

THIS year’s International Radio Hobbies Exhibition,
sponsored by the Radio Society of Great Britain, will
be opened on November 22nd at the Royal Horticultural
Society’s Old Hall, London, S.W.1, by Henry Loomis,
director of Voice of America, which, incidentally, trans-
mits a monthly programme for radio amateurs. The
exhibition will be open for four days from 11.0 to 9.0.
Admission is 2s. At the time of going to press the
following had booked space.

Avo Post Office

Bernards Publications R.A.F.

British Amateur TV Club R.S.G.B.

Copp Communications Radar & Electronics Assoc.
Daystrom Royal Naval Reserve

Diatronic Selray Book Co.

Electroniques (Felixstowe) Short Wave Magazine

Enthoven Solders Sound Vision Services

K. W. Electronics Territorial Army

Labgear V.H.F. Group,

Minimitter Co. Webbs Radio

Newnes, George Wireless World

Philpott’s Metalworks Withers (Electronics)

It is understood the British Amateur Television Club
is putting on a colour TV demonstration during the
Show. There will be a competition for home-constructed
equipment for a trophy and also a competition to win a
Hammarlund HQ170 communications receiver.
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B.B.C. TELEVISION

25TH ANNIVERSARY OF “HIGH-DEFINITION” SERVICE

THIS page of illustrations records the start of regular television
by the B.B.C. in 1936. Experimental transmissions had been
radiated during the run of the National Radio Show of that year
but it was not until November 2nd that a regular programme
service began. Even then the transmitting techniques were still
to some extent experimental as two systems (Baird 240-line
sequential scanning ana Marconi-E.M.I. 405-line interlaced
scanning) were use on alternate weeks. From February 8th,
1937, the television service used only the Marconi-E.M.I. system,

Control desk for the Marconi-E.M.I. transmitter.

g

The original london transmitting
aerial and tower at Alexandra Palace.

(Left) Marconi-E.M.I. ** instan-
taneous *' camera, so-called be-
cause the Baird system em-
ployed intermediate film scan-
ning. The cameraman is D. C.
Birkinshaw, now Superintendent
Engineer, Television.

Two examples of 1936 television receivers
Left, the chassis of a Pye direct-viewing
receiver and, above, Marconiphone model
702 indirect-viewing receiver, both for
240- and 405-line pictures.
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Electronic Computer Exhibition

NEW TECHNIQUES AND EQUIPMENT

THE advent of the “second gencration”—as it was
often referred to—seems to have brought a greatly
increased air of respectability to computers, the
emphasis at this exhibition being very much on
practical, immediate use. The possibility of building
up an installation piece by piece (even by the addition
of internal (storage) units) together with flexibility of
connection to different types of input and output
(peripheral) equipment were both also emphasized.
Transistorization seems complete—if any of the com-
puters shown did usc valves to any great extent, their
manufacturers were too ashamed to inform us of the
fact.

Logic.—Simple programming in a sort of pidgin or
basic English is often possible now. Several
“languages” are in use—most of them said to be
compatible with each other.

The bottleneck often set up by the relatively slow
speed of the input and output readers and printers is
being increasingly obviated by the provision of *time
sharing” facilities, by which several (usually up to
three or four) programmes can be run at once on a
computer, Thus, for example, several data transcrip-
tion programmes (which use mainly the relatively slow
peripheral equipment) might be run simultaneously
with one data processing or scientific programme (which
uses mainly the much faster arithmetic unit). 1ime
sharing thus increases computer flexibility by allowing
several input and output units to be used in parallel,
and also obviates the nccessity for very fast “off-line ”
printers to make full use of the computer calculation
speed, Individual programmes also need not be
optimized to make best use of the computer facilities
and spceds of calculation, storage, input and output.
Each programme can be independently written as well
as read in and read out.

The time-shared programmes are arranged by the
operator in a priority order. For example, as in the
Ferranti “ Orion”, first might come those prozrammes
using peripheral equipment which it is difficult to
interrupt, secondly those programmes needing much
slower mechanical peripheral equipment, and finally
those needing tape peripheral equipment or the
arithmetic unit. In the YFerranti “Atias”, this pro-
gramme priority order may even be partly modified
by the computer itsclf—depending on the requirements
for peripheral equipment. In the AE.I. 1010 an
interrupt switch is provided to allow additional urgent
work to be given overriding priority.

Whenever a programme is interrupted and the
arithmetic unit no longer employed (for example, while
information is being transferred, or by non-availability
of peripheral equipment or working storage) the next
programme in the priority order which is not inter-
rupted is proceeded with, until the original programme
can continue, or until a further interruption occurs.

The time sharing supervisory system usually auto-
matically allocates and reserves to the individual pro-
grammes storage space and peripheral devices (the
latter are not usually individually shared); this natur-
ally being done in such a way as to prevent any mutual
interference between the programmes. Should any
attempt at interference occur, the programme causing
it is interrupted and an alarm given. The possibility of
such interference is further reduced in the Leo III and
Ferranti “ Atlas ” computers by * tagging  each stored
block of information by the number of the programme
to which it refers.
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When automatic storage allocation is provided, the
task of the programmer is simplificd since he need not
consider absolute addresses nor arrange and optimize
storage transfer,

An unusual feature of the English Electric KDF9 are
its “nesting” core stores. Each of these can store up
to sixteen items of information in a fixed serial order
in such a way that transfer in or out of the store occurs
only at the beginning of the series and automatically
causes the remaining items to shift down or up a place
respectively. This automatic shifting motion allows
arithmetic and certain other simple operations to be
carried out without reference to the main store, thus
increasing the speed of computation. Such stores can
also be used to facilitate the ordering of sub-routines.

Data transfer between the main store and peripheral
cquipment is carried out in the A.E.I. 1010 via buffer
stores whose capacity has been reduced to only one
word per peripheral unit. This reduction has been
made possible by transferring data one word at a time
and at such a rate that all the thirty-two buffer stores
provided can be scquentially scanned in less than the
time taken to store one word.

