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polypole

couplers

for Pye
microwave
TV links

Robust, reliable and
lightweight BICC Polypole Couplers
and Multicore Cables are used
exclusively by PYE as part of the
standard equipment for their
wransportable long range television
links.

BICC design and manufacture
Polypole Coupler Systems to meet
special requirements. These'systems
cover a wide variety of types and
sizes of cable, terminated with
moulded-on couplers.

Further information is contained in Publication TD WG CD 6 — available on réquést.
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26 (ADVERTISEMENT)

and so Mullard brings you interesting details
of What’s New in the New Sets—new devices,
new developments and the latest production
techniques in Mullard’s unceasing contribution
to better radio, television and sound repro-
duction.

New Miniature

Small components are in great demand for the
controls of transistor portables and car radios,
and the new Mullard miniature potentio-
meters —the E088 range—are playing an im-
portant part in fulfilling this demand.

These components are available for both wired
and printed-circuit applications. The range of
resistance is 1 to 500k, and the diameter 16 mm.
These small potentiometers are outstanding
among miniature components for their robust
construction, reliability of operation and length
of service life.
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Longer
alve Life

Stranded
Heater Spirals

Conventional valve heaters have to fit within the cathode and
must therefore be as compact as possible. However, the
heater wire must be thick enough to carry the current to heat
the cathode adequately, and thick wire is subject to large
stresses when wound in a tight spiral. In those types where
the dimensions are such that the heater is likely to be a
potential source of trouble during the life of the valve,
Mullard is now able to replace the single strand of wire by
two or three wires wound together without reducing the
rating of the heater. The emissive property of the valves is
thus unaffected, but a marked improvement in heater
reliability during life is ensured.

MULLARD
TRANSISTOR
FOR TV TUNERS

The AF102 is the first Mullard
transistor designed specifically
for use in television tuners. It
is made by the alloy-diffusion
technique, which has enabled
a very low base impedance and
an extremely low feedback
capacitance to be achieved.
Operation up to frequencies of
i . 260Mc/s is thus possible.
The outstanding features of
} this transistor are the high
’ {  gain and low noise figure at
| 1

. very high frequencies, which

: '{ readily explains why the AF102

| r% | is to be found in the r.f.

: amplifier, mixer and oscillator

stages of the first transistor
television receivers.

EMS87 sensitlive
voliage-=level
indicator

In many present-day tape recorders, the re-
cording output voltage available for driving
the voltage-level indicator is about 10V, which
is often insufficient to close the display of
existing types of indicator. For this reason,
Mullard has introduced a new indicator—the
EM87—which has a grid base of only 10V.

An additional feature of the EM87 is that
signals greater than 10V cause the luminous
areas of the display to overlap. This gives a
brighter central section of the display which
indicates that the signal modulation is

excessive,
MVE 40i8
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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

WIRELESS WORLD, NOVEMBER 1961

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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1
VIDEQ & CHANNEL 0SCILLATOR eadd
- AUDIO R.F. > SELECTOR > “MIXER  §— ST R 5
"2 6us SICH 6us l——» SUBSCRIBER’S TV
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|
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AMPLIFIER §—me— -MIXER AMPLIFIER ] [NFORMAT ION R, SuTRT
i 6BEG o U7 | PROGRAMME DIETECTOR v, - S
2 6us | fous :mmanmon 2 sus 2 6BAS
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Ay ] PROGRAMME [NFORMATION
_ ! AUDIO SECTION
4 CHANNEL f
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Fig. 4. Block diagram of subscriber’s unit for
l ] a cable distribution system.
\
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CONTROL
LOGIC
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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.
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®sscssssss FREQUENCY BELOW WHICH COMMUNICATION SHOULD BE POSSIBLE

o
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

< 1S & . — — — PREDICTED MEDIAN STANDARD MAXIMUM USABLE FREQUENCY

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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WORLD OF WIRELESS

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.

WIRELESS WORLD, NOVEMBER 1961

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.
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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.

564

www americanradiohistorv com -

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)

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

WIRELESS WORLD, NOVEMBER 1961

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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TABLE 2
Guide to suitable types of transistor for power amplifier

I ‘ Version 1 Version 2
Transistor Type I Gain | Voltage wkg | Typical Types | Voltage wkg | Typical Types
Number (Typical)
Vi 1 p-n-p High GET&874 GETS874
Small signal (100) 6 0C44 6 0C44
high frequency XA102 XA102
Vi 2 . pn-p Medum GETI11 GET102 |
! [ (50) 40 24 | ocm
{ XB121 | XB103
vt 3 | pap Medium | GETI111 ‘ GET102
} (30 at 100ma) | 40 24 . ocn
XBI121 i XC121
Vi 4 npn | Medium 2N385A XA702 |
‘ ‘ (30 at 100mA) | 40 2N388A 24 2N385 ‘
! SYL1750 ‘ SYL1750
| visy p-n-p | Medium . oCss | 0oCc3s
Vt 6 | Power i {30 at 3A) 40 GETsS73 24 GET572 |
2N257 2N257
2N457 2N457
| | XCl41 XCl4l |

a high degrec of regulation are not necessary (see Fig.
6), since under zcro or low signal input, when hum
is most noticeable, the quiescent current drawn by the
amplifier is small, and hence the hum producing
ripple on the reservoir capacitor is low.

Battery supplies may also bs utilized, and a
surprisingly long Life can bz obtained from ordinary
dry barteries (e.g. grid-bias batteries), especially
if the quiescent current of the amplifier is reduced,
at the cxpensc of a slight increase in distortion, by
shorting out R,o. Tne amplifier will operate satis-
factorily down to less than half nominal voltage
without component altcrations, but with a reduction
in power output, which is proportional to V2, ,,.
Transistor Characteristics Required.—The
choice of transistors used in the amplifier is not
critical, but the basic requirecments of each part
of the circuit must be satisfied.

It will be seen from Table 2 that ordinary p-n-p
power transistors are used in the output stage, whose

Fig. 7. Impedance characteristic of typical moving-coil loud-
speaker.

OHMS

i
i

100}

o
(=1
v

1,000
5,000}
10,000 -
20,000

FREQUENCY (c/s)
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current gain falls appreciably at the high end of the
audio-frequer.cy band.  However, this does not
cause a corresponding reduction in performance
because the impedwnce of a typical moving-coil
speaker increases with frejuency, see Fig. 7, (and
hence the current it draws talls) at a ratc which, in
fact, more than offsets the decrease in current gain

Power supply for stereo power amplifier and pre-amplifier.

of the output transistors. The amplifier is designed
to work into an inductive lead, as given by a normal
speaker or speaker combination.

If, however, an amplificr is required to work into a
resistive or capacitative load (e.g. an electrostatic
speaker) the usc of power transistors having a high «
cut-off frequency, such as the Mullard OC23, would
be worth-while.

Transistors Vt2 to 6 must be able to stand the
full supply vo tage in the cut-off condition.
Stability.—Even though the tcedback loop does
not contain a transformer, care is needed if the

(Continued on page 569)
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TABLE 3
Performance of Power Amphﬁer

Power output

B(witH Cq) out
INCREASING
FREQUENCY

Total harmonic dlstOr[lOn
Second harmonic distortion
Third harmonic distortion
Fourth harmonic distortion
Fifth harmonic distortion
Sixth harmonic distortion

10 watts at 400 c/s
0.25 per cent
0.1 per cent
0.2 per cent
0.05 per cent
0.04 per cent
0.02 per cent

(witHouT Cq)

Fig. 8. Open-loop Nyquist diagrams of amplifier with (curve B)
and without (curve A) the stabilizing capacitor C4.

amplifier is to have an adequate margin of stability
uader all conditions, since the transistors give
appreciable phase shift at frequencies where high
loop gain is nceded for good performance.

The amplifier contains two subsidiary feedback
loops within the main feedback loop, both of which
contribute to maintaining stability. One loop con-
sists of the output stage and driver stage, which
have 100 per cent voltage feedback, thus reducing
the phase shift at high frequencies due to these two
stages. The voltage amplifier stages Vtl, Vt2, have
feedback around them at high frequencies, via C,,
so that the voltage amplifier approximates to a single
active dominant lag.

In Fig. 8 Curve A shows the open-loop Nyquist
diagram of the amplifier without the stabilizing
capacitor, C,. From the length of the intercept OX,
on the X axis it will be seen that very little overall
loop gain is required to make the amplifier unstable.
The addition of C; gives Curve B, which is much
more satisfactory.

Earthing.—The correct connection of earths (see
Fig. 9) is essential if distortion is to be avoided,
since the earth wire to the output stage carries large
asymmetric carth currents, from the Class-B output
stage, which can produce appreciable voltages
across quite short picces of wire. If these voltages
are coupled into the input of the amplifier even
harmonic distortion will be produced.

Noise.—The performance of the amplifier with
regard to noisc, and, when used with a mains unit,
hum, is extremely good, being better than 85 dB
down on full output.

A word of warning however: the noise depends
almost entirely on Vtl, and, although the conditions
of opecration are chosen to minimize noise, the

Distortion for harmonics hlghcr Less than 0.01 per

than the sixth cent
Qutput impedance Less than 0.25 ohm
Input impedance 33 kilohms
100mV

Input voltage for 10 watts output

Voltage gain constancy .. Within 4 1dB from
40 ¢/s to 20 kcfs.
(The bass response
can be extended if
desired by increas-
ing Cy)

occasional specimen may be found unsatisfactory
in this respect, when it should be changed. In fact,
transistors are extremely variable in this parameter—
the author has found variations of 50 dB in noise
factor between transistors of the same type from the
same packet. Transistors with a doubtful past
history of use (or abuse) are particularly to be
avoided on this account.

Layout.—The layout of the power amplifier is
not at all critical, and with suitable screening they
may be mounted in close proximity to the pre-
amplifiers. Thus, for the prototype, two of the
10-volt, 10-watt amplifiers were made up on printed
circuit boards, and used in conjunction with a four-
transistor stercophonic pre-amplifier. The com-
plete unit has a front panel 8}in X 3}in and is 6in
deep. (Power supplies were kept separate, as the
unit is very suitable for operation from batteries.)

The power amplifiers are mounted on the top and
basc plates of the unit, and a channel in each of these
housed the output transistors (sce photographs).
This heat-sink is quite adequate for the output dis-
sipation, even on short-term sine-wave testing at full
output power.

As with all transistor apparatus, a little care when
first switching on the newly-built equipment will
often save an expensive catastrophe. The voltage
should be applied slowly, preferably from a dry
battery, so that the presence of any fault current is
discovered before damage is done.

Associated Equipment.—While the amplifier is
sensitive enough to work dircctly from a crystal
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Fig. 9. Earthing diagram for power amplifier and associated equipment.
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pick-up, it must be driven from a low impedance
source (i.e. less than 10 kilohms) if the full value
of feedback is to be operative.

The design of a suitable pre-amplifier, incorporat-
ing all the usual refinements, will be the subject
of a future article.

Performance.—The performance of the amplifier
has proved very satisfactory, and subjective listening
tests have confirmed the results obtained in the
laboratory (sec Table 3). It is possible to apply

more feedback to the amplifier and reduce the
distortion still further, but it is doubtful if any
worthwhile benefit would result, and the lower
sensitivity would complicate the design of the
pre-amplifier.

High frequency tests on the amplifier should be
carried out using a dummy load simulating the
impedance of a loudspeaker, i.e.: for a 15 ohms
loudspeaker: 15 ohms+1 mH; and for a 4 ohms
loudspeaker: 4 ohms-+0.25 mH.

Putting the Computer to Work

SEQUENCE OF OPERATIONS I[LLUSTRATED BY A SIMPLE ELECTRICAL CALCULATION

By WILLIAM McMILLAN*

Although readers of this journal have been kept up to date on the electronic elements
of digital computers, they may be less clear about what people do with the complete

machine when it is assembled and ready for use.

This article describes a computer

installation and illustrates its use by a familiar example.

T HE upsurge of interest in computers, accelerated
to some extent by the recent Electronic Computer
Exhibition, has caused many electronic engineers
and businessmen to take a fresh look at the subject.
Unfamiliar terms used by logical designers and pro-
grammers have perhaps tended to make computer
operation appear more difficult than it is. This
article is intended to help dispel this illusion.

The various units which make up a typical com-
puter installation are shown in Fig. 1. The particular
installation shown here consists (reading from left o
right) of : —

1: —The computer cubicle, which contains the

* Standard Telephones and Cables Ltd

ON-LINE

7 o

. COMPUTER.

Lo il % =
Y Q‘&-_Cuptclf._w:..’w-

TAPE FUNCHES {13 These

electrical circuits and storage medium. The com-
puter draws its special power supplies from a separ-
ate cubicle which is not shown in this picture. The
power cubicle is about half the size of the computer
cubicle.

2:—Two high-speed tape readers.
:—The computer input control panel,
:—The “on-line ” teleprinter.
:—Two “on-line ” high-speed tape punches.
:—The “off-line” tape reader.
:—The “off-line ” teleprinter.
:—The keyboard tape perforator (for the pre-
paration of the *programme” and “data” tapes).

From this it will be obvious that although the
computer is the heart of the installation, a great deal
of other equipment is
needed to make full use of
its capabilities.
“Input” and
“Output”  devices are
necessary to put informa-
tion into a form which is
usable by the computer
and to reconvert the com-
puter output signals——elec-
trical pulses—into printed
form.
The Computer — What’s
Inside?>—The most impor-
tant feature of an elec-
tronic computer is its
ability to store numbers, In
many computers a mag-

e e NV, I - VY

1GH-SPEED

Fig. 1. Typical Stantec Zebra installation showing the computer and peripheral equipment.
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netic drum is used for this
purpose, there being many
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different “locations” on the drum to which num-
bers can be directed for storage. Each location con-
sists of a narrow strip of the magnetic coating on the
surface of the drum; each strip will accommodate
a number of discrete, magnetized, “spots” which
make up a “word”.

The convenience of using binary (two-state) tech-
niques in the electronic circuits of computers be-
comes evident when the magnetic drum is con-
sidered; it means that only two magnetic conditions
are needed—magnetized and un-magnetized.

The drum store has a large number of read/write
(record/reproduce) heads placed around it, each a
little further down the drum than its neighbour.
Some idea of the compactness of this type of store is
given from Fig. 2. This drum, which revolves at
6,000 r.p.m., is only 6 inches in diameter and 15
inches long, yet it can hold 8,192 computer words,
each of 33 digits. This is a density of nearly 1,000
magnectic spots every squarc inch of drum surface.
It is not surprising, therefore, that storage drums
have to be made to a very tight specification.

Whenever something mechanical is introduced
into electronic circuitry, an appreciable delay is also
introduced. The mechanical clement here is the
rotating drum. When a word has been written into
a location on the drum, the drum has to complete
one revolution before the word can be read again.
Even at 6,000 r.p.m. this takes time!

Some computer calculations require the reading
of particular words every revolution of the drum and
this mechanical delay—it is called ““access time ”—
can accumulate into many minutes. The maximum
access time on a store of the type described is 10
msec. Much of this time can be saved, however, by
the well-trained programmer, who writes the instruc-
tions for the machine.

The whole operation can be speeded up im-
mensely by the use of “immediate access registers ”.
These are a number of tracks on the drum with
scveral read/write heads connected together. No
sooner has a word been written than it is available
for reading.

But why not do this to the whole store to give
higher overall speed? The answer is simply that
this technique is wasteful of drum space. A com-
promise solution is to provide a small number of
immediate access registers which are used for storing
those numbers which are most frequently required
in calculations. This increases considerably the
overall speed of the computer.

For really high speeds, this mechanical link in
the computer chain is gradually being replaced by
the ferrite store. This consists of a grid of tiny
ferrite rings each of which can have one or other of
two magnetic states and thus can store one binary
digit signal. Because there are no moving parts,
ferrite stores give fast access and make for a faster
computer. For the same storage capacity, however,
ferrite stores take up more room than a drum and,
at present, cost more. Nevertheless, more and more
computers in the future will have ferrite or other
rapid access stores. For example, thin films of
magnetic material can also be used for storage; dis-
crete, small areas of the film each forming a one-
digit store.

Where a great deal of information has to be stored
for use in calculations in a computer, it is necessary
to have “backing” stores which back up the rela-
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Fig. 2. Magnetic storage drum used in the computer of Fig. 1.

tively small, main store. Backing stores are usually
reels of magnetic tape, driven by fast electric motors.
Naturally, as it takes the computer some time to run
through a reel to look for a number, the numbers
stored there are those not often required. Magnetic
tape stores can be speeded up by using more tape
mechanisms, with a correspondingly shorter length
of tape in each.

The recent introduction of several types of “ran-
dom access ” store will overcome some of the delays
inherent in large magnetic-tape stores. Random
access stores may use magnetic cards or punched
cards which can be picked out quickly from a stack,
have their information read, and be put back again
without the necessity for reading all the cards, one
after the other. Using a random access store is akin
to using the index of a book: it saves you reading
every page to find a particular reference.
Inputs.—There are several ways of feeding informa-
tion into a computer: by the use of punched paper
tape, a telephone dial, a prepared magnetic tape, or
punched cards. At present the most widely used
medium is punched paper tape. A typical machine
uses a 5-hole punched tape. The 32 combinations
of “hole” and “no hole” in these five positions
make it possible to use this number of characters
in any code used for operating the machine.

To feed instructions into the computer one must
begin by producing a punched tape on the keyboard
perforator (Fig. 3). Operated like a typewriter, the
perforator punches patterns of holes in a paper tape
according to which keys are pressed. The perforator
has several diflerences from a typewriter, however,
but very little practice is needed for perfection.

The operator must first “run-out” enough blank
tape to allow for threading it later into a tape reader.
To run-out blank, the O key is pressed once, fol-
lowed by the “run-out” key; this results in a
machine-gun-like issuing forth of tape as long as
the run-out key is held down. This done—about
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i2in of blank is enough—the programme of instruc-
tion may be punched on the tape. The make-up of
a typical programme is described later.

At the end of the programme, more blank tape
should be obtained by the O key, followed by a short
burst of # and run-out. The final # pattern dis-
tinguishes the end from the beginning of the tape.
It is essential that this tape is now marked for identi-
fication, to avoid confusion later.

Depending on the importance of the work, the
complexity of the computor instructions and the
competance of the operator, this tape may be used
as it stands or, more usually, it is checked using a
tape verifier. 'The verifier has a keyboard upon
which the instructions are again keyed. As keying
proceeds, the tape is passed through the verifier
and, in the event of a difference between the first
and second keying of the programme, an alarm lamp
indicates a possible error in the original tape or
in the second keying.

When a “clean”, verified tape is produced, it
can then be “read” and its instructions fed into
the computer, via a tape reader.

There are several types of tape reader. One type
which is widely used is the high-speed photo-
electric tape reader (Fig. 4). This illuminates the
tape from one side, the pattern of holes producing
voltages in five tiny photo-transistors. These volt-
ages are fed into the computer.

The tape is loaded into the reader and the guide
clamp is pressed to hold it in position. A button
on the reader is pressed “to set” it ready for action.
The computer control panel (Fig. 4) has a key
marked CLEAR, which is held down for a second
or two; it sets the computer circuits so that when
the new tape information is read into the instruction
store, it automatically over-writes, erasing all pre-
vious information held in this store. Qur typical
computer is of the “stored-programme ” type, which
takes in its instructions and stores them for execu-
tion when required.

The tape reader is set. The clear key has been
pressed. All that remains is the START key on
the control panel which, when pressed, starts the
reading operation on the tape. With a short pro-
gramme this will take only a few seconds, with long
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Fig. 3. Keyboard tape perforator.
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programmes, it can take many minutes to read the
whole tape into the store.

When the tape has been read, it may be removed
from the tape reader and stored for future use.

Some computer programmes are arranged so that

numbers can be dialled into the computer, using
an ordinary telephone dial on the control panel;
usually, the various digits have to be dialled in
fairly quick succession in case the computer accepts
a part as the whole number. There is a small
loudspeaker on the computer control panel which
“squeaks ” when the computer reaches a dynamic
stop, or when dialling has been completed. This
gives a check on the response of the computer to
the dialling process.
Outputs.—Computers work so quickly that it is
difficult to feed information into them and print
out results fast enough to use their capabilities to
the full. But high-speed tape readers have been
developed and there have been important advances
in print-out machines. One recently announced
printer prints 2,880 lines per minute.

However, a very fast printer may cost almost as
much as the computer itself, or even a lot more.
Its cost would be justified only on highly repetitive
data processing work such as invoicing, stock control
and payrolls.

For solving straightforward scientific or engineer-
ing problems on a computer where time is not too
severely rationed, a teleprinter may bz coupled “on
line ”, that is, directly to the computer.

As with tape readers, perforators, verifiers,
punches and the rest, one must not forget to switch
on the teleprinter before expecting it to print results!
Other than this, and checking that there is sufficient
paper to feed the teleprinter, there is nothing more
to be done about printing out. In the latest Creed
teleprinter the paper does not move laterally as a
typewriter roller does; instead, the type mechanism
moves across the roller. This makes for easier
reading of the message while it is still being printed;
it also means a more compact design of teleprinter.

An alternative to the fast printer which is con-
nected directly to the computer is the technique of
using an on-line high-speed paper tape punch or a
magnetic tape unit to store the output data for
printing out at leisure on relatively much slower
teleprinters. Many computers for research work
use this “off-line” printing technique, which keeps
the cost of the computer installation low.

The choice of on-line teleprinter or tape punch is
normally made when the computer programme is
written, the appropriate instruction being punched
into the input tape, although the decision can be
deferred until the computer is being set up for a run.

The on-line punch has a RUN OUT button on
top which is held pressed for a few seconds before
computation begins. This gives a length of blank
tape upon which its identity is written. The opera-
tion of the punch is automatic, the tape being poured
out into a bin. When the computation is complete,
the tape is torn off the punch and rewound to form
a spool, ready for printing out on the off-line tele-
printer.

The equipment for off-line printing usually con-
sists of one or more sets of tape readers (medium
speed) and teleprinters, the number of sets depend-
ing upon the amount of work and the time available,

The tape from the cn-line punch is threaded into
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training period to a few days, or
even hours, according to the intel-
ligence of the student and the
extent to which he wishes to know
the machine.

High computational speeds are
wasted on the majority of labora-
tory and industrial concerns who
use the computer for a variety of
different jobs. On such tasks the
preparation of a complicated pro-
gramme in ordinary “machine
code” may be out of proportion
to the importance of the overall
task.

It is nearly always quicker and
better for a scientist or engineer

Fig. 4. Two tape readers (left) and computer control panel (right).

a tape reader. The teleprinter, suitably loaded with
paper, can be left to print out results without atten-
tion. Any fault in the tape which jams the reader
will stop the operation and an audible or visual
alarm can be given.

When the computer is used for regular data pro-
cessing, such as invoicing, stock control or payroll,
the teleprinter paper is pre-printed with standard
details and column ruling on the top and carbon
copies. After the initial lining up on the teleprinter,
this stationery emerges with the teleprinter informa-
tion in the appropriate places.

Programming.—A programme is a set of instructions
to enable the computer—a rather dumb creature in
itself—to carry out a particular kind of calculation.

Programmes for early machines were written by
skilled mathematicians who often found it difficult to
explain the operation to less
mathematically minded
people. But most manufac-
turers soon realized that if

to write his own computer pro-
gramme than to have to explain
the nature of the problem to a
professional programmer before the programme is
obtained. In these circumstances, the use of an
auto-code is well justified.

The auto-code makes use of various “sub-
routines > which are built into the computer to pro-
duce computers within a computer. Auto-code in-
structions are fed into the computer which operates
on them to produce an internal equivalent pro-
gramme in basic machine code before carrying them
out.

All this takes up computer time and storage space.
Sometimes a calculation takes four or five times as
long when written in the easy, auto-code, compared
with normal machine code. This difference is usually
minimized by the programmer when he writes the
programme.

In the computer described here, the usable store,

rEaREE A ey

they were to sell computers D'T’}%CET’LEEDOF
on sufficiently large a scale, e BLANK
new, simplified methods of oLES gt TAPE
programming would be FEED HOLES =
needed, which would enable

TAKE IN THE FOLLOWING SIMPLE CODE INSTRUCTIONS —————————

the intelligent layman to use
a computer. Thus, gradu-
ally, more and more manu-
facturers announced facil-
ities for automatic coding of
programmes. One of these
simplified  procedures is
described here.

Almost without exception,
the use of such an “auto-
code” means a sacrifice in
operating speed and com-
puter storage capacity. But
this is offset by the fact that
more and more people can
operate the machine, with
the minimum of training.

The normal codes for
individual machines are
complicated enough to re-
quire a training course last-
ing many weeks. The sim-
plified codes reduce the

STOP. WAIT FOR START KEY
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PREPARE TO PRINT IN FIGURES AT THE BEGINNING OF A NEW LINE
READ THE FIRST NUMBER FROM THE DATA TAPE & STORE IT IN LOCATION 1
READ THE NEXT NUMBER FROM THE DATA TAPE & STORE IT IN LOCATION 2
PRINT THE NUMBER IN LOCATION 1 —————

PRINT THE NUMBER IN LOCATION 2 — ==—=
COPY THE NUMBER IN LOCATION 1 INTO THE ACCUMULATOR ———
ADD THE NUMBER IN LOCATION 2 INTO THE ACCUMULATOR

PRINT THE NUMBER IN THE ACCUMULATOR ———————

GO BACK TO THE BEGINNING OF THE PROGRAMME
END OF INPUT. BEGIN EXECUTION FROM BEGINNING OF PROGRAMME ——

END OF TAPE
MARKER

Fig. 5. Programme tape for the addition of two numbers.
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+1234567+76543214647214+5361042731+ 5678+1689 - 7430

¢

Fig. 6. Data tape for the addition
of three pairs of numbers,

Y
304 PAIR

15t PAIR OF 20 paIR

NUMBERS TO BE ADDED

normally 8,192 words, is reduced to about 3,000
words by the storage of auto-code routines.

To illustrate the Zebra Simple Code, which is a
typical auto-code, the following problem is set out
and solved:—

Programme: Read and print two numbers, add
them together and print the answer.

Data: 1234567 + 7654321

64721 + 53610
2741.5678 + 1689.743

Once the programme has been fed into the com-
puter, an unlimited number of pairs of numbers can
be fed in, the answers being printed out within a
few milliseconds of the second number of each pair
being read by the tape reader.

The programme for adding two numbers is shown
in relation to the punched programme tape, in Fig.
5. Itis derived as follows:—

The first symbol, the letter Y, is pressed on the
tape perforator. Y always comes first in a Simple
Code programme and it tells the computer that the
programme and data to follow are written in Simple
Code and to set the internal switching circuits
accordingly. The Y symbol then, introduces the
subroutines which convert the instructions which
follow into basic machine code.

The next instruction, Z, is inserted at this point
so that when the programme is later executed by
the computer, the computer will stop and wait for
the operator to press the start key. It introduces
a pause to enable the operator to remove the pro-
gramme tape from the reader and to insert the
tape containing the numbers required for the cal-
culation (the “data tape”).

The instruction which follows is a composite
one, Z9, which sets the circuitry so that the output
teleprinter prints in figures at the beginning of a
new line.

Most Simple Code instructions begin with a let-
ter, which may be followed by a one- or two-digit
number.

The machine autmatically knows when a particu-
lar instruction is completely read when it reads
another letter, i.e., the first part of the next instruc-
tion.

Having warned the computer that we are about
to instruct it in Simple Code language, and prepared
it to print out figures, we then ask it to read the
first number of the first pair to be added (1234567)
and to store this number in location No. 1 of the
store. The instruction for this is L1.

The next instruction, L2, means “read the next
number from the data tape and store it in drum
“location No. 27,

So that there is a complete printed record of each
calculation, we next tell the computer to print out
these two numbers which are to be added together.
The instructions are P1 and P2, meaning “print
the numbers in locations Nos. 1 and 2”. These
numbers will be printed on the same line, since
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we have not instructed the teleprinter to excute
a “carriage return”. Care has to be taken that
the number of digits (and spaces) likely to be prin-
ted out on the teleprinted page does not exceed
68; if this is likely, a Z9 instruction has to be in-
serted in the programme in the appropriate place.

As all calculations are carried out in the com-
puter’s “arithmetic unit”, or “accumulator” as it
is also called, these numbers must be brought from
their respective drum locations into the accumula-
tor. The instruction Bl means “copy the number
in location No. 1 into the accumulator .

The copying of a number from its location does
not remove it from the location; the number re-
mains, in the same way as the music on a tape
recording remains in spite of being read over and
over again by the reproducer.

The next instruction is A2, which is the key
instruction in this particular programme, namely,
“add the number in location No. 2 into the accu-
mulator ”. If we wanted a programme to multiply
these two numbers, all other instructions would
have been the same as in the programme, except
that A2 would become V2. Similarly, to subtract
these two numbers, A2 would read S2. To divide
the first number by the second, the instruction
would be D2.

Having done what we set out to do, namely, to
add two numbers, we print out the answer. The
instruction is Z8, which means “print what is in the
accumulator .

The X instruction means “go back to the begin-
ning of the programme”. It is followed by Y and
at least two zeros; this Y00 instruction means that
we have reached the end of the programme. It tells
the computer to start carrying out the programme
which it has now stored away.

To finish off the programme tape, a succession
of # codes is punched. By this means one can
tell the end of the tape from the beginning. The
tape is then torn off from the perforator and an
identification message written on it such as pro-
gramme tape for the addition of two numbers ”.

This tape is now ready for verification and for
feeding into the computer tape reader. The method
of feeding the programme tape into the computer
has already been described: the clear key and the
start key are used.

When the computer stops, as signified by a whistle
in the loudspeaker, the operator knows that it has
taken in the programme, started executing the
instructions and has reached the Z stopping point.
He then removes the programme tape from the
reader and inserts the data tape on which the
various pairs of numbers have been punched, ready
for summing.

The data tape is punched with a + sign between
each number and the next. The sign has the added

(Continued on page 575)
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significance of separating the numbers. Tapes
using + signs can equally well be used on a pro-
gramme for subtracting, dividing or multiplying
two numbers, the + meaning a positive number.

Unless the start key is locked on, the computer
will deal with only one pair of numbers at a time,
stopping each time to wait for the start key.

The time taken to feed in the programme is only
a second or two, and this does not need repetition
for each pair of numbers. The time taken up on
operation consists almost wholly of teleprinter time;
the computation time being negligible, In fact,
the answer is queuing up waiting for the teleprin-
ter to print it out!

To make more efficient use of the computer, it is
possible to insert an instruction into the programme
to have the teleprinted message recorded on another
paper tape at a high speed. Instead of the on line
teleprinter giving the numbers and their sum, these
figures are punched out on the Teletype punch for
processing on the off-line reproducer equipment at
the slower, teleprinter speed. Meanwhile, the com-
puter is free to go on with other work.

The programme given above would be modified
as follows:—

YZZ231112 P01 P02 Bl A2 Z22 X Y0O.

the instructions which are underlined are those con-
cerned specifically with producing an output from
the on-line tape punch.

The data tape for all of these programmes of addi-
tion, subtraction, multiplication, division for on-line
or off-line printing would be punched as shown in
Fig. 6. This shows the figures separated by plus
signs and the tape finished off in the usual way.

Printing The Answers.—One of the advantages of
this Simple Code is that it has “floating point”
decimal notation. In this notation all numbers are
expressed as decimal fractions followed by a digit
which indicates the number of places by which the
decimal point must be moved to give the true
number.

Thus 0.1674932+4 means 1674.932 (move point
four places to the right), and 0.65012437 — 7 means
0.000000065012437.

Although the computer can print out only nine
significant figures, the floating point technique en-
ables it to handle very small and very large numbers.
This is because the conversion to floating point
form occurs only after the calculation has been com-
pleted and before printing out.

Quite often it is difficult to forecast the order of
magnitude of the answer to a problem and it may
well be outside the handling range of the normal
machine code. In these circumstances the Simple
Code should be used.

The print-out in Fig. 7 shows how the floating
point technique appears.

More Complex Programmes.—Using the Simple
Code “dictionary” and some common sense it is
possible to write programmes for more complicated
problems. ‘Obvidusly, there is little point in using
up time and effort in writing a programme for a
problem which arises just once. In research work,
however, there is often a complicated formula which
occurs, involving a set pattern of variables and con-
stants. For this type of problem the time spent
writing a programme becomes worthwhile.

It would defeat the object of this article to go into
the working of complex problems but the following
example should be sufficient to show how Simple
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. started in 1911,

1st. NUMBER OF 2nd. NUMBER OF
EACH PAIR EACH PAIR SUM

}

+o0.123456700 + T +0.765432000 + T + 0.888888800 4+
+0.647210000 + § +0.536100000 + § +0.118331000 +
$0.273156780 4 4 +0.168974300 + 4 +0.442131080 4+
—
FLOATING POINT DECIMAL NOTATION

i o O~

Fig. 7. Print-out answer to the problem of adding three pairs
of numbers, illustrating the “floating point™ decimal notation.

Code is applied. It forms part of a longer calcula-
tion in electrical network design. The purpose of
this little part of the programme is to evaluate R, R,
(R,+R,) and put the answer in location No. 12 for
use later. The formula is the well-known one for
obtaining the equivalent resistance of two resistors
in parallel. (The values of R, and R, are already
stored in lccations 10 and 11.)

The programme is:—

B10:—Copy R, value in location No. 10 into accu-
mulator.

All:—Add R, value to the accumulator.

T13:—Transfer the number in the accumulator
(R, +R,) into location No. 13.

B10:—As before.

V11 :—Multiply the contents of the accumulator
by the number in location No. 11.

D13 : —Divide the contents of the accumulator by
the number in location No. 13 (R,+ R,).

T12:—Transfer the contents of the accumulator
into location No. 12 for future use.

To rake the above calculations as typical of all
computer work would be misleading. Nevertheless
they are typical of the use of the auto-codes which
are enabling an increasing number of people to use
computers directly, without the need for skilled pro-
gramming services. Auto-codes also serve as a
aseful introduction to more advanced programming
techniques.

Club News

Basingstoke.—Readers in the Basingstoke area intgres.ted
in the formation of a local amateur radio group are invited
by P. J. Sterry, of * Ashley,” Orchard Road, Basingstoke,
Hants., to get in touch with him.

Birmingham.—A demonstration of stereo equipment will
be given to members of the Slade Radio Society by F. B
Griffin on November 3rd. The Club meets on alternate
Fridays at 7.45 at Church House, High Street, Erdington.

Bradford.—*“ Modern methods of communication ” is the
title of the talk to be given by E. M. Price at the November
15th meeting of the Bradford Radio Society. Meetings are
held at 7.30 at Cambridge House, 66 Litle Horton Lane.

Cardiff Group of the R.S.G.B. meets at 7.30 on the second
Monday of each month at the Territorial Army H.Q., Park
Street.

Derby & District Amateur Radio  Society has sent us a
copy of its golden jubilee booklet giving a brief history of
the Society, which incorporates the Derby Wireless Club
This interesting 32-page booklet includes
a list of Derbyshire amateur transmitters.

Halifax.—The November meetings of the Northern
Heights Amateur Radio Society, which meets at 7.45 at the
Sportsman Inn, Ogden, include a demonstrated talk on
“hi-i” by A. E. Falkus (Ist) and a talk on convertors for
2 and 4 metres by D. Millard, G3OGV (29th).

Spen Valley Amateur Radio Society now meets on alter-
nate Wednesdays in the Infants’ School, Hill Top, Gomersal,
at 7.30. On November 22nd J. C. Belcher, of the G.P.O..
will be discussing interference problems.
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Measurement of Harmonic Distortion

SENSITIVE DETECTOR-AMPLIFIER METHOD USING TRANSISTORS

By C. BAYLEY

HARMONIC-DISTORTION measurement is a
most necessary part of the test procedure for appara-
tus which is supposed to exhibit a “ linear *’ relation-
ship between output and input. Although in itsclf
a relatively simple test to make, the apparatus em-
ployed sometimes uses complicated filter networks
which often limit the range over which measurecment
can be made. Described here is one of the methods
which avoids the use of high-performance filters
which are dithcult to design and make.

Conventional Methods

There are two mcthods generally used in practice
for measurement c¢f harmonic distortion. One is
a direct method (Fig. 1(a) ) where the fundamental
frequency is suppressed by the rejector network
“A” and remaining harmonic frequencies are passed
through the sclective amplifier “ B, being finally
recorded by the output metcr “ C”. The sccond
approach (Fig. 1(b) ) is indirect in that intermodula-
t.on products arc mecasured: for this the basic funda-
mental frequency f, and an additional frequency
Je are passed through the nonlinear network (““ X )
under test. As a result of distortion the output from
the network has, apart from the original frequencies
fi and f, , in ermodulation products f,-+f,, fo+2f;,
etc. The former have to be suppressed by the reject~
ing network “A” and the latter, being functions of

NETWORK TESTED
FOR DISTORTIONS

the harmonics, are passed through the selective
amplifier and recorded by “ C”.

It is worth mentioning that the required total
discrimination in the intermodulation method is
approximately 12dB less than that needed in the
direct system. This means that the loss for inter-
modulation components while passing through
“A” is smaller than thc similar loss of harmonic
components when using the direct method.

Consequently the intermodulation method is
more scnsitive and also more flexible because free
choice of f, can be made: thus this method is usually
preferred for h.f. distortion measurements. Even so,
while attempting to measure low distortion at a
low fundamental level, very considerable gains are
required in the selective amplifier “ B, If, for
instance, the fundamental level is 100mV and
harmonic margin say —100dB, the absolute valie
of harmonic voltage before entering the filter “A”
is only 14V and could be as low as 0.1—0.2uV at
the input of the sclective amplifier ““ B ”. The problem
of measurement of such low magnitudes is difficult
and by no means is a subject only of academic
interest.  For instance, in multichannel carrier-
telephony networks, repeater circuits etc., the
presence of cven very low harmonic distortion can
cause cross-talk as a result of intcrmodulation between
carrier frequencies.

It can thus be scen that the measurement of

Teor R race B & wou-eass)  fseecrive] [ outeur
0SCILLATOR FILTER 1 ! Ltk sics AT METER
7, AND i d £, AND 2f, 3% 27, OR
HARMONICS HARMONICS 4 ETC, 3£, OR
FROM 0SCILLATOR 4f, ETC
(2)
TEsT
|osciLtaToR |
7, FILTER
—— , REJECTING
1072
DIRECTIONAL FILTERS l
INTE%M%RDEVLENI’T = X A 8 C
ULATION > — >
WITHIN OSCILLATOR\  — ‘
CIRCUITS £ .8 £ 1, -7
FotF = F27) F-eh
ADDITIONAL ] Frafi=F{3A)ETC
OSCILLATOR
2 (b)

Fig.’l. (a) One conventional method for measurement of harmonic distortion: here filter *“ A" and selective amplifier
“B" must reduce fundamental to less than experimental error allowable on smallest harmonic component. (b) Inter-
modulation-distortion method is less severe in demands on filter-amplifier combination.
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harmonic signals of the magnitude of 0.05—1uV is
of importance and a method for carrying out such
measurements without the usc of conventional
selective networks such as sharply tuned circuits or
crystal filters is described here.

Selective Detection without Tuned Circuits

Applicaton of the well-known heterodyne scarch
method to harmonic measurcments makes it possible
to set up a circuit (block diagram Fig. 2(b)) which
has very high selectivity. The simplitied basic
circuit (Fig. 2(a)) helps to illustrate how, in a
hetcrodyne search detector, all noise plus the remains
of the fundamental frequencics are suppressed and
only the wanted harmonic signal is sclected.  We
assume that lincar detector © D ™ replaces the output
merer from section ¢ C” of Fig. 1(a). Under such
conditions four signals will be applied to the detector:
these are various harmonic frequencies v, , remains
of fundamental v,, noise v, and voltage from the
scarch-frequency generator o.. Assuming that if
v, is substantially larger than the other voltages
and that the instantancous valuc of v, +v,+7, 4+,
would never go below the lincar portion of dctector
characteristic during, say, 90% of the positive half
cycle, the rectified current I will depend entirely
upon v,.

However, if the search frequency approaches very
c'osely the frequency of v, , the slow beat between
these two frequencies would cause variation of
I (14i) which could be registered on a d.c. meter
and the output harmonic signal v, can be calculated
from the simple relation:i—

v/I=0/i

1t is significant that the presence of the unwanted
voltages v, and v, up to even 10dB higher than
v, do not interfere with this measurement. Hence
the required discrimination between 2, and the
unwanted signals (within stages “A” and “B”)
can be about 30dB smaller in comparison with a
conventicnal detector-amplifier system (Fig. 1 (a)(b) ).
The arrangement shown in Fig. 2(b) employs the
hetcrodyne principle of detection, medifying it to

WIRELESS WORLD, NOVEMBER 1961

(b)

the specific conditions of harmonic-distortion mea-
surements.

This circujt has four additional features which
are:— 1. The search-frequency generator is replaced
by the amplifier “ D ” whose purpose is to produce
an output voltage v, of frequency identical with the
desired harmonic frequency f, (21, 3f, etc.). The
amplifier ¢ D > is driven by a fundamental frequency
f, which is derived from the same signal genera‘or
which is used for the main harmonic-measurement
chain.

In such a case the beat frequency applied to the
detector ““ C” will be zero and, assuming that the
relative phase of v, and v, is +180°, the detector
current 1 will be smaller or bigger by an amount
i (there is no “ swing” of I).

2. The harmonic-signal amplifier “B” has an
additional stage ““B,” which reverses the phase
of the output voltage v, by 180° at a rate of, say,
25 ¢/s (in other words v, is 100% phase-modulated).
3. As a result of 1 and 2, in the detcctor output
circuit, apart from current I, there will be also
present a square-wave current of amplitude ¢ and
frequency 25¢/s. This current which is proportional
to the harmonic signal v, is amplified in the sclective
low-frequency amplifier ““ C” (tured to 25¢/s) and
finally registered by the output met.r E>.

4. To calibrate harmonic meter, a krown calibrating
voltage of the frequency of f, should be injected
at the point “ N * (after disconnccting the funda-
mental input) to obtain cxactly the same output
meter indication. The calibrat ng voltage is derived
from block “ E ” which consists of an attenuator
and a low-gain amplifier which is fed by . The
low-gain amplifier is provided with a continuous
phase-shift control whose function will be explained
later in the text.

Operating Conditions

Before giving more details about each stage “A”
to “ F” it will perhaps help the clarification of the
system to outiine the test precedure using its prin-
cipal controls. It is assumed that distortion measure-
ments have to be made on 100mV output of network
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Fig. 3. Amplifier and modulator of heterodyne harmonic
(Corresponds to Block B and high-pass filter of Fig. 2 (b).)

“X”  The fundamental frequency is, say,
300kc/s.
Measurement of Harmonic Signal v,.— 1. The

test-oscillator  frequency and the output of the
network “ X * are set.

2. The high-pass filter is set to a suitable range
(cut-off frequency in this case is about 450kc/s).
3. Amplifiers “B” and “ D ” are “tuned > to the
desired harmonic frequency.

4. Sensitivity of amplifier ““ B ** is set to the estimated
range of v,.

5. By variation of phase shift of the search fre-

test-set.

i)

AL
2

FOUR HIGH-PASS STAGES (@)

Circuit has been simplified by omission of detail.

quency v, (in block “ D *’) a maximum indication
on the output meter should be obtained (condition
for 0 or 180° phase shift between v, and v,). This
deﬂec’:tion should be recorded as v,, (output meter
(14 F 3 ).

Calibration of v,.— 6. Input to “ B should be
switched over to the output of calibrating
attenuator.

7. By operation of the calibrating attenuator and
phase-shift control (in block “E”) maximum
indication of the output meter identical with o,
should be obtained.

Fig. 4. Simplified circuit of
Block ““D’" of Fig. 2 (b)
containing phase-shift net-
work and frequency multi-
plier for production of
heterodyne frequency. Vila 2 ,
and VIib circuits generate §

respectively odd and even
harmonics.
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OSCILLATOR 7, &

—Sr e

SQUARE-WAVE
RICH IN 0DD
g HARMONICS

N :

Di

D2

™~
FULL RECTIFIED WAVE
RICH IN EVEN
HARMONICS

PHASE-SHIFT DEVICE

578

) AMPLIFIER

FREQUENCY MULTIPLIER STAGE @

WIRELESS WORLD, NOVEMBER 1961

www americanradiohistorv. com



www.americanradiohistory.com

Vs

i
]

<——§-———>

|

fe ——— X —— >
1
121

g T0 L.F. SELECTIVE

AMPLIFIER

Ti T2

T
=

PHASE MODULATING MULTIVIBRATOR & AMPLIFIER ® :

8. Absolute value of v,, is read then from calibrating
attenuator (say 2uV).

9. Finally, the harmonic component may be computed
as, say, 2pv/100mV=0.0002 (i.e. —86dB).

Analysis of System

As can be seen from the above operating proc~dure
the measurement of harmonic content is relatively
simple with this apparatus. This simplicity extends
to the demands made by the circuit details them-
selves.

Amplifier-Modulator.—(Fig. 3). Wide-pass-band
filters with step-selection of cut-off are employed

|
SIGNAL /, FROM

D AMPLIFIER
MIXER & DETECTOR_@

in the first section of amplifier “ B » (their purpose
is to reduce noise and remnants of the fundamental)
and these filters are the only frequency-discriminating
networks in the whole of block “ B”. The second
part of “B” consists of multistage h.f. untuned
transistor amplifier (only one stage is shown).
This is followed by the modulator which works on
the principle of an electronic switch (employing
an Lf. multivibrator). The h.f. signal is applied to
both collectors of the multivibrator and is alternately
directed to the primary windings of the h.f. trans-
formers T, and T,. The secondary windings of
these transformers are connected in series and
by the proper connection and by balancing of the

4
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transformer inductances, a 180°-phase-modulated
output is obtained which feeds the common-base
amplifier stage (V8).

The output from V8 collector, via a matching

transformer, is applied to the detector which also
receives the strong signal v, (of identical frequency
with ), derived from the output of amplifier
£¢C D ,,.
Amplifier “D »”.—The special amplifier ‘D 7”—
as has been explained already—is fed by the funda-
mental frequency f, from the test oscillator and has
four principal stages shown on the simplified circuit of
Fig. 4. The first stage consists of a convent onal
phase-shift control giving a range 0-100° followed
by an untuned amplifier (transistors V9 and V10).

The ouatput from V10 should be large enough to
obtain frequency multiplication in the next stage
(V11b and diodes D, and D, or overloaded tran-
sistor V1la). The frequency-multiplication circuit
works on the principle of producing a square wave
or an asymmetrical wavcform (half- or full-wave
rectification of the fundamental)—so that the re-
quirement for odd or even harmonics, respectively,
can be met. The third stage is a high-pass filrer
combined with a s:lzctive amplifier (transistor V12).
The filter is tured in steps and the amp.idder ccn-
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tinuously to obtain from its output the des’rad
harmonic frequency. The conversion gain of this
stage (including the loss of the high-pass filter) is
only 1 or so for the 2nd or 3rd harmonics. For
higher harmonics ho xever, two or even three tuned
stages should be employed as the percentage of
harmonic componcnts in the distor ed f ndamental
(input to this stage) usually decreas s rapi .ly with
increase of harmonic order. The la.t ttag: of b'ock
“D?” is an untuned amolifier (V13, V14) whose
purpose is to deliver sutticient output (0.5-1V) to
the detector.

Variations of this output (depending on frequency,
etc.) do not aff.ct seriously the performance of the
whole system provided only that the level should
not drop below say 0.5V. It is worth mentio iing
that the phase-shift device in the first stage of circlit
“D” works very effectively for harmonic frequen-
cies as the shift is applied to the fundamental.
By shifting fundamental up to 100°, angles 7 x 100°
for harmonic frequencies are obtainable (where n
is the order of the harmonic), hence the required
0—180° is easily obtained for every desired frequency.
Mixing of v, and v; Detection.—As a result of
superi nposition of v, (100% square-wave phase-
modulatcd) cn v, by the mixing transformers T, and
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T, a large a.m. carrier is produced at the input to
the detector. The depth of modulation is usually
very low (it should be set to the maximum by
manipulating the phase-shift control—as explained
previously) and the Lf. square-wave components
should be tuned to the multivibrator frequency.

L.f. Selective Amplifier.—The l1.f. signal propor-
tional to the investigated harmonic signal is usually
at very low level (see Fig. 5). In spite of the good
gain obtained in the untuned h.f. amplifier in block
“B” (of the order of 60dB) a loss of signal of
approximately 26dB is unavoidable in the modulator
stage (including the buffer amplifier preceding the
detector)—if a wide band of harmonic frequencics
(30kc/s up to 1,500kc/s) has to be received with a
flat response and without employing tuning arrange-
ments. Consequently having on top of this additional
loss, a loss of about 10dB in the detector stage, the
net conversion gain between h.f. input and the input
to the Lf. amplifier is only 24dB. If, for instance,
the input harmonic signal is of the 1uV order, the
gain in the Lf. amplifier should be at least 110dB
to obtain sufficient a.c. output on the bridge of the
output meter (a few volts). Such a high gain could
be achieved by two sclective amplifiers connected
in cascade with one unselective stage (V18) separat-

ing them. Each amplifier has two transistor RC-
coupled stages (V15, V16, V19, V20) with negative
feedback applied through a selective twin-T net-
work between the output of transistor V17 (V21)
and input of V15 (V19). Transistor V17 (V21)
serves as butfer feedback stage (to prevent instabil-
ity).

The sccond selective amplifier is similar to the
first with an additional common-collector output
stage (V22) which employs a step-up l.f. output
transformer. The secondary winding of this trans-
former feeds a conventional bridge circuit with a
moving-coil meter (ImA f.s.d.) as the output meter.

Design Conditions

To prevent instability in the amplifier certain
conditions should be fulfilled by the designer:—

1. Separate and adequately decoupled power
supplies for each amplifier should be used.

2. The input of each selcctive amplifier should
be fed from a high impedance (100k() or so).

3, The selective feedback network must be ter-
minated by a high im: edance on the input of the
amplifier side (0.25M{2).

RESISTANCE AND CAPACITANCE CALCULATOR

THE eternal problem of how to obtain an exotic resist-
ance of something like 4.1k{? from two standard values
is rendered rather less wearisome by the Paristor”
Parallel Resistor and Series Capacitor Calculator, which
takes the form of a slide rule with a combined sl'de and
cursor. A tolerance scale is provided and an indication
of relative power dissipations in the two resistors is given
by the cursor. Referring to the photograph, the proceaure
is as follows. Suppose a resistance of 4.1kQ is required;
set the cursor line marked “R or C” to 4.1 aad scan
the hyperbola inscribed on the cursor to find a position
where it cuts an intersection of two bold diagonal lines.
Each of the lines cuts the top scale at a preferred value
of resistor, these being the two values which, when in
parallel, give the combined value of 4.1k{2. In the case
illustrated, the two values are 15 and 5.6. If the
hyperbola does not cut an intersection exactly, it may
be moved on until it does so, when the departure from
the required combined value can be read on the toler-
ance scale marked either side of the “R or C” line on
the cursor. The ratio of power dissipations in the two
resistors is given by the series of horizontal lines marked

The Paristor calculator indicating the two valves 5.6 and
15, which give the required value of 4.1 when paralleled.
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on the hyperbola. The process of calculation is, of
course, identical for two capacitors in series. The calcu-
lator is available at 44s 6d from Paristor, Ltd., 96, Park
Lane, Croydon, Surrey.

Commercial Literature

Ultrasonic control gear working at 43kc/s is added to the
range of PERRAM equipment. Consisting of transmitter,
receiver and control unit, the transistorized equipment can
be used in level control, counting and intruder alarm appli-
cations and, as the wavelength 1s long, is not affected by
fog or smoke. Details from Tyer and Co., Ltd.,, Perram
Works, Merrow Siding, Guildford, Surrey.

Low-Frequency signal generator Type 252 covering the
range 30c/s to 300kc/s is announced by Airmec. A ther-
mistor-stabilized Wien-bridge oscillator is followed by a
push-pull amplifier providing 100mW into 600 ohms. L eaf-
let 187A gives {ull details and can be obtained from Airmec
Ltd., High Wycombe, Bucks.

Measuring Instruments by the Canadian firm of Bach-
Simpson are described in a leafler from Aveley Electric Ltd.
The instruments are for use in education and scientific
laboratories. Details from Aveley Electric Ltd., Ayron Road,
Aveley Industries Estate, South Ockenden, Essex.

Encapsulated Mica capacitors by Johnson Matthey are
available in values between SpF and 0.033/F at working
voltages of 200V and 350V d.c. Lead spacing is t0 a 0.1-in
module. Information on type C22 E and C33 E is obtain-
able from Johnson Matthey and Co. Ltd., 73-83 Hatton
Garden, London, E.C.1.

Microsecond Triggered Relay by Ericsson will operate on
the application of a pulse about 4ssec wide and at a p.r.f.
of up to 100¢/s. Two sets of changeover contacts are pro-
vided. Details from Ericsson Telephones, Ltd., 22, Lincoln’s
Inn Fields. London, %.C.2.

Soldering Irons with element ratings from 10 to 55W,
weighing between 3oz and 70z respectively, irons with bits
resistant to erosion by high-tin solders (Permabit), solder
pots, bench stands, a bench cable stripper, transformers and
guards to reduce risk of damage when soldering complicated
close-packed assemblies, are listed in a catalogue from Light
goldering Developments Ltd., 28 Sydenham Road, Croydon,

urrey.
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TRENDS AND TECHNIQUES
SEEN AT
THE MILAN EXHIBITION

Offel Band {1V combined aerial.

Italian National Radio Show

THE starting of the second television programme on
4th November was the major topic of interest and a dis-
play by the R.A.IL (Radiotelevisione Italiana) gave
viewers a foretaste of what they might expect. The
second programme is to be run by the R.A.L. on the same
basis as the existing network, i.e. financed by both
licence fees and advertising revenue, and the examples
given of a typical week’s programme showed that true
alternatives are to be offered; a variety show on one
channel, for example, with a documentary and news pro-
gramme on the other.

The second service will, of course, use u.h.f. and
R.AL are to be congratulated on the amount and quality
of both technical and general information that they were
giving out at the show. Booklets illustrated the ways in
which receivers might be converted and aerial installa-
tions set up, gave a summary of the factors affecting pro-
pagation and the difficulties that might be experienced,
even going so far as to suggest suitable channels in
Bands I and I1I for down-conversion for communal-aerial
networks and old sets without internal u.h.f. tuners.

At the start a potential 509% coverage will be achieved
from 14 transmitters serving the more densely populated
areas. Then over the next thirteen months the opening of
an additional 28 transmitters will raise the coverage to
70%. Channels 21 to 34 (Band IV) each 8 Mc/s wide,
are being used but, as Italy has 7-Mc/s channelling in
Bands I and III (i.e. the Gerber system is used), the
existing signal characteristics are préserved.

Naturally, sets with u.h.f. tuners were practically uni-
versal at the exhibition; but receiver design, apart from
minor improvements to the de luxe models, such as re-
mote control and the fitting of automatic brightness or
contrast controls, seems to have stabilized over the last
year. This is probably a very wise move on the part of
the manufacturers as the advent of the second pro-
gramme is expected to help precipitate a television boom
which might be halted by teething troubles of new de-
signs. Even the diversity of u.h.f. tuner design seen last
year had almost disappeared: most manufacturers were
using the two-valve r.f. stage and self-oscillating fre-
quency changer type. In many cases changeover between
the two tuners is effected by push-buttons on the front
of the set although a few manufacturers have models
which use one position of the v.h.f. tuner to select the
uwh.f. band. Naturally, the use of separate switching
provides a push-button “tuning ” facility and some sets
have the controls for both tuners tucked away at the side
or even the back (“ Nuclear ”). Pye Electronics have, as
in their Enzlish dual-standards set, an extra if. amplifier
stage for wh.f. and another feature is the use of two
loudspeakers, one facing forward, the other to the side.

Even extremes of presentation were less noticeable
than at last year’s show, but a few examples were seen.
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““ Cuccrolo ™" by Radio Allocchio Bacchini is a multi-purpose
transistor pocket portable.

Firte had on show a very futuristic set with an eight-
pointed mask round the tube. Brion-Vega’s “ Yades ”
tuxury 23-in table model has its bonded-face-plate tube
mounted outside the housing and retained by four small
chromium-plated U-bolts, instead of, as is more usual,
being “pushed through”. This set is mounted on a
small pedestal which has piano-sized piano-key controls
on it, automatic wh.f./v.h.f. tuning and ultrasonic remote
control facilities.

Dark filters on television sets are very popular—the
majority are greyish; but a few khaki and brown ones
were seen—and the Firte set mentioned above had a
polarizing filter.

A novel idea in this field was shown by Atlantic as
lo specchio magico (the magic mirror) in which the dark
filter was replaced by a half-silvered mirror. Thus the

receiver, when not in use, appears to be a mirror with a

rather deep frame; but on dimming room lighting and
turning on the set the picture appears. Although shown
built into various items of furniture (even a fireplace and
overmantel), there are two main versions of this set, one
self-contained, the other with the main chassis in a
shallow flat box with the c.r.t. unit available for separate
mounting.

