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Setting up polythene core
ready for irradiation.

Specimens g)f polythene cable after heating
ar 200°C.  Top: Normal sample. Bottom:
Irradiated sample.

How we make good cables — better

Take polythene for instance, already noted  with electrons to cause a chemical change. A
for its excellent electrical characteristics and process known as electron irradiation and an

widely used in the cable industry. important step forward in the general develop-
Then make it stronger, more elastic and im-  ment of plastic materials for our wide range of

prove its temperature characteristics. The result, cables.

a better material still. We have a publication which tells you more

How do we do it? By bombarding polythene about this process. May we send you a copy?

IRRADIATION OF POLYTHENE

BRITISH INSULATED CALLENDER?’S CABLES LIMITED
21 Bloomsbury Street - London, W.C.1
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A service

for all who
need complete
data on Mullard
valves, tubes
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and semiconduector devices

The Mullard Technical Handbook is a loose-leaf publica-
tion, issued on a subscription basis and containing data
sheets on all Mullard valves, tubes and semiconductor
devices in current production.

From one to twenty pages are devoted to each type, data
including: standard ratings, recommended operating con-
ditions and performance figures for various applications,
limiting values, characteristic and performance curves.
Subscribers receive supplementary or revised sheets
automatically as they are issued and thereby have early
intimation of new introductions.

At present the Handbook comprises four volumes with
the following contents:—

Mullaxd

Mullard Limited, T.S.D., Data and Publications Section,
Mullard House, Torrington Place, London, W.C.1.

VOLUMES | and IA

Data on current Receiving and Amplifying
Valves. Cathode Ray Tubes. Crystal
Diodes and Transistors. Photocells.

Cold Cathode Tubes. Small Thyratrons.
Miscellaneous and Special Tubes.

VOLUME 2

Data on earlier type Receiving and
Amplifying Valves and Cathode Ray Tubes
still in limited production for the
maintenance of existing equipment.

VOLUME 3

Data on Power Valves for Transmitting
and Industrial Equipment.

Power Rectifiers. Large Thyratrons.
Microwave Devices.

For full details of this service, including subscription

rates and application form, write to the address
below.
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Wireless

Communication by Induction

AN amendment (Statutory Instrument 1957, No.
978) to the regulations governing the issue of wire-
less licences by the Postmaster General makes pro-
vision for a new “Induction Communication Lic-
ence . . . to establish and use, within a specified
frequency band not being above 250 kilocycles a
second, sending and receiving stations for wireless
telegraphy the number whereof is not limited by
the licence, for the purpose of sending and receiv-
ing messages concerning the business of the licensee
between stations, or between one or some of the
stations and another or others of them (not being a
licence authorizing the transmission of messages
directly between fixed stations).”

Resentment at the imposition of this charge is
being expressed in many quarters.

One view is that the P.M.G. has exceeded his
powers and that induction is not wireless tele-
graphy within the meaning of the Act. According
to this view no use is made of the free-space, self-
propagating electromagnetic field which is the basis
of radio communication, as generally understood,
and the selective calling systems of the largest hos-
pitals and offices are contained within the induc-
tion field of even the highest permitted frequency.

Unfortunately, this argument cannot, in our view,
be pressed home. The definition of “wireless
telegraphy ” by the Act of 1947 is much wider than
that which would be given by practising wireless
engineers. The term “radiation” is avoided and
we.are told that “wireless telegraphy® means the
emitting or receiving, over paths not provided by
any material substance constructed or arranged for
that purpose, of electromagnetic energy of a fre-
quency not exceeding 3 million Mc/s for conveying
messages, sound or visual images, for the deter-
mination of bearing or distance or for gaining
information of the presence or absence of objects.
It is not much use arguing that in a loop-coupled
syste:n one is using only the magnetic field, because
to convey information one must vary this field and
by so doing a disturbance is propagated with the
velocity of light to the tenuous extremities of the
magnetic field, and this travelling disturbance will
always be accompanied by a complementary elec-
tric field. This would be just as true if the field
were varied by moving the keeper on a permanent
magnet as it would be by varying a current.

Proof that low frequencies are propagated electro-
magnetically is provided by the “whistler” atmo-
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spherics that follow a path through outer space
and can be picked up by a sensitive audio amplifier
connected to an elevated aerial. Incidentally, if
an originating signal had a frequency of less than
2c/s the whole world would be within the induction
field, and as far as the Act is concerned there is no
low limit of frequency for * wireless telegraphy.”

Another argument goes something like this. If
the P.M.G. gets away with this induction licence
what is to stop him, if he thinks fit, from demanding
a licence fee for the use of transformers in com-
munication equipment? Information is conveyed
by electromagnetic energy from a transmitter
(primary) to a receiver (secondary). True there may
be a contrived intermediate substance (an iron core)
which gives exemption under Section 19, but what
happens if we use an air-cored transformer, and at
what value of the coefficient of coupling does the
device cease to be a transformer and become a
communication system?

There is enough argument here to keep a tech-
nical committee or tribunal busy as long as funds
hold out, though it would not take them long to
discover that distance between source and sink of
energy is the operative factor. Although all
inductive communication systems are now used
indoors and there is negligible outside field, in
principle there is no limit to the range if power,
loop area and receiver sensitivity are increased.
We can vouch from experience for the fact that
some magnetic measurements made a few years ago
were plagued by interference from trams in a town
eight miles away and had to be made at night after
the last tram had gone into the depot. If a mobile
service were developed on these lines would it be
équitable to make no charge while still collecting
from users of existing v.h.f. equipment?

Such arguments are a little far-fetched if only for
the reason that adequate signal/noise ratioc would
be difficult to achieve at low frequencies:. We bring
them forward only to clear the ground before asking
why a licence should be demanded so long as all
calling systems are restricted to enclosed premises.
The P.M.G. does not coliect a revenue from house
internal telephone installations; why does he insist
on his legal right to do so when induction is used
instead of a wire connection? If interference is caused
outside the premises he could no doubt acquire the
powers necesary to intervene, whether the appara-
tus is licensed or not.
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mounted on aluminium sheet containing integral
ducts through which the coolant was circulated.
Valves were clamped horizontally in split metal tubes
fixed down to the chassis. Apart from increasing the
transfer of heat beyond that normally obtained with
air cooling, the system makes possible a greater
thermal loading of the equipment, resulting in a sav-
ing in size and weight—even when the cooling
apparatus is taken into account. The particular unit
shown was dissipating 325 watts in a sealed drum
7 inches in diameter and 10 inches long, but the
internal temperature was nevertheless quite safe for
conventional components.

Liquid cooling is also used to some extent in
individual components which lend themselves to this
treatment—for example transformers and chokes
mounted in containers. L. F. Kilham of Raytheon
(U.S.A.) described transformers which, by the use
of fluorine compounds to get the heat away quickly,
could be made very much smaller in size than would
be necessary with ordinary air cooling. Reductions
in size and weight of about three or four times could
be obtained. The liquids (which are similar to those
used - for refrigeration) are compatible with the
materials used in transformers, are non-inflammable
and non-toxic, and have a high dielectric strength
and self-healing properties. Sometimes the coolant
takes the form of a vapour and sometimes a boiling
liquid (in which case it acts rather like a thermostat).
The technique has been used for about two years in
the U.S.A. and some transformers have been found
to have lives of 10,000 hours or more.

High-temperature Transformers

It is now quite possible, however, to design trans-
formers so that they will operate at very high tem-
peratures—in the region of 100°C to 500°C—just as
successfully as they do at normal room temperatures.
Various ‘British examples were described and shown
in the exhibition. Glass-insulated wire is used for
windings, sometimes treated with vitreous enamel,
and silicon steel for the cores. Materials like glass
cloth and ceramics are pressed into service, bobbins
are made of metal or porcelain, while leads have to be
brazed on to terminals instead of soldered. The
windings often have metal plates embedded in them,
or metal clamps around them, to conduct the heat
away quickly, and are sometimes enclosed in
evacuated cases.

Coming straight from the atmosphere of domestic
radio, it was rather surprising to hear that printed
circuits have so far penetrated very little into military
equipment in this country. There were, however, a
great many examples of potted circuits in the exhibi-
tion—and these, of course, are yet another variant on
the idea of “solid circuits.” Epoxy resins are now
widely used in preference to the polyester types
because of their good adhesive properties and general
toughness and resistance to chemicals. In addition
to the conventional solid potting methods, it seems
that R.R.E. are trying out a lightweight system of
encapsulation in which the components are just
dipped into the resin, to form a moisture barrier and
prevent them from vibrating, and then the con-
tainers are sealed off with a i-inch layer of resin at
top and bottom.

Solderless wrapped connections have come into
the news again after many years of neglect (they
were originally used in early telephone systems) and
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appear to be highly thought of by the military elec-
tronics people. The end wires of a componént are
wrapped zround rectangular terminal posts by an
automatic tool, and the resultant stress is so great
that the oxide film is crushed on both wire and
terminal and the tin on the wire actually diffuses into
the terminal after a certain period. The result is said
to be inherently more reliable than soldered joints,
even though the tension in the wire does relax even-
tually. Examples were shown which appeared to
have been in a fire or at the bottom of the sea and
yet still gave perfect connections.

Operation of components and equipment under
severe environmental conditions means, of course,
that a great deal of testing has to be done in which
these conditions are simulated. The -exhibition
contained, in fact, several elaborate and expensive
installations for doing such work—an acceleration
test machine of the centrifuge type (see picture), an
automatic component testing equipment (described’
in our last issue, p. 483), and—most impressive of all
—a_ stratosphere test house, looking rather like the
boiler room of a ship, in which wide ranges of tem-
perature, pressure and humidity could be obtained
inside a huge 750-cu ft stainless steel chamber.

One criticism made in the Symposium was that
testing for reliability tends to take so much time that
sometimes the components are obsolete before the
results are available. Another speaker remarked that
one of the test equipments did not give results com-
patible with the official specifications laid down.
Whether these comments are valid or not, there is no
doubt that the R.R.E. work is highly respected by the
commercial manufacturers and provides information
of immense value in the development of new com-
ponents. Government “type approval ” is becaming
such an “O.K.” thing nowadays that, as Dr. D. H.
Black, Director General of Electronics Research and
Development, Ministry of Supply, remarked, firms
are finding that they cannot sell their products
without it!

B.5.R.A. COMES OF AGE

THE 9th Exhibition and Convention held at the Waldorf
Hotel, London, by the British Sound Recording Asso-
ciation was made the occasion for celebrating the 21st
anniversary of the foundation of the Association.

At the annual dinner the principal speaker was R. T. B.
Wynn, chief engineer of the B.B.C., who paid tribute
to the pioneers, professional and amateur, of disc and
tape recording and to the part they had played in estab-
lishing the now very considerable recording resources
of the B.B.C. There was still scope for originality in

. finding an economic solution ta the problem of electric-

ally recording television signals and he thought that
amateurs could make valuable contributions, as they had
in the past.

P. G. A. H. Voigt, one of the pioneers of high-quality
sound reproduction, and now resident in Canada, con-
tributed to the proceedings through the medium of tape
recording.

In the competition for amateur-constructed equipment,
the President’s Trophy went to A. J. Harper for a
four-channel mixer, the Wireless World Prize to
W. Webber for a stroboscopic tape synchronizer for use
with 8, 9.5 or 16mm film, and the Committee Prize to
P. J. Baxandall for a 5-watt high-quality amplifier and
equalizer unit.
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WORLD OF WIRELESS

B.B.C. Television Coverage

TELEVISION is already available to 97% of the
population and the B.B.C. coverage will extend to
over 98% by about the end of this year, by which
time it is expected that the power of the Crystal
Palace station will have been increased, the temporary
stations at Sandale (Cumberland) and Douglas (Isle
of Man) will have been replaced by permanent
stations, and the new station at Londonderry in
Northern Ireland will have been completed; it is
hoped also to introduce a temporary station near
Dover.

The problem of serving the remaining 2% is a
difficult one. Two-new stations to serve about 140,000
people outside the service areas of existing' B.B.C.
stations are announced. One will be near Peter-
borough and the other in Orkney. Both stations will
operate in Channel 5, the Peterborough station with
horizontal polarization and the Orkney station, which
will also radiate v.h.f. sound programmes, with verti-
cal polarization,

The Norwich station, at Tacolneston, which has
been operating on considerably reduced power to
avoid interference with the Liége, Belgium, trans-
mitter, will use increased power from December 1st.
It will go up to its full power (varying from 1 to
10kW according to the direction) in the spring or
early summer next year, when the power of the
Liége transmitter will also have been increased.

Mobile Radio

PRIVATE mobile radio licences in force in the
United Kingdom at the end of August totalled
1,561. They covered 1,805 base stations and 13,010
mobile stations. Of the mobile stations 11,411 were
in land vehicles, 901 in ships and tugs and 696
portables and transportables.

The recently revised cost of a private mobile
radio licence is £3 p.a. for each of the first two
stations (base and mobile) and £2 p.a. for each
additional station.

Two new types of licence were recently intro-
duced. One providing for temporary mobile radio
operation for up to 28 days, costing £1, and the
other covering inductive “paging” systems (£2
p.a.). Regulations regarding these two new licences
are given in Statutory Instruments 1957, No. 978.

Valves : Prospect and Retrospect

IN THE course of his inaugural address as president
of the LEE. Mr. T. E. Goldup, a director of
Mullard, referred to the changes which have taken
place in the valve industry during the long period of
his association with it. Some idea of the growth of
the industry is given in these figures quoted by Mr.
Goldup. In 1949 British manufacturers produced
19 million valves and 310,000 c.r. tubes; in 1956 the
corresponding figures were 64 million and 2 million.
The 1956 output of receiving valves in the U.K. was,
however, but 9% of the world production of some
743 million, whereas the United States produced
677%.

518

Autumn Audio Fair

OVER 30 exhibitors have taken space at the
Autumn Audio Fair to be held in the Grand Hotel,
Harrogate, from October 25th to 27th. They are
listed below. All the exhibitors have individual
demonstration rooms in addition to stands,

Altobass Lustraphone
Associated Electronic Eng. M.S.S.
Champion Mullard
C. T. Chapman Pamphonic
Cosmocord Philco
Dulci Philips
Dynatron . Plessey
E.A.P. Pye
Eﬁl} R.G.D.
M.IL Sugden
Expert Gramophones Tainoy
Garrard Tri
Goldring X
Grundig Vitavox
Hi-Fi Neuws W. & N. Electronics
Jason ‘ Whiteley

Tickets for the Fair, which is open from 11.0 to
9.0 on each of the three days, are available from
exhibitors or from this office. Applications should
be accompanied by a stamped addressed envelope.

Radio Hobbies Exhibition

THIS year’s R.S.G.B. amateur radio show has
been restyled the Radio Hobbies Exhibition. It
opens for four days at the Royal Horticultural
Society’s Old Hall, Vincent Square, London, S.W.1,
on October 23rd. Admission to the exhibition,
which will be open daily from 11.0 to 9.0, costs 2s.
The 22 exhibitors are:—
B.I. Callender’s Cables Panda Radie

British Amateur Television Club Philpott’s (Mez: !,
Clyne Radio R.AF.

Cossor Instruments R.S.G.B.

E.ML.I. Institutes Royal Navy

Enthoven Solders S.T.C.
Iéég%wglectromcs Short Wave Magazine

Taylor Electrical Instruments
Measuring Instruments Wireless World and Electronic
Minimitter Co. & Radio Engineer
Mullard Whiteley

The B.A.T.C. is putting on a large-scale demon-
stration of home-constructed television equipment.
On their stand will be six cameras and monitors and
exhibitors will be given the opportunity of demon-
strating equipment before the cameras. A television
telephone link will also be demonstrated.

London U.H.F. Group

Television receiving licences in the United Kingdom
increased during August by 61,459, bringing the total
to 7,331,207. The overall total for broadcasting licences
at the end of August, including the above and 322,085
for car radio receivers, was 14,685,231,

Comparisons.—“ You can buy a top-quality 21-in.
console, a first-class 17-in. or 21-in. portable, a good
packaged hi-fi console with a-m and f-m radio and
several three-way table radios for the price of a color
console. No wonder the mass market doesn’t want it
now.” Allen DuMont, chairman of DuMont Labora-
tories, quoted by Electronics business edition.

« Mirror in the Sky,” the Mullard film on the work
of Sir Edward Appleton on the ionosphere, was one of
eleven films submitted by this country for showing at the
11th congress of the International Scientific Film Asso-
ciation meeting in Amsterdam.

WIRELESS WORLD, NOVEMBER 1957

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

RETURN LOSS

By THOMAS RODDAM

|I.—Standing Waves or Return Loss ?

«« Mosculine will only be
Things that you can touch and see.”

THOUGH excellent as a mnemonic for the student
of the classics this jingle, for that is what it is in
contemporary language, represents one of the
great untruths of science and engineering. Too
many of the elementary texts on electricity, wireless
or radar, persist in the assumption that we are all
plumbers at heart and cannot understand anything
which isn’t disguised as a system of water pipes.
Currents, valves, pressures, condensers (and don’t
think capacitance hasn’t a touch of the water works),
all our terminology keeps us in the same frame of
mind. This attitude was, perhaps, in order when
light-current electricity was a ““ new thing,” but now
most of us find circuits much easier to understand
than plumbing.

I was set off on this line of thought by the sight of
a picture of a water trough intended to help the
student to understand the development of standing
waves. Here we have one of those happy hydraulic
analogies which can so easily create more difficulties
than they resolve. Do we really need standing
waves?

For work in the kilo-megacycle region I suppose
that there is still a great deal to be said for operating
with standing wave ratios, although improvements in

" the directional coupler have brought us to the position
where we are no longer compelled to measure
standing waves. I have, however, found this to me
rather repulsive concept creeping in all over the place
and leaving a certain amount of confusion in its
train. I think it is possible to attack many of the
problems of mismatched lines more easily and more
clearly without using the idea of standing waves at all.

The traditional approach to the problem of a line
which is not correctly terminated usually begins with
a special case, that of the open-circuited line. The
voltage wave travelling along the line is shown first.
The author then draws another sine wave represent-
ing the reflected wave, adds the two together, and
shows the instantaneous resultant voltage distribution
along the line. He then repeats the process for a
slightly later time, and finishes up, in one particular
example, with sixteen little drawings showing that at
some points the voltage is always zero, at others the
current is always zero, and that at others the voltage
and current reach maximum positive and negative
values. The next step, I suppose, would be to show
what happens if the line is terminated, but in-
correctly: the textbook I looked in apparently found
this too advanced.

I’m not a student any more, but when I looked at
these little drawings T wondered what happened away
to the left of the picture, where the wave started.
Unless the line is matched there, the reflected wave
will be reflected again and it looked as though it
would not be too difficult to get into rather a muddle.
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What is more, it seemed as though it was a rather
unnecessary muddle, because it is only when asked
to measure standing waves that anyone would move
along a line looking at maxima and minima. I’m
excluding interconnection problems in large power
networks and one or two rather similar cases.

The real difficulty with the standing wave treat-
ment of problems is that there is nothing in the
ordinary simple theory to tell you whether standing
waves matter, and if they do, how much. Let us
consider a simple problem. From my window I can
see a television aerial on a chimney stack: I suppose
it is about 50 to 60 feet above ground level. The
feeder wanders about rather, so I shall assume that it
must be at least 20 metres long from aerial te set.
Let us pretend we have carried out an experiment
and found that there are standing waves along the
feeder. What then?

The first conclusion we can draw is that the
receiver at the bottom does not provide a perfect
termination for the feeder. That means we will not
get quite as much signal reaching the first grid as we
might. Now we know that the standing waves
originate in reflections at the receiver, but this simply
means that a signal is sent back up the feeder to the
aerial. There, perhaps, there is again a mismatch
and the signal is re-reflected down to the receiver
again. Ordinary television down-lead coaxial cable
transmits signals at about 200 metres per micro-
second, so that this delayed down-coming signal,
after two reflections, arrives about 1/5 of a micro-
second late. This means that the double echo of
the white bars of the 2.5 Mc/s section of the test card
will just turn up on top of the black bars. Here is
something pretty practical; in this particular installa-
tion, if echoes are produced at top and bottom of the
feeder this trouble will really be seen on the 2.5 Mc/s
bars. Our simple standing wave test, however,
doesn’t help us to find out how serious this will be in
our particular case.

Determination of Return Loss

I don’t know how many readers remember
Appleton and Barnett’s experiments on the iono-
sphere. They used a c.w. signal, varied the trans-
mitting frequency, and measured the maxima and
minima produced by interference between trans-
mitted and received waves. - This is a good way of
proving that the ionosphere really exists, but it would
take from now to Christmas to produce just one of
those apparent height versus frequency curves the
automatic machines turn out in the odd minute or
two. The method preferred nowadays for measure-
ments on the ionosphere is that introduced by Breit
and Tuve, who used pulses to keep the echoes
separate from the transmitted signal. Standing wave
measurements always remind me of the Appleton-
Barnett technique, so simple for indicating that
something’s wrong, but so awkward for finding out
exactly what.

It may come as a shock to those readers who have

521

www americanradiohistorv com


www.americanradiohistory.com

ever had anything to do with line communications to
learn that there are some living and breathing
engineers who have never heard of return loss.
Paddling happily in their troughs they have failed to
netice that there is a much easier way of solving their
problems, the method of return loss. Let us see
what we mean by this,

Ro

FROM AERIAL

TO RECEIVER B

TO RECEIVER A

S —

JW

Fig. I. A splitting network to avoid reflections.

Suppose we assume that we have a circuit con-
sisting of a long line of characteristic impedance Z,
and at one end, the end we can see, we terminate
this line with an impedance Z,. The line is, of
course, quite free from all losses, because we do not
want to complicate matters with irrelevant effects.
At the far end we shall assume that there is a pulse
generator of impedance Z, giving an open-circuit
pulse voltage 2V. FEach time, the pulse generator
delivers a pulse it operates as though the load on it
were Z,, because the line is assumed to be long
enough for any receiving end effects to happen too
late to be noticed at the sending end. Thus the
generator gives out a pulse V to the line.

When we start to observe matters at our own end
we carry out a special experiment putting Z, across the
line (instead of Z;). We then measure a pulse
amplitude of V, with our given generator voltage and
impedance.

There is a very important point to notice here.
When we terminate the line in the impedance Z,
there is no join from an electrical point of view.
Nothing distinguishes the terminating impedance
from a very long bit of line of the same kind so that
there is no reflection at the termination.

Now let us put back the Z, termination. We then
have a very simple circuit cons1st1ng of a generator
of impedance Z, and open-circuit voltage 2V, and a

load Z,. Across the load, then, by Thévenin’s
theorem, we have
Z, .
Visz 3wz

The generator, however, is a pulse generator and
as we have seen, operates as though the load on it
were Z,, so that ori the line a bit back from the load
the pulse amplitude is V. Suddenly, on reaching the
load, the voltage has changed. Let us consider the
available energy. ,We could deliver, in fact we are all

. set to deliver V2/Z, into a load Z, Actually the

which

pulse only delivers. V,%/Z,, that is ——— Zit 20)2
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v: o 4vViZ,

Z, (Z,+Zy*
rejected. It is, indeed, literally rejected, thrown
back along the line as a pulse travelling back towards
the source. How big is this pulse? It has energy,

given by the expressxon above, which will all be
dissipated when it reaches the impedance Z, of the

means that an amount must have been

generator. If the reflected pulse amplitude is V,
we must have then
ve_ve 4viZ,
Z, Z, (Z+Zy
e (Vo) o1 4BZe _ ZSH 2022,
v (Z,+ Z,)? (Zy + Z)?
_Zi =7y
(Z,+ Zp)?

As we are only interested in amphtudes we can
write _
Vol _ 2= Z,
vV |Z,+ Z,
-~ Usually we regard the operation as one providing
an attenuation between the arriving and returning
pulse. We work in decibels and say that
\ Z, + 7,
v, Z,—Z,

The return loss is a really useful concept. In

=201log

Return Loss = 20 log dB.

‘ ordinary language we say that a particular impedance

has a return loss of so many decibels against 75 ohms,

-or 600 ohms, or whatever our standard is. Let us look

quickly, before doing anything else, at my neighbour’s
television down-lead. We assume just for con-
venience, that the receiver has a return loss of
15 dB against the feeder impedance, and that the
aerial has a return loss of 10 dB against the same
impedance. We shall neglect the loss in the down-
lead for this example. The signal, say 1 millivolt,
comes down the aerial and at the set a signal of 15 dB
below 1 mV is reflected back. When this reaches the
aerial we have a new reflection with the echo 10 dB
down on the signal moving up the feeder, so that
the re-echoed signal is 25 dB below 1mV. This,
then, is the size of the delayed down-coming signal
which we saw would disturb our 2.5 Mc/s bars., As
you see, using return loss the mathematics is
reduced to a matter of simple addition: you can
hardly do better than that.

Reflection Loss

While we have our mathematics handy, and before
we go on to a further discussion of return loss, there is

-another important factor connected with the mis-

termination of the line, the reflection loss. We have
just seen that some energy was reflected back along
the line. Obviously, then, we did not get as much
energy into the load as we might have done. In
fact the available energy was V%/Z,, and the amount
not reflected was 4V2Z,/(Z, + Z,)% so that reflection

VP (Zy + 2o _ Z + 2,
loss = 10 log Zo Viaz, 201og NZZD

This is usually a pretty small quantity and is difficult
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to measure. For example, if Z, = 100 ohms and
Z, = 110 ohms then

Return loss = 20 log 2%69 = 26.4dB

210

105
fl 1 = 2 R —
Reflection loss 0 log (1 10 ) Iy

=2010g————1049,

an amount well below slide-rule errors. The return
loss is much easier to deal with and, as we shall see in
another article, it is the return loss combined with the
time delay which makes matching important.

Now let us consider a more complicated problem to
see how we can use return loss in practice. Two men,
whom we will call A and B, decide that they will share a
television aerial. The aerial is erected on a convenient
chimney-stack, and a lead run down to a suitable
point near the ground. From here, two separate
leads are to run to the two receivers. Obviously,
says A, we cannot just parallel up the two leads or
we shall have a shocking mismatch. They therefore
make up a matching network, which takes the form
shown in Fig. 1. You will notice that all three
resistances are equal, because if all three feeders have
the same impedance the system is a symmetrical one.
(Most people drawing it will, if they want to accen-
tuate this feature, show the resistors spaced 120°

All

Fig. 2. This shared aerial system
may not make A and B happy.

50t

1001t Plr o5t

A 18

apart.) To match the downcoming lead we must have
R+ R

R + -I; ! = R,or 3R = R,. At the input to this

network we have a signal V. At P we have

R + R, R + R,
VIS (R E5E)

and at the receiver feeder itself we have
R+ R, . R+Re\|. Ry
V250 (r+ B0 | e

R+R, R, _y R _V
3R+R, R+R,

=V. .2?(;—2.

This little pad therefore costs us 6 dB. If we hadn’t
worried about matching and had just paralleled up
the feeders, we should have found that we got

Ry/2  2V.R,

V. R0+R0/2 3R,
What reward do we get for the extra 1.6 dB?
If we leave out the pad there is a bad mismatch

= gV, aloss of 4.4 dB.

at the junction, and the return loss at this point is

Rl] + 0/
Ro — Ry/2
Leaving out the attenuation in the cable 1tself as in

20 log =20log3 =9.5dB.
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© 300’ extra.

our previous example, we get a delayed echo 20 dB
down if the aerial has a return loss of about 10 dB.

But now let us look more closely into the problem
that A and B have set themselves and us. Fig. 2
shows a view of the sort of installation they might be
sharing and I have assumed a rather large-scale affair
because then we get more interesting numbers.
The signal is received by the aerial at T, and we will
take its level at this point as zero level. The cable
used has an attenuation of 2 dB per 100 feet so that
at the bottom of the downlead, Py, the signal is at a
level of —1 dB. At P, and P, it is —7 dB, and at
A —9dB, and B —74 dB. So far so good; but now
say that A decides to watch the other programme
and in switching round his turret leaves his input
a short or open-circuit to the signal B is using.
(It makes no difference which of the two he does for
this calculation.) The return loss at A is then zero,
so that from A a signal starts to travel back at a level
of —9 dB. At P, this signal is —11 dB. From
P, to Py the loss is 6 dB, so the reflected 31gna1
reaches Py at —17 dB and goes on to B where it is
—17% dB, or just 10 dB below the level of the direct
signal to B. In addition, the reflected signal reaches
Prat —17 dB, goes up to T where it is down to
—18 dB and is then reflected back at a level depend-
ing on the goodness of the aerial matching. An
aerial giving 10 dB return loss will send down a new
echo at —28 dB and this, by the time it reaches
B will still be 28 dB below the direct signal.

The first echo has travelled 200’ extra, the second
At- 200 metres/microsecond the first
echo is delayed about 1/3 psec and'the second about
1/2 psec. Just what this does to picture quality must
be discussed at some other time, but you can see that
when A changes programme it can show up on
B’s screen. We can work out something else, too.
The echo from A is 10 dB down on the direct signal.
This means that the echo voltage is 0.316 times the
direct voltage. If the carriers are exactly in anti-
phase, i.e. assuming that AP is the appropriate
length, the carrier voltage received by B will drop to
0.684 times its previous value, a fall of 3.3 dB.-
Of course if B’s receiver has a good a. g.c. system he
will not notice this; but if the a.g.c. is not too good
B will have a busy time with the contrast contro]
if A can’t decide which programme to watch, i

We can carry out the same calculations of “the: .

effect at A’s set assuming that B keeps altering the-
termination. The echo from B will be less delayed,”
but the possibility of change of ‘level is somewhat -
greater—I’m ‘not going through the whole analysis
here. There is a solution of the problem we have
created which is also worthwhile analysing. Attenua- -
tors placed in the two feeders A-P,and B-P, will
each protect the other receiver. An attenuator of
6 dB at A will improve the echo effect by 12 dB for
B, and an attenuator of 6 dB at B will improve the
echo effect. by 12 dB for A. As yeu can see, the
total signal attenuation is 12 dB, so that we have a_
very simple theorem ¢ Protection -equals loss
Obviously neither A nor B will put in an attenuator
unless the other does, so we can expect the two.
attenuations to be equal, and their sum is equal to
the protection afforded to either of the receivers.
The protection equals loss theorem is a useful
one to remember if you ever have anything to do’
with what the telephone transmission people call
two-wire/four-wire circuits. As you know, the
ordinary local telephone system is a two-wire
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Semiconducior Symbols

Logical System for Diodes, Transistors and Other lunction Devices

By P. M. THOMPSON* and J. BATESON*

THE number of articles written on the subject
of transistor symbols is growing -at an alarming
rate. If, indeed, the present rate of production is
maintained it will soon be reasonable for the Editor
of Wireless World to introduce a symbol representing
an article an transistor symbols. In view of the fore-
going the reader might be forgiven for asking why
we are adding to the alarm. The answer would be
that this article is not only about transistor symbols;
what we have developed and would like to present
here is a logical, self-consistent, graphical nomen-
clature which can be used to depict any device
depending for its action upon p-n junctions. Thus,
by means of this nomenclature one may represent,
and distinguish between, junction transistors; junc-
tion diodes, both of the common-or-rectifier type
and the Zener type; photo-diodes and -transistors;
solar batteries and the like.

Since the days of Archimedes mankind has been
attracted to the idea of getting, or only apparently
getting; something for nothing, and the transistor
showed such promise in this direction that many
people were led to consider it the only significant
device to come out of the field of semi-conductor
research. One result of this has been that symbols
proposed to represent “the” transistor have tended
to be unique and incapable of extension to related
semiconductor devices. The Bell (Telephone
Laboratories) symbol has historical significance
since it is a depiction of the earliest point contact
transistors. However, it is noteworthy that the early
and also pictorially derived symbols for valves gave
way to symbols which could be helpful in explaining
the action of a valve. This could be interpreted as
indicating that the symbol, for any device, which

finally becomes universally accepted is that which -

proves most helpful to the student.