By addressing each character individually and by the
use of end-of-word symbols, fully variable word length
is provided in the English Electric KDP10. This natur-
ally economizes the capacity required for data storage.
Storage.—Fast but relatively small ferrite core stores
backed up by larger but slower magnetic drums (or
sometimes tape systems) are now almost invariably used.
The possibility of extending their drum stores by
mechanically coupling up to three additional units is a
feature of the Sperry Type C and E series. A different
type of store which consists of a set of vertically stacked
rotating magnetic discs with an interlinking “comb ”
of rcad/write heads was used by De La Rue Bull
Machines in their Gamma 30 and by I.B.M. (1301).

The normally somewhat contradictory requirements of
size and speed of store can be better satisfied by pro-
viding random access. One popular system has similari-
ties to the rotatable “ring” of records often used in
juke boxes; such a (magnetic disc) storage system being
used in the De La Rue Bull Machines “ Gamma 30 .
What might be described as a juke box magnetic tape
storage system is used in the Facit ECM 64 (of Swedish
origin) shown by A.E.I. Here the information is stored
in 64 separate 30-ft long reels of magnetic tape spaced
along the circumference of a rotatable circle. To
address a particular reel, the circle is rotated until this
reel is at the bottom. A weight on the free end of the
tape then falls through guides so as to lead the tape
past the read/write head and pinch roller. When read-
ing or writing has been completed, the reel is rewound
and the store then ready for further use.

In a Card Random Access Memory (CRAM) shown
by the National Cash Register Company, information
is stored in the form of seven magnetic strips on each
card. The cards are individually identified and selected
from the stack by means of eight notches through which
pass eight independently rotatable rods: each notch can
have one of two shapes (corresponding to 0 and 1) and
quadrangular cross-section rods are used so that,
depending on their angular position, each rod engages
with cither only 0 or 1 notches. Thus, by rotating the
rods individually to correspond to the set of notches
in the card required, this card only may be freed from
the pack. (A similar system of selection by means of
cylindrical rods and holes/notches is used in the Anson
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Visipoint edge punched card system shown at the neigh-  which follows the popular general idea of using a suit-
bouring Business Efficiency Exhibition.) In CRAM, ably modified type face which is scanned so as to sub-
when a card is released, it is pneumatically drawn on to  divide it into a number of sensing arcas. The presence
a rotating drum against which bears the read/write  or abscence of ink in each area is recorded and com-
head. On release from the drum, it is seized by pinch  pared by logic circuits with the corresponding data for
rollers and passed at a fixed speed to one side of the permissible variations of the symbols so as to determine
pack, against which it is pushed by a synchronized the actual symbol being read. In the I.B.M. 1412 mag-
vibrating plate. netic ink is used and the pre-aligned characters are
Fast semi-permanent stores are being increasingly scanned seven times by a ten-track magnetic head to
used for fixed sub-routines. In the Ferranti “Atlas”  break them up into seventy rectangular sensing areas.
computer, these stores consist of ferrite rods inserted to Normal punched tape readers generally use photo-
provide magnetic coupling at the desired junctions of  transisters and lamps to detect the presence or absence
the (orthogonal) input and output wires. Mullard of holes. However, in the Facit ETR 500 shown by
showed two semi-permanent single-plane ferritc core  A.E.L, the holes arc detected rather by the changes in
stores. In one of these stores two layers of cores  capacity they produce between a set of metal pins and
scparated by copper foil are used, the cores being a plate on opposite sides of the tape. This system has
coupled together at the desired points through holes in  the advantages that it is not affccted by light, and much
the copper foil: in the other, the fixed storage is provided  less affected by dust, dirt and ageing.
by permancnt magnets plugged in above the desired Data Transmission by Telephone.—A considerable
cores. amount of development is going on in this field and a
Data Recording.—An increasing trend—seen in_equip-  number of different systems were shown at the exhibi-
ment shown mainly at the adjacent Business Efficiency  tion. Except for the I.B.M. 1001 all these were for
Exhibition—is towards recording information straight  binary data.
away in a format (such as punched cards or paper tape) As regards the choice of modulation system for binary
which is immediately acceptable by a computer—a  data, manufacturers scemed to be almost equally divided
written record being often simultancously also produced.  between (180°) phase modulation and (= 500c/s) fre-
This avoids crrors arising from the normal double pro-  quency shift keying. Although the latter system is
cess of first recording the information in written form  theoretically somewhat slower and more susceptible to
and then later re-recording it for use by the computer. interference, it does avoid the necessity for carrier
In simultaneous recording systems for accounting shown  synchronization.
by Burroughs and the National Cash Register Com- Even more varied provisions were made for error
pany, the information is simultaneously typed and  detection or correction. This is reasonable since the
recorded on magnetig strips on the back of the ledger.  complexity and cost of the equipment required depends
A recording which is both legible and acceptable to a  greatly both on the degrec of protection desired (and in
computer is provided by the Cummins Perf-O-Data  particular on whether correction or only detection is
punched hole system shown by Original Documents Pro-  required) as well as on the type of telephone link used
cessing. In this the normal punched in-line five-hole  (since this latter determines the number and type of
code patterns are spread out to three columns, and  errors to be expected). Most manufacturers used the
extra redundant holes added to produce legible figures.  standard method of adding one or more redundant
Input Readers.—An alternative to recording input data  *“parity” bits and checking the known redundant in-
in a form which, though not legible, is acceptable to the  formation after transmission. Nearly complete detection
computer is to provide equipment in the computer for  was provided by Ferranti and Plessey—the latter by
reading legible letters and figures. Although a number retransmitting the received signal back for direct
of such systems have alrcady been described and were — comparison with the original, and the former by trans-
discussed’in a paper by M. B. Clowes and J. R. Parks  mitting with each character its binary inverse.
given at the Electronic Data Processing Symposium held The I.B.M. 1001 system transmits fiftcen different
concurrently with the Exhibition, only one such system characters in the form of pairs of frequencies. In this
was shown at the Exhibition. This was the I.B.M. 1412  system any errors are unlikely to produce a valid digit.