Aerials for Band IV television are, in the main, small
narrow-band Yagi arrays but a few bow-ties (Offel, for
instance) were noted. The Yagi-type arrays can, for
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One

Pye Type T235 television receiver.
of the models made by Pye in Italy.

Luxury television-radio-
gramophone  (Ultravox)
uses twin-panel c.r.t. and
offers push-button selec-
tion of all functicns.

e

long-range reception, run to fantastic complexity—a
Fracardo model had no fewer than 80 elements, con-
sisting of eight ten-element arrays stacked—but some
models exhibited some novel ideas. Napoli, for instance,
use very small section elements and dip seal the whole
aerial with p.v.c. whilst Fracardo were using a folded
dipole stamped from a flat sheet and bent to adjust the
impedance and provide mechanical rigidity.

No pattern of using either coaxial cable or twin feeder
has yet emerged and impedance-changing devices are
common, as are v.h.f./u.hf. diplexers.

Radio Receivers, particularly transistor types, have
undergone great development during the last year and
some very ingenious equipment was on show. There is,
with the national love for music everywhere, a very large
market for transistor portables in Italy, particularly the
pocket-sized sets. Consequently the manufacturers have
exerted their ingenuity to offer something that is
different: for instance, a great selling feature is the idea
that one need not be limited to using the transistor set
solely as a pocket portable. Radio Allocchio Bacchini
were showing their “ Cucciolo ”—a combination set for
living room, bedroom, car and pocket—having at its heart
a seven-transistor pocket portable (using two drift tran-
sistors) with a power output of 70mW. For use in the
living room this plugs into a larger wooden cabinet con-
taining extra batteries, a larger loudspeaker and ampli-
fier. A plastics case contains in addition a clock-cum-
time-switch for use as a radio-alarm for the bedroom
whilst for use in the car the set clips into a bracket on
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“* Magic Mirror ' television receiver by Atlantic shown, for
demonstration, built into a mantelpiece. Chassis is inside
mantelshelf with controls at left.

| .

** Roma "' television receiver by Televideon
incorporates plug-in transistor pocket port-
able radio (ringed).

the dashboard and is so used as a driver for the bigger
amplifer-loudspeaker system mounted in the car. In
spite of the meaning of cucciolo we don’t think that pur-
chase of this set could be described as * buying a pup !

Another approach was illustrated by Televideon in
their “Roma” television receiver. On the loudspeaker
grille is a small pocket into which a transistor receiver
can be plugged. Used separately it plays through its
own small loudspeaker, using its ferrite aerial; but when
attached to the TV set the larger loudspeaker is brought
into circuit and the television aerial is coupled up to
improve radio reception.

The Autovox ““‘Transmobil” 2 is a transistor port-
able of the larger type, with a top-mounted scale and
edge controls, Fitted in the car is a rack for the receiver
which is complete with a spring-loaded “letterbox ” flap
so that a neat appearance is preserved when the set is not
in place. Pushing in the receiver connects it up to an
extra power amplifier and loudspeaker, various models
being available for 6- or 12- V supplies with either nega-
tive or positive earth, Equally versatile over its power
requirements is the Autovox RA 141 car radio tuning
over long and medium waves and f.m. This is a hybrid
set; but it uses ordinary high-voltage valves in the f.m.
and a.m. “front-end” stages, deriving the h.t. by an
internal transistor converter. The use of valves for the
“critical ” stages side-steps the drift and sensitivity-loss
problems that might beset transistors if overheated.

A.m./f.m. transistor sets, in marked contrast to last
year, were fairly widespread. Parkanal’s “ Caravelle”
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‘* Stereomatic **  twin 12-W stereo

! amplifier has push-button controls,
‘‘centre '’ channel facilities and **magic
eyes '’ to indicate power outputs.
Also incorporated is an f.m. tuner with
a.f.c. (Prodel).

Firte

Left:

receiver in moulded-t lastics case.

is a luxury-class set: it uses twelve transistors, has a
700-mW output and covers long and short wavebands
as well as medium and f.m. Automatic frequency coatrol
is provided on f.m. and the telescopic f.m. and s.w.
aerials fold into the handle when not in use. Nine-
transistor sets were shown by C.G.E. (Compagnia
Generale d’Elettricitd) and Radio Marelli, this latter
being notable for its clean-lined styl.ng. The G.CE
“Cottage 2 receiver, like many of the mains sets, also
tunes to the v.h.f. te evision-sound frequencies.

The prize for disguise must go to Krundall, who have
mounted transistor receivers in pictures roughly 50 cm
square, the controls being hidden under the edge of the
frame. The picture itself is on permeable material
and forms the loudspeaker grille. Voxson offer small
mains power units which clip onto their pocket size
transistor receivers, and also serve as stands.

An_unusual arrangemrent of loudspeakers is emvloyed
in a La Voce della Radio small sterzo-radio-gram (one
of the mode.s. inc dentally, with wire-d stribution faci-
lities). One loudspeaker is at one end of the front
whilst the other is on the underside of the remote end of
the lid over the turntable and is exposed when the lid
is opened. Compared with another model with the two
loudspeakers at either end of the four-foot long cabinet
the lid arrangement provided better separation. The
television sound reception facility continues on many
f.m. models, but this year most incorporated tuning for
both Bands I and III.

Wire Broadcasting in Italy is carried out in the long-
wave band over the telephone system and is available free
to telephone subscribers who have a wireless licence. Six
channels are provided, the first three carrying the four
radio programmes (which follow roughly the basis of
our own), Channel 4 provides a “ classical ” music ser-
vice and 5 “popular” material, whilst 6 is used for
special purposes such as s:ersophonic difusion. This
latter group of three is available only from the ne:work,
which was extended to cover another cight cities on
October Ist. A subscriber’s terminal apparatus can consist
of a push-button or swi:ch-tuned receiver and amplifier
or an ordinary radio rzceiver tuning over the long-wave
band can be employed. To this end many of the newer
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Twelve-transistor ** Caravelle »’
by Parkanal tunes over long-,
medium-, short- and f.m.-wave-
bands.

Mains power units for Voxson portables. Set
clips onto top of unit.

Radio Marelli a.m./f.m. trans-
istor portable.

19E44  19in TV

sets incorporate long-wave coils, which also makes them
suitable for export to countries where lw. broadcasting
is empoyed.
High-fidelity reproduction tends to be provided by the
luxury radio-gram rather than by assemblies of separate
units, as is more common in England. Particular ex-
amples of this were noted on the C.G.E. stand, where we
saw a range of apparatus culminating in a very large
cabinet containing a.m./f.m. radio-reception and disc-
playing facilities and a well into which a new four-track
three-speed stereo tape recorder can be dropped and con-
nected up to sockets provided. The companion |oud-
speakers are full range bass-reflex types. However, the
“unit” trend in “hi-§i” is starting: Radio Marellj,
for instance, were showing their “ Belform ” series which
contains turntable and amplifier combinations giving a
range of systems from 3.5W/channel upwards, and
Prodel also offer a wide selection of units. A feature of
several of their amplifiers is the use of a pair of strip-
type tuning indcators to give an approximate indication
of power output, whilst a twin twelve-watt transistor
amplifier (Selene) has transformerless output stages
that can be adjusted for 4-10 16-0 loudspeakers. Two of
Prodel’s professional combined stereo pre-amplifier-
amplifier units (SR2040 and SR2051) are fitted with
difference-channel gain controls, allowing variation of
the apparent separation of s:ereo signals, and a com-
bined amplifier and tuner (SR1040) has a sum-channel
output for a cen:re loudspeaker.
Radio Communication without the need for a transmit-
ting licence has been allowed in Italy since the 8th June,
1960. A frequency of 29-5Mc/s is reserved for this and
the maximum power ouput allowed is 5mW. Radio
Mazza were showing a two-transistor “ walkie-talkie ”
(the Babyphone) for use under these conditions. Although
intended primarily as a toy, the set, which is switched
on by pulling out the telescopic aerial and uses a super-
regenerative detector (whose wide bandwidth avoids the
need for tuning) should bz of more general use.
There need be no doubt that this has “caught on”:
your reporter spent an hour waiting for the return flight,
Several sets were in use by children who were, needless
to say, within shouting distance of each other!

WIRELESS WORLD, NOVEMBER 1961

www americanradiohistorv. com



www.americanradiohistory.com

LETTERS TO THE EDITOR

The Editor does not necessarily endorse the opinions expressed by his correspondents

Television in 1936

I WRITE on the occasion of the 25th anniversary of
television in Great Britain, first to offer my congratu-
lations. The B.B.C. and the British radio industry did
good work during this period, both technically and in
the production of programmes, and British television
must be included among the leading institutions of its
kind in the world.

My second object in writing is to comment on state-
ments made in two recent books* to the effect that the
first public television service anywhere in the world
began with the B.B.C.’s regular television broadcasts in
November 1936." There is here a small but important
omission, namely the words high definition between
“ public” and “television.”

In fact the first regular public television service in
the world was opened in Germany on 22nd March, 1935
in Berlin. The service began with a two-hour pro-
gramme every second day in the week. In August 1935
the transmitter was destroyed by fire, but the public
service was reopened in 15th January 1936 with a daily
programme of two hours between 8 p.m. and 10 p.m.
During the Olympic Games in 1936 the service was ex-
tended with live transmissions from the Olympic
Stadium, the Swimming Stadium, etc., during the
periods 10 a.m.-12 noon and 3 p.m. to 7 pm.
Hamburg-Meiendorf KARL TETZNER.

* Page 4 of “Televi;iOn by Design,” by Richard Levin {Bodley
Head), and page 9 of foreword by H. Carleton Greene, O.B.E.,
to “ Television Jubilee,” by Gordon Ross (W. H. Allen).

Hearing High Frequencies

I HOPE that “ Free Grid ” will not be too disappointed
when he finds his *senescence adjuster ” or “ presbyotic
tone control” (October issue) unused by senescient
presbyotic listeners to receivers equipped with this
device: and not only because of difficulty in reading the
wording on the knob (or the small print of the diction-
ary)!

A person affected 1o a noticeable degree of progressive
insensitivity to the higher audio frequencies (senile nerve
deafness) is compelled to seek less, rather than more
“bite,” and he would not choose to expose himself to
the effects of treble boost.

Hearing loss due to the nerve cannot be made up
by amplification if the sounds heard as a result of that
amplification are to have any dynamic range. Within
the affected frequency range a sound level 10 dB above
the threshold of hearing can be as unpleasant as tooth-
ache.

The most acceptable type of radio receiver for the
elderly is that which many of them have, with plenty of
buili-in top-cut.

K. W. MAWSON,
Royal Eye and Ear Hospital, Bradford.

625 Lines are Quieter

MUCH is being currently written and said about the
possible conversion of our TV line standard, but 1 have
yet to sce a reference to what, to my mind, would be the
greatest advantage of the change to 625 lines—an im-
provement to television’s Cinderella, the sound channel.
Anything which would get rid of that inescapable
10 kc/s whistle would be a great improvement. Not
only is the whistle generated within our receivers, it is
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an all pervading scream in any TV studio or control
roon, transmitted by direct acoustic pick-up on MmICIo-
phones and insidious induction on cvery line and cable-
form associated with TV sound circuits.

Of course, it is well known that audio engincers en-
gaged on 405-line TV work develop a notch in their
ossicles, and so far as 10 kc/s is concerned they are
completely deaf (and I suppose by a process of evolu-
tion the viewing public is developing the same self-
defence); but I for one would like 10 ke/s to return to
the human audio spectrum. Push up the line time base
frequency and our TV system will not have to whistle
while it works. (Later, of course, you will be in corres-
pondence with the Canine Defence League, but every
action must have a reaction).

Uxbridge. J. LONGDEN.

Impedance-Magnitude Measurement

MR. R. C. WHITEHEAD, in his article on *“Imped-
ance-Magnitude Measurement” in the September issue,
gives two conditions in which the error due to voltmeter
loading is zero, first when the unknown and standard
impedances have phase angles identical in magnitude and
sign, and secondly, when the phase angles are equal in
magnitude and opposite in sign and the voltmeter
impedance is resistive. He did not mention that in the
latter case the generator impedance must also be re-
sistive. If. however, it was intended that the generator
impedance be assumed zero, then the error due to volt-
meter loading is always zero, whatever the unknown,
standard, and voltmeter impedances, since the impedance
of the circuit to which the voltmeter is connected is the
same for either position, being that of the unknown and
standard impedances in parallel, as can be seen by the
application of Thévenin’s theorem. The effect of a
generator of zero impedance can of course be obtained
by using a second voltmeter to measure the generator
voltage, and adjusting it to equality for the two
measurements.
London, E.C.1. K. S. HALL.
Northampton College of Advanced Technology.

Voltage or Current Operated?

IT is most kind of “Cathode Ray” (September issue)
to give us qualified permission to call our transistors
what we will. Some of us, however, consider that_the
idea of a Third Force is more healthy than the Un-
committed Nation and that the transistor user should
always use the word “and” in place of “or”.

The case for the current cperator is, essentially, the
constancy of the current gain. We have in our minds an
ideal transistor in which all the current injected at the
emitter junction is balanced by current at the collector
junction. In terms of the OC45 this may seem a little
academic. When we turn to non-linear applications,
especially with power transistors, there seems little alter-
native. The transistor is required to be held well into
saturation by a voltage which is usually a good deal more
than the normal range of Vie. We have, let us say, a
minimum large signal current gain of 20 and our load
line shows we should get a current of 10 amps. The
transistor base is then fed with 0.5 amps and the charac-
teristics look after the rest.

In linear amplifiers the voltage operators have a
stronger case than “ C.R.” makes for them. The trans-
conductance, gm, shown in the table of “C.R.s” article
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is not constant, but taking at random the E80F pentode,
the transconductance at —0.6V bias is 2,500 #A/V and
at —6.0V is 25#A/V, a ratio, max/min. of 100 com-
pared with the 20.6 which so alarms “C.R.” We still
use gm for pentode circuit design, though, The first
result is to warn us that increasing the load resistance
may not give us more gain bzcause we may lose more
on the fall in gm than we gain by the increase in R.
The second result, which I am exploring in detail in
an -article ha!f-written, is to warn us that a voltage-
operated amplifier, that is, one fed from a low im-
pedance, will give us a good deal of distortion. Even if
you think about the nice constant current gain you
cannot exercise the variations of transconductance.

When we look at some of our circuits we come much
more positively to voltage control. Wirth 1,600 ohms in
the emitter lead we have, quite definitely, a gn of
1ImA/V and an input jmpsdance which is relatively high.
What is more, we can think of bias in voltage terms,
too.

Do we use transistors to economize in current? Not,
I think, to the extent that “ CR.” suggests. Once you
make the great advance from the 150mW, or whatever
it is the smallest battery valve consumes, to the 6 volts
%-2mA of a transistor it is carrying economy too far to
pinch fractions of a milliamp at the cost of gain. Many
of us use transistors because we want the added relia-

CONFERENCES AN

Further details are obtainable from the addresses in
parentheses.

LONDON

Nov. 8-10 Savoy Place
Non-Destructive Testing in Electrical Engineering
(I.E.E., Savoy Place, W.C.2.)

Nov. 22-25
Radio Hobbies Exhibition
(R.8.G.B,, Little Russell Street, W.C.1.)
Savoy Place

Nov. 30-Dec. 1
Nuclear Electronics Symposium
(I.LE.E., Savoy Place, W.C.2.)

Horticultural Hall

1962
Jan. 15-19 R.H.S. Halls
Physical Society Exhibition
(Institute of Physics & Phys. Soc. 47 Belgrave Square, S.W.1.)
Feb. 26-28 3
The Importance of Electricity in the Control of Ajrcraft
(1.LEE., Savoy Place, W.C.2).
April 26-29
Audio Festival & Fair
(C. R:x-Hassan 42 Munch:ster Street, W.1.)
May §-18
Mechanical Handling Exhibition
(SA,IIEeCI};anical Handling, Dorset House, Stamford Street,
May 28-Junc 2 Olympia
Instruments, Electronics & Automation Exhibition
(Industrial Exhibitions, 9 Argyll Street, W.1).
Mav 31-June 7
International Television Conference
(L.E.E., Savoy Place, W.C.2).
July 2-6
The Ionosphere *
(Institute of Physics & Phy. Soc. 47 Belgrave Square, S.W.1).
Aug. 22-Sept. 1 Earls Court
National Radio & Television Show
(Radio Industry Exhibitions, 59 Russell Square, W.C.1).

CRANFIELD

April 16-18 College of Aeronautics
International Flight Test Instrumentation Symposium
(College of Acronautics, Cranfield, Bucks.)

EXETER

July 16-20
Physics of Sem’conductors
(Institure of Physics and Phy. Soc., 47 Belgrave Square,S.W.1).

* Venue not yet announced.

Hotel Russell

Earls Court

Savoy Place

The University
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bility both of devices and of associated components.
Mus: we say that negative resistances are voltage or
current controlled? Surely all we mean is short- or

open-circuil stable?
THOMAS RODDAM.

Norwegian V.H.F. Reception

AFTER trying for five days of this period of DX recep-
tion on the v.h.f./f.m. band, I was able to pick up for a
short time on 4th Sept. a2 Norwegian station which I
believe to be Bjerkreim on 90.6 Mc/s. 9 p.m. B.S.T.

This was giving the weather reports from the three
districts, North, West and Oslo and was 100% readable,
but began to fade out after the news. A Danish station
on a slightly higher frequency was still strong later, and
in fact several Danish statons were heard during the
evening, but the German and Dutch which came in
strongly two days earlier were absent.

I should be interested to hear if Norwegian v.h.f.
stations have been heard by any other readers at any
time, as I have tried unsuccessfully several times before.

There are two other o0 kW stations listed, Voss
93.3 Mc/s, and Stord 91.8 Mc/s which is on the West
Coast south of Bergen which might also be receivable if
clear of interference.

Burniston, Yorks. L. TRANMER.
D EXHIBITIONS

FARNBOROUGH

Sept. 3-9 R.AE.

Farnborough Air Show
(8.B.A.C,, 29 King Street, London, S.W.1).

OVERSEAS
Jan. 9-11
Reliability & Quality Control
(R. Brewer, Hirst Research Centre, Wembley, Middx.).
Feb. 6-7 Washington
Redundancy Techniques for Computing Systems
(Miss J. Leno, Office of Naval Research, Washington).
Feb. 14-16 Philadelphia
International Solid-State Circuits Conference
(E. G. Nielsen, General Electric Co., Syracuse, N.Y.).
Feb. 16-20 Paris
International Components Exhibition
(Fédération Nationale des Industries
Francaises, 23 rue de Liibeck, Paris 16).
April 10-14 Paris
International Conference on Stress Analysis
(Joint British Committee for Stress Analysis,
1 Birdcage Walk, London, S.W.1).

Washington

Electroniques

May 8-10 Washington
1 lectronic Components Conference
(LR.E,, | East 79 Street, New York 21).

May 22-24 Boulder
Microwave Theory and Techniques
(LR.E,, I East 79 Street, New York 21).

June 25-30 Copenhagen

Electromagnetic Theory & Antennas
(]. Brown, Department of Electrical Engineering,
University College, London).

June 27-29 New York
Automatic Control Conference
(I.R.E., 1 East 79 Street, New York 21).

Aug. 14-16 Boulder

Standards and Electronic Measurements
(Dr. ]. M. Richardson, N.B.S., Boulder, Col.).

Aug. 21-28 Copenhagen
International Congress on Acoustics
(Professor S. Ingerslev, Royal Technical University,
Ostervoldgade 10, Copenhagen)

Aug. 27-Sept. 1 Munich
Information Processing & Digital Computers
(International Federation of Information Processing
Societies, c/o British Computer Society, Finsbury Court,
London, E.C.2).

Sept. 3-7 Brussels
International Symposium on Information Theory

dr. F. L. Stumrers, Philips Research Laboratories,
Eindhoven, Netherlands)
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MANUFACTURERS ™ PRODUCTS

NEW ELECTRONIC EQUIPMENT AND ACCESSORIES

Miniature Inspection Lamp

CLINTON Laboratory’s “Prodlite” consists of a
miniature lamp incorporating a lens sct into a §-in
diameer “stalk” fited with a standard “torch bulb ”
screw at the other end. Current rating of the lamp is
about 0.25A at 2.5V (two-cell torch) and an in:ense
spot of light 1s produced up to several inches from the
lamp. The stalk, even when fitted with an insulaiing
sleave, is easily inscried into a tigh:ly-packed assembly :
thus the * Prodlite "’ should prove most useful 10 service

« Prodlite " miniature inspection lamp for illumination of
“inaccessible *’ corners.

engineers, inspectors and amateurs for work on elec-
tronic equipment.

The “ Prodlite ” costs 15s 64 and a swiched handle
and flex lead is ava.able (12s 6d) for use wita, say,
a step-down transformer or an acc am-aiacor.

The Clinion Laboratory, 43 Broomhall Place, Shef-
field, 10.

Wire Stripper

DESIGNED 1o strip insulation frem wires used in
electronic equipment and telephone systems without
nicking the wire or crushing the rem ining insulaiion,
the H35 ser:es weighs 14 ounces. The standard model
is intended for commercial use, while the de-luxe
version is for use in airzraft and guided-weapon wiring.
An automatic device holds the jaws open witiout crush-
ing. Details can be obtained from Hellermann, Ltd.,
Gatwick Road, Crawley, Sussex.

Range of Car Radio Aerials

SIX different car-radio acrials are manufactured by
Antiference for d:ffering requirements and utihzirg vari-
ous mountiag position methods. * Top of the range” is
the extensible 454-in “ Autex” desined for un.versal
mounting and particularly su'table for wing use where
there is no weather-shield between wheel and aerial.
It requires only one hole and can be fitted without the
necessity for access to the underside of the mounting
surface. Lead length is 5ft (the plug is already fitted)
and the price is £2 5s. Next down the price scale is
another telescopic type 39-in long, the * Silverstone.”
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This has a spring and swivel base, is fitted with an
80-in lead and plug and can be fixed (again one hole
only) in any position which affords a weather-proof
underside for the lead termination. Price is 2gns.

At £1 19s 6d comes the “Continental de Luxe"—a
35-in stainless-steel whip—especially designed for use
with transistor receivers. This aerial clips on to the
gutter a1d the feeder enters via a flat plastics ribbon
which fits round the top of the door frame. 6ft 6in of
lead and a 180° swivel for the whip complete the speci-
fication. £1 17s 6d will buy a simpler version of the
«Silverstone” without the spring mount, whilst the
«“ Continental,” a 30-in long model of the “ Continental
de Luxe” costs £1 12s 6d.

Cheapest aerial of the range is the “ Monte Carlo,”
which employs the same mounting principle as the
“Gilverstone,” but has its 31-in flexible whip spring
mounted at an angle of 45° to the base. Price of this
is £1 9s 6d.

Antiference Ltd., Bicester Road, Aylesbury, Bucks.

Pure Water Supply

THE Permutit Company’s Mark 7 portable “ Demin-
rolit” water purifier can procuce up to 12 gal/hr of
water pue to the B.P. standard. Conductiv.ty 1s given
as the order of 1; 3 cm and dissolved matter less than
1 part in 105, Tne Mark 7 employs two processes
taking place simultancous.y in a resin bed through
which the water flows: the first replaces the metallic ions
by hyd-ogen, so forming the acid corresponding to the
salt of the original impuri‘y, then the ac.d so produced
is a9so-bed. A feature of the device is the incorpora-
ton of a transistor “purity ” meter which indicates in
arbitrary units the conductivity of the ouiflowing water.

Above: The Hellermann
Wire Stripper Model
H35.

Right: Permutit Co's **Demin-
rolit”" Mark 7 portable water
purifier.
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The cartridge of de-ionizing material is replaceable
and will purify about 16 gal of London’s water before
requiring replacement, which costs £5 6s for five. The
Mark 7 “ Deminrolit ” costs £35 and should prove use-
ful in laboratories working on printed circuits and semi-
conductors and on the factory floor for a final on-the-
spot “clean up” of already purified water.

The Permutit Company Ltd., Permutit
Gunnersbury Avenue, London, W.4.

House,

Microvolt Oscilloscope

A Y-SENSITIVITY of 50xV/cm enables the Du
Mont Type 403-B oscilloscope to display signals pro-
duced by strain gauges, biological transducers, etc.,
without the need for further amplification. The Y-
amplifier is direct-coupled and, at its most sensitive,
has a —3dB bandwidth of 0-150kc/s, increasing to
0-1Mc/s at a sensitivity of 5SmV/cm. The input to the

Du Mont 403-B sensitive oscilloscope,

amplifier is differential, with a common-mode rejection
of more than —40dB; drift is nominally 500V /hr.
Sweep times are continuously variable from lusec/cm
to 25sec/cm and single-sweep operation is possible, with
resetting from an external switch, such as a camera
shutter, if required. External X-sensitivity is 10mV /cm.
Full details are available from Aveley Electric, Ltd.,
gyron Road, Aveley Industrial Estate, South Ockendon,
ssex.

Professional Transistor Recorder

THE Nagra III professional battery portable transistor
tape recorder is provided with separate record and
replay heads and amplifiers. Even at 33in/sec, the
slowest of its three alternative speeds, the signal-to-
noise ratio is 50dB (for 3% distortion at 1kc/s), the fre-
quency response within +3dB from 50c/s to 7kc/s and
the wow and flutter 0.35% (peak to peak). At 74in/sec
these figures become respectively 51dB (for 2.5 % )y
+1.5dB from 30c/s to 12kc/s and 0.2%, and at 15in/sec
52dB (for 2%), +1dB from 30c/s to 15kc/s and 0.15%.
The speed difference between the beginning and end of
a 5-in reel is 0.1%, between new and nearly discharged
batteries 0.05%, and between horizontal and vertical
recorder positions 0.03%. The speed is electronically
stabilized using a transistorized f.m. tachometer. Bat-
tery voltage and line output can be indicated on the
recording level meter. Automatic adjustment of the
recording level (at the cost of some distortion) may be
obtained by means of a volume compressor. A 50 to
200-2 microphone impedance change only alters the
input sensitivity from 1004V to 2004V. The output is
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Nagra 111 professional battery portable
tape recorder.

1.55V at 1002 and a built-in monitor speaker is pro-
vided. The current consumptions on record and replay
are 180 and 120mA respectively. Twelve 1.5-V torch
batteries are used as the power supply. The dimensions
of this recorder are 12} by 84 by 4iin and up to 7-in
reels can be used with the lid open (5in when closed).
Its weight is 163lb. This recorder costs £340 (approxi-~
mately) and is distributed in this country by Livingston
Laboratories of 31, Camden Road, London, N.W.1.

Field Intensity Meter

ESSENTIALLY a frequency-selective microvolt-
meter, the Stoddart Type NM-62A covers the band
1-10Gc/s, in four bands. Automatic frequency-
scanning is provided, and outputs are available to allow
an X-Y plotter to trace the spectrum analysis of the
input signal. The maximum sensitivity is 5.54V at
1Mc/s bandwidth and an internal calibration-pulse
generator is included. When used as a voltmeter, the
range is 6uV-10V, and field intensity measurements
may be made from 78+V/m to 130V /m. Rejection of

Aveley Electric Stoddart type NM-62A fielc
intensity meter.

signals outside the selected pass-band is better than
—80dB. The NM-62A is marketed in the U.K. by
Aveley Electric, Ltd,, Ayron Road, Aveley Industrial
Estate, South Ockendon, Essex.
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Radio-Frequency Measurements

1.—WAVEMETERS AND HETERODYNE TECHNIQUES

FREQUENCY measurement can be carried out
with greater accuracy than probably any other type
of measurement in the electronic field, and this high
measurement accuracy was achieved quite early.
By 1938, for example, it was possible to measure
frequency with an accuracy of about 0.0001 %>
‘and improvements in technique since then have
resulted in considerable improvement even on this
accuracy.

The top-grade frequency measuring systems are,
however, usually rather difficult to operate; certainly
considerable practice is necessary before their full
accuracy can be made use of and before measure-
ments can be made with any speed. The result
is that while the accuracy of measurement is still
being improved upon, and top-grade measuring
systems find many applications, there is a tendency,
strange in the electronics field where the demand is
always for greater and greater accuracy, to use
measuring techniques which, while they have a
useful accuracy, are less accurate than the best, but
which are much easier to use. :

There have been as many different methods of
frequency measurement suggested, tried out, and
put into use as there have been of other types of
measurement. Many of these different techniques
have not, however, stood the test of time. Yet
anybody faced with the problem of choosing a
frequency measuring system still has an almost
bewilderingly wide range to choose from.

Measurement by Lecher-Wire System

Probably the cheapest and simplest means of fre-
quency measurement is by the Lecher line system? &
To carry out measurements by this system two wires,

X~X= FIRST POSITION OF SHORTING LINK
Y-Y= secono = . . .

DETECTOR
& METER

&
oV
o
o DETECTOR
& PICK-UP
INSULATORS Loop
s

S

FREQUENCY TO
BE MEASURED

/
SUPPORT
SHORTING LINK

Fig. 1. The lecher line method of measurement.
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By R. BROWN

insulated at each end, are stretched out parallel
to each other, to form a transmission line. The signal
to be measured is injected into one end of the line,
and the other end of the line is left open-circuited.
If a shorting link is now placed across the line at
some point a standing wave pattern will be set up
along the line, maximum and minimum values of
current occurring at half-wavelength intervals along
the line.

To make a measurement a detector and milli-
ammeter are coupled to the end of the line at which
the signal is injected, and the position of the shorting
link adjusted until the meter indicates a maximum.
This is shown in Fig. 1. In this condition there are
a whole number of half wavelengths in the standing
wave pattern. The position of the shorting link is
then moved along the line until the meter again
shows a maximum. There are, as before, a whole
number of half wavelengths in the standing wave
pattern, and the distance the shorting link has been
moved is equal to one half wavelength of the signal
in the line. )

The true wavelength, A, in free space differs
slightly from the measured wavelength, the error
usually being less than 0.5%. If greater accuracy
is required the true wavelength can, however, be
found with the help of a correction term, 4% 33
This term depends upon the frequency, the induc-
tance and the resistance of the line. It is given by:—

4= Vo ooy
8 log ., By {«[1—(d/a)’}}
where d is the diameter of each conductor
a is the distance between the conductors

B is equal to 1+ \/Ejl/{ (d/a)"]

and 1, is the d.c. resistance per cm. length of the
double line in the c.g.s. system.

Once the correction factor, 4, has been found the
true wavelength can be found from the expression

A= 201+ 4) »

where A is the measured half-wavelength.

Provided that A is in metres the corresponding
frequency f is given by:—

1.499 x 10°
X1t 4) kc/s 50 a0 .. @

This is a useful method of frequency measure-
ment; practical considerations prevent its use below
about 15 Mc/s, however, and even long before this
frequency is reached the line becomes excessively
long. A capacitor can be connected across the input
end of the line, so as to keep the length of the line
down to a minimum. There is little to be gained,
however, by simply measuring the length of the first
half wavelength, and restricting the line to slightly
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greater than this, for the distance between the end
of the line and the first current maximum is not
an accurate half wavelength because of the influence
of the signal and detector coupling circuits. The
length of the free end of the line, that beyond the
short circuit, should be kept small compared with a
quarter wavelength, or a multiple of a quarter wave-
length to prevent interaction between the two sections
of the line.*

Absorption Wavemeters

This is a very robust and portable class of instru-
ment with which frequency can be measured with
an accuracy which varies from about 439, to about
I part in 10°. It consists essentially of a simple
variable frequency resonant circuit which can be
coupled to the signal to be measured, plus some
indicating device to show when the circuit is in
resonance. The chief advantage of this type of
wavemeter is its simplicity, and an addirional
advantage is that if the indicator consists of a crystal
detector and a meter no power supplies are required.

o— » d
PLUG-IN COIL | _[ R
COUPLED TO == ONANCE
SIGNAL CIRCUIT be ]‘ INDICATOR
O _

Fig. 2. A simple absorption wavemeter.

RODS FOR MOVING POSITION
OF SHORT CIRCUITS

MOVABLE
SHORT CIRCUITS

CRYSTAL DETECTOR
AND METER

CURRENT STANDING
WAVE PATTERN

Fig. 3. A coaxial line wavemeter.

A simple type of wavemeter suitable for use up to
about 300 Mc/s is shown in Fig. 26. The variable
capacitor has a calibrated dial, and in use it is tuned
for a peak reading on the indicator. The frequency
can then be read directly off the dial.?

The tuned circuit of a wavemeter of this type should
have as high a “ Q » as possible so as to give a sharp
indication of resonance, thus giving good frequency
discrimination. Loose coupling is essential if a high
“Q?” is to be obtained, but this reduces the sensi-
tivity of the instrument, and a compromise is usually
made between these two conflicting requirements.
Special instruments have, however, been described
in which loose coupling and high sensitivity are
achieved together.® Another important requirément
is that the instrument should be free of spurious
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responses or resonance in an unwanted mode,
If this requirement is not met considerable ambiguity
of reading can result.

Up to about 300 Mc/s conventional lumped LC
circuits are used, a wide operating range being
obtained by changing coils. The accuracy is,
however, usually low because of the inherent poor
stability of the components.

The relationship between capacitor setting and
frequency usually follows one of two laws; either
a straight-line frequency law, where one division
of the capacitor scale always represents the same
alteration of frequency, or a logarithmic law where
equal alterations of capacitor setting produce equal
percentage frequency changes.

The straight-line frequency law capacitors are
almost the ideal for some wavemeters. Here the
relationship between capacitor setting 6, frequency
f, and capacitance C is:—

0 ocf 1
o« Ve

At the low frequency end, however, the accuracy
becomes rather poor, for as the frequency is de-
creased each division of the capacitor dial will
correspond to a larger percentage frequency change.

If, however, instead of the capacitor being made
so that 8 oc f, it is made in such a way that the rate
of change of capacitance is always proportional to
capacitance, then equal alterations of the capacitor
setting (86) will produce equal percentage frequency
alterations, This will result in a wavemeter which
has constant percentage frequency error over the
whole scale.

Coaxial Line Wavemeters

At frequencies above about 600 Mc/s the coaxial
line wavemeter becomes practicable. This type of
wavemeter makes use of the fact that a half-wave-
length length of coaxial line is equivalent to a
resonant circuit. This is shown in Fig. 3. The
movable short circuits are usually operated by push
rods, which in turn are linked to a calibrated dial.

The distance between the front of the short-circuit
and the end of the coaxial line is not an exact half
wavelength owing to end effects. This instrument
has, therefore, to be calibrated against a standard.
The sharpness of resonance is usually very high,
and provided an accurate mechanical drive system
for the push rods is achieved, a drive system in
which back lash is eliminated, the accuracy can be
as high as 0.05 %.

Resonant Cavity Wavemeters

At microwave frequencies resonant cavities are
widely used. These cavities are the microwave
equivalent of parallel tuned circuits. They are always
in the form of a cylinder, and rtuning is accomplished
either by using a piston to vary the length of the
cavity, or by means of a plunger projecting into the
cavity.

Many field configurations are possible in such a
cavity for any given setting of the piston, and as a
result many resonant frequencies are possible.
The choice of the mode to be employed in any
given wavemeter will depend upon the function of
the wavemeter® ? 10,

WIRELESS WORLD, NOVEMBER 1961



www.americanradiohistory.com

SIGNAL TO
BE MEASURED
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\ SCREW FOR
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CAVITY \\\\“ \\\ \\
(2)
l L e 4
OUTPUT T0
DETECTOR

t
(b) 27 ematy
Fig. 4(a) A simple cylindrica! wavemeter with piston tuning;
(b) Plunger tuning.

PLUNGER

The H,,; mode is frequently preferred for
simple cylindrical wavemeters of the type shown in
Fig. 4, since it has the lowest resonant frequency,
thus reducing mode troubles to a minimum. The
H,,, mode is, however, often used, since although
mode troubles are increased, the ‘Q’ obtained is
about twice that obtained with the H,;; mode.

Wide frequency coverage consistent with freedom
from unwanted modes is the most important quality
required in general purpose wavemeters. It has
been shown that this can best be achicved by the
use of a hybrid mode, the Eq,-EH hybrid mcde.
The length of the cylinder in a wavemeter us.ng
this mode is made much larger than its diameter,
and the plunger can be inscrted into the cylinder
to almost its complete length. Fig. 5 shows the
constructional details of a wavemetcer of this type.
In the region X-X the field configuration is like
that of the Ey;, mode, while in the region Y-Y the
field configuration is sim.lar to that in a coaxial
line.

Comparison Method

In this method of measurement the frequency to
be measured is compared with the frequency of an
accurately known standard frequency. The source
of this standard frequency is usually a crystal con-
trolled oscillator, a caesium atomic standard or a
standard radio signal controlled by one of these two
standards.

An instrument baving only one output frequency
would have only a few applications. A number of
comparison frequency measuring techniques have,
therefore, been devised in which the system pro-
vides a large number of comparison frequencies
from a single standard frcquency.

The simplest example of such a system is the
crystal calibrator."! In such an instrument there is
usually a single crystal controlled oscillator working
at, say 1 Mc/s, or possibly 100 kc/s, while some
instruments have a 1 Mc/s crystal and a 10 to 1
divider circuit, which allows either a 1 Mc/s or
100 kc/s output to be obtained. This output is
fed into a harmonic generator, and by suitable
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design a large number of harmonics of the selected
frequency can be obtained. There are, therefore,
a series of crystal controlled frequencies available,
the spacing between frequencies being either
1 Mc/s or 100 kc/s.

A series of frequency markers of this sort is
particularly useful when checking the calibration
of a receiver, say, or of a variable frequency trans-
mitter, a variable test oscillator or a signal generator.
The instrument is usually completed by a mixer,
a detector, and a pair of headphones, and in use
the output from the equipment being checked
is mixed with the output from the crystal calibrator.
The frequency of the equipment under test is varied,
and as the frequency approaches one of the crystal
harmonics an audio frequency beat note will be
heard. The equipment can then be tuned to give a
zero beat note, and once it is found which crystal
harmonic is actually being used the frequency to
which the equipment is tuned can be accurately
determined.

The question of deciding just which harmonic
of the crystal oscillator is being used, is very easily
solved when using low order harmonics, but it can
become very troublesome when using high order
harmonics. A further disadvantage of this simple
instrument is that it is impossible to measure fre-
quencies which lie between crystal harmonic
frequencies.

Heterodyne Frequency Meters

A more versatile instrument is the heterodyne
wavemeter, which, in addition to a crystal oscillator,
a 10:1 divider, detector, and ’phones, has a cali-
brated variable frequency oscillator. This oscillator
covers a large section of the desired working range

SIGNAL

l

PLUNGER

/

X XLY Y

S—

TO DETECTOR

MICROMETER FOR MOVING PLUNGER
AND INDICATING ITS POSITION

Fig. 5. Hybrid cavity.

VARIABLE L
Nt e MIXER DETECTOR Mo@
CHECK
MEASURE /  CALIBRATION
SIGNAL TO BE
MEASURED
100ke/s Mcfs
DIVIDE IMc/s CRYSTAL
BY TEN ] OSCILLATOR

Fig 6. Heterodyne frequency meter block diagram.
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of the instrument, and immediately before use its
calibration is standardized against the nearest
harmonic of the crystal oscillator. The oscillator
is then tuned to zero beat with the frequency to be
measured, and the frequency determined from the
setting of the oscillator tuning dial. Fig. 6 shows a
typical arrangement.

The variable oscillator calibration must be rea-
sonably accurate over the range between crystal
harmonics. This can be achieved by calibrating the
main tuning dial in degrees, and then checking
and plotting the oscillator frequency against the
dial reading—a lengthy business which results in a
complicated and bulky calibration chart. An instru-
ment has, however, been produced in which the
manufacturing tolerances in the variable capacitor
are allowed for by a cam driven by the main tuning
control'®. A true straight-line frequency law is
obtained, and the oscillator dial is direct-reading in
frequency.

To obtain the maximum use of a heterodyne
wavemeter the harmonics of the variable oscillator
are used to extend the frequency coverage. When
doing this the problem of the identification of the
high order harmornics can be solved using the
following method!3,

The oscillator frequency is adjusted until its nth
harmonic is brought into zero beat with the higher
frequency signal being measured. This oscillator
frequency is noted and the oscillator retuned so that
its (n-1)th harmonic is brought into zero beat with
the frequency being measured. This second oscillator
frequency is noted, and the value of the frequency
being measured can be found in the following way.

Let f, = the unknown high frequency.
f; = the first (lower) oscillator frequency.
f, = the second (higher) oscillator frequency.
n = the order of the harmonic of f;, causing

the first beat.
Then (n-1) will equal the order of the harmonic
of f, causing the second beat.
Thus fin = f, ot 5 ¢ - b 3)

and f, (n-1) = f, . - . 4)
hence fin = f, (n-1)
or fin = f,n-f,

But from (3) fin=f,
f.f,

f =
so f, £ 1,

(6

Analogue Frequency Meters

This technique, frequently used for very low fre-
quency measurements, has recently been adapted
for use at radio frequencies.'® The idea is to convert
each cycle of the frequency to be measured into a
narrow pulse. This pulse is then used to trigger a
monostable multivibrator which produces a pulse of
accurately determined height and width (that is,
area) for each pulse. These pulses are then integrated
to produce a voltage which is proportional to the
number of pulses per second. A voltage is thus
produced which is proportional to frequency and a
voltmeter can then be calibrated directly in frequency
and used to measure this voltage. Accuracy is about
0.29.

Hig Accuracy System

Th= accuracy obtainable with a simple heterodyne
wavemeter is limited, usually to about 1 part in
10* for simple systems. A variable frequency inter-
polating oscillator can only be accurate at the crystal
check points, and the limited accuracy attainable
between check points only holds for a short period
after the calibration has been checked.

A number of alternative methods for filling the
gap between the crystal harmonics are in use. They
all rely on the production of sub-harmonics of the
crystal frequency by frequency division,” and
obtaining a serics of closely spaced harmonics from
these sub-harmonics. As an example of the produc-
tion of these sub-harmonics a one megacycle crystal
oscillator could be used as the primary standard,
and a series of 10: 1 dividers can then be used to
provide 100 ke/s, 10 ke/s, 1 kc/s and 0.1 ke/s sub-
harmonics. These sub-harmonics can then be con-
verted to pulses which are rich in harmonics, and the
desired harmonic selected by means of a tuned
amplifier, the tuning of this amplifier being adjusted
by a switch to the required harmonic frequency.

The technique of measurement by successive
reduction is an example of the use of a series of sub-

“n (f,—f,) = f, harmonics. This is shown in Fig. 7. The seventh
o0 2 1 2 . . . .
£ harmonic of the 1 Mc/s standard is mixed with the
andn = —2 . . . - ) frequency to be measured. The fifth harmonic of the
f,—f, 100 ke/s is then mixed with the 546.255 kc/s resultant,
SIGNAL f, fi—f,=fy= fy—f,=t= ts—fe=1, = f,~fo =ty = 55cfs
7,546:255ke/s o 546:255kc/s [ 54 46-255ke/s 6:255kc/s At 0255ke/s | 5en | OUTPUT
MIXER MIXER MIXER MIXER = MIXER [ >
2= 7th HARMONIC 4= Sth HARMONIC f6 = 4th HARMONIC fg= 6th HARMONIC 4 110=2nd HARMONIC
0F IMc/s OF 100ke/s OF I0ke/s OF lkels OF 100¢/s
clrxscr/ZL Me/s DIVIDE 100kefs | prvipe 1Okefs DIVIDE Ike/s DIVIDE
el TaTn > BY TEN BY TEN BY TEN BY TEN

Fig. 7. Frequency measurement by successive reduction using harmonics from divider chain.
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Fig. 8. Thefrequency
synthesizer.

SIGNAL T0 BE DIFFERENCE
MEASURED FREQUENCY

and the fourth harmonic of the 10 kc/s sub-harmonic
is mixed with the 46.255 kc/s difference frequency.
The result, 6.255 kc/s, is mixed with the sixth har-
monic of the 1 ke/s sub-harmonic giving 0.255 ke/s.
This is mixed with the second harmonic of the
0.1 kc/s sub-harmonic giving an output of 55 cfs.
This latter frequency is low enough to be measured
by comparing it with a stable, accurate, low frequency
oscillator, using Lissajous figures.

An alternative approach is to use the sub-harmonics
to lock a variable oscillator. An arrangement on
these lines which will produce a standard frequency
which is within 100 c/s of the frequency to be
measured is shown in Fig. 6. A variable oscillator
which covers the frequency range 1 Mc/s to 2 Mc/s
can be locked anywhere in this range to one of the
harmonics of the 0.1 ke/s. The output from this
oscillator is then mixed with one of the harmonics
of the 1 Mc/s. The difference frequency can then be
easily checked (see later). By suitably combining
different harmonics of the 1 Mc/s, the frequency
coverage can be extended up to at least 30 Mc/s.

The Frequency Synthesizer

With this device it is possible to produce a very
great number of marker frequencies, only one of
which is present in the output at any one time.'®!7
Each marker is locked to the standard crystal oscil-
lator, and is a pure tone, so that there can be no
possible difficulty in identifying the frequency
marker in use. Equipment can easily be designed
to produce markers in steps of 1 ke/s or of 100 c/s
and individual frequencies at 100 c/s intervals up to
30 Mc/s can be produced. Thus no marter what the
frequency of a signal in this range, the equipment can
produce an accurate frequency marker which is
within 100 ¢/s of it. The two frequencies, the signal
to be measured, and the standard frequency, can then
be combined and their difference frequency accurate-
ly measured by one of the Lf. comparison methods.
How this is done can best be seen with the aid of
the block diagram of the basic arrangement as shown
in Fig. 8. The standard crystal oscillator usually
operates at 5 Mc/s, and one of the standard harmonic
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divider chains is used to produce harmonically
rich frequencies of 1 Mc/s, 100 kc/s, 10 kc/s and 1
ke/s. Any individual harmonic, up to the 9th, of the
1 kefs, 10 kefs, 100 ke/s and 1 Mc/s frequencies,
and of the standard frequency can be selected by
tuned amplifiers. The harmonic, or harmonics
selected can then be combined in a series of balanced
modulators to produce the desired output.

Any two selected harmonics, say the n,th harmonic
of the standard frequency f, and the n,th harmonic of
the output of the first divider f/5 are fed to a balanced
modulator system. The output from this modulator
will contain a number of products, the most im-
portant two being n,f + n,f/5 and n,f-n, f/5. These
modulation products are fed to a continuously variable
calibrated tuned amplifier which is tuned to the
wanted product, and is sufficiently selective to reduce
the level of the other products to a negligible
figure. If the required output frequency is simply
n,f + nf/5 this can now be fed to the output of the
equipment where it can be mixed with the signal.

To produce other frequencies which are multiples
of £/50, /500 and f/5000, a similar process occurs.
For example, suppose the frequency to be measured
is say, 76.5 kc/s. A frequency output of 76 ke/s
from the equipment will produce a difference fre-
quency of 500 ¢/s when it is mixed with the frequency
to be measured, and 500 c/s is a suitable frequency
for measurement by one of the low frequency
comparison methods. This 76 Kc/s signal is produced
in the following way. The sixth harmonic of the
1 kc/s frequency is selected by its harmonic selector,
and combined in the balanced modulator with the
seventh harmonic of the 10 kc¢/s frequency which
has been selected by its harmonic selector. The
output from the modulator will consist of 70 kc/s +
6 kc/s and 70 kc/s—6 ke/s. The product at 76 kc/s
is selected by the tuned amplifier and passed on to
be compared with the frequency to be measured.

The output must be reasonably pure if the syn-
thesizer is to exhibit its chief attractions—ease of
operation, and no ambiguity. This can be easily
achieved in the case of the example just considered,
for the main unwanted modulation product is at 70
ke/s-6 ke/s i.e., at 64 kcfs, 12 ke/s away from the
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wanted product at 76 kc/s. Trouble arises when the
second digit of the wanted product, instead of being
5,6,7,80r9,is 1,2, 3 0or 4. In the worst possible
case, which in the example considered would be 71
ke/s, the unwanted product, at 69 kc/s would be only
2 ke/s away, and it would be difficult and expensive
to adequately suppress it. ‘This difficulty can be
overcome, and relatively simple tuned -circuits
retained, by always selecting a harmonic which is the
complement of these low value digits. If a frequency
of say 72 kc/s is required, the 8th, instead of the
second harmonic of the 1 kc/s is selected, and this is
mixed with the eighth, instead of the seventh har-
monic of the 10 kc/s signal. The modulation product
will now be 80 kc/s + 8 kcfs., i.e. 72 kc/s and 88
ke/s. The wanted product of 72 kc/s is selected quite
easily for it is separated by 16 kc/s from the unwanted
product at 88 kc/s.

As a further example of the operation of the
synthesizer consider the production of a frequency
of say 15.678 Mc/s.

The eighth harmonic of the 1 kc/s frequency is
selected and mixed with the seventh harmonic of the
10 ke/s frequency. Their sum, 78 kc/s, is selected
and mixed with the sixth harmonic of the 100 ke/s
signal. The product, 678 kc/s, is then selected and
mixed with the fifth harmonic of the 1 Mc/s frequency
to produce 5,678 kc/s, and this is combined with the
second harmonic of the 5 Mc/s crystal standard.
Their sum, 15.678 Mc/s, is the wanted signal.

If it should be necessary to produce marker
frequencies at intervals which are smaller than
1 kc/s either one of two methods can be used. A
further 10: 1 divider chain can be used to produce
a frequency of 100 c/s from the 1kc/s frequency.
Individual harmonics of this 100 c¢/s frequency can
then be selected and mixed with a selected harmonic
of the 1 kc/s frequency, and so on, to produce marker
frequencies at intervals of 100 c/s. Alternatively a
variable 500 c/s to 1000 c/s oscillator can be used.
The output from this oscillator is combined with the
selected harmonic of the 1kc/s frequency, thus
providing a variable frequency signal in between the
fixed frequency markers spaced at 1 kc/s intervals.
The oscillator need only cover the frequency range
500 ¢/s to 1000 c/s because frequencies between
0 and 500 c/s are produced by mixing the 500 to
1000 ¢/s frequency with a harmonic of the 1 ke/s
frequency, which is one higher than the required
harmonic, the difference being selected. The
harmonics of a 100c/s frequency obtained by
dividing down from the 1 kc/s frequency, can be used
to provide 100 c¢/s calibration check points on the
oscillator, and the calibration of the oscillator need
then only hold over the 100 c/s spacing between
these calibration check points.
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Miniature Tape Recorder

AN hour’s playing time is provided by the Stuzzi
“ Memo-Cord ” which measures only 43inx3%inx 1%
in and weighs 1loz. Standard i-in tape is used and
there are four tracks, selected by shifting the record/
playback head with a miniature gate-change mechanism.
Alternate tracks are played in opposite directions and
there are therefore two erase heads, using d.c. to
saturate the tape. Separate batteries are used for the
3-transistor amplifier and for the motor which drives the
spool rims. Fast rewind can be effected manually, and
a numbered backing ensures accurate tape location.
The price of the “ Memo-Cord,” which as the name
implies is primarily a pocket dictating machine, is
£26 5s and it is supplied in the U.K. by Recording
Devices Ltd., 44 Southern Row, London, W.10.

Interior view of the Stuzzi ** Memo-Cord.””  The carrying

case is in the form of a book.
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THIS is a term that appears from time to time in
Wireless World* and other technical literature, but
perhaps not often enough to be familiar to all. In
fact, although it was invented something like 20
years ago (I believe by Prof. F. C. Williams) a sub-
stantial radio encyclopedia published in 1950 con-
tains no mention of it. So when it does occur it is
liable to interrupt the flow of comprehension,
unless explained, and if it is explained the explanation
interrupts the main stream of the argument. Although
it can be quite quickly explained, it is worth some less
hurried consideration, because it ties in rather
interestingly with other ideas.

Fig. 1 shows the essentials for producing a virtual
earth. It comprises an amplifier, with two impedances
(in this simplest case, two resistances, R, and R,)
connected so as to apply negative feedback in a
particular way. Provided the amplifier has a large
voltage gain and reverses the sign, the potential of
the point P stays relatively constant, almost as if it
were earthed.

So what? Couldn’t one do even better, without
any amplifier, simply by connecting P to earth
directly or (if constant p.d. had to be maintained)
through a battery, Zener diode, electrolytic capacitor
or whatever? But to be effective these would all have
to be paths of very low impedance compared with
R, and R,. The special feature about the virtual
earth is that there is no need to connect it to earth at
all, let alone through a low impedance. It need only

Ry p R,
o AN ANV 0
ViRTURL Lo awpLiFiER of—
Yi N ouT Ve
—10 [ea
£ °

Fig. 1. Basic virtual-earth circuit, comprising an amplifier
and two resistors (or other impedances). The higher the gain
of the amplifier the better.

go to a negatively biased grid. In which case no
current passes out of the circuit there; all that goes
through R, must go through R, as well.

That again, by itself, is nothing remarkable; the
same is true of any impedances in series. It is the
near-earthing of the junction without any appreciable
current-carrying path to earth that is special and
yields interesting results.

One notable result (with resistances, as shown) is
that V, is a copy of V,, but reversed in sign and
enlarged or reduced to any desired extent, the ratio

VIRTUAL EARTH

By “CATHODE RAY”

Fig. 2. How Fig. | is directly utilized in the see-saw phase
inverter circuit. Here Vo = — V1.

being R,/R,. This is true whatever the waveform of
V,, so long as the amplifier covers the requisite range
of frequency. With other kinds of impedance other
phase relationships can be obtained, as we shall see
later.

The best known application, using equal resistances
to get an opposite and nearly equal V,, is what is
appropriately called the see-saw circuit. It isidentical
with Fig. 1, the amplifier normally being a single
high-gain stage. Fig. 2 is a practical version. Its
usual purpose is as a so-called phase splitter or phase
inverter, to drive the balancing half of a push-pull
amplifier. V, is the alternating voltage output of an
amplifying valve—often, but not necessarily, of the
same type as the valve shown—and V, is the resulting
equal and opposite voltage.

The voltage gain of the amplifier is V,/v, so the
greater it is the smaller v is, and the closer P is to
earth potential.

Perfect equality of V, and V,; can be represented
as in Fig. 3; as one potential goes up the other goes
down, and so on alternately—hence the name “ see-
saw.” The diagonal lines represent the peak potentials
all along the path RjR,. If these resistances were
equal, P would be exactly at earth potential, but then
there would be no signal to drive the amplifier, so
the thing wouldn’t work. Fig. 3 shows that in order
to get the necessary v and still keep V, = —V,,
R, has to be slightly greater than R,. Applying a little
elementary geometry to the diagram gives the correct
value of R, as Ry(A+1)/(A—1), where A is the gain,
V,/v.t So, for example, if A = 100, R, would have
to be about 2% more than R;. If however R, = R,
V, would be about 2% less than V,, which in prac-
tice would often be near enough.

These calculations assume that the same current
passes through R, and R,, but according to Fig. 2

*E.g., March 1961 issue, p. 121.
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tStrictly, A is negative, but its sign is disregarded here.
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Fig. 3. Peak potential diagram showing how, because V,
and V, are in oppisite phase, there is an earth-potential
point somewhere on Ry,. The drive for the amplifier (v) is
taken off quite close to this, at the junction P, which is the
virtual earth.

Via Ria
P
P AMMA—— 5V,
\{ R
It ib ¢
X A
Fig. 4. Basis of electronic adding and subtracting machine.

Here (because it is the fashion) the conventional triangular
sign for an amplifier is used instead of the block in Fig. I.
Oddly enough, the big signal comes out of the small end.

R p C
——AAA— I

Fig. 5. This slightly modified version can be used for mathe-
matical integration, or as a time base, or for tone control.
The first two of these uses are explained by Fig. 6.

some current must branch off to earth via C and R,,.
C is chosen so as to have negligible impedance at
any working frequency, so only R, need be consider-
ed. And that needn’t be considered long, because its
‘resistance is likely to be at least as great as R, and R,,
but the voltage across it is only 1/A as much, so with
A of the order of 100—or even .50—the effect of R,
is usually negligible. There is therefore no need
to go to the trouble—as some do—of avoiding the
use of R, by various circuit modifications. These
are more likely to introduce complications than R,
which is located at almost the lowest-potential part
of the circuit.

It may help you to get a still more complete picture
.of the action of the basic circuit if you discard R,
‘and apply the input voltage V, direct to P. The only
current path (assuming a high-impedance amplifier
input) is through R,. Ifthe far end of R, were earthed,
it would appear as a resistance of exactly R, and the
current would be V,/R,. But for every volt applied
‘at P, the far endof R, has — A volts applied to it by
the amplifier. So the total voltage across R, is
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V(A + 1) volts, and the current through it is V,
(A 4+ 1)/R,, and so R, looks to V, (which can’t see
what the amplifier is up to at the far end of it) like
resistance R,/(A+1). This is normally quite low—
almost a short-circuit to earth; hence the  virtual
earth.” The amplifier turns R, into a sort of trans-
former, stepping down the impedance between P
and earth.