Engineers coming upon the transistor late in their
training, or in post-training years, would be expected
to incline towards adoption of a valve-like symbol

since they tend to explain the action of a transistor .

(at least to themselves) in terms of a valve amplifier.
However, it is interesting to speculate upon the
symbol that would be adopted (or invented) by the
student who, familiar with semiconductor amplifiers,
or, perhaps magnetic amplifiers, was then intro-
duced to the valve as an amplifier. We feel it is
not improbable that in future training courses stu-
dents will be introduced to transistor amplifiers
before going on to consider the less elegant evacu-
ated bottles of metal and mica which are variously
known as valves or vacuum tubes.

Historically and technically the junction transistor
evolved from a successful attempt to create a con-
tinuous, tetravalent crystal lattice which contained,

* Defence Research Telecommunications Establishment, Ottawa,
Canada.
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in adjacent regions, precisely controlled amounts of
an impurity selected from the group III or group V
elements. Two such regions with their different
“doping > but with similar conductivity gave us the
p-n junction rectifier. The creation, then, between
two like-doped, relatively high conductive regions
of a physically and conductively slender, other-
doped region gave us a device that would amplify
small currents.

We feel, therefore, both that the bond between the
junction diode and the junction transistor is one that
is logically not easily broken and that there is no
real reason for trying to break it. We do not, then,
propose a special system of symbols so much as a
philosophy of an integrated and self-consistent
system. Being self-confessed traditionalists we have
accepted the traditional rectifier symbol and have
extended it to fit related devices in this new field.
It was this philosophy that led to the “Canadian
system” and what follows has been abstracted from
a memorandum which is used as an approved guide
by the research laboratories -of the Canadian
Government,

The purpose of a semiconductor symbol is to
represent the semiconductor device in a schematic
diagram. In order to do this it should suggest to
the reader the characteristics of the device; it should
be easily recognizable, and easily distinguishable,
from other parts of the diagram. Other important
requirements for the symbols are that they should be
easy to draw, easy to remember, and adaptable to
any new semiconductor device.

Since there are many devices to be represented
and since each has its own symbol, if the symbols
are to be easy to remember the system of nomen-
clature must be based on the logical development of
a few simple rules. Furthermore the system should
be capable of remaining accurate when used in
part, in whole, or just approximately. Although
based on only a few rules, it should not be necessary
for a user to know the whole system to use but part
of it. '

It was with all of these considerations in mind that
the following system was developed.
Fundamentals.—Semiconductor devices such as di-
odes and transistors consist of p-n junctions. In this
system of nomenclature there are symbols for the
various types of junctions, and the devices are repre-
sented as combinations of these junctions.

The junctions are distinguished as to the direction
of essential current flow. If the current flows from
p to n (in the forward direction) as in a transistor
emitter, the junction is shaded. Where the current
flows from n to p, as in a transistor collector or a
Zener diode, the junction remains unshaded.

A second connection to a region, such as in a
transverse field junction tetrode, is indicated by
displacing the connection or by a dot. There are
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distinctive symbols to indicate special sensitivity to
light or heat, or the presence of an intrinsic layer.
Any semiconductor device, which consists of points,
junctions or both will have a logical symbol within
the system.

The Standard Symbols.—In order to indicate the
size of the symbols for semiconductor devices with
celation to the other circuit components, a resistor,
capacitor, and inductor are drawn,

1
T

The photoresistive device and the thermistor
indicate the symbols for light and heat sensitivity
respectively.

PHOTORESISTIVE
BEVICE THERMISTOR

Among the single junction devices there are
several types of diode and “field effect transistor.”
Point and junction diodes have distinctive symbols.
They are shown shaded because the essential current
flow is from p to n.

JUNCTION

- , POINT DIODE DIODE

In a Zener diode the breakdown current flows
in the reverse direction, so it is shown as an un-
shaded junction diode.

DIRECTION OF -
BREAXDOWN CURRENT

ZENER DIODE
Biobe IN SERIES WITH
T DIRECTION OF CONVENTIONAL DIODE
FORWARD CURRENT

In photodiodes reverse current flows when light
falls upon the junction, so they are shown as un-
shaded diodes with the circle to indicate sensitivity
to light. For a solar cell the * battery ” symbol
can be added.

POINT
PHOTODIODE

JUNCTION

PHOTOD0DE SOLAR CELL

An n-type field effect, unipolar, or analogue tran-
sistor would have its gate shown unshaded, and
the source shown as a second connection to the
base. (This bears some similarity to the bias con-
nection in a junction tetrode.)

“Unijunctions” or “double base diodes” are

DRAIN
GATE
N-TYPE ,
FIELD EFFECT SOURCE “UNIJuNCTIeN”
TRANSISTOR (n-TyPE)
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similar to the last-mentioned types, except that they
are operated with a forward current through the
junction. :

A field effect transistor with injecting drain has
the normal drain connection replaced by a junction,

DRAIN

GATE N-TYPE FIELD EFFECT TRANSISTOR

WITH INJECTING DRAIN
SOURCE

The complementary p-type field effect transistors
will be shown as follows.

SOURCE
GATE
DRAIN

P-TYPE FIELD EFFECT TRANSISTORS

SOURCE

GATE

DRAIN

Triode junction transistors, both p-n-p and n-p-n,
consist of two junctions. The current flows in the
forward direction through the emitter and in the
reverse direction through the collector junction.
The emitter is therefore shaded.

EMITIER COLLECTOR
BASE BASE ‘
COLLECTOR EMITTER
P-N-p JUNCTION TRANSISTOR N-p-T JUNCTION TRANSISTOR
There are several types of junction triode referred
to as alloyed, fused, surface barrier, grown, rate
grown, diffused base, etc. Although all have their
own particular characteristics they do not differ
electrically sufficiently to warrant separate symbols.
However, the p-n-i-p transistor has special proper-
ties, and the presence of an intrinsic layer in the

base is shown by drawing the base as a narrow
“b »
0X.

EMITTER COLLECTOR EMITTER
© BASE BASE BASE
COLLECTOR EMITTER COLLECTOR
p-n-i-p n-p-i-n p-n-i-p

WITH CONNECTION TO
INTRINSIC REGION

The p-n-i-p transistor may be regarded as an
extreme case of the graded base p-n-p transistor,
so0 a graded base transistor may be represented as
above.

If the transistor is symmetrical it has no defined
emitter and is left urshaded.

A transverse field junction tetrode is a junction

EMITTER COLLECTOR

COLLECTOR EMITTER

TRANSVERSE FIELD

TRANSVERSE FIELD
P-N-P JUNCTION TETRODE

N-P-N JUNCTION TETRODE
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transistor with a secend connection (the bias eon-
nection) to the base.

When extra junctions are added to the system
making such devices as the p-n-p-n transistor, it

will have a logical symbol within the system.

|

P-N-p-n JUNCTION TRANSISTOR

A shield or earthed case for a device is shown

as follows.

It is drawn to enclose the device or the part of

the circuit which is shielded.

For point transistors the emitter is drawn as a

suggested that the collector, which bears no resem-
blance to any type of single junction, should not
be drawn as one, but should have its own distinctive
symbol, as shown here (below left).

:I BASE

POINT TRANS]STOR
(n-TypE)

Mi
EMiTTER EMITTER

COLLECTOR

THYRATRON TRANSISTOR
(n-1YpE)

COLLECTOR

A thyratron transistor (above right), a transistor
with a junction emitter and a point collector, is
similar in characteristics to a point transistor.

The above examples of semiconductor devices
have been in use up to the time of writing. Although
all possible variations have not been illustrated, the
reader will probably see already how the system
can be applied to any new device. As it is inevit-
able that there will be devices which do not fall
clearly into any classification (e.g., gold-bonded
diodes), they should be drawn as the device with
which they are most similar in their application.

point diode, with which it is very similar. It is Complete Circuits.—Schematic circuit diagrams
+ +24v
) %
47k
>
J 47k
(o1} s Cy %
"L J ' 'L— IN20i
¢ Rs 47k
R c 20 am
2 c Cs 47k 1sV
4 AR
T cT T, . IN203
L, '—SL— Cﬂ Ly AV } 903
L R ) Rs Ly 6005 %
Re > 0
AGLC -
+40V
, +12v y
200p +10
b 33k
|o|<$> D,
Dy
¥ 4 10k
Dg QUTPYT
-V +16V 10k
-l 0
ZOOP.. D;_: 10V
INPUT
Examples of the use of the > \
proposed symbols in some typical
circuit diagrams. i L
+aov DK k 02
10k 100p
=20V
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are line expositions of circuits. These line pictures
should be as easy to read as the word pictures or
descriptive texts that go with them. If a convention
exists for a sub-circuit which is being operated in a
conventional manner, it should be used, since the
reader is not then compelled to derive the circuit
every time from first principles. In general, it
should be remembered that the contribution made
by the eye when reading a diagram is greater than
that made when reading words. The appearance
of a diagram, therefore, is not unimportant.
Rules.—(1) Connections to positive supplies should
be drawn going upwards on diagrams, while
connections to negative supplies should go down-
wards. Connections to intermediate potentials or
to earth should be between these two extremes.

(2) The signal should travel from left to right
through the circuit.

(3) Any separate part within the circuit, such as
an audio amplifier, should be kept together, and
not be mixed in with parts performing other func-
tions, such as an oscillator or pulse shaper.

(4) Parts of the circuit which are normally recog-
nizable, such as a bridge or a p-n-p-n trigger cricuit
should be drawn in their recognizable form, and
not distorted so as to disguise their function.

Components may be labelled as desired, to allow
the circuit to be built, or to simplify the understand-
ing of its operation. It is suggested that J is used
for a junction transistor and P for a point transistor
as V is for a valve. T should be kept for. trans-
formers. Diodes could be given D numbers or P
and J numbers, depending on whether it is more
important to emphasize the difference between
transistors and diodes, or different types of diode.

To conclude, it may be instructive to compare
the symbols of the Canadian system with some of
the other symbols in use to-day, both in relation
to self-consistency, and their potentialities for ex-
pansion to represent related devices. In this con-
nection it may be possible to draw a parallel between
the Bell transistor symbol and an early triode
symbol.

\/

BELL TRANSISTOR

TRIODE VALVE

Neither of these can be developed to represent
related devices easily, and neither takes a form
which suggests the operation of the device. The
above triode symbol gave way to a nomenclature
based on symbols for anodes, grids, cathodes, etc.

ER

DIODE TRIODE PENTODE etc
These symbols for valves are self-consistent, e.g.,
the anode is always shown the same way. How-

ever, one finds a surprising lack of self-consistency
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in the symbols that have been suggested for tran-
sistors. If, for example, we consider the ways 3
collector (which is a p-n junction where the essentia]
current flow is from n to p) is drawn, we find that
it differs considerably between the p-n-p, and the

n-p-n.
J n
P

In Chaplin’s symbols
n =

, i P
while in the Bell, R.C.A. and several other systems
there is nothing about the way in which the junc-
tion is drawn which indicates which side is p, and
which is n. This depends on whether the transistor
is p-n-p or n-p-n.

It is probable that the junction transistor will
not be the last widely used device to emerge from
the laboratories of the semiconductor researches;
and unless a self-consistent nomenclature is adopted
one will be faced with a repetition of the present
situation each time a new semiconductor device is
produced.

CLUB NEWS

Birmingham.—Two R.S.G.B. tape-recorded lectures
—“Astronomy and cosmology” by the Astronomer
Royal and “Interplanetary travel” by W. A. Scarr—
will be given at the November 8th meeting of the Slade
Radio Society. The club meets at 7.45 at the Church
House, High Street, Erdington. Sec.: C. N. Smart,
110 Woolmore Road; Erdington, Birmingham, 23.

Bury.—The November meeting of the Bury Radio
Society will be held at 8.0 on the 12th at the George
Hotel, Kay Gardens. The speaker will be T. C. Plau
(G2GA) and his subject “An old-timer looks back ”.
i“:ec.: C. L. Robinson, 56 Avondale Avenue, Bury,

ancs.

Edinburgh.—The Lothians Radio Society has recom-
menced holding meetings in the Chamber of Commerce
Rooms, 35 Charlotte Square, on alternate Thursdays
at 7.30. The next meeting is on October 24th. Sec.:
J. S. Nicholson, 10 Hawkhead Crescent, Edinburgh, 9.

Leeds Amateur Radio Society meets most Friday even-
ings at Swarthmore Educational Centre, Woodhouse
Square. On November 1st the subject to be discussed
will be simple gramophone amplifiers and on the 15th
there will be a talk on wartime radar. Sec.: J. R. Hey,
40 Richmond Avenue, Headingley, Leeds, 6, Yorks.

Sidcup.—The next meeting of the Cray Valley Radio
Club will be on October 22nd and will be devoted to
an exhibition of members’ home-constructed gear. The
club meets on the fourth Tuesday of each month at
8.0 at the Station Hotel, Sidcup. Sec.: S. W. Coursey
(G3JJC), 49 Dulverton Road, London, S.E.9.

Wellingborough.—At the October 31st meeting of the
Wellingborough and District Radio and Television
Society, A. C. Homer will give a talk entitled
“Reminiscences of a Post Office engineer”. On
November 28th F. W. Tyler (G3CGQ) will speak on
“The International Geophysical Year and the radio
amateur ”. Meetings are held every Thursday at 7.30
at the Silver Street Club Room. Sec.: P. E. B. Butler,
84 Wellingborough Road, Rushden, Northants.
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small. One dyne/sq cm is only about one millionth
of atmospheric pressure; even so, the standard
‘ reference level ” for sound pressures is as little
as 0.0002 dyne/sq cm—the reason for which will
appear later. Most people who have had the mis-
fortune to hear a pneumatic drill at close quarters
would be surprised to learn that it disturbs the
normal atmospheric pressure (which they bear all
the time without noticing) by only about one ten-
thousandth part. Before a sound reached 1%
of atmospheric pressure it would be quite literally
ear-shattering.

The greater the sound pressure, the faster the air
vibrates. By  faster ”’ I don’t mean a greater num-
ber of vibrations per second, but a greater to-and-fro
velocity. To distinguish this velocity of the air
from the onward velocity of the air waves, it is called
particle velocity. It corresponds to electric current,
because it is proportional to the pressure and in-
versely proportional to something corresponding to
impedance. This thing is, in fact, called acoustical
unit-area impedance, and depends on the medium
in which the sound waves are travelling. Since the
only medium we are considering is air, we can regard
the ratio of pressure to velocity as fixed.

Sound Intensity

Seeing that the power delivered to a given electrical
impedance is proportional to the square of the voltage
or current, acoustical power is presumably propor-
tional to the square of pressure or velocity. While
this is true, we must bear in mind that for simplicity
we have been comparing sound waves with electrical
circuits instead of with electromagnetic waves.
So just as sound pressure is in dynes per square
centimetre, what is called the intensity of sound is the
amount of power the waves carry away through each
square centimetre at right angles to the way they are
going. .

In Fig. 2, S represents a point source radiating
sound equally in all directions. (Such things do not
exist, but no matter.) At any radius r, the total area

I sq.cm 4sq.cm

= ]
21‘\..

Fig. 2. S represents a source of sound, radiating equally
in all directions. Knowing the total power radiated, one
can easily calculate the intensity of sound at any distance
from S.° (It is assumed that there are no external
obstructions.)

through which the whole power is being radiated is
4n 12, so if that power is known the intensity at that
radius is given by dividing it by 4= r% At twice the
radius, the same power is spread over four times the
area, so the intensity is one quarter as much.

Power is rate of doing work, and the c.g.s. unit of
work is the dyne-centimetre or erg. So the c.gs.
unit of sound intensity is the erg per second per
square centimetre. Because there is a fixed rate of
exchange between mechanical (including acoustical)
and electrical power, we can alternatively reckon
sound intensity in watts per square centimetre
(or per square metre if we are m.k.s. minded).
There are ten million ergs per second to a watt,
which is too large a unit to be convenient for sound
intensity so is usually divided into a million micro-
watts.

The standard intensity reference level (to which
the aforementioned pressure of 0.0002 dyne/sq cm
corresponds, if air is the medium) is 10-® watt/sq cm,
which is 10-'° microwatt/sq cm or 10-° erg/sec/sq
cm. I am mentioning all these alternative units
because some people use one and some another, and
it is useful to have a table connecting them. But
before coming to that we must understand why

it is that a standard reference
level has been fixed. The main

idea is to enable sound levels to be

Sound Intensity Sound Pressure* given in decibels. As we ought

- to know, decibels are simply

dB Watt/sq | Micro- | Erg/sec/ | Newton/ | Dyne/sq | ratios, so cannot be used to specify

metre watt/sq $q cm | sq metre cm quantities such as sound intensi-

cm ties or signal strengths except by

120 1 100 1000 0 200 comparison with some standard

110 0.1 10 100 6.3 63 level to which zero on the decibel

100 0.01 1 10 2 20 scale can be attached. The state-

ment one often encounters, that

gg ig_‘i | 8(1) . (1) ) 83 3-3 “ the decibel is a. unit of soundé”

. y . is true only on this understand-

0 10- 10-2 0.01 | 0.063 0.63 ing. Here then, on the left, is
6 4 the table.

gg }8:7 }&5 % 8_'i gfgoaa 82363 Everything so far has been plain

40 ) 10-8 10-¢ 10-5 0.002 0.02 sailing, because it refers to an

objective thing that can be

gg i&’;o }8—_; i&‘; 888823 88823 measured with suitable instru;

. . ments, in the same systems O

10 10-11 10-9 10-8 0.000063 | 0.00063 units that serve for all other

0 10-12 1010 10-° | 0.00002 | 0.0002 physical quantities. There are

—10 10-13 10-11 10-10 | 0.0000063 | 0.000063 always some people who will

misuse or misunderstand decibels,

*In a@ir at normal azmospheric temperature and pressure.
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fault, It is when we come to the human response
to sound that things become difficult. One difficulty
is that no two human beings are the same, and even
an individual’s ‘hearing varies with age. It is also
enormously affected by a variety of conditions such
as the frequency and character of the sound being
heard and the presence or absence of other sounds.

T ireshold of Hearing

If a sound is very weak indeed it cannot be heard
at all by anyone. So the obvious starting point
for a loudness scale is the intensity of sound that
marks the dividing line between just audible and
not audible. It is called the threshold of hearing,
and is defined as the minimum r.m.s. pressure
of a pure sound wave that can be heard, under
certain specified conditions. To measure this
without bringing in individual characteristics, the
average is taken of tests on a reasonably large num-
ber of people, all aged 18 to 25 and without any
hearing defects. The background must be per-
fectly quiet, and the standard frequency is 1,000 c/s.

The last condition is vital. A 50c¢/s sound, for
example, is too weak to be heard even if it is 1,000
times the 1,000c/s threshold intensity. In other
words, the intensity corresponding to the threshold
of hearing (zero loudness) varies tremendously
with frequency. Fig. 3 shows how it varies. In
this kind of diagram, sound level (as set forth in
our table) is marked as horizontal lines across
the whole band of audible frequency. We see
how normal hearing becomes steadily less sensitive
(i.e., the sound has to be stronger to be heard)
as frequency falls below about 800c/s, but rises
slightly about 1,000 and then falls off. If older
people are used for the test, it falls off much more
steeply at the high-frequency end. The dotted
line is the curve obtained in the celebrated tests
by Fletcher and Munson* in 1933; the solid line
was published last year by Robinson and Dadsont
and is claimed to be more accurate.

As a matter of fact, Fletcher and Munson’s
measured threshold at the standard 1,000 c/s agreed
more closely with the newer results than the curve
indicates, but it seems that they distorted it a little
at this frequency in order to bring it to a convenient
round number (10-'¢ watt or 10-'® W per sq
cm). It is generally agreed that only exceptionally
acute hearing can detect a 1,000¢/s tone at this
level.

So right at the start there seems to have been a
bit of a fiddle in connection with the loudness
scale. The standard reference sound intensity,
reckoned as 0 dB, has been fixed at 10-'¢ W/sq cm
with the idea that that is the threshold of hearing
at 1,000c/s, but actually it is the nearest round
number to it. The real threshold of hearing is,
after all, only an average of rather tricky measure-
ments made on human beings, who come and go.

But this is not all. Granted that zero loudness
is where a sound just begins to be audible (or just
ceases to be audible, if you are varying the invensity
the other way), where should “1” come on the

scale? How loud is unity loudness? Your guess

*¢ Loudness, its Definition, Measurement and Calculation,” H.
Elatcher and W. A. Munson, Jour. Acoust. Soc. Amer., Oct. 1933,
+¢¢ A Re-determination of the Equal-loudness Relations for Pure
Tones,” D. W. Robinson and R. S. Dadson, Brit. Jour. Appl. Phys.
May 1956. .
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is as good as mine, but hardly likely to be the same.
Then, supposing we agree to put “1” on the
scale at an arbitrary increase in intensity above
“0,” where do we put “2””? When is a sound
twice as loud? There is a little more to go on
than in fixing “1,” but still plenty of room for
difference of opinion.

Quite a long time ago these difficulties were
evaded by deciding to make the loudness scale for
1,000c/s coincide with the intensity scale. The
question then arose: what about sounds of other
frequencies? Should the curves for all loudnesses
be made the same shape as the zero-loudness curve
of Fig. 3, by drawing them exactly parallel to it
through the appropriate points on the 1,000 c/s
scale?

It was soon found that if they were they certainly
could not claim to be equal-loudness curves. For
instance, a 50c/s sound 60dB above the 50c/s
threshold (i.e., at the 100 dB level) is far louder
than a 1,000c/s sound 60dB above its threshold.
The only reasonable way of drawing equal-loudness
curves is so that they show the intensities that are
heard equally loudly, even though it means employ-
ing the large gang of young hearers for a much
longer time in order to arrive at an average of their
views on how intense the sounds of different fre-
quencies have to be in order to be as loud as the
standard 1,000c/s sounds. And that is not a thing
that can be done quickly or easily, for people are
not fitted with pointers that automatically show
how loudly they are hearing, and the requisite
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listening conditions are difficult to maintain over
wide ranges of frequency and intensity.

The results of an extensive set of such observa-
tions are shown in Fig. 4, which is Fig. 3 with a
superstructure of equal-loudness curves erected
upon it. This kind of diagram is very familiar,
but the exact shapes of the curves will be less so,
for they are the recent ones by Robinson and Dadson
instead of those by Fletcher and Munson that
have been reproduced so many times during the
last 24 years. The reason for their popularity is
that a representation of the intensity/loudness
relationship is one of the most important in the
study of sound reproduction (and especially to
Cathode Ray’s modest contribution to the subject:
the term “ scale distortion ™!).

In place of the Fletcher and Munson zero loud-
ness curve, which was an observed threshold curve
fiddled to pass through the 10-¢ W/sq cm level
-at 1,000 c/s, Robinson and Dadson show their
observed threshold as a dotted line which does
not pass through this standard point. It there-
fore does not form a harmonious foundation for
the other curves, which are retained at the Fletcher
and Munson levels at 1,000c/s. Presumably this
is because it would be inconvenient to alter the
levels of the whole lot every time anybody came
out with an improved set of observations. Perhaps
even the average acuteness of hearing might drift
slightly from generation to generation, Personally
I would suggest retaining a *zero loudness >
curve passing through 0 dB at 1,000 c/s, representing
the threshold of an ideal hearer, who at the present
time would be about 4 dB more acute than the
average.

The curves in Fig. 4 show clearly, though to a
less extent than the Fletcher-Munson set, that at
low frequencies the divisions on the loudness scale
are closer together—in terms of intensity—than at
1,000 c/s and above. So much so that at the 100 dB
level sounds of all frequencies are heard almost
equally loudly, in contrast to the threshold level.
Even the arbitrary tying of the loudness scale to
the intensity scale all the way up at 1,000 c¢/s cannot
conceal the fact that these essentially different
quantities—intensity and loudness—are in general
not even approximately proportional to one another.,

Overworking the Decibel

What can we say then of the authorities who reckon
them both in the same units? As if the decibel were
not already liable to be misunderstood by the
weaker brethren, they chose it to be also a unit of
loudness! They label the rather irregular curves,
as well as the horizontal straight lines, dB,” so
that the same diagram contains two lots of decibels,
measuring two basically different quantities not
related in any simple way! If a perverted genius
had wanted to confuse the issue most completely
he could not have hit on a more brilliant way of
doing it. e
" In Europe this scheme of things could not be
tolerated for long, and in 1935 (or thereabouts)
loudness on this kind of diagram began to be scaled
in phons, But this civilized custom does not seem
even yet to have penetrated to all parts of America.
The next muddle was to draw parallel curves at
intervals above the threshold curve—the ones we
agreed couldn’t possibly be called loudness curves—
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and call them “ sensation levels.” In the first place,
if this name suggests anything at all it suggests that
they are a subjective quantity, which of course they
are not. The other thing is that these sensation levels
are scaled in—yes, you have guessed itl—decibels!
Apollyon himself, the Prince of Darkness, could
scarcely have thought of a diagram with three
entirely different things all in decibels.

Even if we sensibly mark the Fig, 4 curves in
phons and ignore “ sensation levels ” altogether,
these curves are a fraud. There is no justification,
except the convenience of dodging a difficulty, for
making a loudness scale coincide with an intensity
scale anywhere. However widely opinions may differ
on relative loudnesses, no one in his senses, asked to
double a 40-phon loudness by adj usting the intensity
of a sound, would set it anywhere near 80 phons,
He would be much more likely to make it 50. So
persistent attempts have been made to find a genuine
loudness scale. -

Origin of the Sone

Having been so rude about the American fondness
for measuring the most diverse things in decibels,
I must acknowledge that as long ago as 1936 S, S,
Stevens of that land originated the sone, which is
belatedly being recognized as a loudness unit. More
recently he has reviewed the subject fully;. And
I gather that the sone is receiving official approval
in this country.

The difficulty, as I have said, is to judge when a
sound is twice (or half, or any other ratio) as loud as
another. Quite a number of methods have been
devised for presenting sounds for such judgment,
and results differ somewhat according to the method;
and even with any one method the ratios are largely a
matter of opinion. However, the averages of large
batches of such opinions agree well enough for there
now to be general agreement that a loudness scale
can be approximately represented on the basis that
two-to-one loudness ratios .are produced by ten-to-
one (10 dB) intensity ratios at 1,000 c/s.

Incidentally, it is interesting to note that what is
judged to be a doubling of loudness by increasing
the intensity of sound at one ear is equivalent to
what is produced by bringing the same intensity to
bear on the second ear.  In other words, equal sounds
at two ears give double the loudness of the same
sound at one ear only.

Although true loudness and intensity scales cannot
be made to coincide like the phon and dB scales at
1,000 c/s, in order to define the loudness unit—
the sone—they must be tied together at one point.
‘For convenience the point chosen is 40 phons, which
is reckoned as 1 sone. Not only is this a good round
number representing a moderate intensity; it is the
standard loudness for judging that other subjective
quantity—pitch.

So to convert phons to sones it is necessary first to
deduct 40. To get the proportionality right, the
result is multiplied by 0.03 to make it equal to
the logarithm of the number of sones:

logye S = 0.03 (P — 40)
where S is the number of sones equal to P phons.
Fig. 5 is a curve calculated from this empirical
equation,

1 The Measurement of Loudness,” Your. Acoust. Soc. Amer.,
Sept. 1955,
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Fig. 5. Relationship between phons and sones, as calcu-
lated by an empirical formula.

Presumably in an attempt to keep themselves out
of the phon fraud, writers on sound often refer to
the curves in Fig. 4 as loudness level curves. It is,
I suppose, something to be thankful for that any
distinction at all is drawn between them and the
 approximation to true loudness curves, but if we
were strict we might say that attaching the sub-
jective word “loudness > to the phon curves was
a form of the offence committed by using the term
“ sensation level,” though admittedly a milder one
seeing that the curves do at least mark equal-loudness
intensities. _

Acceptance of sones means rejection of what is
called the Weber-Fechner law, as regards hearing at
least. This “law > is the name given tothe theory
that our response to a physical stimulus is pro-
portional to the logarithm of that stimulus. If it were
true of hearing, then the phon scale at 1,000 c/s
would be a true loudness scale, because phons at
1,000 c/s are equal to decibels, which are propor-
tional to the logarithm of sound intensity. But no
one would agree that loudness is anything like
proportional to the number of phons. And even
if it were, the “law > would break down at other
frequencies, where the phon scale departs from the
dB scale. X

Switching from phens to sones does however seem
to me to create an anomaly as regards the threshold
of hearing. Using the logarithmic phon for loudness
meant that there was a zero on the scale, correspond-
ing nicely with the definition of threshold. But this
threshold is 0.063 on the sone scale. That is
admittedly a small loudness, but it is a loudness,
which means it can be heard. So, too, is 0.01 sone,
which theoretically can be heard. But it is far
below the thresheld of hearing, sd it cannot be heard.
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I don’t know what the official answer is to this,
but two possibilities occur to me.

The actual measured threshold of hearing depends
very largely on the amount of background noise;
in fact, on what might be called the signal/noise
ratio. What is shown in diagrams as the threshold is
supposed to be the just-audible intensity when
there is no other sound than the * signal.”” But just
as it is impossible to have an electrical signal with
absolutely no noise, so with sound. Even if the room
itself could be perfectly insulated from sound, the
threshold of hearing cannot be determined without a
hearer.” And for the determination to be valid the
hearer must be alive. And if he is alive his heart:
must be beating. ~ I have read somewhere, too,
that the aural counterpart of Johnson noise is not
very far below the official threshold of hearing. Just
as the threshold of hearing a pure tone can be raised
to almost any sone level by the intrusion of a
sufficiently loud ¢ masking® noise, the official
“silent > threshold (0.063 sone) may perhaps be
regarded as the loudness that would be registered
by a theoretical listener with normal hearing but no
noise either outside or inside himself.

Of course this idea is rather unreal, because it is
explaining away a difficulty that arises after real
subjective observations have been replaced by an
empirical formula devised to fit them as well as can
be, but not necessarily (or even probably) perfectly
at every point. .

The other thought is that the infinitely large gap
between 0.063 and zero sones belongs only to the
logarithmic vertical scales in Figs. 3 and 4. The
difference between 0.063 and zero on a linear scale
going up to about a thousand is too small to show
or to worry about. But does that mean one would
use a linear scale for sones? Surely no, for the range
of loudness between just audible (0.063 sone) and
painfully audible (about 1,000 sones) is so vast that
it can’t all be shown clearly on a linear scale. So what
does one do? One uses a log. scale, which brings one
back to Fig. 4 with its phons! Does that mean that
sones have been a waste of time? Again no, for the
number of them gives a far better idea of the magni-
tude of loudness than the number of phons. So we
should modify Fig. 4 by marking the curves with the
numbers of sones instead of (or in addition to) the
numbers of phons. Marking the 140-phon curve
“ 1,000 ” shows what a vastly greater loudness it
represents than the 80-phon curve, which is only
16 sones—but itself is very loud compared with 20
phons, which is only 0.25 sone.

New Induction Healer

COMPACTNESS is an outstanding feature of the new
G.E.C. 18kW high-frequency generator, which occupies a
floor space of less than 11 sq ft. The single oscillator
valve is a BR1102 operating at approximately 500kc/s
and power is supplied through six GU21 mercury vapour
rectifiers. Forced air cooling is provided with filtering of
the air supply, and electrical filters are fitted to prevent
h.f. energy being fed back to the supply mains.

Either one or two work stations for surface hardening
or brazing can be supplied and the water-cooled work
coils are easily interchanged. There is a water-flow
safety switch and interlocks on all panels and doors.

An apode current meter indicdtes -power outptt and
an hour meter serves as a check on valve [ife.
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Bi-Directional FM. Aerials

An Unconventional V.H.F. Receiving System

By H. B. DENT

U‘ HEN Rowridge, Isle of Wight, commenced
regular f.m. transmissions it was decided to make
provision for receiving both the new station and
Wrotham, which hitherto had been the mainstay
of sound broadcasting at the writer’s location on the
south coast. Rowridge was the more favourably
situated of the two and could reasonably be expected
to provide a more reliable signal for most of the time.
However, anomalous propagation on v.h.f. is not
unknown, and it was thought desirable to have a
second string available, especially as Wrotham’s
signals are reasonably strong if a two- or three-
element aerial is used. Apart from this there were
other reasons which made Wrotham a desirable
station to have available at times.