SHORT-WAVE CONDITIONS Prediction for November
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THE full-line curves indicate the highest frequencies FOR 25% OF THE TOTAL TIME

liksly to be usable at any time of the day or night for
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reliable communications over four long-distance paths

from this country during November. ) ——————— FREQUENCY BELOW WHICH COMMUNICATION SHOULD BE POSSIBLE
Broken-line curves give the highest frequencies that ON ALL UNDISTURBED DAYS

will sustain a partial service throughout the same period.
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French Radio Show

LA DEUXIEME CHAINE

[N general the changes this year in the French
Radio Show were similar to those in our own. There
was less high-quality sound reproducing equipment,
decreased emphasis on stereo, little essential change
in sound receivers and, finally, the most striking
resemblance, a preoccupation with provision for
receiving a new television programme, although
major detads of this have not yet been settled.

Television

So far as we could tell, all manufacturers felt it
necessary to make some provision for receiving the
alternative programme (deuxiéme chaine), although
the date for its commencement has not yet been
definitely settled and is at least a year away.

The French are, however, better off than us in
that the major technical details of this second chain
have been decided. It will be in the u.h.f. Band IV
using 625 lines with positive vision modulation and
a.m. sound.

The use of 625 rather than 819 lines for the
second programme has two advantages. First, if
and when colour television comes into use through-
out Europe, conversion between the various stand-
ards will be easier, and secondly, the bandwidth
occupied is halved so that more transmitters can be
provided in the band.

A variety of arrangements were made for receiving
the second programme. Most sets were already
modified to receive both standards, but provision
only was made for the addition of a u.h.f. tuner. A
few receivers were, however, already fitted with such
a tuner and capable of receiving a second pro-
gramme: no such programme was, however, laid on
at the show, even for demonstration purposes.

Switched tuning in the u.h.f. band is difficult, so
that continously variable tuners will almost invari-
ably be used.

Standards switching was in some cases provided by
a special position on the normal turret tuner and
in others by a separate control—this latter produced
alarming results on 819-line pictures!

As might be expected, these provisions for the
second programme have encouraged the production
of multi-standard sets and these were more in
evidence, though often only for the various 819-line
standards. In the Philips and Radiola multi-
standard 819-line receivers the switch for standards
conversion is motor driven and set in operation by
the channel selector switch.

Most, though not all, receivers now use 110°
tubes, often of the “square ”-faced variety. Although
introduced some years back, 27-in screens do not
seem to have caught on, in fact we did not notice
any.

Popular are the 114° square American Twin-
Panel 19 and 23-inch tubes. In the Twin-Panel
construction the protective glass cover is already
attached to the c.r.t. (and usually protrudes some-
what more from the front of the set) in an arrange-
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ment which is claimed to reduce light reflected from
the screen. The slightly dark tint of the cover also
reduces image “flicker ”.

We have previously noted a greater attention in
France to the sound side of television receivers
shown, for example, by frequent provision of a
tone control, a “tweeter ”, or one speaker on each
side of the receiver. This year we noted two ways
of diffusing forwards the sound from such side-
facing speakers. One way, seen on the Pathé-
Marconi (I.a Voix de Son Maitre) T1049MD, is
simply to use two reflecting side doors. Another,
seen on the Titan “ Dauphin” receiver, is to use
a specially shaped (elliptical) speaker cone with the
v_(()iice coil mounted asymmetrically towards one (long}
side.

An unusual facility we noticed in some Oceanic,
Radio-Celard and Titan receivers was the provision
of a “magic-eye” indicator for the fine tuner.
(Indicators that are unusual either in themselves or
in the circumstances in which they are utilized were,
in fact, noted occasionally in all types of French
equipment and examples will be found in most of
the sections of this review.)

Although, in general, the emphasis on remote
control facilities seemed to have largely disappeared,
we did note the first (in France) “ wire-less ” remote
control. This was for Oceanic receivers and used
a battery, transistorized, three-frequency (10, 11 and
12 ke/s) 3-watt oscillator (and mains receiver) to
separately control the sound, contrast and on/off
switch from up to 15 feet away. Pressing the con-
trast or sound remote control button alternately
continually increases and decreases the contrast or
sound (as the case may be) so that the desired posi-
tion may be reached by successive approximations.

Another unusual facility noted in some Point-
Bleu (Blaupunkt in Deutschland, Blue Spot in U.K.)
and Schneider receivers was arrangements for lock-
ing the controls against tampering by children—
and, dare we say, adults also?

Combined transistor TV and a.m. radio—the Télécapte—
shown by Radio-Ce'ard.
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A transistorized battery combined radio and tele-
vision receiver—the Télécapte—(even this could be
adapted for the alternative programme) was shown
by Radio-Celard. This can operate from batteries
or mains, has an 8-in tube and uses 27 transistors.

Transistor Receivers and Record Reproducers
These are very popular in France and seem to come
in all sizes without much evidence of the English
trends towards either miniature or table models.
Push-buttons are much in evidence, and are used to
provide on/off and aerial as well as wave-change
switching. Two push-button long-wave stations
are provided in the Martial “Vancances”.

Tone controls (push-button or continuous) are
much more common in France than here. We even
noted the provision of continuous bass as well as
the normal treble controls in the L.M.T. Super
T420 a.m./f.m. receiver.

As regards external connections, sockets for car
aerials are very common in France as in this coun-
try. Much more common than in this country is
the provision of an external speaker socket (usually
intended alternatively for use with an earphone).
Much less common is the provision of a socket for
tape recording (we could only find one example, in
the L.M.T. Super T420). This may be a reflection
of the general lack of interest in tape recording at
this Show. Pick-up sockets were noted in the Mar-
tial “Europe ”—one of the table models—and the
Pygmy “ Varitron”.