Going back to the see-saw circuit, one of its several
advantages is that the ratio of V, to V, depends al-
most entirely on the ratio of R, to R, and hardly at
all on the actual amplification, so long as that is
reasonably large. And V, is an almost perfect upside-
down copy of the V, input; in other words, hardly
any distortion is introduced. These features, of
course, are typical of negative feedback, which is
here used to a maximum extent.

Because another single-valve circuit with maximum
negative feedback, but on the cathode side, is called
the cathode follower, some people call the see-saw
circuit the anode follower. But that is typical of the
muddled thinking that informs our terminology. The
point of the name “ cathode follower ” is that the
potential of the carhode closely follows thit of
the grid. But precisely the opposite is the case with
the so-called anode follower. One might just as well
call a mouse a cat follower.

Another name is “ paraphase circuit.” But it too
is liable to confuse, because the name has been used
for another circuit that looks very similar, the only
difference being that the point P is directly earthed
and the valve is driven from a tapping on R,; this
entirely alters the way the thing works, and prevents
it from being self-balancing.

The virtual-earth principle in what is basically
the same circuit is even more in evidence when it is
used in analogue computers. These (for any who
are not familiar with the term) are computers in
which the numbers in the problem are represented
by the magnitudes of potential differences or cur-
rents. The most elementary operation in arithmetic
is addition, and if two or more voltages, V,,, V.,
etc. are applied through equal resistances, as in Fig.
4, the current flowing in them will be very nearly
proportional to the applied voltages. This is because
P is virtually earthed, so that no appreciable voltages
are applied at that end. And because both or all of
these currents have to flow through R, the total
current therein (and therefore V,) is proportional
to Vi, + V,, +.... Subtraction is automatically
included, because a negative voltage causes a corres-
ponding reduction in voltage output.

It is a simple matter to introduce coefficients,
by making R,,, Ry, etc. different. For instance, the

sum x + 2y

can be done by making V,, proportional to x,
V., proportional to ¥, and R, 1/2 times R,, so that
Vi, causes twice as much current per volt as V,,.
The scheme can be designed for a.c. or d.c. With
a.c. there are greater possibilities, because instead of
simple positive and negative there is a continuous
range of phase difference. If a capacitor is substituted
for Ry, as in Fig. 5, the equal-current rule still holds,
but because of the nature of capacitance the voltage
across C is equal to the time integral of the current.
For instance, if a constant voltage V, is applied it
will cause a constant current, which will charge the
capacitor at a constant rate, making the voltage across
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it increase likewise, as in Fig. 6. Mathematically
V, is the time integral of V,, so the device can be used
to solve differential equations.

This is also in principle the so-called Miller
integrator, developed by Blumlein, which is the
basis for many time-base and delay circuits as well as
computer circuits. The fault of the ordinary time-
base circuits that charge a capacitor through a
simple resistor is that the rise in voltage across the
capacitor is at the expense of the voltage available
for charging it, so that the rate of charge falls off
exponentially. In Fig. 5, by contrast, the virtual
earth keeps point P at constant potential and the
amplifier provides the rising voltage across C, up to
the limit of its output.

Substituting C for R, instead of R, does the
opposite thing—differentiation. V. is then a measure
of the rate at which V, is changing.

The now famous Baxandall tone control circuit {
was designed around the wirtual earth, which allows
continuously variable bass and treble lift and cut to
be applied independently up to a maximum of
about -+ 20dB. In the treble control a capacitor
feeds to P a controllable proportion of V; (for lift)
or V, (for cut), varying the impedance ratio and hence
the ratio V,/V, progressively at high frequencies.
With Fig. 6 still in mind, one might for a moment
fear distortion as a result of the integrating and
differentiating effects of using the capacitor. But
although it is true that the waveform is altered by
such a tone control, that has no effect on hearing,
which is interested only in the sine-wave com-
ponents present.§ And it happens that the sine wave
has the unique property that its form is not altered
by integrating and differentiating; only its magnitude
and phase are affected.

Bass control is provided by making P a slider
tapping on a middle section of R; + R;, thus varying
the ratio Ry/R, and thereby V,/V,. This effect is
confined to low frequencies by shorting out this
middle section to high frequencies by means of two
equal and relatively large capacitances.

Fig. 7 shows the essentials of the complete tone
control system. It is worth noting that negative
feedback of the same basic type is adopted in many
radio receiver output stages (see my contribution
in last July issue), sometimes with fixed tone-adjust-
ing intent.

Ability to bring part of a circuit to earth potential
or thereabouts without actually earthing it (i.e.,
without providing a route for current to escape) is
particularly interesting to designers of a.c. measuring
bridges. Their problem is that the bridge arrange-
ment (Fig. 8(a)), which is an outstandingly versatile
and precise scheme for measuring impedances of all
kinds, allows either the signal source or the signal
detector to be earthed, but not both. In Fig. 8(a)
the detector is earthed, and in the normal operation
of the bridge it is adjusted so that the detector bas
nothing to detect. In other words, there is no p.d.
across it, and both terminals are at earth potential.
There are inevitably some stray capacitances from
the source to earth, shown dotted. These shunt
Z, and Z,, altering their effective values to an
unknown extent and so introducing errors.

If the link joining the bridge to earth were removed,

+¢ Negative-feedback Tone Control,” by P. J. Baxandall. Wireless
World, October 1952, pp. 402-5.

Hsllgigh Quality Sound Reproduction, by ]. Moir; p. 52 (Chapman &
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stray capacitances to earth would be disconnected
from the detector and so would not cause misleading
currents to flow through it, provided they did not
enter via stray capacitance C, between detector and
carth as in Fig. 8(b). Such entry can be prevented by
bringing the detector to earth potential so that no
p.d. exists across C and therefore no current can flow
that way.

What is called the Wagner earth (totally uncon-

VOLTAGE

N1

TIME

Fig. 6. If V; takes the form of a step, as shown here, V, comes
out as a steady slope.

BASS

TREBLE

Fig. 7. Essentials of the Baxandall tone control system,
which is an elaboration of the same basic circuit.

(b)

Fig. 8. (o) General a.c. bridge circuit, with the detector

directly earthed, in which stray capacitances cause errors.
If the detector can be brought to earth potential without direct
connection (b) this is avoided.
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nected with the composer of Tannhduser) does this
by shunting C, and C, with variable impedances,
which are adjusted to bring the detector to earth
potential. To ensure that all the stray capacitances
are connected to earth and none to the detector
(other than C;), the bridge arms are enclosed in
earthed screens.

The snag about this is the adjusting of the Wagner
impedances. To avoid it, C. G. Mayo|| made use of
the virtual-earth principle as in Fig. 9. As before,
the amplifier input is connected between earth and
the point P which is to be made a virtual earth. The
output is connected to one side of the source, at Q.
The part of R, is played by the bridge network
between P and Q. Remember, at any one frequency—
in this case the frequency of the source—any net-
work, however complicated, is equivalent to one
resistance and one reactance, either in series or
parallel as desired. And the part of R, is played
by the bridge network between X and P. A slight
departure from the arrangement we have been
considering is that the signal source is connected
between X and Q instead of between X and earth,

Vs
(s)
2/
v, Fig. 9. Mayo-
i Muirhead-
Q Wagner system
X D for accomplish-
{ ing (b) in Fig.
| i 8.
\
\ C| :~1.C2
¥op :
‘/\\\ sty 7 v Va

but this makes no difference in principle; it just means
that V, is V, — V,.

At balance, there is no p.d. across D, and the
source voltage V, divides itself according to the ratio
of the bridge, with D at virtual earth potential. For
instance, with a 1:1 bridge ratio, points X and Q
would be at opposite and very nearly equal signal
potentials, just as in the see-saw circuit. The stray
capacitances C, and C, from the source to earth occur
across the amplifier output and the source, so can be
regarded as parts of them, perhaps very slightly
altering the signal voltage but not affecting the bridge
impedances or its accuracy. All stray capacitance to
earth from the detector (and from any bridge-arm
screens connected thereto) are rendered insignificant
by the relative smallness of the p.d. across it.

Sometimes it may be desirable to minimize
potential to some point other than earth. That is
where the cathode follower comes in. Fig. 10 shows
how. V, now has the same sign as V,, and v is the
difference between the two—and is relatively small
if the internal gain (A) of the valve is large. When a
single valve doesn’t give enough, there are more
elaborate cathode followers.§ In Fig. 10 the device

Ii“ An Electronic Wagner Earthing Device.”” Muirhead Technique,
January 1957, pp. 6-7.

** Multi-valve Cathode Follower Circuits,”” by J. G. Thomason.
Wireless World, July and August 1957, pp. 310-3 and 373-7.
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Fig. 10. By making use
of the cathode following
action in a cathode fol-
lower, the effective capaci-
tance between the input
lead and its screen can be
reduced to a small fraction
of its directly earthed
value.

T

is being used to reduce the p.d. between the input
lead and its screen. This greatly reduces its effective
capacitance. But, as I emphasized in the May issue,
one has to be careful that the cathode follower isn’t
put out of action by large-amplitude negative-going
steep-fronted signals.

Incidentally, the cathode follower is the extreme
case of the other main form of negative feedback.
That form can be derived from the first one in Fig. 1
simply by changing over the earth connection from
one input terminal to the other. But as it looks rather
unfamiliar to have the earthed input terminals on top,
I have redrawn it in more conventional form as
Fig. 11. Just as R, and R, in Fig. 1 can be regarded
as a potential divider controlling the overall gain
V,/V,, which is nearly R,/R, if A is large, so in Fig. 11
R; and R; is a potential divider straight across the
amplifier output, controlling the amount of feedback
and hence the overall gain, which is approximately
(R; + Ry)/R,. To apply this form it is necessary, as
we have seen, for the amplifier output to be in phase
with the input, instead of opposite as in Fig. 1.
P is still the junction between R, and R,, and now
follows the potential of the “ live ” input terminal
instead of the earthed one.

The cathode follower is distinguished by the fact
that (1) a// the output voltage is fed back, by making
R, = 0, so that the overall gain is approximately 1
(again, assuming A is large), and (2) the output is
taken from cathode instead of anode, so that it is in
phase with the input instead of inverted. So we see
there is a very close relationship between our virtual-
earth circuit and the cathode follower. In fact, the

r——

G Ao+—{

V2
oK E*—’}
Ry R2
AAANY AN )

Fig. I1. This, for comparison with Fig. I, is an alternative
main type of negative feedback connection. If R, = O
and the anode is transferred to earth, it is a cathode follower.

amplifier in the Mayo circuit can be seen as a cathode
follower if point Q is earthed, instead of the cathode
as in Fig. 9. (The source S then has one terminal
earthed.) The cathode-follower action makes the
potential of the bridge screening (which is in effect
its local * earth ) follow that of the grid, in the usual
manner.
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News from Industry

British Relay Wireless & Television Ltd.—A 40%
increase in trading profit is reported for the year to
April 30 last. At £3,516,985, trading profit shows
an increase over last vear of £1,042,379. Chairman,
Sir Robert Renwick, Bart., K.B.E., states that more sub-
scribers were gained to theu rental and relay services
than in any single previous year. B.R.W. opened seven
main stations and 24 substations during 1960-61 bringing
the network coverage to over 3M people.

Electric & Musical Industries Ltd. report a group
profit before taxation of £5.448,000 for the year to
June 30, 1961. This compares with £5.348,000 for
1959-60. Group net profit, after all charges including
taxation, was virtually the same at £2,443,000.

Pye and Ekco Profits Drop.—Both Pye Ltd. and E. K.
Cole Lid. experienced set-backs in the financial year
to March 31 last. E. K. Cole incurred a group loss of
£665,429 as against a previous profit of £675,031 and
Pye’s group profits contracted from £2.4M to £1.4M.
British_Electronic Industries Lid., the company formed
just a year ago for the merger between Pye and Ekco,
is paying a 15% dividend out of Pye’s profits.

Telefunken Annua! Report for the year 1o March 31
last reveals that sales rose in all divisions of the business.
Domestic sales increased by 22% and export business
by 18%. Including companies wholly owned by Tele-
funken, the sales amounted to approximately DM740
million.

The Antiference Group Ltd.—Trading profit of
£440,375 shows a reduction of some 6% oOn the previous
year, but the company’s policy of diversification 1s start-
ing to bear fruit, states chairman N. M. Best.

British Aircraft Corporation Ltd. announce the follow-
ing new appoin‘ments: Sir George Edwards, C.B.E.,
(Executive Director, Aircraft), is appointed managing
director of British Aircraft Corporation Lid. He will
cease to be managing director of Vickers-Armstrongs
(Arrcraft) Ltd. and will become deputy chairman of that
company. The Ri Hon. Viscount Caldecote (Execu-
tive Director, Guided Weapons), is appointed deputy
managing director and chief executive (gurded weapons)
of British Aircraft Corporation Ltd. Marshal of the
Royal Air Force Sir Dermor Boyle, G.C.B.. KCV.0,
K.B.E., A.F.C, has been appointed to undertake special
responsibility for co-ordinating the administration of
personnel and training and education within the Group.
A. W. E. Houghton is to bs managing director of
Vickers-Armstrongs (Aircraft) Ltd.

Grastz K.G. and Standard Electrik Lorenz A.G. have
merged as far as financial concrol is concerned. S.E.L.
already have an in:erest in domestic radio through the
Schaub-Lorenz firm, but the identities of Graetz and
Schaub-Lorenz are 10 be kept separate as far as develop-
ment, production and sales are concerned. There will,
however, be an exchange of know-how.

Nigerian Telecommunications Corporation is the title
of a company newly formed in Nigeria by Marconi’s
Wireless Telegraph Co. Ltd. and L. M. Ericsson Com-
pany of Sweden. The purpose of the new Corporation
is threefold; to provide an * on-the-spot ¥ organization
which can deal rapidly and efficiently with all aspects of
telecommunication requirements; to promote the expan-
sion of technical education in Nigeria, and 10 introduce
local assembly of some types of telecommunication units
rather than import them already assembled.
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Garrard Engineering Board.—Following the recent
announcement that the Garrard Engineering Manufac-
turing Co. Ltd., of Swindon, had become a wholly
owned subsidiary of the Piessey Co. Ltd,, the formation
of a reconstituted board of directors is announced by
Plessey. New directors of the company are A, E.
Underwood {(chairman); Hec:ior V. Slade (managing
director); K. J. Slade; J. Tyldesley; John A. Clark; and
Michael W. Clark. Plessey also announce that Sir
William Stanier has resigned from the Garrard board,
and has accepted an appointment as a director of
Machine Products Ltd. Donald F. Brown has also
resigned from the Garrard board and has joined the
board of Hawley Products Ltd.

Pye have signed a long-term technical agreement with
the French company, Schneider Radio-Television, cover-
ing the manufacture of specified electronic products but
excluding sound radio and TV receivers. Under the
agreement Schneider will manufacture Pye products in
France and market them throughout the franc area
through a joint sales subsicuary which the two companies
have agreed to establish.

C.E.C. (UK) Ltd. Formed.—The American elec-
tronic instrumem makers Consolidated Electrodynamics
Corporation, Inc., of Pasadena, California, has formed a
U.K. subsidiary to manufacture in Britain for both home
and export markets. The headquarters of the new Con-
solidated Electrodynamics Corporation (U.K.) Ltd., is
at 14 Commercial Road, Woking, Surrey (Tel.: Woking
5633).

Veroboard Marksting Company.—Expansion of the
Electronics Division of Vero Precision Engineering Ltd.
has resulted in the formation of that division into a
new self-supporting company named Vero Electronics
Ltd., 1o produce and market Veroboard and its acces-
sories. Trading continues from the same address at
7 South Mill Road, Southampton (Tel.: Southampton
71061), and it is pointed out that the new company’s
formation in no way affects the present or future trading
operations of the parent company.

Aveley Electric Ltd., of South Ockendon, Essex, have
introduced into the U.K. a number of tubes newly
developed by Allen B. DuMont Laboratories for whom
they are agents. Among these is the new scan con-
vertor Type K.2070. This is a double ended, elec'rical
input—eiecrrical output, non-destructive readout storaze
tube capable of resolution in excess of 1,000 lines at 50%
modulation.

Plessey Co. Ltd, of Ilford, Essex, have granted an
exclusive licence to the Centralab Division of Globe
Union Inc., of U.S.A,, to manufacture, sell and use
in the U.S.A. moulded track potentiometers made to
Plessey designs,

British Telemeter Home Viewing Ltd. announce that
they have appointed Marconi’s Wireless Telegraph Com-
pany Ltd. as technical consultants in the field of broad-
cast subscription television and associated matters.
British Telemeter have moved recently to 1 Albemarle
Street, London, W.1 (Tel.: Hyde Park 5494).

Winter Trading Co. Ltd., of Ladbroke Grove, Lon-
don, W.10, have acquired all the branches of L.P.F.
Ltd,, the old-established national radio and electrical
wholesalers. The four branches involved, in Man-
chester, Sheffield, Leicester and Ipswich, will be inte-

grated into the existing Winter Trading organization.
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Tannoy Equipment for Border TV.—Comprehensive
studio intercommunication equipment and monitoring
equipment is being installed by Tannoy Ltd. for the
new Border Television Studios. This follows the pattern
of similar equipment for radio and TV studios through-
out the country. In this instance multi-channel tran-
sistorized selective intercommunication equipment is
used, together with the new Tannoy 3LZ monitor loud-
speaker units mounted in Tannoy “infinite baffle”
enclosures.

Lufthansa German Airlines are to equip their entire
jet airliner fleet with a new radar-navigation set supplied
by Collins Radio Company. Called the DN-101/NC-103
Doppler Radar Navigation System, the unit continuously
measures and displays ground speed and displays present
aircraft position.

Ship-board Television.—Two special broadband
aerial arrays designed by Belling-Lee are being used on
board the liner Canberra owned by P. & O. Orient
Lines. During the preliminary trials of the liner
Oriana which plies the same route as the Canberra
and is equipped with a similar system, the aerials were
subjected to a force 9 gale which they withstood without
any damage. TV programmes continued to be received
up to 120 miles from the transmitter. The complete
system was installed by the Marconi International
Marine Communication Co. It provides for the reception
of TV broadcasts employing the 405-line system used
in Britain, the 625-line system used in Australia, and the
greater part of Europe, and the 525-line system used in
the Western Hemisphere and Japan.

New A.M.P. Factory.—Aircraft-Marine Products
(Great Britain) Ltd. have opensd a 60,000 sq ft plant at
the Industrial Estate, Port Glasgow, Scotland. A wide
diversity of A.M.P. terminals are used in the electronics
industry and in commercial applications the most com-
mon use is for loudspeaker connections. Headquarters
of the Amecrican parent company are located at Harris-
burg, Pennsylvania,

Ultra Radio & TV Service Department, under ser-
vice manager J. S. Lawson, has moved to Eley’s Estate,
Ange! Road, Edmonton, London, N.18 (Tel.: Edmon-
ton 3060).

Perdioc Factory at Sunderland.—Perdio Ltd., the
London manufacturers of transistor radios and TV sets,
components and other related products, are to build a
new 115,000 sq ft factory, which will provide, initially,
jobs for 700 women and 300 men, on a six-acre site at
the Pallion Industrial Estate, Sunderland, Co. Durham.

Brimar Move.—All orders and enquiries, other than
those concerned with export and publicity, should now
be addressed to Brimar Commercial Division, Thorn-
A.EI Radio Valves & Tubes Ltd., Rochester, Kent
(Tel: Chatham 44411). London area telephone en-
quiries can still be made to Footscray 3333,  Commer-
cial manager is G. P. Thwaites,

Racal Change Name.—The broadening of their activi-
ties in the radio communications field has prompted
Racal Engineering, of Western Road, Bracknell, Berks.,
to change their name to Racal Electronics Ltd. A
24,000 sq ft addition to their Bracknell Works is
scheduled for completion next spring. Racal (Australia)
Pty. Ltd., Baulkham Hills, Sydney, has been formed to
market Racal and other products in Australia.

OVERSEAS TRADE

Indian Industries Fair.—A representative selection
of Ekco nucleonic counting and gauging equipment will
be featured at the Indian Industries Fair, New Delhi
(November 14, 1961-January 1, 1962). The Ekco display
will be on the stand of Greaves Cotton & Co. Lid.,
Ekco Electronics distributors in India. The Board of
Trade is providing an official U.K. exhibit and organiz-
ing a large commercial display of British products.

Dexion Radio Mast.—A 60ft radio transmitting mast
built entirely in Dexion Slotted Angle is being supplied
to Emmisores do Norte Reunidos, a commercial broad-
casting station in Portugal.

Marconi Marine equipment has been chosen for six
fishing vessels being built in British yards for the Ghana
Supply Commission. They will be fitted with Marconi
Marine radio equipment and electronic navigation and
fishing aids.

NOVEMBER MEETINGS

Tickets are required for seme meetings; readers are advised, therefore,

to communicate with the secretary of the society concerned.

13th. LE.E. Graduate & Student Sec-
tion.—* The Work of the B.B.C., with
particular reference to transistors * by
R. W. Leslie at 6.45 at Savoy Place,

Ww.C.2.
: : . . 15th. Brit.LR.E.—*“ Infra-red appli-
LONDON nology.—* Semiconductor diodes and s : t i 3 EP
Ist. ILE.E.—' Generation of power in rectifiers in control engineering” by cations in navigation™ by C. M. Cade

satellites ” by H. ], H. Sketch at 6.0 at
Savoy Place, W.C.2. (Joint meeting
with Royal Acronautical Society.)

1st.  Brit.LR.E.—* The teaching of
the theory of transistors and other semi-
conductor devices ” by Professor M. R.
Gavin at 6.0 at London School of Hy-
giene and Tropical Medicine, Keppel
Street, W.C.1.

2nd. I.LE.E.—*“ Acoustics and the
electrical engineer ” by T. Somerville at
6.0 at Savoy Place, W.C.2.

3rd. LE.E.—Discussion on * In-
formation theory in relation to biology
opened by Professor D. M. Mackay at
6.0 at Savoy Place, W.C.2.

6th. ILEE.—“The general prob-
lems of f.m. multi-channel communica-
tions ” by, R. G. Medhurst at 530 at
Savoy Place, W.C.2.

6th. Society of Instrument Tech-
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P. R. Wyman and “ The transistor in
control engineering ” by Dr. G. D. Berg-
man at 7.0 at Manson House, 26 Port-
land Place, W.1.

8th. Brit.I.LR.E.—* Electronics in
chromatography ” by E. L. Gregory
and E. A. Piper at 6.0 at London School
of Hygiene and Tropical Medicine, Kep-
pel Street, W.C.1.

9th. Radar & Electronics Association.
—* Space_communications” Part II by
Dr. W. F. Hilton (Hawker Siddeley
Aviation) at 7.0 at Royal Society of Arts,
John Adam Street, W.1.

9th. Television  Society.—*“ The
colourimetric requirements of mono-
chrome television phosphors: when is
your white screen white?” by C. G. A.
Hill (Levy West Laboratories) at 7.0 at
the Cinematograph Exhibitors’ Associa-
tion, 164 Shaftesbury Avenue, W.C.2.
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at 6.0 at London School of Hygiene and
&r(&pical Medicine, Keppel Street,
.C.1.

17th. Institute of Navigation.—* The
navigation and guidance of supersonic
aircraft ” by Capt. W. L. Polhemus, at
5.30 at The Royal Geographical Society,
1 Kensington Gore, S.W.7.

22nd.  Brit.LR.E.—Computer Group
Symposium on “ Adaptive optimizing
control ”* at 6.0 at London School of
Hygiene and Tropical Medicine, Keppel
Street, W.C.1.

24th.  Television Society.—* Tele-
vision distribution by wire: factors in-
fluencing the choice of system” by A.
Cormack (Hirst Research Centre), G. J.
Hunt (General Piped Television), R. P.
Gabriel (Rediffusion) and R. E. Billham
(Rediffusion) at 7.0 at the Cinemato-
graph  Exhibitors’ Association, 164
Shaftesbury Avenue, W.C.2.
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29th. I.E.E.—* Recent developments
in semiconductor devices and their ap-
plications ” by E. Wolfendale at 5.30 at
Savoy Place, W.C.2.

29th. British Kinematograph Society.
—“Radar recording” by Dr. R. E.
Eastwood and N. R. Phelp (Marconi’s)
at 7.30 at Central Office of Information,
Hercules Road, Westminster Bridge
Road, S.E.l.

29th. Brit.LR.E.—* An experimental
assessment of loudspeaker performance ”
by R. York at 6.0 at London School of
l-{ygiene and Tropical Medicine, Keppel
Street, London, W.C.1.

ABERDEEN

10th. 1.E.E.—* Thermistors—their
theory, manufacture and application” by
Dr. R. W. A. Scarr and R. A. Settering-
ton at 6.0 at Robert Gordon’s Technical
College.

ABORFIELD

20th. I.E.E. Graduate & Student Sec-
tion—* History of modern television”
by A. D. G.” Wheatley at 7.0 in the
Unit Cinema, 3 (Tels.) Training Bn.,
R.E.M.E.

BATH

8th. [I[.E.E.—*Silicon power recti-
fiers ” by A. J. Blundell, A. E. Garside,
R. G. Hibberd and I. Williams at 6.0 at
the S.W.E.B. Demonstration Theatre.

BEDFORD

20th. ILEE.—“ Some recent ad-
vances in semiconductor circuits” by
Dr. G. B. B. Chaplin at 7.0 at the Swan
Hotel.

BELFAST

14th. L.E.E.—* The potentialities of
artificial earth satellites for radiocom-
munication” by W. J. Bray at 6.30 in
Lecture Theatre LG25, David Keir
Building, Queen’s University.

BIRMINGHAM

15th. Television Society.—“ The
S.E.C.AM. French colour television
system > by Pierre Cassagne (Compagnie

rancaise de Television) at 7.0 at the
ffhysics Lecture Theatre, The Univer-
sity.

22nd. I.LE.E.—* Experimental in-
vestigation of space” by J. A. Ratcliffe,
C.B.E,, at 6.30 at the Midland Institute.

23rd. Brit.LR.E.—* Tunnel diodes”
by Dr. K. Hulme at 6.15 at_the Elec-

trical Engincering Dept.,, The Uni-
versity.
27th, L.E.E.—Third Hunter

Memorial Lecture on * The Application
of electronics to the electricity supply
industry > by Dr. J. S. Forrest at 6.0 at
the James Watt Memorial Institute.

BRISTOL

15th. Brit.L.R.E.—* Introduction to
analogue computers” by P. G. Davies
at 7.0 at the College of Science and
Technology, Ashley Down.

21st. L.LE.E.—Faraday Lecture on
« Expanding horizons in communica-
tions” by D. A, Barron at 6.30 at the
Colston Hall.

CARDIFF

8th. Brit.I.R.E.—* High-frequency
induction heating and dielectric heat-
ing” by W. D. Wilkinson at 6.30 at
the Welsh College of Advanced Tech-
nology.

23rd. L.E.E.—Faraday Lecture on
« Expanding horizons in communica-
tions d' D. A. Barron at 6.45 at the
Sophia Gardens Pavilion.
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CHATHAM

29th. LE.E. Graduate & Student Sec-
t.on—" Some aspects of the control and
guidance of guided weapons” by J. A.
Miller at 7.0 at the Medway College of
Technology, Maidstone Road.

CHESTER
20th. [LE.E.—* Transistors” by P.
Godfrey at 6.30 at the Town Hall

23rd. Society of Instrument Tech-
nology.—* Transistors applied to
modern instrumentation ” by J. E. Fiel-
den at 7.0 at Stanley Palace, Watergate
Street.

DUNDEE

9th. 1.E.E.—* Thermistors—their
theory, manufacture and application ” by
Dr. R. W. A, Scarr and R. A. Settering-
ton at 6.0 at the Electrical Engineering
Department, Queen’s College.

EDINBURGH

7th. 1.E.E.—* Brushless variable-
speed induction motors using phase-
shift control” by Professor F. C. Wil-
liams, C.B.E., Dr. E. R. Laithwaite,
J. F. Eastham and W. Farrer at 7.0 at
the Carlton Hotel, North Bridge.

FARNBOROUGH

28th. LE.E.—“ Brushless variable-
speed induction motors using phase-
sh.ft control ” by Prof. F. C. Williams,
C.B.E., Dr. E. R. Laithwaite, J. F. East-
ham and L. S. Piggott at 6.15 at the
Technical College, Boundary Road.

28th. Brit.I.R.E.— Data acquisition
systems ” by K. L. Smith at 7.0 at the
Techaical College.

GLASGOW

8th. I.E.E.—* Education : why
bother?” by Dr. K. R. Sturley at 6.0
at the Institut’on of Engineers and Ship-
builders, 39 Elmbank Crescent, C.2.

29th. I.LE.E.—“ The banana-tube
d’splay system—a new approach to the
d:splay of colour-television pictures” by
Dr. P. Schagen at 6.0 at the Institution
of Engineers and Shipbuilders, 39 Elm-
bank Crescent, C.2.

IPSWICH

15th. IL.E.E.—Third Hunter Memo-
rial Lecture on “The application of
electronics to the electricity supply
industry > by Dr. J. S. Forrest at 6.30
at Electric House.

LIVERPOOL

15th. Brit..R.E.—* The guidance of
bats and men by echo-location” by L.
Kay at 7.30 at the Walker Art Gallery.

MALVERN

2nd. Brit..LR.E.—* Transistor port-
ables ”” by R. A. Lampitt at 7.0 at the
Winter Gardens.
MANCHESTER

2nd. Brit. LR.E.—“V.H.F. communi-
cations receivers and transmitters using
transistors > by A. J. Rees and D. C.
Carey at 7.0 at Reynolds Hall, College
of Technology.

7th. LE.E.— Some recent develop-
ments in oscillat'ng electr.cal machines ”
by Prof. F. C. Will'ams, C.B.E., at 6.15
at the Electrical Eng'neer'ng (Dover
Street) Laboratories, The Unlversity.

8th. IL.E.E.—“Data transmission”
by R. H. Franklin and J. Rhodes,
M.B.E,, at 6.15 at the Engineers’ Club,
Albert Square.
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21st. 1.E.E.—* Transistor instrumen-
tat'on in rockets” by G. G. Haigh at
6.15 at the Engineers’ Club.

21st. Incorporated Practitioners in
Radio & Electronics.—* Operational use
of radio by the police” by a member of
Manchester City Police Radio Dept., at
7.30 at the Central Hall, Oldham Street.

MIDDLESBROUGH

1st. LE.E. — “Thermistors—their
theory, manufacture and application”
by Dr. R. W. A. Scarr and R. A,
Setterington at 6.30 at the Cleveland
Scientific and Technical Institution.

NEWCASTLE-UPON-TYNE

1st. I.E.E.—*“The potentialities of
artific.al earth satellites for radio-
communication ” by W. ]. Bray at 7.0

at the Conservative Club, Pilgrim Street.

6th. 1.E.E.—* Microminiaturization ”
by L. J. Ward at 6.15 at the Rutherford
College of Technology, Northumberland
Road.

8th. Brit..R.E.—*“ A pulse time mul-
tiplex system for stereophonic broad-
casting ” by G. D. Browne at 6.0 at the
Institute of Mining and Mechanical
Engineers, Neville Hall, Westgate Road.

20th. I.E.E.—* Simulation of intelli-
gence ” by Professor D. M. Mackay at
6.15 at Rutherford College of Techno-
logy, Northumberland Road.

NEWPORT

10th. Institute of Physics and Physi-
cal Society.—* Colour television: prin-
ciples and practice” by K. Hacking
(B.B.C.) at 6.0 at the College of Tech-
nology.

NOTTINGHAM

28th. I.E.E.—Third Hunter Memorial
Lecture on “ The application of elec-
tronics to the electricity supply in-
dustry.” by Dr. J. S. Forrest at 6.30
at Nottingham University.

PORTSMOUTH

10th. Brit.I.R.E.—* Recent Advances
in low noise microwave valves” by
Dr. D. G. Kiely at 7.0 at the College of
Technology.

SOUTHAMPTON

1st. I.E.E.—“ Brushless variable-
speed induction motors using phase-
shift control” by Professor F. .
Williamis, C.B.E., Dr. E. R. Laithwaite,
J. F. Eastham and L. S. Piggott at 7.0
at The University.

14th. L.E.E.—“High speed ferrite
core stores ” by P. Cooke at 6.30 at The
Un.vers.ty.

STONE

13th. LE.E.—“Data transmission”
by R. H. Franklin and J. Rhodes,
M.B.E., at 7.0 at Duncan Hall.

TAUNTON

oth. I.E.E.—Third Hunter Memorial
Lecture on *“ The application of elec-
tron.cs to the electricity supply in-
dustry ” by Dr. J. S. Forrest at 3.0 at
the Lecture Theatre, S.W.E.B., Electric
House, The Parade.

WOLVERHAMPTON

1st. Brit.I.R.E.— Electronics in bi-
ological engineering” by W. J. Perkins
at 7.0 at the College of Technology.

WORKINGTON

7th. LE.E.—Silicon power recti-
fiers by A. ]. Blundell, A. E. Garside,
R. G. Hbberd and I. Willlams at 7.0
at the College of Further Education.
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RANDOM RADIATIONS

One Year Old

I HEAR that the members of the
Pilkington Committee recently held
a small informal party to celebrate its
first birthday. I wonder how old it
will be before it speaks! The
P.M.G. has certainly made it clear
in his reply to the recent appzal from
the Radio & Television Retallers’
Association for an early decision on
line standards that there will not be
an interim report from the Commit-
tee. I understand that during the
year there have been 56 full-day
meetings. In addition a sub-
committee of four spent 10 days in
N. America. The 11 members of the
Committee (there were originally 13)
are certainly putting in a tremendous
amount of time one way and another.
They have already had almost as
many meetings as its immediate pre-
decassor—the Beveridge Committee
of 1949—which held 62 meetings and
produced its 900-page report (includ-
ing append:ces) in 19 months.

Stmply a Question Of

DUE, undoubtedly, to the dispro-
portionate amount of publicity given
in the lay press to the questions of
TV line standards and colour, there
'is in the mind of the man in the
street tae idea that these are the
Committee’s only problems. This is,

"of course, far from the truth but I

can’t, myself, be sure of the scope of
the terms of reference. 1 wonder if
the Editor would refresh our
memories by reprinting them.* Can
you remember, by the way, the
“ familiar > titles of the earlier com-
mittees of enquiry into broadcasting
set up by the Government? The first
was the Sykes Committee of 1923;
the second, the Crawford Committee

* Yes, certainly, here are the terms of
reference and, for full measure, the names
of the members of the Committee.—~Ed.

“ I'o consicer the futu.e of tne broad-
casting services in the United Kingdom,
the disseminati>n by wire of broadcasting
and other programmes and the possibility
of e ‘evision for public showmg, to advise
on the services which should in future be
grov:ded in the United Kingdom by the

and the I.T.A.; to recommend
whether additional services should be pro-
vided by any other organization; and to
propose waat financ.al and other conaitions
should apply to the conduct of all these
services.”

Members:—H. Ch»llisan, Elwyn Davies,
Miss Joyce Grenfell, R, Hoggart, E. P.
Hudson, Pref. F. H. Newark. J. S. Shields,
Dr. R. L. Smith-Rose, Mrs. Elizabeth Whit-
ley, W. A, Wright and D. G. C. Lawrence
(secretary).

602 =

By “DIALLIST"

of 1925; the third, the Ullswater
Commuttes of 1935 and the fourth,
the Beveridge Committee of 1949.
What a simple task the first commit-
tes must have had by comparison
with the major problems facing the
present members. In those far off
days it was simply (sic/) a question
of sound broadcasting.

Colour TV

DID you see what Jules Thorn had
to say about colour television in his
statement at the recent annual gen-
eral meeting of Thorn Electrical In-
dustries, which, as you know, mar-
kets domestic sound and television
sets under a number of trade names,
including Ferguson, Philco, Filot
ana Ultra. He said: “ As 1o colour,
I am appalled at the irresponsible
statements that have been appearing
in the Press. It is certainly possible
1o give colour demonstrations under
carefully controlled closed circuit
condiuons, but 1 believe it is wrong
to muslead the public into thinking
that we can have it as a sausfactory
broadcast service.” He then went on
to quote a few facts from the Ameri-
can scene where colour TV was
introduced as far back as 1954. In
the seven years since then only
590,000 colour sets have been sold
to the trade. During the same period
over 50M monochrome receivers were

PRINCIPLES OF SEMICONDUCTORS
M. G. Scroggie, B.Sc., M.1.LE.E

ciples. K. R. Sturley, Ph.D.. B.Sc., M.I

A complete list of books is
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COLOUR TELEVISION: NTSC System, Principles and

Practice. P. S. Carnt, B.Sc. (Eng.), A.C.G.I, A.M.L.E.E.

and G. B. Townsend, B.Sc., F.Inst.P.,, M.LLE.E., A.K.C. .. 85/« 87 /3
PRINCIPLES OF FREQUENCY MODULATlON

B. S. Camies 0 21/-  21/10
RADIO VALVE DATA

Compiled by the staff of *“ Wireless World.’* 7th Edition .. 6'- 6/10
INTRODUCTION TO LAPLACE TRANSFORMS for radio and

electronic engineers,

W. D. Day, Grad.l.E.E., A.M.Brit.L.LR.E. = 32/6 33/6
BASIC MATHEMATICS FOR RADIO AND ELECTRONICS

F. M. Colebrook, B.Sc., D.I.C,, A.C.G.I. Revised by J.

Head, M.A. (Cantab.). 3td Editition 00 00 i7.6 i8/6

PRINCIPLES OF TRANSISTOR CIRCUITS
S. W. Amos, B.Sc.(Hons.), AAM.LLE.E. 2nd Edition .. 21/- 22/-

SOUND AND TELEVISION BROADCASTING. Genetal Ptin-

GUIDE TO BROADCASTING STATIONS
Compiled by *‘ Wireless World.”® 13th Edition .. .. 3/6 4/-

Obtainable from all leading booksellers or from

ILIFFE BOOKS LTD., Dorset House, Stamford Street, London, S.E.l.

sold. Mr. Thorn added: “ Although
we (Thorns) have developed a
system which we think has many
advantages over the U.S.A. system
we do not believe it to be at the
stage when we can put colour on the
market.”

A Worthwhile Job

THE Editor has passed to me a letter
from the Nuffield Talking Book
Library for the Blind appealing for
help for the servicing of talking book
machines. In his letter, D. Finlay-
Maxwell, the honorary organizer of
servicing volunteers—of which there
are already some 1,500—says that
volunteers would be called upon to
install machines (some disc and some
tape) for the blind and also to ser-
vice these should faults develop.
This valuable and worth-while activ-
1ty involves no financial obligation as
all spare parts, etc., are provided by
the Library. Circuit diagrams and
technical data are also provided.
From the information given in the
letter it would appear that, if you
volunteered, you would not be
called upon very frequently. My
present state of health prevents me
from offering my services, but I do
hope that this note will stir some of
my readers to volunteer. Your offers
should be addressed to D. Finlay-

Maxwell, A.M.LLEEE., Hon. Or-
PUBLICATIONS
Net By
Price Post
21/= 2111

.E.E. 45/~ 46/4

available on application.
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ganizer of Servicing Volunteers, c/o
John Gladsione & Co., Ltd., Gala-
shiels, Scotland. It would help the
organizer if you would state the
approximate area you would be pre-
pared to cover.

A Retrograde Step ?

SO France has taken the retrogres-
sive step of introducing the 625-line
standard for its second television pro-
gramme which, when started next
year, will operate in Bands IV and
V. Although there is no indication
that the present 819-line standard is
to be abandoned for existing services,
I am more than surprised that our
French cousins have weakened in|
their stand to foster the world’si
highest definition TV. The official
announcement from the Ministry of
Information states that an 8-Mc/s
channel will be employed, and that
the spacing between vision and
sound carriers will be 6.5Mc/s. The
vision carrier will employ positive
modulation and sound will be a.m.,
as in their present 819-line trans-
missions. One wonders if the intro-
ducrion of a second service will give
an impetus to the growth of TV in
¥rance which, as I said a few months
ago, has not been very' spectacular.

U.H.F./V.H.F. Co-Siting

'TALKING of a second programme :
I was interested to see the note in
last month’s “ World of Wireless™
on the introduction of Italy’s second
chain of stations. I was particularly
interested in the decision to install the
u.h.f. stations at the same sites as
the existing v.h.f. transmitters. At
first sight (sorry!) this seemed odd
as, of course, the service area of
stations in Bands IV and V is con-
siderably less than those in the lower
bands. However, when one reflects
that the majority of Italy’s 550 or
more v.h.f. television stations each
cover only a very limited area—
almost every valley has its own
station—the decision on co-siting is
logical. As you know, the Italian
TV channels in Bands I and IIT are
lettered A-H, but I see that they will

An additional range of Strip Connectors. List
Nos. T.122-124 have both “ AMP ” tags and
solder tags on opposite sides of the base board.
List Nos. T.127-129 have “ AMP ” tags both
sides, List Nos. T.132-134 have “ AMP ” tags
and solder tags at right angles (illus.).

moulded clip-in plug.

Another of our NEW range of Collet-fixing Knobs,
List No. K.463, incorporating the same features
as the other models, moulded in glossy black bakelite
(standard), with other colours to quantity order.
The Collet tightening screw is hidden under a
Write for details quoting
reference of 2000/C. Brit. Pat. App. No. 18175/61.

be using numerals for the channels
in Bands IV and V. Incidentally, be
very cautious when referring to the
numbering of channels in the uhf.
bands. They are no longer con-
tinuous from those of Bands I and
III. It was agreed at the recent
Stockholm Conference to start num-
bering the 61 channels in Bands IV
and V at 21—an advance of seven on
the old temporary numbering.
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A further development, adding to our range of
skeleton switches to enable manual operation. A
bracket fixed to the side of any of these switches
holds the biased plunger, which operates the
switch. Fixing is by a }§in.-clear panel hole,
in panels up to §}in. thick. Order as: List No.
of switch required plus ¢ S.768.”

FURTHER INFORMATION ON ALL ITEMS

AVAILABLE ON REQUEST. PLEASE REFER
TO THIS ADVERTISEMENT.

A. F. BULGIN & CO. LTD., BYE-PASS RD.
BARKING, ESSEX. TEL: RIP 5588 (12 lines)

NEW Insulation Covers for our
Domina Connectors '0 enable safe
external flex connection, thus widen-
ing their use to many more
applications. Quickly slipped-on to
the connectors holding extremely
tightly once in place. P/No. 9452
fits P. 490-491 and P/No. 9461
fits P.501/502.

A Competitive, all moulded NEON Signal
Lamp, List No. D.841 for either 200-250V
or 100-150V working. One hole fixing by a
quick-grip stamping. Leads for connection
with resistor included and either Red or
Colourless lens. Simple, but fulfils a variety
of purposes.

Meter Push, List No. M.P.12/1, designed for
use where accidental operation can be
dangerous, has a recessed safety-bezel. Oper-
ations cannot be obtained unless a direct,
intentional finger movement is made.

603


www.americanradiohistory.com

UNBIASED

“ Steam ” P.A. Link

ONE day last summer, when paying
a brief visit to one of our muse popu-
lar seaside resorts, I went to the
show being given by the concert
party on the pier. The building it-
self was modern and its p.a. system
was first-class in all respects but one.

I noticed it first during a per-
formance by a ventriloquist who, as
he walked about the stage with his
dummy, was using a microohene and
a trailing cable connected to the p.a.
system to enable his voice to carry
to all parts of the theatre. His per-
formance as a ventriloquist was very
good indeed, but the out-of-date
technique of the trailing cabie struck
2 jarring note.

This cable was obviously a
nuisance and a snare to the feet of
the ventriloquist, more especially
when he came down amcng the
audience, as he did. In addition to
this disadvantage, the very presence
of the cable drew unkind remarks
from some of the “know-alls” in
the audience to the ecffect that the
mike was really a loudspeaker and
that the dummy’s ‘““‘voice™ came
along the cable from a backstage con-
federate.

Surely in these days it slhiould not
be necessary to employ a ‘ steam”
p.a. link, such as a trailing ceble, to
couple a portable mike to the ampli-
fier. It should be the sxmplest thing
in the world to have a tiny micro-
wave and microwatt transmitter in-

»mm-wﬁin

“F.G.”" will be interested in this radio
microphone designed by Associated Tele-
vision.—Ed.
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side the dummy, linking to a
backstage receiver feeding into the
p.a. system. The absence of the
trailing cable would make the per-
formance much more realistic.

In fact I would go even further
and put the tiny transmitter on the
person of the ventriloquist and have
a receiver in the dummy as well as
bzckstage. By this means the ven-
triloquist would be able to leave the
dummy cn one side of the stage,
while he took up his stance on the
other, or just walked about. It
would naturally be a simple matter of
telearchic technique to control also
the movements of the dummy’s lips
and eyes from the * micromitter > on
the ventriloquist’s person, the con-
trols being In his trousers’ pocket.
He could then call himseif by the
Graeco-Latin hashup of “teleloquist”.

If my suggestion was adopted, a
performance of greatly enhanced en-
tertainment value could be given.
There should be no difficulty about
getting a transmitting licence from
the P.M.G. as the apparatus would,
I think, come into the same category
as that used for controlling model
boats and aircraft.*

* It is not quite so simple as “F.G.”
imagines. The risk of interference with
the receiver associated with the radio
microphone raises difficulties in finding a
suitable frequency. However, we under-
stand the Post Office has drawn up a pro-

posed specification  for equipment _ to
operate in the 174.6-175 Mc/s band.—Ed.

Hospital Sales Resistance

IN the August issue, I complained
of the heavy and old-fashioned type
of headphones used in hospital wire-
less installations, and put forward a
plea for lightweight headphones of
the stethoscope type. In October I
amended my plea and suggested a
system whereby there was one ear-
plece in the control box on the wall
to feed the sound by an ordinary type
of stethoscope, to the patient’s ears.

I am pleasantly surprised to learn
that both these systems are already
available, the first being marketed
by Hadley Telephone & Sound
Systems Ltd., of Smethwick, Staffs.,
and the second, under the name of
Stethophone, by Goring Kerr Ltd.,
of Gerrards Cross, Bucks. Although
the latter is at present not well
known in this country it is in wide-
spread use in Scandinavia. and
Holland.

Judging from details sent to me, I
think both these systems are worthy
of the highest praise and are “just
what the doctor ordered ” except that
the doctors—or at any rate the hospi-

www americanradiohistorv com

tals—seem very reluctant to order
them, despite the fact that they have
been supplied with full details.

This does not altogether surprise
me as hospital authorities are very
conservative in these matters, as was
shown in the ’twenties when they
showed no great enthusiasm toward
the introduction of hospital radio
itself, in spite of the fact that it acts
as a psychological ansthetic to those
spending long, weary hours in bed.

Perhaps indeed it was just because
broadcast listening did act as an
anasthetic that the hospitals were
suspicious of it, as was the greater
part of the medical profession in
1847 when Sir James Simpson began
the extensive wuse of physical
anasthetics. His fellow medicos
continued their opposition even when
Simpson pointed out to them that an
anasthetic was used at the very
earliest recorded physical operation
when, prior to the removal of his rib,
a deep sleep was caused to fall upon
Adam (Gen. II 21).

Etymological Exactitudes

THE expression “in vacuo” is to
be found quite a lot in electronics
literature when, for instance, discus-
sing the phenomenon recurring in a
valve or cur.t, and is, of course,
commonplace in other branches of
physics. The use of the word
“vacuo” although an etymological
exactitude is, in my opinion, irrita-
tingly pedantic.

In my vulgar and ignorant way, I
usually write “in a vacuum,” since
1 regard the word “vacuum?” as
having become as completely a part
of the English tongue as, for instance,
the Latin word “inertia.” What
physicist, for instance, speaks of over-
coming “inertiam ” (note the final M)
as he rightly but pedantically should.

I raise this question here because
some months ago, I was shocked to
read in a learned journal an article
in which occurred the truly dreadful
expression “ Loss of Vacuum,” which
only a vulgar person like muyself
would use. Matters were made much
worse in that hard on the heels of this
philo'ogical philistinism came the
pedantically correct “in vacuo.”

I am quite aware that the English
preposition “of ” is embodled in the
Latin genetive “vacui” but that is
all to the good; after all, the English
indefinite article “a” is embodied in
the Latin ab’ative “vacuo.” Maybe
you don’t agree with my argument,
but I don’t think you can deny that it
is logical; or can you?

-~ WIRELESS WORLD, NOVEMBER 1961
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AVO INSTRUMENTS

Made within the shadow of Big Ben,
AVO instruments enjoy a reputation
for reliability which, like the chimes
of this famous Tower, reaches the
farthest corners of the world.

D.C. Amplifiers . Trade ark
Radiation Monitors

Yalve Yolimelers

Multi-range Testmeters

YValve Teslers

and other electronic

and nucleonic instruments
4

ém ILTIX»  AVOCET HOUSE 92-96 VAUXHALL BRIDGE ROAD - LONDON - S.W.l

Telephone: ViCtoria 3404 (12 lines) Cobles: Avocet, Sowest, London
A-MEMBER OF THE METAL INDUSTRIES GROUP OF COMPANIES
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JH&P

TeE HF156 manpack transmitter/receiver is a thor-
oughly reliable, robust, fully sealed and entirely self-
contained portable set for active service in extreme
climatic conditions. Six crystal-controlled channels,
extreme simplicity of operation and exceptional range
on voice and CW are some of the many features that
stood out during extensive user trials in the Far East.
The military-type one-man canvas pack in the picture
above contains the combined transmitter/receiver and
power supply and the aerial loading unit. A pocket
contains handset, morse key and headset with boom
microphone when they are not in use. A sectional rod
aerial and its flexible base are also carried. Dipole and
end-fed aerials, in a separate haversack, need be car-

~'ried only when required. Provision is also made for

vehicle-borne operation and for the use of non-spill-
able lead/acid accumulators or dry batteries, greatly
increasing the versatility of this latest set in the BCC
HF15 geries.

NOVEMBER, 1961

/

Now appovd for the British rm

Ask for a leaflet describing the HF156 and the addi-
tional facilities for vehicle-borne operation and for
power supply from lead/acid accumulators or dry
batteries.

BCC also design, engineer, instal and

service complete communications

systems. Our advisory service would

be glad to have the opportunity of
helping you.

*

[ BRITISH COMMUNICATIONS (ORPORATION LIMITED

HIGH WYCOMBE BUCKS Tel: HIGH WYCOMBE 2501
AND AT WEMBLEY

GRAMS : BEECEECEE HIGH WYCOMBE
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: . RANGE 400V range .001—.47uF
----- e AVAILABLE 125V range .01— 1uF
30V range .01— .1uF

'SMALL PHYSICAL SIZE

HIGH WORKING TEMPERATURES
CLOSE CAPACITANCE TOLERANCE
HIGH INSULATION RESISTANCE
FULLY TROPICALISED

for leaflets giving
full technical details

COST SAVING

=

===
‘V . MULLARD LTD - COMPONENT DIVISION -

7

MULLARD HOUSE : TORRINGTON PLACE - LONDON W.C.1

T

N
MC4214
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Hewlett-Packard

GROUP OF COMPANIES

® HEWLETT-PACKARD COMPANY
® DYMEC, DIVISION HPCO

® HEWLETT-PACKARD GmbH.

® BOONTON RADIO CORPORATION
® F.L. MOSELEY COMPANY

PR

ECISION INSTRUMENTATION SOLD AND SERVICED IN YOUR COUNTRY

® Oscilloscopes DC - 1000 MC. e Q Meters 50 KC ~ 610 MC,

o Oscillators 0.008 - 10,000,000 CPS, ® X-Y Recorders.

o VTVM DC - 1000 MC. o Waveguide Components.

o Frequency Standards :
o Electronic Counters up to 18 GC. Primary, Secondary.

e Signal Generators AM-FM 50 KC - 40 GC. o Amplifiers = Power Supplies.

Hewlett-Packard Model 185 A Oscilloscope DC-1000 MC. Completely new circuit approach,
permits viewing — on a bright 5” cathode ray tube — of repetitive short pulses

requiring a bandwidth up to 1000 MC. Rise time less than 0.45 nanoseconds. Sensitivity
10 mV/cm, o 200 mV/cm, Horizontai sweep times 0.t to 100 nanoseconds/cm.

The new BRC UHF Q Meter Type 280-A
is a unique self-contained instrument

for measuring the RF characteristics of
components in the UHF range 210-610 MC.
In addition to performing conventional
Q Meter measurements, In which the
i unknown component is resonated with the
internal calibrated capacitor, the output

of the oscillator and input of the resonance indicator are available externally for
directly measuring the Q of components such as cavities.

F. L. Moseley Company Autograph X-Y Recorders plot directly in Cartesian coordi-
_nates any test data which can be reduced to electrical form. As a curve follower,
it will control many industrial and manufacturing processés. Used in laboratories
and industrial "plants throughout the worid.

- Hewlett-Packard S.A.

Geneva (Switzerland) Rue du Vieux-Billard 1, Tel. (022) 26 43 36
Exclusive Distributor for United Kingdom:
LIVINGSTON LABORATORIES LTD.

31, CAMDEN ROAD, LONDON, N.W.IL
Telephone : GULliver 8501 (10 lines) HPSA-10- 412

progress in instrumentation
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SIMPLE TO OPERATE.

Anyone can operate the Garrard
system. Controls have been simpli-
fied. There are three positions only:
PLAY . RECORD . WIND.

MAGAZINE LOADING.

No tape threading. No spilling. No
anchoring of tape. Just place the
magazine on the deck and it’s ready
to operate.

EASY STORAGE.

The Magazine is the same size as an
average book. It fits neatly on a
bookshelf using the Library Storage
Unit.

GARRARD TAPE POSITION
INDICATOR.

Gives precise and accurate indication
of recordings on the tape.

WIRELESS WORLD

—— W L] 3

CONTINUOUS — EASY TAPE RECORDING & PLAYBACK
WITH THE GARRARD MAGAZINE METHOD

MAGAZINE TAPE DECK ACCESSORIES

Magazine containing 650ft. Double Play Tape in container £1 I3
Magazine only with one empty spool
Reel of 650ft. Double Play Tape..............ccocooviinienioiinn.
Garrard Spool only ...

Library Storage Magazine Container :
Tape Position Indicator ............cooooiiiiiiiii

o 0N WO O N

THE GARRARD ENGINEERING
& MANUFACTURING CO. LTD.

SWINDON . WILTSHIRE
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»
VALVE AND TELETUBE MANUAL N° 9 v II u I

INFORMATION
ARRANGED

FOR INSTANT
REFERENCE...

The latest Brimar Manual contains fully
detailed ratings and operating character-
istics on the complete Brimar range of over
300 types of valves and teletubes.

Details of advantages gained in the use
of Twin Panel Teletubes are included
together with dimensioned drawings.
There is also a description of the Design
Data Service for equipment designers
which now supersedes the Brimar
Application Report Service, plus a
section for home constructors with new"
and revised circuits for audio and stereo
applications.

CV Equivalents Lists include all new
number allocations and the Direct Equiv-
alents List gives the data page reference
to the Brimar equivalent type.

Brimar Manual No. 9 provides an up-to-date record

of facts and figures, designed for easy, instant
reference.

VALVE & TELETUBE MANUAL No. 9

6 mm Write or 'phone for
your copy today...

Brimar Commercial Division

THORN — AEl RADIO VALVES & TUBES LTD., ROCHESTER, KENT. TEL: CHATHAM 44411
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GOODMANS

Secret of Supremacy

The High Fidelity Loudspeakers featured on this page are the finest and hence the most sought
after 8" and 10" units produced. Both models owe their outstanding success to their smooth
high definition treatment of all types of programme material.

They employ the now famous Goodmans plastic terminated hyperbolic diaphragm driven
by a long throw aluminium coil moving in a very high magnetic field. Perfection of these basic
features in precision assembled loudspeakers is the secret of the supremacy of the AXIETTE
and AXIOM 112.

AXIETTE

Diameter: 8'. Frequency Range: 40-15,000 c/s. Power Handling: 6 W
(12 W American Rating). Fundamental Resonance: 65 cfs. Flux Density:
15,000 gauss. Impedance: 15 ohms. Enclosure: 3,000 cu. ins. Reflex-see
Manual*,

Price £5.0.0. (Plus P.T. £1.15.4.)

Oc/s $0c/s 100c/s 150c/s 200c/s 300c/s “00c/s SO0 6 X 8 9 1Xc/s 1:SKefs 2Ke/s  IKc/n 4Kc/s SKcjs 6 7 8 9 10Kc/y ISKe/s 20Kers

— | I
d

10505 10

Decibels

Mounted on Infinite Baffle, Anechoic Conditions

AXIOM 112

Diameter : 10", Frequency Range : 40 -15,000 c/s. Power Handling : 12 W
(24 W American Rating). Fundamental Resonance: 45 c/s. Flux Density:
16,000 gauss. Impedance: 15 ohms. Enclosure: 5,000 cu. ins. Reflex-see
Manual*,

Price £6.8.8. (Plus P.T. £2.5.6.)