WROTHAM
30°(TRUE)

Fig. 1. True bearings of Row-
ridge and Wrotham from the
writer’s receiving site.

ROWRIDGE
260" (TRUE) RECEIVING
SITE

" Fig. 2. Polar diagrams of (a) a halfwave dipole and (b} a
3-element Yagi.
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Reception of both stations with a single aerial is
complicated by the locations of the two stations;
they lie very nearly in opposite directions from the
receiving site and the obvious solution of separate
aerials was not very attractive.

Fig. 1 is a plot of the true bearings of Rowridge
and Wrotham taken from the receiving site and from
these it will be seen that the two stations are not quite
180° apart, also that a bi-directional aerial having a
polar diagram comparable to that of a simple hori-
zontal dipole might be expected to serve for both
stations. As the aerial cannot be orientated for
optimum performance on both stations a compromise
orientation must be found and, if possible, the
expected efficiency of the aerial on both stations
determined, so that the best type of aerial for the
purpose can be chosen.

If now a transparency of Fig. 2(a) is prepared large
enough to overlay Fig. 1, as shown in Fig. 4, the
pattern can be moved around with its centre on the
receiving site and a position found giving about
equal efficiencies on both stations. Alternatively
one or the other can be favoured and the expected
performance on both deduced from the trans-
parency. It will be seen that a position has been
chosen which brings the bearings of the two stations
just over 20° off the optimum line of the aerial, but
in opposite directions. If all the data in Fig. 2 for
the dipole is included on the transparency, as in
Fig. 3, the expected efficiency of the aerial can be
read off directly for either station. In this example
it is 809, for both stations.

Allowing for equal efficiency in both directions,
Fig. 4 shows the opti-
mum orientation of the
aerial to achieve this pet-
formance. Itreveals that
if a dipole were used,
or an aerial with a simi-
lar polar diagram and
relative position of the
elements, then the plane
of the elements in this
aerial must be on a line
running from 145° to
325°, When laying out
this bearing with a com-
pass due allowance must
be made for the mag-
netic deviation. At
present this is 9° west
at the site of the
receiver, so that 9° must

Fig. 3. Pattern of a di-
pole’s polar diagram to be
prepared as a transpar-
ency.
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Fig. 4. The dipole’s polar diagram superimposed on the
plan, Fig. |, as explained in the text.

be added making the bearing read by the compass
154°, or the reciprocal, 334°.

As a two-clement aerial with a gain of about
4 dB over a plain dipole gave satisfactory reception
of Wrotham, one of about 6 dB gain, but with bi-
directional characteristics, should meet the new
requirements. Included in Fig. 2 at (b), and plotted
to the same scale, is the polar diagram of a three-
element Yagi of the type often used in the fringe
areas of f.m. stations. It is a uni-directional aerial
of course and would not suit the present requirements,
but as it can be seen to have a gain of about 6 dB,
or twice the voltage gain of a plain dipole, an aerial
with this order of gain, but having the polar diagram
of the dipole, would serve the purpose. It now only
remains to find a design of aerial having these
characteristics.

There are several ways of imparting a bi-direc-
tional response to an aerial, but the one favoured by
the writer for the present case is a vertical stack of
half-wave horizontal dipoles. In order to obtain
the required figure eight polar diagram in the hori-
zontal plane and at right-angles to the plane in which
the dipoles are stacked, all dipoles in the aerial must
be connected for in-phase operation, This again
can be achieved in several different ways and with a
variety of spacings of the dipoles, but one that
obviates the need for electrical measurement of any
kind, and yet ensures the desired mode of operation,
is to stack the dipoles a half wavelength apart, connect
the feeder to the lower one and join all dipoles to-
gether by open-wire transmission lines, transposed
at each level, as shown in Fig. 5.

Whilst Fig. 5 exemplifies the basic idea of a broad-
side aerial of this kind, it is not a very convenient
practical arrangement, as with half-wave dipoles,
split in the centre as shown, the terminating im-
pedance, to which the feeder must match, is only
about 25Q; this is much too low for the 75-Q type
of coaxial feeder in general use. A matching section
between the aerial and the feeder can be used, but
it is inconvenient.

Folding a dipole steps up its impedance four times
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if the tube or rod from which it is made is the same
diameter throughout. Impedance multiplying factors
greater or less than four can be obtained by making
the two arms of a folded dipole unequal in diameter,
but then the spacing begins to have a greater in-
fluence on the resulting impedance than when the
diameter is the same throughout.

A stack of four half-wave folded dipoles, each
fashioned from a single length of rod or tube, will
give a close match to a 75-Q coaxial cable and yield
a gain of about 7 dB in two directions. But for f.m.
reception it would need a 15-ft pole to accommodate
the elements alone, apart from that required to raise
it above surrounding objects. As it is undesirable
to fix guy wires to the pole above the lowest dipole,
the supporting structure needs to be very sturdy
indeed. Guys of non-conducting material, however,
could be used and fixed to any part of the aerial
system without affecting its performance; except,
perhaps, to a small degree in very wet weather. The
only material likely to withstand the very variable
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Fig. 5. Schematic ar-
rangement of a stack of
three halfwave dipoles.

Fig. 6. Practical broadside
aerial using three stacked
folded dipoles.

weather conditions prevailing in this country, without
stretching or shrinking to an alarming extent, would
be nylon rope, which is expensive.

Pruning the aerial to three folded dipoles, as
shown in Fig. 6, brings the length of the aerial down
to 11 ft, which is a far more practical size. Its
terminating impedance becomes around 90 Q giving
an acceptable impedance match to a 75-Q feeder.
Any standing-wave ratio (or impedance ratio) of
less than 2 to 1 is tolerable for most receiving pur-
poses and with this aerial, and a 75-Q feeder, the
impedance ratio is about 1.2 to 1.

Theoretically the feeder should be a twin-wire,
or balanced, type and where a coaxial cable is em-
ployed there should be a balun (balanced-to-un-
balanced connection) between it and the aerial.

‘However, a balun is an additional complication

hardly justified for f.m. reception and, moreoever,
undess properly designed can impair rather than
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Fig. 7. Simple two-element stack using T-matched dipoles.

improve the performance of an aerial, By omitting
the balun and connecting the coaxial feeder direct
to the aerial, the only adverse effect so far noticed
has been to introduce a little asymmetry in the front
and back lobes of the polar diagram. The measured
voltage gain of an aerial of this type is just over
5 dB compared to a single half-wave dipole.

Details are given in Fig. 7 of a simpler form of
bi-directional aerial giving a gain of 4 dB. It has
two stacked half-wave dipoles each with a T-match-
ing section and it is only 5 ft 6.in high, The sacrifice
of 1 to 1.5dB in gain is more than compensated
for by a 50% reduction in size and consequent
convenience in mounting.

The T-match rods extend for 14 in each side of

180°

Fig. 8. Polar diagram of the two-element aerial shown
in Fig. 7.

the centre insulator and their outer ends are fixed
to the dipole by metal clamps. The T-match
section of one dipole is joined to the T-match section
of the other by an open-wire transposed trans-
mission line and a coaxial cable is connected direct
to the lower T-match unit. The polar diagram of
this aerial is shown in Fig. 8 and the slight asym-
metry in its two lobes, due to the omission of a balun,
is only just apparent.

One advantage of using folded dipoies, or T-match
dipoles, is that tests for- electrical continuity can be
made from the receiver end of the feeder, should it
be suspected that a spell of poor reception might
be due to a defect in the aerial system. Also aerials
embodying either of these types of dipole are easily
made reasonably safe to lightning by earthing the
outer copper braiding of the feeder at, or near,
ground level.

SHORT-WAVE CONDITIONS

Prediction for November
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BE POSSIBLE ON ALL UNDISTURBED DAYS
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dance r', of valve V2 in series with a generator pvg
and the internal impedance r, of V1. Since the
valves are identical and their heaters are fed from the
same supply, changes in anode impedance due to
heater supply variations will produce identical
changes in r, and 7, and the voltage output will
remain constant.

In practice, even though a double triode with
series heaters is used, slight manufacturing variations
require that a certain amount of further compensa-
tion be included to make the gain of the stage

independent of heater
fluctuations. This can be
done by making one of the -
cathode bias resistors vari-
able over a small range and
adjusting this until the
change in the anode voltage
of V1 is a minimum when
the heater voltage is varied
(say) +10%. Unfortun-
ately, this adjustment varies
the anode voltage itself, so that this stage must be set
up independently of the following stage, and if a
coupling divider is used this must be “tailored” to
bring the grid of the Schmitt stage valve to its correct
level. This would involve some sacrifice in gain, and
because of this the author preferred to dispense with
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Fig. 2. Equivalent cir-
cuit of Fig. 1.

the divider and directly couple the anode to the
following grid, although this involved adjustment of
the Schmitt cathode resistor and shift grid potential
before optimum conditions were obtained in this
stage. As a rough guide, the aim is to adjust com-
ponent values in the Schmitt stage until, when
balanced and with equal anode loads, the anode
voltages are about half way between cathode and h.t.
At the same time it should be remembered that if
the heater is “earthy,” the heater-cathode voltage
should not exceed the recommended maximum value,
which for an ECC91 is 100V. In the circuit
diagram (Fig. 3) components which may require
adjustment are underlined.

With the circuit as shown, a maximum sensitivity
of about 30mV per centimetre was obtained using a
direct anode to grid connection. With a divider
coupling, a sensitivity of 50mV per centimetre can
reasonably be expected. Calibration can be effected
by adjustment of the divider resistance R,;. If the
maximum sensitivity is required the first position of
S2 can be used (connection shown dotted).

The rest of the design is fairly straightforward.
The X-amplifier is a single Schmitt circuit with R-C
coupling to the time-base and also to a front panel
terminal, The dual-input feature of the Schmitt
circuit enables an X-input to be applied at the same
time as the time-base, and this could conceivably be
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‘R;  See text (about 750k) R,us 100k Czs 0.5 1 1000V paper
‘'R, 510k 5% Ry, 22k (See text) Css 1.0 p 1000V,

R, 180k 5% R,; 100k 0.5W V1 ECC83, 12AX7, CV492

Ry 51k 5% Rs;s 100k 0.5W V2 ECC9Y1, 6]6

Rs 18k 5% Ry 100k 0.5W V3 ECC91, 6J6

R¢ 5.1k 59 Rz 100k 0.5W V4 ECCB83, 12AX7, CV492

R, 18k 59 Rs; 100k 0.5W V5 EF9l, 6AM6, 6F12, 8D3,
Ry 510 59 R;; 100k 0.5W (See text) CV138

R, 220 5% Rg; 2.2M V6 ECR30

Ryo 220k R;s 22M V7  QS150/15, CV287

R;; 39k 5% H.S. R;; 2.2M T1  Mains transformer:

Ry, 5.6k 5% H.S. Ry 2.2M Primary 0-210-230-250V,
Ry; See text (about 1.5m H.S.) R;; 22k 3W 50c/s.

Ry 1M 59 H.S. Note: All resistors $}W 209, carbon Secondary 350-0-350V,

Ry; 33k 59% H.S. 15W unless otherwise stated. 60mA

Ry 33k 5% H.S. 1.5W P, 2k wire wound linear 6.3V, 2A, 4V, 1A

R,; 6.8k 5% H.S. (See text) P, 250k carbon linear L1  Smoothing choke: 20 H, 30 mA
R,g 470k 5% H.S. P, 250k carbon linear S1  Single pole, single throw toggle
R,y 100k P, 250k carbon linear _switch.

Ry 220k P; 2M carbon linear S2  Single pole, 9-way wafer

Ry 47k 5% H.S. Py 50k carbon linear switch.

Ry, 22k 59% H.S. P, 20k carbon linear S3  Two pole, 4-way wafer switch.
Ry,s 47k 5% H.S. C; 0.25 p 500V paper S4 Two pole, 6-way wafer switch.
Ry, 220k C, 0.5 p 150V " 85  Single pole, single throw toggle
R,, 220k C, 05ul150V switch.

Ryg 470k Cs 05 p 150V » MR1 Selenium rectifier stack con-
Ry; 33k 5% 1.5W C; 0.25p350V sisting of two sections each
Ry 33k 59% 1.5W Cs; 1.0 » 150V . having at least 25 plates
Ryy 6.8k 5% (See text) C;, 0.01 350V 18 mm diameter (S.T.C.).
R, 470k Cg 0.001 p 350V MR2 “Sentercel” Type K8/15

Rj, 1M C, 0.01p350V MR3 “Sentercel” Type K8/15

Ry, 47k Cyo 0.5 p350V Front Panel Controls

Ry; 470k C;; 0.05p 350V P2: Y—Shift control.

Ry, 2.2k C,s 4700 p 350V P3: X—Shift control.

Rgs 47k C,3 470 p 350V P4: Sync. amplitude and sense.
Rgg 3.3k Cyy 47p 350V P5: Time-base “Fine” control.

Ry, 1M Cys 8 u 500V electrolytic P6: Focus control.

Rgs 100k Cqs 0.5 u 350V paper P7: Brilliance control.

Ry, 68k 0.5W C,; 0.05 p 350V, S1: Input blocking capacitor

Ry 100k Cys 4700 p 350V switch,

R,; 68k Cyp 470 p 350V S2: Y—Sensitivity switch.

R, 680 Cyy 47 p 350V S3: Sync. selector switch.

Ry 100k Csy 8pu EgOV electrolytic S4: Time-base “Coarse” switch.

4 220k 10 g ! » (Behind-panel control: P1)
540 WIRELESS WORLD, NOVEMEER 1957


www.americanradiohistory.com

> +400V
13- ) >+ 150V
<
b3 e e < <
1 RisS  SRis Rni: SRas
< 2R
<3 ] Sh2 >
3 "Y*PLATES X"PLATES
<)
(‘ /1
1 Via Vib -
< SR
f 3 Ro 3 4 5 10 Ce
=c 1 WS RS P B4 i
St p: P, < > > < 26
b 4
-4 1 2 S5 R
s $ ¥
S
i ) y
< < =
b § 3 T 4
(3 ). 3Ry
< b d ==
i» Ris3 1 ot R
>
{ RS SR
:) —3 T T -[ :)_-2
3 } :
0 "SYNC" l “EARTH" $ w=
—] +400V
y NS % +150V
<[ < SR
R2g 2R ¢ o |'© s
Crm= 3 ¥ oal :
] A 3Res
r e P L ‘:
| 40— 3R4o 23R
] < e
b Cio Cii Ci2 Ci3 Cig Cis Ci7 Cis Ci9 Ca0
|
' -
L- O—
35
4 S35 | 40t :: P Ra4]
R3S p
< R,a
Rey
! -
—50V ON
CRI. CHAIN

Fig. 3. Amplifier and time-base circuits.

used for time measurements. The comparatively
poor response of this amplifier causes some non-
linearity in the sweep on the higher ranges of the
time-base. This was of no consequence in this de-
sign, though an improvement (short of using a
cathode-follower buffer stage) could be effected by
the use of smaller anode loads (say 22k or 15k) with
a corresponding adjustment in supplies and cathode
resistor to cope with the increased current drain.

The time-base also is conventional and its features
need no special mention except that the suppressor
can be either earthed via R, or taken to a negative
potential on the c.r.t. chain, dependent on whether
free-running or single sweep operation is required.
In the latter case, triggering is effected by V4 which
comprises a phase splitter triode giving positive or
negative “sync ” from the potentiometer P,, followed
by a single triode amplifier feeding the time-base
suppressor grid. The “sync  selector switch enables
either free-running or single-sweep operation to be
used with either internal (i.e. from the Y-amplifier)
or external synchronization.

The power supplies were originally built round a
particular small mains transformer which the author
happened to have handy, but in the design shown
this has been altered to use a standard 350-0-350V,
60mA transformer having 4V, 1A and 6.3V, 2A heater
windings. The c.r.t. heater should have its own

WiIReELESS WORLD, NOVEMBER 1957

winding, and this should be insulated for at least
1000V. Most production transformers nowadays are
tested to this voltage before leaving the factory, so
that no trouble should be experienced here. It is
important that the c.r.t. heater should be strapped
to the cathode at one end. Metal rectifiers were used
throughout, though there is no reason why valve
rectifiers should not be used instead, if desired. It
will be observed from the circuit diagram that the
final anode of the c.r.t. derives its voltage from the
four deflector plates via four 2.2M resistors. In this
way the final anode voltage is kept at the mean value
of the plate voltages, thus reducing trapezium
distortion.

Mechanical details of the design are to some ex-
tent a matter of personal taste. The layout shown
in the accompanying photographs was found satis-
factory, although it will be seen that conditions under
the chassis became a little cramped towards the end!
A Mumetal screen round the c.r.t. is desirable, and
the mounting of the mains transformer is fairly criti-
cal. It is best to build the oscilloscope with this
transformer initially on long leads, and as soon as
the stage is reached when a spot can be produced on
the screen, to adjust the position of the transformer
until the stray field produces a minimum deflection
of the spot. This is usually when the axis of the
transformer coils coincides with the c.r.t. axis.
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Fig. 4. Power supply and c.r.t. circuits.
240V 63V 2A , YARVE
S0c/s
T0 EARTH

The inclusion of a spare valve socket in the
author’s unit as shown in the photograph is of no
significance.

A certain amount of initial setting-up is necessary
before the instrument is ready for use., It is possible
that the anode-cathode voltage of the c.r.t. may ex-
ceed the rated maximum of 1000V. A rough check
of this should be made by measuring the anode
voltages of V2 and V3 (which should all be about the
same when balanced) and the current in the c.r.t
divider chain, from which the c.r.t. voltage can be
calculated. If necessary R;, can then be adjusted
as required. Next V1 should be set up by adjustment
of P, as described earlier. If the divider R,;, Ry, is
used, R,, should be adjusted until the c.r.t. spot is
central with P, at mid-position. If the divider is dis-
pensed with, V2’s grids should be strapped together
and connected via a 220k resistor to V1’s output.

R,; should then be adjusted until V2 anodes are at
approximately 240V. Leaving the 220k resistor
permanently between V1 and the grid of V2a, con-
nect V2b grid back to the shift control and adjust R,,
until V2 is balanced with P, set mid-way. This will
now have upset the bias on V3 and R,, will pro-
bably need adjusting until V3 anodes are at about
240V, Having set up the amplifiers for balance, the
input potential divider should be calibrated by in-

" jecting a known voltage into the Y-input and adjust-

ing R, until the correct deflection is obtained. Due
to adverse component tolerances it may be necessary
to adjust the suppressor bias to V5 when the time-
base is in the “single-sweep ” condition. V4b grid
should be earthed and R, increased until the time-
base does not run on any range. The nearest stan-
dard value is sufficient for R,. Setting-up should
now be complete,

Books

An Introduction to the Cathode Ray Oscilloscope, by

Harley Carter, AM.LLE.E. Volume in the Philips Tech-
nical Library Popular series gives a simple treatment
"of c.r. tubes and their associated time base, deflection
and power supply circuits, and of oscilloscope applica-
tions and measurements; and also includes data on
standard c.r, tubes with details of four complete oscillo-
scope circuits. Pp. 100; Figs. 89. Price 12s 6d.
Cleaver-Hume Press, Ltd., 31, Wrights Lane, London,
W.8.

F.M. Radio Servicing Handbook by Gordon J. King,
deals theoretically and practically with the stages in turn
including the audio section, and with a.m./f.m. receivers.
Pp. 188; Figs. 117. Price 25s. Odhams Press, Ltd.,
96, Long Acre, London, W.C.2.

Cathode-Ray Oscillographs, by J. H. Reyner. Fifth
edition covers c.r. tubes and associated deflection and
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time base circuits, waveform characteristics, including
those at r.f. and the possible modifying effects of c.r.t.
circuits, frequency comparison and measurement, and
circuit characteristic traces. Also ‘includes special
applications (e.g. at low frequencies) and techniques
such as photography. Pp. 206; Figs. 141. Price 20s.
Sir Isaac Pitman and Sons, Ltd., Parker Street, Lon-
don, W.C.2.

Elektronenrohren by M. J. O. Strutt. Third volume
in the Lehrbuch der drahtlosen Nachrichtentechnik
series initially deals with theory of electrons in electric
and magnetic fields, in solids, and in thermionic
emission before discussing theories of (including noise
in) diodes and other types of valves and also electron
optical systems. Applications and data for many types
of electron devices including transistors are given.
Pp. 391; Figs. 455; Refs. 654. Price 58.50 DM.
Springer-Verlag, Reich-bietschufer 20, Berlin.
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Fig. 1.

+225V

Circuit for 400-watt amplifier using ten
KT88s in parallel push-pull.

+450V

I

-0
20mA

1
-y
!
R
3 D
i
= L— TO SECONDARY OF TI «
(SEE TEXT) I
|
SWITCH SI 1
CATHODE !
CURRENT .
METER 70 R)7's
Resistors Ryg,* Roy* 100 k 10 b
Toler- Rat- Ryg* 47k 20 1
No. Value ance ing R,y R, 47 k 10 1
Q % (watts) Ry, (see text) —
R, 1M 20 +  *Optional—see text.
R, 1k 20 1
Ry R ‘ l(l)(S) t 20 i - Capacitors
R .
4> 26 Matched pair No. V(alfl‘vl)e Ratlng
Rg 33k 20 3 ®
> 8 C, 50 (electrolytic)
Ry 47k 10 4+ 2 v
Ri0s Rz 220 k 1 Lt
Matched pair Cs 8 (electrolytic)
RinRis 47K % v
Matched pair Cy, Cs . 0.01 450 V (pk.)
Ryy Rys 47k 10 3 Cg* 8-(electrolytic)
Ryg 15k 20 1 450 V
Ryz Meter series resistors Cr, Gy 025 450 V (pk.)
— Gy, Cyy 0.001 (see text)
Ris Meter shunt resistors 350 V zl.cl:(.)
— pk.
ng 220 20 i Cll) C12 2 250 V (pk.)
R20’ RZI 1k (See text) 1 C13, C14 300 (lOO-.'-ZOO,
Ryo 10 k (wirewound) electrolytic)
— 350 V
Rggs Rag 22k 20 1 Cy5* Cre* 32 (electrolytic)
o 15k 20 3 350 V
544
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T

—

OUTPUT

|||I. —~———

Cy7
ClSs C19 .
*Alternatives, see text.

(see text)

0.05 700 V

Smoothing Choke
L, 2H 12A.

(Haynes Radio Ltd., LUM
24/31 used)

Transformers

T1 Output transformer
Savage Transformers
4T35

L.,

T2 Heater and grid supply
300 VC/T; 6.3V, 20A.

T3 Anode supply
700 V, 1.2 A, 10 V tappings on
primary -

T4 Rectifier filament supply 4Xx
25V,5A

Valves

3 B65 or 6SN7GT
10 KT88

4 GXUI1 or 3B28
1 = U709 or U78/6X4
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important that the transformer
has a low leakage inductance be-
tween (1) primary (P) and secon-
dary (S); (2) The two half-pri-
maries and (3) each half primary
and its UL tapping.

The transformer used in the
prototype amplifier was a type
4T35, made by Savage Trans-

+450V
Vet mm— =y
K

]
SRas 3:Cis

N

formers Ltd., and has the ———my
following characteristics:— iR, e
Primary inductance, 4 H. S S
Leakage inductance, P to S, —eed

0.75 mH
Leakage inductance 3 P to } P,

0.75 mH.

Leakage inductance } P to UL
tap, 1.5 mH.

The secondary is composed of

four sections, each giving 25

volts at full output.

Components R, Ry, and C,,
C,, may be required to stabilize
the amplifier and prevent oscilla-
tion at an ultrasonic frequency.

B U,
1l
]

FOUR WINDINGS, g AC:

EACH 2:5 VOLTS <
FOR RECTIFIERS %
Ts
“’é AC.

TO RELAY
CONTACTS

Typical values would be 1,000 O
and 0-001 ¢F.

Power supply—It is essential
to design the power supply to
give a good regulation, in order
to reduce cross-over distortion.
An anode supply of bad regula-
tion would call for a low quies-
cent anode current (i.e. high value
of negative grid bias) to keep the
dissipation within the rated value
at zero output when the anode

RELAY

T2
AC.

voltage would be higher than
from a well regulated supply.

The power supply used suffered
only a 10%, change in voltage as
the current increased from 400
mA to 1,200 mA, with the result
that the output stage would ac-
cept a fairly wide variation in
valve cut-off voltages without undue cross-over
distortion at full output. The four rectifiers are
GXUls, xenon filled valves equivalent to the
American 3B28. In this circuit they are very con-
siderably under-run, the peak inverse voltage
across each being below 1kV whereas the rated
maximum is 10 kV. They have been chosen due to
the excellent regulation obtained. A delay switch is
recommended which will not apply the anode voltage
until at least ten seconds after the heaters are switched
on, in-order to allow the filaments time to attain the
correct working temperature. This switch can be
operated from the grid voltage supply and would then
also act as a protective interlock.

The anode supply transformer T3 has primary
and secondary resistances of 2 and 12Q respectively.
The choke L, has a d.c. resistance of 18Q and an
inductance of 2H at its rating of 1A, this current
being somewhat exceeded at full output. As the
heater current from T5 amounts to approximately
20A, an adequate gauge of connecting wire is re-
quired. .

The resistor R,; not only reduces the peak current
through the U709 rectifier, but also serves to adjust
the grid potential to the recommended value of

ks

TO PRIMARY OF T3
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20A
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Fig. 2. Power supplies for 400-watt amplifier.

90 to 100 V. Capacitors C;4, C,, prevent the radia-
tion to nearby receivers of mains interference gen-
erated by the xenon rectifiers.

The B65s require 15 to 20mA at 450 volts. This
could be obtained from the KT88 supply, as shown
in Fig. 2, by the use of a series resistor R,g, in which
case the capacitor C4 should be replaced by C;;, Cig
to give both a higher capacitance and working
voltage. A separate 450-volt source may be more
convenient if other low level stages are to be used.

Operating conditions and performance

Quiescent  Full Output
Line voltage 570 530 \'A
Anode voltage 565 525 \'
Anode current (per valve) 35-60 100-125 mA
s »  (total) 450 1200 mA
Control grid voltage, approx. =75 — v
Anode-to-Anode load impedance — 1000 Q
Output impedance — 1200 Q
Power output —_ 400 w
Distortion — 5 to 7%
Input, grid to grid. r.m.s. — 55455 V
Input to first stage, Fig. 1 — 025 V
Anode dissipation per valve,
approx. 35 25 W
545
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Some of the above 400
data will vary with the
individual valves used.

If any of them give
widely differing figures
they should be replaced

\)UTPUT

o
b=
S

—they will still be quite
suitable for use in nor-
mal two valve amplifiers.

\

1,500

The behaviour with
different values of anode

POWER OUTPUT(WATTS)

D =

g

load is shown in Fig. 3.
The minimum distortion

will be obtained when s

&JRREN‘T\\

1,000

the combined quiescent
anode currents for each
side (and thus their

N

-

w
o
T

100

N
~

ANODE CURRENT (mA)

A - 500

mean operating points) N
are equalized by inter-

changing valves.

n
v
T

|stoanon\

The prototype ampli-
fier will reproduce, at 80

DISTORTION (PER CENT)

e el —o ]

T~

to 909, of full power, a ol
5,000 c/s square wave,
A resistor and capacitor
R; and C,, connected
across the primary of the
output transformer en-
able the overshoot to be controlled. The values
required will be dependent on the transformer
characteristics, but were 1000Q and 0.0035 pF with
the transformer used in the prototype. In Fig. 4 is
shown a reproduction of the excellent waveform
which can be obtained, a single overshoot of about
15%, appearing.

The performance may be improved if required by
the addition of feedback. A 22-ohm resistor should
be inserted at the earthy end of R, and C, and a

o
=

Fig. 4. Output for 5,000 c[s square wave input.

second resistor taken to one side of the secondary
of the output transformer, the other side being
earthed. The correct value for the second resistor
will depend on the feedback required and the load
impedance in use, but for 10 dB and 25 ohms, the
correct value is 5,600 ohms. The connections are
shown in Fig. 1 by dotted lines. With 10 dB feed-
back the distortion falls to 2%, and the residual hum
is reduced to a negligible figure.

Layout—To reduce any tendency to insta-
bility some care should be taken with the layout. The
prototype amplifier had the output valves placed in
two parallel lines 34 inches apart, the valves on each
side having a 3-inch spacing. The valveholders on
each side were displaced axially to bring pins 6 and 7
opposite each other thus permitting a balanced
layout, as in Fig. 5, to be obtained.

546

0
Sk 10k
ANODE TO ANODE LOAD(Q1)

Fig. 3. Performance of amplifier for various anode loads.

63V
ANODE
SCREEN GRID

CONTROL GRID

CONTROL GRID

SCREEN GRID

ANODE

¢
f 6-3V

Fig. 5. Preferred layout for output stages.

If this layout is used with a rack-mounted ampli-
fier care must be taken to ensure adequate ventilation
for the rear row of valves. It is probable that a
2-inch slot, extending horizontally along the panel,
would allow sufficient air to be drawn in. In case of
doubt tests should be made with  Tempilac”
temperature sensitive paint.
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Component Testing Bridge

Design for an A.C. Comparator Working at 50 c/s

By C. D. LINDSAY*, B.Sc.

QUALITY control and mass production call for
rapid means of component testing. The modern
trend is to use a comparator, which gives a direct
reading of tolerance in per cent. The average sized
production line will require a number of comparators,
working together, to supply it, and for this reason
it is desirable that a comparator should be cheap
and compact. First it is desirable to show that
little loss of versatility occurs through operating the
bridge circuit at 50 c/s rather than the more con-
ventional 1,000 c/s.

Essentially a comparator is a bridge in which the
degree of out-of-balance operates a meter calibrated
in per cent. In the usual bridge circuit adjustment
is made until the detector indicates zero volts into it,
so that the impedance of the detector (at balance) is
unimportant because no current flows through it.
In a comparator this is not so, and the detector
impedance must be high enough not to load the
circuit feeding a voltage into it.

To obtain a very high input impedance, a cathode
follower is called for, and unless one uses a pentode,
with a.c. coupling from screen to cathode, one still
has an input capacitance of approximately Cg,.
This capacitance appears in parallel with the input
resistance, which is approximately R, (z+1). The
latter quantity can be in the order of 300 MQ, and
C,, about 1.5pF. This capacity has a reactance
of 2,000 M Q at 50 ¢/s and about 100 M Q at 1,000 ¢/s.
Thus the input impedance of the cathode follower at

* Mc Murdo Instrument Co., Ltd.

50 c/s will be about 300 M Q, and at 1,000 c/s about
95 M Q.