As in this country, manufacturers are increasingly
using drifr transistors in the h.f. stages. Unlike the
case here, however, in France at least onec manufac-
turer is using them to allow the number of transis-
tors required to be reduced rather than to increase
the receiver sensitivity.

A circuit feature seldom found necessary in this
country but very often used in France is the pro-
vision of a thermistor or other temperature-sensitive
resistive element to prevent thermal runaway in the
output stage.

Although still rather unusual, transistor receivers
combined with clocks are more common than in
this country.

Although short-wave bands are very frequently
provided, f.m. is much less so. Where we were able
to obtain sufficient details (and people with such
knowledge seemed, if anything, to be even rarer
than at our own show) the combined a.m./f.m. sets
seemed to follow the same basic circuitry as is used
here, with a separate r.f. stage and combined mixer/
oscillator two-transistor f.m. front end followed by
three i.f. stages (or a mixer/oscillator and two if.
stages on a.m.).

Unusual features of the Pygmy “Varitron” are
—besides the pickup socket already mentioned—
the provision of a filament bulb for use either as a
dial light or as a signal level and direction indicator
and a local/distance combined selectivity/sensitivity
control.

Several record reproducers with unusual features
were shown by Dentzer-Eden. For example, their
S200 and S250 operate from the mains and have
class-A output stages giving a power as high as 2
watts. Their S270 can be operated from mains or, if
this supply is not available for any reason, automatic-
ally from batteries (and thus continues operating
when unplugged from the mains). But most unusual
is their 600—a battery model which combines a
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Combined transistor record reproducer, tape recorder and a.m.
radio shown by Dentzer-Eden.

record reproducer, a.m. radio and tape recorder. The
latter is simply driven from the 3-in take-up spool
by placing this spool on the record spindle: a
separate motor is used for fast rewind. A perma-
nent magnet provides erase facilities.

Aerials

Band 1V arrays were, as might be expected, much in
evidence.

A broadband (41-54 Mc/s) folded “dipole ” shown
by Ara Sefara used one closed and two open rods
to reduce the s.w.r. in much the same way as would
the use of two dipole elements with different
diameters.

Two reflectors were used in a Portenseigne aerial
to secure a high front-to-back ratio and smaller side
lobes. The same company also showed a bent dipole
omnidirectional f.m. aerial.

A three-element indoor aerial mounted (partially
concealed) under a television table was shown by
Telescopictv.

Amplifiers

Filament light bulbs were used as level indicators in
models shown by Teppaz and Claude.

In two Claude stereo amplifiers two such bulbs can
be switched in instead of the two speakers: at the
same time a signal at 100c/s and its harmonics
(derived from the mains) is fed to the two amplifier
inputs. The two amplifiers can then be balanced by
adjusting the two lamps for equal brightness.

In the high-power (80W) Teppaz 780S amplifier
such an indicator is used to show overload. This
amplifier is also protected by electromagnetic and
thermal “fuses”.

Tape Recorders

Unlike the case with this country, these do not appear
to be popular since they were shown by only about
five of the eighty or so radio and television exhibitors.

A fully transistorized recorder which operates
however not from batteries but from the mains was
shown by Radiola (RA 9546). This uses six tran-
sistors and has high-frequency erase as well as the
other usual facilities.

In conclusion, we are glad that we can at last find
space in a review of this show to commend the cata-
logue, which for only 2.50 Nouveaux Francs (slightly
under 4 shillings) provides a considerable amount of
technical. detail on all the models exhibited.
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Pay TV

THE question of the possible introduction of sub-
scription television both in this country and on the
Continent is currently being discussed and an article
on the subject will be found elsewhere in this issuc.
This deals with the Telemeter equipment which is
now being used in a pilot scheme in Toronto. A
demonstration of another system was given in Lon-
don on October 16 by Choiceview Ltd., a company
in which the Rank Organisation and Rediffusion are
partners.

Choiceview has not only developed a system but
is also planning to provide a programme service to
relay or broadcasting organizations. Two methods
of payment have been developed—both applicable
to either “over the air” or wire services, although
only the wire system was demonstrated. One em-
ploys a coin box on a “deferred payment” system;
the user being unable to see a second programme
until the first is paid for. The other employs a
credit meter which will be read and an account
submitted.

1962 Audio Festival

NEWLY clected chairman of the exhibitors’ com-
mittce for the 1962 International Audio Festival, to
be held at the Hotel Russell, London, from April 26-
29, is R. Merrick of British Ferrograph.

The 1962 Audio Festival is expected to be the
most comprehensive exhibition of sound reproduc-
tion equipment yet staged by the organizers, by vir-
tue of the increased interest shown by overseas
firms. Already 56 companies have applied for entry.

It is expected that one of the attractions to en-
hance the festival aspect of the exhibition is that
Gilbert Briggs (Wharfedale) will give a live demon-
stration of immediate recordings. _

It has been decided to exclude the public from
the first day of the show, devoting it almost exclu-
sively to a preview for trade visitors.

Do You Know?

WHICH countries operate on the 625-line television
standard and which on 525 lines?

What are the frequency limits of the X-band?

Which country uses call signs beginning VE?

What spacing is required between the dipole and
radiator for a Band II aerial?

Is there a colour code for fuses?

What is the address of the National Council for
Technological Awards?

The answers to these and very many other ques-
tions will be readily found in the 80-page reference
section of the 1962 “ Wireless World ” Diary. Fea-
tures introduced or re-introduced in the Diary, which
is in its 44th year of publication, include transistor
types and connections; the world’s television stand-
ards; some historic radio dates; and international
call sign prefixes. The Diary costs 5s 9d, plus 1s 1d
purchase tax, in leather, or 4s (plus 10d) in rexine.
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B.B.C. Annual Report

ALMOST a third of the year’s cost of £18M for
running the B.B.C. television scrvice was for engin-
eering services (including £760,000 paid to the Post
Office for line rentals) and of the £12.6M for the
home sound broadcasting services a quarter was
devoted to engineering (including £260,000 for Post
Office lines). These and the following facts are
culled from the 1960/61 Report of the B.B.C.*

The Corporation’s income from licences increased
by £2.25M to £33.5 compared with the 1959/60
figure. The number of v.h.f. receivers in use (esti-
mated at 4M) has not increased “as rapidly as had
becn hoped.”