Oc/s $0c/s 100c/y 150c/s 200c/s 300c/s 400c/s 500 6 7 8 9 iKe/s 1:5Ke/s IKe/s  IKe/s 4Ke/a SKejs 6 7 8 9 10Ke/s 15Ke/s 20Ke/s
I o | I
1

s

Mounted on Infinite Baffle. Anechoic Conditions

Decbels 10 § 0 5 10 1§
\
\

GOODMANS INDUSTRIES LIMITED, Axiom Works, Wembley, Middx.
Tel : WEMbley 1200 (8 lines) Grams : Goodaxiom, Wembley, England.
* PLEASE SEND HIGH FIDELITY MANUAL

N AITIC et e e .
Address .o B = — el

In every sense the greatest range — in every country the greatest name _I
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SIX GOOD REASONS
WHY YOU NEED THE
NEW EDITION OF THE

Mullard
MAINTENANCE MANUAL

1 This is acompletely new and up-to-date
edition including all current replacement
types. It contains valuable new material
and is an essential source of reference
for every Service Engineer.

2 Supplementary data sheets will be
issued from time to time to provide data
on new types. This service is included in
the initial price of 16/-.

3 The binding of this edition is specially
designed to allow the supplementary
data sheets to be inserted simply and
without glueing.

4 The manual. contains full data on 178
separate types and the equivalents list
of current types provides cross-refer-
ences to 480 types.

5 All devices are listed in alphabetical
order for easy reference.

6 The data on each type has been care-
fully compiled to supply the information
which the Service Engineer is most likely
MAINTENANCE MANUAL 16/- to require, including very clear base

diagrams for each type.

RCTNG

Published by Mullard Ltd. U.K. Price 16/-.
Get your copy from your radio dealer or
orderdirectfrom MULLARD LTD., MULLARD
HOUSE, TORRINGTON PLACE, LONDON,
W.C.1. (Postage and packing 1s. 0d. extra.)

NOTE: A few copies of the previous edition
are still available at 10/6d. each (postage and
packing 1/- extra).
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an absolute practical minimum of

and

That has been one of our main objectives since we started
making tape decks and recorders and we feel that we have
achieved this (along with many other notable features)

in our present range of recorders. By the use of high quality = e
components and fastidious precision assembly these
““ wow and flutter > figures are maintained:—

Below .05%, at I5 ips
Below .19 at 7% ips x
Below .I15%, at 32 ips /

\

Below .259 at I ips

The Brenell Mark 5 deck at 28 gns. has greater precision
and dependability than you are ever likely to find elsewhere
at anywhere near the price.

IT’S A HEART THAT IS AS SOUND AS SOUND CAN BE.

3 INDEPENDENT MOTORS (Capstan motor-
hysteresis synchronous)
4 RECORDING AND PLAYBACK SPEEDS, 1}, 33, 74

Ab’idged and 15 ips.
FAST REWIND (1,200ft. rewound in either direction in

Specification: 45 secs)
ACCEPTS 8lin. reels. INTERLOCKED CONTROLS
PAUSE CONTROL. DIGITAL REV. COUNTER,
PROVISION FOR EXTRA HEADS (Mono or Stereo)

TAPE RECORDERS: MARK 5 STEREO: £99.12.0.
3 STAR: 58 GNS,
3 STAR STEREO: 89 GNS.

MARK 5: 64 GNS.

Full details and the address of your nearest stockist from the
sole manufacturers:—BRENELL ENGINEERING CO. LTD.
IA DOUGHTY STREET, LONDON, W.C.I. CHA 5809 and HOL 7358 GD82l
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C.R.E.l. TRAINING

and
computer

engineering
technology

Computers are playing an increasingly important part in our
lives, and training in computer electronic engineering will lead to
interesting and rewarding careers.

To help fill the rapidly growing demand for specialists,
C.R.E.l. have expanded their home study courses to train
capable students in Automation, covering computers, servo-
mechanisms and the most recent applications of electronic
technology.

C.R.E.I. HOME STUDY COURSES — THE LADDER TO SUCCESS

C.R.E.l. — trained electronics engineers in their thousands hold prominent
positions in American industry and the U.S. Forces. Now, more and more
British students are using the specially revised courses to study the design
and application of computers and allied techniques, taking advantage of the
unique C.R.E.I. facilities to equip themselves with a first-class technical
education in their spare time. C.R.E.I. training is so up-to-date that much
of the information imparted is not yet available in text books.

Send for more details — without obligation.

We urge you, therefore, to send the coupon below for details of
the specialized courses now helping so many technical men to
extend their horizons.

These courses are not for beginners. An acceptable student must have practical
experience in electronics or an adequate academic background. To such we shall
be pleased to recommend a suitable curriculum.

FILL IN AND POST THIS COUPON NOW

to C.R.E.l. (London), (dept. W.11)
GRANVILLE HOUSE, 132/135 SLOANE STREET, LONDON, S.W.1

o T T T T T T I T T T I T I A A

Please send me (for my Information and entirely without obligation) full details
of the Educational Programmes offered by your Institute.

I v

C.R.E.l. Gourses are
availabie in:

.............................................................................................................

i. Electronic Engineering
Technology

ii. Mathematics for Electronic
Engineers

iii. Automation

T

iv. Radar

—— — —— T S— — ——
>
[v]
v]
x
m
wr
wr

v. Servo

vi. Nuclear Engineering
Technology

| C.R.E.I. (London), (dept. W.11)
| GRANVILLE HOUSE, 132/135 SLOANE STREET, LONDON, S.W.1

e e ST AR OB

4
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- of Great Britain

INTERNATIONAL

RADIO HOI

JBIES

EXHIBITION

Royal Horticultural
Old Hall,

VINCENT SQUARE,
WESTMINSTER, LONDON, S.W.1

HOME CONSTRUCTION
DO-IT-YOURSELF FEATURES

Kits of parts to build — Receivers, Transmitters,
Television, Test Gear. Tape Recorders, Aerials,
Hi-Fi Amplifiers, Transistor Equipment, Latest
Communication Receivers of the World.

G.P.O. RESEARCH BRANCH

ARMY NAVY & R.A.F. DISPLAYS—
TECHNICAL BOOKSHOPS

Amateur Radio Station Talking to the World.
Prize Winning Home Built Equipment.

Wednesday to Saturday

NOVEMBER
22ndto25th,1961

Mam. to 9p.m.

Admission 2/-

WIN A £185

HAMMARLUND
HQ170 World Famous

Communication Receiver

Presented by K. W. ELECTRONICS LTD., Heath
Street, Dartford, Kent.

(ENTRY FORM AT DOOR)

Official opening by

Mr.

Director

HENRY LOOMIS

of VOICE OF AMERICA

Further details from :—

P. A. THOROGOOD, G4KD, 35 GIBBS GREEN, EDGWARE, MIDDLESEX
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n BIAS DISTORTION

The uniform lengthening or shortening of the mark

or space elements, one at the expense of the other.

The total time interval for one mark and one

space remains the same. If the mark element is

lengthened, then the space element will be

shortened by the amount the mark is lengthened.
By examining a suspected transmission using the

iral time-b f a TDMS 6B, di i
E L E M E N T A R v EE® Zgﬁmteﬁinn:fiizteiy apparent f’ronit(t)ll;:odnisplacement

from the vertical of the ‘bright ups’ representing
the characteristic instants of modulation.

In the example shown, at 50 bauds, the space
“to mark transitions are all occurring 20%, late,
this means that the MARK element is being
shortened by 4 mS consequently the SPACE
element is being lengthened by 4 mS — note that
the total allocated for one Mark and one Space
(40 mS) remains the same.

Bias distortion may be due to a badly adjusted
relay, mistuning of a radio receiver or even to a
badly adjusted transmitter.

@
i

The Transmitter TDMS BV
Provides telegraph test signals with or
without distortion at speeds of 40-100,
160-180 and 180-200 bauds.

The Receiver TDMS 6BV
Enables a telegraph circuit to be
monitored without interruption. The
signal can be displayed against a cir- F. '
cular or spiral time-base, each charac-
teristic instant of modulation being
shown as a bright dot on the screen.
Speeds of 40-100, 160-180 and 180-
200 bauds.

The Telegraph Signal Display
Unit TDU2

A specialized oscilloscope, having a
linear time-base of good short term
stability and long term accuracy, for
examination of the d.c. telegraph wave
form against a continuous start stop
time-base. Valuable ﬁfzaturex of the
tnstrument are an X shift calibrated in
terms of code element transitions and
an X expansion control. Speed ranges
40-100, 160-180 and 180-200 bauds,

Write for the full descriptive brochure to:—

AUTOMATIC TELEPHONE & ELECTRIC €O. LYD,,
STROWGER HOUSE, ARUNDEL STREET, LONDON, W.C.2,

ATi401)
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‘!!é: DAYSTROM )
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6 W STEREO AMPLIFIER KIT [ ez ‘MALVERN' ez Il

Model
S-33
, A versatile
high-quality
self-contained
STEREO/
MONAURAL
Amplifier with adequate output for a living
room. Can be used to convert a favourite
{monaural) radiogram into a stereo-radio-
gram. 3 watts per channel; 0.3% distortion
at 2.5 wjchnl.; 20 dB N.F.B., inputs for Radio
{or Tape) and Gram., Stereo or Monaural;

Ganged controls. £12.8.6

Sensitivity 200 mV.

HI-FI SINGLE CHANNEL
AMPLIFIER KIT Model MA-i12

A compact high
fidelity power
amplifier {in-
cluding auxiliary
power supply).
12 watts output.
Wide frequency

range and low
distortion. A
variable sensi-

tivity control is
fitted enabling it
to be used with

an existing am-
pllﬂer in a sterepphonic system. Other applica-
tions include sound reinforcing systems,
transmitter modulators, for use with tape re-
corders, also as a general pur-

pose laboratory amplifier. £1 0 19 6
s .

STEREO- HEAD BOOSTER KIT
Model
USP-1

Hi-Fi  Stereo
Pre-Amplifier
for low-output
Hi-Fi P.U.s.
Input 2 mV. to
20 mV. Output
adjustable
from 20 mV. to 2 V. 40-20,000 cfs. Also
suitable as low-noise R.C.- Coupled high-

gain. monaural £6.1 7_6

amplifier.

STEREO CONTROL UNIT KIT
Model
USC-i

incorporates
all worth-
while features
for high fi-
Push-button selec-
tion, accurately matched ganged controls
to +1 dB. Negative feedback rumble and
variable low-pass filters. Printed circuit
boards. Accepts inputs from most tape heads

:?cdk_a:g. stereo or mono- 8.1 8.6
TAPE DECKS

Are available as ‘* packaged deals’ with
other equipment. Customers purchasing
much of their audio equipment at the same
time will find our PACKAGED DEAL scheme
more economical. Details on request.

@® See our KITS at the

delity stereo and mono.

o
R.S.G.B. RADIO HOBBIES EXHIBITION Royal

HI-FI EQUIPMENT CABINET KIT

A NEW AND ATTRACTIVE CABINET in modern
style designed to house all your Hi-Fi equipment
(including tape deck and full-sized transcription
record player). The cabinet parts are veneered
and pre-drilled, with edging in Panoplex plastic
strip, for ease of finishing. Complete with every-
thing you need for assembly, including screws,
hinges and even.a padsaw! Left * in the white *’

for finishing to choice. £1 7.1 0_0

Size 394 x 32 x 213in.

a

TAPE AMPLIFIER UNITS
Models TA-IM and TA-IS

This Combined Tape-Record/Replay Amplifier is
available in both monophonic and stereophonic
models. Model TA-IM can be modified to the
stereo version with modification kit TA-IC.

TA-IM, £18.2.6; TA-IS, £23.6.0; TA-IC, £6.10.0

Aeccroc"GLOUCESTER ety

STEREO CABINET KIT

OPEN

Specially developed to meet the varying needs
of different homes, it will house Tape Deck andjor
Record Player, F.M. Tuner and Stereo Amplifier.
In addition, for the convenience of those to whom
space is an overriding consideration, it is possible
to house speaker systems at each end. For this
purpose a loudspeaker kit, comprlsmg two 4in.
plus 8in. speaker systems, balance unit, speaker
grille, cutting template, padsaw and mounting
details are also available. Neutral hardwoods have
carefully been selected so that the finished product

can be stained and polished to individual choice.-

There is storage space for records, etc., also for
power amplifiers. Dimensions: length 46{in.,
height 30in., depth 2lin.

Mk. I for Tape Deck or Record Player £16 13 6
Mk. Il for both T/D and R/P- £17 18 &

a]

m]

Horticultural

13
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so easy (o use

D o S S e e e

‘CHEPSTOW'’
EQUIPMENT CABINET KIT

Specially designed for those

whose floor space is at a

premium. Will  house

Record Player, FM Tuner,

Stereo Amplifier and ad-

ditional power amplifiers

where needed. An upper

deck is available for the I.
self-power stereo amplifiers

to ensure maximum heat dissipation. Ven-
eered-and left in white for finishing to per-

sonal taste. Overall dimensions £11 5 6
ade

are 35in. x 18in. x 33in. high.

HI-FI STEREO AMPLIFIER KIT
Model S-88

Gives 16 w. out-
put (8 per ¢han-
nel with 0.1 per
cent. distortion
at 6 w. per
channel). It has
ganged controls,
STEREO/MONAURAL gram, radio and tape
recorder inputs and push-button selection as
well as many other first-class features well
above its price range. In two-tone grey
metal cabinet withI a golden surround and
fittings. Also ultra-linear

push-pull output. £26'1 2'6
Basic sensitivity 20 mVY. (4 mV. available 7/6
extra),

HI-FI SPEAKER SYSTEM KIT
Model SSU-I

Ducted-port
bass reflex cab-
inet, ‘‘in the
white.” Fre-
Guency response
to 40-16,000 cfs.
Power rating 25
watts, Matched
speaker units
8in. high flux
{12,000 lines)
with hyperbolic cone and 4in. wide angle
dispersion type for higher frequencies.

With legs €£11/18/6............... £

10.17.6

COTSWOLD SPEAKER
SYSTEM KIT

This  acoustically
designed enclosure
measures 26 x 23 x
§5%in. and houses
a special 12in. bass
speaker with 2in.
speech coil, ellip-
tical middle speak-
er together with
a pressure unit to
cover the full fre-
quency range of
30—20 000 cfs. lts
polar distribution
makes it ideal for really Hi-Fi Stereo. De-
livered complete, with speakers, cross-over
unit, level control, Tygan grille cloth, etc.
Left *“in the white '’ for finish to personal

taste, all parts are precut and £21 1 9 0
- -

drilled for ease of assembly.
Halt, NOV. 2—-25 @

London

A member of the Daystrom Group.

DEPT. W.W.11,

GLOUCESTER, ENGLAND
MANUFACTURERS OF THE WORLD’S LARGEST-SELLING ELECTRONIC KIT-SETS

>
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5in. OSCILLOSCOPE KIT
Model O-12U

Laboratory quality at utility
oscilloscope price and ease of
assembly make this kit of
outstanding value. Vertical
frequency response 3 cfs to
5 Mcfs., + [.5 dB. —5 dB.,
sensitivity {0 mV. per cm. at
I ke. Horizontal frequency
| ¢fs. to over 400 kefs. (= | dB.
up to 200 kefs.). The Heath
patented sweep circuit func-
tions from 10 ¢/s to 500 kefs.
in five ranges giving five times the usual sweep of
other ’scopes. In addition it has exceedingly short
re-trace and rise times and electronically stabilised

power supply. Included is a 48-page £36 10-0
.

instructional Manual.

‘ELECTRONIC SWITCH KIT Model
(Oscilloscope Trace Doubler) S-3U
This extremely useful, low priced
device will extend the use of
your single-beam oscilloscope for
duties otherwise only in the
province of the double-beam tube.
in short, at a nominal cost, the
Heathkit model S-3U will give
you the advantages of a double
(or other multiple) beam ’scope,
while retaining all the advantages of your present
single-beam instrument.

Hitherto an electronic switch of this nature, permitting
the simultaneous observation of two signals on the
screen of a single-beam C.R.T. oscilloscope, has cost

nearly as much as the ’scope itself £1 0 15 6
s

RESISTANCE-CAPACITANCE
BRIDGE KIT Model C-3U

Measures capacity 10pF to !,000uF,
resistance {00} to 5 megohms and
power factor. 5-450 v. test voltages.

Safety switch provided.£8 6 6
n L]

MULTIMETER KIT
Model MM-1U
Provides wide voltage, current, resistance and dB
ranges to cover hundreds of applications. Sensitivity
20,000 ohms/volt D.C. and 5,000 ohmsjvolt A.C.
Ranges: 0-1.5 v. to 1,500 v. A.C. and D.C.; I50uA

to I15A D.C.; 0.2 to 20MQ. £11.18.6

4%in. 50 pA meter.

AUDIO SIGNAL GENERATOR KIT
Model AG-9U

10 ¢fs. to 100 kefs., switch selected.

Distortion less than 0.1%. 10 v.

sine wave output metered in

volts and dB’s. £1 9.1 9-6

AUDIO VALVE MILLIVOLTMETER
KIT Model AV-3U
Very sensitive. High stability. | mV. to 300 V. A.C.

10 ¢fs. to 400 kc/s. £1 3.1 8-6

AUDIO WATTMETER KIT
Model AW-1U

This popular meter is used in many record-
ing studios and broadcasting stations as
a monitor as well as for servicing purposes.
Dissipation rating up to 25 w. continuous,

50 w. intermittent. £14.14.9

e o e
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HI-FI FM. TUNER

Tuning range 88-108 /e;r
Mc/s. Flywheel tuning. !
Attractive Plastic 2
Front Panel in two-
tone grey with golden
trim surround and motif. Thermometer
type visual tuning indicator. Pre-aligned
I.LF. transformers (eliminates adjustment).
Three |.F. Stages. Wide-band low dis-
tortion Ratio Detector. Complete
R.F. Unit, wired, tested and pre-aligned
(ready for mounting to chassis). Printed
circuit for |.F. Amplifiers and Ratio
Detector, for ease of assembly. No align-
ment necessary after assembling. Built-
in power supply. Output sockets for
stereophonic adaptor (for stereo trans-
mission when available).

TUNER UNIT Model FMT
4U (incl. P.T.) with 10.7 Mc/s

ILF. output .....occovvniniiniinnnn £3 5 0
I.F. AMPLIFIER and Power
Supply Model FMA-4U com-
plete with case and valves,..... £11 11 0
Sold separately ...... Total ... £14 16 0

TRANSISTOR PORTABLE
RADIO KIT Model UXR-I

Presented in elegant _gug
real hide case with O
tasteful gold relief.

Can be assembled in
4 to 6 hours, and you
have a set in the top
flight of transistor por-
tables. Pre-aligned LF.

transformers, printed circuit and a
7in. x 4in. high-flux
Tl £14.18.6

4-wave TRANSISTORISED
PORTABLE RADIO KIT
Model RSW-I

Using 7 latest type
transistors and three
diodes this highly sen-
sitive set is specially
designed for Short and
Medium wavebands
(200-550, 90-200, 18-50
and 11-18 m.). In
solid leather case fitted
with retractable whip
aerial.

£22.10.0

PERSONAL TRANSISTOR
RADIO KIT Model UIJR-I

Operated by a 4.5v. torch battery, this
sensitive dual-wave headphone set is a
fine introduction to electronics for young
and old. In Polystyrene moulded plastic
case which accommodates battery (and

amplifier if added) £2 16.6

Additional Amplifier Stage Model
UJR-IS will enable the UJR-1 to work a
loudspeaker under favourable conditions,
16/6 extra.

@ Desferred Terms @
available on all orders above £10

VALYE VOLTMETER KIT
Model V-7A

The world's most popular valve
voltmeter, with printed circuit
and per cent. precision
resistors to ensure consistent
laboratory performance. It has
7 voltage ranges measuring res-
pectively d.c. volts to 1,500 and
a.c. to 1,500 r.m.s. and 4,000
peak to peak. Resistance meas-
urements from 0.1 ohm to 1,000
M ohms with internal battery.
D.C. input impedance- is 1l
megohms and dB measurement
has a centre-zero scale, Com-
plete with test prods, leads and
standardising battery.

£13.0.0
R.F. PROBE KIT Model 309-CU

This complete probe kit will extend the frequency
range of the V-7A Valve Voltmeter to 100 Mcjs.
and will enable useful voltage indication to be ob-

tained up to 300 Mc/s. 1 9 6
adn

POWER SUPPLY UNITKIT
Model MGP-I

Compact, general purpose unit
suitable for FM Tuners, Tape
Recording Amplifiers and general
Laboratory use. Input [00/]20 v.,
., 40-60 cfs. Output
?2% v. 3&5 A. A.C.; 200, 250, 270 v.
mA. max.
G2, mA. m .16.6

DECADE CAPACITOR KIT

Model DC-I

Capacity values 100uuF to O.111gF in 100uuF steps.
Precision silver-mica capacitors and minimum loss
ceramic wafer switches ensure

high accuracy. £6'5'6

R.F. SIGNAL GENERATOR
Model RF-1U

Provides extended frequency cover-
age on six bands from 100 kcfs.-
100 Mc/s. on fundamentals and up

to 200 Mc/s. on
£11.18.0

calibrated har-
monics.

2%in. SERVICE OSCILLOSCOPE

KIT Model OS-I

Light, compact, portable, for service
engineers. Printed circuit board for
easy construction. Wt. 10z 1b.

Size Sin. x B8in. x £1 9_1 0_0

14tin. long.

CAPACITANCE METER KIT
Model CM-1U

This Direct-Reading Capacitance Meter is a very low
priced, time-saving instrument which is so useful
that it should be part of the general
equipment of every electronic laboratory
and production line. Easily built in a
few hours. 0-100puF, 0-1, 000u:F,0-0.01uF,
0-0.1zF. The meter has 4%in. scale and
can be used by an unskilled operator

after a few minutes’ £ 4 15 0
n n

instruction.

DEPT. W.W.ll, GLOUCESTER, ENGLAND
A MEMBER OF THE DAYSTROM GROUP, MANUFACTURERS OF
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AMATEUR TRANSMITTER KIT
Mode! DX-40U

Covers all amateur bands from 80 to 10 metres,
crystal controlled.: Power input 75 watts C.W. 60
watts peak controlled carrier phone. Output 40 watts

to aerial. Provision for V.F.O. Filters
minimise T.V. interference. £32-1 o-o

AUDIO SINE-SQUARE WAVE
GENERATOR KIT Model AO-1U

An inexpensive generator which covers 20 c¢fs to
150 kefs in four ranges with choice of sine or square
waves. The latter up to 50 kcfs. Output voltage 10 v.
max. and distortion less than 1%. An ideal instru-

ment for audio testing. Size 9%in. x £12 18 6
«10.

63%in. x Sin.
HIGH VOLTAGE PROBE KIT
Model HV-336

Measures voltages up to 30,000 v. D.C. with negligible
circuit loading. A special High Stability 1,090 megohm
resistor gives a multiplication factor of 100X when
used with a valve voltmeter of {1 megohms input
impedance such as the

V-7A £2.15.6

BALUN COIL UNIT KIT
Model B-1U

Useful transmitter accessory. Will match unbalanced

co-axial lines, used on most modern transmitters,

to balanced lines of either 75 or 300Q impedance.

Can be used with transmitters and receivers without

algjustment o;er t"he frequency range of 80 through
metres, and will handle power inputs

up to 200 watts. £4'9'6

() ]

Now Released

STABILISED POWER PACK
Models MSP-IM and MSP-1W

Specially recommended” for industrial
and laboratory use, meeting the need for a
reliable and versatile stabilised power pack
capable of a very high performance. In-
put 200-250 v., 40-60 cfs., A.C,, fully fused.
Outputs: H.T. 200410 v. D.C. at 20-225
mA. in 3 switched ranges. Unstabilised
A.C. 63 v. at 4.5 A. centre-tapped. Two
3in. ‘' easy-to-read '’ meters for reading
voltage and current simulftaneously. Sep-
arate L.T. and H.T. supply transformers.
All -output circuits are isolated. Size
13in. x 8%in. x 93in.

£34 12 6

MSP-IM (with meters) ............
MSP-IW {without meters) ...... £27 17 &
O 0

WIRELESS WORLD

THE
‘“MOHICAN ”
GENERAL COVERAGE
RECEIVER KIT
Model GC-1U

This fully transistorised receiver,
which includes 4 piezo-electric trans-
filters, is in the forefront of receiver
design. It is an excellent portable or
fixed station receiver for both the Ham
and the short-wave listener. To over-
come the problems of alignment, etc.,
the R.F. “front-end *' is supplied as a
pre-assembled and pre-aligned unit.
Designed for outstanding performance,
its many features include a 10 transistor
circuit, printed circuit board, telescopic
whip antenna, tuning meter, and a large
slide-rule dial giving a total length of
approximately 70 inches.

Housed in a strong steel cabinet in stove-
enamelled green and powered by two 6
volt dry batteries (not supplied) mounted
internally, it gives continuous frequency
coverage from 550 Kcfs to 30 Mcfs in
five bands; thus enabling world-wide
reception. Electrical bandspread on
five additional bands covers the amateur
frequencies from 80 to 10 metres—each
band having a scale length of approxi-
mately 8 inches. B.F.O. tuning and
Zener diode

tabiliser.
Size 63in. x lZi:.ax‘ II(s)ir:. £38'1 5l°

GRID-DIP METER KIT
Model GD-1U

oscillator or
With plug-in coils for

continuous frequency cover-
age from 1.8 Mc/s to 250 Mc/s. £1 0'9-6

Functions as absorption

wave meter.

Additional Piug-in Coils Model 341-U
extend coverage down to 350 kefs. With
dial correlation curves, 15/-.

TRANSISTORISED
GRID-DIP METER KIT
Model XGD-I

Similar to GD-IU. Fully transistorised
with a frequency range of
1.75 to 45 Mcfs. £1 0'8'6

15
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AMATEUR TRANSMITTER KIT
Model DX-100U

The world’s most popular Amateur

T.X. Kit
@ Completely self-contained compact Amateur
Transmitter. (50 W. D.C. input.

@ Built-in high stable YFO and all Power Supplies.

@ TVI: Careful design has reduced TVi to a minimum
by use of effectively screened frequency-generating
stages and pi-tuned circuits at the input and output
of the PA stage, and by || chokes and pi network
filters to all outlets from the cabinet. No fewer than
35 disc-ceramic by-pass capacitors help to achieve
the exceptional stability and high-performance for
which this Transmitter is noted.

@ The KT88 high-level anode and screen modulator
stage gives over 100 watts of audio from less than
1.5 mV. input.

@ Adjustable drive and clamp control ensure that
valves are only driven sufficiently to maintain the
required output.

@ Keying on CW is via the YFO and buffer amplifier
cathodes; the other RF valves are biased beyond
cut-off. When zero-beating the TX with incoming
signals, the exciter stages only may be run without
the final amplifier being switched on.

@ Provision has been made for remote control
operation,

@ YFO slow-motion drive is very smooth and back-
lash free. @ VFO or Crystal control.

B gooﬁ::Iss apILoAn;n?::th\?.ands ™ £81 -1 o-o

VARIABLE FREQUENCY
OSCILLATOR KIT Model VF-1U

Specially designed to meet the demand for the maxi-
mum possible flexibility from an amateur Transmitter
which would otherwise be subject to certain limita-
tions imposed by crystal control. Calibrated for all
Amateur Bands 160-10 metres, fundLaJmentaIs on (60
and 40m, ldeal for Heathkit DX-40

and similar transmitters. £1 1 '2'0

@ Deferred Terms @
Available on all orders above £10

All prices include free delivery in U.K.

mease send me FREE CATALOGUE (Yes/No)......
Full details of Model(s)...

NVAISIE oo ogeomgooonaadBB e toosestsnoer
(Block Capitals)

DEPT. W.W.II, GLOUCESTER, ENGLAND
THE WORLD’S LARGEST-SELLING ELECTRONIC KIT-SETS

DU G G G S S S S A A e S e B SE S o o o o i i g o
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PERCY WILSON
F.C ]UDD Technical Editor
Technical Editor ‘The Gramophone’

“Amateur Tape Recording’ and
‘Hi-Fi Magazine’

MILES HENSLOW JOHN GILBERT

Editor
‘Hi-Fi News’ and Technical Editor
‘Record News' ‘Music Trades
Review'

DONALD ALDOUS

Technical Editor
¢ Audio and
Record Review’

MODEL H.F. 1016

10in. P.M. Unit, 16,000 gauss magnet. Die-cast
chassis and universal impedance speech coil providing
instantaneous matching at 3, 7.5 and |5 ohms.
Handling capacity, 10 watts, Frequency response,
30 c.p.s. to 15,000 c.p.s.
Bass resonance, 35 c.p.s.

Price £8.4.0 (inc. P.T.)

Other Stentorian Speakers P> Type | Flux Gensity : Price Type ! Flux Densityl Price
| (| | i
[0"H.F.1012*| 16,000 gauss | £5 2 6 |T359tweeter 9,000 gauss| £I I5 10
! L}
| [
CROSSOVER 8” H.F.816* | 16,000 gauss | £7 0 9 T8I6 16,000 gauss| £6 I3 3
NETWORKS: ! - |
CX3,000 £1.11.6 8” H.F.812* | 12,000 gauss | £4 5 6 |[TI2 tweeter 16,000 gauss‘ £13 4 6

CX1,500 £2.0.0

CX500 £1.7.3 8” H.F.810 | 10,000 gauss

L

£3 3 6 [T10 tweeter | 14,000 gauss| £4 8 3
|

* These three speakers incorporate a universal impedance speech coil.

WHITELEY ELECTRICAL RADIO CO. LTD.
MANSFIELD + NOTTS : ENGLAND - Telephone: MANSFIELD 1762-5

London Office: 109 Kingsway, London W.C.2.
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FERRANTI
CAPACITY
DIVIDER

wee PD 30

¥ Measures accurately high voltage pulses up to 30 kV.

% Incorporates differentiation circuits for measuring rate of rise.

¥ Suitable for laboratory use or for permanent installation.

FERRANTI

FERRANTI LTD - KINGS CROSS ROAD - DUNDEE - Te/: DUNDEE 87141

DS/T76/2
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A FULL RANGE OFAC.& D.C.

SOLENOIDS

PROMPT DELIVERY

Hlustrated technical data sent on request :

ELECTRO METHODS LTD., General Products Division, CAXTON WAY,STEVENAGE, HERTS

Telephone : Stevenage 20107
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300uV to 3V up to 900 Mc/s and D.C.

MILLIVOLTMETER TYPE 301

The Airmec Millivoltmeter Type 301 is a compact, lightweight
instrument employing advanced circuitry to achieve alow noise
level and a high degree of stability. It measures alternating
voltages from 300 microvolts to 3 volts in the frequency range
100 c¢/s to 900 Mc/s, and direct voltages from 100 microvolts
to 10 volts. A.C. inputs are rectified in a probe containing
semiconductor diodes; for low frequency measurements
the probe is plugged into a holder on the front panel, and alternative positions on the
holder provide input impedances of 75 or 52 ohms. The advantage of this arrange-
ment is that the attenuator handles only D.C., and is therefore free from
frequency errors. The probe lead retracts into the case when not
in use, stowage is provided at the back of the instru-
ment for prods and mains cable,and the fuses

FREQUENCY RANGE:
100 c/s to 900 Mc/s and D.C.

AC RANGE:

300uY to 3V in 8 ranges (also
calibrated in dB relative to | volt).

DC RANGE:
100V to IOV in 10 ranges.

and mains voltage adjustment

are accessible without
dismantling

Airmec

AIRMEC LIMITED, HIGH WYCOMBE, BUCKS.

ACCURACY:

AC: | 59 fsd | mV to 3V up to
200 Mcfs == 10%, up to 900 Mcfs.
DC: + 59 fsd 300uV to I0V.

INPUT IMPEDANCE:

AC: 120 kohms and 2pF at 100 ke/s;
alternatives of 75 ohms and 52
ohms available at plug-in unit on
front panel.

DC: 5 Mohms.

Tel.: High Wycombe 2501.
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Reversed polarity versions of Mullard 20 amp
Silicon Power Rectifiers bring new economies

To give designers a choice of either cathode or anode mounting,
Mullard have added two new, reversed polarity, Silicon Power
Rectifiers to their range. These new rectifiers, the BYZ15 and the
BYY16 complement the BYZ14 and BYY15—the well known,
rugged, 204, 200 and 400V industrial silicon rectifiers.

The addition of these two new types to the Mullard range of
rectifiers not only offers designers more freedom in mechanical
design, but also the advantage of reducing the number of heat-
sinks required consequently reducing costs and saving space.

ABRIDGED DATA

Max
Max
Max
Max
Max
Mou

BYZ14 BYY15
.recurrent P.I1.V. voltage (V) 200 460
. transient peak voltage (V) 400 800
.average current (A) 20 20
.recurrent peak current (A) 100 100
. junction temperature °C 150 150
nting base Cathode Cathode

Mullard

semiconductors
for industry

| SR

Except for mounting polarity, information on the BYZ15 and the BYY16
reverse polarity rectifiers is exactly the same as that shown on the
BYZ14 and BYY15 data sheets. For these or other information, please

write quoting reference M4011 to:
oM
MULLARD LIMITED Semiconductor Division, Mullard House, A
Torrington Place, London, WC1 Tel: LANgham 6633 R

@ MIS 402
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A20 STEREO POWER AMPLIFIER

12 watts push-pull ultralinear qutput from each
channel. Distortion less than 0.19%. Hum and noise
85dB below full output. Frequency response [5-
22,000 c.p.s. within | dB. Power response 20-18,000
c.p.s. within | dB. Negative feedback 29 dB. Stability
factor 20 dB. Valves: GZ34, 3 x ECC83, 4 x EL84.
High specification output transformers with grain-
orientated laminations and multi-sectional winding.
Dimensions 14in. x 7in. x 7in.

PCU25 STEREO PRE-AMPLIFIER

Six inputs providing for all possible signal sources
including the lowest output pick-ups and tape heads.
Push button function switc?ling. Bass and treble
tone controls. Balance control. Treble filter. Rumble
Filter. Tape recordmg outputs. Distortion less than
0.19%,. Hum and noise (high sensitivity pick-up input)
60.dB below full output. Valves, 2 x EF86, 3 x ECC83.
Dimensions 104in. x 4%in. x 73in.

Matching VHF Tuner T4B £23.0.0.

Write for free descriptive literature (quoting Dept. WNA) to

ARMSTRONG v:&viiss CO. LTD., WARLTERS RD., LONDON N.7.

Complete Amplifier (PCU25 & A20)
Complete System with VHF Tuner (T4B) £75.10.0

WIRELESS WORLD 21

A New Hi=Fi

Stereo

Amplifier

AVAILABLE FROM LEADING
HIGH FIDELITY DEALERS
THROUGHOUT THE COUNTRY

A new hi-fi system which meets all the needs of the music-
lover in his own home. The compact amplifier has more
than adequate power for any domestic use but will operate
with equal quality of performance at any volume setting
whilst the self-powered VHF tuner is so simple to operate
with the broad easy tuning which automatic frequency
control provides. The T4B tuner and the PCU25 pre-
amplifier are each fitted into an attractive maroon vinyl-
hide covered case and are completely matched in size
and styling. Although primarily designed for cabinet
mounting, provision has been made for both to be used
free-standing on a shelf. For those who require coverage
of the AM wavebands the ST.3 Mk. 2 AM/FM Tuner can be
used instead of the FM Tuner.

£52.10.0

Where the ST.3 Mk. 2 AM[FM Tuner is used instead of the T4B FM
tuner add £5/10/- to the total price.

NORth 3213
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D 33 is more

than a new oscilloscope...
itis a new

oscilloscope system.

D 33 is built to the familiar high
standards of all Serviscope equipment.
A special feature is the 3} double-beam

PDA tube of advanced design, operating at
3.5 KV to give an exceptionally clear trace.

PDA TUBE

HIGH GAIN

A3 GENERAL PURPOSE AMPLIFIER

A standard form of amplifier with a
wide frequency response, and the
additional facility of x10 sensitivity
when needed over a limited bandwidth.

A4 DIFFERENTIAL AMPLIFIER

This unit gives high gain; maximum
sensitivity is 1ImV/ecm DC, frequency
response 200 Kc/s.

AD ULTRA HIGH GAIN AMPLIFIER

Maximum sensitivity is as high as
100 uV/ecm AC, frequency response
5¢/s to 150 Kc/s.

- B
B TN =g

D 33

double beam | Ql_-t- K.
SERVISCOPE* " . :
with plug-in

Interchangeable plug-in Y amplifiers
allow one instrument to be adapted
to a wide range of applications,

and still to remain compact,

portable . .. and inexpensive.

All connections are made internally
as the unit slides home. All or any of
the basic range of amplifiers can be
supplied, or special units can

be built to requirements.

amplifiers

* ‘Serviseope' is the registered trade mark of Telequipment Ltd.

Telequipment Limited, 313 Chase Road,
Southgate, London, N,14, Tel: Fox Lane 1166

46
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Built with watch-like precision this new range
of Elac miniature Loudspeakers provides the Set
Maker with the highest performance and space

2” (5.1 CM) Type 2SM

factor yet offered. Latest type “ high energy” 2L 5.7CM) ,, 2SS
solid slug magnets ensure maximum sensitivity.
Average frequency range 200/5000 cps, except 3y (1.6CM) ., 3SL
Model 33SL where range is extended (150/7000
cps). Standard voice coils 3, 15, 25, 35, and 80 ohms. 3;” @6cmM) ,, 33SL

All models are in production.

for leaflets and further details write 1o :
I

QZ ELECTRO ACOUSTIC INDUSTRIES LTD.

— Stamford Works, Broad Lane, London, N.I5. Tel: TOT 0505

23
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This Multi-range E.H.T. Series 705
meter is one of a number of instruments
supplied to the M.O. Valve Company Ltd.
by Anders Electronics at very short notice.
These meters are used in the M.O. Valve
Company Production Test Equipment for
Travelling Wave Tubes shown here. Fust
the kind of work Anders excel in: special
meters for very special equipment. Anders
are indebted to the M.O, Valve Company
Jor their kind permission to-illustrate this
test gear.

AINDERY

meters made to measure

WIRELESS WORLD NOVEMBER, 1961

-

DC
KILOVRLTS

ARDERS ELLCIHONICS LY0
LOHDON

special EHT meter
rushed through for
MO Valve Company

The Anders Instrument Centre is in a unique position to meet the most
urgent, and the most unusual, meter requirements from production,
development and research. Many standard meter ranges are available
immediately from stock. Non-standard meters are calibrated, tested
and normally ready within 10-14 days. All shapes; sizes from 13" to the
largest switchboard meters. All well-known makes and all types
including moving coil, moving iron, thermocouples, electrostatic,
dynamometers and full range of meter accessories. Anders would like
to demonstrate the kind of service they can give you and look forward
to your enquiries, by letter or by telephone.

ELECTRONICS LIMITED
103 Hampstead Road, London NW1. Tel: EUSton 1639

Contractors to GPO and Government Departments.
Ministry of Aviation approved.

METERS, ELECTRONIC AND TEST EQUIPMENT TO INDIVIDUAL SPECIFICATIONS
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The chessplece Is carved Indlan ivory, circa 1740, The valve is from the Mullard Special Quality range.

winning move.., price and performance !

In one move you can checkmate practically any valve reliability problem by specify-
ing Mullard Special Quality Valves.

Mullard production techniques couple high technological standards with large scale
output, giving you the advantage of valves of top quality performance at a surpris-
ingly low price.

Specifically designed to provide combinations of several special qualities—long life,
supreme ruggedness, consistent characteristics—these Special Quality valves can
increase operational reliability under normal or tough conditions and reduce costly
equipment breakdowns and servicing time.

Send us your valve reliability problem and we’ll recommend a Special Quality
valve type. When writing please quote reference M4z211.

Mullard Limited, Government and industrial Valve Division, Mullard House, Torrington Place, London, WC1, Telephone LANgham 5522 e

G MvTA 422A
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there’'s an

ENTHOVEN

solder . . .
- = « TOr every job

Superspeed solder to all specifications

Washers and preforms for every application
Lacquer, fluz, and thinners for printed circuits

Preservative, metal, and Tricence de-oxidant for printed circuits

O & W N

Superspeed six-second heat soldering iron

If you're faced with any soldering problem, get in touch with
Enthoven. Our advice is free, and our range of solder products is
comprehensive. Enthoven have 150 years experience of smelting
and refining non-ferrous metals; you can rely on us for the fine
quality materials essential to all precision soldering.

All these Enthoven solder
products, and many more, are
fully described in the redesign-
ed Enthoven Solder Products
booklet, sent free on request

ENTHOVEN
SOLDERS
LIMITED

Sales Office & Works :

Upper Ordnance Wharf,
Rotherhithe Street, London,
S.E.16 BERmMondsey 2014

Head Office :

Dominion Bulidings,

South Piace, London, E.C.2
MONarch 0391
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State of readiness

There's no waste space in a chestnut;

it's functional through and through. Armour, padding,
insulation, packed full with potential promise.

Many instruments need this same compactness,

this same ability to endure heat and cold, sudden shock,
vibration, changes of speed and pressure,

and still function readily when the looked-for stimulus is felt.
Venner reserve type batteries enable designers to
.achieve this; compact, robust, hermetically sealed, these
lightweight units provide abundant, enduring, power
under extreme operating conditions.

VENNER RESERVE TYPE BATTERIES

FOR PACKAGED POWER

Send for full technical details

Venner Accumulators lelted, A member of the Venner Group of Companies
KINGSTON BY-PASS - NEW MALDEN SURREY - MALDEN 2442

27
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The QUAD speaker uses closely coupled moving elements some two huridred times lighter
than diaphragms of moving coil loudspeakers, thus enabling the air to follow the electrical
impulses with far greater precision. It is extremely analytical and much of the recent improve-
ment in gramophone records can be directly attributed to the use of these loudspeakers for
studio monitoring and quality control.

For the listener in the home “it represents, by a wide margin, the closest approach to truly
natural reproduction of sound in the home that we have yet heard”. (American High Fidelity
H.H. Lab. report, November 1960). Send for illustrated brochure to Dept. W.W.

@@@@ for the closest approach to the original sound

ACOUSTICAL MANUFACTURING CO LTD - HUNTINGDON = HUNTS
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RADIO
EXPORT

3000 types of both receiving and transmitting tubes IN STOCK.
In addition, a comprehensive range of crystals and some types of
transistors and trustworthy tubes are available.

Over the years our business with Government Departments and their
contractors has increased tenfold and is still going forward. This has been
achieved by competitive prices coupled with outstanding SERVICE. We
would like to offer you our fullest co-operation for your requirements.

Your specific enquiries for special types to CV. JAN and MIL
specifications are invited.

Our organisation is Air Registration Board Approved.

HALL ELECTRIC LTD
HALTRON HOUSE, ANGLERS LANE, LONDON N.W.S. '

Tel.: Gulliver 8531 (10 lines) Telex 2-2573  Cables: “‘Hallectric London”
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microwave
measuring

equipment
for the 8-4 -

The outstanding quality and

ecision of Philips’ microwave components
plcteiiei of (8 P 8 mm band (31—36 kMc/s)

PP 4420Q ferrite isolator
for the 8, 4 and 2 mm bands are in PP 4382Q standing wave detector
' PP 4300Q broadband wavemeter
PP 4270Q sliding screw tuner
accordance with the high PP 4260@ calibrated short circuit
PP 4222Q adjustable crystal mount
PP 4200Q klystron mount
standards set by advanced research. PP 4170@ matched load
PP 4150Q rotary attenuator
PP 4130Q@ flap attenuator
The range of components PP 4090@ directional coupler
PP 4080@ horn
. PP 4050Q hybrid Tee
is continuously being extended. PP 4035@  twist
PP 4030Q H-plane bend
PP 4025Q E-plane bend
PP 4020Q straight waveguide sections

PP 4020Q/AR adaptor to flange UG599/U
PP 4020@/BR adaptor to flange UG381/U

4 mm band (60—90 kMc/s)

PP 4422E ferrite isolator
PP 4300E wavemeter

p“ I LI ps electronic measuring

Sold and serviced by Philips Organizations all over the world
Sole Distributors in the U.K.: Research & Control Instruments Ltd.,
207 King’s Cross Road, London W.C. |

Oversecas enquiries please; to the manufacturers,

N.V. Philips, EMA-Department, Eindhoven, the Netherlands.
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PP 4270E sliding screw tuner \ \ 1

PP 4260E adjustable short circuit l

PP 4220E crystal mount \

PP 4200E klystron mount \ /

PP 4170E matched foad /

PP 4130E flap attenuator \ @

PP 4080E horn \ /

PP 4050E hybrid Tee N 7

PP 4035E twist ~ T

PP 4034E H-plane bend 180° i =

PP 4030E H-plane bend 90°

PP 4025E E-plane bend 90° . .
For the 2 and 4 mm microwave components Philips

2iband ("_0_110 kM.c/s) X Research Laboratories have developed a waveguide coupling

PP 4400B calibrated variable impedance

PP 4270B tuner which fully satisfies the special requirements of this

PP 4260B adjustable short circuit frequency range.

PP 4230B harmonic generator 4 mm ->2mm

PP 4220B crystal mount The Claw Flange offers amongst other advantages very

PP 4170B matched load small reflections ([R[<.0.005), compact construction of the

PP 40808 horn

PP 4050B hybrid Tee microwave component and universal and simple fixing.

PP 4015E clamping ring for claw flange

PP 4010E claw flange

e 20258 (uality teols forindustry and research

PHILIPS:
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e
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SENSITIVE VALVE
VOLTMETER
TYPE TF 1100

Voltage Measurement

VACUUM TUBE
VOLTMETER
TYPE TF 10418

Measures:

A.C.: 25 mV to 300V,
20 ¢fs to 1,500 Mc/s.
D.C.: 10 mV to 1,000V.
R:0.02Q) to 500 MQ).
Multipliers for up to

2 kV a.c. and 30 kV d.c.

VALVE MILLIVOLTMETER
TYPE 899A

TYPE TF 1262

=
Qo®

Marconi Instruments provide a balanced
range of precision voltage-measuring

equipment. Full technical particulars
are available on request.

MARCONI

INSTRUMENTS

good name for good measure

VACUUM TUBE
VOLTMETER TYPE TF 1300

SUPPRESSED
ZERO VOLT-
METER TYPE
TF 1377

A.C. MICRO-
VOLTMETER
TYPE TF 1375

METERS - VOLTMETERS - POWER METERS - DISTORTION METERS
TRANSMISSION MONITORS - DEVIATION METERS - OSCILLOSCOPES
SPECTRUM AND RESPONSE ANALYSERS - Q-METERS AND BRIDGES

U.H.F. MILLIVOLTMETER

AM & FM SIGNAL GENERATORS - AUDIO & VIDEO OSCILLATORS - FREQUENCY

London and the South: Midlands s North:
§ English Electric House, Marconi House, 23-25 Station Square,
Please address your enquirles to : Strand, London, W.C 2. 24 The Parade, Harrogate.
MARCONI INSTRUMENTS LTD., Tel : COVent Garden 1234- Leamington Spa. Tel : 1403 Tel : 67455

7 T R 3 EXPORT DEPT : Marconi Instruments Ltd., St. Albans, Herts., England. Tel: St. Aibans 59292
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Handmade to laboratory standards

—the new

SAVILLE

amplifiers

OQutstanding guarantee
POST TODAY

We want you to feel
confident in your choice
of our amplifier, so each
unit is tested and check-
ed individually by skill-
ed engineers. The result

NAME . ..
is an outstanding 2 year ADDRESS .............oee.
guarantee (excluding
valves) and the issue of
a final individual test
sheet with every Saville
amplifier.

Write today for information on the Saville Amplifiers to

Period High Fidelity Limited,
Conoley House, 14 Mount Street, London, W.1.

DOUBLE SIX INTEGRATED STEREQ AMPLIFIER

® 6 watts r.m.s, per channel (nomlnal)

® Overall frequency response:

25 c/s—25 Kc/s 1 db, ref. 1 Ke/s.

Overall hum and nolse better than —55 db (maln amp
better than —70 db) relative to nominal output

® Total Harmonlc Distortion: < .25% at 1 Kc/s, 4 watts

{nputs: Pickup 5 mV and 100 mV
Tape 100 mV
Tuner 100 mV
Mic. 4 mV

Low pass filter: 5, 7 and 10 Kc/s.
e Filter slope control

® 6-positlon Imput and channel selectors: bass, trebie
volume and balance controls

Output impedance: 7 or 15 ohms.
PRICE 37 GNS.

DOUBLE TWELVE STEREQ AMPLIFIER

® 12 watts r.m.s. per channe! {(nominal)
@ Input 200 mV for nominal output
® Frequency response:

25 c/s—30 Kefs T2 db, ref. 1 Kcfs at 10 watts.

® Hum and noise better than
80 db relative to nominal output
Total Harmonic Distortion: <.1% at 1 Kc/s, 10 watts

® Output impedance: 7 or 15 ohms.

DOUBLE TWELVE STEREQ PRE-AMPLIFIER

@ [nputs for 200 mV output:
Pickup 5 mV and 100 mV
Tape 100 mV
Tuner 100 mV
Mic. 4 mV,
® Low pass fiiter: 5, 7 and 10 Kc/s.
e Filter slope control
© 6-positlon Input and channel selectors: bass, treble,
volume and balance controls,
® Saville amplifiers are very attractively finished In fow
aloss black and off-white
Maiching AMIFM Tuner available shortlys

STOCKISTS THROUGHOUT THE COUNTRY

R AR =
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Mallory
batteries
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Mallory not only build unique

‘Sound Power’ into their batteries—

they've solved the problem of keeping it there.
Mallory battery cell cases play no part

in the electro-chemical process:

they resist corrosion, protect cell materials.
Double seals, specially moulded gaskets,

new sealing techniques also help to make
Mallory batteries leakproof. These and other
original features help to underwrite the claim—
Mallory batteries are the greatest dry cell development
for more than eighty years. They are fadeproof
not only on the shelf but on the job.

They offer a constant voltage discharge

over a very long life to all manufacturers

who wish to miniaturise their products

and retain full 'Sound Power".

do not leak

nickel plated steel outer top

tin plated steel inner top

depolarizer cylinders

electrolyte absorbent material

inner

steel anode cylinders

sealing
and
insulating
gasket

Please write for literature to

MALLORY

insulator
spacer

safety
absorbent

ZM 401 actual size sleeve

Manufacturers are advised to consult Mallory at

the design stage so that full benefit can be gained from
the world’s most space-saving source of power,
Mallory Batteries Limited,

33 Duke Street, London W1

miniature batteries for powerful applications
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THE GENERATION OF COMPLEX LOW FREQUENCY WAVEFORMS...

has hitherto been possible only with extensive electronic circuitry—if, in fact,
generation was possible at all. Now, with the VLF Function Generator Type
SG88, ANY waveshape—mathematical or non-mathematical, no matter how
complex or irregular and provided only that it is a single valued function and
repetitive—can be generated.

New techniques can be applied to old problems, for the generator can be used
in any application necessitating a repetitive cycle of events. Heartbeats, fuel-
flow simulation, tidal effects, servo-system tests, load-cycles—

VLF FUNCTION GENERATOR SG88

. Frequency Range: 0.005—50 ¢/s.

. Output Voltage Range: 200u V to 22V peak to peak.

. Frequency Calibration Accuracy: 4 1% Full Scale.

. Generation by servo controlled optical mechanical system.
. Automatic frequency sweep facility.

. Direction of rotation and waveform reversible.

. Rapid change of waveform by interchanging glass discs.
Nett price in U.K. £475. 0. 0.

o & o o o o o
SN AN PR WK

=" INSTRUMENTS DIVISION

\J “ROEBUCK ROAD * HAINAULT ‘ ILFORD - ESSEX . TELEPHONE: HAINAULT 4444

*\‘\/L_ sl
\ /Adym COMPONENTS LIMITED
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RESSINGS

Anti Corona ‘Tags. Battery Plugs and

. Sorkets, Cavity Cap Connectors, Co-Axigl

* Plugs and Sockets, Contacts, Fuseholders,
Giroup. Boards, ‘Lampholiders, Metal
SPampings, Phono Plugs and Sockets,
Plugs, Printed Circuit Connectors,
Sockets, Solder Tags, Speaker Connectors
Switched Phono Sockets. Tasg Strips.
Tesminal Assemblies, Transformer Panels.
Valve Pins, Valveholders and Cathode
Ray Tubeholders, Vibrator Sockets and
Retainers, Voltage Selectors.

ARIEL PRESSINGS LTD.,

WOLLATON ROAD,
BEESTON, NOTTINGHAM

FRalrag - MLCSTORS Zabthy AALIS  AR(EL, BEESTON NOTTS
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1 Mc/s COMPACT STYLING — EASILY PORTABLE

Counter with
Iin=-line Readout
for less than £350

New techniques enable Venner

to offer a transistorized

frequency and time
measuring equipment
with in-line readout
at a lower cost than

ever before.

The treble-3-six is proof
that Venner gives a high
technical performance AND

versatility at low cost. v ' "ors prgatt

Piariene

S Frequency measurement to | Mc/s. _
3k Multi-period measurement over | to 10’ cycles. TYPE T.5.A 3336
3k Oven-controlled crystal.

3k six digit display.

3k Sampling times 0.1, 1.0 and [0 sec.

3k Gated random pulse counting.

3k Mains or battery operation. af"*

) couMY

3 Light, compact and portable.

i
IUI.SE
o WITERVAL

3K Venner proved performance packaged circuits throughout. g [

COIWAI"‘

TRETIO®
Skt c‘ro“

CLEAR READING MODERN STYLED KNOBS

VENNER ELECTRONICS LIMITED
Kingston By-Pass, New Malden, Surrey. MALden 2442
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For HIGH SENSITIVITY!

S HIGHEST FIDELITY!

. MAXIMUM RELIABILITY!

B (L REASONABLE COST! Ao Available
" Dormeee. 3

s ws

The L45. Compac. High
Quality 4-5 wait amplifier

d Size approx, 7-5-52in. high. Sensitivity
) is 28 millivolts so that the input socket
can be used for either microphone or
{ gram., tape, radio tuner, etc. B.V.A,
valves used are: ECCB83, EL84, EZ80.
» Controls are: Vol.,Treble and Bass with
mains  switch. The Tone controls
€ provide full compensation for long
¢ playing records. Output matching for 3
2 ohm loudspeaker. Retail price £5/19/6.
% THE LT54 TAPE DECK AMPLI-
s FIER. A complete unit (power pack
' and oscillator incorporated) ready for
B connection to A.C. mains. 3 ohm loud-
9 speaker and practically any make of
§ deck. Negative feedback equalization
adjustment by multi-position switch

MODEL LI0 HIGH FIDELITY 10 WATT

AMPLIFIER
WITH SEPARATE PRE-AMPLIFIER

Supplied complete Retail
only (i.e. Main Price
Amplifier and Pre-amp.) GNS.

Size of main amplifier 9in. x 7in. x Sin.,
Pre-amp [lin. x 4%in. x 2jin. Front
Plate 12in. x 3tin. Stoved Gold ham-
mered finished chassis. Front Plate
‘Polychromatic Gold. Weight of main
amplifier 10lb. Pre-amp. 3lb. For 50/60
c.p.s. A.C mains 200-230-250 v. or to
order for export.

The Following Outstanding Test Figures
include Pre-amplifier. !