It can be shown that the percentage error of the
meter reading is given by:—

100 Z,Z,
Z,2,+Z,25+Z5Z,
where Z, and Z, are the impedances being compared
and Z, is the detector impedance.

Hence, for an error of, say, 10% of the meter
reading (i.e. meter reads 9% when it should read
10%), the top limit of a 50 ¢/s comparator would
be 67 M Q or 47 pF, while for a 1,000-c/s comparator
it would be 21 MQ or 7.5 pF. The possibilities of
a 50-c/s comparator are, therefore, quite con-
siderable. )

In the comparator on which measurements were
made the 50 c/s were supplied by the mains trans-
former, and in the interests of accuracy this should
be run from a stabilized mains supply. The circuit
of the comparator (Fig. 1) is self explanatory, and it
could hardly be simpler. The first half of the double
triode is the high-input impedance cathode follower;
the other half acts as an amplifier to feed the meter
bridge. This bridge is phase sensitive (thus reducing
the effect of phase angle in capacitor measurements,
and that of capacitance when measuring resistors).
The phasing voltage which “ opens” the meter
bridge must be supplied from the same transformer
as that which feeds the component bridge. It would
be possible to measure small phase angles by applying
the phasing voltage through an RC network, so that

Error = per cent

Fig. I. Circuit diagram of the 50-c[s comparator described in the text.
sV
SWITCH POSITION | = OFF (SHOWN) :ﬁ
2 = OPERATE v
3 = SET ZERO 5
4 = SET 20% 68k 25mA
4“ e dJ
3 .¢‘ >‘°Z/————"—/ o
o Y 4IMO 22000 2500 2200 800 |10V
—Z2o» -~ AN
| :\\\\_,A | l'
/cp:o\ 5~ °
120
120k +1%| 100k L+1% Vv
L8uf
Filv [
63V g
-]

HEATER
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it was shifted 90° when measuring phase angles.
This was omitted on the model in the interests of
simplicity. A further refinement is to replace R,
and R, by two further diodes (connected in a series
ring); this increases the sensitivity of the instrument.
Meter overload is cared for by limiting the possible
output from V,, and no damage will occur when a
component under test is re-

moved from the test terminals.

The usable range with the
model tested was from about
100 Q@ to over 100 MQ, and
from 100 pF to over 12 uF. v
for an error of well under
109% of the meter reading. The
limit of the low-impedance end
is determined by the output
current it is possible to take
from the transformer without lowering its voltage.
A standard is built into the instrument for setting up
the gain control. It is most important that the
voltage to the component bridge is very accurately
centre tapped.

Apart from checking the tolerance on components,
it is possible to use the instrument for any impedance
measurement, such as measuring the output imped-
ance of a stabilized power supply, or the mutual
conductance of a valve by measuring the output
impedance of it as a cathode follower, and many
similar applications. ‘

Z

Z;

[‘.H.’.‘ﬂv}'”}"‘I

Fig. 2. Basic circuit
of the comparator.

APPENDIX
Applying Kirchhoff’s Law to Fig. 2:(—
V = Zyiy + Z5 (i — dg) = Zoto + Z3(ia — i1)
Zo+2Z4 v
Z1Zo+ ZoZy + Z3Z,
Zy+ 2Zy
Z1Zy+ ZoZy+ Z3Zy
Hence detector voltage is

From which we get i; =

and 7y =

(Zs —Zy) Z4
ZyZo+ ZyZ3 + Z32Z,
Zy —Z,
Z,+Z,

Vo = v

if Z4 were co Vy would be

.. The voltage erroris
Z,Zy(Zy — Zy)
(Zy+ Zo)(Z1Zy + Lo Zg + Z3 Zy)
1002, Z,
ZiZy+ ZyZy + Z3Z,
and if E is the permissible percentage error,
Z,Z, (100-E)

v

and the percentage error v

Z3 must be greater than

E(Z, + Zy)
In practice Z; and Z, are very nearly equal
S Z, (100-E
which gives Zg = 1—(2E—>
- For 1Y%, accuracy Zz = 50Z,
5% s Z3=9.5Z,
10% » ZLy=45Z,
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Servicing Printed Circuits

AN AMERICAN SERVICEMAN RECORDS SOME (PRINTABLE) COMMENTS

By JACK DARR*

0 NE of the latest of the many inventions to come
boiling out of the brains of the design engineers is
the Printed Circuit. Nowadays, when the TV tech-
nician removes the back from a receiver, he is con-

fronted with something that looks rather like a nest.

of intoxicated snakes which had unwisely decided
to take a nap in front of a road-roller! Attached
here and there to this maze are a few parts which
look vaguely familiar: valves, transformers, resistors,
condensers, etc. This is intended to replace the old
homely jumble of wiring inside the chassis, in which
he felt quite at home, to tell the truth. At least,

colours here and there guided his probing instru-

ments to a small degree.

Gone forever, apparently, is even that slight aid
and comfort; instead of the old faithful *“blue for
anode, red for h.t., green for grids, etc.,” to guide
him, he is expected to trace circuits and wiring on
a brownish “board,” looking something like a metal-
~ lic jigsaw puzzle. To trace a given wire, he locates
one of the aforementioned serpents, by a bewilder-
ing process of turning the board rapidly back and
forth, finding the given tube or part on one side,

* Quachita Radio-TV Service, Mena, Arkansas.
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then attempting to turn the board over quickly
enough to remember where the part in question
was! Some setmakers give him the cold comfort
of telling him that he can shine a flashlight through
the board, thus silhouetting the parts on the other
side, enabling him to orientate himself “with ease.”
The quotes are from them, not me!

Having thus found either head or tail of said
reptile, he proceeds to follow its meanderings over
the surface, often covering the entire board, more
or less, only to find himself back within an inch or
two of where he began. This wandering is made
necessary by the obvious impossibility of .crossing
two of these “wires.” By this time he has usually
forgotten just which circuit he was tracing, and the
whole process must be repeated.

Now, having located the offending component,
or what he suspects is one, he proceeds to apply
some of the old reliable methods of testing. Chief
among these, of course, is that of disconnecting one
end of a part to make accurate measurements on
it. Complications immediately set in. Resistors
and capacitors, of course, are mounted by poking
the ends of the leads through holes in the board,
and soldering them there, to either head or tail of
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a snake. Now arises the problem of getting one end
of the thing loose without disrupting the whole
assembly. He cautiously applies his regular solder-
ing iron to the joint, only to discover that the bit
is so big that half of the board is melting away
before his horrified eyes. So, he renders the tool
unfit for normal service by filing it down to an
extremely sharp point. Now, it doesn’t apply too
much heat to the joint, causing damage to the
wiring: in fact, it doesn’t apply enough!

This brings on some very picturesque remarks in
Urdu, Swahili, or preferably German (the last lan-
guage lends itself admirably to the invention of long
and complicated swear-words). Further experiment
finally develops a sort of compromise point, and
the suspected component is loosened and tested.
Of course, by the perverse nature of things elec-
tronic, this is not the part he wanted. After a repeti-
tion of the process, the correct part is located and
replaced.

This can also be quite a novel process. Accord-
ing to the “authorities,” the accepted metho'd of
performing this act is to cut the part in two with a
pair of diagonal cutters, then crush it between the
jaws, leaving the wire leads firmly attached to the
board. The ends of these leads are then formed
into a small loop, and attached to the shortenpd
leads of the new part. This joint is identical with
those used to mend barbed-wire fences. There are
only a few small difficulties inherent with this pro-
cess, though. Have you ever tried to cut a 0.1 »F
condenser in two with a pair of 4-inch diagonals?
Experimentation will prove that this is hardly a
practicable way to make a living.

It does work, however, with such components
as resistors (small) and condensers (mica or cera-
mic). They may be crushed, according to the book,
and the loop formed. The worst headache gt}ached
to this is the revolting tendency of such joints to
loosen in the board, due to the heat conducted down
the wire itself as the loop is being soldered. Thus,
the end comes out of the board just as you com-
plete the joint, and the whole effort is brought to
naught; one may as well remove the whole })oard in
the first place. Incidentally, the object of this opera-
tion is to enable the harassed technician to remove
and replace parts without removing the printed cir-
cuit board from its place on the chassis, or in the
cabinet. (This is often a much bigger job than
removing chassis, locating part, removing and re-
placing part, on the old familiar type of set!)

Thermal Rat-race
Having thus satisfactorily(?) dispensed with the

replacement of small parts, we now arrive at the’

next category, the replacement of larger parts, such
as valve-holders (tube-sockets, to us), transformers,
filter condensers, and the like. These objets dart
have, as a rule, rather more connections than the
small parts, with their two terminals, and hence
may prove more difficult. (The preceding under-
statement is merely the opinion of the writer, and
his colleagues.) )
Referring once again to the maker’s instructions,
this jovial soul recommends that leads, lugs, etc.,
used to mount the part in place, be heated and
loosened one at a time, until the part is free. This
again is much easier said than done. Upon
attempting the removal of such an item as, say, a
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filter condenser block or can, a multiple unit, from
its home on the board, the technician finds that he
is expected to unsolder, more or less simultaneously,
the three condenser terminals, and three more for
the can itself, or a total of six. These protrude
through eyelets in the board, rather resembling the
eyelets in shoes or boots, and are firmly and im-
movably held in place by large gloops of solder.
Said technician optimistically melts one of these,
then goes to the next. While this is melting, No.
1 has firmly set again. Likewise, as No. 3 is heated,
No. 2 and No. 1 set still firmer, and so on, ad
infinitum. In only a short while, this has degener-
ated into a sort of thermal rat-race, as he dashes
madly around and around the base, trying to get
each one hot enough to stay more or less liquescent
until the remainder are heated. This proving to be
an utter impossibility, he is faced with one of two
alternatives: either toss the whole assembly into a
large furnace, thus bringing it to a temperature
suitable for the method outlined, or finding a
method whereby each of the joints can be loosened
and kept loose until the rest can be loosened in
turn.t

_After some cogitation, he finally secures a small
pick, or perhaps his wife’s eyebrow-brush, and
manages to pick and heat one of the joints until
he has knocked off at least part of the surplus
solder. This, of course, is only the surface
solder;’the part that does the actual holding, deep
down inside the joint, is still setting its plumbic
teeth and holding on with bulldog tenacity. In
desperation, he attempts a drastic alternative: heat-
ing the joint well, and brushing like mad, the while
flexing the board to an alarming degree, one of
the joints is persuaded to let go. Keeping up the
flexing until this joint has set, he finds that he has
at last_accumulated a wee bit of play, which aids in
loosening the rest by the same drastic process. At
this point, it is tea time, and he takes a well-
deserved rest. After tea, with the base joints loose,
the rest of the job is a breeze.

This breeze continues until he finds that in his
entire stock he does not have a suitable replace-
ment for the highly specialized filter condenser
used in the original circuit! Electrical values, yes;
these are common enough. But the special can-
type mounting, with small pointed projections on
the bottom instead of the standard husky lugs? No,
never. Use instead, separate units to make up the
required capacitance? One would be required to
construct another chassis of equivalent size to hold
the same capacity, if used in single units. The only
hope is to secure the compact multiple block or
can equivalent.

Well, how about using one of the standard “ twist-
lock” can types? These useful units have com-
paratively large lugs on the bottom of the can,
which are inserted into slots in the chassis, and
twisted. Can we file these down to fit into the tiny
holes in the board, which are round?

After some filing and bending, it is found that the
lugs might conceivably be made to fit the holes,
but another disturbing factor enters here: while
the can lugs now fit, after a fashion, the condenser
connections won’t! This unit having been rendered
almost totally unfit for further service of any kind,
unless it is secured to the chassis with a bit of

1 Plessey in this country have solved the problem with spring
tension connecting tags.—ED.
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string, it is now laid aside, and other action con-
templated. (At times, the first altermative con-
sidered is dropping the whole thing off the nearest
cliff, and going back to raising turnips, re-entering
the military, etc.) But now a ray of hope begins to
show itself. On the shelf is a paper tubular con-
denser, almost the proper capacity, or near envugh
so that it won’t matter, filters having a generous
tolerance, thank goodness. This useful bit of ap-
paratus is equipped with long flex leads, fastened
to terminals. By clipping the leads off about an
inch long, removing the insulation, and stiffening
them with solder, they may be inserted through the
holes in the board and soldered in place. The
negative lead, which is usually on the other end,
can be brought down the side of the can, and
slipped into one of the holes which previously held
the can in place. The stiffness of the leads will be
ample to hold the light unit in place. If necessary
the negative three holes may be joined with bits
of scrap wire, to restore circuit continuity, and the
job is done. As an average, it has consumed only
enough time to make from three to five similar re-
placements on the older type sets, including two
stops for tea: now the only thing remaining is to get
the thing back into the cabinet and collect for it!

¢ Intermittents >’

Now, albeit somewhat reluctantly, for we have
never really relished the utterly gruesome type of
tale, we arrive at the Ultimate Horror: the Inter-
mittent Printed Circuit! This is the unit which,
when jarred lightly, such a vibration as might be
caused by.a large housefly sneezing in the next
room, gives off a deafening howl or stops playing
altogether. The trouble is caused, of course, by
one (or more) of the very delicate foil strips devel-
oping a fine crack. This cleavage may be caused
by almost anything, apparently; defective solder
joints, thermal expansion or contraction of the
board, or, in most cases, sheer dislike of the elec-
tronics maintenance profession as a whole.

This defect, of course, is seldom of an obvious
nature. The ends of the ribbon do not curl up and
invite the eye, saying “Look, here I am! ”. No, in-
deed. They will hide themselves whenever possible,
beneath the false facade of an apparently perfect,
smooth solder surface, smiling happily up at the tech-
nician, saying, “Who, me? Bad joint? Never!
Look at me, I’'m as sound as a dollar! (Pound, lira,
rouble, yen, mark, zloty, etc.; take one). Me make an
intermittent connection? ~ Never!  Perish the
thought!”. In the weary course of investigating

this phenomenon, the technician will discover that .

there are just certain ways in which the board may
be flexed that will either aggravate or stop the
trouble. The average noisy intermittent in printed
wiring will be so sensitive that jarring the set any-
where will produce the same ear-splitting crack; this
may also be brought forth by any form of disturb-
ance. The horse chewing on a tough stem of grass
in the back yard, or the barmaid at the local setting
a glass down a bit hard, either will induce the
symptom. This renders the job of locating the source
quite simple : it is definitely within just this one set!
But which section of the set? This may be found
by applying some of the techniques previously used
with older types: tapping parts, cursing, tapping
more parts, cursing, disabling some circuits in order
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to eliminate them from consideration (this becomes
quite a problem in some sets, with their series fila-
ment circuits). Of course, a duplicate tube, with
the anode pin clipped off, may be inserted to disable
a given stage. This means that one must disable a
full 'set of perfectly good tubes in order to make this
test!

After finishing his peregrinations through the
terra incognita of the remainder of the set, we will
assume that our technician has been fortunate enough
to locate the one single printed wiring board which
holds the defect. Now arises the problem of
locating, among this flattened nest of silvery
serpents, the one lone defective joint. This one bit
of helpful information can be passed along right at
the beginning: it is utterly impossible to locate the
thing by applied inductive reasoning, logic, tests or
measurements of any kind! This is the correlated
result of tests made by millions of servicemen. One
American technical lecturer said quite recently,
“Stop trying the physical method, and instead try
the mental! , meaning that troubles could be found
much more easily if technicians would stop and
think out the problem, instead of aimlessly reading
voltage, resistance, etc. We regret to state that this
is an entirely impractical approach in these cases.
Herewith a bit of advice from men who have spent
a lifetime (in only a few short days) in hunting for
troubles in these boards. Abandon the mental ap-
proach entirely, and concentrate on the physical! In
other words, there is really only one practical way
to solve the problem of in intermittent joint on a
printed circuit board. Immediately upon beginning
the job, fall to and resolder every blooming joint on
the whole board! Some men have even resorted to
a grease-pencil, or a black crayon filched from their
youngest’s colouring set, to mark off the board into
sections, to make the job of counting joints easier.
Usually, every single joint must be resoldered, to
effect a cure!

So, for the inevitable reason, economy of manu-
facture, it seems as if we’re stuck with the things for
a long time to come. However, we will, as in the past,
develop methods of coping with them, on both sides
of the Atlantic, just as we have for all of the count-
less other difficult-to-service innovations which have
come bursting forth in the past few years, One item
which will definitely be added to our stock of gadgets
will be a pair of very sharp needle-pointed test leads,
for piercing the plastic coatings. Others will be
worked out as needed, and we may even become re-
signed to them, after a while! For your information,
the American technicians, although as a whole quite
bitter about the things, have learned to cope quite
well; I’m sure the rest of us will, too!

No Prizes Offered!

Do you know the limits of the v.h.f. band?

What is the formula for finding the Q of a coil?

How many turns of 26 s.w.g. (single silk covered) can
be accommodated in an inch?

Where does one apply for a mobile radio licence?

Is there a colour code for fuses?

If you cannot readily answer all these questions then
you should obtain a copy of the Wireless World Diary
for 1958. In addition to the 80-page information section
there are the usual diary pages of a week to an opening.
It costs 6s 3d (leather) or 4s 6d (Rexine), including
purchase tax. Overseas prices are, respectively, 5s 3d
and 3s 9d, plus 4d postage.
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Severe Ionospheric Storm

SOME NOTES ON THE DISTURBANCES OF AUGUST 29th TO SEPTEMBER éth

0 NE of the most intense ionospheric and magnetic
disturbances of recent years occurred during the
period August 29th to September 6th, 1957, when
for certain prolonged intervals during this 9-day
period, radio communications via the ionosphere, and
especially those over high-latitude transmission paths,
were widely disrupted. Though there  were, on
some of these days, periods between the disturbed
intervals when conditions were more or less normal,
it would, perhaps, be correct to regard the time
between about 2030 GMT on August 29th and
about 1200 GMT on September 6th as that of the
lifetime of a single ionospheric storm.

It is interesting to note that, at the time of the
occurrences leading up to the disturbance, there were
two large sunspots near the sun’s central meridian,
both being due to cross it on August 31st.

The event which would appear to have initiated the
disturbance occurred on September 28th, when,
between 0913 and 1215 GMT an intense solar flare
was observed on the sun, reaching maximum
intensity at 0955 GMT. Simultaneously with this—
at least between 0920 and 1200 GMT—a severe
“sudden ionospheric disturbance ” of the kind which
causes a temporary fadeout of short-wave signals
occurred. These two events are, most often,
intimately connected, the fadeout being due to
ionization in the D layer set up by ultra-violet
radiation from the flare. But the corpuscular emis-
sion from the flare, which is assumed to cause the
major ionospheric disturbance, does not arrive in
the earth’s orbit until many hours later, and, as has
been pointed out in these pages, it sometimes does
not appear to arrive at all, for the expected iono-
spheric storm sometimes fails to materialize. How-
ever, in this instance it certainly did.

At about 2030 GMT on August 29th propaga-
tion conditions over transatlantic paths began to
deteriorate, and an hour later an ijonospheric storm
was evidently in progress, whilst, at the same time,
the earth’s magnetic field became disturbed. Assum-
ing 2030 GMT to be the time of the storm’s start the
travel time of the corpuscles would thus have been
about 35 hours. During the night the ionospheric
disturbance intensified, but towards the evening of
the 30th both ionosphere and magnetic conditions
became undisturbed. The 31st was more or less
normal so far as short-wave propagation was con-
cerned, though towards evening the magnetic field
was again disturbed. Soon after midnight propaga-
tion conditions again deteriorated and by 0200 GMT
on September 1st a renewal of the ionospheric storm
was apparent. On the afternoon of this day condi-
tions, both magnetic and ionospheric, again became
undisturbed, but the worst phase of the storm was
yet to come. It started with a deterioration in pro-
pagation conditions at about 0600 GMT on 2nd.
By 1200 GMT the ionospheric storm was again
intense, and soon deepened in intensity, with the
magnetic field becoming more disturbed as the day
went on. Thereafter propagation conditions
remained continuously disturbed until the end of the

WiIRELESS WORLD, NOVEMBER 1957

storm, at about 1200 GMT on 6th. Magnetic con-
ditions were also continuously disturbed except for
the early part of the 4th.

There were further “sudden ionospheric disturb-
ances” at 1306 GMT on August 31st and at 1024
and 1422 GMT on September 3rd, which may have
indicated further eruptions on the sun from which
corpuscular streams would be emitted, tending, per-
haps, to prolong the major ionospheric storm.

So far as propagation conditions were concerned
the most intense phases of the storm were 0900-1300
GMT on 3rd, 1800-2100 GMT on 4th and 0100-1130
GMT on 5th, when reception over high-latitude
transatlantic paths was practically impossible. The
ionospheric measurements made at the D.S.ILR.
station at Slough also indicate the severity of the dis-
turbance during the two latter of these phases, the F,
layer critical frequencies being generally over 40%
below normal. The magnetic disturbance on both 3rd
and 4th reached the proportions of a Great Magnetic
Storm, and was very severe on 2nd and 5th, the most
intense phases being 1500-1800 GMT on 3rd and
1500-1800 GMT on 4th.
© It is interesting to note that the aurora borealis,
which is produced by the solar corpuscles when they
enter the earth’s atmosphere, was seen at numbers
of places in Great Britain: on the nights 29th/30th,
31st/1st, 2nd/3rd, and 4th/5th, that on the first of
these nights being seen as far south as Devon.

The solar and terrestrial events connected with this
disturbance were, no doubt, comprehensively
observed throughout the world, as part of the 1.G.Y.
programme, and interesting data as to the correlation
between the solar and terrestrial happenings may
thus become available. T. W. B.

Spring-louded Terminal

DESIGNED for mounting on metal panels up to tin
thick this new, small, spring-loaded, insulated terminal
enables wires or pins up to % in diameter to be easily and
quickly inserted or removed. When seated the overall
height of the terminal is §in. .

Normally fitted with black insulating bushes the
terminal can be supplied with red bushes if specified.
All metal parts are nickel-plated brass. It is designed for
a maximum current
load of 5 A and is
tested at 1,000 V
r.m.s.

The price is 1s 4d
and the makers are
Howard S. Cooke
and Co., Ltd.,
Arrow Road, Red-
ditch, Worcester-
shire.

Howard S. Cooke
spring-loaded insulated
terminal.
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Television Frame Pulse Separator

SINGLE-PULSE CIRCUIT FOR ACCURATE

By H. D. KITCHIN~*

TI—IE problem of achieving a good interlace in
television receivers has formed the subject of
much work in recent years. Although an
accurate interlace has always been the ideal to aim
at, many commercial receivers have fallen short of the
ideal owing to the cost of the circuitry necessary to
ensure a consistently accurate interlace in production.
However, the trend towards larger tubes now makes
the requirement of good intetlace essential if the line
structure of the existing 405-line picture is not to be
too obvious.

The synchronizing pulse waveform in the British
television system presents a difficulty to frame pulse

T

[ TT T

l<— I90psec —>

(b)

Fig. 1. The standard television synchronizing waveform,
showing frame pulses at the end of (a) an even frame,
and (b) an odd frame.

separation because of the differences between odd and
even frames. The waveforms associated with the
train of frame pulses for even and odd frames are
shown in Figs. 1(a) and (b) respectively. It will be
seen that on odd frames the frame pulses start only
half a line after the preceding line pulse, this being
necessary to achieve an interlaced scan. Also, the
interval between the end of the last 40-usec frame
pulse and the following line sync pulse is only
10psec for an even frame against 60usec for an odd
frame. The effect of these differences in differentiat-
ing and integrating circuits is to give rise to differing
pulse shapes on odd and even frames. An examina-
tion of these defects formed the subject of an
investigation by Patchett!, where it was shown that
the ideal pulse for frame timebase synchronizing is a
single short pulse with a sharp leading edge. The
last requirement precludes the use of integrating
circuits, leaving only some form of differentiating
circuit for frame pulse separation.

Previous methods of using differentiating circuits

* Formerly with Ambassador Radio & Television, Ltd.
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INTERLACING

have fallen into two categories, which are illustrated
in Figs. 2 and 3.

In Fig. 2 the composite synchronizing pulses, after
removal of the video signal, are applied to a circuit
having a much slower response to input excursions
of one polarity than for excursions of the opposite
polarity. Such a circuit has been termed a
“smearer.” For an input waveform having
negative-going line sync pulses, as in Fig. 2, suitable
smearer circuits are shown in Figs. 4(a), (b) and (c).
In these circuits a capacitor is charged through the
low resistance of a valve and discharged through a
high resistance leak, the valve being cut off. In the
circuit of Fig. 4(d) the discharge of the capacitor
takes the form of the well-known Miller run-down,
the valve being conductive. Charging of the capacitor
takes place through grid-cathode conduction and the
anode load, anode current being cut off by the
suppressor grid being negative. As the conduction
and non-conduction periods of the valve are the
reverse of those for the other circuits of Fig. 4, the
input required must have positive-going line sync
pulses.

Because a frame pulse is four times the duration
of a line pulse, the potential of the capacitor during
a frame pulse will be four times that during a line
pulse, assuming a linear fall in potential. The -
output, shown as waveform (b) in Fig. 2, may then be
clipped to remove the line pulses, giving a train of
frame sync pulses identical on both frames. This
clipped waveform, shown at (c), will give triggering
on the sloping front of the first triangular pulse and
can give variable interlace if the triggering level or
pulse amplitude varies. This effect will obviously be
inversely proportional to the slope of the leading
edge, and could be much reduced by having a
triggering pulse with a sharp leading edge. Simple
short-time-constant differentiation of the clipped
waveform will give such a sharp edge, of the opposite
polarity to that of the sloping front, at the instant of
each half line pulse, as shown at (d). This can be
used to trigger the frame timebase, giving, theoreti~
cally, perfect interlace. Although the use of a
differentiating circuit for final shaping may appear
somewhat of a refinement, it should be noted that it
is essential if the requirement of a sharp leading edge
is to be satisfied.

Of the four types of smearer circuit in Fig. 4, only
the diode type (a) has been used commercially—the
interlace filter. The Miller circuit suggested by
Patchett® possesses certain advantages but, un-
fortunately, requires a pentode with a short sup-
pressor-grid base, a type which is not in the current
preferred ranges of valves for television. The
clipper associated with this type of separator is
invariably the diode type for economy.

We will now examine the method of frame pulse
separation illustrated in Fig. 3. In this case differ-
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entiation is the first operation, using a critical time-
constant RC network. The use of such a network
is well known and forms the basis of a large group
of sync separators. For the British system the
maximum difference obtainable between line and
frame pulses is 47%, of the line pulse amplitude, and
is produced with a time constant of 21.6usec.

The waveform obtained by such differentiation is
shown in Fig. 3 waveform (b). By means of a
suitable clipper the line pulses may be eliminated,
leaving a train of short pulses, waveform (c), con-
sisting of the half line pulses which occur between
consecutive frame pulses. The first pulse of this
train may be used to synchronize the frame timebase.

A difficulty with this method of separation is the
presence of the large amplitude line pulses which
make the clipper design critical with regard to
operating potentials and the input signal. A con-
siderable improvement is obtained by the use of grid
leak bias in conjunction with a short grid-base valve,
but if the input signal is reduced below a certain
level then the line pulses start to appear in the output
and may produce poor interlace.

If we return now to consideration of the original
composite synchronizing waveformand the mechanism
of timebase synchronizing it is apparent that:—

(a) Only the first frame sync pulse from the frame
pulse separator is of any value in synchronizing the
timebase. The remaining pulses serve no useful
purpose and may upset the timebase during flyback,
causing faulty interlace during scanning.

(b) During the frame pulses the mean d.c. level
changes. This is illustrated in Fig. 5(a). It is this
change which the popular integrator type of frame
pulse separator responds to, and is also the reason
for the displacement of the half line pulses with the
critical time-constant RC differentiator. :

Thus we see that if we could separate out the
change in d.c. level whilst still maintaining a sharp
transition, then by short time-constant differentiation
we should obtain a single short pulse with sharp
leading edge ideally suited for synchronizing the

frame timebase. This process is shown in Figs,
5(b) and (c).

It is now proposed to describe a frame sync
separator which gives, virtually, such a short pulse
with sharp leading edge and is not critical in regard to
operating potentials and component tolerances.

This is done by combining certain features from
each of the previous methods of Figs. 2 and 3. The

composite pulses are first differentiated using a

critical time-constant network, and the resulting
waveform passed to a smearer circuit with a long
decay time-constant. This results in the waveformsg
illustrated in Fig. 6, where it is seen that the line
pulses have been eliminated and the frame pulses
are ““ smoothed,” by the storage action of the capa-
citor, into a single frame pulse with a sharp leading
edge. This eliminates the differences at the end of
the train of frame pulses present in the input. By
short time-constant differentiation of this ‘ smeared *
pulse a short pulse with a sharp leading edge is
obtained, followed by much smaller short pulses as
shown in Fig. 7(b). This pulse is very close to the
ideal for synchronizing the frame timebase.

Any of the four smearer circuits shown in Fig. 4
are suitable, the choice depending on the polarity of
the input available. The simplest and most obvious
choice is the peak rectifier diode at (a). For satis-
factory operation of this circuit it must either be fed
from a low impedance source, for example, a cathode
follower, or from a differentiator which has constants
chosen in accordance with the conditions specified in
Fig. 8, otherwise the circuit functions as a counter.4

The diode has the merit of simplicity, requires the
normal negative-going line and frame sync pulse
input, and gives a positive output pulse, which is
suitable for triggering a blocking-oscillator or
thyratron timebase., It suffers from the disadvan-
tages of the output pulse being less than half of the
peak-to-peak input voltage and of transfer of line
pulses through the diode capacitance.

If the input signal is sufficiently large, the cathode-
follower smearer of Fig. 4(b) may be used with a long

Fig. 10. Complete circuit diagram of the improved frame pulse separator, based on a double valve.
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time-constant in the cathode, when the well-known
inability of a cathode follower to follow large negative
changes is exploited to advantage. In this case there
is no limitation on the relative values of input and
output circuit impedances, for provided no grid
current flows, the charging current for the cathode
circuit comes from the h.t. supply. The anode
supply voltage should be just sufficient to prevent
grid current flow in order to provide the shortest
possible grid base. This type of circuit, in common
with the diode, gives a positive output pulse, and
requires negative-going line and frame sync pulses.
However, the modern tendency towards a multi-
vibrator as a sawtooth generator makes a negative
pulse desirable, as it may be fed on to the “ free ”
grid of the cathode-coupled type and also gives easier
triggering with the cross-coupled type. The Miller
integrator smearer of Fig. 4(d) is unsuitable as it, also,
gives a positive-going output pulse and requires an
input with positive-going line and frame pulses.
This requirement necessitates an additional valve
after the usual sync separator valve.

The earthed-cathode smearer of Fig. 4(c) will
provide the required negative output pulse from the
normal negative-going line and frame pulse input,
as shown in Fig. 9(a) and (b). When the triode
conducts the anode capacitor charges through the low
impedance of the valve, giving a sharp drop in anode
potential. When the valve is cut off discharge can
only occur through the high resistance anode load,
with a consequent slow rise in anode potential. A
complete circuit using a triode as described above is
shown in Fig. 10, the correct operating point is
maintained by the use of grid leak bias. The fall of
the leading edge is determined by the anode im-
pedance at zero grid volts and anode capacitance, the
rise of the trailing edge by the anode circuit time-
constant. Suitable time-constants are between 0.5
and 5.0usec for charge and 100 to 1,000usec for
discharge. A valve with low anode impedance and
short grid base is desirable. - The attainment of a
short grid base is assisted by choosing an anode
supply voltage only about 509, greater than the
output pulse required for satisfactory synchronizing
of the timebase.

The circuit has the advantage of not being critical
in the component values required, owing to the
break-through of line pulses being almost eliminated
by the large discharge time-constant in the anode
circuit. Care should be taken that the charging
time-constant (r,C) is not too long, otherwise a
counting action takes place on the half line pulses
and gives a step waveform. Also, it is essential to
preserve the sharpness of the half line pulses during
the eight frame sync pulses in any circuit using
critical time-constant differentiation. This will
usually necessitate feeding the differentiator directly
from the usual sync separator limiter anode, with
particular attention to minimizing .stray anode-to-
earth capacitance.

By the use of a triode-pentode, with the pentode
acting as the normal video limiter as shown on the
left of Fig. 10, a single valve sync separator is
obtained having excellent interlace—provided, of
course, that the normal precautions are observed to
prevent stray line pick-up in the frame circuit and
also to prevent transfer of line pulses back through
the video limiter, This circuit has been employed
in production receivers for over a year and found to
be trouble-free and to give a consistently good

WIRELESS WORLD, NOVEMBER 1957

interlace. The noise susceptibility of this particular
differentiator type of frame pulse separator has not
proved to be any worse than the usual simple
integrator type.