On the question of stereophonic broadcasting,
using one v.h.f. station for both channcls, the Report
says “much research has been done, but no satis-
factory system has yet emerged that would not
reduce the arca covered by the v.h.f. transmitter.”
It also points to the difficulty presented by the fact
that the Post Office lines used for linking studios,
ctc., for normal broadcasting “arc not suitable as
they stand ” for stereo signals.

*Cmnd. 1503. H.M.S.O. 10s 6d.

An exhibition coinciding with the 25th anniversary of
the introduction of this country’s television service is
being staged by the B.B.C. at the hcadquarters of the
National Book League, 7 Albemarle Street, Piccadilly,
London, W.1. It opens on October 31 for four weeks
and will be devoted to both sound radio and television
broadcasting. It will include books, scripts, models and
historic items from the archives of the B.B.C. Admission
is free and the cxhibition will be open on weekdays
from 11.0 to 8.0 (closing at 5.0 on Saturdays).

Universal Programmes Corporation are holding their
third “ At Home ” on November 24, 25 and 26 at 35
Portland Place, London, W.1. A unique feature will
be the recording of a live group on 3-track equipment
and then allowing selected members of the audience to
follow the processes through to editing, dubbing, reduc-
tion to 2-track and mono, and finally to master cutting
both stereo and mono. Admittance is by ticket only
on application to the company at the above address.

The Technique of Sound Recording is the title of a
series of six leciures to be delivered by Peter Ford,
hon. historian, B.S.R.A., on consecutive Fridays, com-
mencing November 10 next, at 7.0 at the British Insti-
tute of Recorded Sound, 38 Russell Square, London,
W.C.1. Fee for the course is 10s, or 2s 6d per lecture.

LT.A. Headquarters Move.—Ncw headquarters for
the Independent Television Authority are located at 70
Brompton Road, London, S.W.3 (Tel.: Knightsbridge
7011). E.M.L Electronics Ltd. have installed a wired
TV and sound system at the new H.Q.

Television licences in the UX. have now passed the
11.5M mark. Sound only licences total 3.8M including
0.49M for sets fitted in cars.

““ Stratovision ” was developed by the Westinghouse
Electric Corp. not Western Electric as stated in error in
the note on “Flying TV Classroom” in the September
issue.
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A sub-committee for stereophonic broadcasting has
been set up by the technical committee of the west
German industry and broadcasting organizations. The
sub-committee will study stereophonic broadcasting
problems in close co-operation with the Institut fir
Rundfunktechnik, a research institute working for all
German broadcasting organizations on a participation
basis. First part of the studies will cover aspects of an
eventual introduction of stereophonic standards now in
usc in the U.S.A. for west Germany. The problem 1s ex-
pected to be discussed throughout the year of 1962, and
stercophonic broadcasting in west Germany may start
by 1964.

Radio Show Attendances.—Highest attendance since
the National Radio Exhibition moved to Earls Court
from Olympia in 1951 was recorded at this yecar’s Radio
Show when the grand total was 385,925—an increase of
39,855 over the 1960 figure. Also attracting more visitors
was the recent Italian National Radio Show with a total
attendance of 220,000, up by 10,000 on last ycar. Un-
derstandably, in view of the political situation in Berlin
at the time, the west German Radio Show registered a
smaller number of admissions (387,560) than originally
expected.

Two new v.h.f. sound broadcasting stations have
been brought into service recently by the B.B.C. That
for the Channel Islands is located at Les Platons,
Jersey, and transmits on 91.1, 94.45 and 97.1 Mc/s. The
other new station, at Sherriffs Mountain, Londonderry,
Northern Ireland, transmits on 88.3, 90.55 and 92.7
Mc/s.

An improved microphone network has been installed
in the Chamber of the House of Commons by Tannoy
who provided the original installation introduced in
1950. This involved replacing the fifteen existing micro-
phones with twenty-three of an improved pattern. They
are laid out in four lines of five microphones down the
length of the Chamber, one over the Speaker’s chair,
and two over the despatch boxes.

The Junior Institution of Engineers have awarded
their Vickers Prize and Medal to John Heywood for his
paper on “Radio Investigation of the Solar Atmos-
phere.” Mr. Heywood is a lecturer at the Birmingham
College of Advanced Technology.

S.E.E. Programme.—The Society of Environmental
Engineers, Suite 7, 167 Victoria Street, London, S.W.1,
have issued their programme of technical papers and
factory visits for the 1961-1962 session. Now in its
third year, the Society has a membership approaching
the 250 mark.

“Philips Awards,” each consisting of a Philips Elec-
trical Ltd. service kit, are to be presented to the three
candidates judged to be the most meritorious in the City
and Guilds of London Institute’s final examinations in
radio and television servicing,

Polarad Microwave Tuning Unit: The marketing rights
for the Polarad Microwave Tuning Unit type RE-T,
were inadvertently attributed to Briiel & Kjaer in the
October issue. In fact, the equipment is marketed in
the U.K. by B & K Laboratories Ltd., 4 Tilney Street,
Park Lane, London, W.1.

Blaupunkt Printed Circuits.—In connection with the
report on the Berlin Exhibition (1st column, p. 533,
October issue) Blaupunkt ask us to point out that they
have used printed boards in their television reccivers
for several years, but this year a single panel is used
instead of three separate units.

“ Parametric Amplification with Transistors.”—In

the circuit diagram on p. 498 of our October issue the
20uH inductance should have been labelled 204 «H.
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A Ferranti Atlas Computer is to be installed at the
University of London towards the end of 1963 at a cost
of approximately £2M. The machine is claimed to be
in speed and capacity the most powerful computer in
the world and should accelerate Britain’s scientific
research. Orders worth about £1M from the Univer-
sities of Birmingham, Glasgow, Leeds and Liverpool, for
their KDF9 high speed data processing system have
been reccived by the English Electric Company.