Sensitivity (for 10 watts) HARMONIC p tor 1%, 3% and 7% par sec. Retail price
LP. 25 my. DISTORTION 12 gns.
78 r.p.m. 20 m.v (Inc. Pre-amplifier) DIATONIC 10-14 WATT. High
Radio, 35 m.v. 0.09% measured at 10 watts MULLARD VALVES: Fidelity amplifier with integral pre-
Microphone, 2.5 m.v Damping Factor 35 EF86 (1); ECC83 (2); ELB4 (2): amplifier. Retail 12 gns.
Input impedance | Bass Control EZ8i (I). CONCORD 30 WATT. Hi-Fi
All inputs 500k. Plus 10pid. +9d.b. to —9 d.b amplifier with two separately con-
Frequency Response at 50 c.p.s. OUTPUT MATCHINGS ¢ trolled inputs. Retail 16 gns.
+2 d.b. 30-25,000 c.p.s. Treble Control For 3ohmand 15 ohm L/Speak- L50 50 WATT AMPLIFIER. Size
Power Consumption +9d.b. to —9 d.b. ers from high-grade sectionally approx. |4x10x8in. Sensitivity 25 m.v
90 wat. P at 12,000 c.p.s. wound output transformer Outputs for 3 and |5 ohm speakers.

e 5 l Hum Level Retail price 22 gns.
Maximum Power Output —70 d.b. RESERVE POWER SUP- @ L5/5 STEREOPHONIC AMPLI-
In excess of 12 watts. Filter PLY (for Radio Tuner) 300 v ) FIER. Sensitivitcy 10 m.v. Output 5
Negative Feedback | =7d.b. at 9 Keys, 30 m.a. smoothed and 6.3 v § watts on each channel. Retail 12 gns.
Total 32 d.b. | —10db. at —5 Kcfs. 1.5 a. at 4-pin socket. ¢
TRADE AND EXPORT EN QUIRIES TO:

ELECTRON WORKS' Tel.: Leeds 63-0126

LINEAR PRODUCTS LTD ~ ARMLEY, LEEDS. " (3 lines)

TYPE 92 Take a long, close look at the Wolf 92 Soldering Iron, at the

perfect balance, solid construction, quality finish, functional
elegance which suggest fast, easy, economical soldering.
Try-the Wolf 92 on your next job. See how quickly the tip
heats up, how the working heat remains constant right
through the job. That's because Wolf heating eleménts put
heat where it should be, right at the working tip. You'll do
a good job better with the Wolf 92,
SEND FOR FULL DETAILS
WOLF ELECTRIC TOOLS LIMITED - PIONEER WORKS

HANGER LANE - LONDON - W.5 Tel: PERIVALE 5631 (10 lines)
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Hunts Capacitor Analyser
and Resistance Bridge

This accurate and dependable bridge measures capac-
itance from 0-00002 pF to 500 nF in three ranges:
resistance from 5 to 100 MQ on three large scales:
power factor of Electrolytics from zero to 50%,;
and tests insulation resistance at voltages from 25
to 500 volts using a flashing néon indicator. All
measurements are read directly on an effective scale
length of over 6 ft.; and controls are arranged on
a sloping panel for maximum convenience and
readability.

Complete, compact and portable, housed in an
attractive metal cabinet with strong carrying handles,
Hunts CRB3 Capacitance Analyser is the ideal
instrument for engineers.

The CRB3 operates from 210-250 volts 50-cycle AC
mains (110 volts AC model available). No external
meters, standards, headphones or similar accessories
are required.

WIRELESS WORLD

Manufactured & distributed by

F.C. ROBINSON & PARTNERS LTD

COUNCILLOR LANE, CHEADLE, CHESHIRE
Telephone: GATLEY 2469

FOR EVERY
ELECTRONIC
ENGINEER

Picofarad
Meter

Hunts Picofarad Meter is designed to
measure low capacitance in two ranges:
0-55 pF (calibrated in 1 pF divisions) and
0-550 pF (calibrated in 10 pF divisions).
The circuit is completely transistorised.
One internal 4} volt dry battery provides
all power supplies. Capacitance values
are read directly on a clearly calibrated
scale to an accuracy of 439, and no
calculations are necessary.

This accurate and fully portable meter is
complementary to Hunts CRB3 Capacit-
ance Analyser. Both instruments are
ideally suited to the work of radio and
television service engineers, ‘manufac-
turers inspection and test departments,
circuit laboratories and educational estab-
lishments.

acentansn
st u 2T e
CAPAL.TORS

39
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] l
U n |q ue (Latin: UNICUS :— pre-eminent, primbrdial, prima;'y and unprecedented)

MINIATURE MULTI-WAFER ROTARY SWITCHES

full technical data on request

Ministry Departmental type approval

Available with sealed spindlées

and spring return mechanism One of the EMI group of companies

Phone ELGar 3923 8-12 Minerva Road * North Acton * NW10

Thereis a plant in the EDWARDS
range to meet every pos-
sible application for vacuum-
deposited thin fllms in the
electrical and electronjes in-
dustry.

IMAGE ORTHICON TUBES

®

MICRO-MINIATURISED
CIRCUITRY

RESISTORS

VACUUM DEPOSITED
THIN FILMS AT WORK
IN ELECTRONICS

FILM CAPACITORS

(]
SEMICONDUCTOR MATER-
IALS AND TRANSISTOR
COMPONENTS.

QUARTZ CRYSTALS
°
SELENIUM RECTIFIERS
°
ELECTROLUMINESCENCE
| PANELS
| °
o ‘ANTISTATIG COATINGS
; °
ELECTRICALLY CONDUCTIVE
COATINGS

MAGNETIC LAYERS FOR
COMPUTER MEMORY
DEVICES

"SPEEDIVAE" VACUUM COATING UNITS

(Left) {Above)
Quartz crystal coating on an Depositing precision contacts on to
EDWARDS Sputtering unit. Germanium slices for '* MESA "’ trans-
{Courtesy of Messrs Standard istors with an EDWARDS |BE4 Unit
Telephones and Cables Ltd.) (Courtesy of Texas Instruments Ltd.)

EDWARDS HIGH VACUUM LTD [istohdilll ibditmbniiatdl TP g I PPN
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This recording is typical of line voltage conditions in an
industrial establishment where voitage variation is a problem.

Fam " = |

250

230

L“ S MR e —— _— 5

becomes constant with a

VOLSTAT

A VOLSTAT is the answer to many
voltage fluctuation problems.

In most cases, a standard type is
all that is required —but there are
occasions when a special design
may be necessary. Either way,

an ‘Advance’ Technical
Representative will be pleased to
investigate your own particular
problems, and recommend a
VOLSTAT best suited to your needs.
voLSTAT stands for a complete
range of Constant Voltage
Transformers produced by
‘Advance’—the leading authority
on voltage stabilization.

Full details in Folder D63
available on request.

COMPONENTS LIMITED

MAINS STABILIZATION DIVISION
ROEBUCK ROAD - HAINAULT : ILFORD - ESSEX - HAINAULT 4444
SBCV/2
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" BullersS CERAMICS

NOVEMBER, 1961

MAJOR
TYPE ‘BPO 3000’

The best known and most
useful relay available.
Spring sets allow from
one make or break to
12 changeovers. For
minute or heavy switch-
ing. Sensitivity down to
20 milliwatts. Adjust-
able for critical timing,
fast or slow operation.
Complete with Standard
or Tropical finish in
cover. Special adapta-
tions can be supplied.

o0 & e o

re: v vy LR

' h-l'”:'
PO 3000 and 600 Type
TC SPECIFICATION

PLUG-IN 3000 TYPE

(transparent cover) WITH

TRANSISTORISED
AMPLIFIER

Incorporating the world’s best known
relay, versatile and reliable for a host
of applications. Supplied for opera-
tion on AC or DC; Switching or
Signal Current 5 to 500 micro-amps;
Transfer Switching Current up to
10 amps. or 500 v.

Contacts: up to (8 light duty or
12 heavy duty.

Complete with transparent cover.
Clip retains relay positively in any
position.

Sockets and fittings are available
from stock for immediate assem-
bly of unit;.

Manufactured as required for customers’ own applications in:

AUTOMATION, COMPUTERS, BATCH COUNTING and
PHOTO-ELECTRICS, AUTO-TIMING and AUTOMATIC
SIGNALS, TELEPHONE and INTERCOM SYSTEMS,
MOTOR and MACHINERY CONTROL, CURRENT and
VOLTAGE REGULATION, ete.

Calculator providing full Relay Specifications is available FREE on

request.
Extremely advantageous quotations and delivery can be offered
for quantity orders.

SALES MANAGER
IRONGATE WHARF RD., PRAED ST., LONDON, W.2
Telephone PADdington 2231 (6 lines)

CONTRACTORS TO HOME & OVERSEAS GOVERNMENTS
AND H.M. CROWN AGENTS.

for the ELECTRONIC INDUSTRY
(and Electrical Appliance Manufacture)

Bullers porcelain for general insulation purposesa

Meticulous care in manufacture, high quality mate-
rial, with particular attention applied to dimensional
precision and accuracy, explain the efficiency and
ease of assembly when using Bullers die pressed
products. Write today for detailed particulars.

BULLERS LIMITED

Milton. Stoke-on-Trent. Staffs.
Phone: Stoke-on-Trent 54321 (5 lines)
Telegrams & Cables: Bullers, Stoke-on-Trent
London Office: 6 Laurence Pountney Hill, E.C.4
Phone: MANsion House 9971
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kEN G”SH ELECTRIC 'anno_unce the first

HIGH VACUUM

VARIABLE

CAPACITORS

developed and
manufactured in Britain

The range comprises five types for operation in high voltage r.f.

circuits and all are tunable over an approximately linear

capacitance range. High vacuum variable capacitors offer outstand-

ing advantages over conventional air dielectric counterparts :—

* Compactness relative to high

capacitance and operating
voltage.
* Low self inductance and stray
capacitance.
T P _ — EEV. Approx linear Shaflt tums Max peak . Max Max
No electrostatic dust precipi- type | capacitance c;gaé}’:a‘gce r.f. voltage length | dia.
] gtlon on plates. range (pF) range (kV) @’ | ) (in)
asily demountable.  ——
y IR
Full informati the pr == . 15 15% 6.5 2.75
formation on the present fygy s | 3 10.4 15 20* | 65 3.30
range is available from the U200/8 | 5.5—206. 17 3 20t 05 249
address below: U200/10[ 5.5—206 17 10 20t | 95 3.50
Further types will be added to
meet future requirements. * Up to 30 Mc/s 1 Up to 20 Mc/s

ENGLISH ELECTRIC VALVE COMPANY LIMITED
AGENTS THROUGHOUT THE WORLD | Chelmsford, England. Telephone: Chelmsford 3491
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DALY

ELECTROLYTIC CAPACITORS

Daly have specialised in the manufacture of electrolytics
for over 20 years. Recent developments in the lower working
voltages associated with transistors have greatly increased
the capacitance obtainable in a given physical size —over
30,000 microfarads are possible in a single unit. Daly are
always ready to design for special requirements; they make
aluminium electrolytics of all types.

iz

DALY electrolytics for transistorised equipment @ for telecom-
munications @ for radio and television receivers @ for miniaturised
equipment @ for pulse and storage circuits @ for capacitor start

motors, etc.
Send for descriptive leaflets !

DALY (Condensers) LTD.

WEST LODGE WORKS, THE GREEN, EALING, LONDON, W.5,
Phone: Ealing 3127-8-9 Cables: Dalycon, London

Variable 3-speed motor. For 33}, 45 and 78
r.p.m. Stroboscope fitted with internal light
source. Synchronous motor dynamically bal-
anced and resiliently mounted. @ Mechanical
speed change giving 49, variation on all speeds.
£28/10/8 incl. tax.

Stereo Pickup Type CS1. Pick-up arm
fitted with integral lifting device. The pick-up
head employs miniature ceramic units. Frequency range
20-16,000 c.p.s., output 20mV with channel separation
of 20-25 dBs. Downward pressure 3}-4 grams. Diamond
stylus. Will accept Mark II monaural heads. Pick-up
(complete as illustrated) £13/6/4 incl. tax. Pick-up Head
Y% ALL PRICES INCLUDE 10% P.T. SURCHARGE. £8/3/11 incl. tax. Pick-up Arm £5/2/5 incl. tax.

THE “CRAFTSMAN” 2 SPEED

sl A R SUGDEN & CO(ENGINEERS) LTD.

PRE - AMPLIFIER, SPEAKER EN-
CLOSURE MARK III PICKUP. MARKET s"“" BRIGHOUSE

ALSO AVAILABLE
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Working
at

full

stretch . . .
to Vs
bring &
you a g
hettor

tape!

There’s extra toughness, extra
resistance to stretch and breakages,
in the new GEVASONOR Tensilized
Polyester Tapes—Dbecause they are
pre-stressed to bring you even
greater strength than ever.
GEVASONOR Tapes are made by \
GEVAERT, makers of world-famous 1
films for so many years. You can’t é’
choose better than GEVASONOR—

for so many sound reasons.

GEVASONOR

POLYESTER TAPES

Long Play and Double Play

TYPE LRP LONG PLAY TENSILIZED POLYESTER

3 2265’ 9/~ LRP/68

4 450 16/~ LRP/137

5" 900’ 28/- LRP/275

517 1150 35/- LRP/350

o7 1800’ 50/= LRP/550

TYPE DP DOUBLE PLAY TENSILIZED POLYESTER

3 300’ 14/- DP/90

4" 600’ 25/~ DP/183

- 1200° 4s/- DP/365  GEVASONOR

51" 1650 55/~ DP/500
o7 2400’ 80/= DP/730 —

@ FROM YOUR USUAL DEALER

—~,

.
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IS THE REGISTERED DUCTS IS SO GREAT THAT
THE WORD MAX] Q 7 TRADE MARK | IR
OF DENCO (CLACTON] LIMITED AL CATALOGUE AND T

IT IS ALSO A GUARANTEE OF
WORKMANSHIP AND TECHNICAL PERFORMANCE

MODULATED TEST OSCILLATOR MTO.Iﬁ

OUR RANGE OF PRO-

SAVE YOU POSTAL ORDER
POUNDAGE CHARGE WE
REQUEST SEND s é6d IN
STAMPS,

tracking R.F. circuits.

Y Suitable for the alignment of transistor receivers.

housed within the unit.

5 I/t6éin. x 4 1/16in. x 3In.
% Supplied with full operating instructions.

PRICE £3/17/6

(DEPT. W.W.)

% Providesa modulated signal suitable for |.F. alignment, also trimming and

Y Frequency is continuously variable from 170-475 kc/s and 550-1,600 kc/s.

Y Operates from a single 9-volt grid-bias battery (not supplied) which is

Y The case is manufactured from steel and is finished in silver hammer.
The front panel is gloss black bearing white lettering. Dimensions are

PLEASE SEND S.A.E. WITH ALL ENQUIRIES

DENCO (CLACTON) LTD.

357/9 OLD ROAD, CLACTON-ON-SEA,

ESSEX

STOP PRESS:

MULLARD **TWIN THREE-THREE'* STEREO AMPLIFIER. Punched Aluminium Chassis and Hammzred Gold printed front Panel—25/9d.

AND L.F. TRANSFORMERS

FOR 2-WAVE PORTABLE WITH PRINTED CIRCUIT AND ROD AERIAL

p
.
:

PSO/IAC M.W. OSCILLATOR COILS. For

P50/3CC 3rd I.F. TRANSFORMER. 470 Kc/s.

PCAl PRINTED CIRCUIT PANEL, 22 x 8Lin. ready drilled with component positions and references

printed on rear........t..coiiiinnnn.

BOOKLET OF DETAILED ASSEMBLY INSTRUCTIONS AND CIRCUIT DIAGRAMS FOR 6-TRANSIS-
TOR LONG AND MEDIUM WAVE SUPERHET .......cccoeiimmiiiiiiiniiniiniiiiiiiiseeeieesissnninseesdenranes

ALL IN BULK PRODUCTION—TRADE ENQUIRIES INVITED

WEYMOUTH RADIO MFG. CO. LTD., CRESCENT STREET

WEYMOUTH, DORSET

~ WEYRAD P.50 TRANSISTOR COILS ——

176pF TUNING CONDENSER............... PRICE 5’4d.
P50/2CC Ist and 2nd I.F. TRANSFORMER.
470 Kc/s. OPERATION. *“Q” = I50...... PRICE 5/7d.

(2 REQUIRED)

OPERATION.  “Q " = [70..........eeeee PRICE 670d.

RA2WL W. and M.W. ROD AERIAL é6in.

long. flying-lead connections. For 208pF
i TUNING CONDENSER..............coceeeenee PRICE 12/6d.

LFTD2 DRIVER TRANSFORMER. Split Sec-

ondary Type, semi-shrouded. With 6 con-
necting tags ........ccooiieiiiiiiiiiiiiieieiiienns PRICE 9/6d.
......................................................................................... PRICE 9/6d.
PRICE 2/0d.
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ensure CONSISTENT
magnetic characteristics

with STC
permalloys & permendur

COMPONENTS
GROUP

60/I1MM

WIRELESS WORLD

PERMALLOY ‘C’

47

for highest initial permeability, useful
for wide-band frequency transformers,
current transformers, chokes, relays

and magnetic shielding.

PERMALLOY ‘B’

has lower initial permeability than
Permalloy ‘C’ but has a higher value
of flux density. It is suitable for use
where high permeability to an
alternating field superimposed upon
a steady polarising field is required.

PERMALLOY ‘D’

for very high resistivity withouc
undue lowering of the maximum flux
density. Variation of permeability
with frequency is small. Ideal for

H.F. applications.

PERMALLOY ‘F’

very rectangular hysteresis loop with
a rententivity of at least 95% of its
saturation value; high flux density
and low coercive force. Ideal for
saturable reactors, magnetic
amplifiers, digital computers,

memory devices, etc.

V-PERMENDUR

for high permeability with a very high
value of maximum flux density. Finds
special application for use as high
quality receiver diaphrams, also
motor generators and servo-
mechanisms in aircraft where weight
and volume are important factors.

PKYSICAL PROPERTIES ANO GENERAL MAGNETIC CRARACTERISTICS

Specific Gravity

Electrical resistivity—
microhms per ¢m cube
Initial permeability #o
Maximum permezbitity
Hmax

Magnetising farce

for ¥max-oersteds
Maximum flug denslfy-gauss
Coercive force in oersteds
for Bmx-s 000 gauss

Remanence In gauss
for ﬂmu=5 000 gauss

Rysteresis foss |a ergs/ce/
cycle for Bm"=5 000 gauss

Total foss in watts/lb for
Bm"=5 000 gauss 50 cjs

0.018 in, sheet

15 000 fo 40 000

50 000 fo 150 000

0.20 to 0.40 0.025 to 0.04
16 000 8 000
0.1§ 0,03
4 000 3500
160 40
o1 0.04

12000 to 20 000

0.2 10 0.5 0.03 to 0.10
13000 14 000
0-1% 0.05°
3500 13 000*
200 220°
0.2 0.3*

200 009 ta 400 000

Permalloy ‘8" Permalioy *G' Permalioy 0° Permaltoy ‘F' ¥-Permendur
8.3 8.8 8.1% 3.4 8.2

& 55 60 90 26 26

2 000 o 4 000 15000 to 40000 | 1 800 to 3 000 400 to 1000 700 to 1 000

3 000 to 6 000

2.0 t0 6.0
24 000

2.3t

16 000+

12500t

4

* for amax‘” 000 gauss

1 for Bm“=20 000 gauss

Write for Technical Data Sheets :—

Srandard Telephores and Cables Limired

MAGNETIC MATERIALS SALES DEPT: EDINBURGH WAY

HARLOW

ESSEX
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Model 1200B.
For A.F. and
low R.F,
Y applications.
@ <Scnsitivity
100mV/cm.,
B/W D.C. to
100Kc/s. C.R.
Tube2}in.
diam,

£3510 0

Mode '2300.

Light-weight

Portable. B/W

-D.C.t02.5Mc/s
Sensitivity ==

50mV/cm. C.R.

Tube 2}in.

diam.

Dims.: 7}x43x

73ins.

£39 10 ©

write for full details of
OSCILLOSCOPES

SONTRANIC LIMITED

FORUM WAY - EDGWARE - MIDDLESEX - TELEPHONE EDGWARE 6020 — 3736

Here are
the tools
for increased
production

WRITE FOR
PUBLICATION No. 439 T.E,

\ PISTOL MODEL

These specially designed lightweight
tools incorporate the latest refine-
ments. They meet the requirements
of the modern workshop and
assembly lines for all light duties.

% Both models weigh less than 14 Ib. LEVER MODEL

% Best power/weight - power/air ratio.
% Positive speed control. Easy to handle.
B2 ? , 4 3 ; , : =a
BROOMWADE
Air Compressors and Pneumatic Tools = YOUR BEST INVESTMENT

Broom & Wade Ltd., P.O. Box No. 7, High Wycombe, Bucks.
Telephone : High Wycombe 1630 (10 lines) Telex : 83-127. 3

841 SAS
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HIGH SLOPE
FRAME GRID VALVES

FOR WIDE BAND,
LOW NOISE
LOW DISTORTION AMPLIFIERS

Type (m%"/'v) Fiﬁlluere}tof Iy(‘::;-\a)l M?\),(v;" Classification
3A/1;§7M 47 370 40 6-5 Triode T
5A /170K 165 185 13 33 Beam Tetrode
5A/180M 32 180 26 6 Beam Tetrode

/ wwos | OFandard Telephores and Cables Limired

GROUP
VALVE DIVISION: FOOTSCRAY . SIDCUP . KENT
61/4M$
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new low voltage valves. S.E.l. rectifiers

the
“#meet the requirements of British SERGEREINIRIETL LT LN BICIREG O EHEI GBI MO GHERTT Publication 119. Send today for full details.

alt etectronic davices using

s, Types 46 & 48 have heen developed to meet the demand for low curren ESEIGTELIETT RN ERY CICRGER CUETI )Y
is required. WHERE SPACE 1S LIMITED, The S.E.. Type 468 M tEIUICEIRTICT =il N EIa 6 (TN I M I

the solution. Thelr versatility of [(ECEEIEETIEEI Rt ENICETTETE N I
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“iand low cost of a metal rectifie

3

SALFORD ELECTRICAL INSTRUMENTS LIMITED

PEEL WORKS, SILK STREET. SALFORD 3, LANCS. Tel: Blackiriars 6688 (8 lines)

London Sales Office: MAGNET HOUSE, KINGSWAY, W.C.2. Tel: Temple Bar 4568
A Subsidiary of THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND

WIRELE3S WORLD

|
|

1961

NOVEMBER,

T/V-F/M RELAY AND
COMMUNAL AERIAL
SYSTEMS

GENERALLY SPEAKING .....
Teleng are specialists in designing and
planning systems to meet YOUR in-
dividual requirements. Whether it is
a simple amplified aerial scheme for a
few flats or a scheme for large urban
area coverage, expendable to thirty
carriers of any transmission standard
having many thousands of outlets—
Teleng will provide the answer.

services include—

SYSTEM DESIGN
AERIAL SITE SURVEYS
PLANNING AND QUOTATION

SCHEDULES
CABLING AND EQUIPMENT
INSTALLATION
ECONOMIC ADVICE & CAPITAL

EASEMENT SCHEMES

Teleng

provide for any
foreseeahle developments

UHF = PAY/TV & COLOUR = 625 LINE

For full System Planning & Quotation, contact—

TELENG LIMITED

CHURCH ROAD, HAROLD WOOD, ROMFORD, ESSEX.
Ingrebourne 42976-7-8

Official Agent in Eire and Northern Ireland
J. BEAM (Ireland) Ltd.
57 North Great Charles Street, Dublin |—Dublin 48491
60 Old Lodge Road, Belfast |3—Belfast 22249
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The GL. 58 and GL.60 Transcription units, both fitted with the
G.60arm, are designed for the perfectionist. The motor unit and

turntableare precisionengineered in Switzerland and the pick-up
G 0 l D R I N G_arm embodies the best in British ingenuity. Exclusive develop-
mentsinclude—a continuously variablespeed control—unique vertical
drive which reduces wow and rumble to negligible levels—a

pick-up lowering device which automatically lowers the pick-up

on to any selected part of the record—and circuits arranged for

either monaural or stereo use without modification. The GL.60
L E N G ﬂ s fitted with an 8 Ib. diecast non-magnetic turntable.

AAASAANAANAANN ey SN

These units are available from 218134 and can be fitted with
any of the following ¢ -tridges:—

SX10 Crystal turnover Stereo/Monaural fitted with 2 sapphires £1.18.8
MX1 Crystal turnover fitted with sapphire siyli £1.8 6
580 Variable reluciance fitted with 2 sapphires £5.14.1
600 Variable reluctcnce fitted with L.P. diamond stylus £11.8.1
# 700 Stereophonic cartridge fitted with diamord stylus £9.19.6

‘ GOLDRING MANUFACTURING CO. (Gt. Britain) LIMITED ;
486-488 High Road, London E11 Telephone: LEYtonstone 8343
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WIDE BAND, 4"TUBE MODEL

© Highsensitivity 33

STABILISED

Oscilloscope

‘Y " AMPLIFIER. Sensitivity 12.5 V R.M.S. per inch. Input resistance 5 megohms (approx.).
Push-pull output, sensitivity 80 mV per inch, frequency response 10 ¢fs to over 6 Mc/s. Input imped-
ance | megohm. Maximum input 250 V peak. Wide shift range.

‘X" AMPLIFIER. Push-pull output, sensitivity 0.45 V R.M.S. per Inch maximum. Wide shift range.
Frequency range 5 c¢fs to 500 Kcfs.

TIME BASE. Hard valve covering 2 ¢fs to 100 Kefs in five ranges free running or recurrent trigger.

SYNCHRONIZATION. Exceptional synchronization characteristics, switchable internal/external.
External synchronization impedance | megohm 20 p.f. Flyback suppression incorporated. Facility for
observing Flyback available.

rrice: £80.0.0 FE

AVAILABLE
: Write for fully illustrated literature to: . -
Q" TAYLOR ELECTRICAL INSTRUMENTS LIMITED
Montrose Avenue, Slough, Bucks. Tel.: Slough 21381. Cables: Taylins, Slough

METAL INDUSTRIES GROUP

E SEND THE BEST OF BRITAINS HI-FI EVERYWHE

l PLEASE NOTE Prices quoted subject | AKG. Cl2, Condenser... £185 0 0 $535 | Rogers Junior Stereo ... £28 10 0 $82 l
o to alteration in accordance with those | AKG, D.19. Dynamic ... £19 10 0 $56 | ARMSTRONG TUNERS AND
ANl STSRLeT e 2 US| @ Tapes by vt LEADING MaKeRs | AMPLINERS o s
= @ recoroErs Quad Eleccroutatic ... £52 0 0 sl4p | Chapman AMJFM .00 €29 8 0 360
E Vortexion W.V.A. ... £93 I3 0 $268 | Wharfedale W.ISRS ... £17 10 0  $50 | Ena R R i, o WU Ui
& [ | Vortexion W.VB. ... 110 3 0 $315 | Wharfedale Super 2 RS €7 io o 50 tioned in_thi e invited. |
ortexion ¥.v.L. Stereo: Wharfedale W.I2 RS ... £ - A
== I Brennell Mk. V. ......... 64 gns. $192 Wharfzda|e Coaxial 12 £25 0 O $72 I BINSON ECHOREC ™ UNITS I
Brennell 3 Star Stereo... 89 gns. $267 | Wharfedale Golden 10 £8 14 11 $20 I BINSON STANDARD ECHOREC pre-
ﬂ-l . Brenell M . .. . 88 gns. $264 | Tannoy 12in. Monitor ... £30 IS 0 amplifier unit enables echoes to be I l
. gossor :28; z¥r g; gns. ::{_} T\;:nnO)é 15in. Monitor ... £37 10 g o I |mhpose¢z onths:gnals be)twe;n m;g:(ro- I .
Ossor . gns. B. 1016 .................. phone (or other source) and amplifier
= Ferrograph 4AN ... 81 gns. $243 | Goodmans AL.120 . 0 $84 | | or recorder. 3 channels available, and
ad ! Ferrograph 4AH 86 gns. $258 | Goodmans AL.100 0  $67 | timing of echoes is controllable. I I
&3 . FGerrog_raErl;(IBOB Stereo |g: gns. 5223 \ Goodmans Triaxiom g ;g | Egtalls an Br‘eguesEt.h 140 gns. _|$420. l
rundig TR7 - oo gns. Goodmans 300 ......... inson *‘ Baby Echorec,” similar to
[~ — Grundig TKSS5 Stereo ... 92 gns. $276 | Goodmans 400  ......... 0 341 abova, but for single-chan'nel working. I
e . grun:i_g w‘%g with Mic. ;g gns. ;:22 | Kelly Ribbon Mk. Il 0§30 | gns. $30 I [ |
e cere ns. -
wd ] Grundig TK30 """ & gns 3195 @ MOTORS AND PICK-UPS [yl G g TR | AE JIRSCE DI ]
Philips 4 Track EL 354 59 gn.. z;;z DEC|ca Stereo P.U. com- @ @ oE — .
Philips 4 Track Stereo 92 gns. Gt s e, el mr— e e
] | Philips 4 Track ... . ... 3gns.  $102 | Lenco GL60 Trans. Unit £27 12 6 %60 | @ '54‘3?;55 AND  UP-TO-DATE
. Reflectograph “A’ £ Tr. 105 gns. $315 | Garrard 300 ............... €22 7 3 $49 y .
[~ o Refleccograph B 4 Tr. I15 gns.  $345 | Garrard 4HF{Stereo P.U, £19 4 8  $45| @ FULL OFFICIAL RATES OF EX-
l Stuzzi Magnette ......... 59 gns. $177 | Connoisseur Motor “‘B” £27 16 | $59 CHANGE FOR PAYMENT IN .
3 I Stuzzi Tri-corder ......... 63 gns. $189 | Connoisseur, 2 sp. Motor ng :3 ; g? ANY CURRENCY. .
Goldring 700 ............ @® MANY ITEMS FOR 10 VOLTS A.C.
@ DECKS
= I Wearite 4A mono . £36 10 0 $105 | @ AMPLIFIERS & TUNERS @® TRANSISTOR RADIOS. .
z Wearite 4B .,.. .£41 10 0 S;I? Quad I?.Z-Contfrol Unit... 2%25 Ig g :Zg @ ACCESSORIES
Bl KoV e pe2bl=ney 84 | Quad Il Amplifier ......... PROMPT REPLIESTO ENQUIRIES [N
Brenell Stereo Deck ... £33 16 0 $I0l | Leak Sterec 20 Amp. ... £30 ¢ 0 $87 L4 Carri harged at 2 .
Microphones by Lustraphone, Reslo, | Leak Point One Pre- L3 U3 GOSN .
Acos, Simon, etc. AMp. oo £21 0 0 $60 l Expor* prices in U.S, dollars .

Tel: TEM 7587 & COV 1703 Cabels: MODCHAREX, LONDON

MODERN ELECTRICS " ™

y N
]
a
|
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the finest
mobile speaker

ever to be produced
by Wharfedale

Alredale

free standing speaker assembly

For many years the Wharfedale omni-
directional 3-speaker Corner System

The AIREDALE

SIZE: 39 x28% x 14
in. WEIGHT: 91
Ib. complete. IM-
PEDANCE: 12/15
ohms only. MAX.
INPUT: 20 watts
Individual controls
for middle and
treble response are
located in the rear
panel. Available in
whitewood or fully
finished with a
choice of walnut,
oak or mahogany
veneers. Tropical
model also available
at extra cost.

has been recognised as a superbly
natural reproducer and has frequently
stood the difficult test of comparison
with live musical performances. The
AIREDALE is the latest version of
this famous speaker presented for the
first time in a one-piece free-standing
assembly suitable for corner or along
the wall location. Cabinet resonance
is avoided by a sand filling the front
panel and fitting ceramic tiles to rear
side panels. Some idea of the solid
construction is given by the fact that
the total weight exceeds # cwt. Fitted
with castors for ease of movement.

Fully  descriptive
literature free on
request.

Price £65. 0. 0.

“In the Airedale L.F. output is produced by a |5in.
unit type WI5/RS fitted with heavy cone and im-
pregnated cloth roll surround for minimum
distortion.

Wharfedale

WIRELESS WORKS LTD

IDLE BRADFORD Yorkshire

Tel: Idle 1235/6
Grams: Wharfdel, Idle, Bradford
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CKSON
Jackson Brothers’ Stand Off Insulators and Terminal

Strips are used in large quantities by all the services and
in every branch of Electronics, -Neucleonics and
Communications, Write now for fully illustrated list of
complete range of Stand Off Insulators comprising some 40 different types.

the big name in PRECISION components

JAGKSON BROS. (LONDON) LTD., KINGSWAY-WADDON, SURREY
Telephone : Croydon 2754-5 Telegrams : Walfico, Souphone, London

Canadian Distributors:- Messrs. R. Mack & Co. Ltd., 1485, South West Marine Drive, Yancouver 14, B.C., Canada

American Distributors:- Messrs. M. Swedgal Electronics, 258, Broadway, New York 7, U.S.A.

SCREENED 2, 3 AND 4 PIN CONNECTORS
WITH MUTING SWITCH

TRP 1 TRS 1 3 PIN UNSWITCHED
TRP 2 TRS 2 2 PIN SWITCHED SOCKET

TRP 3 SPECIAL 4 PIN PLUG FOR TRS 2
SOCKET PROV.DING EXTERNAL
Send for technical information to:— CONNECTION TO MUTING SWITCH

McMURDO INSTRUMENT CO LTD - ASHTEAD - SURREY - TEL: ASHTEAD 3401

61 JHS 6181
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~ AVEL TOROIDS

o Fora"round
'“*-ax,#% peak performance ww‘*

L Bl bt oy et d o
*La ) b,

Power Transformers

50 c¢/s to 5000 /s
up to 20 KVA,

Audio Transformers

up to 300 watts.

Current Transformers

up to 30 VA.

as well as Magnetic Amplifiers,
Converter Transformers, Transductors,
Inductors and Filter Toroids.

We produce toroids ranging in sizes
from the smallest which has a
minimum finished i.d. of .055 to cores
having a maximum o.d. of 24in. and an

overall height of 6in. Wire gauges
from 1048 s.w.g.

AVEL TOROIDS are performance
tested to Laboratory standards.

1 Toroidal transformers up to 20 KVA are
made. By using glass insulated wire and
making full use of the good heat dissipation
characteristics of the toroid, the operating
temperature may be 300-350 degrees C.

2 One of the high-speed miniature and
sub-miniature toroidal winding machines
which wind 48 s.w.g. wire at 1,200 turns per
minute,

Sub-contract winding capacity available.

Write for further information:

TOROID DIVISION

Aveley Electric Limited

SOUTH OCKENDON, ESSEX.  “HE [$%
TEL.: SO0 3444.

TELEX: 24120 AVEL OCKENDON.
P6269
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miniature

soldering iron

For mains or low voltage

6, 12, 24, 28, 50, 110,
200, 220, 240v,

Sharp, strictly con-
trolled heat for fast
and safe soldering of
transistors, printed
circuits.

Easily intefchange-
able bits in 6 sizes
slide on and off stain-
less steel shaft, with
element inside for
highest efficiency.

Bits are of hard-
wearing alloy, heavily
nickel-plated and
split to prevent stick-
ing to shaft.

List prices 25/ (up to
50 v.) 29/6 mains volt.
Ask for leaflet and
list of stockists.

#-8 IDOL LANE LONDON EC3
Tel: MANsion House 2716

NOVEMBER, 1961

SPECIAL OFFERS'!

BRAND NEW SPEAKERS Indmdually boxed. All 3-5 ochms.
‘“ Goodmans "’ 6” x 47, 13/-; 77 x 47, 13/6; 8 x 57, 16/6; 10" x
6, 21{6. ‘‘Rola”’ 7’ x 4°, 13/6. P. & P. 1/6 each speaker.

DENCO 3-4 WATT AMPLIFIER. For P.U., tape or mike. Com-
plete in hammer gold finish case. ONLY 4 gns. P. & P. 3/6.

BATTERY CHARGERS. 2 amp. 6-12 v. Brand new and boxed,

Meter, etc. 49/6. P. & P. 3/6.

piAPTEI% TRANSFORMER. 6.3 v. 3 a. Fully impregnated. 8/6.

TELESCOPIC AERIALS. For portables. 8/6. P. & P. 1/-.

PARMEKO MAINS TRANSFORMER. Primary 200-250 v.

Secondary3500350v 70mA. 63v.3 A.CT.,63v.3A,63v. A
‘C " Core, fully impregnated. 50/-. P. & P. 3/

GRAM/TAPE DECK MOTORS. By famous maker. 200250 v.

19/6 each. P. & P. 1/9.

COLLARO “STUDIO " TAPE DECK. Brand new in original

maker’s carton. 3 speeds, twin track. 7in. spools, press button con-

trols. ONLY £l1/l0/- P. & P. 4/6.

B.B.C. BAND I. T.V..PRE-AMPLIFIER. New and boxed with
6F12 valve. ONLY 15/6. P. & P. /6.
PNEUMATIC LID STAY with pressure adjuster. Heavy duty,
10/- complete. P. & P. 1/6.
SWITCHES FOR MULLARD |  poTARY
TR2. 2 valve pre-amp. Selector..
TR3. 3 valve pre-amp. Selector.. 12/9 WAFER
;2‘; ; val;re pre-amp. L?*w Eass Filter, . 10/9

o valve pre-amp. igh-pass Filter 8/4
TR6. 3 valve Tape amp. Record/Playback 16/6 SWITcHES
TR7. 3 valve Tape amp. Equaliser ,........ 7 )
TR3. Tape pre-amp. Record/Playback . 16/6 | A.B. Metal and
TR?. Tape pre-amp. Equaliser 7/4 N.S.F. Made to

TRIO0. Stereo pre-amp. Selector 18/6 .
TRII. Stereo pre-amp. Channel e 9/6 erder. Price
TRI2. Stereopre-amp. Stereo/Mono ...... 9/6 | list free on re-

Please add P. & P. |/- per switch. quest.

4 x 4 x 4in. Sloping Front o 6

5 x 5 x 8in. Sloping Front . . 16 0

lEE by 6 x 6 x 12in. Sloping Front . £1 5 6

4 x 4 x 24in. Rectangular . 8 6

6 x 4 x 3in. Rectangular ., 10 0

cﬂMPﬂNENTS 8 x 6 x 3in. Rectangular . . 12 6

10 x 6 x 23in. Rectangular . 5. 14 6

. 10 x 7 x 7in. Alum. Panel ......... £l 7 6

Full range in stock | 12 x 7 x 7in. with Alum. Panel ... £1 14 0

. = = 14 x 7 x 7in. with Afum. Panel ... £1 17 6

including Unitors, [4 9 x 8in. with Alum. Panel . £2 7 §
x 9 x 8in. with Alum. Panel ...

Screenectors, etc.| |¢ x 11 x 8in. with Alum. Panel... £2 17 6

2 19 x 8 x llin. with Alum. Panel ... £3 4 0

Send us details of | 193 |" ioi "with Alum. Panel... £3 6 0

ALSO FULL RANGE OF CHASSIS

your requirements ; <
Chassis and Case List Free on request.

LARGE STOCKISTS OF COMPONENTS & EQUIPMENT
By well-known Manufacturers including: @ A.B. METAL PRODUCTS
@ AVO @ BELLING-LEE @ BULGIN @ COLVERN @ DUBIL-
IER @ ERIE @ MORGANITE @ MULLARD @ PAINTON
@® WELWYN @ T.C.C. @ WESTINGHOUSE.

CONSTRUCTIONAL KITS
JASON Complete range in stock
For the Hi-Fi Enthusiast !

OUR NEW DEMONSTRATION ROOM

Incorporates the latest High Fidelity equipment! Sincere advice and
courteous service are just two reasons why Tele-Radio (1943) Ltd. is the
choice of the High Fidelity enthusiast.

Stockists of @ Acoustical @ Decca @ Ferrograph @ Garrard

@® G.E.C. @ Goodmans @ Jason @ Leak @ Rogers @ Tannoy
@ VYortexion @ Wharfedale, etc., etc.

@ Immediate dispatch of goods avallable
from stock.

@ Carriage charged extra at cost.
@® Goods sent to all parts of the world.

TELE-RADIO
(1943) LTD.
189 EDGWARE ROAD,
LONDON, W.2 PAD. 4455/

Telegrams: Goahead, London, W.2 @Our only address
Few #iins. from Marble Arch @ Open all day Saturday
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The LF. SIGNAL GENERATOR. .,

Typ- SG81A

Five features of this outstanding
instrument

I  Wide frequency range
15 ¢/s to 200 kc/s

o~

Output impedance
600 ohms balanced
600 ohms unbalanced
300 ohms unbalanced

3 Attenuator baianced or unbalanced
range 65dB in 1dB steps

4  Maximum output
1 wart into 600 ohms

5 Qurpur calibrated in volts and dB

—in brief
S— Audio Signal Generation
at its best!

NETT PRICE IN U.K

£85

The *“ Advance ” type SG81A is a wide range, low frequency,
Signal Generator incorporating an excellent attenuator that can be
used in the balanced or unbalanced condition and provides out-
standing facilities for the audio engineer.

We should be pleased to send you a copy of our Leaflet R.102,
or arrange a personal demonstration, at your request.

Am COMPONENTS LIMITED

ROEBUCK ROAD ¢ HAINAULT ¢ ILFORD * ESSEX ¢ TELEPHONE i HAINAULT 4444

MG 76
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Arcolectric supe swirches

09
Cat. No. T.225 Alternative fixing methods
A new range of switches designed @ Current carrying parts silver plated.
: . ting 1-amp., 250 volt AC, -25-amp. DC.

to provide convenient low cost ® Ra ’ ’ .

'p , . . & Resists 2,500 volt AC flash test.
switching for radios and instruments. ® Self-cleaning contacts:
Single and double pole change-over. ® Positive snap feel.

Write for samples for design purposes

quoting Cat. No. T.225.

ARCOLECTRIC

CENTRAL AVENUE, WEST MOLESEY, SURREY. SWITCHES - _LTD
Tel: MOLESEY 3232

163 Mains transformers for valve
and contact-cooled rectifiers, audio
output transformers and chokes are
fully described in Gardner’s new
“8/M” Catalogue .available on re-
quest.

Electrical characteristics, dimen-
sions, weights, fixing centres and
prices are fully described in this new
publication which includes the latest
additions to the Solent range (to
BSS 2214 group 10/55) and the high
performance but inexpensive “ Mini-
ford ” range. Typical frequency res-
ponse characteristics are also given.

Your copy of Gardners <*S|M ”
Catalogue can be obtained now by writing to

GARDNERS RADIO LTD., SOMERFORD, CHRISTCHURCH, Hants. G ardners

telephone Christchurch 1734
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Longer life

COLD SETTING SYSTEMS
(Non-Irritant)

A range of liquid hardeners is available
with gelation times from 30 minutes to
12 hours.

Heat distortion tempera.'tures of around
140°C are obtainable after suitable paost-
curing. Low erotherm temperatures.

for components

HOT SETTING SYSTEMS

These include solid and liquid resins for
use with anhydride and aromatic amine
hardeners used in the production of large
castings.

potted in

SPECIAL PURFPOSE SYSTEMS

Polyfunctional resin with excellent high
temperature performance at low cost.
Thixotropic systems for dip-coating.
Conducting epoxide putties.

Non-cissing surface-coating resin.

EPOPHEN

Epoxide systems

Please write for full details

LEICESTER, LOVELL & CO. LTD., NORTH BADDESLEY, SOUTHAMPTON
TEL: ROWNHAMS 2131 GRAMS: STRONGLU, SOUTHAMPTON

T33A
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Sole Mantifacturers
Makers of High Voltage Test
Sets and other Electronic Equip-
ment for H.M. Government.

HETERODYNE FREQUENCY

TELEMAX WORKS, BROKENFORD LANE, TOTTON, HANTS, ENGLAND
Telepl'}one: Totton, Southampton 3666

METERS

BRITISH MANUFACTURED

Designed and built to rigid services specifications.
TYPE T75.
Frequency Range: 85 to 1,000 megacycles.

TYPE T74.
Frequency Range: 20 to 250 megacycles.

Frequency calibration accuracy: .002% at 25° C. (or .01% be-
tween —20° C. to +70° C.)

Crystal-controlled, portable heterodyne-type Frequency Meters used
for Field testing and measurement of pulsed, modulated, or C.W.R.F.
transmitters, receivers and signal-generators.

Mains Operated Power Unit available as optional extra and designed
to fit into the battery compartment.
Reconditioned and calibration-checked 'B.C.221 Frequency Meters
range 125 Kc/s to 20 Mc/s still available.
ih
€

Provisional specifications on a new wide-range, very hi
accuracy Frequency Meter and also an instrument covering t

range 100 Kc/s to 1,000 Mc/s (higher under favourable condi-
tions) available to request.

INSTRUMENT
Complete Specification on application to:—

TELEMECHANICS LTD

(Instrument Division Dept. W.W.8)

Cables: “ ‘Teleset,” Totton, Southampton
Agents: Some overseas territories still available,

Telcon
Metal

Telcon Metals manufacture magnetic
materials of very high permeability
and low loss in the form of toroidal cores,
and these are ideally suitable for use in
transformers for miniaturised circuits, for
transductors in magnetic amplifiers, for
switching cores in computors and logic
circuits.
SUPERMUMETAL
MUMETAL—alloys with

Very high permeability

S

r—1

High impedance
Low losses—Iron & Copper
H.S. ALLOY

High speed switching material
H.C.R. ALLOY
A rectangular hysteresis loop alloy
for medium power applications.
For .001 ins. tape Brem ratio is 0.99
Bsat

ORTHOMUMETAL
A rectangular hysteresis loop alloy
with very high permeability for high
gain low power applications.

pulsing and control circuits

&

for miniaturised, switching

o

5

=

TN, :

_".
e & &S

e e

Fursher desaitsfron 1 ELCON METALS LTD mManoR ROYAL - cRAWLEY - sussEX

Telephone : Crawley 1560. Telex : 8748. Telegrams : Telcon, Crawley, Telex.
Member of 1he m group of companies
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FIRST
PRIVATE
MICROWAVE
RADIO
TELEPHONE
ISJSTEM

> BRITAIN

i

I\

i
-
-
»
>
.

British Railways have ordered a

Marconi microwave system to link Newcastle
with York via Darlington.

This 300 channel capacity system, operating
at 7500 mc/s, allows for channels to be
dropped off at intermediate points and is
designed for both data transmission and
telephone operation.

MAR ONI COMPLETE COMMUNICATION SYSTEMS
SURVEYED - PLANNED - INSTALLED - MAINTAINED

COMMUNICATIONS DIVISION, MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND.

His
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LEVELL

PORTABLE
TRANSISTOR

R.C.

MBO=-D>Prr=nn0

T —

Frequency coverage 1.5 c/s to 150 kc/s in 5 ranges.
Output variable up to 2.5 V. into 600 ohms.
Attenuator steps —20 dB, —40 dB-and —60 dB.
Distortion less than 0.19% at | kefs.

Type TGI50: Sine wave only ................ . 27
Type TGISOD: Sine and square waves ... £29
Type TGI50M: As TGI50 +output meter  £36
Type TGI50DM: As TGI50D +output meter £38

LEVELL

PORTABLE
TRANSISTOR

om=amI =0 < z

Measures 50uV to 500 V. on 12 ranges.
Response +3 dB from 6 ¢/s. to 250 kc/s.
High input impedance and low noise level.

Can be used as an amplifier with gain up
to 80 dB.

LEVELL ELECTRONICS LTD.

10-12 ST. ALBANS RD., BARNET HERTS. BARnet 5028

M. R. SUPPLIES, LTD.—

Universally recognised as suppliers ot UP-TO-DATE MATERIAL which does the job
properly. Instant delivery. Careiul packing, Satistaction assured. Prices nett.

SMALL GEARED MOTORS. Our well-known speciality. Over 1,000 different
tinal speeds and torques. Series wound (variable speed) and lnduc',ion {constant
gpeed). Speed range 0.25 to 840 r.p.m. and torques up to 75 Ib.fin. Full details
in our new List GM.361. Large range for immediate delivery from stock.

OTTER THERMOSTATS Type 0. Variable from 60/80f. 15 amps A.C. switching.
Open type for building in apparatus. Size 2}in.-2}in.-1jin. Control shaft §in.-}in. dia.
9/6 (despatch 1/6).

AIR. THERMOSTATS (Kieft-Pullin). Adjustable range 30/90 deg. F. Switching
capa.clt.y up to 15 amps. A.C. In smart ivorine housing 4§ x 2 x 2in. Easily installed,
instructions with each. Right for greenhouses, rooms, labs., etc. 45/6 (despatch 2/-).
FIRST GRADE PORTABLE INSTRUMENT OFFER. Brand new portable Volt-
meters by famous British makers, 0-160 voits A.C./D.C. with 8ir. mirror scale—
very easily converted for mains voltage measurement. Current list price over £15.
In wooden case 9% X 8§ x 3%in. with carrying handle. Limited supply in scaled
cartons at only £4/10/- each (despatch 3/6).

SYNCHRONOUS TIMER MOTORS (Sangamo). 200/250 v. 50 c/e. B8elf-starting, 2in.
dia. by 1}in. deep. Choice of following shaft speeds: 1 rev. per second, 1 r.p.m.,
12 r.p.h., 1 r.p.h., 1 rev. per 12 hours, 1 rev. per day. Any one 39/6 (des. 1/6). Also
high-torque model (G.E.C.), 6 r.p.m. 57/6 (des. 1/6).
OPERATION COUNTERS (mechanical). Brand new units with continuous rotary
action, counting up to 6,000, forwards and backwards. One rev. per digit, with
1/10th indicator, wiil also count motor speeds. Buitable for tape recorder and film
work. Bize 3kin. x 1§in. square. 29/6 (des. 1/-).
EXTRACTION FANS. New miniature model complete with outstde cowling and
indoor shutter, circular motor housing only 4}in. diameter. Easily mounted in small
window pane. Silent Induction motor, 200/250 ¥. A C. (no interference), 3,500 c.ft./
hour. Mounting instructions with each. Remarkablc offer, 59/6 (des. 3/6). We
still supply our well-known 6in. (£4/12/6), 8in. (£5/5/-) and 10in. (£5/12/6).
Extractors (des. any one 3/{-). Details on request.
SYNCHRONOUS ELECTRIC CLOCK MOVEMENTS. 200/250 v. 50 c/s. Fitted with
spindles for hours, minutes and seconds hands. Self-starting, central hole fixing.
Dia. 2}in., depth behind dial only lin. Very latest model. With dust cover, 29/8
(despatch 1/6). Bets of three hands to fit in good style for 5/7in. dial, 2/8 set, or
8/10in. dial 3/6 set.
SYNCHARONOUS TIME SWITCHES (S8angamo) for accurate pre-set switching opera-
tions on 200/250 v. 50 c/s. Providing up to 3 on-off operations per 24 hours at any
chosen times, witb day-omitting device (use optional). Capacity 20 amps. Com-
pactly housed 4din. dia. 3}in. deep. With fuli instructions, £5/8/8 (des. 2/6). Also
8mith's Relvon Twin-circuit model 20-amp. switching, £7/8/- (des. 2/8).
COMILETE SEWING MACHINE MOTOR OUTFITS. No better job obtainable
any price, 200/250 v. A.C./D.C. Fittcd latest radio/T.V. suppressors. Comprising
motor with fixing bracket, foot control and switch, needle light with switch, belt, etc.,
and instructions for easy fixing to ANY machine. The complete outfit still £6/15/-
{despatch 8/-).
SYNCHRONOUS TIMERS (by well-known British maker—brand new). 200/250 v.
50 ¢fs. Provitling any “ on” perlod between 5 mins. and 8 hours. switching " off **
at the end of the set period. Made for electric cookers and suitable for many other
purposes—tape recorders, immersion heaters, etc. Capacity 25 amps., fitted neon
indicator. Housing 6in, sq. by 3¥in. £4/12/6 (despatch 3/-).
IMMEDIATE DELIVERY of Stuart Centrifugal Pumps (most models). Philips Var-
iable Transiormers (all models), B.P.L. Measuring Ingtruments (useful range}-—details
on request.

M. R. SUPPLIES, Ltd., 68 New Oxford Street, London, W.C.1

(Telephone: MUSeum 2958)

NOVEMBER, 1961

all readable and
entertaining

¥ A to Zin AUDIO

224 pages 160 illustrations 15/6 (18/6 post free)
Yy STEREO HANDBOOK
146 pages 88 illustrations 10/6 11/6 post free)
+ LOUDSPEAKERS 5th Ed.
3386 pages 230 illustrations |9/6 (20/9 post free)
SOUND REPRODUCTION 3rd Ed.
368 pages 815 illustrations 17/6 (18/8 post free)
PIANOS, PIANISTS & SONICS
190 pages 102 illustrations |0/ 6 (11/6 post free)

Y% With R. E. COOKE, B.Sc.(Eng.) as Tecknical Editor.

T he above books are sold by many radio dealers and bookshops. 1n
case of difficully direct from

IDLE

Wl‘ ‘ d ' BRADFORD
Yorkshire

ar e a e Telephone:

ldle 1235/6

Grams: ‘W harfdel’

Idle Byadford

WIRELESS WORKS LTD
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DON’'T FORGET Your MSA4

The Service Engineer who leaves his tube of MS4 behind is without one of his most useful
tools—a non-melting, water-repellent grease with excellent dielectric properties. Used to
lubricate turret tuners and variable condensers, and prevent “leakage’ around the caps of

CRT’s (and for 101 other jobs)—

MS4 is extraordinarily useful

* it’s stable from — 50°C to +200°C and doesn’t melt * it’s a super water-repellent grease = it
seals disconnectable plugs and sockets, terminal and junction boxes % stops corrosion of
terminals and keeps contacts clean * prevents flashover and “leakage” due to moisture

and helps the busy service engineer.

Werite for the new ILLUSTRATED LEAFLET
on MS4—or ask one of these M Sy distributors:
British Central Electrical Co. Ltd., 6 & 8 Rosebery

Avenue, London, EC1. Tel: Terminus 3666. Also at
Briticent House, Addlewell Lane, Yeovil.

Caselco Ltd., Midland Works, Canal Road, Leeds 12.
Tel: Leeds 630551.

Direct TV Replacements Ltd., 138 Lewisham Way,
New Cross, London, SE14. Tel: Tideway 6666.

Electrical Trades Supply Ltd., Loveday Street,
Birmingham 4. Tel: Aston Cross 5671.

T. J. Grainger & Co. Ltd., 9-13 St. James Street,
Newcastle-upon-Tyne 1. Tel: Newcastle 24552.

Holiday & Hemmerdinger Ltd., 71 Ardwick Green
North, Manchester 12. Tel: Ardwick 6366. .

R. D. Taylor'& Co. Ltd., 9 Lynedoch Street, Glasgow
C3. Tel: Douglas 1202-3-4.

MIDLAND SILICONES LTD

( Associated with Albright & Wilson Ltd and Dow Corning Corporation)

first in British Silicones

68 KNIGHTSBRIDGE - LONDON - SW1 - TELEPHONE: KNIGHTSBRIDGE 7801
Area Sales Offices: Birmingham, Glasgow, Leeds, London, Manchester. Agents in many countries.

@ MSE13



. a radar wave directed through

a complex layout often in restricted

space, call in ‘Waveflex’—a unique

advance in waveguide technique. In the

‘Waveflex’ range of Flexible Waveguides

are the answers to a hundred-and-one

problems of complicated waveguide
plumbing.

The three types of WAVEFLEX Flexible Waveguides—
Twistable—flexible in E and H planes,
and twistable about the longitudinal
axis.

Non-twistable—flexible in E and H
planes.

Premoulded Twisted—flexible in E
and H planes, with a built-in longi-
tudinal twist. Premoulding relieves the
end connections of all twisting stresses,
and the angle of twist can be much
greater than with ordinary twistable
guides.

Manufactured under exacting scru-
tiny and tested to strict Government
specifications.

Ideally suited for use in pressurised
systems, remain stable when bent
or twisted, unaffected by extremes
of temperature.

Performance covers a broad band.
‘Type approval’ has been given by
the Royal Radar Establishment
and the Admiralty.

Waveflex guides are available in a range of lengths 3” to 36”
fitted with standard flanges. Special lengths and flanges can
be made to order. An additional range of short guides, under
6", are particularly useful as malalignment units and
vibration decouplers.

Write for full technical details to:—

GABRIEL MANUFACTURING CO. LTD.

Newton Road, Torquay, Devon. Telephone: Kingskerswell 3333
A MEMBER OF THE TECALEMIT GROUP OF COMPANIBs

WAV ERFLE I

FLEXIBLE AND TWISTABLE WAVEGUIDES

WIRELESS WORLD

NOVEMBER, 1961

| " Radi
Radigspares components are
»

delivered absolutely “by return’

-

A

MNTETIOy Qoo e

PATENT No.
9567

82!

CECO

Vari-stat

THERMOSTATIC
SOLDERING IRON
INSTRUMENT SIZE

The thermostatic soldering iron
heats up very quickly (1} mins.)
but never overheats or corrodes,
and weighs only 41 oz. The
thermostat is easily adjusted to suit
the grade of solder and keeps the
temperature to within 15°C. It
incorporates a micro-switch giving
snap action on-off with minimum
electrical interference. All parts of
the instrument are interchangeable.

LIST PRICE 79/6

Manufactured by :

CARDROSS

ENGINEERING CO.LTD

WOODYARD ROAD

by

DUMBARTON

T AT T T

3

SRR wa s n e e,

n
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Zonal Magnetic Coatings are those most commonly

used in film, broadcasting and television studios,

v
Yo U LL H EAR It is against this professional background of experience
N OTHIN G BUT and exacting standards that we present ZONATAPE

as the new standard in }in quality tape for home

G o o D o F recorders.

If you would like to hear more about ZONATAPE

zo N AT AP E write to us for leaflet “ The Basis of Every Good Mag-

netic Recording ” and the name of your nearest
ZONATAPE dealer.

ZONAL FILM (MAGNETIC COATINGS) LTD., THE TOWER, HAMMERSMITH BROADWAY, LONDON, W.6. RIVerside 8741
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SHORTED TURNS

DETECTOR Mk 1

A lightweight portable instrument for use
in the inspection of chokes, transformers,
relay coils, tuning coils etc.