Finally, the author wishes to thank T. C. Isaac
for much helpful discussion during the preparation
of this article.
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APPENDIX I

" For an exact analysis of the response of an RC
differentiating network to a composite train of line
and frame sync pulses it is necessary to know the
effective capacitor charging voltage during a line
pulse and during a frame pulse. This effective
charging voltage will be equal to the amplitude of a
line or frame pulse less the charge remaining on the
capacitor from the previous pulse. As the first frame
pulse follows a line period (at the end of an even
frame in the British system*), the effective charging

t— :+ ;
0 D ety ——at
1 1

Fig.1

RESISTOR
WAVEFORM

Fig.2

voltage for the first frame pulse will be the same as
that for a line pulse.

The response of an RC differentiating network will
be examined for the steady state condition, and an
expression derived for the charge remaining on the
capacitor at the end of a line period.

Due to the series capacitor of such a network there
can be no transmission of any d.c. component of the
input wave. Thus the average charge on the capa-
citor will be that of the d.c. component. This
requires the output waveform to have equal positive
and negative areas about the zero level, which implies
that the charge gained by the capacitor during any
part of one complete line period must be equal to
the charge lost during the rest of the period.

If it is assumed that the input pulses have unity
amplitude as shown in Fig. 1, then the waveforms
across the resistor and capacitor will be as shown in

* "The first frame pulse will follow after only half a line period at the
end of odd frames in the British system, and after a half line period on
both frames in systems employing equalizing pulses.

557

www americanradiohistorv com


www.americanradiohistory.com

CAPACITOR
WAVEFORM

Fig.3

m=9
007
006 m =10
* NI
R \N | m=irs
SERNN
>

0 ol 02 03 04 05 06 07 08 09

Yer
Fig. 4

Figs. 2 and 3 respectively. Referring to these figures,
we will let the voltage on the capacitor at the end of
the period z, be x, then the amplitude of the effective
charging voltage during the line pulse z; will be
1 — x, the capacitor charging up according to the
relation

(1 — x)(1 — e~tcR),
The voltage on the capacitor at the end of a line
pulse will be

(1 _ x)(]_ _ e—tl/cR) + x
This is the initial voltage on the capacitor available
for discharge during the period z,, the expression for
this discharge being
[(1 _ x)(l . e—nlcR) + x] e~ UCR,
The voltage remaining on the capacitor at the end of
the period ¢, will be
[(1 _ x)(l . e-—t]/CR) + x] e~ 12/CR
and is equal to x when equilibrium has been attained;
hence we have as the equilibrium condition
[(1 — x)(l — e—u/on) + x]e~t2/CE = x
simplifying and rearranging this gives. -
1 — e tlcr

x = e—12I0R _ ,—t1/CR

If we put t, = mt, this becomes
1 — e—tl/cR

T emil/CR _ p—!1/CR

We may plot curves, according to the above equation,
showing the variation of x with z,/CR for various
values of “s.” This has been done for m = 9, 11.5
and 10, representing the British, American and
continental systems respectively, the curves being
shown in Fig. 4. It will be seen from these curves
that the voltage on the capacitor at the end of the
period z, is not more than 19 of the peak-to-peak
input voltage if the ratio of ¢,/CR is greater than 0.4.

APPENDIX II

When a train of composite line and frame sync
pulses are passed through an RC differentiating
network, there is an exponential change of the
average charge on the capacitor during frame pulses
due to the different average level during these pulses
to that prevailing during line pulses. The extent
of this change will depend on the time-constant of
the network in relation to the duration of the pulses.
The general effect of the network on the frame pulses
has been shown in Figs. 3(b) and 6(b) of the main
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text. By varying the time-constant of the network
we will vary the degree of the response of the circuit
to such changes. If we make the time-constant
sufficiently long then the level will not have time to
change during the frame pulses and they will be
transmitted with negligible shift in level. If we now
shorten the time-constant the shift in level during
the frame pulses will become apparent and the half
line pulses between the frame pulses start to rise
up above the level of the line pulses, as in the above-
mentioned diagrams. This suggests its use as a
frame-pulse separator, only a simple clipper being
required to eliminate the line pulses and leave a
train of half line pulses during the frame pulse
period. (This simple method has disadvantages
which have been dealt with elsewhere!.) As can be
seen in Fig. 1, another effect appears as the time-
constant is shortened—that of differentiation of the
line pulses, giving rise to an overshoot as they
return to black level. This overshoot will subtract
from the displacement of the half line pulses which
occurs during the frame pulses, as any clipper will
have to take the peak of this overshoot as a limit, in
order to completely eliminate the line pulses.

As we further shorten the time constant the
amplitude of this overshoot starts to increase faster
than the displacement of the half line pulses until,
with a very short time-constant, both tend to the
peak-to-peak input amplitude. This -condition is
shown in Fig. 2, for an RC network of 1-2usec time-
constant. Between the two limiting cases of very
long and very short time-constants, neither of which
gives any difference in amplitude between the line
and the half line pulses, we would expect some
particular time-constant to give the maximum
difference. This time-constant is termed the
““ critical ” time-constant and its relationship to the
pulse lengths of the input wave will now be
examined. '

In order to simplify the analysis it will be assumed
that the charge remaining on the capacitor at the end
of a line period is negligible, otherwise it would be
necessary to take variation of this voltage with
variation of the time-constant RC into account
when differentiating with respect to RC. From the
considerations in Appendix I this assumption is
permissible if the ratio z,/CR is not less than 0.4.

The output from the differentiating network at
the end of a frame (in the British system, an even
frame) will be of the form shown in Fig. 1. We

(Continued on page 559)

Fig.2
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News from the Indush'y'

Mullard Research Expansion.—
To meet the growing demands on
the resources of the Mullard Re-
search Laboratories at Salfords,
Surrey, a new building with a total
floor space of 28,000 square feet has
recently been opened. As a matter
of policy three main activities—
fundamental research, development
and advisory service on Mullard
products, and Government contracts
—are carried on simultaneously and
with mutual benefit at Salfords,
which can now claim to be among
the largest laboratories in this coun-
try devoted to tadio, electronics and
allied subjects.

W. S. Electronics (Production),
Ltd., Brunel Road, East Acton,
London, W.3, which since its for-
mation in 1945 has been largely
concerned with producing under
contract army h.f. communications
equipment and mine detectors, has

recently been manufacturing its own

proprictary lines. Its D103 uwhf.
transmitter-receiver has now been
ordered for the Navy and the
RAJF. It is a wholly-owned sub-
sidiary of K. G. Holdings, Ltd., who
also own Bonocord, Ltd., and Tellux,
Lid. G. C. Wheeler and J. Wolff
have resigned their directorships of
the company and Col. A. E. Tyler
has been appointed general manager.
He also becomes general manager of
the associated W. S. Electronics
(Bxtruder), Ltd.

B.C.C.—Mobile radio-telephone
equipment is to be installed by
British Communications Corporation
at the railway marshalling yard at
Newport, near Middlesbrough. Six
locomotives and two signal boxes
(“up” and “down”) are being
equipped A double-frequency simplex
system is employed.

Telefunken tape recorders are now
available from the Welmec Corp.,
Ltd., of 147, Strand, London, W.C.2,
who have been appointed sole dis-
tributors in the UK.

“ By Any Other Name . . .”—Be-
cause Collaro’s trade name “ Chal-
lenger ” is inadmissible in America,
to which they export a large quantity
of record changers, they have re-
named their changer “ Conquest.”

Rhoden Partners, Ltd.,, who pro-
vide a service for the design and
development of specialized manu-
facturing equipment, have moved to
29, Park Crescent, London, W.1
(Tel.: Langham 7488). They are
not manufacturers, but will under-
take the design of manufacturing
equipment or modifications to exist-
ing assembly lines.
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Semiconductors, Ltd., recently
formed jointly by the Plessey Co.
and the Philco Corp., of Pennsyl-
vania, to manufacture in this
country transistors and other semi-
conductors under Philco patents, are
to build a factory on the Cheney
Manor Estate, Swindon, Wilts. Pro-
duction is expected to start during
next year with the manufacture of
hf. surface barrier and Micro-Alloy
transistors, now made by the Lans-
dale Tube Co., a division of Philco.
Germanium Micro-Alloy diffused
transistors for operation at 250 Mc/s
will be available later in 1958. To
assist manufacturers in the develop-
ment of transistor equipment samples
are being obtained from the U.S.A.

Adhesive copper foil known as
“ Plymaster,” made by the Rubber &
Asbestos Corp., of Bloomfield, New
Jersey, U.S.A,, to which we referred
on page 296 of our June issue, can
now be imported under open general
licence, so that individual import
licences are not required. The sole
UK. distributors of the foil, used
for making “copper clad” tor
printed circuits, are Omni (London),
Ltd., 35, Dover Street, London, W.1.

Marconi’s are to supply the equip-
ment for the f.m. radio-telephone
service for Southampton Harbour.
The equipment includes five 25-watt
v.hf. transmitters and five receivers
for the fixed stations, and three
mobile transmitter-receivers. The
fixed stations will be remotely con-
trolled from a central site.

Decca Navigator is to be fitted in
a further 44 tankers of the Shell
Petroleum Co., making 66 in all,

CQ Audio, Ltd,, is the new name
adopted by RGA Sound Services,
Ltd, who market CQ amplifiers.
They have moved from Plymouth
and are now at 2, Sarnesfield Road,
Enfield, Middlesex. A. R. Neve, a
director of the company, and Stanley
Kelly have also floated a new com-
pany, Audio’ Amplifiers, Ltd., of the
same address, to manufacture audio
equipment.

OVERSEAS TRADE

Surveillance radar is to be sup-
plied and installed by Marconi’s at
two air bases in Wellington, New
Zealand—the civil airport at Ron-
gotai and the N.Z. Air Force base
ar Ohakea. Both installations will
include duplicate 500-kW sets (T'ype
S264A). At Rongotai the scanner
will be erected at the top of a 1,650-
ft hill, from which the radar infor-
mation will be fed by a microwave
link to both the airport and the air-
ways control centre in Wellington
city, approximately four miles away.

www americanradiohistorv com

Selartron’s commercial director,
Eric E. Jones, is visiting the
United States. Whilst there he will
make arrangements for the manu-
facture under licence in the U.S.A.
of the Solartron electronic reading
automaton (E.R.A.). The group
has an American subsidiary, Solar-
tron Incorporated, of Los Angeles,
set up a year ago, and has agree-
ments with Rheem Manufacturing
Co., of New York, and the Consoli-
dated Electrodynamic Corp., of
Pasadena.

Tape Recorders.—Two production
models of the recently introduced
“Thoroughbred ” tape recorder
were flown by Winston Electronics,
Ltd,, to their North American_ dis-
tributors Mechron Products, Ltd.,
for exhibition at the Canadian In-
stitute of Radio Engineers show in
Toronto (October 16th to 18th).

A £1M contract, calling for the
complete reorganization of the long-
wave broadcasting station at Ankara,
Turkey, including the addition of a
second 120-kW transmitter for
parallel operation with the existing
one, has been awarded to Marconi’s.

S. W. Transmitter.—British Saro-
zal, Ltd., whose new address is
1-3, Marylebone Passage, Margaret
Street, London, W.1, have supplied
to the Radio Club of Cape Verde
a 5-kW transmitter for broadcasting
in the 19-, 41- and 75-metre bands.
The transmitter gives an overall fre-
quency response of +2dB between
30c/s and 15kc/s with distortion
below 49%.

Thorn Electrical Industries plan
to invest more than £A2,000,000 on
a development project in Victoria to
provide facilities for the production
of the complete range of the com-
pany’s products in Australia.

Television Receivers.—There is at
present no television service in
Chile, but three stations using
American 525-line standards aie
being operated experimentally by
institutions.  British manufacturers
will have the opportunity of showing
their television egquipment at the
technical “exhibition at the Univer-
sidad Tecnica del Estado in San-
tiago in December. Details are
obtainable from the Exhibitions and
Fairs Branch of the Board of Trade.

Automation Exhibition.—The 4th
International Automation Exposition
and Congress will be held in New
York Coliseum from June 9th and
13th next year. British firms inter-
ested in exhibiting or in visiting the
Show should communicate with the
organizers, Richard Rimbach Asso-
ciates, 845, Ridge Avenue, Pitts-
burgh 12, Pa.
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RANDOM RADIATIONS

By ‘DIALLIST"

Hi-Fi and V.H.F.

WRITING from St. Peter Port in
Guernsey a reader, who is a hi-fi
enthusiast tells me that, though he
can receive in the right conditions
North Hessary Tor, Rowridge,
Norwich and Wrotham, he always
makes use of the last of these when
possible owing to the much superior
quality of reproducnon obtainable
from any of its transmissions which
originate in or near London. He
makes the suggestion that I should
let this be known for the benefit of
other followers of the hi-fi cult—and
this I willingly do. Wrotham, as you
may recall, was started as an experi-
mental v.h.f. station some years
before work was begun on the f.m.
network. It is served by a very
special cable from London and its
"modulation band of af.’s seems to be
considerably wider than that of most,
if not all, of the B.B.C.’s other Band
II stations. What exactly is its upper
limit is rather a mystery. When, in

1956, filters restricting the upper
limit to 10kc/s were installed
readers wrote to Wireless World
complaining about the fall in quality.
The filters were subsequently re-
moved. In two I.E.E. papers 15kc/s
has been given as the upper limit
but this is by no means certain. I
can, however, testify to the quality
of the reproducnon obtainable from

Wrotham.

Comparisons Are Instructive

For some little time during the
experimental  transmissions from
Wrotham—I was then living in
Hertfordshire—I had on loan one of
the f.m. receivers, which were made
for the B.B.C. by Ambassador and
oost, I believe, not far short of £100
apiece. At the same time I had a
good medium- and long-wave broad-
cast receiver and a television set
which did full justice to the sound
part of the TV transmissions. The
v.h.f. set had a muting switch and I
fixed up similar contrivances for the
others. It was thus possible to turn
instantly from one set to another. It
seldom happened, of course, that the
TV and sound programmes were the
same; but quite often concerts
(though not always the same ones)
were being broadcast on the medium
waves and Bands I and II. Com-
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parison was easy to make and it
showed how infinitely superior was
Wrotham’s transmission of music.
The TV sound was a good long way
behind as second and there was no
doubt that the medium-wave trans-
missions from London—or, rather,
Brookmans Park—were badly beaten
into third place by the necessarily
high selectivity of the if. circuits in
the receiver. I notice that several
people in the part of East Anglia
where I now live have their Band II
aerials directed on Wrotham instead
of Norwich. Some even have aerials
for both stations and musical folk
tell me that they use Wrotham when
it’s receivable.

Who’s Responsible?.

UNDER the heading * Mechanical
Engineering is Key to Reliability,”
the American weekly Electronic
News published a report on the
second symposium on reliability held
in June by what was then known as
the Radio - Electronic - Television
Manufacturers’ Association.  The
title has since been tidied up and is
now simply Electronic Industries
Association. Representatives  of
several countries took part in the
symposium. One of them, R. E.
Clark, of the Royal Naval Scientific
Service, is reported to have said that
reliability in electronic equipment is
not so much a matter of electronics

as of mechanical engineering. I agree
heartedly up to a point. But hasn’t
this always been so? It’s hard to
think of a fault in sound radio or
television equipment, for example,
which is purely electronic in origin
and nature. And there are a tidy few
of electro-chemical origin. If the
emission of a valve or a cathode-ray
tube becomes low, the common
causes are a cathode faultily made in
the first instance, or poisoned by the
electro-chemical action of residual
gases which are present because the
pumping was not good enough, or
blocked by the formation of an inter-
face (electro-chemical action again)
between the metal part and the emis-
sive  coating. Common purely
mechanical faults are disconnections,
poor contacts and short circuits.
Resistors or capacitors may break
down if such a fault subjects them
to loads a good deal beyond what
they are designed and rated to carry.
Composite resistors not infrequently
“go high,” or “go low,” owing, I
suppose, to electro-chemical effects.
It seems, then, that the electronic
engineer, the chemist and the
mechanical engineer concerned with
the design and production of
receivers and components have all
their parts to play in improving
reliability and that their responsi-
bilities are very closely inter-related.
You can’t blame the mechanical
engineer if his products are misused
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UNBIASED

The Torso Two

I WONDER 'if you happened to read
with as much interest as I did, the
account given by “Diallist™ (Sept.
issue) of how a stone-deaf man was
made to hear by sticking one end of
the secondary of an audio transformer
into his auditary nerve and the other
end into a muscle. The secondary
was placed under the skin by plastic
surgery and the primary was outside
the body over the area of the subcu-
taneous secondary.

The reason for my special interest
is this. I have long had the idea of
developing a portable receiver which
was self-contained within the human
body or, in other words, a personal
receiver in the literal sense of the
word. The great snag has always
been to turn the a.f. electrical
impulses into sound without the use
of loudspeaker or headphones
. external to the body; now this prob-
lem has been solved.

Briefly my idea is to get a plastic
surgeon to embed under my skin, at
strategic points, a number of tran-
sistors and other components of
Lilliputian dimensions; probably I
shall start on a modest scale and call
my initial effort the Torso Two.

These components will be connec-
ted in circuit not by having wiring
put under my skin. I intend to use
the modern technique of a “ printed ”
circuit formed by tattooing. The
“ink * used by a tattoo artist is not
a good conductor, as I found when
I made tests on a seaman’s chest
in a waterfront pub with a Megger,
but by a simple addition it can be
made so.

Thus it would be possible to

tattoo many turns of *“wire ” around
each of a man’s legs. The turns would

Chest test.
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By FREE GRID

be tattooed on each leg in the opposite
sense so that by varying the distance
between the legs the same tuning
effect would occur as we used in our
old variometers years ago. No vari-
able capacitor would be required.
There are one or two problems to
be solved before my idea is ready
for commercial exploitation. One
question 1s that of self-contained
battery power, for even transistors
need a few volts. However, it must
not be forgotten that the blood and
other bodily secretions, such as serum
and sweat, are salty solutions having

_some of the characteristics of the

electrolyte of a Leclanché cell. It
should surely not be impossible to
embed a carbon and a zinc rod some-
where. If any of you have any ideas
on the matter please let me know.

Worthless Wireless Facts

RECENTLY I had a letter from a
reader asking me if the oscillating
crystal technique about which W.W.,
published a good deal of information
in the early ’twenties was the fore-
runner of transistors. The question
surprised me for W.W. has several
times stated that this was so.

I don’t think many readers realize
how old oscillating crystal technique
really is. I find from my scrapbook
of worthless wireless facts, which I
have been painfully putting together
for many years past, that oscillating
crystals date back to Edwardian days.
They were demonstrated in action
before the Physical Society of London
by Dr. W. H. Eccles in May 1910;
and when that month began King
Edward VII was still on the throne.
. 'This really means that the oscillat-
ing crystal preceded the oscillating
valve, for although the triode was
with us long before
1910 the principle of
regeneration was not
introduced until 1912,
As for the transistor, it
is my belief that by the
time W.W. celebrates
its jubilee in 1961, it
will have almost com-
pletely  displaced the
valve in our receivers,
and I thought the car-
toon of the imperious
transistor showing the
door to the lachrymose
valve, displayed on
Pye’s stand at the Radio
Show, to be highly
prophetic.

As I have already
told you I have a mania
for collecting in my
scrapbook wireless facts
which are not usually
to be found elsewhere.
Most of these facts are
quite worthless but I

www americanradiohistorv com

am always glad to receive any of
them. Maybe if you send me
enough of them I will try to get a
book published under the title of
“Free Grid’s Book of Worthless
Wireless Facts.”

Lament for the Past

AS I mentioned some months ago
there was a time when every reader
of W.W. was familiar with the
succinct abbreviation 1-V-2 as an
adequate description of a certain type
of receiver. The magic figures 1 and
2 together with the V formed the
vital statistics of the set which con-
veyed as much information to the
wireless fan of 1925 as the vital
statistics of Marilyn Monroe do to
the film fan of to-day.

Another long-forgotten thing
known only to us “old contemp-
tibles” of radio is the expression
“tuning indicator.” We used to
put a simple milliammeter in the
anode circuit of the detector to serve
as an indicator of what was going on.
In later days manufacturers gave us a
thermionic tuning indicator and
we used to refer to it as such, or as
a cathode-ray indicator. Nowadays
we use this device also as a recording-
level indicator in our tape machines.

Unfortunately, however, the
thermionic indicator had not long
appeared when some manufacturer’s
publicity pundit evolved the comic-
strip expression “magic eye” which
instantly caught on and is now used
by the most learned technologists.
Such men would baulk at referring
to the c.r.t. of their TV sets as a
“magic mirror” or to a valve as an
“Aladdin’s lamp > although there is
every bit as much justification for
doing so.

However, by far the most aston-
ishing instance of once-familiar things
being lost in oblivion is the push-
button set of the type with which
we were all familiar a few years ago.
At the show this year there were
push-button sets in plenty but I
found only one of them used the
buttons for tuning-in stations; this
particular one went the whole hog
and housed the buttons in a remote-
control unit. Maybe there were other
sets using push-buttons for tuning
which I missed and if so I should be
glad to hear from their manufac-
turers. On the other sets I saw the
buttons performed only the function
of a wave-change switch.

What impressed me most, however,
was that push-button tuning not only
seemed to have disappeared but to
have been forgotten. At the stand
of a famous manufacturer where I
enquired for a push-button tuned set
I not only drew a blank but a look of
blank surprise as well. The young
man of whom I enquired had never
heard of them but he did think the
whole thing an excellent idea to pass
to his firm’s designers as a novelty
for next year’s show.

WIRELESS WoORLD, NOVEMBER: 1957
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TH E ‘“Avo” tradition of
pioneering enterprise again finds
expression in a new multi-range meter
of compact size, robust construction, R A N G Es

and thoroughly sound design.

\

It is a rectifier/moving coil D.C. Voltage  A.C. Voltage
3 imple t i d 0 — 100mV. 0 — I10V.
instrument, simple to use, easy an 8__ '2_5 V. 0 — 25V
i i i — 10 V. 0 — 100V
quick to read. A single rotary switch 0o_ 25 v o SOk
selects any one of the 19 ranges. One 0— 100 V. 0 1000 V
, q q 0— 250 V
pair of connection sockets deals with 0 — 1000 V )
= any measurement. One scale is pro- D.C.Current
vided for current and voltage readings . o ISER
d ther f it Resistance 0 1OmA
and another for resistance. 0 — 20000 ¢ 0 (oA
0— 2 M2 0 1A
Sensitivity:
G‘I'eat 10,000 ohms per volt on D.C. voltage ranges.
1,000 ., . AC. List Price:

Accuracy:
On D.C. 3% of full scaie value.
On AC. 49 , , s »
-
little /
Pocket Size: 58 x. 33 x |} inches IO s-

Weight: | Ib. approx.

complete with Test

Inmnstroaament Leads and Clips.

Designed and Manufactured by

Leather Case
if required
A n L t d N /
4
U [ |

Telephone: ViCtoria 3404 (9 lines)

AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD - LONDON - S.W.I

A
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saves design time g

and effort

Performance figures unaffected by capacity
loading on the H.T. output.

. f,.—" 1
it's so easy'to put in a ready-made, self-contained,
completely reliable Power Supply sub-unit!

——
A COMPLETE
RANGE OF SELF-
CONTAINED UNITS
oo sors | SRS 196 | AS 619 | AS 516 | AS 517 | AS 515 | AS 615 | AS 616
INTO YOUR PROJECT
: —r
+150V to £250V or +250V or +250V or +250V or =250V or
VOLTAGE 150V 1130V £300V +300V +£300V 300V £300V
0-150ma or
CURRENT 0-40ma 0-200ma ‘0-50ma 10-100ma 50-200ma at 250V. 0-500ma 0-1A
A i 100-200ma at 300V.
) 6.3V4ACT. 6.3V4ACT. 6.3V 4A C.T,
A.C. OUTPUTS 5'35"3‘\‘,A| ﬁ'T' 6.3V4ACT. 2%3 fﬁ b 6.3V 2A C.T. 6.3V 4A C.T. 233;: g;;; 6.3V I0A C.T.
i 6.3V IAC.T. ) 6.3V IA 6.3V (A
D.C. SOURGE IMPEDANCE <20 <iQ <10 <10 <iQ <1Q <IQ
STABILISATION . . . . .
FACTOR BETTER THAN 400:1 400:1 400:} 400:1 300:1 400:1 400:1
A.C. SOURCE IMPEDANCE
400 5— 100Ke s <2Q <20 <0.25Q) <0250 <0.5Q <0.502 <030
RIFPLE[AND HOSE <350pv - <300pV <250pV <300V <imv <3004V <3001V
91" % 6}" 10* % 107 94" x6}" B8} % T4 92" x9}" 197 % 12} 19"x 19°
DIMENSIONS X617 high X 8% high XB}” high X6} wigh X 63" high x 104" high x 104" high
WEIGHT 144 Ibs 21} Ibs 14} Ibs 204 ibs 214 lbs 80 Ibs approx 150 Ibs

From this complete range of regulated power
supply sub-units you can choose, ready-made,
the right power source for your prototype or
production equipments. Why waste design time
and effort on a part of the problem which we
have already thoroughly covered for you?

- ° - - -
-~ - - =

V4 - = AN
N
\ g s N /
/ ~ - \
\ AN = i
~ = /
N\ R ~ \’\, /9

-~ - - S S

THE SOLARTRON ELECTRONIC GROUP LTD

o« THAMES DITTON e

These robustly made units are giving excellent
service in many forms of electronic equipments,
computers, simulators, industrial controls, etc.
Educational and servicing establishments find
them most useful as bench instruments because
of their compactness.

Notable features are

+ LONG TERM RELIABILITY

Y% LOW SOURCE {MPEDANCE

¥ VERY LOW RIPPLE AND NOISE CONTENT
+ GOOD STABILISATION RATIO

Y LOW COST. DELIVERY EX STOCK

Power Supply Sub-units

SURREY ¢ ENGLAND

Telephone : EMBerbrook 5522 o  Cables: Solartron, Thames Ditton
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Close tolerance characteristics

Close tolerances of standing current, slope, balance and
cut-off add to equipment reliability and life.

Low impedance

High anode current at zero bias and low anode voltage
provide high speed capabilities.

High slope — controlled cut-off

A high slope of 12.56 mA/V and a short grid base ensure
small drive requirements.

Low cross capacitances

Sections are physically screened, thus materially reducing
cross capacitances and permitting sections to be used
independently.

The employment of a frame grid construction in this valve is
largely responsible for its outstanding characteristics. This also
enables a good noise factor to be achieved in r.f. or i.f. input
applications thus making the ES3CC suitable for use in Radar,
Communications, Television Studio Equipment, etc.

Further technical information concerning the E88CC is
available on request.

COMMUNICATIONS-AND

3 INDUSTRIAL VALVE DEPARTMENT gy

E88CC

a new
high speed
Double

Triode for-

computing,
switching
and scaling

ABRIDGED DATA

Vh = 6.3V 1h = 300mA
Computer operation

Va(b) 150V
Vg (la = 1001A) —7.0£ 1.5V
Vg (la'= 5.0uA) - 15V
Vg difference

(Vg./~Vg” at la = |00uA) <-—20V
Cascode amplifier
Vb 100V
Vg(b) +9.0V
Rk 680 ohms.
la 15+£0.8mA
gm 10.5 to J5 mAJY
Noise factor (f = 200Mc¢/s) 4.6dB
Req (r:f.) 300 ohms.
Base BSA

\/
Mullard Limited, Mullard House,
Torrington Place, London, W.C.1

@ MVT 3235
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& SETS THE HIGHEST STANDARD

COMPLETE RADIOGRAMS
and RECORD PLAYERS

*

FREQUENCY MODULATED VHF
and STANDARD AM RADIO
RECEIVER and TUNER CHASSIS

*

CABINETS IN THE LATEST
CONTINENTAL and BUREAU
TYPE STYLING

*

HIGH FIDELITY and STANDARD
SPEAKER UNITS

*

AUTOMATIC RECORD CHANGERS
*

DISC PLAYERS

*

AMPLIFIERS

*

LOUDSPEAKERS

RADIOS LTD

COMPONENTS DIVISION

... for enthusiasts and those who
appreciate the finer qualities

of perfect sound

reproduction, Perth Radios.
manufacturers of electronic
equipment, provide the

complete answer with their

fully guaranteed components at
the keenest prices, plus a

~ generous extended credit plan

SEND

FOR
ILLUSTRATED
CATALOGUE
AND

PRICE LIST

MARTEN HOUSE
3747 EAST ROAD, LONDON, N.|I

Telephone : CLERKENWELL 2413/4




NOVEMBER, 1957 WIRELESS WORLD 5
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50 GOOD Reasons to USE "THE CLASSIC SERVICE"

Every item which we list below is a normal stock item which In Gt. Britain and N. lreland full hire purchase and credit
we are prepared to pack and despatch to you in any part of sale terms are available with our confidential system and
the world. I’E’ach item is chosen because we believe it to be prompt despatch. Credit sale agreements must be cleared in
** Quality ” product and unless it measures up to our nine months—all articles advertised can be purchased on 6
standards we do not stock it. months credit—no extra charge.
item Make Model No. Delivery Cash Price Terms C.S. Terms H.P. Export
No Deposit  Payments Deposit Payments Price
SECTION | GRAMOPHONE MOTORS. ALL MAKES IN STOCK
£ s d £ s d. £ s, d. £ s d
Garrard R.C.88 Ex/stock |7 I8 8 218 8 9 of 39/- 9 00 12 of 14/9 1218 0
Garrard R.C.98 Ex/stock 19 17 8 2 40 9 of 44/~ 100 0 12 of 20/~ 14 6 0
SECTION I i i : '
1 Leak Mark Il Ex/stock 13 16 5 216 5 9 of 29/~ 700 12 of 148 10 5 0
Connoisseur Mark [l Ex/stock 12 9 10 2 910 9 of 27/- é6 5 5 12 of I 1/8 8il 0
Ortofon Type '“ A" Ex/stock 17 I8 | 218 | 9 of 28/- 819 6 12 of 10/} 13 0 0
SECTION Hi TUNER UNITS
Leak Mark Il FM  Ex/stock 35 10 O 317 ¢ 9 of77/4 17 15 4 12 of 33/3 25 0 0
Quad Mark 'lFM  6-12 weeks 30 9 0 37 4 9 of 66/10 15155 i [2 of 28/$ 2 0O
Rogers FM Unit Ex/stock 417 0 214 8 9 of 54{8 i2 9 2 12 of 23/3 18 0 0
Armstrong  FM 61 Ex/stock 22 10 2 8 6 9 of 48/6 I 0 6 12 of 20/8 1710 0
AMPLIFIERS '
SECTION IV Armstrong  A10 Exjstock 3210 0 311 6 9of71/6 16 5 8  120f30/5 3210 0
Rogers Junior Ex/stock 26 0 0 217 2 9 of 57/2 13 0 6 12 of 24/4 26 0 0
Leak TL.12A Ex/stock 32 11 0 317 9 of 71{7 16 5 8 12 of 30/6 3210 0
Leak TL.25A Ex/stock 43 2 0 414 9 9 of 94/9 20109 12 of 40/4 43 2 0
SECTION v LOUDSPEAKER UNITS
Wharfedale Super 3 Ex/stock 6 19 6 -— — — — 500
Wharfedale Super 8 Ex/stock 6 19 6 -— — — — 500
Wharfedale Super
IZ/CS/AL Ex/stock 17 10 0 118 6 9 of 38/6 815 11 12 of 16/4 1710 0
Wharfedale W.I5ES Ex/stock 17 10 0. 18 6 9 of 38/6 8 15 11 12 of 16/4 1710 0
Goodmans  Trebax Ex/stock 59 3 — — — —_ 59 3
Goodmans Midax Ex/st 1116 © — — — — 1116 0
SECTION I COMPLETE LOUDSPEAKER ASSEMBLIES
\ Lowther Acoustica Ex/stock 37 16 0 4 3 1 9 of 83/1 18 18 © 2 of 35/5 3716 0
Lowther T.P1. Ex/stock 96 0 0 011 1 9 of 2i 1/l 48 0 0 12 of 90/~ 9% 0 0
Tannoy Canterbury Exfstock 57 I5 0 6 7 0 9 of 127/- 28 17 6 12 of 54/ 5715 0
Tannoy York Ex/stock 75 0 0 8 5 0 9 of 165/- 3710 9 12 of 70/3 75 0 0
Tannoy G.R.F Exfstock 122 0 0 13 8 4 9 of 268/4 61 0 6 12 of 114/4 122 0 0
Tannoy . Autograph  6/8 weeks 165 0 O 18 3 0 of 363/~ 82 10 3 12 of 154/8 165 0 O
Westrex Ex/stock 69 0 0 181 9 90of 371/9 8410 ¢ 120f 159/10 169 0 O
TAPE DECKS, ETC.
SECTION VIl Truvox Mark 1" Exjstock 23 2 0 210 9 ,ol50~ Il 1l 9 120277 23 2 0
Wearite Stereo Exfworks
4/6 weeks 47 10 0 5 4 6 9of 104/6 2315 0 12 of 44(7 47 10 0
Collaro Mark I Exfstock 23 2 0 210 9 9 of 50/9 i 9 12 of 217 23 1 0
Wearite Model 2A Exfstock 35 0 O 317 00 90of77/- 17 10 9 12 of 32/9 35 0 0
Wearite Modet 2B Exfstock 40 0 O 48 0 9 of 88/~ 20 0 0 12 of 37/6 40 0 0
Wearite Model 2C  Exjstock 45 0 0 419 0 9 of 99/~ 210 3 12 of 42/2 45 0 0
EM.L Stereo Deck
Control Unit Ex/stock 22 17 0 1310 3 9 of 270/3 6l 8 6 12 of 115/2 12217 0
SECTION VI” COMPLETE TAPE RECORDERS
Elizabethan  ’'56 Ex/stock 54 12 0 6 0 | 9 of 120/t 27 6 2 12 of 51/2 5412 0
Elizabethan  '57 Ex/stock 68 5 0O 710 | 90of 150/l 34 3 0 12 of 63/) 68 5 0
Grundig TKS Ex/stock 54 12 0 6 0 | 9 of 130/1 27 6 2 12 of 51/2 5412 0
Grundig TK8 Ex/stock 75 12 0 8 6 3 9 of 165/3 3716 5 12 of 70/10 7512 0
Grundig TK320 Exfstock 99 I5 0 1019 5 9 of 219/5 49 17 5 12 of 93/6 99 15 0
Ferrograph  3/AN 4/6 weeks 79 16 O 815 6 9 of 175/6 18 9 12 of 74/9 7916 0
cABFerrograph 3/AN/H 4/6 weeks 94 10 0 10 7 10 90of 207/10 47 5 2 12 of 88/7 3410 0
INETS
SECTION IX Heals
Console Exfstock 30 0 O 3 6 o 9 of 66/- IS 00 12 of 28/%- 30 0 0
Leak Con-
temporary 4/6 weeks 22 |5 0O 210 0 9 of 50/- 1H 7 6 12 of 22/3 2215 0
Classic Functiona! Ex/stock 14 14 0 1 12 4 9 of 32/4 770 12 of 15/~ 14 14 0
Classic Contemporary S/U Ex/fstock 18 18 0 21 6 9 of 4l1/6 9 9 0 12 0f 19/3 1818 0
Classic Contemporary D/U Ex/stock 28 7 0 320 9 of 62/~ 14 4 6 12 of 27/~ 28 7 0

6 MONTHS CREDIT. NO EXTRA CHARGES. BANKERS’' ORDER or 5 CHEQUES WITH ORDER)

WHAT A SELECTION

Full mail order and export facilities. Full facilities for comparative demonstrations and free technical advice.
Wide range of cabinets from the simplest to the best. Come to the Hi/Fi Pioneers

CLASSIC ELEGTRICAL

Telephone 352/364 LOWER ADDISCOMBE ROAD, CROYDON, SURREY Telegrams
ADDiscombe. 606112 Bus services 59a, 54, 12 & Green Line 725. Nearest Stns.: Woodside, Addiscomba E. Croydon. Classifi, Croydon, Surrey
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KLYSTRON POWER
UNIT TYPE 698B

{1 —
[e;a!} 5 : !