Colour Television Refresher Courses organized by
The Television Society recently have proved so popular
that arrangements have been made to repeat the scries
of lecturcs in London in January, 1962. Lecturers will
again be S. N, Watson, B.B.C. Designs Dept., and G. B.
Townsend and P. Carnt of the G.E.C. Hirst Research
Centre. Early application for enrolment forms trom the
Sgciet;(ri at 166 Shaftesbury Avenue, London, W.C.2, is
advised.

International Short Wave Club, 100 Adams Gardens
Estate, London, S.E.16, are conducting an oflicial vote
to determine the favourite stations of all listeners,
whether members of the Club or not. Postcards, listing
listeners’ five most popular s.w. stations in order of
merit and a few words about their No. 1 choice, are re-
quested before January 1 next.

Personalities

Sir Willis Jackson, F.R.S, has relinquished his
appointment as Director of Research and Education of
AEI (Manchester), formerly Maetropolitan-Vickers
Electrical Co., to return to academic life as Professor of
Electrical Engineering at Imperial College, University
of London. He is continuing as an A.E.I. research
consultant. Sir Willis’ long association with the com-
pany began with a vacation apprenticeship in 1928. Ten
years later he left the organization on being appointed
Professor of Electrotechnics at Manchester University,
and in 1946 became Professor of Electrical Engineering
alxgsgmperial College. He returned to the company in

J. M. Dodds, OBE, Dr.Ing, M.A, B.Sc, who is
appointed director of the A.E.I. Research Laboratory,
Manchester, was awarded the degree of Dr.Ing. from
Aachen University, where he went with a travelling
scholarship on completion of a graduate apprenticeship
with Metro-Vick in 1931. Dr. Dodds was appointed
physicist in the radio section of the Research Labora-
tory in 1933, and became responsible in 1937 for the
development of the C.H. radar transmitters. In 1956
he was appointed assistant manager of the Research
Laboratory and became manager the following year.

A. F. Gibson, Ph.D., A.Inst.P., leader of the semi-
conductor physics research division of R.R.E., which he
joined in 1944, has been promoted to Deputy Chief
Scientific Officer in the Scientific Civil Service. He is
among several officers who have been given special pro-
motion in recognition of research work of exceptional
quality. Dr. Gibson has made a special study of the
microwave properties of germanium and the effect of
carrier injection and extraction on the absorption. His
most recent work has been concerned with “hot”
electrons in germanium.

J. F. Gittins, B.Sc,, AR.C.S., of the Services Elec-
tronics Research Laboratory at Harlow, Essex, is among
several scientific civil servants promoted to Senior
Principal Scientific Officer. He has undertaken research
in the field of high-power microwave valves and particu-
larly travelling-wave tubes. He is chairman of the
Services Power Valve Research Advisory Panel.

563



Major General Eric S. Cole, C.B.,, C.B.E., Director of
Telecommunications at the War Office from 1958 until
last April when he retired, has joined Ultra Electronics
as operational manager of its new Telecommunications
Division. General Cole, who was deputy chief signals
officer, Allied Command Europe, prior to his War
Office appointment, was at one time chairman of the
British Joint Communications Electronics Board. Well-
known in amateur radio circles—he has operated his
own transmitter in many parts of the world—General
Cole has been president of the Radio Society of Great
Britain for the past year.

Maj. Gen. E. S. Cole

N. Hughes

Nathan Hughes, B.Sc.,, AM.I.LE.E.,, AM.Brit.1L.R.E, at
present chief engineer and deputy manager at the studios
of Television Wales and the West, at Pontcanna, Car-
diff, has been appointed general manager of Wales Tele-
vision, the programme contractor for the I.T.A. stations
to be built in Pembrokeshire and on the Lleyn
Peninsula. Mr. Hughes, who is 37, graduated at Uni-
versity College, Swansea, and served with the Royal
Navy and Royal Signals from 1942 to 1947. He then
went to Marconi’s W /T Company as an installation en-
gineer and in 1955 joined Associated Rediffusion. Hz
has been with T.W.W., the I.T.A. programme company
serving South Wales and the West of England, sinc>
1957.

Leslie H. Bedford, C.B.E.,, M.A, B.Sc, F.C.GI,
M.LEE.,, M.Brit.LR.E,, for the past two years director
of engineering, Guided Weapons Division of English
Electric Aviation Ltd., is one of five new members ap-
pointed to the Council for Scientific and Industrial
Research. Mr. Bedford, who is 61, was director of
research at A. C. Cossor Ltd. from 1931 to 1947. He
then joined the English Electric Group as chief television
engineer of Marconi’s W/T Co., and subsequently
became chief engineer of the English Electric Guided
Weapons Division. The present constitution of the
Research Council is: Sir Harold Roxbee Cox (chair-
man), L. H. Bedford, Professor B. Bleaney, Professor
C. F. Carter, Dr. ]J. W. Cook, Frank Cousins, Sir Walter
Drummond, G. B. R. Feilden, Professor E. R. H. Jones,
Vice-Admiral Sir Frank Mason, Professor O. A. Saun-
ders, Dr. C. J. Smithells, H. C. Tett, and Lewis T.
Wright. Sir Harry Melville is secretary.

George E. Partington, B.Sc., AM.LLEE., chief en-
gineer of Marconi’s Broadcasting Division, was the only
British contributor at the 90th Semi-annual Convention
of the American Society of Motion Picture and Tele-
vision Engineers held in New York at the beginning of
October. He read a paper on operationally simplified
camera channels at the session covering television equip-
ment and techniques. Mr. Partington has been with
Marconi’s since 1938 and was appointed to his present
position two years ago.
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Rear-Admiral Sir Philip Clarke, K.B.E.,, C.B., D.S.O.,
has, on his doctor’s orders, retired from the board of
Ether Langham Thompson Ltd. He joined the Lang-
ham Thompson organization after retiring from the
directorship of the Naval Electrical Department in 1955.
Sir Pshilip was president of the Brit. I.R.E. from 1954
to 1956.