INTERCHANGEABLE PROBES FOR
VARIOUS COIL SIZES.
HIGH DEGREE OF SENSITIVITY.
RELIABLE. TRANSISTORISED.
EASILY ADJUSTED. LOW PRICED

Another instrument design from the Research and Development Centre

OF THE HARPER W GROUP OF COMPANIES
G

DESIGN DEVELOPMENT & CONSULTING ENGINEERS

NEW ROAD AVENUE CHATHAM KENT ENGLAND
TELEPHONE CHATHAM 44944 (5 LINES) TELEX 89141

SPEMBLY LIMITED

flvis ="~
Golden Records

PERCUSSION
ORIENTALE

i ULTnAsuNwé
B8
0220

@

"POPULAR
‘SHOW HITS
‘TOP JAZZ
“C-WESTERN
‘OPERATIC
*CLASSICAL

BY RETURN LEADING LABELS

Why not join the thousands of record lovers who build their L.P. collec-
tion the ** PH * factory-iresh, by return, postal way? No entrance fee
or deposit—choose from thousands. Leading labels: HMV, Decca, Pye,

Philips, etc., plus smaller labels tool Cash or easy credit plan
without turther Stereo list: Free bemefits. New
lower priced L.P.s, ete. Advice and trace service. Overseas orders tax
free. Hi-Fi, plnyers, radiograms and musical instruments, eto.

GREAT EASY CREDIT CLUB
Send first weekly payment of only 5/-, choose and take delivery of
£5 worth of L.P,s, E.P.s. 8/- for £8, 10/- for £10 worth, etc. (repay
weekly/monthly to suit).

wll ¢ ®™

e e it e s CUT H ERE o s s ooy s s s

'UP 70 MINUTE' 2 as'r I8 coz/po,v
CATALOGUES: 70-24Y/
FOR OUR RETURN SERVICE
Cut coupon and pin to notepaper stating your record in-

terests plus name, full address in capitals, please. Post to
address below without any obligations:—

“PH" RECORDING CENTRE §
(Dept. GR/DM11) 58, PERSHORE STREET, B'HAM, 5 l

TCHAIKOVSKY
1812 Overture
g} ea

ground precisely to specification and coated, if

‘ Quartz Crystals of any shape and size cut and
\ required, with Gold, Silver or Aluminium, etc.

| Brookes CRrYsTALS LTD

Suppliers to Ministry of Supply, Home Office, B.B.C. etc.
\ LASSELL STREET, GREENWICH, S.E.I0

Phone: Greenwich 1828
Grams : Xtals, London, S.E.10 Cables : Xtals, London
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i ! Metallised ceramics B  Steatite porcelain
& and hermetic seals S alumina
| dogi L.T. insulators

B Frequentite low loss TR e

Faradex and Tempradex

- " | B dielectric materials
Vulcanex and Luminex § S : ,

refractories

Rt T N Faradex alumina
< . thread guides
M37 refractory

foundry strainer
cores

B Catalogues leaflets (8
W and technical data |
A7 available on request SR

* FOR ALL RADIO, ELECTRONIC
AND DOMESTIC ELECTRICAL CERAMICS
CONSULT:

STEATITE & PORCELAIN PRODUCTS LTD.

STOURPORT ON SEVERN, WORCS. Telephone: Stourport 2271 Telegrams: Steatain, Stourport
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A COMPLETELY NEW ADDITION TO OUR WIDE RANGE OF TRANSFORMERS

Why not send us details
of your requirements.

l
[Zapman 1KW AUDIO !
FREQUENCY AMPLIFIER |

E— SPECIFICATION 1

Maximum Power Output: 1,000
watts l

Frequency Range: 40-12,000 cfs.
(LF version avaifable: 5-3,500 c/s.)

Output Voltage: 25, 50 or 100v, d}‘
Output Impedance: 0.625 L/

<

4+

E

ohms, 2.5 ohms, or 10 ohms.
Total Harmonic Distortion
at | Kw and 1,000 c.p.s.: 1%. %
Sensitivity: 100 mfv into 600 9N
ohms for |Kw output. &,
Mains Supply: 200/250v. at 50/60
c.ps.

Dimensions: A fully enclosed 5ft. I
high metal cabinet with hinged
side and rear doors measuring l
244in. x 20in. deep.

Finish: Silver Black Hammertone. l

Valves Used: ECCB83, 2 x ELS84,

4 x EL34, 2 x TY3-250, 2 x GZ34, l
4 x RRS-250. l

CHAPMAN
ULTRASONICGS LTD.

Sales enquiries all Companies : 24 UPPER BROOK STREET, MAYFAIR, LONDON, W.1

MICROPHONE }

l ‘“T” Base ‘‘W’’Base ‘W’ Base
LR
% EACH in Five Impedances.

~ Type RBL Type RBM
s White Dot Green Dot 250and
e’ 30/50 ohms. Blue Dot 600 ohms
Type RBS Type RBY
White Dot 30/50  White Dot 30/50 and
and Orange Dot Yellow Dot 10000
1000 ohms. ohms.
Type RBH
White Dot 30/50 and
Red Dot Hi-Z

MINIATURE
RIBBON

Type RB Microphones
come in three forms:—
RB/T RB/W RB/WS

and Switch

Cables are colour coded at Plug Centre
as shown. Cable Length I8ft. Attach-
ments Thread fin. x 26 or Zin. x 27.
Finish—All Satin Chrome.

RESLOSOUND LIMITED

Telephone HYDE PARK 2291
Dallélww



NOVEMBER, 1961 WIRELESS WORLD 69

The professional sound recorder for radio—and special events reporting, television
interviews, news-reel sound recording, research and expeditions.

The ultimate in operating simplicity!

Automatic record-level control by built-in compressor amplifier.

Excellent motion stability as well as all other performance characteristics assure complete
compatibility. Type speed 7} i.p.s. Reel capacity: approximately 14 minutes.

Write for detailed information.
World wide export through

EMT WILHELM FRANZ GMBH.

Wettingen (AG) Switzerland * Landstrasse 85
Telephone Baden (056) 60550 * Telegram EMT FRANZ
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PROVED | | .
o i e |

7/{/ THE MOST RELIABLE

K 3,000 type RELAY

“PLUG-IN”
3,000 type RELAY

with TRANSPARENT DUST COVER
and PLUG-IN BASE
as used exclusively in

BERKELEY POWER STATION

3
f '
//
/
/
|

/

v
NOW SUPPLIED AS FOLLOWS :—

@ 5 CHANGE-OVERS LIGHT DUTY

@ 6 MAKES OR 6 BREAKS HEAVY DUTY

@2 CHANGE-OVERS HEAVY DUTY AND
2 CHANGE-OVERS LIGHT DUTY

@ TRANSISTORISED. TO OPERATE AS LOW AS

. 3 MICRO-AMPS

@ A.C. OPERATION FOR: 6 V.12 V.50 V. 110 V. AND
250 V. A.C.

@ DOUBLE WOUND COILS

@ P.T.F.E. INSULATION

@ OPERATE AND DELAY UP TO 5 SECONDS

A.D.S.RELAYS LTD

89-97, ST.JOHN STREET, CLERKENWELL,E.C.I.
Telephone: CLErkenwell 3393/4/5

NOVEMBER, 1961

TRANSISTORISED
DC CONVERTERS
pmm———

/ HIGH EFFICIENCY—over 80%.
Up to 400 watts—800 watts intermittent.

N\

.
/
.

2

%
| MANUALLY CONTROLLED FREQUENCY 50 cfs-
/ é
% 60 c/s-400 cfs. %
% REED TYPE Z()'c/s FREQUENCY METER fitted %
‘ Z MARINE-AIRCRAFT-MOBILE use. %
% POLARITY REVERSAL PROTECTION. %
% PROVISION FOR REMOTE CONTROL. %
% SQUARE WAVE AND SINUSOIDAL. %
% Standard range available ex-stock for T.V., %
% Fluorescent lighting, OSCILLOSCOPES, etc. %
% FROM 12V, 24V, 32V, SOV. %
| PC—
W

I i@ ’///////////////////A
°
, D.C.

‘ ' CONVERSION
™ . =  SPECIALISTS

VALRADIO LIMITED

DEPT. W.W./C. BROWELLS LANE, FELTHAM,

MIDDLESEX
Telephone ;: Feltham 4242,
Valradio and Stereosonoscope are the registered trade marks of Valradio Ltd,

Valrodio

Sole Agents Abroad

K. G. Khosla & Co.,

i (Private Limited)
1, Deshbandhu Gupta
Road, New Delhi

. Etablts Octave Houart,
14, Quai Timmermans,
Sclessin-lez-Liege,
Belgium.

R. H. Cunningham
P.T.W. Ltd., 2-6 Brom-
ham Place, Richmond

| E.1, Australia.

MODEL “Q”

-

AUTOMATIC COIL
WINDING MACHINES

AND HAND WINDING MACHINES
For Layer Wound Coils. Wave Wound Coils.
Strip Winding Machines.

For Wire Gauges from 10 to 50 S.W.G.

Machines supplied complete with Motor, Clutch, and Cabinet Stand or
to Customer’s Specifications.

Manufacturers of High Class Winding Machines for Thirty Years.

ETA TOOL CO. LTD.

29a WELFORD ROAD, LEICESTER.

Phone: Leicester 56386 Grams: Leicester 56386.
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[l Power Capacities 1 kW & 5 kW

B Impedance ratios 660 ohms balanced to
75/50/60 ohms unbalanced

Compact - No tuning - Low loss . Weatherproof

Write for data sheets and further technical details
quoting reference M/687/11 to:—

e e
MULLARD EQUIPMENT LIMITED R R T\

_ with VSWR better than *.5

MANOR ROYAL, CRAWLEY; SUSSEX - Telephone Crawley 3421

& {ee87h
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The new range of

WIMA

Doxolith

WIRELESS WORLD

CAPACITORS

The new resin moulded and impregnated
paper-and-foil Capacitors. Temp. range
—55°C 4+100°C. Voltage range 250-1000 V.
D.C. High dielectric strength. Good
ionization and I.R. properties. Excellent A.C.
characteristics.

NOVEMBER, 1961

B o o 1 -,

WIMA

Miniature low voltage electrolytics; now all-
welded electrodes, giving safe contact under
low voltage and current. Substantial price
reductions over the whole range.

Type M. Miniature metallized polyester
capacitors. Safe H.F. contact with very low
induction, with self-healing properties. Temp.
range—55°C +100°C. New revised prices
showing substantial reductions on many types.
Type F. Polyester-and-foil capacitors.
Welded leads giving safe H.F. contact. Long
term stability. Temp. range —55°C 4-100°C.

Full technical spectfications and prices from
Sole U.K. agenis :

WAYCOM LIMITED

CAPACITY HOUSE, ROTHSAY STREET,

AT LAST, FOR ONLY £1.3.0

INCLUDING POST & PACKING

A really efficient Fan for use in
Electronic Equipment

This is what the Electronics world has been
waiting for! At extremely low cost air-stirring
and extraction can be easily achieved.

Also in production we have Low-Speed Motors
from 8 r.p.m. to 40 r.p.m. Price and further
details on application to:

KENURE HOLT & CO. LTD.

BOYN VALLEY RD., MAIDENHEAD, BERKSHIRE
Telephone : Maidenhead 5331-2

WE ALSO HAVE SUB-CONTRACT FACILITIES FOR ELECTRONIC
WIRING AND ARE FULLY A1.D. APPROVED

TOWER BRIDGE ROAD, LONDON, S.E.l.
Tel.: HOP 2615/9.

o THE
-@E INSTRUMENT ATION
PEOPLE

Specialists in High Temperature Creep and Strass Rupture Machines

VARIABLE VOLTAGE TRANSFORMERS

TYPE BS
5 amp. 260 v. output, as
illustrated £8 10 0
TYPE BIO

10 amp. 260 v. output £17 15 0
TYPE B20
20 amp. 260 v. output £32 0 0

Large easily read Dial calibrated 0-260 v. Totally
enclosed with Input and Output Terminals.
Ideally suited for Laboratory experimental work
and Schools.

INSTRUMENTATION

Control installation for all industrial and commercial
processes,

Many hours of frustration and unnecessary expense can be
avoided by co-operation in the initial stages between mech-
anical and electronic engineers.

If you have any control problems we would be very pleased
to offer you our experience and advice.

TRANSFORMERS & SATURABLE REACTORS

IvA-30kvA
Complete systems, engineered to your specification, for
any type of variable power output.

THE ELECTRONIC & MECHANICAL ENG. CO. LTD.
FORGE LANE, HALESOWEN, BIRMINGHAM

Telephone: Telegrams: EMEC
Halesowen 2656 Halesowen, Birmingham
NN ERNEEERRENENEREEEN
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F

Keeping —

Key personneél in touch

L e T e

Contact your vehicles at any time with Pye Radiotelephones. For less than three
shillings per day per vehicle you can cut out irritating delays, reduce costs and
substantially increase efficiency.

ﬁ MOBILE RADIOTELEPHONES

PYE TELECOMMUNICATIONS LTD - CAMBRIDGE - ENGLAND

YAYO
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AUTOMATIC PRODUCTION MACHINES
FOR PRINTED CIRCUITS AND NAMEPLATES

To etch, clean, brush and
flux-tacquer plates contin-
uously, they are simply laid
on a belt at one end, then
taken away fully processed
at the other end, without
mess, fumes or trouble!

OUTPUT PER HOUR

Model A ... 270 sq. feet
Model A/l ... 162 sq. feet
Model B ... 65sq. feet
PLATE SIZES

Minimum ... 2 x 3} inches

Maximum ... 194 x 39% Inches

Used in all industrial coun-
tries of the world.

MODEL A
APPROXIMATE

OVERALL DIMENSIONS
36, 1”7 X 4, 11" x 3, 3

Complete plant for the manu-
facture of printed circuits,
with all the auxiliary equip-
ment, is also supplied to
order.

MACHINES FOR PRINTED CIRCUITRY. cusanO MILANINO, VIA PRIMULA, ITALY
Represented in the United Kingdom by -—
ALLIED INTERNATIONAL CO. LTD., 59 UNION ST. LONDON, S.E.1. HOP 4567

A New addition to the SOLDER WITH THE NEW

PRIMAX and PRIMAXA
P.O.3000 TYPE RANGE SUPER EFFICIENT SPOTLIGHT
|__reMANENCE RELAY'— | SOLDERING GUNS

This is a 3000 type relay capable of latching in the
energised position after the supply is removed,
until a suitable releasing current is applied in

the opposite direction. This releasing
current is controlled by two
methods: — I

1. With a single coil,
by reducing the operac- |
ing current in reverse
2, With a double coil
via a pair of conezcts
employed on the relay to
energise the second coil

Information on any contact

i arrangement to be em-

h ployed can be obtaincd on
application.

® Quotations by
return of post.

@ Prototypes ,L
within 48 hours.

Ministry of Aviation
Approved Inspection Ei D PRIMAX

$0W SPOTLIGHT

@ RELAYS Type 600 @ Polarised @ A.C. Relays @ High Speed @
Uniselectors @ Latching Relays @ Magnetic Counters o) Miniature
Sealed Relays. Available irom stock or supplied to specification.

‘ ﬁz&é%ﬂ/w (L%’/ayd );ﬂ&/
“  (DEPT.W) TUDOR PLACE,LONDON, W ! Distributors: S. KEMPNER LTD., LONDON, W.1
TELEPHONES MUSEUM 7960 LANGHAM 4821 29 PADDINGTON STREET, Tel. HUNter 0755

PRIMAXA
100 W SPOTUGHT

112/8 e
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ANNOUNCING A
NEW INTERNATIONAL
JOURNAL FROM

THE ILIFFE GROUP

To be published monthly
beginning January 1962

measurement
and
control

measurement and control

Instruments, systems, methods . ..
of industrial control

MEASUREMENT AND CONTROL—first issue January 1962—is designed for those responsible
for the choice, installation, operation and maintenance of automatic control equipment
in all branches of industry.

Each month, MEASUREMENT AND CONTROL will report, analyse, and interpret in a practical
down-to-earth manner the world’s latest installations, instruments, equipment, systems—
every facet of this new major science.

Produced by highly qualified engineers, writers and Iliffe’s unique team of illustrators,
MEASUREMENT AND CONTROL is a progressive journal for progressive people. In a world of
fiercely growing competition it will be a major influence in the progress of large and small
organizations to higher peaks of more efficient production.

a new Journal from ILIFFE - world Jeaders in technical and specialist publishing

SECURE THIS NEW SERVICE FROM THE BEGINNING - POST TODAY

To ILIFFE Production Publications Ltd. One year
Dorset House, Stamford Street, London, SEI1 O 12 issues including postage £3
Please enter my subscription as indicated (tick appropriate box O U.S. and Canada $9.50
on right). O Special student rate (for registered
students and apprentices only) £1 10s 0d
I englbceagiitines for Three years (overseas only)
Name saving the cost of 12 issues
O 36 issues including postage £6
Company O U.S. and Canada $19.0
Multiple orders from the same Company
Address enjoy a bulk discount rate:

Date

i.e. 3-10 subscriptions, 10%;
over 10 subscriptions, 20%.
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TRUVOX ¢

TAPE DECKS and PRE-AMPS

Mogdel PD 82. Tape
Deck and Pre-amp.
Two track mono.

Molel PD €4, Tape
Deck and Pre-amp.
Four track mono-
stereo.

Complete in attractive cabinet. Full
technical specification freely available.

Model D 82
Twin Track Tape Deck.

Model D 84, 4-track Deck
with mono-ste :0 switch
fitted. Two speeds 7%
and 3% i.p.s. Pushbutton
controls with perfect
interlock. Pause control.
7in.  spools. Digital
counter.

Instant mechanlcal
brakes. Independent
speed change wheels
automatically
disengaged in
*off " position.
Three
heavy balanced flywheel,
silent running fast re-

motors,

wind.

Technically luxurious, the precise construction and finish of
these new Truvox Decks, Hi-Fi Units,* and complete recorders,
ensure an outstanding performance. Note that wow and flutter
is better than .15% at 7} and .2% at 3} [.p.s. Brilliantly de-
signed new heads provide a response from 30-20,000 c.p.s.
Decks are tropicalised and available in all voltage ranges. Auto
stop and ** trick " switch avallable as optional extras.

*Comprises: Deck, Record Amplifier, Play-back pre-amplifier,
mounted in attractive plinth for casy connection to your equipment.

Full technical specification and delails from:

TRUVOX LIMITED

Neasden Lane, London, N.W.10.
Telephone: Dollis Hill 8011

NOVEMBER, 1961

If you want to record
come to us for Strip Recorders

Elliott Multitrack Strip }
Chart Recorders give you all these advantages:

Available with up to 6 tracks - Each track 3" wide
Curved ordinates - Record on strip charts by ink - 500
microamps upwards, AC/DC - Adjustable high and low
level contacts can be fitted - Dynamometer move-
ments or Event Pens can be fitted.

Full details from -
ELLIOTT BROTHERS (LONDON) LTD

I_ Century Works London SE13 Te/: T/Deway 1271
m A ber of the Elliott-Aut tion Group

Electrical Measurement Division

EMDIO

“SEE THE POINT ”
o, your Stylus with the ““Q-MAX*

"STYLOVUE"”

The ** Stylovue *' is a device for pro-
jecting a magnified shadow of your
stylus on to a screen, enabling you to
see whether your stylus is worn
and needs replacing,
which  cannot  be i 28/3
detected by the

naked eye. Batteries 9d. extra. Pat. app. for.
GARRARD AUTO-TURNTABLE
TYPE “ A"

Transcription Auto-Changer

A transcription Record Player
with provision for automatic use,
if desired. Perfect playing from
both Stereo and Mono records.

£23.1. O ‘1‘,“,’;,,‘3,;,9

(Keys: 1/6 each.)

List of all sizes and prices on

OW,‘ERR?“

products y R A D1

6d. Post Free. | 25 HIGH HOLBORN, LONDON, w.C.l.
el.; HOLborn 6231[2

pE——

(Base =
£2.16.9 extra.) t ’
IIQ_MAX ” ’

SHEET METAL PUNCHES
TWO NEW SIZES

"16/6 |1+ 18/6

Fully illustrated
CATALOGUE
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PNEUMATIC TELESCOPIC MASTS FOR EVERY
MOBILE AERIAL PROBLEM

CLARK

AIR OPERATED MASTS |

FROM 25'to 80’ HIGH AVAILABLE AS STANDARD

\ A full range of equipment and accessories makes the

Clark telescopic mast the easiest solution to aerial raising

problems where mobility is an important factor. Mast cquipped Land-Rover
(reproduced by kind permission

of Marconi's Wireless
Telegraph Co. Ltd.)

Type 61/70 mobile mast. Reaches
70ft. from this position in under
S minutes—with only one moan!

Special Clark trailers are available, They cover the
Type PT.6 mast 70" high entire height range and whilst retaining mobility, avoid

mounted on Light Clark Trailer.
tying up a vehicle.

CLARK MASTS ARE IN USE WITH GOVERNMENT -DEPARTMENTS, FOREIGN
GOVERNMENTS, CIviL AUTHORITIES AND LEADING FIRMS IN MANY PARTS
OF THE WORLD

High reaching, fast in
c ‘ A B K operation, compact when

A. N. CLARK (ENGINEERS) LTD retracted, light to handle

PHIPPS BRIDGE ROAD, MERTON
LONDON, S.W.19 Tel: MITCHAM 7190 —that’s a CLARK MAST
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Just published — A NEW BBC ENGINEERING

SOUND AND

TELEVISION
BROADCASTING

General Principles

K. R. Sturley, Ph.D., B.Sc., M.L.E.E.

This manual, primarily written for recruits to the BBC Engineering Division,
explains the basic principles of sound and television broadcast engineering and
operations.. The introductory chapter deals with basic physical principles and their
applications to broadcasting. Chapters follow on sound and television studios;
telecine and telerecording; amplitude and V.H.F. modulated transmitters; the
problems of conveying the sound and television programme frequencies; and
communicating between the various studio centres and transmitting centres.
This book will be invaluable to anyone engaged in broadcasting and other forms
of radio communication, and to those responsible for training in these fields.

45s net. by post 46s 4d. 378 pp illustrated.
published for ¢ Wireless World ** by
ILIFFE Books Ltd. DORSET HOUSE

STAMFORD STREET

NOVEMBER, 1961

TRAINING MANUAL

Other BBC Engineering Tralning
Manuals in this series

STUDIO ENGINEERING FOR
SOUND BROADCASTING
General editor : §. W. Godfrey
25s net, by post 26s. 208 pp.

TELEVISION ENGINEERING
Principles and Practice

by S. W. Amos, B.Sc.(Hons.),
AM.LE.E. and D. C. Birkinshaw,
M.B.E, M.A., M.I.E.E.

Vol. L. Fundamengals, camera tubes,
television optics, electron optics.

35s net, by post 36s 2d. 302 pp.

Vol. II. Video-frequency amplification.
35s net, by post 36s 2d. ~ 270 pp.

Vol. HI. Waveform generation.
30s net, by post 31s. 224 pp.

Vol. IV. General circuit techniques.
35s net, by post 36s 2d. 268 pp.

from leading
booksellers

LONDON S.E,!I

MINIATURE ELECTRIC BULBS
FROM 1V to 50V
IN SIZES FROM 4.5mm to 18mm DIAMETER

After nearly 30 years of specialising solely
in the production of Miniature Electric
Lamps, we have accumulated a store of
information that is freely available to the
Electronics Industry. You are invited to
write or phone us for any information you
may require about Miniature or Sub Mini-
ature Filament Lamps for use in existing
Or new projects.

VITALITY BULBS LTD.

Neville Place, Wood Green, London, N.22  Phone: BOWes Park 0016 !

MACHINE
HEAVY  VICE

One year’s guarangee,

PARKERS  SHEET
METAL FOLDING

MODELS With Beveiled

Former Bars

No. I. Capacity 18 gauge mild steel x 36in. wide
No. 2. Capacity 18 gauge mild steel x 24in. wide
No. 3. Capacity 16 gauge mild steel x |8in. wide
Also new Bench Model, capacity 36 in. wide x 18 gauge mi
approx. 2cwte. £17.15.0—Carr. Free.

End folding attachments for Radio Chassis, Tray and Box Making for 36in.
model, 3/6 per ft. Ocher models 2/-~. The two smaller models will form
flanges. As supplied to Government Departments, Universities, Hospitals.
Money refunded if not satisfied. Send for details.
A. B. PARKER, Wheatcroft Works, Wellington Street, Batley,

Yorks. Tel. 426.

e £8 576
steel. Weight

vee With Trigger-Action
Spring-Loaded Clips

4 PRESS TRIGGER
~TO OPEN

RELEASE TO GRIP

AN

For Safety's Sake
use AVO Prodclips

Patent No. 748811

Safety first every time with these patented spring-
oaded AVO prodclips.

Cleverly designed for use as insulated prods, they are
invaluable for reaching and holding test points which are
b difficult of access.

Suitable for use with AvoMeter, Multiminor and Avo Electronic
Test Meter Leads.

Post Free 15/- per pafr

ILTIXI> AVOCET HOUSE . 92-96 VAUXHALL

BRIDGE ROAD, LONDON, 8.W.1
ViCtoria 3404 (12 lines)

? A MEMBER OF THE MEMBER INDUSTRIES _GROUP OF COMPANIES
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A GOOD SCOPE

MODEL 381. Vertical amplifier bandwidth DC—9 mc/s (-3dB) with
rise time of .04 pSec., and overshoot of less than 1%. Calibrated nine

ELECTRONIC stage frequency compensated input attenuator. In addition all the facilities
of a high class 3° general purpose oscilloscope. Unique mechanical
EQUIPMENT construction with all panels removable for ease of maintenance.

Convection cooled.
SEND FOR FULL TECHNICAL DETAILS

At its price the best value obtainable in this country—perhaps in the world.,

£36

b' 7
{ Omc 3.7, WINDMILL LANE, LONDON, E.IS

LIMITED

MANUFACTURERS

Telephone: MARyland 6247
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“"SIMPLEX” SOUND HEADS

STANDARD 1 TRACK MONAURAL

R/P
Gap .0002. .55 Inductance at | Ke. 7.5 MV, Output Dual gap. 20/25 v. at 55 Kc. Inductance .8 Mh
at | Kc. Fully Modulated Tape. at 60 Kc. —70 db. at | Kc, with | VA,

TWwO NEW HEADS FOR TRANSISTOR
OPERATED EQUIPMENT

TYPE: HI-LO RECORD PLAY {-TRACK

This is a dual wound Head having two separate coils, one being used for recording with an impedance of .| Henry,
the second coil being used in series with the first for play-back with a combined impedance of 2.0 Henries.

The advantages of this arrangement are two-fold, namely low bias and recording voltage requirements plus extremely
high play-back output.

Standard *‘ Simplex ** mounting and physical dimensions.

TYPE: T.G. ;-TRACK ERASE HEAD

Triple gap Erase Head working on a completely original principle designed for extremely efficient operation from a
low voltage D.C. source, i.e., dry battery 4-6 v.

This Head is dual wound, incorporating two coils; secondary winding giving 90 v. output to supply A.C. record bias
and supply for neon indicator. Used in conjunction with a simple oscillator (OC81) will provide A.C. erasure from
a D.C. source. Consumption being .2vA at 50Kc. untuned or .15vA tuned.

Standard *' Simplex ’’* mounting and physical dimensions.

Patent applied for.
STANDARD } TRACK FOUR TRACK
Stereo or Monaural operation.
R/P ERASE
Gap .000125. .55 Inductance at | Ke. 3 MV Output Single Gap. Impedance 300 ohms at 50 Ke. —70db
at | Kc. Oto + 6dbat 10 Ke. Fully modulated Tape. with .6/1.0 VA,

Full specification, technical data and samples to the trade on request.

HOME and EXPORT ENQUIRIES INVITED.

TAPE HEADS LTD

(Formerly Bradmatic Productions Ltd.)

BARR STREET, BIRMINGHAM, 19

ERASE

Telephone: NORthern 8091

VACUUM
ELECTRONIC s
LIMITED r

KEEPS YOU IN
THE PICTURE

WITH THE
FINEST REBUILT CATHODE RAY TUBES

12 MONTHS
GUARANTEE

ROAD TESTS

Autumn 1961

The illustrated reports on the
performance of current British and
foreign cars in this edition include:-

A.C. Greyhound, Ford Thames 17M

12"—14" £4-15- 0
15"—17" £5- 5- 0
21" £7-15- 0

CASH WITH ORDER
OR PRO FORMA, ADD
12/6 FOR CARRIAGE | TUBE
AND INSURANCE

19/-

ALLOWED
ON RECEIPT
OF OLD

DELIVERY FREE IN LONDON AREA

WRITE PHONZ OR CALL

VACUUM ELECTRONIC LTD.

REGENT 6404

35, SACKVILLE STREET.
LONDON, W.I.

Alfa Romeo Guilietta
TI, Austin A.55
Countryman, Austin-
Healey Sprite Mk. II,
Buick Special,

Cadillac Fleetwood
75 Imperial Limou-
sine, Citroen Bijou,
Daimler Majestic
Major, Fiat
Giardiniera, Ford
Consul 315 de luxe,

6s 6d net

from all booksellers

by post 7s 2d

4-door, Ford Thun-
derbird, Humber
Super Snipe Series
III, Jaguar E-type,
Jensen 5418, Mer-
cedes-Benz 190, M.G
MGA 1600 Mk. II,
Standard Vanguard
Six, Triumph Herald
1200, Volkswagen
Karmann Ghia.

80 pages

Published for "“The Autocar’’ by ILIFFE Books Ltd.
DORSET HOUSE STAMFORD ST. LONDON SE.I
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VVOLTMOBILE (2L 75k
AUTO-TRANSFORMERS

Range from 1.6% to 100% of supply volts in 64 steps.
ON LOAD SWITCHING.

VOLTMOBILES can be used by themselves or in the
primary of another transformer to give very fine changes
of output.

25%, OVER-VOLTS AVAILABLE AS EXTRA.
Output 30A 60A [00A,

I PHASE 220/250V.

3 PHASE 380/440V.

HEAVY
CURRENT
TRANSFORMERS | TRANSFORMERS
2v 20 A A 2.0000
Sy 80 A v 4,000 A
sV 125 A ¥R
A

10V 150 A Y7 e
oy 200 A SY 7,000 A
2y A ey
6
10V 4A OV B
18V 0 A nyv 300 A
6V 100 A 00 A
24V 30 A i ;O
0V 5A v 0 A
;g \é 25 A v 1,000 A

40 A
55 v 1S A 20V 3,000 A
5Y 150 A 20V 4,000 A
Hov 10 A 27V 8000 A
40V 25 A
5V 300 A So v 600 A
6-12V 50 A 100V 7,000 A
Ry 60 A
12V 100 A These and other transformers can be
50V 60 A supplied for | phase and 3 phase and
10-20-30 V I A for use with rectifiers.

D-C MOBILE RecTIFIER SETS

For | or 3 phase supply.
Full load Volts and Amps are stated.

6V 15 A 24V 60A
6V SO A 24V 105A
6V 100 A 24V 200 A
12V 10 A 36V  60A
24V 750 A 1o v 5A
6V 10 A 110V 10A
6V 20 A 1oy 15 A
6V 40 A 10V 20A
12v 20 A 1o v 25 A
12V 30 A 1OV 600A
12v 60 A 220 V 130 mA
12 105 A 250 V 6 A
12V 210A 250V 10 A
12V 1,00 A 250 Vv I5 A
24V 12 A 250V 20A
24V 20 A 250V 200 A
24Y 30A 1,200 V 225 mA

Ammeters—Voltmeters—Rheostats—Stabilising
- Circuits—Control Devices—all built to order.

With the exception of Yoltmobiles, all ratings are indicative only. Any rating of TRANSFORMER, SATURABLE REACTOR AND RECTIFIER SET MADE TO DRDER
CARRIAGE EXTRA on all units.
SPECIFIC ENQUIRIES are invited for ﬂARMSWORTHO TOWNI‘EY & co'

Transfo! d Rectifiers. W ializ
T e o ™ 2 JORDAN STREET MANCHESTER 15 CENTRAL 5069

—
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SONIC MASTER

4-TRACK TAPE RECORDER
BARGAIN ! !'!

Complete Tape Amplifier (pre-amplifier,
output stage 3 watts, oscillator and power
pack).

9 x 5in. high flux density loudspeaker.
Superimposing facilities, 4-track change-
over switch, recording level indicator.
Separate independent mic. and radio/gram
inputs with mixing facilities.

Separate bass and treble controls . . 8 gns.
Extra speaker if required (9 x 5in.

high flux density) ............ 14 gns.
De luxe Cabinet
(to take two 9 x 5in. loudspeakers) 8 gns.
Standard Cabinet
(takes one 9 x 5in. loudspeaker) . . 4 gns.
Latest Collaro Studio 4-track 3-

speed transcriptor with pause and

digital counter .............. 13 gns.
Microphone, recording leads, 1,200ft.

7in. spool and spare 7in. spool. . 3 gns.
Complete kit, de luxe cabinet with

two 9 x 5in. speakers .......... 29 gns.

Or deposit of £10 and 12 monthly pay-
ments of £1/15/6.
Complete kit, standard cabinet with

one 9 x 5in. speaker
Post and packing extra.

TRANSISTOR TRAVELLING
SUPERHET ¢ TRABANT 6

Transistor Travelling Superhet “ Trabant T 6 Technical
Data: Power supply 2 flat batteries 4.5 volts—Working voltage
. 9 volts max. Power consump-
ticn ca. 125 mA at 8 volts
without modulation—Semi-
conductor equipment 7
transistors, 2 germanium dioces
M —Receiving  ranges  short,
il medium, long wave—Station
tuning planetary drive with
dial scale—Circuits 7, 2 of
them  variable—Intermediate
frequency 460 kilocycles—AVC
. \ acting on the first intermediate
. frequency transistor, additional
\ - - attenuating diode in parallel
', s with the first intermediate fre-
quency circuit—LF final stage
2 300 mW-—Loudspeaker permanent dynamic oval speaker
1 VA—Aerials ferrite aerial for medium and long wave, tele-
scopic aerial for short wave—Housing unbreakable wooden
housing coated with coloured material—Dimensions 10§in. x
7}in, X 3fin. Weight with batteries approx. 5 Ib.
£25 only—limited quantity.

GENERAL SONIC
RADIOS

92 CALEDONIAN ROAD,
LONDBON, N.1.
TELEPHONE: TERMINUS 0322

P il

NOVEMBER, 1961

for the radio man

Wireless World
Diary 1962

All the everyday information that is needed plus a week-
to-an-opening diary.

Abacs—Abbreviations—Addresses of Radio Organizations
—Aerial-Sharing Circuits—Aerials—Amateur Transmis-
sion—Attenuators—B.A. Screws and Drill Sizes—Binary
Code—Circuit Diagrams—Coil Winding Data—Com-
ponent Coding—Conversion Table—Decibel Equivalents
—Electrical and Magnetic Units—Frequency Allocations—
Greek  Alphabet—Interference  Suppression—Licence
Regulations—M.K.S. and C.G.S. Units—Mathematical
Signs—Modulation Classification—Morse Code—Radar
Bands—Resistance of Metals—Resistor and Capacitor
Markings—Resistor Ratings—Standard  Frequencies—
Symbols, Graphical and Letter—Television Stations (U.K.)
—Television Standards—Time Constants—Unit Abbrevia-
tions—V.H.F. Broadcasting—Valve Base Connections—
Waveband Classification—Weights and Measures—Wire
Tables—Wood Screws.

6s 10d leather (Overseas 5s 9d) Postage 4d

4s 10d rexine (Overseas 4s) Postage 4d

from booksellers, newsagents and stationers

Published by T. J. & J. Smith Ltd., in conjunc-
tion with WIRELESS WORLD, Dorset House,
Stamford St., London, S.E.1.

TRANSFORMERS |

COILS LARGE OR SMALL QUANTITIES |

CHOKES TRADE ENQUIRIES WELCOMED

SPECIALISTS IN
FINE WIRE WINDINGS

MINIATURE TRANSFORMERS, PICK-UP,
CLOCK AND INSTRUMENT COILS, ETC.
VACUUM IMPREGNATION TO APPROVED STANDARDS

ELECTRO-WINDS LTD.

CONTRACTORS TO G.P.0,, M.O.S,, L.EEB., ETC.
123-5-7 PARCHMORE ROAD, THORNTON HEATH, SURREY
LIVINGSTONE 2261 EST. 1933

)

A. C. SOLENOID typec SAM/T

Now fitted with stainless
steel guides—six times the
life.

Continuous 14 ozs at fin.
Instantancous to 531bs.

Larger and smaller sizes
available,

Also Transformers to 7
kVA 3 phase.

it. A. WEBBER LTD.

KNAPPS LANE, CLAY HILL, BRISTOL 5. Phone: 65-7228/9




2o contect H'P RADIO for
EDDYSTONE

EDDYSTONE 840C &

Communication receiver at a
moderate price. 8 BBA valves in
a seraightforward superhetero-
dyne circuit. 5 wave bands 30.6-
10.5 Mc/s, 10.6-3.7 Mc/s, 30.6-
10.5 Mc/fs, 10.6-3.7 Mc/s, 3.8 Mc/s,
|.4 Mc/s, 205-620 Metres. L
Sensitivity better than 10 micro- 3
volts, Selectivity 30 db down to

10 kefs off resonance, AC/DC,

Internal speaker. £58.0.0.

EDDYSTONE 680X

A 15 valve communication
receiver with many refinements,
including crystal filter, variable
selectivity *‘S™ meter, push-pull .
output and stabilized supply to E
oscillator stages. 1110 kefs to
480 kcfs and 2.5 to 30 Mefs in 5
switched bands. Electrical per-
formance, sensitivity for 50 milli-
watts, |5 db signal/noise ratio, 4
microvolts on all ranges.
£140.0.0

EDDYSTONE 880 )

The Eddystone 880 high stability
communications receiver has
been designed expressly for use
in professional communications
systems. Tuning range is from
500 kc/fs to 30.5 Mc/s. Please write
for technical specification.

EDDYSTONE 888A

A 12 valve receiver designed for
the amateur bands, giving full
bandspread. Double superhetero-
dyne with high selectivity and
excellent signal to noise charac-
teristics, Crystal calibrator audio
fileer, separate gain controls,
osciltlator erimmer. Frequency
1,800-2,000 ke/s, 3.500-4,000 kcjs,
7,000-7,300 kcfs, 14,000-14,350
kefs, 21,000-21,500 ke/s, 28,000-
30,000 kefs. £110.0.0

EDDYSTONE 870A }

A compact, precision built
receiver for the home, giving
news and entertainment from the
whole world. 5 wavebands,
vernier device. AC/DC operation,
built-in mains filter and loud-
speaker. Two tone metal cabinet

0.0

7 B R

HIRE PURCHASE TERMS OVER HIRE PURCHASE TERMS OVER
1 YEAR 2 YEARS

Mode! Cash Denosit 12 Monthly Model Cash Deposit 24 Monthly
No- " Eelog ! i By sz o @34
870A £33 2612 0 £2 6 8 8704 £33

840C £58 £12 0 0 £2 4 0
840c £58  £12 0 0 £4 2 6 | ge34 £130 £22 0 0 £4 4 4
888A £110 £22 0 0 £717 8 | 680X £140 £03 0 0 £5 7 4
680X £140 £28 0 O £10 0 8 | 880 £380 Cash Only

Carriage Pnid per Passenger Train.
Most carefully packed to ensure safe delivery.

If payments are completed in § months
ONLY CASH PRICE WILL BE CHARGED.
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seeing far
beyond your

immediate
transmitter
requirements

The Medifon G 420
SSB/ISB TRANSMITTER

6 stage expansion features make the G.420 the

greatest advance in transmitter design.

% BASIC Transmitter type G.422A 1.5—30 Mc/s.,—
Linear Amplifier—1.5 kW p.e.p./CW— manual
tuning,

% ADD Low level exciter to provide A1, A2, A3,

operation-—manual tuning.

% ADD SSB Generator to provide A, A2, A3,
A3A operation—manual tuning.

ADD ISB Generator to provide Ar, A2, A3A, A3B,
—manual tuning.

% ADD Servo system to provide immediate push button
frequency changing,

w ADD Tone translator units to provide full remote
control over land line or radio link.

Additional units may be simply and economically fittéd to the basic transmister
while it is in service.

/ \ Military version type G.423R now in production for British
\ / Armed Forces for static and transporiable snstallations.

R_EDIFON LIMITED, Communications Sales Division. Broomhill Road, London, S.W.18. Phone: VANdyke 7281
A Manyfacturing Company in the Rediffusion Group
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"Belli vxq-l_ee//

FUSE-LINKS

for Rectifier Protection
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These new fuse-links form part of a range which is being developed
by Belling & Lee Ltd. for the protection of semi-conductor rectifiers.
Because of their small physical size such rectifiers, particularly those
of the silicon type, have a relatively low thermal capacity, and are
therefore rapidly damaged by overloads. This means that in the
interests of safety and of minimising operational costs of equipment,
as well as to avoid the delays which would be incurred in obtaining and
fitting replacements, it is highly desirable to include some form of

protection in circuits employing these devices.

The speed of operation of a conventional fuse-link is too slow to afford
full protection unless the rectifier is run so far below its maximum
capacity as to be wasteful of its capabilities, and, in any case, due to the

rectifier’s low internal re-
sistance, the magnitude of
the short circuit currents
which they will pass requires
fuses with a high rupturing
capacity, i.e., of heavy duty
category.

A typigal time-current
characteristic envelope
curve is shown, and further
particulars are available on
request.

Most'*Belling-Lee"’ products are

i_ ——
covered by patents or registered BE lll N G

designs, or applications.

39

List No.

L1500
L1501
L1502
*L1509
*LI510
*LISI
*LI1519

Max. continuous
ratings (rectifier)
250mA
375mA
S00mA
750mA
1.0 amp.
1.25 amp.
10 amp.

Dimensions 1}* x ;* Size 0
*Available shortly

& LEE LTD

GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND

Telephone: Enfield 5393 - Telegrams: Radiobel, Enfield

“ BELLING-LEE ” NOTES
No. 34 of a Series

Some mechanical aspects of
design, Part 7.

It is appropriate to look next at seal-
ing, and first let us be clear what this
means. A sealed component is one
which impedes the passage of fluids
and gases, although it may not resist
their entry into, or exit from itself.
Thus, a socket which fills with water
but restricts moisture penetration
through the panel on which it is
mounted, may be referred to as a
sealed component; similarly, the
mating plug may be described as
sealed if it does not readily permit
moisture to pass through into the
cable. If the plug and socket, when
mated, resist the entry of fluids or
gases into themselves, they are
termed ‘¢ fully sealed when mated,”
but this does not necessarily mean
that they are completely leak proof;
the word ‘fully ” must be inter-
preted within the context of the
relevant sealing specification.

We have seen now that sealing is
relative. Even a hermetic seal may
not be a perfect barrier, since all solid
bodies are porous, having minute gaps
between the molecules of which they
are constituted. If these pores are
larger than the molecules of the
retained medium, penetration will
occur. A toy balloon is a good
example of this, for it collapses no
matter how securely the neck is tied,
and it collapses more rapidly when
filled with hydrogen than with air,
the molecules of hydrogen being
smaller than those of the gases which
comprise air. However, other things
being equal, the thicker the barrier
wall, the greater is the resistance to
leakage because the leakage paths
become more tortuous.

When referring to fluid seals, the
label ¢ water-proof * should be simi-
larly interpreted. ** Splash-proof,”
however, lies outside the category of
sealing, and means exactly what one
would expect. A splash-proof con-
nector will not suffer any marked
deterioration in performance as a
result of splashing, although it will
not withstand immersion in liquid
for any length of time.

It is worth noting that ineffective
water-proofing may produce a worse
state of affairs than none at all be-
cause, if water can penetrate slowly,
it will also take a long time to escape,
whereas if it can enter freely, it can
get away again quickly. Therefore,
if water can enter and produce un-
desirable effects, it is preferable to
provide adequate escape vents to
limit their duration.

(20 be continued)

BELLING & LEE LTD.
Great Cambridge Road, Enfield




90 WIRELESS WORLD NOVEMBER, 1961

WE CANGET YOUOUTOFA N ¥\ S

: g \
\N§§§@ §® %Nw‘\w§§m~ § %w& NV
& § \\\\\\\“\ \ \ \\\\ \ \\ &\‘ & §

¥ “\ y PROBLEM
e N
\\yn\

Last year our 300 engineers

Z;

7

wm§
\

\

\
\\\\\\

///
2z

solved many thousands of valve problems from all sides
of industry. If you have a valve problem, why not
take advantage of their expert advice? Simply telephone
RIV 3431 and ask for our Technical Information
Centre or write to the address below.
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&6S6.C ) THE M-O VALVE CO LTD

BROOK GREEN HAMMERSMITH LONDON W&
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‘NEW 19" AND 23" TELEVISION CATHODE RAY TUBES

EDISWAN MAZDA TYPES
CMEI1901 AND CME2301

The CME1901 and CME2301 are, respectively, 19in. and 23in
cathode ray tubes using magnetic deflection and electrostatic
focus. The diagonal deflection angle of CME1901 is 114° and
that of CME2301 is 110°. The shape of these tubes differs
from the shape of conventional 110° tubes in that the face plates
are more nearly rectangular. In addition the radii of curvature
of the faces of the 19in. and 23im. tubes are greater than those
of the 17in. and 2lin. tubes. These changes resuit in a more
pleasing presentation of the picture.

The external shape of the glass in the deflection region of these
tubes is identical to that of conventional !11C° tubes, enabling
coils with conventional 110° internal mechanical comtours to
be used.

With equal values of final anode voltage, beam deflection in
the CME1901 and CME2301 can be carried out with no more
power consumption than in the CME1703 and CME210l1.

GENERAL DETAILS

Aluminised screen

Rectangular face
Silver activated phosphor

Electrostatic focus

Magnetic deflection Grey glass
Straight gun—non ion trap External conductive
Heater for use in series chain coating
Heater Current (amps) In 0.3
Heater Voltage (volts) Vha 12.6

TENTATIVE RATINGS AND DATA
Design Centre Ratings CME1901 CME2301

Maximum Second and Fourth

Anode Voltage (kV) Vaz.aimax) 17 17
Minimum Second and Fourth

Anode Voltage (kV) Vu.aa(mln) 14 15
Maximum Third Anode Vol-

tage (volts) Vastmax) +700 +700
Maximum First Anode Vol-

tage (volts) Virmax) 500 500
Maximum Heater to Cathode

Voltage—Heater Negative

d.c. (volts) Vh-k(max) 180 180

Thorn-A.El. Radio Valves & Tubes Ltd

155 Charing Cross Road, London, W.C.2.
Tel: GERrard 9797, Grams: Sieswan, Westcent, London

Inter-electrade Capacitances (pF) CME1901 CME2301
Cathode to All* Ci all 5 5
Grid to All* Cg-all 8 8
Final Anode to External Con-

ductive Coating (approx.) Cas,ae-M 1500 2000

*Inter-electrode capacitances including a1 “ Clix * B8H holder
VH68/81 (8 pin).

TYPICAL OPERATION

CME1901 CME2301

Second and Fourth Anode

Voltage (kV) Vaz.a0 16 16-17
First Anode Voltage (volts) Va 450 450
Third Anode Voltage for

Focus-Mean (volts) Vastaw) 180 180
Grid Bias for cut-off of Raster

(volts) 38t0 72 381072
Average Peak to Peak Modu-

lating Voltage for Modula-

tion uﬁ) to 350uA (volts) 34,5 34.5
Note: All voltages given with respect to the cathode.
Maximum Dimensians (mm) CME1901 CME2301
Overall Length 322 386
Face Diagonal 476 598
Face Width 42 524
Face Height 342 422

Neck Diameter
1The maximum dimension at the face seal may be 3.5 mm
larger than this dimension but at any point around the seal the
bulge will not protrude more than 2 mm.

Tube Weight (Ib.) CME1901 CME2301
Nett (approx) 13.5 27
Side Contact: CT8 (Cavity) Base: B8H

a, a4 SIDE CONTACT
&\ 2474 SOLERANCE £30°

a3 NP
/' M-EXTERNAL a q
Q5,94 CONDUCTVE o o
a, COATING
a, (o} o k
9 0o~ 0
h h

IVIEW OF FREE END

MAZIDA
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TRIODE TETRODE FOR VIDEO OUTPUT APPLICATIONS

MAZDA 30FL12

The 30FL12 consists of a high slope tetrode with frame grid
construction for use in a video output stage, and a general purpose
triode.

Higher peak current with an appreciably higher slope is avail-
able from the tetrode, as compared with the 30FL1, so enabling
adequate video drive to be provided for the cathode ray tube, with
anode loads down to 4,700 ohms. This low value of load eases
the problems of HF video compensation.

The triode has identical characteristics to the 6/301.2.

Heater current (amps) .. .. In 3

Heater voltage (volts) Va 9.8
TENTATIVE RATINGS AND DATA
Maximum Design Centre Ratings
Triode Tetrode

Anode Discipation (watts) Pa(max) 1.5 25
Screen Dissipation (watts) g2(m ax) — 0.8
Anode Voltage (volts) a(max) 250 250
Screen Grid Voltage (volts) g2(max) — 250
Heater to Cathode Voltage

(VOIIS rms) Vi-k(maxyrms — 150*

*Measured with respect to the higher potential heater pin.

Inter-Electrode Capacitancest (pF)

Triode Tetrode
Input . Cin 2.3 8
Out ut .. 0o Cout 2.0 2.6
Control Grid to Anode . . Cg-u 2.4 0.04
Grid Triode to Grid 1 Tetrode Cat-gl 0.003
Anode Triode to Anode
Tetrode Cat-aq 0.012
prid Triode to ‘Anode Tetrode Cyt-aq 0.004
Anode Triode to Grid 1
Tetrode Cat-gl 0.008
tMeasured in fully shlelded socket without can.
CHARACTERISTICS
Triode Tetrode
Anode Voltage (volts) .. Va 200 180
Screen Grid Voltage (volts) Ve — 180

Anode Current (mA) Ia 10 10
Mutual Conductance (mA/V) gm 3.4 125
Amplification Factor " 18 —

TETRODE OPERATION AS VIDEO AMPLIFIER

Allowance must be made in circuit design, not only for com-
ponent variation, but also for valve spread and deterioration

during life. Values of tetrode peak anode current, for an average
valve when new and at the assumed end-of-life point for any
valve, are as follows:—
Va Ve Va Ia
M (V) (V) (mA)
Average New Valve .. . 70 180 —1 40
Assumed End of Life
Condition .. . - 60 180 —1 25
Mounting position: Unrestricted.
Base: B9A (Noval).
Gq Gt
h h
9q
kt 9
/] g2 g
q t
% I Vs
Q kq, bp,s kq, bp,s k
1 » 0Py q.,5p, t
A h h
Maximum Dimensions (mm)
Overall Length N. . .. 56
Seated Height . = 5 . .. 49
Diameter . . . s 22.2

Thorn-AEl Radio Valves & Tubes Ltd

155 Charlng Cross Road, London, W C.2
Telephone: GERrard 9797
Telegrams: Sieswan Westcent London

Tentative Characteristic Curves of Mazda Valve
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@® Marconi’s have sold
and delivered
more 44" image orthicon
television camera channels

than all the other manufacturers

in the world put together.

MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED - CHELMSFORD . ESSEX « ENGLAND

A
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Sk f-' “::l' ~)
eeK information from
the expenenﬁe‘ -.
LA, 1063

Qver 30 years of

Experience are behind
SUFE
Varnished Insulated Sleeving

______

* SUFLEX LTO: <BITON HOUSE. 54 UXBRIDGE ROAD EAUNG l{lNﬂﬂNWE Teleghone: EAUNG 7733
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» | MARCONIDATA

L=
DATA COMMUNICATION SYSTEM
DOESN'T EXIST
UNTIL WE BUILD IT FOR YOU

MARCONIDATA is backed by a name made famous in every
country of the world for telecommunications practice and
technique.

MARCONIDATA the product of the largest research and
development organization of its type in Europe, is a completely
fiexible system composed of standard sub-units which can be
arranged to provide accurate data communication between any

number of polnts over any distance. H
COMPLETE COMMUNICATIONS SYSTEMS 5;
SURVEYED - PLANNED - INSTALLED - MAINTAINED o0

FAST ACCURATE DATA COMMUNICATION SYSTEMS
MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND

HaA
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l Plessey

Aerial
Exchange
feeds |
80 receivers
from one _
aerial

@ 2 Mc/s to 30 Mc/s overall coverage;
uses four basic units.

@ Optional additional units link any re- @ Electronic switching minimises noise,
ceiver to any of several arrays. heightens long-term reliability.

@ Standard unit range speeds mainten- @ Zero overall insertion loss; high-gain,
ance, simplifies installation. low-noise wideband amplification.

@ Complete system gives ultimate capa- @ Easily arranged for dual-diversity
city of 80 receivers working to 12 working.

aerial arrays.

Comprehensive details of this vﬂexible range of equipment are available on request.

Telecommunications Division - Electronic and Equipment Group
THE PLESSEY COMPANY LIMITED - liford - Essex - Tel: liford 3040
Overseas Sales Organisation : Plessey International Limited

[ Pless_ey
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CONTROLLED
POWER

Generally known for sternly withstanding fierce charges are G.E.C.'s

silicon controlled rectifiers, ideal for power control and power switch-

ing applications at voltages up to 400V and currents up to 70 A.

Write for detals to SEMICONDUCTORS

THE GENERAL ELECTRIC COMPANY LIMITED * SEMICONDUCTOR DIVISION*SCHOOL STREET
HAZEL GROVE * STOCKPORT * CHESHIRE * OR, IN THE LONDON AREA, RING: TEMPLE BAR 8000 EXT. 10
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BRITAIN'S MOST
COMPREHENSIVE
PRACTICAL COURSE

in RADIO -ELECTRONICS -
TELEVISION!'!

THESE SPECIAL TRAINING
KITS — YOURS TO KEEP

/ —E— s
% B TEST METER N
CATHODE RAY W= .. _
g =

‘AM and VHF/FM
LUXURY RECEJVER

NOVEMBER, 1961

LEARN
BY BUILDING
NOW for your

CAREER - HOBRBY .
OWN BUSINESS

YOU RECEIVE

® Complete kits of equip-
ment as illustrated.

* Complete set of
experimental manuals.

* Complete set of ‘pic-
ture way’ theory books.

* Modern test - yourself
examination sheets.

* Study programme.

¢ Unlimited consulta-
tion with Tutors.

mlc]=s|=x|o|=f=

TN

Complete set of
Picture Way books and
Experimental Manuals

— man e N
Al B
— CoRA
— &ITGH]
— ooTEEn  Gatm NN
— EEEr G
— Oy CIE
— GZIm onm
§ — o con

SO

10: KADIOSTRUGTOR (DEPT. M.56)
READ!ING, BERKS.
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AN ASTONISHINGLY
IMPROVED

LOUDSPEAKER SYSTEM
invented by [ N 4

the first name in High Fidelity

Leak speakers won the day
“ This occasion proved a most stringent test as we were listening to
a stereo recording of a very recent orchestral and operatic per-
formance we had enjoyed either as audience or performer. By way
of experiment other pairs of speakers were switched in, but the
very smooth response of the Leak speakers won the day.”

Quoted from the Test Report by Ralph West, B.Sc., M.Brit.I.R E.
The full report appeared in ** Hi-Fi News,”” August, 1961.

Selecting the equipment
““ Suggestions? The Leak line comes highly recommended
on two continents, the pre-amp isn’t cursed with super-
fluous knobs, and it looks good. The mono amp would
thus be the TL/12 Plus and the stereo version would be

the Poit One Streo 20 Amplifer. Both run sbou 10-12 The new LEAK “SANDWICH” LOUDSPEAKER SYSTEM is

with that you can rattle the windows, and the reason is that  the product of many years of research and development work
this 10W is at minimum distortion, 10W sinewave power
(which means that it’ll put out a lot more on peaks) The The cabinet is of unique construction which damps panel resonances and permits
price* of the Leak is also quite reasonable for uncom- the loudspeaker motor to reproduce full clean bass without the “ boxy » coloration
promised sound quality.” of conventional cabinets. A 3in. and a 13in. moving-coil loudspeaker motor of
novel design and a half-section cross-over network complete the system which
Quoted from the article * Frankly Speaking,” by John gives the highest quality of reproduction over the whole frequency range of the
Berridge, * Hi-Fi News,” August, 1961. input signal from records, radio, tape or microphone. THE GREATEST

ADVANCE IN THE DESIGN OF MOVING-COIL LOUDSPEAKERS
SINCE RICE-KELLOGG INVENTED THE FIRST UNIT IN 1925 HAS
NOW BEEN MADE BY LEAK WITH A NEW INVENTION WHICH
ELIMINATES BREAK-UP DISTORTION IN THE WORKING RANGE.
The 13in. unit employs a new cone whose stiffness to weight ratio is 200 times
better than the best cones which are currently available. The low stifiness of
conventional cones results in the flexing of the cone at large amplitudes and
break-up resonances. The new LEAK cone, which has immense stifiness for no
greater weight than a conventional cone, has, for the first time, given us a loud-
speaker which behaves as the theoretical ideal of a rigid piston; thus there is no
flexing of the cone at large amplitudes and there is no break-up distortion within the
frequency range handied by the loudspeaker. It is this freedom from coloration,
produced in conventional systems by break-up distortion of the cone and cabinet
resonances, which distinguishes the superior quality of reproduction of the
LEAK *“ SANDWICH ” LOUDSPEAKER SYSTEM from that of the best
currently available loudspeaker systems. The cabinet measures only 26in. %
15in. X 12in.; it can be used in the vertical or horizontal position to suit the

convenience of the user. .
Price £39 : 18s.