HE Power Unit Type 6988 which is now avajlable for immediate delivery, is designed to
All the H.T. supplies are

provide H.T. and L.T. supplies for high voltage Klystron values.
stabilised, the output being less than 0.5 per cent of the input voltage changes. Internal
Oscillators provide square wave and saw-tooth wave modulation and switching enables either
the internal modulation or modulation from an external source, to be applied to the grid or
A switch position is also provided for operation under C.W. conditions.

reflector voltages.

STABILISED H.T. OUTPUTS

Reflector Volts

Cathode Grid Volts
Cathode Volts Current Max. Min. Max. Min.
—2.4 kV (Max.) I8mA 220V 0 —500V 0
—100V 0 —280V 0

— 1 kV (Min.) 10mA
Output change of less than +200 mV for input change of 210—250V.

Stabilisation:
Ripple Voltage:
Regulation:

Not greater than 20mV R.M.S.

Output Impedance less than 500 ohms at 10mA

4.0V D.C. at |.4A,
Less than 150mA R.M.S.

Rating:
Ripple:

L.F. OUTPUTS

Write for full details of this or any other Airmec
instrument which will be forwarded gladly upon request.

CABLES: Airmec, High Wycombe

A I R M E C LIMITED TEL.:  High Wycombe 2060

HIGH WYCOMBE BUCKINGHAMSHIRE ENGLAND
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é]?o AUTOMATIC TELEPHONE & ELECTRIC CO. LTD.

WIRELESS WORLD

Radio links with type RL equipment are a practical, eco-
nomic and reliable alternative to landlines.
V.H.F. Radio telephones are particularly suitable where
contact is to be maintained between isolated communities
and individual subscribers remote from main trunk routes.
A.T.E. single-channel v.h.f. equipment type RL is designed
for a variety of applications where an easily installed and
simply maintained system is required. Over any type of ter-
rain it provides normal point to point communication or,
alternatively, it can be linked in with existing telephone
circuits without modification of equipment.

*The equipment has the following characteristics
MAINS OR BATTERY OPERATED - AMPLITUDE OR
FREQUENCY MODULATED - OPERATES IN RANGE

54-186Mc/s - TRANSMITTED POWER 0.6W-10W

STROWGER HOUSE °* ARUNDEL STREET * LONDON, W.C.2

Telegrams : Strowger Estrand London. Telephone : TEMple Bar 4506 Srrowger Works, Liverpool, 7.

Typical mains oper-
ated terminal equip-
ment. It comprises
two transmitter [
receiver units, twos
signalling | power
units and a trans-
mission measuring
set.

AT 14651
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ROLA CELESTION—

acknowledged leaders for over 30 years in

the design, development and manufacture

of loudspeakers for all purposes ... . world

famous Yor quality of reproduction, sensi-

fivity in performance and long life under

all climatic conditions.

LOUDSPEAKERS

FOR ALL L:

e/ celESTION

q () [ o ' S FERRSE W‘ORKS THAMES DITTON, SURREY
Rola (/eles{:lon L{(l. Telcphone : EHBerl?rook 3402
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APPEARANGES count so much when it comes to selling
your product. That’s why so many manufacturers choose
elegant and practical Imhof handles. There’s a handle for
virtually every job, and delivery can be made in days from
large stocks. Even better—let Imhofs supply you with
standard cases or raks, as well. Strong and beautifully
designed, they are the perfect complement to your product.

Write now for free comprehensive catalogue.

for handles it’s

ALFRED IMHOF LIMITED Dept.Mil 112-116 New Oxford Street London WC1 Tel: MUSeum 7878

=
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In a single application, Araldite epoxy resins combine such diverse functions as bonding,
impregnating, insulating and providing surface finishes of remarkable protective value.
This rotating magnet generator, made by Ericsson Telephones Limited for telecommunica-
tion equipment, has a greater output than other generators of the same drive torque. It
incorporates heavy-gauge iron sheet laminations bolted between diecast alloy end cheeks,
and the coil is separately wound on to a moulded bobin which, when assembled, forms an
integral part of the lamination structure, Dimensional accuracy between the end cheeks
must be combined with a relatively large dimensional tolerance on the thickness of the
laminations, and Araldite Surface Coating Resins have proved indispensable for impreg-
nating the coil, locking the laminations, and imparting an excellent surface finish to

equipment which also conforms to tropical specifications.

Combined
operations

Araldite epoxy resins are used

* q n

* for bonding metals, porcelain, glass, etc. for producing glass fibre laminates

* for casting high grade solid electrical * for making patterns, models, jigs and tools
insulation * as fillers for sheet metal work

* for impregnating, potting or sealing electrical * as protective coatings for metal, wood and
windings and components ceramic surfaces

Araldite BEZZESEREAZR

Araldite is a registered trade name

Aero Research Limited 4 cia Company. Duxford, Cambridge. Telephone: Sawston 2121

AP 321
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“Why@@&is best” series No&8

EXTREME accuracy and delicacy of touch is required by the
skilled operator in mounting the sapphire stylus point in the metal shank.
The illustration above shows an operator at the Garrard factory inserting a
sapphire, which is twenty-thousandths of an inch diameter, into the metal shank
and burnishing its end to hold the sapphire in position. Specially designed
machines are in everyday use in the Garrard factory to perform the many
intricate operations necessary to produce the world’s finest record playing
equipment. One more reason why Garrard units are the finest in the world.

g AUDIO
q’MW PERFECTION

THE GARRARD ENGINEERING AND MANUFACTURING CO. LTD SWINDON - WILTS

\
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Ure now even easier 1o install

Designers of communications equip-
ment, will welcome the new mounting and terminating arrangements of
the Mullard 25mm and 36mm pot cores.

Unique design features that make installation easier than ever, include
_positions for tag boards on three sides and a new system of fixing, which
eliminates the need for additional mounting plates.

Combining constructional advantages with sound technical performance,
these 25mm and 36mm pot cores take full advantage of the low loss of
Ferroxcube to produce inductances of up to 30 henries, together with high
Q values over a wide frequency range. As an additional service these pot
cores can be supplied wound to individual specifications, if required.
Write now for full details of the comprehensive range of Mullard pot cores
currently available.

Outstanding features

#  Controllable air gap, facilitating inductance
adjustment

*  Self screening

%  Controllable temperature coefficient

*  Operation over a wide frequency range
# [Ease of winding, and assembly

mf-’ Ticonal’ permanent magnets
u ar 7 Magnadur ceramic magnets

Ferroxcube magnetic cores

Mullard Ltd., Component Division, Mullard House, Torrington Place, W.C.|

MC 257
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PHOTO-ELECTRIC CELLS

Cinema-Television Limited have been designing and
manufacturing photo-electric cells for over a quarter
of a century as a result of which they can now

offer a service and ‘know-how’ second to none.

With over 80 different types of photo-cell in the
current manufactured range there is a type suitable

i

for practically every n application and an

equivalent for al ry cell manufactured in

articular
cial cells where
2 on request.

CINEMA

A COMPANY WITHIN THE RANK ORGANISATION LIMITEB

WORSLEY BRIDGE ROAD LONDON - S.E.26
HITHER GREEN 4400

13
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Are you

gﬂsﬁm@&{ / _ %ﬁ

fith fluctuating mains voltage ?

Does the solution to your problem still elude you even after how:s of
research? At “‘Advance’ there are mains voltage
stabilisation specialists ready to help. From their long
experience, backed by the most comprehensive range of Constant
Voltage Transformers available in this country, they could
probably select a standard rype thar would end all your difficulties.
In any cvent, if you have any problem that involves mains

voltage fluctuations, the right move is to consult *‘Advance’ first.

/edﬁ/m to the rescue

C
A4
T

CONSTANT VOLTAGE TRANSFORMERS
ADYANCE COMPONENTS LIMITED

Full technical details available—Leaflet W28

GDI ROEBUCK ROAD - HAINAULT * ILFORD - ESSEX - Telephone : Hainault 4444
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Don’t spoil
your ship!

In terms of cost the solder content of your products may be negligible. In terms of quality, dependability,
Your reputation, it is all-important. Why not act today ? You’ve only to tell your buyer — ¢ Switch to
Superspeed”— and you can relax in
the knowledge that all your risks are
underwritten by the greatest name in

soldering history.

incorporating Enthoven’s unique 6-
channel stellate core, is unchallenged
as the most efficient cored solder wire
for general assembly work on radio,
television, electronic and telecom-
munication equipment. But remember,
too, that there is.an Enthoven solder

product for every other engineering

and manufacturing application. And
Enthoven always means the best ! If you use solder, please write today for the new edition of our brochure

“Enthoven Solder Products’—or consult us, quite freely, on your particular problems.
Whenever soldering is discussed, ENTHOVEN enters the argument. It’s a name that represents 150

years’ experience in non-ferrous metals, and an incomparable record in research and development.

EN rnovvers

ENTHOVEN SOLDERS. LTD.,.DOMINION BUILDINGS, SOUTH PLACE, LONDON, E.C.2. MONarch 0391




%%@ Model 853
s POWET Amplifier

The complete power amplifier for use with
either of the 2 other models (853A or 854).
It is supplied in a beautifully finished
polished wood cabinet which can be placed
on a side table or bookshelf and will blend
harmoniously in any room.

TECHNICAL DETAILS

The amplifier is based on a circuit developed by
Mullards incorporating an ultra linear output-
stage and contains a Power Supply for a Pre-
amplifier and F.M. Tuner.
Maximum power output JI watts.
quency Response I wart within 1 db. 10 cfs
—20,000 c/s—at 10 watrs within 1 db. 30 cfs
—15,000 cls.
Output impedance (Speech
Coil): 15 ohm or 3.75 ohm.
Mains Supply: 200-250 volts
50-60 ¢/s A.C. or 100-130
volts  50-60 c/s A.C.

Fre-

J Model 875 “Golden Concerto®

. High Fidelity Record repro-
. ducer. Separately constructed
. acoustical chamber using three
: speakers—one 12in. and two 5in.
. P.M. speakers. 10-watt Hi-Fi

] output.  Separate Bass and
. Treble control. Latest 4-speed
. mixer changer. Socket for VHF

Tuner, microphone or tape re-
° corder. The record storage is
. an additional advantage making
= the “ Golden Concerto” one
. of the finest and most compact

0 Record reproducers on the
0 market.
. 69zgns. INC. TAX

n
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Model 853A
Pre-Amplifier
Control Unit

The Pre-Amplifier comprises a low noise,
low distortion amplifier with tone controls
and low pass filters. The first stage gives
balanced compensation for five recording
characteristics used by the leading record-
ing companies in England and the U.S.A.
This is effected by the use of frequency
selective negative feedback. The tone con-
trol circuits give continuously variable
control of both bass and treble frequencies.

TECHNICAL DETAILS

Input selector.

(1) Tape/Radio Replay.

(2) R1.A.A.

(3) A.E.S. and R.C.A. ORTHO.
(4) Col. L.P. and F.F.R.R,

%5) N.A.R.T.B. and HM.V. L.P.
6) British 78 R.P.M.

(7) Microphone.

Treble and Bass Control.
Volume Control.

Low Pass Filter. Switched
10 Kefs. 7Kcls. 5 Kefs
level. Dimensions 15” x
41 x4y

18¢m

NO TAX

0 London Office & Showrooms : 8 Eccleston Street, S.W.1. Works - Newhaven Sussex.
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unit equipment for thve,hume

Champion proudly introduce the latest
_t=m developments in HI-FI unit equipment

The new Champion High-Fidelity
Equipment is designed to bring to every
home where music is enjoyed and
appreciated, a new conception of
listening. In ultimate form High-
Fidelity is reproduction exactly as the
artist recorded it.

Model 854
Pre-Amplifier and
F. M. Tuner

The Master Control comprises a low noise,
low distortion tone control pre-amplifier
and a sensitive VHF/FM tuner covering
the frequency range 88-95 Mc/s, housed in
a handsome polished wood cabinet match-
ing the Main Amplifier Model 853.

TECHNICAL DETAILS

Input Selector.

(1) Mains OFF Switches off mains to Power
Supplies in Model 853.

{2) FM Tuner.

(3) L.P. Records,

(4) 78 Records,

(5) Tape/Radio Replay,

(6) Microphone,

Volume Control.

Treble and Bass Controls.

Tuning Control.

Tuning Indicator,

Magic Eye. Mullard EM

819}]”3imensions 15" x 8%

x 9Y.

£25.0.4 + £9.12.8 P.T.

33 s

INCTAX

*X¥With the Champion
High-~Fidelity you will
become aware of a new
excitement in music;
suprised and delighted to
hear with extraordinary
realism your favourite
works, which before
lacked clarity,
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IT'S GOOD BUSINESS
TO INVEST IN RCA
BROADCAST EQUIPMENT

RCA engineering combines quality and long-range economy

Because there’s more to radio equipment than
its initial cost, economy minded broadcasters
prefer RCA equipment.. .their best insurance
for safeguarding their investments and build-
ing profits. They realize that many RCA broad-
cast transmitters with more than 25-years of
service are operating today because RCA has
engineered and manufactured its broadcast
equipment to meet the highest standards.

Why RCA Broadcast Equipment

Reduces Operational Expenditures

® RCA uses the highest quality circuits and compo-
nents —gives you a wide safety margin of operations,
minimizes costly, time-consuming replacement.

e Superior specifications include superlative wiring —
for longer service without re-wiring.

e Long tube life in RCA Broadcast Equipment often
saves more money in the long run than the initial
cost of less carefully engineered equipment.

e Higher trade-in value for RCA equipment.

FROM THE STATION LOGS

Here are a few of the many station reports from all
over the world, describing long tube life in RCA Broad-
cast Equipment. When these reports were received,
the tubes were still going strong:

94,613 hours:  RCA final amplifier triode in RCA 10 KW
medium wave transmitter, at KPOJ,
Portland Oregon.

RCA final power triode, in RCA 50 KW
medium wave transmitter at KDKA,
Pittsburgh, Pennsylvania.

RCA final power triode in RCA 1 KW
short wave AM transmitter at DZMB,
Manila, Philippines.

RCA mercury-vapor rectifier, in RCA
50 KW short wave transmitter at Cana-
dian Broadcasting Corporation.

DO R T R o =i
RCA offers a complete line of Broadcast Transmitters
ranging from 250 watts te 250 kilowatts. Consult g
your RCA Distributor or write Dept. BE-49-K at the
address below for complete |nformat|on i

62,000 hours:
46,115 hours:

33,738 hours:

RCA Tka TIONAI.‘ DIVISION
RADIO CORPORATION OF AMERICA

30 ROCKEFELLER PLAZA, NEW YORK 20,N. Y., U.S. A.
Trademark(s) Registered
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MINIATURE

CERAMIC CAPACITORS ¢ rixest ouinrry
e n & vamams . PRAMIC INSULATORS

for Radio, T.V., Electronic Appliances & Interference
Suppression. MICRODISC TRIMMERS for printed circuits. [LOW LOSS, METALLIZED, GROUND, etc.

Vast range, new designs. Our
Capacitors and Trimmers are of
unsurpassed quality to build relia-
bility that sets standard of long life
and trouble free performance,
and are used throughout the
world by leading manufac-
turers.

T.C. range:— P100, NPO,
N100, N220, N500, N750,
and High-K materials with
permittivity of 2500 and 4000.
FIXED
CAPACITORS:—
Disc, Tubular and
Pearl.
TRIMMERS:—
Disc and Tubular

Radio & T.V. Cera-
mics in Low Loss
High Frequency
material

Valve Holder Bases, Switch
Stators, Coil Formers—r.b-
bed and metallized, Stand-off
feed-through Bushes, Pil-
lars, hermetic seals, etc.
Many types of metallized
Bushes, seals, pillars, tubes,
etc., for all applications.

‘Please apply for
further details
and Prices.

If you want to improve the quality of your products, send us your enquiries for fixed
Capacitors, Trimmers and Ceramic Insulators. Catalogues of a very wide range
of standard types are available on. request.

STEATITE INSULATIONS LTD..
25 SOMERSET ROAD, EDGBASTON, BIRMINGHAM, 15.

Telephone: . . . . . EDGBASTON 5381/2.
Telegraphic Address: “STEATITE-BIRMINGHAM, 15




NOVEMBER, 1957 WIRELESS WORLD 19
N

PAINTON
2 5

TOGGLE SWITCHES

t
il
:II
TYPE CAT. No. 10 AMP

SINGLE POLE CHANGE OVER OPERATION. 501056
2 : SWITCH RATINGS:
DOUBLE POLE ON/OFF OPERATION. 500705 | 10 amps. at 250 volts AC/DC
As 500705, but fitted for two-hole mounting by AVERAGE INTERNAL RESISTANCE:
4. B.A. bushes on 1%~ fixing centres. .. 501089 Less than .002 ohm.
DOUBLE POLE ON/OFF.. Dimensions and finish CONTACTS AND TERMINALS:
of bush and lever to conform to current RCL |51, 501402 Silver clad phosphor bronze.

6 AMP

The Painton 6 Amp. Toggle
Switches are designed to conform
to the performance requirements of

appropriate R.C.S.C. 6 AMP. RANGE
Specification. :

SWITCH RATINGS:

6 amps. at 250 volts AC/DC
AVERAGE INTERNAL RESISTANCE:
Less than .002 ohm.

CONTACTS AND TERMINALS:
Silver clad phosphor bronze.

.TYPE CAT. No.
DOUBLE POLE CHANGE OVER. Dimensions shown in
line drawing. Heavy duty chrome finish. 501085
DOUBLE POLE CHANGE OVER. Dimensions and finish

of Bush and Lever to conform to current RCL 151 501403

DOUBLE POLE CHANGE OVER. Bush and Lever
Dimensions to conform to current RCL 151 but with
chrome finish. 501521

PAINTON
Northampton Cogland

13220
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CATHODEON

Prompt delivery and competitive prices of all
crystal types in the frequency range 1,000 Kc/s to 75,000 Kc/s.

CATHODEON CRYSTALS LIMITED [ @#f
LINTON - CAMBRIDGESHIRE :
Telephone : LINTON 223
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Frequency stability vs. line
voltage; 150 MC oscillator
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B T R A
SPECIFICATION

Accuracy: ldentical to that of basic counter used.
Printing Rate: Controlled by counter, 5 linesjsec. max.
Digit Capacity: 11 digits per line.

Driving Source: Parallel entry staircase voltages derived from stan-
dard digital frequenty counters such as Hewlett-Packard types.
Staircase descends from --135 v. to --55 v. as the count pro-
gresses from o to ¢. [nternal impedance of staircase source
should be approximately 700,000 ohms.

Print Command Signal: 1 psec. or greater, positive or negative
pulse, 15 volts p-p or greater.

Paper Required: Standard 3in. roll or folded paper.
Line Spacing: Single or double, adjustable.

Analog Signal: Any three consecutive digits may be selected by
selector switch. Output is function of selected digits. Forexample,
if consecutive digits were 3, 8 and 6, output voltage would be
38.6 millivolts or 0.386 ma.

Output Available: 1 milliamp {for galvanometer strip-chart re-
corders. 100 millivolts for potentiometer strip-chart recorders.

Power: 1057125 volts, 60 cycles, 250 watts.

Dimensions: Cabinet Mount: 2zolin. wide, 12}in. high, 18}in. deep.
{Rack Mount available.)

Weight: Net 6olb. Shipping 100lb.
Accessories Available: 1052-24, 3in. tolded paper, 48jcarton.
Price: Price on request.

Data subject to change without notice
Frice f.o.b. factory

®

p speed, convenience, accuracy, value
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new -hp- 560A

DIGITAL
RECORDER

Continuous digital record
for your frequency counter!

Prints ll-digit information
at 5 lines per second

Controlled by electronic or
mechanical devices

Direct print-out from
all -hp- counters

Analog output for strip-chart
recorder

Expanded scale; full scale can
represent /107

Model 560A is a new kind of continuous duty instrument designed
from the chassis up for digital recording of frequency counter
output and similar information. It is specifically useful in record-
ing time functions, telemetered data, information to be monitored,
tabulated and plotted and system drift phenomena. It is also a
convenient digital /analog converter for strip-chart production.

Frequency counter accuracy

Since -hp- 560A is a slave to its information source, accuracy is
that of the counter or other source. The instrument’s motor-driven
print mechanism comprises 11 number wheels and associated
mixing-comparator circuits. The print mechanism is controlled by
a staircase voltage and external print command pulse The avail-
ability of 11-digit lines means secondary or coding data may be
printed on the same line as primary data.

Complete details from your -hp- representative, or write direct.

HEWLETT-PACKARD COMPANY

Represented by :
LIVINGSTON LABORATORIES

RETCAR STREET LONDON, N.I?, ENGLAND
Tel: Archway 6251
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PHE QUAD
ELECTROSTATIC
LOUDSPEARER

S

A oo

Wy aprr e

To those who are awaiting the availability
of this loudspeaker, we are very pleased to say
that it is now in production and that orders
are being accepted through our usual channels.
1t is likely that demand will exceed supply

for some time — in Waiting for your delivery
please remember that we are allocating
supplies as fairly das we can.

Details will gladly be sent if you ask for our descriptive booklet.
ACOUSTICAL MANUFACTURING COMPANY LTD.
HUNTINGDON, HUNTS. Telephone: HUNTINGDON 361.
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VALVES
for
INDUSTRY

The new brochure published by English Electric
Valve Co. Ltd., gives data of the widest range of
valves for industry, communications, radar and

broadcasting made in Great Britain. A copy of

Power rectifiers

High vacuum rectifiers
Transmitting valves
Valves for R.F. heating
Thyratrons

Voltage Stabilisers

this publication will be sent on request.

00000 BSHOOEILCARDIL2ODTE®D

Magnetrons

Klystrons

Travelling wave tubes
Television camera tubes
Cathode ray tubes
Transistors

"ENGLISH ELECTRIC

Chelmsford, England
Telephone: Chelmsford 3491

AP[73

ENGLISH ELECTRIC VALVE (0. LTD. '@
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A revolutionary miniature ceramic
record player cartridge with two
sapphire tips.

POWER POINT is a proved sales success—over POWER POINT is so easy to handle and so quick

3,000,000 have already been sold abroad! to r?place-—it solves your stylus replacement prob-
lems!

POWER POINT can be fitted to all popular pick- POWER POINT gives higher fidelity, ionger iite,

up arms. and reduces record wear to a minimum.

OVER 3 000 000 WIS
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¢ . LISTEN
TO THIS

£1,000 IN PRIZES!

A EUROPEAN TOUR
FOR WINNING

E“ Wholesalers and Retailers !
;:f T.V. Sets, Radios and Record Players
r for your customers !

N

Jpetecn
AL
2

A

You can profit from
POWER POINT!

FOR FULL DETAILS

write to :—E. V. LIMITED,
Camp Bird House,

Dover Street, London, W.1.

Telephone: Hyde Park 8292

POWER POINT is backed by attrac-

tive display material and a carefully
planned advertising campaign.

POWER POINT is a “must” for

anyone with a record player!

ARE ALREADY IN USE ABROAD'!
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e Where airborne application of instrumentation
Isoln.tor n wzth some dampmg. but

snubbing at resonance (15¢.p.s.). Metal is concerned, it is all too easy to find “‘progress”
to metal impact. Transmitted acceler- o q o
ation approz. 12, for sinusoidal input has resulted in the substitution of one element

7 k .
Znts as high 5?'}5‘355 cCOnsa"lS anl of chance, not necessarily human, for another
el

and the nett gain can actually be well below unity.

The new enemy is vibration. The more complex
and sensitive the equipment, the more potent is the
enemy, and protection against vibration becomes
part of the design problem. Attempts to achieve
isolation have often magnified the problem, for it is
obvious that if 2 majot component of the offending
vibration happens to be at the resonant frequency
of the isolator employed, danger is increased by the
isolator itself.

To keep the resonant frequency of the isolator
low is not a complete answet. In fact thete is, as
yet, #o complete answer. But by far the neatest
approach is today provided by “BARRYMOUNT”
Isolators, the principle of which is the
complementary performance of non-linear
springing and air-dazping. Even at resonance

Isolator '‘B” with little damping, but with 4 33 :

ruboer bz)ufgs ht‘}' veduce shodk af retonance BARRYMOUNTf Isolaltors Qﬁer quite
C.D38 1g requency transients reduce:

{,ut D iaioy [requency trans e spectacular freedom from vibration, as the

for same input. accompanying un-retouched oscillographs of

transmitted acceleration show.

We shall be happy to tell you all you want to
know about “BARRYMOUNT”’ Isolators.
We shall be even happier to mount

your “problem unit”, in your

presence, and give it “the works”.

Your equipment
rides safely on the

MADE IN ENGLAND UNpgg LICENCE

BARRY JMOUNT

FROM BARRY comrrots INC-OF V5"

“BARRYMOUNT” Isolator. Non-linear,
air-damped. No snubbing at resonance
(8 c.p.s.). Transmitted acceleration for
shghtly increased input (£0.0307) is
0.62 g. Note sinusoidal waveform of
equipment.

“BARRYMOUNT” and “BARRY B MOUNT” are Registered Trade Marks
CEMENTATION (MUFFELITE) LTD. 20 ALBERT EMBANKMENT,
LONDON, S.E. 11 TELEPHONE RELIANCE 6556
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accopted...

(. leading technicians
throughout the world
use the

Mullard

Dual Trace Oscilloscope

Scientists and technicians throughout the world
recognise that the quick, easy and accurate way
to measure and compare waveforms is to use the
Mullar@d Dual Trace Oscilloscope L.101 Mk. 2.
Many hundreds of these oscilloscopes are now
helping to speed production and research.

Here are some of the advanced design features
The DUAL TRACE OSCILLOSCOPE that have brought this instrument international
TYPE LI101 MARK 2 as used by recognition: Two signals can be locked steady on
the graticule for comparison and measurement by
the turn of a knob. Two amplifiers preserve their

Research Laboratories
Government Establishments

e Communications and Television frequency response on all gain settings—each has
Development Laboratories a 4Mc/s bandwidth (0.1ps rise time) irrespective
eibiospitals) of sensitivity, and a maximum sensitivity of
o Universities 20mV pk/pk Th . int ti b
o Combuter Engineers mYV pk/pk-cm. ere is no interaction etween
e Electricity Supply Authorities channels. Free running or triggered, the time
e Audio Engineers base has sweep speeds from 0.1ps/cm to 10ms/cm
0 I"‘“""‘-°"'°f:?'"e:'s. and the trace may be expanded five times. Both
¢ Instrumentation ngineers . o, - ) .
o Aircraft Manufacturers voltage (£5%) and tlme.(:l: 10. %) are measu.red by
o Telephone Manufacturers the null method and calibration accuracy is pre-
¢ Oil Refineries served by a well regulated power supply.

o

QO ocoeo0 O
00 000 00

PAECISION OSC PRECISION PULSE GENEAATOR REGULATED VOLTAGE LNIT WIDE-RANGE VALVE' VOLTMETERS TAANSISTOR- TESTER

HIGH AND LOW PASS FILTERS

Manufacturers and design engineers are invited to write for full details
of the Oscilloscope L.101 Mk. 2 and other instruments in the Mullard range. R

MULLARD LIMITED .- EQUIPMENT DIVISION - MULLARD HOUSE N
TORRINGTON PLACE - W.C.I - TELEPHONE: LANGHAM 6633

SPECIALISED ELECTRONIC
EQUIPMENT

@ MEG608a
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Thore

ANNOUNCE THE SUCCESSFUL
PRODUCTION OF THE

ELECTROLUMINESCENT INDICATOR BLOCK
With powel‘ pack (if required)

New . Space-saving - Economical

The essential component for
MULTI-INDICATOR panels
and banks of indicators

For those planning assemblies requiring banks
or panels of illuminated indicators, here is the
ultimate in simplification, space-saving and
economy. The newly developed Thorn Electro-
luminescent block which has overall dimensions
of only 2&"x1"x {"” contains five electro-
Iuminescent areas each with its separate contacts.
These blocks can be assembled in great numbers
and only occupy a fraction of the present space
utilised by lamp indicators.