Air Vice-Marshal G. P. Chamberlain, who retired
from the R.A.F. a year ago after 37 years’ service, has
joined Collins Radio Company of England as managing
director. A.V.-M. Chamberlain was deputy controller
of electronics in the Minis-
try of Aviation from 1957
until his retirement.

L. G. F. Shutileworth,
assistant  engineer - in -
charge of the B.B.C.
Tatsfield Receiving and
Measurement Station since
1940, has been appointed
engineer-in-charge in suc-
cession to the late H. V.
Griffiths. He has been on
the staff of the station since
it was built in 1929—start-
ing as a maintenance
engineer — having previ-
ously been for four years at
the Keston Receiving Sta-
tion which was the fore-
runner of the one at Tats-
field.

L. G F. Shuttieworth

J. W. L. Johnson has joined Fidelity Radio as assistant
general manager. For the past 11 years he has been
with Amplion where he was at one time chief engineer
and latterly general manager. After war service in the
R.AF. signals, Mr. Johnson, who is 48, went to Multi-
tone where he was for three years production manager.

OUR AUTHORS

R. A. Tobey, M.A., Grad.LE.E,, and Jack Dinsdalz,
B.A.,, who are working on instrumentation magne:ic
recording systems at Elliott Brothers, contribute an
article in this issue on their spare-time interest—sound
reproduction. They describe a transistor audio ampli-
fier. Mr. Tobey, who graduated at Magdalene College,
Cambridge, in 1955, has been with Elliotts since 1957
working mainly on transistor circuitry. Mr. Dinsdale,
who is 23 and graduated at Trinity College, Cambridge,
in 1959, joined the Weapons Division of Elliotts the
same year. He recently completed one year of post-
graduate study at the College of Aeronautics, Cranfield,
where he worked mainly on magnetic tape recording.

W. McMillan, author of the article on page 570, has
been with Standard Telephones & Cables since 1956.
Educated at Ayr Academy and Glasgow University, he
joined S.T.C. as a technical writer dealing with micro-
wave transmission systems and submarine cables, but
for the past two years has been on the headquarters staff
for liaison work with the technical press.

OBITUARY

Thomas Brewn Watkins, Ph.D., M.Sc., AM.LEE,,
who died on September 19th at the age of 40, had
been with the Mullard Research Laboratories since
1952. Dr. Watkins graduated at Edinburgh with Ist
class honours in electrical engineering in 1941, and
obtained his M.Sc. in mathematics in 1950. He served
in the R.AF. as a Technical Officer from 1941 to 1947.
Dr. Watkins, who obtained his Ph.D. degree at London
University on a thesis entitled “ Modulation noise as a
surface property in germanium junction diodes” in
1958, held a leading position in semiconductor research.
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TRANSFORMERLESS TECHNIQUE RESULTS
IN GOOD PERFORMANCE, ALLIED WITH
SIMPLICITY AND COMPACTNESS

By

rrHE object of this design is to produce a tran-
sistor amplifier comparable in performance with
gcod modcrn practice using thermionic valves, but
wita all the advantages of transistorized equipment.

This objcct is best achieved by the elimination of
all transfcrmers from the design, when the follow-
ing advantages are obtained:—

(i) Smaller size and weight, since transformers
account for a large portion of the bulk and weight
of a conventional power amplifier.

(ii) Better frequency response.

(iii) Greater efficiency.

(iv) Less distortion without feedback.

(v) More feedbzck may be used to reduce this
d'stortion still furtner, without causing instability.

(vi) Onc expensive component less required.

The bas.c circait is shown in bleck diagram form

in Fig. 1. It consists of a high-gain, low-noise,
vo'tage amplifier, directly coupled to a current
amplifier, with overall d.c. negative feedback to
stabilize the working points of the transistors, and
a.c. feedback to reduc: distortion to a sufficiently
low level.
Current Amplifier.—This matches the low in-
pedance of the loudspeaker to the output of the
voltage amplifier. Two stages are ne ded to give
the reuired current gain of about 1,000.

Tncre are various ways of matciing a Class-B

DC &A.C FEEDBACK

B 2 e

HIGH-GAIN BLGED
LOW-NOISE
] e SR [
AMPLIFIER
Abcve: Fig. I
Block diagram of
amplifier.

Left: Fig. 2. Push-
pull Class-B
emitter follower.
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Transistor Audio
Power Amplifier

R. TOBEY, m.a. and J. DINSDALE, B.A.

Power amplifier showing components mounted on @ printed
circuit plate.

push-pull output stage to a loudspeaker load with-
out incorporating transformers. Tnesc all hinge
round the use of complementary symmetry, i.c. a
p-n-p/n-p-n pair of transistors.

Fig. 2 shows a single stage of what may be con-
sidered as a Class-B emitter follower. Vtl, a p-n-p
transistor, acts as an emitter follower for the nega-
tive half cycles of the input, while Vt2 is cut off.
Similarly, Vt2, an n-p-n transistor, emitter follows
the positive half cycies.

Fig. 3a shows a two-stage Class-B emitter follower
having a total current gain equal to the product of
the current gains of the individual stages. The
voltage gain is slightly less than unity, as would be
the casc with the analogous cathode-follower cir-
cuit, each stage having 100 per cent voltage feed-
back.

A different arrangement of the same transistors
giving the same result is shown in Fig. 3b. This
consists of two grounded-emitter stages with 100
per cent voltage fecdback over the two stages
together (as opposed to over each stage separately
as in Fig. 3a). The voltages, currents and dissipations
of the various fransistors are the same at any point
of the waveform in both arrangements.

From Figs. 3a and 3b is derived the arrangement
of Fig. 3c which has the advantage that both output
power transistors may be of the p-n-p type.