R R *The price of Leak studio quality Hi-Fi Equip- See your LEAK dealer or POST
' ment is as low as it is because we are kept fully THE COUPON now for full

00 New Loudspeaker System. and efficiently employed by the world-wide details of this superb new

[0 Hi-Fi Equipment. demand. EQUIPMENT.

INamel R, - < .. o R, . . - - < <

AdAress ........oveviiiiiiiiiiiiniii e

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, H.J.LEAK & CO. LTD * BRUNEL ROAD - WESTWAY FACTORY ESTATE

el Telephone: SHEpherds Bush 1173 LONDON, W.3 e fa A
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TEST EQUIPMENT

in kit form by

There is naturally a high degree of satisfaction to be
obtained from building first-class electronic test equipment
for yourself. You benefit too from using instruments of a
standard which would otherwise cost very much more than
the equivalent Jason Kit. Jason Instruments are in regular
use in laboratories and test departments throughout the
world. As Kits, they provide excellent opportunities for
training in electronics. Built, they provide accuracy of
exceptionally high order together with reliability and

NOVEMBER, 1961

welcome robustness.
ELECTRONIC
TEST EQUIPMENT
o
HI-FI AUDIO
[}

Descriptive literature on
request, Please mention
‘¢ Wireless World ”* when
applying.

JASON ELECTRONIC DESIGNS LTD.,

@ TEST EQUIPMENT
@ VALVE VOLTMETER. Kit inc. valve, 4}in. sq. meter and

EGEHRT | Loooooan 0. o ommo A0k 000 ¢ GO0 tan 0000LOHO000 £23 0 0
High voltage probes £3 extra.

@ OSCILLOSCOPE OG.10 (illus) .....ooovvvvnnn, £2210 0
@ AUDIO GENERATOR A.G.10. Tunes from 10 c¢/s. to 100
Kec/s. sine and square wave..........oiiiiiiaas £1519 0
@ WOBBULATOR W.I1 ... ......ciiivninnen, £1419 0

@ AMPLIFIERS @ TUNERS
(Built).

J.2-10. Mk. IIT Stereo/Mono Amp. 0
.10, Mono Amp., 10 watt 0
MT.4. FM Fringe Tuner....... 9

JIVi2. Switched FM and TV Sound 7

Monitor—as JTV'2 but for cabinet mounting...... £19 19 1
© ARGUS TRANSISTOR RADIO TUNER. For Amp.

£710 0

@ TAPE UNIT KIT........ o o N vve. 21 Gns.

FOR RELEASE SHORTLY. DETAILS ON REQUEST.

..

- 2 ey

T

KIMBERLEY GARDENS, LONDON, N.4

Teleptone: STA 5477

Even better
than ever

before . . ..

NEW
PHOTOGRAMS |
1962 |

A selection of the world’s finest photographs

NEW PHOTOGRANS 1962

TR S P Ve g

Remember

British Leglon

Poppy Sellers urgently needed
Haig's Fund

70-80 York Way - London *
(Registered under the War Charities Act, 1940)

NI

The unprecedented high standard of the photographs selected,
the beautifully grinted plates in letterpress and photogravure,
with a remarkable new process for the striking colour plates,
will ensure that NEW PHOTOGRAMS 1962 will give greater
pleasure than ever before.

A symposium of views by some of the leading photographers
whose work is included, the technical details of each photograph,
and a critical Elate by plate commentary completes a notable
volume that will give much pleasure and practical assistance
to both amateur and professional alike.

2ls net by post 23s3d 136 pp. 104 pp. plates

from booksellers and photographic dealers

Published for ° Amateur Photographer ”’ by ILIFFE Books Ltd.
DORSET HOUSE STAMFORD STREET LONDON SE1

Locate Hard to Get Tubes at Big Savings!

DIRECTORY and BUYERS GUIDE
for

American Electron Tubes
GET YOUR COPY ABSOLUTELY FREE!
This brand new * Directory * covers almost every tube made
by American manufacturers. Top name brands as well as
specialized brands are included. Receiving, Television, and
Speczial purpose tubes are listed by type numbers and low,
low prices.
Send for your copy now, it's FREE and will

Save You Money on Tubes.

METROPOLITAN  OVERSEAS SUPPLY CORPORATION

1133 Broadway, New York 10, N.Y., US.A.
Cable address: LECIMEX New York.
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—THIS MONTH’S SNIP -

A fully-built, tested and
ready to work pocket radio
using six semi-conductors
and tuning over the long
and medium wave bands.
An excellent performer and
a real bargain at £5/15/-
post free.

Seven days approval. Send
for one today. If you are not
100% pleased then return it
within seven days and your
money will be refundec{

Charging Switchboards

ﬁ"-\p‘x N

-»QSQ!

Type A. 650 w. 18 v.—contatus three reverse
current reluys, one voltmetor rated 26 v.
f.5.d., one main ammeter rated 40 amps.
f.8.d., one secondary ammeter rated 85 anips.
.8.d. and two secondary meters rated 20 ataps
tsd., one 2 olun variable resistui, obe Ll
ohro variable rcaigtor and two 1.2 ohm
variable resistors. Complete in metul casc
21t. 8in. x 2f1. 8in. approx, Price £2/15/-,
carriage apd 1us. 15/-.

Type B. 1260 %. 50 v., .12 ampa.—contains
one 14 ohm variable resistor and four 1 ohm
variable reaistors, ohe omain awmmeter rated
at 40 amps. (8.4d., four secondary meters
rated at 20 ampa {.ad. and ope voltmweter
rated at 50 voits, and two reverse current
relayvs. Complele in 1wtal case— size approx-.
Imately 2ft. 6in. x 20t. 8in. Price £4/15/-.
carriage 158/-.

Connecting Leads for these awitchboards with
Nifam plugs 30/- eacl

Smallest Possible 2-gang

With bullt-ln trimmers, polystyrens cased,
size only 1 x 1 x 7/16In.. price 17/8. 8mallest
LF and oscillator to mateh, 21/-. P.P. lnput
and P.P. output transformers, 12/6. Cir-
cuit diagram frce with any of abuve.

Miniature Earphones

For Transistor Circaits or Deal Aids, Very
light weight and easy to wear, cord almost
invisible, good quality production of music
and voice, complete with minjature plug and
sAcket, ready to use—oorrect Impedance
OK ftor red spot and emilar transistors.
Crystal and Magnetlc, @/, Post and In-
surance 1/-

NOW THE
MARK IV

Pocket Transistor Radio

RESWEPOAR
Slseisunmance
‘.‘.';..ci’r"
‘SeNerRNBUNS B
HpsUBeaRRERED
MEIIIEIEER 2]

seraw

.l«.' : l

ssgesnMeBEr

:;ol.ntll"
- . anETINREND i
Read these Testimonials dxxevsese =7
sRwe
D, A. Hilton, Leigb, Lancs, ; :::::.a,.y
“1 recetved Pocket 4 on Chrstmas WERENR IWMD N
Day. ! made It up on Boxing Day and BeEsessE N
I am very pleaned with the results. It !::,::::::' m&mﬂ:

brings in focul statiwons and many forelgn
stations ucluding Luxembourg at good
gtreogth. ) am 13 years old.”
Mr, J. Bell, Wolverhampton.

“ I am writiug to espress my eatisfactlon

at the standard of your kit for your Pocket 4 recelver.
Trunsiator set and also to stute that it has °
come up to my expectatious in regard to °
performance.””
Mr, R. Belt, Newcastle-on-Tyne. O
"1 have Luit your Pocket § Transistor ®
seL I wu very pleased with it. )
r. F. Jagkson, lekenham, Midu. [ ]
“l have built tbe Pocket 4 and am ®
more than pleased with the resulta.” °

Mr, G Bamlord, Ramsgate.

fAnd this set even better thao you
clmm it to be and most certainly up to your
usu standard of quality. I feel that oobody
could fail to build it apd get resulta. Even
the drst-time-ever povice, as your circuit
diagrams and instructious are so clear and
precise.”
Mr. A J. Simmonds, Welling, Kent,

“ I purchased {rom you & week ago the
Pocket 4 Transistor Kit. [ pul it together
last pight in i} bours, on switching on the
set 1 wus right on Radio Luxembourg. I
must esy thank you because not oply haa
the set 4 very attractive appearabce, it also
behaves fantastically.”

Our famour Pocket " 4 ** which is doing yeomu.n service ali over the
country has been modified and tmproved to make it un even better
The pew features Incinde:—

New clegant dia) graduated for Long and Medium Waves.

Switched Long and Micdium Waves.

Blide switch onfoff control

Printed circuit.

Pernte Rod Aerial,

lmproved reaction circuit.

Pousitive spindle coupling to tuner.

Batrery containers.
The Pocket " o' of course retaine its original r.f. circuit which
means still no aerial or earth needed.

The Pocket “ 5
ture lou) speaker and has sl the abuve retincments. complete in case
as illustraed (less wmotif) 52/@, bLattery 10d., post and iusurance
/6. Mout 2.,

Pocket 6" as Pocket " B5,"
Q.P.P. output stage §5/-.
feven days approval

Onier i confidence. We allow you seven days to decide whether
or nut W make the ret, you may rcturn the parcel as recejved within
this time and your money will be refunded in full.

Rom) eome of the testimounlals
received about our Pocket Receivers.

" Mark 1V uses 4 transistors. cryetal diode, minia-

but with Moving Coil Speaker and

over 1,000 of which have beea

INFRA-RED HEATERS

These iatest type heaters

are ideai for batbroom,

Litchen, bedroom. etc.

They are simple t0 make

from our easy to follow imstruc-
LU silica d el

designed for the correct jnfra-red wave-

length (3 microns). Price for 750-watt ele-
ment and instructlons. 15/@ plus 2/6 post and

insurance. Or made up heater, 52/, pius 8/6 poat and insurance

~—fully tested and guaranteed.

750mW TRANSISTOR
AMPLIFIER

4 traneistors inciuding two in push-pull-—
input for crystal or magbetic microphone
for pick-up—fecd back loupe—sensitivity
b m/v—output 1 watt peak into 35 ohm
speiaker. Bpeakers available. Price §2/6.
Postage and insurance 2/6.

THE GOOD COMPANION

Largely due to the helpful criticiams and muueutlou-
recchad from purchaseis of our previous ect * The Heal
" we have | and nus super ede this
wl'.h a new set which we call * The Guod Companion.”
We feel confident that this new set is one of the fincst
of i kind available. design i the comhined effotts
of our own techmicians and of those of several of the lead-
Ing mapufacturers In the country, and the resulting met
has a pe formance as guud as if not euperior to thore seli-
ing at £20 and more. It has the cight transistor sct per-
formancce.
FPeatures inclnde American Philco R.F. transistors and
Mullard A.F transietre —Q.P.P. output giving 750 mW—
full u“rr'tgc on Metium and Long--very une tuning
arrang of difficult stations
like 20&—vnrhhle feed- back cunholwlull tonal qualities
—mallv superlm Ionkmg cabinet size 11 x 8 = 3in. approxi-
ral mownths

lrom battery cmtinz only 3/6.

Clrcuit ernploys six transistors and two dioden, it incorporates all latest refinements and

osclllator I.F. Trunsformer i pre-alizned so mo instruments are neveesary. Aoy one who can eolder competently can
make this set. The instructions are fully comprehensive with plelny of mustra.l.luns Bervice is avallabie In the unlikely

event of vour getting into dlfff All
set as [llustrated £8/19/8. Post and insurance 5/-.

fuliy L
Banry 3/8 extra.

Price of all components and cabinet to make

ELECTRONIC PRECISION EQUIPMENT, LTD.

post orders are dealt with trom Eastbourne, so for prompt attention please post your ordors to 66 Grove Road,
Easibourne, marked Depanment 2, Caliers may use any one of the Companies below,

226 London Road,
Croydon.
Phone: CRO 6558,
Half-day, Wednesday.

29 Stroud Green Road,
Finsbury Park, N.4,
Phone: ARChway 1049.

Half-day, Thursday.

A A AL A R B A B A A B A B B A R B R A A B R ) R 3 B L A R B B B R B B R Y R U R R R A B

520 High Street North,
Manor Park, E.12,
Phone: ILFord 101},
Half-day, Thursday.

42-46 Windmill Hill,

Phone:
Half-day, Wednesday.

246 High St.
Harlesden, N.W.I0.
Phone: ELGar 4444,
Half-day, Thursday.

Ruislip, Middx.
Ruislip 5780.

B4 Y R Y ) ) ) PR AR TR ER B R R R R R R S R A A A R R R A R R R R T R T R Y T T 5 T 5 K L S R R Y B B R R R R R B N R R R R R R
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ILIFFE  books

for radio and electronic
engineers and students

WIRELESs WORLD

INTRODUCTION TO
LAPLACE TRANSFORMS

for radio and electronic engineers
W. D. Day, Graduate |.E.E., A.M.Brit.l.R.E.

This book, written specially for radio and electronic
the Laplace transformation
theory in a language that they will readily under-
stand, dealing with electrical circuits from the very
first paragraph and building up to the stage when
transforms are used to investigate transient conditions.

engineers, presents

32s 64 net BY POST 33s6d 183 pp

NOVEMBER, 1961

NUMERICAL METHODS FOR
HIGH-SPEED COMPUTERS

G. N. Lance, M.Sc., Ph.D,, M.LLAS., A.R.F.Ae.S.

Collects those methods of solving complicated prob-
lems which have been developed by research matha-
maticians to make the fullest use of all types of
modern automatic high speed computing machines.
All the methods described have been tested and
found useful in practice, while important con-
siderations are discussed. The book is invaluable to
programmers, mathematicians, engineers, physicists,
chemists, and scientists generally who are interested
in the application of electronic computers to the
solution of their own particular problems.

42s net BY POST 425 11d 166 pp

-'-lnnl-----l--l-u--

from leading booksellers
published by

ILIFFE Books Ltd.
DORSET HOUSE, STAMFORD ST., LONDON, S.E.|

S-B-W

(COLDHEADING) LTD.

CRAWLEY - SUSSEX - ENGLAND

Crawley 28765 (9 lines)

RIVETS - PINS
STUDS

IN ALL METALS AND TYPES

Tel.:

——THE HIGH-FIDELITY ——

MAIL ORDER SPECIALISTS

GOODS DESFATCHED BY RETURN

Carriage, Packing & Insurance (U.K.) FREE ! !
AMPLIFIERS . TUNERS . SPEAKERS . MOTORS . PIOKUPS MICROPHONES
CABINETS . TAPE RECORD
QUAD, LEAK, ROGERS, DULCI, ARMSTRONG, CHAPMAN JASOX, WHARFE-
DALE TS.L., GOODMANS GARRAED GQ.E.C., OONNOISSEUB W.B., COLLARO,
LENCO, ACOS B, J., PHILIPS, LUSTRAPBONE RECORD BOUSING FEKRO-
gksgg VgBTEXION BRENELL, WEARITE, TANXOY, LOWTHER, RONETTE,
T D, §.M.E., ET!

Hire urchase Yerms available ® “Comparator’ Demonstrations

WORLD WIDE EXPORTERS

OVERSEAS ORDERS SENT FREE OF PURCHASE TAX
AND SHIPPED PROMPTLY AT MINIMUM COST

C. C. GOODWIN (SALES) LTD.
(Depi. W.24) 7, THE BROADWAY, WO OD GREEN,

LONDON, N22 257 5. Tel. BOWes Park 0077/8

25 WT. VERSION
25 GN3

AMPERIAL

Public Address Engineers’ answer to
QUALITY AND RELIABILITY

40

3 entirely separate inputs (individual EF86's) for two
microphones and gram, tape or tuner

Al

E. K. ELECTRONICGS.

BRITAIN'> MOaf VERSATILE TOP QUALITY AMPLIFIER

Watts 8 Valve

I inputs fully mixing, tone control on gram.

Brotherton, Yorks.

Knottingley,




-
Solg o
0O & g 2
WO

oy gANSAR@ SPEEDS

Soo 05 i?f::}f?

from 57 mins. per rev.
to 2,700 revs. per min.

No other motors offer the wide range of speeds,

torques and programme switching of the versatile Drayton RQ,
Conforming to BSS 170/1939, it is suitable for continuous

or intermittent running; reversing; and can also be supplied with or
without internal limit and programme switches. Motors

giving a shaft rotation of more than one revolution before

switching operates, or with multi-position switching, are also
available. Write now for your copy of Data Sheet No. 302,

DRAYTON CONTROLS LIMITED
Bridge Works, West Drayton, Middx. Phone: West Drayton 4012

DR, 9A
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WIRECOMP ELECTRONICS

378 HARROW ROAD, LONDON, W.9.
Hours of business: 9 a.m. to 6 p.m. Open all day Saturday.

TRESLE (¥

CUNNINGHAM 9530

Opposite Paddington General Hospital. Buses 18B & 36 pass the door.

TAPE RECORDERS

THE

WALTER

BATTERY/MAINS

wRIGINAL

PRICE 55 gns.
OUR PRICE

27 GNS.

Carr. & Ins. £1.

Transistorised, records
anywhere—indoors or
outdoors. Quality fea-

tures include: Hi-Fi 2 watts

reprocuction;
output; rev, counter; WALTER master controli
mixing and supenmposing facilities; 3 hours
recording on 5{in. reels. Works off 200/250 A.C.
or three Ever Ready PP9 batteries.

THE

R

First class Tape Recorders using the famous
Collaro transcription deck. 3-speed 1}-33-73
IPS. Mic. and Radio inputs. 7 x_3}in. internal
speaker, Valve line-up ECC83, ECL82, EM84.
Wow and Flutter 0.15% total at 74ins./sec.
Size width 15iin., depth 6{in., height 6iin.,

weight 26 Ibs.
LIMITED STOCK ONLY

39 GNS. Carr: & lns. 21/
MODEL RA-11

FULLY TRANSISTORISED/PORTABLE

OUR PRICE £13.10.0 ;. & v 36

A fully transistorised precision built miniature
tape recorder. Size 6 x 8} x 2%in., weight only
241b. Records and plays for over one hour on
standard 3in. reel. (Twin track recording, 35
minutes per track at 3} 1.P.S.). Simple opera-
tion. Attractive two-tone plastic and metal
case. Complete with batteries. tape and acces-
sories.

RECORDING TAPE
FAMOUS MAKE PYC BASE ON PLASTIC SPOOL
1,800it. on 7in. spool 32/6. 1,200ft, on 7in.
spool 21f-. 1,200ft. on 5}in. spool 22/6. 850ft.
on 5%in. spool 16/6. P. & P. 16

ENTHUSIASTS'  BARGAINS !
KAPURA Mdl. U1 MULTI-METER
59/6 o «p o,

Complete with test leads.

A must for the home
constructor. Seusitivity:
1,000 ohmus per volt A.C,
and D.C. Ranges: (A.C./
D.C.} 0 10-50-250-500-
1,000 v. D.C. current 0-100
-500 m/a. fused at 0-10v.
range). Resistance 1-2,000
ohms (centre 24 ohms),
100-200,000 ohms (centre
2.4 k.). Size 5x3x23in.

EP. 10K MULTI-METER

Complete with test leads, battery and ir.st-uctions

£5-19.6 P. & P. 36

10,000 O.P.V. on A.C. and D.C.

D.C. Volts: 0-6; 0-30, 0-120; 0-600: 0-1200.
A.C. Volts: 0-6. 0-30; 0-120; 0-800; 0-1200.
D.C. Current: 0-120A; 0-12M; 0-300M.
Resistance: 0-20K: 0-3 meg.

Decibels: —20 to —83 in five scales,
Capacity: 50 F to .01 F and .001 F to .15 F.
Output Ranges: 0-6; 0-30; 0-120; 0-600; 0-1200.
Size: 4% x 3i ¥ lin.

THIS MONTH'S SPOI

®

° BARGAIN! °

o o

oeTHE WIRECOMPoe
&

e 'JUNIOR 5' ¢

9 TRANSISTOR POCKET [

RADIO KIT
e An easy * first step ” set for the young ®
® constructor. This miniature marvel with ®

the BIG performance covers medium
and long wavebands—has an internal
Ferrite rod aerial—5 transistors and 1
@ diode — 200 milliwatt push pull output — @
2}in. speaker. Supplied in 47 Xx 3%

% 1}in. unbreakable plastic case with @
@ carrying handle.

° instructions. All parts sold separately. @
THIS

® B P.&P @

Svonmws §2 19,6 "8

000000000000 0000
THE LATEST TRANSISTOR

RADIO KITS

THE *“SONIC SIXTY”

Complete with full @

6 Mullard transistors, 1 diode, internal ferrite
rod aerial, 7 x4 high quality speaker, printed
circuit, 500 MW, push pull output. MW and
LW calibrated direct drive assembly. Highly
polished handsome walnut cabinet.

£9 1 5 0 Complete kit

1d. P. & P. 4/6.
All parts sold separately. lnst. Book 2/6.

3 TRANSISTOR POCKET RADIO

May be buibt m one evenming. Uses numature
speaker, ferrite rod aerial and 2 germanium
Jodes, Covers medium and long wavebands.
Complete with instructions and al components
ONL All parts sold separately.
28/6 (batteries 1/3 extra), P. & P, 2/-.

IDEAL FOR THE TRANSISTOR
RADIO HOME CONSTRUCTOR
PORTABLE MAINS SOLDERING IRON

30 watt, De<igned lor lightweaght applications.
High stahle heat characteristics assure long life
and safety in use. Complete with vinyl bag,

Mains lead and plug. 18/9 P. &P. 18

{ WIRECOMP'S
NOW! gurer vaLue

BATTERY CHARGER

OVERNIGHT
CHARGING
ENSURES
INSTANT
WINTER
STARTING

8 and 12 volts
charging at 2 amps.
A.C.mains 200-250 v.
with mains fuse,
in sturdy metal case
8in. x 3in. x Sin.
with silver/grey ham-
_mered finish. Com-
plete with leads and
battery clips.

COMPLETE RAD!O
THE LEECO

6 TRANSISTOR
POCKET PORTABLE

£9.19.6 P. & P. 2/-

Beautitully designed and preci-

e

b3

cision built. Uses six high grade
transistors and one diode.
Frequency range 535 kcfs. -
1605 kc/s. Bult-in 2§in. P.M.

speaker. Dimensions 1} x 2] x 4}in. Weight
7 oz. Comnplete in presentation box with
carrying case and earphone.

V.H.F./A.M. RADIO
FOR ONLY £12.12.0 P. & P. §/-.

Brand new, 1n superb walput cabinet (size 19 X

% 14in.). Covering 80-100 Mc/fs. 16-49 M.,
200-500 M. and 1,200-2,000 M. Mains trans.
200-250 v with 3 tappings. Ferrite rod aerials
for A.N. Gram and ext. speaker positions. Fully
guaranteed.

 AMPLIFIERS

THE TELEFUNKEN
STEREO HI-FI AMPLIFIER
NOW ONLY

£9.19.6¢?§" 3

-
Original e 4
Price 16 gns. = ::
P. & P. 5/ :

The pertect Stereo amplifier designed to un-
equalled  specifications:

Power output 5 watts (24 watts per channel).
Frequency response 30 cf/s to 40 kcfs. 2dB.,
45 cfs to 30 kcfs. 3dB.

Suitable for all normal inputs from tape re-
corders, pickups, microphones, radio.
Power requirements 110, 125, 150, 220, 240
volts A.C.

Piano key selecting. Preselected tone control.
Size 12 x 9 x 2in. Fimshed in grey/green
hammered enamel.

THE ONLY REMAINING STOCKIST!

AVANTIC AMPLIF.ERS

SPAI1 STEREQO AMPLIFIER AND PRE-
AMPLIFIER
Twin 10 watts output, 3-dimensional Monaura!
reproduction by comi)imng both chaunels, 3
wputs for each channel. Size 14}in. wide, 4in.
high, 8%in. deep. LIST PRICE £29/8-.

197GNs- CARR. & INS. 7/6.

PL6/21 10 WATTS MONAURAL AMPLIFIER
AND COMBINED PRE-AMPLIFIER GONTROL
UNIT. 5 inputs. Size 143jin. wide, thn. deep,

4in. hagh.
LIST PRICE £29/8/-.

&GNS' CARR. & INS. 7/6.
8 WATT AMPLIFIER
£4.15.0

Made by well-
known manu-
facturer. Spec.:
2 EL34, 12
AX7and EZ8] §
Push-pull out.
ut. Separate ¢
ass and Treble controls on pamel with ex-
tended lead. P. & P. 3/6.

3/4 WATT AMPLIFIER
SUITABLE FOR STEREO ADAPTOR
Spec.: 2 valves EF#0 and EL84. Switch control
for Stereo and Mono. Suitable for use with
Acos GC/71, GPj73 and Garrard GC/[10.

Complete with wiring diagram.

£2.19.6 P. &P 2.
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Bulk Buying means DEUVERY EX-STOCK LOWEST PRICES

HEAVY DUTY 20 AMP.

L.T. SUPPLY | VARIABLE TRANSFORMERS

UNIT

Output: (1.3 kVA.).
Completely Variable

Brand New 0to 260 voltsSamlps.
by S.T.C. input: 230 volts,
4 | 50/60~.
Normal cost over £100 A SHROUDED
E ial i f I FULLY
ssential equipment for VARIABLE
Electronic Engireering, I TRANSFORMER
Research Laboratories, FOR BENCH OR
Schools. Ideal for I PANEL
battery charging, etc. MOUNTING.
Guaranteed for 20 amps. I Size: approx. 6in.
Output: D.C. Variable I cube,
up to 20 amps. and 24 v, Weight: approx.
or trickle charge 125/ | 131b.
350/700 ampere haurs. PRICE:
Input: A.C. 100/260 v. l RIDICULOUS
45/65 cycles. ONLY
Size: 6 x 24 x 32in. I 5 amps.
£9-0-0
In attractive Grey l o -
Cabinet. I [ofamos:
ony | £18-5-0
I = N 20 amps.
- - I Quantities up to 100 delivered by
- £32-10-0
ex Warehouse I New and Boxed.

SUPPLIED
COMPLETE
WITH CRYSTALS
Accessories can be
suoplied to order at
extra cost.

o £10

LATEST miniature

WALKIE TALKIE

‘¢ 88 * sets just released by Ministry of
Supply. Produced to exacting specifications
by leading manufacturers E. K. Cole & Co., this
Transmitter/receiver weighs only 5{lb. (approx.)
and measures 3%in. x 53in. x 94in. Itisa 4 frequency
channel set, crystal controlled, 38-40/40-42 Mc/s.,

@ AERIAL
TELEPMONE .
HANO R°11

BATTERY
IN POUCH

¥ and operates from a Standard Dry Battery—HT/LT. 90 v./I.3 v.

Each.

(i.e. Ever Ready/Berec BI538). 14 of the current series of B7G
valves are employed: [-3A4, 6-IL4, 4-1T4, 1-1S5, 2-1A3.
Each set is in first-class condition.

Special quotations for gquantities up to 3,000 sets.

AERIAL
MASTS

IMPROVED TYPE 50 Mk. Il
36ft. HIGH

Kits comprise—six 24in. dia.
Tubular 8tee! Sections of 6ft.
length, top-section and base
Pickets, Guys and Fittings.
YOU can  purchase
normally  expensive
for a fraction of Its cost.
Please add £1 for (return-
abls) wooden carrying case.
The MAST s particu-
larly  suitable to take
aerials for Tx., Rx,
F.M. and TV (especially
COMMERCIAL) and
uverseas. Bxtra 6ft.
sections can be supplied

at 17/6 per section.

£9.10.0 only {7

U.S.A. Type 45ft. TELECOM. AERIAL MAST.
(7 sections, 6ft. 8in. x 2%}in., guys, etc.).
This entirely complete set in carrying case
124 Gns. Carr. 1716. Or 2 sets for £25.
Carr. extra. British manufacture only.
ARMY TYPE 32FT. MASTS similar to
above but |0 lin. screw-sections, suitable for
permanent lightweight installation. Kit in
canvas bag. £5/1S/-. Carr. 7/6.

irongate
/ (M.O.) COMPANY

World Famous

TELEPHONES
«F” TYPE

In Attractive Case
carr,

£?-1 0-0 per pair 9/-

The best portable telephone ever
made. Original cost £40! Range
up to 5 miles. Ideal for FACTORIES

BUILDING SITES, FARMS,
OFFICES. 2 perfect sets cased with
batteries. 00ft. cable, inclusive.

Not to be confused with cheaper
type models.

D3 STRANDED TELEPHONE CABLE.
New Mile Drum 85/-. Carr. 17/6.

Limited Quantity
36ft.
TELESCOPE MASTS

Finest quality brass. Non-rusting. Base
diameter 2}in. Complete with hand-winding
winch for easy, rapid extension; and cable-
wire bracing stays. One of the best masts
ever produced. 5 each

Winds down to 9ft. Carr. £1/10

CONSTANT VOLTAGE
TRANSFORMERS

FERRANTI 74-KVA MOVING COIL

Stabilized output voltage in the range 200-250 v.

Plug-board cappings. The selected oucput

voltage is constant with +1% at all loads 0 to

30/374 amps. when the supply voltage is varying

over the range +8% to —12%,.

% Frequency compensated 45-55 and 54-66 cfs.

% Excellent output wave-form.

% Can be used as a variable transformer.

% Unused. Complete with spares and instruc-
tion book at a fraction of the normal cost.

% A.C. MAINS STABILIZER. ONLY

. £65

Dept. (WW23), IRONGATE WHARF ROAD, PRAED STREET, LONDON W.2

PADDINGTON 223112/3
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TESTMETERS FOR EVERY POCKET AND PURPOSE

1,000 OHMS PER VOLT

MODEL U.1. Reads A.C. and
D.C. volts up to 1,000; D.C.
current to 500 mA; Resistance
to 200 K. Basic movement
300 uA. Easily read open scale.
8ize 5} x 3} x 2}in.

£2/19/6.

2,000 OHMS PER VOLT
MODEL TP-10, Reads A.C.
and D.C. volts up to 1,000;
D.C. current to 600 mA. Re-
sistance to 1 Meg.; Capacitance
to 1 uF; Decibels from —20 to

++36; Output jack for Audio

measurementa. Blze 3§ x 5 x 1}in.

£3/19/6.

20,000 OHMS PER VOLT
MODEL TP-58. Reads voltages
up to 1,000, D.C. at 20,000 ohms
per voit, and A.C. at 10,000
o.p.v.; D.C. current to 500 mA;
Resistance to 10 Megs; Capaci-
wance to 0.1 uF; Decibels from
=20 to +36. 8ize 3k x 8} x 1}in.
£5/19/6.

30,00 OHMS PER VOLT
MODEL 500. Reads voltages
vp to 1,000, D.C. at 30,000 chms
per volt, and A.C. at 15,000
0.p.v.; D.C. current to 12 amps;
Resistance to 60 Megs; Decibeis
from —20 to < 56; Incorporates
interpal buzzer for audible
warning of dlrect shorts and
blocking condenser for AF
output measurements.

3& x 8§ x 2fin. £8/19/6

20,000 OHMS PER VOLT

MODEL 8 AVOMETER. Ex-
Alr Ministry but thoroughly
overhauled and In perfect order.
Too well known to repeat speci-
fication which will be sent on
request. Model 7 AVOMETERS
also available, appearance as

above.
Mode! 8 .. £17 10 ©
Model 7 .. £1210 0

All Instruments suppoeu with test leads and

prods, instracilons, and internal batieries, and me fully guaianteed.

Further details sent on request.

CRYSTAL CALIBRATOR No. 10

A superb Crystal Controlled
Wavemeter. Has directly

W 1181A WAVEMETER. Crystal controlled heterodyne
irequency meter covering 100 kefs. to 20 Mic/s. In 8
switeched bands and is virtually the British BC221.
Puwer requirements 2 v. L.T. and 40-60 volts H.T.

‘“ P.W.” 6 TRANSISTOR
PERSONAL RECEIVER

calibrated dlal for nominal Complete with Calibration Book, Crystal, Operating Deslgned by the

coverage of 1.5-10.0 Mc/s. & f f by 5
Y olis o Lok 8&1{:\; ngg (:ﬂr:ﬁ.gz ;g}l{:& Used but In perfect order. mhmcmp m:at,
from 500 kcfs up to 30 ‘:Illu'raml 'ue{::y
Mc/s. Complete with 500 d i
ke/s. Crys‘t’.al, 2 valves pANEL METERS Capelorlli |m:1ljlt,g
type IT4, 1 of 1B5 and 1 F.S.D. SIZE AND TYPE PRICE Gl T
of CV2t6 (Neon Stabiliscr), 25 mioroamps D.C. 2iln. Proj, circular 59/6 T tencie T
and Instruction  Book. 50 microamps D.C. 2}n. Flush clrcular 59/ si;'.oru and Diode,
Bize 7in. x 7iin. x dln., 50 microarnps D.C. 3}in. Flush clrcular 80/ Fuall Medi 3
welght 6 Iba. Used but in 1 milliamp D.C. 2jio. Flush circular 30/- and Long eW:\!";
first-cluss condltion, ONLY 200 milliamps D.C. 2}n. Flush circular 12/8 coverage to inter-
£2/19/8. Carr. 3/6. 20 amps D.C. 2in. Proj. circular 8 pal speaker. All
80 amps D.g: gin. El'ol. circular 78 parts sold 'sepa-
PcR GOMMUNI(‘-ATIONS REGE'VERS HIvo Al tin. Flush  circular 25/- rately- {(new components only) cnabling you to buy as
500 voits A.C. 2{in. Flush elrcnlar 25/~ required, and full detailed price list will be sent on

Manufactured by Pye & Philips. One of the Army’s
most versatile and sensitive sets. RF Btage and 2 of
LPF., using 6 British 1.0. valves. large 180 Degiees
llluminated and Calibrated Dial, Flywhcel Tuning with
locking device, Aerial Trimmer, Tone and Volume con-
trols, Band Bwitch, front panel jacks for speaker or
phones. In black metal case. Bize 17In. L. x 8mn. H.
10in. D. Model PCR covers 6-18 Mc/s., 200-550 metres
and 850-2,000 metres, and has Internal 8ln. speaker.
REME reconditioned AB NEW £9/19/6, OR used, but
very good condition, £7/19/6.

request. Constructional detalls 1/6. TOTAL COBT IN-
CLUDING BATTERY AND CABINET, £8/19/6.

AMPLIFIER N24. As previously advertlsed. 4 valves,
rack mounting, with internal A.C. mains pack for ncminal
110/230 volts. Output to 600 ohms line, provision for
600 ohins or High Impedance Input. A first-class job.
ONLY 89/6 tearr. 10/6).

BC 342 RECEIVERS. A few only of these famous Ameri-
can sets covering 1.16-18.0 Mc/s., In six bands. Internal

BC 221 FREQUENCY METERS

Coverage 125 kecfs to 20 Mcfs.
and known the world over as a
first class standard. Complete
with original calibration book,

Model PCR 2 has simliar Long and Medium Waveband B 15 v. A.C. Mai k. A 1 in first-cl
coverage, Bhort wave 6-18 Mcjs, but no speaker. Used crystal, valves, ans:l instruction T pertect working order. . ONLY  £20
good condition scts only uvmll)uble. £6!19/(;. i 10 book. Used, but in very good (carringe 16/-).

e a . P H .
Eiadecavenostiallcened Befcrgiespatch. PATIE condition. ONLY £16. Illlus- UNISELECTOR. 25 way 8 bank 15 ohm coil for 24 volt

carriage all models.

Designed to operate from bulky EXTERNAL power
supply, but any set can be fitted with BRAND NEW
COMPONENTS INTERNAL PACK for 200/250 v. A.C.
at ap extra cost of £2.

““GOOD COMPANION' 6 TRANSISTOR COMBINED
PORTABLE AND CAR RADIO

The finest Transistor Portable ever designed for the constructor.

% 750 mW Output.
Y & Transistors plus 2 Diodes.

% Covers 540-1,640 Kc/s (180-550 metres)
and 160-285 Kc/s {1,050-1,880 metres).

Y Latest printed circuit technique.
% Pre-aligned L.LF.T.s.
Technical knowledge is not required to bulld this eet, the casy-to-follow 1llustrated data which can be purchased for

3/@ making construction simplicity Itself.
£9.19.6

TOTAL COST INCLUDING CABINET AND DATA (Battery 3/6 extra.)
All parts sold scparately, detailed list on request.
Cash with order please, and print name and address clearly
PLEASE ADD POSTAGE OR CARRIAGE COSTS ON ALL ITEMS

HARRIS ELECTRONICS

(LONDON) LTD.
Radio Corner, 138 Gray's Inn Road, London, W.C.1. Phone: TERMINUS 7937

Open until | p.m. Saturdays. We are 2 mins. irom High Holborn (Chancery Lane Station) and 5 mins. by bus {rom King's Cross.

operation, unused, ex-brand new equipment, only 62/6.

SPRAGUE CONDENSERS. Metai cased wire ends. New,
.01 mfd. 1,000 v. and .1 mfd.. 500 v. 7/6 per dozen.

fAnocial me bas far enetiting

trated descriptive leaflet avaitable
on request.

% Very fine tuning with calibrated dial,

% Internal high gam aerial with car aerial
socket.

% Brilliantly styled 2 colour cabinet size
Ilin. x 8in. x 3in.
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R m\\\\m‘\\- P L/ 7 T
- BWJ] ? & (RADIO) LIMITED
= Phone: GERRARD 8204/9155'
s Cables: SMITHEX LESQUARE

‘\“\\\\ N \_ == . Vl(.2

UNIVE RSA L
AVOMETERS

Al models offered are in first-class condition throughout, fully tested and checked,
guaranteed perfect and are supplied with instructions, leads and batteries.

MCDEL “D’ 34 ranges..........£8:19: 6

MODEL “7” 50 ranges...........£12
MODEL «8° 20,000Q/volt........ 16 GNS

Regd. post 5/- extra on all models.

P.C.R. COMMUNICATION RECEIVERS

6 VALVES. Frequency coverage on three bands:—850-2000M. 190 550M. 6 18M./s.
Super slow motion drive. Aerial trimmer. Yolume and tone controls. Output for 3 ohm speaker
or phones.

Avai able as follows:—

AS NEW WITH BUILT-IN SPEAKER, £7/19/6.

USED BUT IN FIRST-CLASS CONDITION WITH SPEAKER, £6/19/6.

Ca-riage 10/- extra on all models.

All above models can be supplied with a built-in power unit for operation on 200/250 volt A.C. at an
additional cost of 39/6 or alternatively the original plug-in A.C. mains power units are available at
35/~ extra.

BUILD THIS HIGH GRADE
SIX TRANSISTOR RADIO!!
USING OUR MATCHED COMPONENTS

% PRINTED CIRCUIT, READY DRILLED
% MW/LW FERRITE AERIAL
% OSC./ILF. TRANSFORMERS
% DRIVER & OUTPUT TRANSFORMERS
— 500 mw OUTPUT ! —
BASIC COMPONENTS AND PRINTED 5 s’ Post
CIRCUIT, AS SHOWN BELOW =y 2/-

A PROFESSIONAL FINI.H fOR YOUR SET!

N Set of high-lustre clear plastic knobs, push-on type, suitable for any
WITH FULL PARTS LIST OF COMPLETE RECEIVER AND DETAILED transist r valv
e Gl L Sl Lls1s' or o e radio set. Attractive red centre discs
47/48. A. Three knobs, as illustrated, for direct drive tuning
COMAENSEE .iuuiieiiiit iiiiiiariiant et e et e e eea e 7/6
46/48. B, Three knobs, as illustrated, with extra hair line
cursor dial for S.M. ... 8/6
49, C. M-zl tuning dial. Dia.: Z}m printed M.W, and L.W.
Stition names, and wavelangths, red and black on
lustra gilt background 2-hole fixing e 2/6
Knob sets A and B available with gold lustre centres at ra per set.

SUNDRY MINIATURE COMPONENTS
51. Case handle clip, red plastic, to suit }in. wide flexible
straps, 4BA x fin. fixing ..., pair 2/9
52, Speaker escutcheon, Sin. x 3jin. Suitable for fabric or
metal mesh background, red plistic, to match above knobs  6/6
53. Spaaker escutcheon, 5in. x 3§in., beautifully finished gilt

. lustre plated. otherwise same as Type 52 ...ocoeciiriiiinoe, 7/9
CIRCUIT, LAYOUT & PARTS LIST (SEPARATE) 2/6 54. Tuning knob for personal sets |4in. diam. x jin., Serrated
edge control, for standard fin, flatted splndle printed
LIST TRANSISTOR COMPONENTS 20J0-500 M. and LONg ....coiiiiiiiiiriiiiiiiiineeiearanniiaearaaes 19
35/37. Set of 4 miniature transistor coils 9/16in. diam. ROUND, 55.  Red plastic escutcheon for personal sets. 4}in. x 2§in., to
4501475 Ke. QU0  .oinniiiii i 23/~ suit knob 54 above .. 3/-
39. Miniature Driver Transformer, fin. x §in., with clamp. 56. Plastic brackets, rubber Inserts, single screw fixing, for
Ratio 3.61 + I, for single- ended push-pull ... 10/3 gin. farrite rod ... Set of 2 2/~
38/40. Pair miniature Driver and OfP transformers 500 ‘mw, 57. Plastic brackets, rubber inserts, single screw f‘xmg.for tin,
4in. x §in.  With clamps ............. . pair 18/ ferrite rod ... ....Setof2  2/-
30, Ferrite aerial MW/LW, with clips. 7in, x tin. for stan- 58. Plastic bracke e:s, for }in.
dard SELS ... i e L 9/3 ferriterod ... Setof2 I3
3. :i:—:g:ala::l MWILW “wich  clips. 4*'_"' x {in. for 8- Trade & export enguiries No C.0.D. under £2 in value,

welcomed. Prompt despatch. Please include some postage.

] ESTUARY HOUSE, CAMPERDOWN TE E
NOMBREX LT@- DES:LE;.& EXMOUTH, DEVORH. PHONE gglAS
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" LIMITED

Phone  GERRARD 8204/9155

Cubles SMITHEX LESQUARE
LISLE STREET, LONDON, W.C2

SPECIAL OFFER'!
EDISWAN MAZDA TRANSISTORS

Unrepeatable. Brand New. Guaranteed.

XA 103, LF. AMpecoiiiiiiiiieiiiiennnins 36
XA 104. F/C or L.O 4/6
XB 112, L.F. Amp... . 3
XC 141. Audio output. Class A or
Class B. 1| watcs ac 80°C. ... . 10/~
XA 121. Drife 1.F. Amp.... 616

The following are R.F. drift types with

30 mc/s. cut-off.

XA 123. R.F. mixer ..

XA 124, F/C or L.O

XA 126. R.F. Amp.
Postage extra.

76
76
76

FAMOUS AMERICAN RECORDING
TAPES.

First grade quality. Fitted with leader tapes

and stop foil.

Sin. .
Sin. .
Sin. .
S5%in..
5%in..
Zin. .
0. - . %
Tin. ...... double play...... 2400ft.
Postage extra.
Send for full list of tape bargains.

CRYSTAL CALIBRATORS NO. |0,
1.5 to 10 mcfs. Can actvally be used from
500 kcfs. to 30 mcfs. Few only available.
Brand new with instruction manual, 72/6
each. Postage 3/6.

G.E.C. SELECTEST
MULTI-RANGE

TESTMETERS
1,000 ohms per
volt AC/DC. 37

Ficted
automatic

ranges,
with
overload cut-out.
Supplied in per-
fect condition com-
plete with batter-
1es and leads.
€9/19/6 each. Reg.
post 5/- extra,

PARMEKO TABLE TOP TRANSFORMERS.
Input 230 volts. Output 620/550/375/0/375/550/
620 volts 250 ma. 2 x 5 volt 3 amp. New, boxed,
45/- ea. Carriage 5/-.

24-AMP. VARIAC TRANSFORMERS. Input
230 volts. Variable output 185 to 250 volts
24 amps., €12/10/- each. Carriage 10/-,

RC.221 HETERODYNE FREQUENCY
METERS. 125 kcjs. to 20 Mcfs. As new
condition. Supplied complete with valves,
crystal and calibration charts, £16 each.
Carriage 7/6. Also available less charts,
€910~ each.

PAINTON MINIATURE JONES PLUGS
AND SOCKETS. 2 oin 2/6 pr., 4 pin 36 pr.,
6 pin 4f- pr.; 8 pin 46 pr., 12 pin 5/6 pr., 18 pin
7/6 pr., 24 pin 8/6 pr., 33 pin 10.6 pr. Post extra.

SPARES KITS FOR CR.100 RECEIVERS*
Contains IS valves, condenser and resistor kitse
pots, output transformer, etc. All new and boxed’
59/6 each. P/P 3/6.

COLLARO STUDIO TAPE TRANS-
CRIPTORS. Latest 1961 model, 3 speeds.
3 motors, digital counter., press button
switching, etc. Supplied brand new, guar-
anteed, with instructions and spare 7in.
spool. £10/10/- each. P/P 3/6.

BRAND NEW MEDRESCO HEARING
AIDS. Supplied complete with earpiece, leads
and battery pouch. Only 32/6 each. PP |/-.
Batteries 5/ extra.

1,000 WATT MAINS {SOLATION TRANS-
FORMERS. 230-volt primary, 230-volt secondary,
New, boxed, ex-Admiraley, €5 each, Carriage 10/-.

7.5 KVA. AUTO TRANSFORMERS. 115/
230 votts. New, boxed, ex-U.S.A., £I5 each.
Carriage 10/-.

R.C.A. PLATE TRANSFORMERS. Primary
200/250 volts. Secondary 2.000/1,500/0/1,500/
2,000 volts 500 ma. New, boxed, £6/10/- each.
Carriage 10/-.

FIELD TELEPHONES TYPE F.

Idealfor all
intercom.
systems,
house,
office,
building
sites, etc.
Generator
bell ring-
ing, 2 line con-
nection. Sup-
plied complete
with batteries

and wooden carrying
case, fully tested, £4/19/6
pair. PP 5/-.

" R.C.A AR 83D RECEIVERS

This world-famous 4-valve receiver offered
reconditioned, perfect working order and in
superlative condition throughout. Fre-
quency covarage on 6 bands 500 k¢fs to 32
mgfs. Circuit incorporates vaciable selectivity
with crystal filter, tone control. aerial trim-
mer, b.fo., a.v.c., R.F. and A.F. gain controls,
mechanical bandspread, etc. Output is for
phones or speaker. Operation IS5 or 230
volts A.C., £35 each. Carriage 30/-.

PORTABLE PRECISION VOLTMETERS.
Brand new moving 1ron instruments housed in
polished teak case with Bin. murror scale. 2 ranges,
A.C. or D.C. 0-160 v. and 0-320 v. Accuracy
within 2%, €5/1916 each. PP 3j6.

MINE DETECTOR NO. 4A

Will detect ferrous and non-ferrous metals,
Complete and as new in transit cases. Sup-
plied fully tested with instructions. 39/6
2ach. Carriage 10/-. Batteries 8- extra.

MARCONI TF373 UNIVERSAL {MPED-
ANCE BRIDGES. Reconditioned to maker’s
spec., £35 each.

SOUND POWERED TELEPHONE HAND-
SETS. B8rand new boxed. 15/- each. P[P /6.

BRAND NEW Boxed
100 MICROAMP
METERS. Standard
24in. flush panel mount-
ing. Scale calibrated
0-100 microamps, 42/6
each. P/P 143.

NATIONAL H.R.0. RECEIVERS

Senior model, table mounting. Supplied with
complete set of 9 coils covering 50 kefs to 30 Mc/s.
Special features include: S meter, variable selec-
tivity, crystal, phasing. Output for phone or
speaker. Supplied fully tested and aligned,
superb condition throughout. Price 21 gns.
Carriage 10/-. Power units available 59/6 each
extra.

24 VOLT D.C.
FUEL PUMPS.

Perfeet condition,
15/6 ea. PIP 2/6.

E

AN/APR4 SEARCH RECEIVER. Covers 38to
1,000 Mcfs. with 3 plug-in R.F. units, TN-16
TN-17, TN-18. Operation |15 v., 50-2,400 c.p.s.
Reconditioned to maker's spc. £75 each.

SELENIUM L.T. METAL RECTIFIERS.
Full wave bridge connected, all new and guar-

anteed.

12/18v. | amp.... 4/3 24/36v. 4amp....18/6
12/18v. 24 amp.... 6/9 24/36v. 6 amp....22/6
12/18v. 4 amp.... 9/9 24/{36v. 10 amp....45/-
12/18v. 5 amp....12/6 24/36v. 15 amp....47/6
12418v. 6 amp....13/6 36/48v. 6 amp....32/6
12/18v. 10 amp....22/6 48/60v. 2 amp....18/6
24/36v. I amp.... 9/6 48/60v. 10 amp....82/6

Please add postage.,

L.T. TRANSFORMERS. All primaries tapped
2)0/250 volis. 3.5, 9 or |7 volts | amp., 9/9;
ditto 2 amp., 14/3; ditto, 4 amp., 16/6. 9 or |7
volt 6 amp., 26/~. 3, 4,5, 6, 8. 10, I2, 15, §8, 20,
24 or 30 volts 2 amp., 18/6. Ditto, 4 amp., 27/6.
Please add postage.

AMERICAN ARB RECEIVERS
Frequency coverage on 4 bands 195 kc/s to
905 mc/s. Precision vernier drive. Valve
tine-up: [(25A7, 4-125F7, [2A6 and 991i.
Operation 24 volts D.C. Suppiied fully tested
and checked, £6/19/6 each. Carriage 7/6.

1 OHM™14 AMP. SLIDER RHEOSTATS,
15/6 each. PP 2/6.
PHOTO VOLTAGE AMPLIFIERS
These special units contain a | microamp,
Tinsley mirror galvanometer, twin selenium
photo cell. 12 v. lamp, lamp housing and
fozusing unit. Brand new, boxed, £9/19/6

each. Carriage 7/6.
AR.88D SPARES. Complete wavechange
switch assembly with screens, new, boxed, I7g/6
each. PjP 2/6. Ist L.F. transformers, new, boxed,
3/6 each. P/P 9d.

SPEAKER BARGAINS
All brand new and guaranteed.

2{in. 35 ohm ... 17/6 12in. 3 ohm ... 29/6
2}in. 70 ohm 17/6 {2in. 15 ohm ... 42/6
2%in. 3 ohm 7 x 4in. 3 ohm I_S/é
3in. 3 ohm 8 x 2}in. 3 ohm I7[6
4in. 3 ohm 8 x 6in. 3 ohm 17/6
5in. 3 ohm 10 x 23in. 3 ohm 17/6
64in. 3 ohm 10 x 6in. 3 ohm  27/6
8in. 3 ohm 13 x 8in, 3 ochm 47/6
|0in. 3 ohm Please add postage.
— e MINIATURE
( P ) PANEL METERS
Entirely new range of

meters with clear plastic
cases. |3}in. square front
Panel hole lhin. dia.
Brand new guaranteed,
e individually boxed. Avail-
\ =/ able in the following ranges.

50 MICROAM®PS
500 MICROAMPS
| MILLIAMP
VU METER.
Range —20-043VU
0-100% (OVU)
at 600 ohyms ...
‘“S " METER. Ra
0-9 termina‘ing
+ 10 and + 30db
0-5 and 0-10 linear scale............
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SAVE POUNDS!

NEW EASY TO BUILD TRANSISTOR RADIOS

FULL AFTER SALES SERVICE—ILLUSTRATED BUIL.DING PLANS

NO TECHNICAL KNOWLEDGE NECESSARY

DETAILS OF
| ANY MODEL
ON REQUEST

ALL PARTS SOLD SEPARATELY

Size 84 x 6% x 3iin,

on
Medium and Long wave-
Excellent quality
with full station separa-
Car aerial socket.

Full coverage
bands,

tion.

@ Building Plans and Prices FREE ON REQUEST @ ®

“TRANSFIVE"”PORTABLE
MEDIUM & LONG WAVE
PORTABLE RADIO
@ 325 mW Push-Pull Output on

5-inch Speaker.
@ Fully illustrated Plans.
@ Easy to Build Printed Circuit.
@ Carded Components.
@ Mullard Transistors.
AFTER SALES SERVICE

and
FULLY GUARANTEED

PRACTICAL TRAN-
S5ISTOR CIRCUITS
3/6
Post Free.
Contains easy to
follow plans of 40 all
transistor units, in-
cluding light operated
switches, amplifiers,
transmitters, recei-
vers, test oscillators,
signal tracers, hear-

Board.

Continental

TOTAL COST OF ALL PARTS

£6.19.6 rr. 26

NO EXTRAS TO BUY

ing! aids, radio con-
trol, ete. All parts
available separately.
@ Designed for the

full

Home Constructor.

“ QUINTET ”
MEDIUM & LONG WAVE
POCKET.LOUDSPEAKER

RADI
@ 250 mW Push-Pull Output.
@ Plainly marked Printed Circuit

@ 5 Mullard Transistors.
@ Carded Components.
A new design. Fully tun-
able on both wavebands.
Guaranteed reception of
and
stations, including Lux-
embourg, anywhere with
station separation,
Fitted Car Aerial
Earpiece Sockets.

Size 5% x 3 x
TOTAL COST OF ALL PARTS
£5.10.0 pp. 2/-

NO EXTRAS TO BUY
VERY EASY TO BUILD AND USE

After Sales Service—
All Parts Sold Separately.

f3in.

local

and

lllustrated Instructions FREE ON REQUEST @

3 WATT 4 TRANSISTOR

AMPLIFIER
1 watt peak
output.
43db 70c/s
to 12 kefs.
Output to 3
ohm speaker

Built and Tested

69/6 P. & P. 1/6

9 volt oper-
ated.

Details
request

on

A printed circuit high gain amplifier_size

4 x 23 x 3in. using M

and 2-OC8l Transistors.
comm., Record Player.

ullard OC71/OC8ID
Ideal for Inter-
Tuner Amplifier

or any application requiring a quality and

reliable amplifier,

* RANG

ER 3 %*

NO EXTERNAL AERIAL OR

EARTH — 3-TRA

NSISTOR and

2 DIODES

Size 43 x 3 x Iin,

ALL COMPONENTS
79/6 pr. 16

NO EXTRAS
TO BUY

Everything
Bupplied

) ® EMI 4-Transisto
1 speaker, tone and

@ 6—73 volt Garra

O OO w,
-

3-TRANSISTOR
PERSONAL POCKET RADIO

ALL PARTS

37/6 P.P. 1f6.

| WATT TRANSISTOR
AMPLIFIER

eady assembled. For use with crystal
Read bled. F h i
) plckups 6-9 volt operated. 89/6 P.P.
) BATTERY RECORD PLAYER

) crystal pickup. Plays 45 r.p.m. ldeal for
) above amplifier. 79/6. P.P. /6.

Personal Pocket

Radio with 5 stage-

giving clear receps

tion on medium
wave, amateur top
band and shipping.
® Easy to follow
instructions with
pictorial layout.

@ Reception of
Radio Luxem-
bourg guaran-
teed (most areas)

Free Instructions

and Price List on

request. Easy to
build.

r Amplifier with
volume controls,

rd Turntable with

AND DIODE

Quality Out-
put on Person-
al Earphone.

A simple to build
local station
with personal
earphone out-
put. Built-in Fer-
rite Aerial and
Battery lasting 9
months.

Size 43 x 3 x l}in.

CONTESSA ¢

é
TRANSISTOR
MEDIUM &
LONG WAVE
SUPERHET

)
)
)
d
)
)
)
)
)
)
4
4
)
)
4
)

COMBINED PORTABLE AND CAR RADIO

@ High " Q" Internal Ferrite Aerlal.

[ ] Car Radio Adaptation and AVC.

’. * Hi-Fi '* Quality Speaker.

’. Slow Motion Fingertip Tuning with Station names
clearly marked.

@ 425mW Push-Pull Output.

® 6 ' Top-Grade ' Ediswan Transistors.

’. New Type Printed Circuit with all components marked.
1’. Full Medium and Long Wave Tuning.

‘) TOTAL COST OF ALL PARTS

2 £10.19.6 e 3.

1) ® NO EXTRAS TO BUY @

". Attractive Rexine Covered Cabinet Rad/White or
[ Blue/White, 10 x 7§ x 3{in.