POWER PACK Transistor power packs can
be supplied as a complete installation if required.

Full information available now from:
AIRCRAFT COMPONENTS DIVISION - THORN ELECTRICAL INDUSTRIES LIMITED
GREAT CAMBRIDGE ROAD . ENFIELD - MIDDLESEX - TEL: ENFIELD 5340
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Here
today

and tomorrow
too!

U R T TR

Before investing in a new loudspeaker you will naturally wish to
assure yourself it will not become obsolete in the near future.
You need have no .such fears with the Vitavox DUI20 Duplex
Coaxial Loudspeaker. The advanced design and carefu! control at
all stages of manufacture ensure years of reliable distortion-free
satisfaction to the purchaser. Hear it — that will convince you

more than any claims we may make.

0 A

Westmoreland Road, London, N.W.9, England
Telephone: COLindale 867!

VITAVOX LIMITED
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ARCONI

W VHF radio telephony was welcomed in its early

days as an economic means of providing communication over inhospitable or
undeveloped terrain. Today, such is the flexibility and reliability of multichannel radio
equipment, that radio links carrying up to 600 telephone channels or a colour television
programme are recognised as being preferable to the use of line or cable systems

in many instances on grounds of performance as well as installation cost.
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COMPLETE COMMUNICATION
SYSTEMS — qll the world over

MARCONI’'S & A.T.E. Co-operation between Marconi’s and Automatic Telephone and

Electric Co. Ltd., now brings together an unrivalled wealth of knowledge and experience for
the benefit of all whose work lies in the field of telecommunications.

The Lifeline of Communication is in experienced hands

MARCONI

Complete Communication Systems

MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX

LC 17

31
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A 130-mile Westinghouse ‘‘prov-
ing ground” has been set up
between Hamilton and Kinmount,
Ontario. Here Westinghouse en-
gineers obtain actual operating
results to assist you in planning
your communication system.

= i
.Buﬂalo
, L

ANOTHER WESTINGHOUSE FIRST! 57-8745%

SHF “Scatter Transmission

® Now for the first time in the communications field, scatter
equipment for super-high frequency transmission for fixed or
transportable operation has been introduced by Canadian
Westinghouse.

The new Westinghouse “‘Scatter’”’ communications equipment
is designed for high quality, highreliability transmission of voice,
teletype, telemetering, facsimile, television and data signals over
hops of 100 to 200 miles. Voice capacity for multi-channel opera-
tion extends to 120-150 channels.

Contact your local Westinghouse Sales Office for Descriptive
Bulletin H83-100 or write Canadian Westinghouse Company
Limited, Electronics Division, Hamilton, Canada.

WATCH WESTINGHOUSE
| ELECTRONICS
... WHERE BIG THINGS HAPPEN FIRST

New Westinghouse 4400-5000 mc.
Transmitting and Receiving Equipment
is compactly and durably designed .for
truck mounting or fixed installation for
eithercommercial or military application.
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These have been in regular quantity
production for the past two years,
and have proved themselves reliable
and stable in a variety of applications.
They are admirably suitable for all
forms of DC to DC or DC to AC
Converters, High Power portable
Amplifiers and Public Address
Equipment. “‘coLToP” Power
Transistors are the first to be offered
for immediate delivery in quantity.
Representing the latest develop-
ments in semi-conductor technique
for power applications, these
entirely British-made p-n-p
Germanium Junction Transistors
will open up entirely new fields to
designers of industrial, commercial
and military equipment.

GOLIOY

POWER TRANSISTORS

available NOW i commercial quantities

Available in 6 TYPES, all for 10-watts power dissipation:

V15/10P. V15/20P. V15/30P. for 15 volts max.
V30/10P. V30/20P. V30/30P. for 30 volts max.

% High power rating—up to I0W at
audio and supersonic frequencies.

Mazimum Collector Power Dissipation tamb >25°C % High current ratings up to 3A DC.

(DC or Mean) for all types tamb=25°C Reduction/°C
* Long life.

1) Clamped directly on to 50 sq. in. of 1ow 200mw

16 S.W.G. aluminium % Excellent resistance to mechanical

u E— shock.

(2) Clamped directly on to 9 sq. in. of oW S0mw

16 8.W.G. aluminium  Hermetic sealing and rigorous manu-

facturing control ensure uniformity
and stability of a high order.

(3) As (2) but with 2 mil mica washer
between heat sink and transistor 2w #mw

(4) Transistor only in free air 1w 20mw

British Design, Materials and Craftsmanship

Data sheets gladly forwarded on request

All trade enquiriesto: Newmarket Transistor Co. Ltd.
Exning Road, Newmarket. Telephone : Newmarket 33814

5
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The Elac
4 inch
Tweeter

A further addition to the * Elmag "’
High Fidelity range, this 4in. cone
type Tweeter is the finest of its
class yet produced. Response to
transients is exceptionally good and
the absence of undesirable peaks
results in clear and smooth
reproduction.

For best results it should be used
with a suitable cross-over filter in
conjunction with | or 2 larger units.

Frequency response within 5 dB from
5,000-17,000 cps, only 7% dB down at
20,000 cps.

OVERALL SIZE : 4in. DIA. x 245in.

DEEP.

POWER HANDLING : 2 W, Peak
A.C. INPUT.

VOICE-COIL IMPEDANCE : 6 ohms
at 5,000 cps.

PRICE : 29/10 inc. P.T.
Trade Terms 331%,.

INDUSTRIES LTD

LONDON N.I5 TEL.: TOTtenham 0505-9

ELECTRO ACOUSTIC

STAMFORD WORKS BROAD LANE TOTTENHAM
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FERRANT! FERRITES

MICROWAVE
FERRITE TYPE F5X

@ Available in rod or slab form.

@ Suitable for X-Band frequencies
and above..

® Specific rotation 30°/cm.
® Figure of merit 330°/db.

® Permittivity 12 approx.

Microwave measurements carried out at
9,750 Mc/s.on a 0.2” diameter rod sup-
ported in 0.7* diameter waveguide. The
permittivity of the supporting material
was virtually unity.

FERRITE
SWITCH

® Minimum frequency band 9,600
to 9,800 Mc/s.,

® Insertion loss 0.5 db max.
® Peak attenuation 30 db min.

® Power handling capacity 30
Watts mean.

® Dimensions 1§" x 1 " x 2" long.
® Total weight 3 ozs.

'FERRITE
ISOLATOR

Designed for operation up to a peak
incident power level of 75 kW or a
mean incident level of 75 Watts. The
reverse attenuation is greater than 20 db
over any 10% frequency band between
8,500 and 10,000 Mc/s with forward
attenuation less than 0.8 db. V.S.W.R.
less than 1.2 over the frequency band.

FERRANTI LTD - FERRY ROAD - EDINBURGH

ES/T39

35
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Ceramics

ANOTHER BATCH OF THE FINEST
QUALITY CERAMIC INSULATORS . .

A SERVICE WHICH TT HAVE DEVELOPED

AFTER YEARS OF CONTINUOUS EXHAUSTIVE
RESEARCH.

THESE TT INSULATORS PLAY AN
IMPORTANT ROLE IN ELECTRONIC
DEVELOPMENT.

TAYLOR TUNNICLIFF (REFRACTORIES) LTD.
ALBION WORKS - LONGTON - STOKE-ON-TRENT

Telephone : Longton 3307!/2
London Office : 125 HIGH HOLBORN, LONDON, W.C.!. Tel.: Holborn 1951/2
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New RCA Single Sideband Transmitter-Receiver

SSB-1 PROVIDES DEPENDABLE LOW-COST RADIO
COMMUNICATION OVER MANY 100’s OF KILOMETERS

~

RCA. SSB-1 features built-in loudspeaker for monitoring
purposes. Operator can listen while performing other duties

e Costs Less To Own, Less To Operate

o 8 Times More Effective—60 Watt SSB-1 equiva-
lent to 500 Watt AM Transmitter

e Saves Power—emission only takes place during
actual transmission

o Easy To Operate—simple switch selects any of
four pretuned channels

® 50% Less Noise And Interference—less distortion

® Greater Privacy than conventional AM Trans-
mission

e Spectrum Conservation—frequency space about
2.8 Ke

The S_SB-l meets the needs of private and governmental
organizations that require high quality economical radio
and telegraph communications.

RCA SSB-1 Single-Sideband Transmitters installed in
commercial and governmental operation are provid-
ing users with trouble-free dependable service over
many hundreds of kilometers under the most adverse

RCA INTERNATIONAL DIVISION

RADIO CORPORATION of AMERICA

30 Rockefeller Plaza, New York 20, N. Y.

Trademark ® Registered

climatic and operational conditions. Installation is
simple —merely connect it to the antenna and suit-
able power supply. Operation is simple—non-
technical personnel can change to any of four
frequencies by turning selector switch. Easy-access
chassis. permits quick ¢channel tuning and replace-
ment of tubes.

SSB-1 telegraph signals can be received by stations
equipped for high-frequency CW. Its telephone sig-
nals can be heard by AM receivers equipped with
a beat-frequency oscillator. The transmitter’s spe-
cial ““Carrier-On’’ switch permits compatible
operation with conventional AM receivers, when
necessary. In turn, SSB-1 can receive most high-
frequency telegraph and AM telephone signals.

For full information and illustrated brochure, con-
tact your RCA distributor or send in coupon below.

RCA International Division, Dept, HF-49-K,
Radio Corporation of America
30 Rockefeller Plaza, New York 20, N.Y,

Please send brochure on SSB-1 transmitter-receiver
MY NAME_

TITLE_.__

COMPANY _

ADDRESS _
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TELONIC SWEEP and
MARKER GENERATORS 0-2400 mc

Hundreds of standard models—send for catalogue

Telonic VHF Sweep Generators—‘*Standard of the TV Mfg. Industry"

Specifications—Model SV-5

RANGE 12 Channels and IF.
SWEEP WIDTH Approx. 25 mc. adj.

OUTPUT 1 volt into 75 ohms.
IMPEDANGE 75 ohms.
FLATNESS 59, over each channel. 10%, overall.

Atten. $1 20,20, 10,6, 3db.} Plus vernier
STEERTION Atten, §120, 20,10, 6, 3 db, § atten. 0-10—db,
MARKERS Pulse type on video and audio carriers.

SIZE 107 x 12" x 94".
(One 75 to 300 ohm balun is supplied-—extra baluns are available.)

TELONIC INDUSTRIES INC,,

This I3-position sweep generator uses a separate crystal on each
channel to produce 2 pulse markers, one on the video and one
on the audio carrier frequencies. A special circuit forms pulses
with much greater accuracy and stability than the usual multi-
vibrator method.

Special features of this compact VHF-TV sweep and marker genera-
tor are: electronic sweep, 25 mc. sweep width; hi-level, flac
output; special crystal-controlled pulse markers; remable sweep
and marker sub-chassis ; frequency centring control, sweep
width control; and a monitor output for checking performance
of the instrument and for making VSWR measurements.

Dual attenuators permit instantaneous comparison of unit under
test to a standard unit by use of an electronic switch and also
permit production set-ups involving permanent connection to an
IF input without disconnecting the RF input.

An extra marker can be supplied on the LF. channel at extra
cost.
S$V-5 —American standards.

SV-5F—Frequency and power may be specified to meet other
requirements.

Beech Grove, Indiana, U.S.A.

Export Dept., Sylvan Ginsbury Lid.

8, WEST 40th STREET, NEW YORK 8, N.Y., US.A.

2, RUE BARTHOLONI, GENEVA, SWITZERLAND,

ssainaniiis GalrlidiiiiiisInitnaninIgaannisa

PT-5 Standard Ratio Tran*
Precision AC voltage divider available

rack-mounted or portable. Terminal
finearity 0.001%. Resolution 0,00005%,.
12 other models available,

=Bt

3211 SOUTH LA CIENEGA BLVD.
LOS ANGELES 168, CALIFORNIA

C 1

PRECISION INSTRUMENTS BY GERTSCH

Rotary Ratio Tran*

Sealed, shaft driven precision AC voltage
divider in 100-turn and 1,000-turn units.
Terminal linearity as good as 1.005% and
resolution as good as' 0.0005%,.

FM-3 Frequency Meter

Portable direct reading meter measures
i to 1,000 mc., generates 20 to 1,000 mc.
Accuracy +0.001%. Also available with
external power supply and rack-mounted.

Export Dept.

SYLVAN GINSBURY LTD.
8 West 40th Street, New York 8,
N.Y., USA,

2 rue Bartholoni, Geneva,

Switzerland

hi,

p specifi

are avail, *Trade Mark

on req
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DC .V
AMPLIFIER

SPECIFICATIONS

+2uv equivalent input drift
Integral power supply

+35V, +40 ma output
100,000Q) input impedance

0 to 1 000 gain in ten steps
+1% zain accuracy

5 uv peak equivalent input noise
Price (Single) Amplifier $550,

5725 KEARNY VILLA ROAD, SAN DIEGO 1l, CALIFORNIA
EXPORT DEPT., SYLVAN GINSBURY LTD., 8, West 40th Street, New York 8, N.Y., U.S.A. 2, rue Bartholoni, Geneva, Switzerland

WIRELESS WORLD

DRIFT FREE

The KIN TEL MODEL 1H amplifier
provides the lowest drift of any
commercially available broad-band
d-c amplifier. The unique circuit
incorporates KIN TEL’S proven
chopper amplifier system to provide
unsurpassed dynamic performance—
unaffected by load or gain changes.
Available in a single-unit cabinet or
a'six-amplifier rack-mountable module
only 19in. wide, the Model 1Ll is
ideal for data reduction facilities, or
as a strain gauge amplifier, recorder
driven amplifier, or general purpose
Yaboratory amplifier,

Write for literature or demonstration.

(KAY LAB)

ENERGY FROM THE SUN FOR ONLY 7¢ PER MILLIWATT OF POWER
WITH THE EXCLUSIVE [{offman SILICON SOLAR CELLS

THE ONE
UNIVERSAL METER

microvolts to kilovolts

SPECIFICATIONS

39

This new microvolt-am-
meter-amplifier will meas-
ure as little as Ouv or
10upa with accuracy. it
may also be used as a DC
amplifier with up to 80 db
gain and only [Ouv drife.
A zero-centre mirrored
scale provides instant polar-
ity indication, Utilization
of KIN TEL’s chopper
stabilized circuit provides
versatility, accuracy, and
stability that is unobtain-
able with conventional
YTVM'’s. The Model 203
is the ideal general purs
pose laboratory meter,
production test . set, or

i nult meter.

100 pv to 1,000 v fs.

100 ppa to 100 mafs.

25 ranges.

100 megohms input impedance,
80 db gain as amplifier,

10 uv equivalent input drift’

1 volt output into 1kl

Price $550.

Hoffman Silicon Selar Cells will convert sunshine to electrical energy at amazingly
low -cost. This cheap power creates big sales advantages. When sunshine is not
available they may be energized effectively by the light of household type lamps.

Smalt D.C. motors may be operated with as few as two Silicon

Solar Cells in series.

the success of your projects.

O

Hoffman eteen

Our engineers will work with you to insure

Technical data is available upon request.

:F[n A Il semiconductor Division

ctronics Corporation

formerly National Semiconductor Products.

930 Pitner Avenue, Evanston, lllinois

Solar Cells in various sizes
and power outputs can be

connected in series or
paralle!

combination of voltage and

to obtain any

current.

MANUFACTURERS OF:
silicon junction diodes
zener reference elements
medium and high tower
rectifiers

EXPORT DEPT., SYLVAN GINSBURY LTD., 8 West 40thStreet, New York 8, N.Y., U.S.A. 2 rue Bartholoni, Geneva, Switzerland
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TIME /TEMPERATURE CURVE CHART from
the SUPERSPEED SOLDERING IROMN
TIP/TEMPERATURE TIME CHECK

The effect of different voltages on initial
heating-up time is shown. Whilst 4V is the
standard voltage normally employed, 6V will
cause no harm, and accumulators are a useful
source of current supply.

3% Activated by light thumb pressure on the switch
ring. When pressure is released, current is
automatically switched off — thus greatly reducing electricity
consumption, wear on copper bit and carbon element.

% Length, 10”; weight, 33 ozs.; can be used on 2.5 to 6.3 volt supply
(4 volt transformer normally supplied) or from a car battery.

# More powerful than conventional |50-watt irons; equally suitable
for light wiring work or heavy soldering on chassis.

#% Simple to operate ; ideal for precision work.

# Requires minimum maintenance — at negligible cost; shows
lowest operating costs over a period.

For full particulars, including guarantee terms and free trial facilities,
please write to the sole concessionaires in this country :—

ENTHOVEN SOLDERS LTD. (Industrnal Equlpment Division)
Dominion Buildings, South Place, London, E.C.2 MONarch 0391

Switch to the

as betng used by the

Sup erspeed

Soldering Iron

Royal Society Antarcuic Expedition
for the Intermational Geophysical Year.

WIRELESS WORLD NOVEMBER, 1957

heats up from cold
in 6 seconds!

Manufactured for Enthoven Solders Ltd., by Scope
Laboratories, Melbourne, Australia.

Designed on an entirely new principle, this
light-weight, versatile iron is eminently suitable
for soldering operations in the radio, television,
electronic and telecommunication industries.
For test bench and maintenance work it is by
far the most efficient and economical solder-
ing iron ever designed. Ideally suitable for
use with Enthoven Aluminium Cored
Solder (melting point 260°C. 500°F.).

LIST PRICES
IRON 39/6
TRANSFORMER 3576

All prices and trade
discounts subject to revision
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@

Magmetic Devices

You don’t often see
a relay like this !

Series 285

Fast operating
Negligible bounce
Exceptional life

a

Exceptional insulation

A.LD. AND AR.B. APPROVED I.TD

/OES \_\ﬁ\\ MAGNETIC DEVICES LTD., EXNING ROAD, NEWMARKET, SUFFGLK

Telephone : Newmarket 3181/2/3 Telegrams ; Magnetic Newmarket

™MD 21A

0
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ADCOLR

LI IER

(Regd Trada Mark)

SOLDERING INSTRUMENTS
& ALLIED EQUIPMENT

ILLUSTRATED

DETACHABLE
+" BIT MODEL
LIST No. 64

Protective
‘Shield
List No. 68

4 I_ONG L:r: BITS

AVAILABLE
FROM STOCK

CATALOGUES HEAD OFFICE SALES & SERVICFE
ADCOLA PRODUCTS LTD.,

GAUDEN ROAD, TELEPHONES :
CLAPHAM HIGH ST., MACaulay& ‘3&%

LONDON, S.W.4.

HARTLEY-TURNER
SOUND EQUIPMENT
LOUDSPEAKER
ENCLOSURES

The Hartley-Turner ‘ Boffle” has been
designed to solve the problem of efficiently
housing a high quality loudspeaker where
space is at a premium.

The use of a special acoustic filter has
resulted in a size of 18in. cube for either
10in. or 12in. loudspeakers without sacri-
ficing quality or introducing false colora-
tion of the reproduced signals.

PRICES

In Kit Form (with assembly.
instructions)

Type 1.K for 10in. diameter
Loudspeakers .. .. £810 0

Type 2.K for 12in. diameter
Loudspeakers .. .. £810 O

Assembled

Type 3A for 10in. diameter
Loudspeakers .. .. £9 0 0

Type 4A for 12in. diameter
Loudspeakers .. .. £9 0 O

Carriage Paid in Great Britain

Owerseas Freight Charges Extra

H. A. HARTLEY CO. LTD.
66, WOODHILL, WOOLWICH, S.E.18.
Telephone : WOOIwich 2020 (Ext. CB.32)

(An A.E.l. Company).

NOVEMBER, 1957
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A-MP SYSTEMS
AID EXPORTS

The A-MP solderiess method
meets wire termination specifi-
cations in foreign countrles.
Use of the A-MP method will
enable you to compete in world
markets. it is particularly signi-
ficant that A-MP systems are
standard practice in the U.S.A.

WIRELESS WORLD 43

& Plastic
Siceve supports insulation
insutation

Serrated for

Bell mouth for
firm grip

easy wire insertion Colour identifies
wire size range

Red 22~16
Blue 16~14
Yellow {210

Xk

terminal

A special A-MP* curing process produces the hard, strong
plastic insulation used on A-MP PLASTI-GRIP terminals.
The insulation is .027” thickness, and will not fracture
under pressure of the crimp.

A-MP tooling is designed to retain as much as possible the
original thickness of the plastic to assure an electrically
and mechanically sound connection. PLASTI-GRIP ter-
minals provide insulation at minimum cost; Insulation
support for the wire. The plastic can be specially expanded
for oversize wire insulation.

PLASTI-GRIP terminals are applied by a single operation
of A-MP press dies or hand tools.

Terminals are made from high conductivity copper, of
one piece construction, electro-tinned for corrosion
resistance.

The terminal barrel Is serrated so that under the crimping
pressure the strands of wire “'flow'’ into these serratlons,
making a connection of great tensile strength,

The wire and terminal form 2 homogeneous mass and the
large Inside surface assures a connection of maximum
conductivity and corrosion resistance, The current
carrying capacity of the terminal is equal to that of the
largest wire for which the terminal is designed.

h.._ SEE US NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING

*
= AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD.
London Office: DEPT. 15, 60 KINGLY ST., LONDON W.|  Telephone: REG 2517-8 & 3681-2-3

Works: SCOTTISH INDUSTRIAL ESTATES, PORT GLASGOW, SCOTLAND. AP323/44

TRADE MARK

* Trade Mark of AMP Incorporated, U.S.A



Price

£32

BRIEF SPECIFICATION

Output: 10 watts (nominal), 20 watts peak. Frequency
Response: 10-100,000 cps, within | dB 15-30,000 cps.
Distortion: Less than 0.19,. Damping Factor: 40. Hum
Level: better than 80 dB down. N.F.B.: 3 loop, main
overall loop 28 dB from tertiary winding of output trans-
former. - Sensitivity: 8 mV (Gram input A) for |0 watts.
Spare power supplies: 320 V at 60 mA and 6.3 V at 2 amps.

CONTROLS
1. INPUT-MIC, RADIO, TAPE, GRAM (in conjunction
with 4 position pick-up matching selector). 2. EQUALISER
—6 position. 3. FILTER—é switched positions. 4 and 5.
BASS and TREBLE (both lift and cut |5 dB). 6. VOLUME. A

WIRELESS WORLD

THE NEW

NOVEMBER, 1957

Qrmestiong A10

now even better than the original Armstrong Al0

FOR 5 GOOD REASONS !

INCREASED SENSITIVITY — enabling low out-

1 put magnetic pick-ups to be fed directly into
the control unit without recourse to step-up
transformers

2 PICK-UP MATCHING—4 position selector

3 HIGHER PEAK OUTPUT

a Additional EQUALISING positions

5 Latest EL 34 output valves

suBamwssuman GBBvenBEEBNEEYNULEBEEBEsAERRBEERTEVNRENREMeRRRRREEY

Post this coupon for full descriptive literature, or call at your

.local High Fidelity dealer, or at our Holloway showrooms for full

demonstration. BLOCK CAPITALS PLEASE.
NAME ottt e e e

........................................................ WN
ARMSTRONG WIRELESS & TELEVISION' CO. LTD.,

Tape Record Outlet Socket is fitted to the Control Unit. WARLTERS ROAD, LONDON, N.7. NORTH 32i3

High quality material and
dimensional precision are
attributes of Bullers die-
pressed products.

Prompt delivery at com-
petitive prices.

Buller's cerawmics

FOR INDUSTRY

We specialise in the manufacture of — PO RCELAIN
for general insulation

REFRACTORIES
for high-temperature insulation

FREQUELEX
for high-frequency insulation

PERMALEX & TEMPLEX
for capacitors

BULLERS LIMITED

MILTON : STOKE-ON-TRENT * STAFFS

Phone: Stoke-on-Trent 21381 (5 lines) * Telegrams & Cables: Bullers, Stoke-on-Trent

tronworks : TIPTON, STAFFS London Office : 6 LAURENCE POUNTNEY HILL, E.C.4
Phone : Tipton 1691 Phone : MANsion House 9971
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ANTIFERENGE

IX2/4E

+ 220/6G
15*

BAND | 4,2l oy BAND [ Ly zod iy

3

models to suit all
pole, *“ H,” Fringe and Indoor models is conditions and to provide the very best
available. Outdoor models can eastly be results for VHF|FM equipment. Models
adapted for Band 11l by adding Band for fitting to existing TV masts are avail-
111 Grip-on aerials, able

BAND []] 3 5 8 10 clemen:

and Stacked Arrays
for outdoor installation and a comprehen-
sive range of indoor models.

STANDARD

% PLUG &
SOCKET
’\ e

R.EC.MF, SPECIFICATION.
Robust and simple to fit.

“Y’BOXES

For combining or dividing Band 1 and .
Band 111 Television Aerial down leads. HIL-O 17 models tadp rovide perfect

i . Band 1/B 1 pri
e Th Outdoor Model Y.1.— 16’ 6 e E"I’ZZ?EZ-""I'; Al snerpora i
= ente T c 0 2
SOCKET TVSN ! Antiference.
Both '8D cach Indoor Model v.2.— 12’6

BICESTER RD.,
AYLESBURY. BUCKS.

ANTIFERENCE

LIMITED

HL402/4K |
THE ANT’FERENCE GROUP Antiference Ltd., Aylesbury & London @ Antiference 92 ,6

(Canada) Ltd. @ Antiference (Australia) Pty. Ltd.
® Antiference Installations Ltd.

Antiference Aerials are supplied through Appointed Antiference Distributors to all leading Radio and Television Dealers. We
regret that we cannot supply direct to members of the public.

——
DHB/4093A
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LR DLE
SHAFTING

HE * impossible ” becomes
I practical with the applica-

tion of flexible shafting.

We are experts in this rapidly
developing field and can show
you how to operate any element
requiring rotation or push-pull
movement, or both. Distance
from control to point of applica-
tion presents no difficulty.

Consult us on any of your
remote control problems.

Flexible Shaft Handbook
avatilable to technicians on
request to Dept. W.

SHAR

ﬂr'ING
REMOTE CONTROL
POWER DRIVES
and COUPLINGS

| €O. OF GREAT BERITAIN LTD.
IMDUSTRIAL DIVIZION

BRITANNIA WORKS, ST. PANGRAS WAY,
LONDON, N.W.1, Tel: EUSton 5393 Rrcs

NOVEMBER, 1957

By virtue of its outstanding
qualities, the Ferrograph has
been chosen by the Services,
by educational authorities,
scientists and explorers, by

pe nalty large industrial organisations
for an infinite variety of uses,

by leading personalities in the
0 world of music, by Record
manufacturing companies and

by the B.B.C.
To-day its leadership in the

field of magnetic tape record-
ing is undisputed. As a result, at no time have we
ever been able to make enough to satisfy demand.
For this we make no apology—it is, perhaps, the
penalty of success.

We are unwilling to hazard our reputation by
attempting to mass produce the Ferrograph on
conveyor-band principles. Instead, our policy of
controlled production ensures that each is built to
the highest precision standards and individuall y tested
at every assembly stage. It is, in fact, this liberal
expenditure of time and money—this ceaseless and
rewarding search for the ultimate in achievement—
that has created the almost legendary reputation
enjoyed by the Ferrograph among those to whom
performance counts so much more than first cost.

Ferrograph

Series 66. For incorporation into existing hi-fi systems and
cabinets. Model 66N (32 and 74 i.p.s.) 84 gns. Model 66H (74
and 15 i.p.s.) 88 gns. (including 8}” reel of Ferrotape).

Series 3A.In black portable case. Mode! 3A/N (33 and 74 i.p.s.)
79 gns. Model 3A/NH (74 and 5 i.p.s.) 86 gns. (including
7” reel of Ferrotape).

Stero 77. Monaural recording and monitoring. Stereophonic
playback with commercial tapes. 98 gns.

Stereo 88. Full facilities for stereophonic recording and
playback. 105 gns.

Note: With Mode! 77 and Model 88 playback
amplifiers and loudspeakers are necessary.

BRITISH FERROGRAPH RECORDER CO. LTD
131 Sloane Street - London, S.W.I - Tel: SLOane 2214/5 & 1510
(A SUBSIDIARY OF WRIGHT AND WEAIRE LTD.)
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1000000:

S.T,C, are able to offer a range of high-
performance close-tolerance | Mc[s crystal

units. The range comprises :—

CYCLES
PER
SECOND

STC 1 ns oo
Ll DESCRIPTION | EQUIVALENT

4044 | 2pin metal containers | DEF. 271 syle 5 RV
4046 | 2 pin metal containers | DEF. 5271 Styie D [ GRYSTAL
4013 | BJG glass envelopes | DEF. 5271 Style E UNITS

The above units all meet the extreme climatic conditions laid down in RCS1]

As a direct replacement for the | Mc/s crystal unit in the
popular BC221 wavemeter S.T.C. offer a unit mounted in a glass
envelope with a special international octal base (service

equivalent 10XXARS).

meet the vigorous bump and vibration requirements of
interservices specifications.

can be supplied to a minimum frequency tolerance of

ALL UNlTs + 0.0059%, over temperature range — 55°C to 4 90°C.

can be manufactured for operation at either series resonant
or at 30pF or 50pF input conditions.

have excellent short and long term stability.

Srandord Telephones and Cobles Limired

Registered Office: Connaught House, Aldwych, W.C.2.
QUARTZ CRYSTAL FACTORY: HARLOW - ESSEX
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TH RDPUNIOR

Review Extracts.

¢ . .. the construction and workmanshlp of this Rogers FM

tuner is a delight to behold. The chassis is rigid and the wiring |
neat.’

113

NOVEMBER, 1957

FM UNIT

. the signal is held like a limpet over a few degrees of the
dial then disappears and the inter-station noise mcreases until
the next signal drops in and is held firmly, with no ¢ off-tune’
positions of distortion.”

““ The discriminator is of the Foster-Seeley type and provides
first class audio quality.”

‘.. .onswitching on cold no drift is apparent, as the AFC takes
over within plus or minus 500 kcfs of correct tuning point.”
(GRR Home Test No. 37 by Donald W. Aldous, M.Inst.E.,
M.B.K.S., G.R.R. March 1957.)

SYSTEM

v Automatic Frequency Control ¢ Foster-Seeley Discriminator
Y Variable Inductance Tuning Y Low Impedance Output

Y Built-in Filament Supply Y Grounded-grid RF Stage

priCE £24 .17 . 0 INCLUSIVE

Available from leading High Fidelity dealers throughout the country. Immediate delivery

A new Illustrated Leaflet giving concise details of the complete range of matched
units forming the RD JUNIOR Home High Fidelity System may be had on request.

ROGERS DEVELOPMENTS (ELECTRONICS) LTD
“RODEVCO WORKS” 4-14, BARMESTON ROAD CATFORD LONDON, S.E.6
Telegrams: RODEVCO LONDON SE6 Telephone: HITher Green 7424

have you considered.

direct-coupled, balanced,
differential amplifiers ?

This special facility, pro- Brief specification :
vided on both horizontal Amplitiers:
Identical X and Y. Balanced or

and vertical axes in Type
0.100 OSCILLOSCOPE (the X
and Y signal amplifiers are
identical), is meeting an in-
creasing variety of applica-
- tions in today’s research. It
may have a part to play in
solving your problems, too.

unbalanced input. Bandwidth/
sensitivity d.c. to 8ooke/s 7mV
r.m.s./cm (gain 700) max., d.c.
to 4Mc/s 35mV r.m.s./cm
(gain 140) max. Rear access to
balanced output from each
amplifier for separate use.

Time base:

Repetitive or triggered,
0.25uS/cm to somS/cm with
provision for lower sweep
speeds.

Time and voltage measurement.