All three arrangements will give equally satis-
factery results, however, with suitable transistors.

The voltage amplifier (see Fig. 4) consists of
two directly-coupled grounded-emitter stages in
cascade. Vil works with a low value of collector-
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(a)

(b)

(<)

ig. 3 (a) Two-stage push-pull Class-B emitter follower. (b) Two-stage push-pull Class-B grounded-emitter amplifier with 100 per
cent voltage feedback. (c) Hybrid circuit derived from (a) and (b).

emitter potential and with a small collector current,
thus ensuring a low noise factor.

Complete Amplifier (Fig. 4).—The voltage and
current amplifiers are d.c. coupled, and the com-
plete amplifier has d.c. feedback around it via
Ry, which stabilizes the working points of all
the transistors. The quiescent current in the output
stage Vt5, V6, is set by Ry, in series with the diode
DI1, about 10-20 mA being suitable. The d.c.
working point of the output of the amplifier (Vt6
collector) should be half the supply voltage with
respect to earth, and should be set up if necessary
by varying R,.

The diode DI, is biased in the conducting direc-
tion on a portion of its characteristic giving a high
degree of voltage stabilization across it, with change
of current through it (Fig. 5). This stabilizes the
output stage quiescent current against supply voltage
variations, and also reduces the effects of tempera-
ture on the output stage quiescent current, provided
that the diode is attached to the same heat sink.
R4 Rys are included to give good thermal stability
under adverse conditions.

Values of components are given for two typical
versions of the amplifier (see Table 1). Version 1 is
designed to give 10 watts into a 15-ohm speaker from a

40-volt supply. Version

2 is dcsigned to give 10
watts  into a 4-ohm
speaker (or 3} watts into
a 15-ohm speaker) from

=
~40V (VERSION 1)
0R -24V (VERSION2)

C e
0A5 &

Ca

Re

SIGNAL
EARTH
Ommoren.

24 volts. The design is
extremely flexible and
casily adapted for other
needs. Maximum theor-
etical power output is
V2,..,/8R, but in prac-
ticc is only about
V&a11/10R,.,

It might be thought
that the use of a Class-B
output stage in an amp-
lifier for high fidelity
applications is undesir-
able, and would lead to
OUTPUT consider. b.e distortion,
— especially high crder

| harmonics. The distor-

! tion introduced at the

;‘r:C7 cross-over point of the
/ i output stage character-
%Rw &(] istic may, however, be

Ik
¥
«
o

kept low by a suitable
choice of quiescant
current, and the total
amplifier distorticn may

be reduced to any de-
sired level by negative

Fig. 4. Power amplifier circuit.
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feedback. The applica-
tion of the high values of
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TABLE 1
Component Values for Power Amplifier

iComponent Version 1: 40 volts || Version 2: 24 volts

15 ohms 4 ohms

| Resistor Value Remarks Value ! Remarks ‘
R1 270k | See Text | 330kQ | Sce Text |
R2 56kQ 56k Q
R3 68kQ 22kQ
R4 22kQ 22kQ |
R5 2200 150Q | |
R6 33Q H.S. 330 H.S. |
R7 1kQ | 470Q '
RS 4.7kQ 1.5kQ|
R9 22Q Sce Text || 10Q | See Text
RI0 | 560Q | 270Q |
RI1 1500 1509
R12 10Q 330 W.W.
RI3 | 150Q | 150Q ‘
R14 1Q wW.Ww. | 05Q WW.
RI5 10  WW. 050 | W.W.
R16 1 39kQ H.S. 22kQ  H.S. ‘

| 1

\
I

|
Value | Remarks

Capacitor l Value Remarks
‘ Cl1 1uF | 25V wkg | 1uF | 25V wkg
} C2 | 50pF | 25V wkg 50uF | 25V wkg
C3 1004F | 6V wkg || 1004F | 6V wkg |
Ca 1000 pF| 2200 pF
C5 | 100uF 6V wkg | 100sF 6V wkg
C6 25,11?‘ 50V wkg 50uF | 25V wkg
C7 1500uF | 25V wkg | 2500uF | 25V wkg
C8 1500uF | 50V wkg | 2500uF | 25V wkg
| (power
supply)
|

feedback needed to produce low distortion is facilita-
ted by the transformerless technique, and the
absence of transformers removes one source of partic-
ularly objectionable cross-over distortion in Class-B
amplifiers, which is produced by imperfect coup-
ling between the two halves of the primary of the
output transformer.

This amplifier has feedback totalling over 60 dB

(34 dB via the main loop, 26 dB locally in the out-
put stage), and the distortion is satisfactorily low
(see Table 3) being predominantly third harmonic,
as would be expected in a normal well-balanced
push-pull amplifier.
Advantages of Class-B Output Stage Operation.
—By operating the output stage under conditions
which approximate to Class B, important economies
are possible in several directions, namely, in the
design of the heat-sink and power supplies.

When used to amplify a speech or music input,
the average dissipation in the output transistors is
very small; they would, in fact, remain cool even
without a heat-sink. However, with sine-wave
drive (which is used for example in routine testing),
a heat-sink of about 50 square inches of 16 s.w.g.
aluminium bent to any convenient shape is required.
A 10-watt amplifier with a Class-A output stage
would require a heat-sink to dissipate at least 20
watts continuously, which would result in a large
and cumbersome design. The prototype amplifier
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Stereo power amplifier and pre-amplifier showing one pair of
output transistors.

was built into an aluminium box which itself served
as the heat-sink.

The amplifier is suitable for operation from a
wide varicty of power supplies. For permanent use
a mains power unit may be used, which can, how-
ever, be quite rough and ready. Provided a large
reservoir capacitor is used, further smoothing and

SUITABLE

T v
|

f !

Fig. 5. Diode currentfvoltage characteristic.

30V em.s. (VERSION 1)
OR 17V rm.s. (VERSION 2)

—~r
'—jc

Fig. 6. Simple mains power supply circuit.
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