%UNBEATABLE IN PERFORMANCE AND APPEARANCE.

PO O OO OO OOV VOOV YV VIV VPV OO VY]
" s Y

Details and
Prices on
Request.

AVO MULTI-METERS
@ AVO MODEL 7

COMPLETE WITB [NSTRUCTIONS,
LEADS & BATTERIES. (Lint zuvm/-) 4

PRICE £12 10 o Post 5/
@ AVO MODEL 8 ®

COMPLETE WITH LEADS, BATTERIES
AND INSTRUCTIONS. @is) £24 10/~

SUR " £17.10.0 Kot .

PRICE

BOTH TYPES ARE FULLY
GUARANTEED

TRANSISTORS stvo
FOR
MORE THAN so% e
PRICE REDUCTIONS PRICE

@ MULLARD AND EDISWAN @ LIST

TRANSISTOR FM TUNER

Fully tunable with
AF.C., AG.C. In-
corporating Tran-
sistors and Printed (23
Circuit Pre-atsem-
bled units.

@ 2-0OCI71and3-
OCI70 Selected

Transistors.

@ Fully Tunable Cover removed
85 to 108 Mcfs. All P.P.
@ 10.7 Mcfs. LF. Parts 18 gnSc 3/-
A new design for Fully ille

Hi-fi to feed qual- ully illustrated

Book 316

ity valve or tran- s
ty Details on request.

sistor amplifiers.
R.F. amp/osc. mixer stage; IF. disc-stage
available separately

POCKET TESTER
MODEL 200 H

_Volt-Ohm-Milliammeter.,
* Size 4§ x 3} x }in.
jOver 20 Scales.

20,000

Ohms/Volt!

Price, inclusive of Test
’rods, Battery and in-

Jirusior £6.19.6
A to use. P.P. 1/6.

‘Top Quality Meter
Fully Guaranteed.

e TIME SAVER o

OFFICE OR HOME TELEPHONE
PICK-UP AMPLIFIER

£5.10.0
P.P. 2/6.

@ No more “Holding Up'’ wasting time
for your call to come through. When it
does the amplifier can be switched off
if required. No connections, just Sello-
tape the pick-up coil to back of phone
as above.

3 months’ battery life, 400mW out-

put with 5in. Speaker.

JAlso ‘BABY ALARM’ £5/10 p.p. 2/6|

2 WATT POWER AMPLIFIER

v Designed to boost up the output of
Portable Transistor Radios when used in a
Car. Works from 6 or 12 voit (state which)
Car Battery-—uses power transistor. All
Parts 49/6. P.P. 2{-.

Edgware Road Tube Station.

HENRY'S RADIO LTD.

5 HARROW ROAD, PADDINGTON, LONDON, W.2

PADdington 1008/9. OPEN MONDAY to SAT. 9-6. THURS. ! o'clock.

LET US HAVE YOUR EN.
QUIRIES FOR COMPONENTS,
MINIATURE AND STANDARD,
VALVES, TUBES, CRYSTALS,
SPEAKERS, ETC., ETC.
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MARCONI 9 SET

CRYSTAL CALIBRATOR QUARTZ CRYSTALS 931A (27M1)
" FOR
TRANSMITTING, (SR,
Y PHOTO MULTIPLIER
OSCILLATORS, / A B e, 60/- PP -
ETC. - original cartons. Base 2/-.
Reuere® " EACH Q) iy e 807, B

ALL TYPES FOR

10 kefs. 100 kefs,, | Mcfs, 6-valve and neon AL RUREOSES
modulator. Harmonics to 20 Mc s 79/6 Bulk order

With handbook (New Condmon) ERaumEs inviced

% 12t024 VOLT LOW CURRENT BLOWER

MOTORS, 15/-, p.p. I/6."

% 0/40/120mA. MOVING COIL (D.C.)
METER, 2IN. ROUND FLUSH FITTING.
DOUBLE SCALE. 10/~ P.P. I/I.

% 0/I5 VOLT MOVING IRON (A.C)

2 METRE TX/RX' e METER 24in. ROUND FLUSH FITTING.

8(_{ |,5\12,9‘,E||.9%k|9g6, 1987 2-METRE MULTI- 8/6, P.P. if-.

A BORNE EQUIPMENT - - -

* TRANSMITTER & VALVES & TUBES Type 38, Transmitter Receiver

(LESS VALVES) /' P.P.2/6

% RECEIVER TRANSMITTING Complete with 5 valves., In new condition.
(LESS VALVES) /- P.P. 2/6 RADIO AND TV These sets are sold without guarantee but are
% MODULATOR 20/- VALVES, TUBES e o 9 Mefs. 22/6 P.P. 2/6.
WITH 5 VALVES P.P.2/6 AND INDUSTRIAL Headphones 7/6 pair. Junction Box 2/é.
* 9.72 MC/S I.F. STRIP Throat Mike 4/6. Aerial Rod 2/6
DOUBLE TUNED 9F /_ TYPES. ) A IAILG, . MR B e
WITH 6 VALVES NEW FREE LIST ON LAPEL MICROPHONE
FULL CIRCUIT DIAGRAMS II9 POST REQUEST. Sensitive c¢rystal microphone for clipping on to

FREE. coat lapel. ldeal for tape recording. 17/6. P.P. 1.
3 POCKET IRON
Bulk order enquir- % Pocket lron, 220/250 v. A.C./D.C. 30 watts,

TesINinvIEEC oAl complete with mains plug, case, etc. Handle un-

CRYSTAL MICROPHONES

A_ChOS 39'|'d s“%kl Mlcn:iophon; EYPESs screws to cover element enabling iron to be carried
with screened cable and stan in pocket. 18/6. P.P. Ij-.
e e e R NO 10 CRYSTAL CALIBRATOR
ACOS 40 Desk Microphone with :
screened cable and built-in ¥ Bc221 FREQUENGY METER* Crystai controlled variable Ireqyency—Vernler
stand (list 50/-), 19/6, P.P. 1/6. |25 Kcfs to 20 Mc/s. Three valve crystal control cale As new, complete with handbook.
ACOS 45 Hand Microphone with  oscillator. Used, in new condition. 50/6 P.P. 2/6
screened lead, very sensitive, CARRIAGE ALL TRANSlSTOR MEDIUM LONG AND
29/6, P.P. /6. AlD SHORT WAVE PRE-BUILT UNITS iN
MC 43 Stick Microphone with Complete with calibration charts and handbook, STOCK. FULLY ILLUSTRATED B JOKLET
muting switch and screened cable, 27/6, P.P. /6. Y Battery operated % SHOWING CONSTRUCTION 2/6.
°S TRANSISTORS MINIATURE &
é ADDRESS “EN“Y b I‘Anlo LTn' z QUARTZ CRYSTALS - STANDARD
% ACKNOWLEDGED THE SPICIALISTS *% % VALVES & TUBES COMPONENTS

NEW EDITION just out!

b

The
Catalogue
for every

radio
enthusiast

150 pages
Over 500

illustrations

Over 5000

components listed

This is today’s most up-to-date, most comprehensive
component catalogue for the radio construcior,
experimenter, electronic engineer & hi-fi enthusiast.
Send for your copy today.

.‘-----_--ﬂ--------'----------1-

] POST Please send latest Catalogue. | enclose 3/- for cost and postage. 1
COUPON

0 topbay CNAME e s e e [}

b rleose write | ADDRESS oo e i !

B caTAatoGUE

B oon top feft | oioioirers i e e 1
l corner of Home Radio Ltd.. Dept. W., 187 London Road, Mitcham, ]

envelope. Surrey. MITcham 3282,

L-------'------n---------------ﬂ

G
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THRE A one TAL | EXTENSION TUBULAR BAFFLE

MODEL 100.C WITH SPEAKER MODEL TS.12

:(gso%%nse:c :2‘ Mounts vertically — mounts horizontally —
d Eprst

O'utp ut | Mmountson wall—sits on desk! Designed for use
| e v e |: | with transistor radios, valve radios, car radios,
— 52 d b .| amplifiers, auxiliary speakers in Hi-Fi and
. OBUi!;',i" ) °"II numerous other applications where quality

off switch, mnidirectiona f i el
fead, Sacin chrome finish, reprodui:tlon'of s'ound 'ls rec':|u|re )
Base 8/, i Complete with 6ft. shielded | The cabinet is finished in beige leather, with
cable, stand adaptor and Lavalier Cord. contemporary gold baffles at each end. COf“'
T UI;EL WHON——E — plete with 12 ft. extension cord fitted with

miniature plugs, individually
Model BEIZE: Only "16 5 &1 II- cartoned and guaranteed. S 7’6
HIG! RESISTANCE HEADPHON ES Size: 9fin. x 3%in. diameter. e
Model SF 20. Only 14/6. PERSONAL

 EP.IOK MULTI-METER | EARPHONES
Wl—?"N'ATURE PANEI;-METERTSE R |3 - © 10,000 OP.V. on BOTH A.C. and D.C.

P. & P. 2/6.

MODEL SR.2P. :  Ranges: D.C. Voltage: 0-6-30-120-600-1,200 v.
Standard ' Ham '’ | : {10,000 op.v

v.).
s rensel o AC. ;’oltage 0-6-30-120-600-1,200 v. (10,000
B 0.p.v.).

., Gl D.C. Current: 0-120uA, 0-12-300 mA.
NG i e e Resistance: 0-20K, 0-2 Meg. (IS0 ohm,
e in 410 to ISK at centre scale).
0db Scatibrations Capacitance: 0.005 to 0.154F {at A.C. 6 v.).
Additional full scale 1 Decibels: —20 to 473db (600 ohms | mW.,

librations of 0-5 4 - odbm =0.775 v.). A really sensitive dyna-
83|IQ' linear secale Accuracy: D.C. voltage and current 429, | mic earphone of excep-
| d;visligns :.. must'® fs. A.C. Voltage £49%, f.s. Resistance 3% gg:;gis “c'l’:ar q‘::gg:
for radio amateurs for conversion of any of total scale length. ductlon of music as well
Communication Receivers with AVC action

Size 44in. x 3} x lin. Complete with test | g speech. Fully guar-
. R 2 5 . lea n te
to give calibrated signal strength action. 35/-. = eads, battery and instructions. anteed and comple!

VU METER MODEL VR.IP. Calibrated and | . £5/19/6. P. & P. 2/6. et i“x;:;?ﬁf?iufgiﬁ
damped in accordance with standard VU | TRANSISTOR ~MINIA- 24in. MINIATURE SPEAKERS socket. Model GOR.5
Meter Practice. Upper scale reads —20 to | TURE 2-GANG TUNING Model P.217A. Size 2%in. square x lin. dee Crystal Earpiece, high
+3VU. Lower scale reads 0-100% modula- | CONDENSERS. 208 pi. Voi i fmoed 3 oh F P- | imp., Model MR-1 Mag-
ion Uses precision carbon film multiplier | A8 used in latest tran- oice coll impedance ohms. req. range | petic Earpiece, low imp.
e a2 P slstor sets. 12/6. 150-5,000 c/s. Power 200 MW. 16/6. P. & P. 1/-. | g} eaoh.  Post 1/~

DC MICROAMMETERS. Model MR.25,
0 to 50uA, 39/6. Model MR.250. O to S00uA,
32/6.

SEE PAGE OPPOSITE FOR ADDRESSES

D.C. MILLIAMMETER Model MR.21, AND OTHER RELDA BARGAINS >

0 to 1 mA. 27/6. All Models individually boxed
and fully guaranteed. P. & P. 2/6 each.

BENTLEY ACOQUSTIC CORPORATION LIMITED
The WValve Specialists 38 CHALCOT ROAD, LONDON, N.W.1

Telephone: PRIMROSE 9090 ALL GOODS LISTED BELOW IN STOCK Nearest Underground : Chalk Farm

EXPRESS POSTAL SERVICE! ALL ORDERS DESPATCHED SAME DAY AS RECEIVED.
TELEPHONE AND TELEGRAM ORDERS FOR CASH ON DELIVERY SERVICE ACCEPTED UP TO 3.30 P.M.

0A2 17/8,'“38“‘ 5/—'*GSN7GT 5/6 19AQ5 10/8 | 90CG  37/6 | DL96  8/6 | ECF82 10/6 | EL81 7/- | KT88 24/- | PYS1 .. 8/6) U301 23/10 | UY4l 7/8 Transistors

OB2  17/6 | 6BA6  7/6 | 68Q7GT 9/ 10/- [ 150B2 18/- | DL810 10/6 | ECF86 20/§ | EL83 ..20/5 | KT101 34/- | PY82.. 7/- | U329 ..14/- | UY85 7/-|and Diodes
0Z4GT §/- 6BK8  8/- | AUAGT 12/6 20D1 15/8 | 160C2 17/6 | DM70  7/6 | ECH21 EL84 .. 7/6 | KTW61l 6/6 | PYR3.. 8/6 | U339 ..17/~ | VMS4B 15, GD3,4,5,
1A5 6/- | 6BHS 8/- | 6UBG  7/8 | 20¥2 27/2 | 185BT 34/- | ES8OF 30/- 23/10 | BL85 ..14/3 | KTW62 7/6 | PY88 . 13/7 U403 17/- | VP4 ..15/-|6.° 4/-
1A7GT 121— 6BJ6 6/-|8v8G 7/~ (20LL 27/2304 ..10/6 ES3F 30/-| ECH35 6/8 | ELS6 ..17/8 | KTW63 6/6 | PZ30 ..20/5 | U404 .. 8/6 VPJB 23[10 0A70  3/-
105 12/6 | 6BQ7A 15/— | 6VBGTG 8/- | 20P1  27/2{ 305 ..10/6 | EI80F 34/6 | ECH42 /- | EL91 .. 5/- | KTZ41 8/-|QP2l.. 7/-| Us0l 30/7 . 8/6]0A73  3/-

17/6 | 6BR7 12/6 | 6X4 .. 5/-|20P3 23/10 807 .. 7/6| EAS0 2/- [ ECH81 9/- | EL95 10/6 | KTZ63 7/8| QP25 ..14/6! 04020 19/1 VP41 . B/-10A79  3/-

I}I{tGT 10/6 | 6BR8  18/1 | 6X5GT @/- [ 20P4 27/2 | 40331 12/6 | EA76  9/6 | ECHS83 14/3 | EL360 26/- | L83 .. 6/~ | Q8150/15 UABCB0 8/- VRIS 8/-/0A8L  3j-

8/6 | 6B87 25/- | 6/30L2 10/- [ 20P5 23/10 | 5763 2/6 | EABCS0 9/~ | ECL80 9/- | EL820 18/1 MHIA bil] 10/6 | UAF42 9/6 | VRIS0 7/6/ OAS6 .. 4/-

]LD5 5/— |6BW6 8/ | 7B7 .. 8/8 | 25A3G 10/8 | AC6PEN 7/6 | EAC91 4/6 | ECL82 10/6 | EL821 27/2 | MU 8/~ | R16 27/2| UB41 12/- | VIBO1l 5/-[0A91  3/6
1LN5  5/- | 6BW7 6/- .. 8/~ | 25LBGT 10/- | ATP4 5/- | EAF42 9/- | ECL83 19/9 | EL822 196 N37 23710 | R18 ..14/- | UBC4l 8/6 | VI61A 5/-|0A95

7C3 . 3/8

mam' 10/6 | 6C4 .. 6/-|7C8 .. 8/-|25Z4G 9/6| AZ31 10/- | EB34 2/6 | ECL86 17/- |EM34 /6 |N78  20/5 | R19 ..20/5 UBCSl 11/8 | VU39  8/-|0A210 11/-
R5 .. 6/6(6C5 .. 6/6| THT .. 8/-|25Z5  9/6| AZ41 14/3| EB41 8/6 | EF9 23/10 | EM71 23/10 | N108 23/10 | RG1/240A | UBF80 8/- [ W76 .. 5/6|0A211 20/-
1s4 .. 9/-| 6CDAG 37/5 (787 .. 9/8|26Z6G 10/- | B36 .. 15/~ EBOL.. 4/- | EF22 14/- | EM8O 8/- [N308 21/1 54/- UBF&Q 9/8| W77 .. 4/6/0C18 . 48/-
185 .. 6/~ (6CH6 9/—|7Y4 .. 7/6|275U 20/5| BL63  7/6 | EBC33 5/- | EF36.. 4/- |EMSI 9/- | N339 15/- | RE34 7/8 | UCC84 WBIM 6/-|0C19 ..48/-
1T4 .. 3/6|6E5 18/6 | 9BW6 15/8 (28D7  7/- | CBLAL EBC4l 8/6 | EF37A 8/- | EM84 10/6 | POCR4 8/- |8P41  3/6 14/11 | X41 ..15/-|0C22 ..28/-
1U4  12/8 | 6F1 .. 2%/210C1 13/-(30C1 8- 23/10 | EBC81 8/ (EF39 .. 5/8 | EM85 17/8 | PCC85 9/6 |SP6l .. 3/6 | UCCS5 9/ | X61 ..12/6|0C23 . 87/
105 8/- | 6F6G  7/—|10C2 27/2 | 30F5 . 6/- | CCH35 EBF80 9/-| EF40 ..15/- | EN31 53/~ | PCC88 18/ | 8U25 ..27/2 | UCF80 17/- | X63 .. 9/-|0C26 ..95/-
2D21 15/~ [6F13 11/6| 10F1 27/2 | SOFL1 10/- 23/10 | EBF83 14/3 | EF4l .. 9/- | EY51  8/- | PCC89 11/8 | T4l .. 8/- | UCH21 X65 ..12/8/0C28 . .25/~
2X2 .. 4/6|6F23 10/ 10F9 11/6|30L1  8/- | CL33 19/9 EBFS9 9/ | EF43 . 10/6 | EYS83 17/- | PCFS0 8/~ | TDD4 12/6 23/10 | X66 ..12/8/0C35 . .25/8
3A4 .. 6/-16F24  12/6 | 10P13 15/- |30L15 11/6 (GV63 10/8 | EBL1 30/8 | EF50(A) 7/- | EV86 9/~ | PCF82 10/6 [ TP22 15/~ | UCH42 9/6 | X76M 14/-|0C41 11/-
3A5 .. 10/6 | 6F'33  7/6 10P14 19/9 | 30P4 12/-|CY1 18/1 | EBL21 EF50(E) 5/- | EZ40 .. 7/- | PCF84 17/~ | TP25 15/- | UCHS1 9/6 | X78 23/10|0C45 ..10/-
3B7 ..12/3 6H6 .. 3)-[12A8  b/- | 30P12 716 cv31l 11/- 23/10 | EF5: EZ41 .. 7/- | PCF86 15/- | TYS6F 13/7 { UCL82 11/8 | X79 23/10,0085 . .92/6
3D6 .. 5/~ |6F5 .. 5/-|12AC6 15/8 | 30PLL 10/6 | D1 3/- | EBL31 EZ80 .. 7/- | PCL82 10/- | U12/14 8/8 | UCL83 19/8 | XD(1.5) 8/8/0C68 ..25/~
3Q4 .. 7/6(6J8 .. 5/6|12AD6 17/3 | 30PL1313/6 | D15  10/6 23/10 EZ81 .. 7/- | PCL83 10/8 | U16 ..10/- | UF4l.. 9/~ | XFG1 18/5/0C70 .. 8/6

3Q5G’l‘ 8/6 | 6370 .. 6/~ | 12AE6 14/3 | 35A5 21/8 | DAF91 6/- | EC52 5/6

.. 7~ | BKIG.. 5/)- | 12AH8 12/6 | 35L6GT 9/6 | DAF98 8/6 | EC54 8/
3\’4 .. 7/6 | 6K8G  6/6 | 12ATé 7/6 | 35W4 7/6 | DD41l 14/3 | ECT0 12/8
BR4GY 17/6 | 6K25 20/5 | 12AV6 13/- | 35Z3 19/1 | DET25 7/8 | EC81 27/8
5U4G  6/6| 6L1 23/10 | 12BA6 8/- | 38Z4GT 6/- | DF68 15/- | EC92 13/7

/- 5
FC4 ..15/- | PCL84 12/6 | U18/20 8/6 | UF42 12/6 | XFY12 9/8/0C71 .. 6/
GU30 41/8 | PCL85 17/~ | U189 ..48/- | UF80 10/8 | XFY34 18/-[0C72 .. 8/
GZ30 ..9/- | PCL88 17/-|U22 .. 8/- |UF85 8/- | XH(1.5) 6/6{0C73 ..18/-
GZ32 10/- | PEN25 4/6 | U24 ..80/7 | UF86 18/4] Y63 .. 7/6/0075 .. 8/-
GZ33 20/5| PEN45 18/6 | U25 ..18/5 | UF89 9/-| Z66 ..17/6,0C77 ..15/-

5V4G 10/~ 6L6G  8/-| 12BES 8/ 352561‘ 9/- | DF96  8/6 | ECC33 §/6 GZ34 ..14/- | PEN46 7/6 1 U26 ..10/-{ UL4l .. 9/- 0C78 .. 8/-
5Y3 .. 6/6 | 6L7GT 7/8| 12BH7 21/9 -.10/- | DF97  9/- | ECC33 8/6 HL2 .. 7/6 | PL33 ..19/8 { U31 .. 9/6 | UL44 27/2| MIDGET |OCS81 .. 8-
B5Z3 ..20/8| 6L18 13/— | 12J7GT 9/6 .)OCE 10/~ | DHS3  6/6 | ECC34 25/2 HN309 25/2' PL36 ..12/- | U33 ..27/2 | UL46 14/8 SILICONE |©C139 24]-

.. 8/-|6L19 23/10  12K5 18/4 | 50L6GT 9/6 | DH76 &/~  ECC35 8/6 HVR2 20/-| PL38 ..27/2 (U35 ..27/2| UL84 8/6 0C170 13/8

AA8 .. 8/- | 6LD20 16/4 | 12K7GT 5/6 | 83KU 20/5 | DH77 71- | ECC40
B8ACT7 .. 4)-| 6N7 8/- | 12K8 14/- |72 .... 4/8

8AGS 5/6 1 6P28  20/3 | 12Q7GT 5/-
6AG7  7/8 | 6P28  27/2 | 12SA7 8/8
B6AKS 8/- | 6Q70 8/6 | 123C7 8/8
8AQ5  7/6 | GR7G 10/ | 128K7 6/- o 12
6ATS  7/- | GSATGT 8/6 | 128Q7 11/8 | 9 7, KT8l 12/8 | PY31 17/ | U101 ..17)- [ UU9 .. 7/6 | 10/8 ea. Noixiyy43 15,
BAUS 10/- | 63C7 716 | 1487 28/6 | 90AV  67/8 | DL92 ?/- | ECC88 18/- | EL4l KT63 T/~ PY32 12/6 | U281 . 20/5 | UYIN 19/1 | larger than!x 5104 18/-
6AV6 13/- | 68L7GT 6/8 | 12Y4 10/8 | 90C1  16/-  DL94 716! ECF80 10/8 | E142 10/8 | KT66 15/~ { PYR0 .. 7/6 1 U282 ..23/2 UY2l 17/-|a reslstor] XB102 8/~

HVR2A 6/- | PL81..10/8 | U37 ..272| UM4 17/8| RECTI- |oc171 1478
KT3 .. 5/~ | PL82 .. 7/6 |U46 ..13/8| UM34 17/8| FIERS |0C200 16/8
KT33C 10/— PL83 .. 8/- | U50 .. 6/6 | UMB0 15/8 | two in seriesi OC203 24/~
KT36 PL34 18/~ |U52 .. 8/6 | URIC 19/1| give 240 v. OCP71 29/6
KT41 23/10 PL820 19/1(U78 .. 8/- (TUS  80/5| . 4 uon' XAIOL 9/

" XA102 10/-

'{)0":;; ‘fi'db“’“:e"'(i?:h ‘V“ll"; ‘“'d‘g d‘" c~0~D‘~:3°n1Y;I Complete catalogue of valves, holders, metal rectiflers, All valves boxed, fully guaranteed, and new manu-
":: “é onlg’c 2';";@:“;3' pe;nym;;nro:l 'l;‘::r";lr mn’i‘x:‘ volume controls electrolytic, transistors, germanium facturers® stock or government atores surplus.
dnm.:\ge |.n ir:;nsu l'xr-ﬁd. .extm. We are open for personal diodes, Hivac minlature valves, resistors, and condensers, First-grade goods only, no seconds or rejects. Please

shoppers. Mon-Fri. 8.30-3.30. S8ats. 8.30-1 p.m. with terms of business, price 8d. enquire for any type not listed. 8.A.E. please.
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to use yet bring in stations that will amaze you.

inputs, speaker output sockets, etc. Size |7 x 8 x
demonstration at 87, Tottenham Court Road.
P.C.R.3. Medium wave and 2-7 and 7-23 Mc/s.
Brand new .
P.C.R.2, Me
Excellent condition s
P.C.R. Medium and long waves and 6-I8 Mcls
Excellent condition .............

g waves

PYE COMMUNICATION RECEIVERS

World coverage on these famous Communication Receivers.
wave during the day with Amateur stations at night.
A.C. mains and are guaranteed to work immediatelr.
Audio gain aerial trimmer, high and low tone control, station loc

Less speaker

23 Mc/s

Carrlage I0/6 ‘each type

WIRELESS WORLD

They are the simplest type
The ideal domestic receiver for medium
All have been converted to 230 v.
Incorporate Wave Switch,
king device, aerial and earth
Black crackle finish front panel. On

£12.12.0
£8.19.6
£9.19.6

9%in.
Few only.
Used Less speaker

Wlth speaker

19 SET Mk. Il POWER SUPPLY. With
2 dynamotors. H.T.31. 12 v, input, 250 v.
output at l7.5 mA. H.T.32. 12 v. input, 490 v.
output at 60 mA,

DONS‘/T MISS THIS BUY! ONLY 25/-. P.
&P

BINOLCULARS

Precision All-purpose Pocket Binoculars—
centre focus—aligned lenses—brilliant design
—carry them everywhere for sport, theatre,
etc.—open and close instantaneously—terrific
value at ONLY 3/6.

CALLERS SPECIAL I

RCA.AR38D RECEIVERS . £35 0 0
HRO.ST (four coils) ....ocevvennnennn. 0
BCJIZ RECEIVER, 12 v. (I 2/I8
0
0

Complete HEADPHONE -
AND MICROPHONE g
ASSEMBLY. A must for
everyConstruczorand 'Ham,”’
consists of moving covl padded
headphones and '‘press to
talk " microphone. 10/-.

P. & P. 3/6.

V.H.F. MOBILE 2FT. AERIAL
and base with PYE connection, as

used by Taxis, Police, etc., 7/6,
post paid.
| 12f¢, TAPERED WHIP
AERIALS ............... o0 0
INDOORT.V.AERIALS £ 5 ©
CAR RADIO AERIALS €1 4 ©

FANTASTIC
SCOPE
BUY!

Double
Tube
Indicator

Complete in black crackle lightweight case
size | Ix7 x 134in. Contains 2 new 5FP7 tubes. AH
controls accessible on front, all connections at
rear. |000’s already converted for TVmonitoring.
OFFERED BRAND NEW AT ONLY
30/-. P. &P, 5/-. FEW REMAIN.

SUPER TRANSISTOR RADIOS With
/) 5L Miniature Speaker

Gives reception over
the entire broadcast
band. Each kit is
supplied with all
latest miniature parts
including two
transistors vy ferrite
rod v speaker ¥
coloured plastic case

1 % step by step
I lillustrated instructions. 4x3 x }in.
ONLY 27/6. P. & P, |/6. Battery I/- ex.
ONLY 60/- PORTABLE
EACH TRANS

RECEIVER SETS

(7 & [P Consisting of trans
2 si -
2) 3’::' £6 post receiver  covering

7.49 Mc/s. range up
to 10 miles, complete
with 5 valves, head-
phones, microphone,
junction box and
6ft. telescopic aerial.
Operates from stan-
dard 120 v, and 3 v.
dry batteries.

i

SPECIAL 135 v. H.T. BATTERIES. Ideal
fOF ADOVE .uiunrsrresruenseanransirssensemsusansssasss 12/6
HOOVER ROTARY
TRANSFORMERS. 12v.

input, 500 v. output at 65
mA, or 6 v. input, 250
output at 75 mA. ONLY
10/6 each. P. & P. 2/-.

RELDA

OFFERS THE FINEST

SURPLUS AERIAL MAST &
INSTALLATION OF ALL TIME!

This 30ft. mast can be used as a complete aerial by fixing the

PR S heavy duty insulator at the base or just as a mast with the
7 I\ insulator at the top holding the 12ft. Aerial Whip giving a
s .
73 Y, height of 42fc. The |12ft. whip can be used separately if re-
77 ", 5 quired. Complete kit comprises:
7 “ Lar, i
ge Canvas Bag. | Metal Carrying
) i Complger 10 Rods 3w Fin, dis. Case.
, SH Tl II Heavy Duty Insu- | Hammer.
ator. 1 C 3
J ONLY | Large Base Stake. y Smal‘ POYES [0
| Small Stake with | Aerial Adaptor.

10 Ground Stakes.

Also all necessary Guy Ropes, Link
Insulators, ete.

Insulator.

SPARE VALVE
KIT

Here's a gift for all
38 and I8 set owners!

Case containing 4

ARPI2 and | ATP4

valves. !
Only 10/~ ;
P. & P. 2/6. |

AERIAL VARIOMETERS

These magnificent instruments
will enable you to receive
maximum signal strength on
all Short Wave. receivers.
Precision calibrated control.
12/6. P. & P.2/6.

LEAD ACID

¥ ACCUMULATORS;
¥ (unspillable), 2 volts | 6%
A.H. ldeal for 6 volts
and 12 volts supply.
original cartons.

Brand new

Size each.
4in. x 6in, x 2in. 5/6 P.&P. 1/6
3 for 15/-. P. & P. 3/6.

6 for 27/6. P. & P. 5/-.

U.S.A.
DYNAMOTORS
manufactured by
EICOR (as illus.). fIn-
put 12 v., output 400 v.
at 180 mA. Size 7 x 4
x 44in. Brand new
45/-. P. & P, 3/6.

AMERICAN LIGHTWEIGHT HEAD SET
They re ngh and Low Impedance!

Q) These H.S.30 phones are
the smallest wused by
U.S. Air Force. 250Q2 imp.
using soft rubber minija-
/ ture ear moulds for maxi-
mum music and voice
reproduction of the finest
quality. Supplied free is a small trans-.
formerunit with cord and plug which steps-
impedance up to 4,000Q2. Only I5/-. P. & P. 2/6.

STOP PRESS!!

110v. PORTABLE 30 WATT
SOLDERING IRONS

With collapsible handle, carrying bag, lead
and mains plug. Very limited quantity offered

once only at 10/-. P. & P. 1/6.

TRANSISTOR SPECIAL! !

5K EDGEWISE MINIATURE YOLUME
CONTROL with switch, As used in all
miniature transistor radios. 4/6 EACH.

CHROME MINIATURE PLUGS AND
SOCKETS. Size: plug barrel lin., socket 3in.
These will give your equipment that expert
finish! 3/6 PER SET.

No. 7. MOVING COIL MICROPHONE
INSERTS. Ultra sensitive. As used in many
Govt. Microphones! Size l3in. dia., !4in. deep.
Brand new and guaranteed. 6/6 EACH.

Mail Orders :

LONDON, W.C.I

(DEPT. W.) 32a COPTIC STREET,

adro
o fed

Callers welcome at :

87 TOTTENHAM COURT ROAD,

LONDON, W.!I. MUS. 9606
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MODEL CR3/S.

MODEL TRI/Mk. VL

The “Mode} HF/G2R"’ PORTABLE

TAPE RECORDER g5 o\
(Originai Price £33)

H.P. Dep. 24/14/-. 12 monnu £1/15/8.
(Cnrnnge and Las. 10/- extra
INCORPORATES THE LATEST GARRARD
“MAGAZINE TAPE DECK and MATCH-
ING AMPLIPIER, Based on the successful
MULLARD " TYPE "A™ DEBIONul;d
specifically develuped to operate the GAR-
RARD DECK. PRICE INOLUDES THE
GARRARD TAPE MAGAZINE and din.
8POOL OF DOUBLE PLAY TAPE. A
Twin Track Becorder opersting at 3in.feec.
providing np to l huur 10 mins. plnylng
tims.  The being
performance and simplicity of operation. lneurpunles
EXT. BPEAKER SOCKET, also operstes us independent amptitier
for direct reproduction from P.U., Mike or Radio tuuer. Weighe unty 221b. WE ALSO
OFFER DECK and AMPLIFIER CONNECTED, TESTED, FOR IMMEDIATE OPERA-
TION, 19 gos. H.P. Dep. £4 and 12 months £1/8/4. Carriye snd lus. 10/- ex.
INCLUDES SPEAKER, tape Magazine and din. Bpuol of Duuble Pluy Tupe. Comprises
a complete tape recorder chaasia ready for easy fitting intu cabinet.

BUILD A THREE-SPEED
HIGH QUALITY TAPE RECORDER
4 LIKE THIS
FOR £35.0.0

Deposit: £7.0.0, 12 months at €2.11.4

FOR THIS WE SUPPLY

@ Complete Kit of Parts to Build the
HF/TR3 Tape Awplifier.

@ The New Collaro “Studio” Tape Deck,

@ Poriable Carrying Case (as illustrated).

@ Rola/Celestion 10in. x 6in. p.m.
Loudspeaker.

@ ACUS Crystal Microphone and 1200ft.
Spool E.M.1. Tape.

Alternatively for those who prefer another make of Tape Deck—we will

supply precisely as above—but in place of the Collaro “Siudio” Deck.
We will include
cerrrioianennenens $40 10 0
Deposit £8/2/0, 12 ‘months at £2l1915
For Constructors with their own cabinev— WE OFF'
{3} COMPLETE KIT to build the HFfTRS MARK Il Ampfitier together £26. o o
a
Deposit £5/4/-, 12 monthly payments of £1/18/2.
(b) As abovl; with the BFITRS MARK @I supplied ASSEMBLED and
TESTED .. o.ci.iiiniiniieiinrrnmenersstanernnun
(c) COMPLETE KIT to build the HF/TR3 MARK II together with the £31 10 o
TRUVOX Mk. VITAPEDECK..... ... ... ..oovironiannia.s a o
Deposit £6/6/-, 12 mmu.h]v paymenu of 2218/
TESTED. Deposit £7, 12 monthly payments of £8/11/4.
{¢) COMPLETE KIT to bulld the HF/TR3 AMPLIFIER with the Mz o o
BRENELL Mk, V TAPE DEBCK........ o J
{f) As above but with HF/TRB MARK [1 supplied ASSEMBLED and £45 10 o
TESTED. Deposit £€0/2/~, 12 monthly payments of £3/6/9. o L
(8) THE ASSEMBLED and TESTED HF/TR3 MARK I AMPLIFIER
Head Lift Transformer, e$.. . . ...oovnoioonvnens <0 ceneeone..
Deposit £11/4/-, 12 monthly payments of £4/271.
Carriage and Insurance on each above is 10/- exXtra.

The New Truvox MK. VI Deck........ccooccnvnnn
with the COLLARO * 8TUDIO ** DECK..
£29.10.0
Deposit £5/18/-, 12 mon'.bly payments ol 52/3/4
{d) As above but with HFfTR3 MARK II supplied ABSEMELED and £35 o o
posit £8/8/-, 12 monthly payments of £3/1/7.
with the WEARITE MODEL 4A DECK, tuoorporates Wearite £56. o o
STERN RADIO LTD. ™ thuson o

LONDON, E.C4
Telephone: FLEET STREET 5812f314

WIRELESS WORLD

TAPE RECORDERS
for truly “Hi-Fi” Recordings

EACH MODEL INCORPORATES THE HF/TR3
MK. Il TAPE AMPLIFIER (described below)

Incorporates the Collaro ” STUDIO ** TWIN TRACK £39 10 o
3.speed Deck operating at 1}in., 3fin. and 7{in. speeds, . ....
H.P. Terms: Deposit £7/18/- and 12 months of £2/17/11.

[ncorporates the New TRUVOX Mk. VI TWIN £44 o o
THACK 2-speed Tape Devk operating at 33in. and 7§in. speeds......
H.P. Ternuw: Deposit £8/18/- and .12 months of £3/4/7.

NOVEMBER, 1961

i

Each price provides
for the COMPLETE
RECORDER including
CRYSTAL

PHONE and
Spool of Tape.

“fidelsby”

There are no ‘‘better
value for money* Tape
Recorders on the
market—if you can’t
call and hear them
send S.A.E. for fully
descriptive leaflets.

THE ¢ ADD-A-DECK”

INCORPORATING GARRARD ** MAGAZINE”
TAPE DECK and the MATCHED MODEL HF/G2P
PREAMPLIFIER. Supplied on ONE CHABSSIS
(a5 illustrated) BEADY FOR USE.
PRICE: Including GARRARD MAGAZINE
and s 4in. SPOOL DOUBLE PLAY 18 GNS.
TAPE (Carr. & lne. 10/- extra),
H:P. Deposit £3/18/- and 12 monthn o( 21/7/8
Provides p tape an
designed to rephy through the ph.k up mkel.s
of the standard type of RADIO RECEIVER, or
an AMPLIFIER, trom which really first oluss
reproduction ls ohumed, It comduu of & Twin
Track Deck to the P and at
8¥n./sec. speed, providiug up to I hour 10 mlna playlng time.
Only needs connecting to the mains supply and pick-up sockets.
Very simple to operute snd easily installed In & cabinet, only four fixing screws being
required.
ADD “HIGH-FI” TAPE RECORDING TO YOUR EXISTING
AUDIO INSTALLATION WITH

STERN'S—MULLARD TYPE “C”

TAPE PREAMPLIFIER—ERASE UNIT

INCORPORATING THE NEW FER-
ROXCUBE POT. CORE PUSH-PULL
OSCILLATOR and 3 SPEED TREBLE
EQUALISATION by means of the

latest FERROXCUBE POT COEE
INDUCTOR.
PRICES . . . INCLUDING SEPARATE BMALL POWEBBBUPPLY UNIT
MPLETE KIT ABSSEMBLE. D
SR £14.0. TRerep D AP £17.0.0

Depodt £3/8/~ and 12 months of £1/4/11. Assembled unit only.
180 AVAILABLE EXCLUDING POWER SUPPLY UNIT FOR

£11 15 0 and £14 10 o respectively. {Carr. and Ins. 5/- extra).

Bend 8.A.KE. for leatlet or 2[6 for Complete Assembly Manual,

We present this Fi** Pre-Amplifier strictly to Mullard's specification etc., incor-
porating ONLY NEW HIGH GRADE COMPONENTS snd the SPLC]F’IED NEW
MULLARD VALVES.

WHEN OBDEBING PLEASE STATE MAKE OF TAPE DECK TO BE USED.

SPECIAL **COMBINED ORDER™' PRICES

() The COLLARU " Btudio ™ Deck with uhe Model " O ** Pnamplmcr £29 10 o
snd POWER S8UPPLY UNIT ... ABSSEMBLED AND TESTED
Deposit £5[18/0. 12 wontbly psyments ol £2/3/ 3
(b) As above but the TYPE " C** Unit sod POWER UNIT supplied as £26 10 o
COMPLETE KIT OF PABTB .................................

Depusit £5/6/0. l‘l monthly paymenta of £1/18/10.
{c) The TRUVOX Mk. Vl Deck {Incorpurating Puuse Control and Rev.
Counter) with .the Model " Q'* PREAMPLIFIER and POWER £35 o o
UNIT ... ASBBEMBLED ANDTESTED................0oo0vnnn a
Deporit £7IOIO. and 13 months at £2/11
{d) As above bot the Model * C'* PREAMPLIFIER and POWER £31 10 o
UNIT eupplied as a8 COMPLETE KIT OF PART8.............. = =
. Deposit £6/8/0, 12 monthly payments of £9/6/2.
(¢) The BRENELL Mk. V Deck with the Model * C** PREAMPLIFIER £46 o o
and POWER UNIT ... ABBEMBLED and TESTED. .......... d
Deposlt 291410. and 12 months at £3,'7/8
{) As above but the Model " C'* PREAMPLIFIER and POWER UNIT £43 o o
supplied as 3 COMPLETE KIT OBNENRER. 000 ... =) d
Depuslt 28/12/0. 12 munthiy payments of £3/3/1.
() The WEARITE MODEL DECK wi
TESTED Model "C* PBEAMPLIY!EB AND POWER UNIT £56 o o
incorporating WEARITF HEAD-LIFT TRANSFURMER, ete..... . o

Deposit £11/4/0, aud 12 mouths at £4/2/1.
Carr. and Ins. on each above Is 10/- extru.

The Model HF/TR3 Mk. Il TAPE AMPLIFIER
Ircorporating
3-SPEED TREBLE EQUALISATION

by means of the latest FERROX-
CUBE POT CORE INDUCTOR

PRICEfor COMPLETE ~ £13 {3.0

KIT OF PARTS....
£17. 0.0

FULLY ASSEMBLED
Deposit £3/8/-and 12 months at £1/4/11.

AND TESTED......

A high quality amplifier hased on the very successful Type A" design completed in the
MULLA®RD LABORATORIES. ONLY NEW HIGH-GRADE COMPONENTS are
incorporated including MULLARD VALVES and a GI]BON OU'I'PUT TRANSFOR“FR
. . . has own Power Buppiv aud can be used asg
tion of Gram. Records or from Radio Tuner.
or 2/6 for Assembly Manual.

d or direc!
8ize 11 x 6 x 6in. Send B A E for leaflet
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THE “STP-1”

TRUVOX Mk. VI TAPE DECK, incor-
porating the latest 4-TRACK MINIFLUX
TAPE HEADS.

.PU?H PULL OSCILLATOR CIR-
cuU

T

@ 4-SPEED EQUALISATION.

[} FERROXCUBE OSCILLATOR
TRANSFORME

@ SENSITIVE METER FOR SIGNAL
LEVEL.

@ SEPARATE GAIN CONTROLS IN
EACH CHANN

BRENELL Mk.

porating similar 4TRACK MINIFLUX TAPE
HEADS.

WIRELESS WORLD 115

STEREO TAPE PRE-AMPLIFIER

Y TAPE DECK,

DESIGNED TO OPERATE WITH

COLLARO “STUDIO" TAPE DECK,
incorporating the latest 4TRACK REUTER
TAPE HEADS.

OVERALL SIZE CASE 13} x 3in.
FRONT PANEL (choice of Black or White)

I4 x 34in.
PRICE

£26.0.0

incor-

Including separate Power Supply Unit.

@ MULLARD VALVES INCORPORA-
TED.

COMBINED
THE **STP-1 "' PREAMPLIFIER IS OFFERED WITH TAPE DECKS AS
FOLLOWS:
TRUYOX Mk. VI 4-TRACK MODEL................... . $45.0.0

DEPOSIT £9, 12 months £3/6/-

BRENELL Mk. V 4-TRACK MODEL....
DEPOSIT £13, 12 moi

COLLARO *“STUDIO * 4.TRACK MODEL...
DEPOSIT £8/6/-, 12 months

£65.0.0
.£41.10.0

STEREOPHONIC RECORD PLAYER UNITS
MICROPHONES and TWIN LOUDSPEAKERS
ARE AVAILABLE FROM STOCK

AN NN NSNS NN NN NS NSNS NSNS NSNS N

MULLARD’S *“10+10" STEREO POWER AMPLIFIER

A HIGH FIDELITY DESIGN BASED ON
THE FAMOUS MULLARD “ 5-10."
PROVIDES UP TO 10 WATTS (per channel),
SUPERA REPRODUCTION, FREQUENCY
RESPONSE FLAT TO WITHIN 3 db from
3 o/s. to 60 Ko/s. 3t 50 mW,

TOTAL HARMOKIO DI.STOBTION AT
10 WATTB..cevvcaevnsnrsnransnsns 0.1%

PRICE:
{(a) ASSEMBLED CgMéEL‘iJ:;}!TAMPLEIEE.
including CONT!
(as Hiustrated) ......... £21 ‘o'o
Deposlt £4/4/-, 12 months of £1/10/10.
(b) A complete KIT of PARTS fOr. .. .......oiiiuenucanancacsassncss
This amplifier Is built to the very highest technlcal standards and presented strictly to
MULLARD'S specification. It incorporates & complete Mallard valve line-up inciuding
two of the new triode-pentodes, type ECLA88, In each channel. Two specially designed
GILSON OUTPUT TRANSFORMERS with 209 taps are used in ¢luss AB push-pull
output stages for ultra linear operation,

The matching CONTROL UNIT I3 designed to be either attached to the A fl

Deposit £5/4/-, 12 months £1/18/2.

PRICE SCHEDULE

THE MULLARD * 10410 STEREO AMPLIFIER (described opposite)

with the ‘“ STP-1 " PREAMPLIFIER and one of the TAPE DECKS provides

a COMPLETE Stereophonic Installation. WE OFFER ** 104+10'" AM-

PLIFIER, *‘ STP-1 ** PREAMPLIFIER and the TRUVOX £65 0.0
» « 0.

] A IR0 =12 ot conacnocoooooogemaeomnocoonot PR O ES
Depom £13, 12 mont.hs £4/15/4,
. £85.0.0
.%£61.10.0

As above with BRENELL Mk. V DECK
Deposit £17, 12 months £6/:

As above with COLLARO * STUDIO ** DECK...
Deposit £12/6/-, 12 months £

PLEASE ENCLOSE S.A.E. WITH ALL ENQUIRIES

STEREO DUAL CHANNEL PRE-AMPLIFIER

This mode! incorporates twe 2-valve Pre-Amplifiers
(described above) combined Into a Single Unit
enabling it to be used for both STEBEOPHONIO
and MONAURAL ior. 1t is d

to operate with our range of MULLARD MAIN
AMPLIFIERS but will also operate equally well
with any make of Amplifiers requiring an input

of 260 m}v.
PISLCOHTE £1210.0  Merminp emuleo £15,0,0

H.P. Terms on sssembled unit: £3 Deposit and 12 months of £1/2/=,

STEREO ‘TWIN-THREE’
AMPLIFIER with
specially designed
PORTABLE CASE

A most compact portable design consisting of
TWIN CHANNEL AMPLIFIER based on the
latest design by MULLARD LTD., Incorporate
ing top grade Output Transformers, and the new
audio Triode-Pentode Valves Mullard ECLS86.
Beparate Basu and Treble controls. Bultable for
use with Cryatal Pick Upa and capable of

Illustrated) of it can be detached for separate mounting on a Oabinet panel. It provides
inputs for ORYSTAL P1CK-UPS, RADIO TUNING UNIT, and also for replaying from
our STEREO TAPE PREAMPLIFIER (bricly mentioned beiow),

AS AUDIO SPECIALISTS WE CONFIDENTLY RECOMMEND THIS DESIGX it Is a MUST
to the serious-minded sound epthusiast.

We cap also supply the assembled MAIN AMPLIFIER only (exchudes control unit)
for operation with our DUAL CHANNEL PREAMPLIFIER, this provides for s more
versatile or elaborate inatallation and would be essential if a low output Magnetie Pick-up,
such as the Decca, is to be used.

i high quality reproduction up to 8
watts per chaunel An attractlve and contem«
porary portabie Case In two tone coloura The
unique feature of the design Is the loudspeaker
mounting. Two 8x5in. p.m. elliptical loud-
speakers are tety baflled and in the lid, which is detachable, allowing for
each speaker to be Individually positioned in any part of the listening area.

We offer a very versatile stereo arrangement tested and guaranteed which can be
assembled ip the minimum of time, at a comparatively Very Low Cost.

PRICE for the ASSEMBLED AMPLIFIER. Two 8in. x 6in. ROLA

PRICE: (8) THE ASSEMBLED MAIN AMPLIFTER with the £30.0.0 BPEAEERS and PORTABLE CABE . .........ccoourreoauresaeannsacs . 214 0 0
ASSEMBLED DUAL CHANNEL PREAMPLIFIER...... 0o g Deposit £2/16/-, 12 montha of £1/0/6.
Deposit £6, 19 monthe of £2/4/-. INDIVIDUAL UNITS available SEPARATELY , , .

) A complete KIT of PARTS for both Units for............ £26.0.0 ASSEMBLED AMPLIFTER suPPHed f0T . uuvaeereaeeaaeconnserecannsns

W R 8in.  1n. ROLA LOUDSPEAKERS (3 obms), each -

e e e e R T PORTABLE CASE  10uuuunnnetinnnnnintieianeneeereesiemioneanes
A BULK PURCHASE OF A CHOICE OF SINGLE RECORD PLAYERS ind AUTOCHANGERS is available from

L Stock (send 8.A.E. for details).

MARCONIPHONE TAPE RECORDING —_—_—————— e —————

EQUIPMENT ENABLES US TO OFFER

THE MODEL MTR/!

PORTABLE
TAPE RECORDER
((:.g.a&gnr:ligl- extra) £25-0-0

Deposit £5, 12 months ot £1/16/8.

The list price of the MTR/1 s £44/2f-, It la a
3 Speed Twin Track Recorder incorporating the
latest Collaro ** Studto ** Tape Deck and operates
at li, 33 and 7% in./sec. specds. It incorporates
a " Pause' Cobntrol, a safety Interlock device
which ensures that a recorded tape cannot be
accidentalty erased and a low level output socket
80 that the output may be fed into an external
high fidelity amplifier for monitoring purposes
or for high quality reproduction ea playback,

STERN RADIO LTD."

WE CAN ALSO SUPPLY

The MTR/I AMPLIFIER & LOUDSPEAKER
with the
COLLARO “STUDIO” TAPE DECK
£19.19.0

(Carr. & Ins. 10/- extra)

EEEEATH 109 FLEET ST,
LONDON. ECa
Telephone: FLEET STREET $812/3/4

all assembled on a top board
TESTED AND READY FOR USE

Deposit £4, 12 months £1/9/4.
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" COMBINED ORDER"”
PRICE REDUCTIONS

(a) The COMPLETE KIT OF 1A RT> to build

both the “ §-10'° Main Amptifier and the 2-

stage Pre-Amplifier Control Unit ........ sgag 115.15.0
(b) The **5-10" and the 2-Stage Pre-Amplifier

buth Asserabled and Tested .............. £18.13.0
co M P LETE K 'T OF PA RTS Designed by MULLARD—presented by H.P. TKRMB: Deposit £3/16/- and I2 months of £1/7/8.

STERNS strictly to specification s e e e et it et . . e e St

MULLARD “‘5-10” MAIN AMPLIFIER
For use with the MULLARD 2-stage pre-amplifier ﬂthlwhsl%%xllpl;idll)sté{)lhe‘d RECO RD PLAYERS
er output of up to I0 watts is obtained. We supply -
%ﬁmmg AND an MULLARD VALVES including PARMEKO MAINS Many at REDUCED PRICES !!!
TRANSFORMER and choice of the latest Ultra-linear PARMEKO or the Send S.A.E. for ILLUSTRATED LEAFLET
PARTRIDQAE Output Transformer. .
Price: COMPLETE KIT (Parmeko Ofput Trans.).. £1° o o THE COLLARO “ JUNIOR 4-speed eingle £3-15-0

layer with separate crystal pick-gp........
Alternatively we supply ASSEMBLED AND TEBTED £11 10 0 gsyg MONAKQH UAB $-spocd Mixer Auto- £6 19 6
ABOVE INCORPORATING PARTRIDGE OUTPUT TRANBF‘ORMEB £1/6/- AL changer with crystal pick-op ...............
ko AGOVEJINEORBORATING, PARTEIDUEJOIRFURI THARS € - THE NEW COLLARO “ C80°* 4-speed auto- £7.19.6

MULLARD’S 2-VALVE %’:‘."éﬁ%&‘@’&&ﬂ&‘&‘i‘é’ﬁ BPovs & speed Single £9.18.6
PRE-AMPLIFIER TONE CONTROL UNIT =

Record Player Studlo Cartridge..............
Employing two EF86 valves and designed to operate with the Mullard fﬁiﬁﬁ: T ety e s - £6.9.6
MAIN AMPLIFIER but also perfectly suitable for other makes. B.S.R. MODEL UAl4, & 4-speed Mixer Auto-
8upplied atrictly to MULLARD S8PECIFICATION and incorporating cl‘ni)g‘er with crystal ;mk-up £7-10-0
@ Equalisation for the latest R.ILA.A. characterlstics. Available incorpuratiug the B.S.R. STEREO
L) }npu: (fo)r I())‘l")sh; Plcl;lxps and variable reluctance mngl_);tlc t.ypeu.ﬂ o m Pick-up, plays L.P. sud 78 e £8-13-10
© Input (a) rect from High Imp. Tape Head. (b From a Tape Amplifier or Pre-Amplifier. » D nroad  Avoarhaoan fbtod
@ senuiive Microphone Channel. @ Wide range BASS und TREBLE Controls e Sal) fopeed Auwochanger fited £1(),10.0
rice: COMPLETE KIT e o A oavound TREBLELomts- oA n 2 with latest crystal plek-up ..................
OF PARTS .6.0 assempLED AND TEsTED £8-0.0 e e R R L TICRIFH ORI OFORES $ 22 703

COMPLETE MULLARD 5-10 AMPLIFIER

The popular and very successful complete * 5-10 ** incorporating Control Unit
providing up to 10 watts high quality reproduction.

Bpecified components and new MULLARD VALVES are supplied Includlng
PARMEKO MAINS TRANSFORMERS and choice of the latest PARMEK!

or PARTRIDGE ULTRA Linear Output Transformers. £11 10 o
Price: COMPLETE KIT. Parmeko Transformer . -

Alternatively we supply ASSEMBLED AND TESTED.. £13 10 o

Hire Purchase (Assembled Amp. only). Deposit £2/14/-, 12 months at 19/10.
ABOVE incorporating PARTRIDGE OUTPUT TBANSFOBMEB £1/6 extra,

The new GARRARD Model 4HF High Quallt

Single Record Player fitted with the latest T P.A. £19 8 7
12 pick-up arm and G.C.8. erystal Cariridge . o
GARRARD Model TA/Mk. O Bingle Record Playar

fitted with high output ecrystal Pick-up, £8 10 o
detachable head.............c....c.oiiia.s e =
HIRE PURCHASE TERMS avallablo on all units £8/19/6
and over. Carrlage and Insurance on each above §/- extra.

C enuse egsnannes

¢ MULLARD FOUR CHANNEL
MIXING UNIT

COMPLETE MULLARD 3-3
A VERY BIGH QUALITY AMPLIFIER DEVEL-
OPED FROM THE VERY POPULAR 3-VALVE
3-WATT AMPLIFIER DESIGNED IN THE
MULLARD LABORATORIES.

Price for COMPLETE KIT..
OF PARTS - oo . £7.10.0
(Plus 6/6 carriage nnd l e.)
Alternatively uu;]))plled AﬂgEMBLED AND
FULLY TESTED (Plus 6/
b carriage and insurance) ... £8'1 9'6
’ H.P. TERMS: Deposit £2 and 8 monthly paymentsof £1.
Our kit Is complete to the MULLARD specification including supply
of speciﬁed components, valves and PARMEKO OUTPUT TRANSFORMER. We also
include switched inputs for 78 and L.P. records plus a Radio position, Extra power to
drive s Radio Tuning Unit is also avallable.

COMPLETE STEREO AMPLIFIER

Meets the many requests for a low priced but good quality 8terevphonic Amplifier. Out-
put power is 4 watta. Inputs for Crystal Pick-ups and Radlo Tuner.

8elf powered Catbode follower output. Incor-
porates two inputs for CRYSTAL MICRO-
PHONES, one for CRYSTAL PICK-UPS
and a lgrunhplor Radio or Tape.

e £8.8.0
ASSEMBLED
AND TESBTED £1 o'o'o g v
Terms: Deposit £2 and 12 months at 15/-. Model LL.
one mlcrophone lnput, matched for movlng cnll or ribbon mike £1/17/- extra.

STEREO "3 37 MAIN A AMPLIFIER
Comprise two MULLARD 3-3 Main Amplifiers on one chassis. Operatcs with above
MULLARD STEREOQ PRE-AMPLIFIER. Output power 6 watts. Inputs for Crystal
Pick-up and Radlo Tuner £10 o or ASSEMBLED £11 5 o
KIT OF PARTS

STERN’S INTER-COMM or BABY ALARM

A small versatile Unit cmploying the new MUL-

ceSESSsURAERNEBSeNCPESEAGAsnEsaRESRRE"

LARD ECL88 valve and designed to provide two
. £8.10.0 £10.10.0 : o atlon up to extreme distan
EIORJE R M __Or ASSEMETIDNS e = Operates, :“r“o:% A0 maine. é?:‘é to "‘z‘o&"ﬁim "n..d”.;a
O o in all our designs only new high-grade and guarantee
Mi. ! ¢ Fidelity *’ FM TUNING UNIT components are Incorporated. - BRICES—MASTER
An attractively presented Unit incorporating MULLARD PERMEABILITY TUNING UNIT and ONE EXTENSION.
HEART and correspondlng Mullard valve line-up. Very suitable to operate with our KIT OF £