57, CLARENDON ROAD, WATFORD, HERTS * TBL: GADEBROOK 4686
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$

SIEMENS
CONTACT COOLED
SELENIUM RECTIFIERS

B10E

SIEMENS & HALSKE AKTIENGESELLSCHAFT
BERLIN - MUNCHEN

FULL PARTICULARS FROM

R.H. COLE (OVERSEAS) LTD.
2, Caxton Street - Westminster - London S.W.1
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For full particulars please write to:

INTERNATIONAL AERADIO LIMITED

40 PARK STREET, LONDON, W.i.

Telephone: HYDE PARK 5024

A NEW aid for electronic training schools
The LLA.L. STUDENTS PANEL

With their wide experience of training students in electronics
in many parts of the world, I.A.L. have developed a new
teaching aid which is proving of great value in schools, labora-
tories and wherever training in electronics is undertaken.

By means of the I.A.L. Students Panel, hundreds of different
electronic experiments can be conducted and time spent on
building and checking circuits is reduced to an absolute
minimum. A student can wire any circuit on the Panel in
a few minutes and as the chart is under the circuitry he is able
to study the operation of the valve and circuit as the experi-
ment is carried out and the instructor can quickly check the
wiring. Furthermore, the life of components is considerably
prolonged as they are not soldered.

Cables: INTAERIO, LONDON.

THE LINEAR

A HIGH FIDELITY ULTRA LINEAR AMPLIFIER WITH

A special feature is the compactness of the
unit. Full advantage has begn taken of
latest component miniaturisation develop-
ments to produce a 10-watt Hi-Fi push-
pull amplifier incorporating tone control
preamplifier stages within the measure-
ments of 10 X6 Xx6in.

In addition two high impedance input
sockets are %rovidcd for microphone and
gram, etc. ach input has its associated
vol. control, five B.V.A. (Mullard) valves
are employed ECC83, ECCS83, ELS84.
EL84, EZS8I1.

H.T. and L.T. power supply point is
included for a radio tuner.

L45 MINIATURE 4/5 WATT

QUALITY AMPLIFIER
Bize only 6 x 5 x 5fin. high. 12 d.b. Negative Feedback.
8ensitivity 30 m.v. for full output. 3 Mullard valves.
ECC83 Twin Triode, EL84 Power Qutput, EZ90 Rectifier,
Beparate Bass apd Treble Controls. For 200—250v.
50 c.p.s. A.C. Mains. An ideai unit for use with Gram.
or ' Mike." Output matching for 2—3 ohm speakers.
Retail Price £5/19/6.

LT/45 TAPZDECK AMPLIFIER
A complete unit ready for connection to 200—250v.
80 c.p.s. A.C. Mains, 2—3 ohm speaker and practically
any make of Deck. Negative feedback, equalisation
adjustment by multi-position switch for 3%, 7¢, 15in. per
Retall Price 12 Gos.

LG3 2/3 WATT GRAM AMPLIFIER
Overall size 6} x4} x 24n.  For 200.—250v. 50 c.pa.

A.C. Mains. Oontrols: Tone/Mains * Ou-Off, and
Volume. Output for 2—3 ohm speaker. 49/9.

Bec.

“SIZE ONLY 9—7—6ins.
Weight: 124ib. Power consumption 90 watts
For 200-230-250v. 50 c.p.s. A.C. mains.
Outputs for 3 and |5 ohm speakers.

PRICE

Chassis stoved Grey—Blue 1 2
Cover with GNS.

hammered finish.

Attractive

Chromium carrying handles now available

at 17/6.

From your local stockist or, if in difficulty, direct from us.
Send S.A.E. for descriptive literature

TRADE AND EXPORT
ENQUIRIES

RETAIL

LINEAR PRODUCTS LTD.

‘DIATONIC’

INTEGRAL PRE-AMP

FREQUENCY RESPONSE
+ 2 d.b., 30-20,000 c.p.s.

MAXIMUM POWER OUTPUT
In excess of 14 watts.
RATED OUTPUT 10 WATTS.

SENSITIVITY
Volume (1) 22 millivolts for rated
output.
Volume (2) 220 millivolts for rated
output,

I'REBLE LIFT CONTROL
Continuously variable + 6 d.b.
to —13 d.b. ar 12,000 c.p.s.

BASS CONTROL
Continuously variable 4+ 13 d.b.
to —18 d.b. at 50 c.p.s.

HUM LEVEL
Referred to maximum output and
including integral pre-amp —60
d.b.

HARMONIC DISTORTION
0.199, measured at 6 watts.

NEGATIVE FEEDBACK
Total 32 d.b. including 24 d.b.
in main loop.

5-9 MAUDE STREET, LEEDS, 2.
Tel. 23116
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— another contribution to electronics by Advance

3000M<P

A completely co-axial attenuator unit specially designed

for use in precision equipment where rapid selection

de—

RANGE: 0 to 50 db in 10 db steps.

of close tolerance attenuation with absolute
reliability is essential.

Any combination of six pads is available
from 0 to 50 db. in 10 db. steps.
For use at all frequencies up to
3000 Mc/s.

ACCURACY: L+ | dbupto 1000 Mc/s.

V.S.W.R.: Less than I-2 d.c. to 3000 Mc/s for
20-50 db range.

Less than 1.2 d.c. to 1000 Mc/s for
0-20 db range.

At 3000 Mc/s increases below 20 db.
to not more than |-7 d.c. at zero
attenuation.

INTERKAMA

J CONTINUOUS ROTARY MOVEMENT

selects any pad simultaneously giving visual
indication of pad selected.

Export erquiries invited. See us at ..
INTERKAMA, DUSSELDORF, NOV. 2 - 10, 1957

Aelvassce TUrRRET ATTENUATOR

Full technical details available in Leaflet $.49 TYPE A63

ADVANCE COMPONENTS LTD. ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX. . Telephone : HAlnault 4444
GD 24
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CITY SALE & EXCHANGE LTD

WHARFEDALE SFB/3 Speaker System

NOVEMBER, 1957

The High Fidelity
Specialists

A wide range high quality speaker
which can easily be accommodated in
the average room. Size 34"x31"x2",

PRICED AT

COMPLETE

£39-10-0

We offer the following from stock:

OTHER SPEAKERS IN CABINETS
Tannoy York with 15Sin. dual Wharfedale 3 Speaker sys-
concentric unit ............... £75 0 O tem with W, 15 Super 8 and
Lockwood Major Cabinet Super 3 units in oak ven-
complete with Wharfedale eered cabinet with sand
Super 12/CS/AL ............... £52 10 0 filled back panels ............ £60 0 O
Pye Contemporary Console Wharfedale Twin Speaker
wih 12in, unit .o 30 gns. Corner Reproducer with
Goodmans Sherwood Cab- W.10 and W.I2 units ...... £17 10 0
inet with Axiom 150 Mark Wharfedale Golden 10 in
W e eaee e T eacenenase £30 14 9 sand filled corner Reflex
Goodmans 315 Three baffle ..cvuiiririreniraiiniiaenae, £16 10 0
Speaker System including Reflex Cabinet in light wal-
Midax and Trebax pressure nut housing two G.E.C.
horns  oiiveiiieee [} metal cone speakers with
Lowther T.P.} transformer 0
Reproducer . [} phonic 1 in
Lowther ~P.W, Rexine portable cabinet ... £10 0 0
Horn with P.M.2 drive Wharfedale W.10, complete
unit £65 0 0 Ln sind f“llled corner cabinet, D C
Ark walnut .....coiiieeieinannee
sreoNpuans seeakes | L |
J iali v -3 in ass reflex Itled corner baffle, light oal
Part Exchange is our speciality. - Easy Payments arranged. Free T TE0 T TR T 12 10 0| Wharfedale 10in. Bronze in
Delivery by our own van within a 20 mile radius. You can deal with Wharfedale Golden 10 in small reflex cabinet, dark
us in confidence because we are HIfFI SPECIALISTS of Long standing. B.K. horn loaded cabinet... £20 0 0 walnut .o £14 0 O

93-94 FLEET STREET, LONDON, E.C.4 Phone: FLEet St. 9391/2

DIRECTLY HEATED
SUBMINIATURE VALVES

include the following types having exact American or
British Services equivalents. They meet all the require-

Perfection
in miniature

ments of efficient portable A.F or R.F. equipment.
TvBe i FILAM_EE_ IANODE SFREEN GRiD Az&RE SGGILE‘EN SLOPE kgé\lfs) OUTPUT| U.S.A. oV

v mA | Volts Volts | Volts| mA mA mA/V | MQ mwW [ EQUIV.|EQUIV.
XFwW4¢ | AF. Amp. Tetrode 0-625 10 22-5 | 225 0 1-2 35t 2260
;FYM; AF. OfP. Pentode 125 50 675 | 675 —65] 3 095 :5. 002 65 5672 § 2238
XFYI5 A.F. O/P. Pentode 1-25 20 675 | 67'5 —65] 31 0-95 —0':5— -002 65 5672 223;
XFYS4 A.F. OfP. Tetrode 1-25 10 22:5 | 22'S —20| 034 008 028 E 275
XFRI* R.F. Amp. Pentode 1-25 100 45 45 0 30 09 2-0 |IAD4 | 2237
XFR2* R.F. Amp. Pentode 1-25 50 675 | 675 0 -8 05 It 5678 | 2254
XFR3 R.F. Osc. Triode 125 120 135 —50f 40 1-65 = 5676 | 2239
XR4 R.F. Power Amp. ;%S Tﬁ—; 125 125 =751 70 -1 1-95 - 6397
XFRS R.F. Amp. Pentode 1-25 —;;‘ 675 | 675 0 1-8 05 N TN 5678 | 2254

*Fully screened with metalised coating. tVoltage gain.
Please write for further details.

STONEFIELD WAY - SOUTH RUISLIP .

A member of the Automatic Telephone & Electric Group

MIDDLESEX
Ruislip 3366

Hivae limited
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NEW TRANSISTOR-CURVE TRACER

HIGH COLLECTOR CURRENT
PNP transistor, collector current vs
collector voltage with constant-current
base steps. Collector sweep is 0 to
5 v with a 0.25-0hm load, base cur-
rent is 50 ma/step. Vertical deflec-
tion is 1000 ma/div, horizontal 0.5
v/div.

HIGH INPUT CURRENT
PNP transistor, collector current vs
collector voltage with base grounded
and constant-current emitter steps.
Collector sweep is 0 to 1.5 v, emitter
current 200 ma/step. Vertical deflec-
tion is 200 ma/div, horizontal 0.1
v/div. Zero voltage is at center scale.

LOW INPUT CURRENT
NPN transistor, collector current vs
collector voltage with constant-current
base steps. Collector sweep is O to
1.5 v, base current 1 microamp /step.
Vertical .deflection is 10 microamp/
div, herizontal.0.1 v/div.

i

Represented in
Great Britain by
LIVINGSTON
LABORATORIES, LTD.

Retcar Street, London N. 19
Archway 6251

i
has 10=-Ampere €ollector Suppiy
2.4-Ampere Base Supply

!
E

i
Dispiays 4 ¢ 12 curves
ner family
with inpu? current from
1T MICROAMP/STEP
TO 200 MILLIAMPS/STEP

The Tektronix Type 575 traces characteristic curves
for both PNP and NPN transistors on the face of a cathode-ray
tube. Seven different types of curves can be plotted. Vertical
deflection is calibrated in collector current, base voltage, base
current and base source voltage. Horizontal deflection is cali-
brated in collector voltage, base voltage, base current and base
source voltage. Collector current supply is capable of 10
amperes from 0 to 20 v, 1 ampere from 0 to 200 v. Constant
current or constant voltage step supply to either base or emit-
ter is calibrated in 17 values from 1 microamp/step to 200
milliamps/step, and in 5 values from 0.01 v/step to 0.2 v/step
with 24 values of driving resistance from 1 ohm to 22 kilohms.
Input steps are adjustable from 4 to 12 per family, with repeti-
tive or single-family display.

TYPE 575 TRANSISTOR-CURVE TRACER. ... .. £373
delivered in Great Britain plus duty if payable.

Tektronix, inc.

P. O. Box 831D, Portland 7, Oregon, U.S.A.
Phone CYpress 2-2611 + TWX-PD 265 + Cable: TEKTRONIX

53
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INTRODUCING a new range of

HETERODY NE

FREQUENCY METERS

. for Laboratory, Field & Factory

Designed and built to rigid Services Specifications, these
instruments are Crystal-controlled, portable hetero-
dyne-type Frequency Meters used for Field testing and
measurement of pulsed, modulated, or C.W.R.F.
transmitters, receivers and signal-generators.

TYPE 7475,

Frequency Range: 85 to 1000 megacycles.

TYPE 7474.
Frequency Range: 20" to 250 megacycles.

Frequency Calibration accuracy? .002%, at 25°C.
(or .01%, between —20° to 4+ 70°C).

INSTRUMENT
Complete Specifications on application to:—

' soe stangacnrs TELEMECHANICS LTD

%
Makers of High VP | (Instrument Division Dept. W.W.6)
Sets and other Electronic Equip- : 3 Newman Yard, Newman Street, London, W.1, England.
ment for H.M. Government. Telephone: LANgham 7965.  Cables: ° Teleset’ London.

6 WAY

miniature mains

,,,,,,,

STANDARD B9A (NOVAL) VALVEHOLDER WITH 2-PIN
CAPTIVE PLUG.

UP TO 6 TAPPING POSITIONS.

MARKING TO CUSTOMERS’ REQUIREMENTS.

Send for full details to :—

THE McMURDO INSTRUMENT COMPANY LIMITED, ASHTEAD, SURREY. Tel : ASHTEAD 3401

MvS 14
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08 THERE’S REAL
RN B EYE APPEAL
G IN THESE

Hi-Fi CABINETS

And not only eye appeal but ear appeal, too. For each has been scientifically

designed to give the best possible reproduction from a Stentorian 8” or 10”

unit, Now at small cost you can buy a beautiful contemporary-styled cabinet

in satin-striped sapele worthy of your amplifier. Three models available in

sapele and six in polished walnut. The Stentorian Speaker range includes

12 models with the patented cambric cone and two tweeter units. In

addition, the famous W.B.12 High Fidelity Amplifier is now available with
a choice of two control units, and the Stentorian VHF/FM Tuner is in ever

increasing demand as its exciting and thrilling performance becomes known

among hi-fi enthusiasts.

“Prelude’’ Bass Reflex
Corner Console. A
most attractive cabinet
for corner use, sturdily
constructed to take
every advantage of
Stentorian 8” or 0”7
units. Packed flat in car-
ton, complete with
screws. Size: 33”7 x 21" x
177, £10.10.0.

MODEL H.F. 1012

10” Die-cast unit, 12,000
gauss magnet. Fitted
with cambric cone, and
universal impedance ““Prelude’’ Bass Reflex Con-
speech coil providing sole Cabinet will provide ‘‘Prelude” Hi Fi Console
instantaneous matching outstanding reproduction Cabinet designed to take
when used in conjunction with any make of tape-deck or
at 3, 7.5 and 15 ohms.  giencorian 8’ or 107 units;  record player, amplifier, pre-
Handling capacity, 10  provision also for Tweeter amplifier control unit, and
watts. Frequency re-  Unit. Size: 33" x 19" x 193", radio tuner. Size:33”x 19" x
sponse, 30 c.p.s.-14,000 £11.1L0 19y, £13.13.0
c.p.s. Bass resonance, )
35 c.pss.

nc.p.T) £4.19.9

@ Other Stentorian products include TV and - ; 4 -
radio tables, TV and record storage cabinets, [ r 4
and extension speakers. [llustrated leaflets

on any lines will be sent on request. !

Or see and hear all WB products at our 4

London Office, 109 Kingsway, W.C.2,
any Sdturday between 9 a.m. and |2 noon.

WHITELEY ELECTRICAL RADIO CO. LTD + MANSFIELD * NOTTS
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THERE IS MORE THAN HI-Fi AT 189 EDGWARE ROAD

There is more than London’s largest and most varied ranges of stocks for the constructor. There
is SERVICE which covers everything possible from same-day service on orders received by post,
beautifully equipped demonstration room and unbiased advice to supplying the kind of items you
just cannot find anywhere else. You will find the staff helpful and knowledgable in everything to
do with audio-electronics. You will find up-to-date stocks as well as spares and replacements for
less modern equipment. In a word, you will most likely find just what you want at 189 first.

\ TAPE
AMPLIFIERS, TUNERS, KITS SPEAKERS, PICKUPS, ——— |,
Tele-Radio Williamson ......... £ 00 MOTORS Record/Pre-amp Unit, powered £28 7 0
Tele-Radio Economy Pre-Amp £6 16 6 Ferrograph 3AN e G0 £19 16
Osram 912 (with pre-amp)......... £23 17 4 Westrex complete in cabinec...£169 0 0 Wear!te 3A Deck .- £35 0 0
Jason F.M. Tuner (less valves) £ 5 0 Acoustilens HF Unit ... £69 10 0 Wearite 3B Deck 0
o eniless Malves)t- = Bass 20/80 Unit  ...... £33 15 0 Vortexion 2A 0
Jason Fringe Area Model £ 0 0 Dividing Network ... £13 10 0 Brenell Recorder 0
Jason Power Pack .................. £2 1 9 Comeplete Kic of Speak- Coll 0
| _ ers and drawings...... £116 2 0 ollaro Mk. H/Mk. IV Deck ...... £22 0
(Send S.AE. for Lists on above as required.) Wharfedale AF/I0 Enclosure for Brenell Mk. IV Deck with digit
10in. speakers ... £1515 0 COUNLET  oovtiiiiiniiceniaeannnanns £24 12 ©
xn:fedaemseﬁ/jr EBE £ 100 Film Industries Ribbon Mic....... £ 15 0
COMPLETE EQUIPMENT Tanno; 12in, DualyConcén(ric::: £30 15 0 Simon Cadenf.a in Case £1D 10 0
G.E.C. Metal Cone Speaker...... £9 5 0 Lustraphone *‘ Lustrette” Mic. £3 7 6
Leak TL.I2 Plus .................. . £18 18 0 G.E.C. Presence Unit ... £3 9 6 Reslo RBL{T or RBL/T Mic. £8 15 ©
Leak Varislope Mk. Il . £i515 0 Simon Cabinet Speaker £31 10 0 Woearite De-Fluxer £210 0
Rogers Junior Amplifier .. EI7T 0 0 Bib Spli 18 6
Full W, TS.L., etc. ib Splicer vovveviiiininns =
Rogers Mk. i} Control Unit ... £12 0 0 ult ranges by Wharfedale, Goodmans, et W earite Turns Counter... ... £33 0
Pitot HFA/12 Amplifier 00 Le(?ik Pick-Up with one head i Wearite Tape Recording Accessories.
s N TAMONA) —.ooviereisiisirein £13 16 5 4 i
ilot HFC/12 Ft‘re Amp 0 Garrard TPAJI0 P.U ‘with Trans, £15 9 4 Ea/aels bﬂrl:ﬁ(;még ITOAk;? lg:clud:ng Scotch Boy,
GQuad It Amplifier ... 0 Goldring TRI Arm L EID D3 9 it VERERD ity
Quad Control Unit 4] Goldring 500 Cartridge ... .. £3 9 6 -
R M. Connoisseur with diamond head £12 IS5 6
£52t [k T v Collaro Trans, with PX head..... €5 7 5 ® VALVES, COMPONENTS,
Leak F.M. Tuner  .................. 0 Collaro 4T/200 Trans. Motor £14 18 0 ACCESSORIES, MATERIALS,
Jason Prefect Switched F.M. Garrard 301 8 3 BOOKS AND SERVICE
Tuner ..o £15 12 9 Connoisseur n o Our 56-page catalogue with latest additions of
value to all who bulld and listen. /3 post paid.

FTELE-RABED (i943) L'TD. 189, Edgware Road, London, W.2 PADdton 4455-5

P.O. TYPES
TO YOUR
SPECIFICATION

3000 TYPES

COILS., Standard or special up
to 80,0000.

CONTACTS up to 8cfo’s.

6C0 and HIGH-SPEED
TYPES also supplied.

KEYSWITCH CO.

ALL POST OFFICE EQUIPMENT
Enquiries to Sales Manager,

126, KENSAL ROAD,LONDON, W.I0
Telephone LAD 0666 and 4640
'Grams: “FONEQUIPT,”' LONDON, W.I0.

STOCKS
OF
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PERFORMANCE ASSURANCE WITH

COSNSOR

PRINTED CIRCUITS

R

@)

AN INSTRUMENT RANGE.
4 IN KIT FORM

Q. Why has Cossor Instruments decided :
upon this innovation ? i 1

§ ! g A. To make available a range of first-class
1 measuring instruments at a considerable
saving in cost to the Buyer.

Q. Are Kit instruments inferior in perform-
ance to their Factory-built equivalents ?

A. Certainly not. If assembled and wired

exactly in accordance with the Manual
of Instructions.

s

Q. A certain skill must, surely, be required
to build these instruments ?

A. None beyond the ability to use a small =]
soldering iron. [ L

Q. How can a performance specification be
maintained without setting up test equip-
ment ?

A. Largely by the use of PRINTED CIR-

CUITS which allow no interference with
the layout of critical parts of the circuit.

11

Q. How many Kit instruments are at present
available ?
Model 1071K Double Beam Kit Oscilloscope A. Three. Two Oscilloscopes, a Single-

List Price £57.10.0 Beam and a Double-Beam, and a Valve
s Voltmeter. Others will follow shortly.

Q. Could I have more information on these
interesting instruments ?

A. With the greatest of pleasure. Just write
to:

CO S S 0 R INSTRUMENTS LIMITED

The Instrument Company of the Cossor Group

COSSOR HOUSE - HIGHBURY GROVE - LONDON, N.5

Telephone : CANonbury 1234 (33 lines) Telegrams ;: Cossor, Norphone, London Cables : Cossor, London
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LENCO ACOUSTICAL “ @.MAX » CHASSIS
—_— CUTTERS

GL 56 % = Q. U.A.D The easiest and quickest way of
. . cutting holes in SHEET METAL.

%‘w A M 0 Amplifier  and bt —Sniak ;
Tom Control Unit .. £42 0 0 i 1
.- F.M, Tuner ... £30 9 O ke !

with No, 500 variable-reluctance cart- g

ridge and unique location device £23/7/0 t ;
GARRARD 301 : |
% Transcription unit ) :
R > o> 26873 . o'l Yo j

Potentiometers, etc.

FULL RANGE OF
GILSON

TRANSFORMERS, CHOKES,

watt amplifier,

includ-
ing WO1059 for the NEW Mullard 7-

Osram 912 plus,

ALL COMPONENTS FOR

Mullard 3, 7, 10 and 20 watt and William-
son Amplifiers (S.A.E. for special lists).

ERR |

R A DI1O

25 HIGH HOLBORN,

Telephone: HOLborn 6231-2
(OPPOSITE CHANCERY LANE)

]
LONDON, W.C.lI

“@.MAX”

T TR (2) 12/9
HI-FI SPEAKERS TL/12 Plus Amplifier L£1818 0 3in. or %in. ia) 13/9
Varislope Mk. [t .£E1515 0 ll.n or l§in. b) 16/-
GOODMAN (asillus.) F.M. Tuner .. L£3510 O Hin. (b) 16/-
PHILIPS 13in, (b) 18/~
SOUNDSALES I3in, (b) 18/-
TANNOY t3in, (b) 20/6
WHARFEDALE 2%in (c) 33/6
WB, etc., on 7l.%|n. gc)) 38;6
i i N, sSquare  .......o..e0
Sally 4 S menstaRiiar Pick-up, Head (LP or 78 diam.) and transformer...... £13 16 6 Keys Gy 12 (0Y Tr6: (0) 203
B TRANRS|SGIN3’§NENTS CibAE M N
LA LY E‘ B S5E/FM-—4 bands and FM_.... £34 2 6
Send S.A.E. for full list of Transistors, FM.85—Med., Long and FM . "£25 4 0 b
Transformers, Earphones, Cords, EM.81 Mk. IFEM only £2 1 0 1

" GDO-IA

GRID DIP OSCILLATOR

with eight coils from
300 Mes.

IS gns.

15 to

NEW! JUST RELEASED!

Model 68A Signal Generator

Exceptionally wide range

100 Ke/[s-220 Mc/s all on FUNDAMENTALS

Frequency Ranges: 100 Kcfs-

oy dot—

This_signal generator is designed

mainly for use in the servicing of
television and radio receivers. The
generator may also be used in the
C-W alignment of discriminators,

300 Kcfs.,, 300 Kc/s-1 Mc/s., 1
Mgc/s.-3 Mc/s., 3 Mc/s.-10 Mcs.,
10 Mc/s.-30  Mcfs.,, 30 Mc/s.-
110 Mcfs., 110 Mc/s-220 Mc/s.,

ratio detectors and the RF and IF all on fundamentals. Scale
stages of FM receivers. Length: 50in. (127 cm.). Cali-
extended fiequency range from 100 bration Accuracy *19%. R.F.
Kc/s to 220 Mc/s is covered entirely Output 100 mV. max. Leakage
on fundamentals. 3 uV. approx. Attenuation:

A five-section attenuator with a
non-inductive potentiometer ensures
accurate attenuation over the whole
frequency range. Radio frequency

Coarse: 5 steps of —20dB. Fine:
variable to —20dB approx. (rather
more on low frequency ranges).
AF Qutput: Direct connection to

leskage reduced to a minimum. ¢ AF Output, level 1V. maxi-
Power-line leakage negligible. The Mum is provided. Modulation:
attenuator has been arranged to 4000t cytt:lesl Sine dwave, 307? depth.

utput Impedance: ohms
provide a constant source impedance approx. via coaxial lead. Power

over this wide frequency range. An
added facility in the servicing of
audio and video stages is afforded by
a variable 400-cycle signal

An alternative model (68A/M)
incorporating a meter for mon-
itoring the RF level is also
available.

Supply: 100-120 V. and 200-250 V.
40-100 cfs. 12 W. approximately.
Protection: The instrument is
protected by a mains fuse. Weight:
16% b, Dimensions: 9in. X
13in, X 5in. Case: Metal case grey
hammer finish with matching
Perspex panel.

TRADE PRICE £21.13.6 Credit terms: 9 monthly payments of £2 14.2

Release your old Taylor Instru-
ment in part eschange for a
new one for the benefit of
amateurs and students—write

All TAYLOR

instruments available on SEVEN DAYS’

APPROVAL

for etats about “this mon | TAYLOR ELECTRICAL INSTRUMENTS LIMITED
WRITE FO FATALOGUES- Dept. E.R., Montrose Avenue, Slough, Bucks. Tel.: Slough 21381. Cables: Taylins, Slough
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WE ARE MANUFACTURERS OF A WIDE RANGE OF MATERIALS
FOR THE ELECTRONICS INDUSTRY

SOFT MAGNETIC ALLOYS MUMETAL BERYLLIUM COPPER to Specification DTDI00
High permeability Nickel SUPERMUMETAL - = . .
Iron Alloys for cores and gss (;&ML ETAL % Beryllium Alloy. For Springs, Fuse Clips,
laminations. RADIOMETAL Contacts, Meter Pointers and Valve Clips.
High permeability REIOMET AL CU BE250 High .
Cobalt-Vanadium Iron N 50 High tensile strength and fatigue resistance.
. . ] PERME
Alloy with high saturation Beryllium Copper Alloys of other compositions
for lightweight generators. . .
1 are available for special requirements.
TELCON THERMOSTATIC BIMETALS
Rectangular hysteresis in various grades for instrument protection and
By B A}loy HCR ALLOY compensation and overload protection of motors,
for magnetic amplifiers
and reactors. synchros and similar electrical devices.
Typical characteristics of Telcon Thermostatic Bimetal
ST . Deflection g Range of
Resistivity 3 Useful
DUCTILE HARD VICALLOY Type constant® | i ohm-cms| MAXIMUM | pono.
per °C at 20°C sensitivity °Q

MAGNETIC ALLOY Permanent [ @ °C

magnet alloy of Bimetal 140... { 14.0 x 10-* 76 20-230 —70 to 350
el L ductile and ma- Bimetal 400 . | 12.0 x 10 70 70-320 | —70 to 400
Vanadium Alloy N ) Bimetal 15...f 9.5x10- 16.7 20-160 —70to 220

chinable quality. Bimetal 75...| 6.8x 10+ 57 150-460 —70 to 550

® The deflection constant (d) is defined as the deflection of a strip of unit length and unit

All alloys available in strip, rod, bar and wire thickness for each °Crrise in the temperature over the linear part of the deflection curve.

New additions to the TELCON range of

MUMETAL SHIELDS

for Cathode Ray tubes

Precision Cathode Ray Tubes demand
perfect screening. Telcon’s high permea-
bility low-loss magnetic alloy MUMETAL
has proved in practice to be many times
more effective for this purpose than any
other material of equal thickness.

The Telcon Metals Divigion is pleased to
announce that it has now in production a
standard range of MUMETAL Shields for
Cathode Ray Tubes of the more popular
types made by leading manufacturers such
a8 CINEMA-TELEVISION, COSSOR, EDISON-
SWAN, ELECTRONIC TUBES, G.E.C,, MULLARD
and 20TH CENTURY ELECTRONICS LTD.
Details and drawings are available on
request. Special Shields can be made to
customers’ specifications.

Rubber Masks are available from The
Standard Insulator Co. Ltd., Camberley,
Surrey, for use with these Mumetal
Shields.

Mask No.
S.1.C. 5965

20th Century S5AB510

Telcon No. G.17

Telcon No. T.24 }
G.E.C. 5BEP1

Mask No.
S.1.C. 5965

Electronic Tubes 5BEP1

Telcon No. E.T.5
ElectronicTubes5BUPL |
5BVEL J

Telcon No. E.T.4l

Enquiries to .

THE TELEGRAPH CONSTRUCTION AND MAINTENANCE CO. LTD

Metals Division, Telcon Works, ManorRoyal,Crawley,Sussex. Telephone Crawley 1660
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S
UNBEATABLE st N 1 \2%
VALUE AT W AT eAR A
20, S
GNS. anD *

COMPLETE

VERDIK SALES LTD., 8 RUPERT COURT
WARDOUR STREET, LONDON, W.1. (ctrrrd 52001

An instrument of
attractive design,
contained in an olive
green or black rexine-
covered wooden

case, with the top panel
of the tape drive
mechanism finished in
cream stoved enamel, or
hammered silver.

A carrying handle is
provided at one end,
the lid is detachable
while the base of the
instrument is
removable to facilitate
access to the interior.
Two internal speakers
are fitted.

RR Series 102 RECORDERS

RR Series 102

HOME MODEL

The RR Series 102 is a high-quality recorder designed for use in the home, either in
conjunctior with existing amplifying equipment by means of an output socket from
the monitoring head amplifier and equalizer, or as a unit complete in itself feeding
through a second output socket into a wide range speaker system.

Two input sockets are also provided, one for a microphone and the other for a radio
feeder unit.

Due to the unique facility of continuous playback from the tape while recording,
the instrument can be switched oo at the start of a programme and the complete
performance heard from the tape without any stops and rewinding to check the
quality. The performance is such that when using the “ BREAK-IN ” switch, it is diffi-
cult to detect the difference between the incoming signal and the recorded ‘playback
signal from the tape.

The variable speed control permits an accurate setting cf musical pitch, whilz the tape
drive mechanism: fitted in this recorder is exceptionally quiet in operation.

The Playback and Record characteristics arz strictly to the C.C.I.R. recommended
specifications, or the instrument can be supplied equalised to the American N.A.R.T.B.
standard if so required.

For full information on the Reflectograph Range write to the Manufacturer

RUDMAN DARLINGTON (ELECTRONICS)
Wednesfield, Staffs. Tel.: Wolverbampton 31704

LTD

JW. Ad 4190
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new
staff location system
calls doctors

v

This is the most efficient Staff Location System

in existence and one of the cheapest to install.

' _;f:?a,k‘ It can be used in big hospitals like St. Thomas'

“'g (1,660 ft. long, 240 ft. wide, 5 storeys high,

444 using 70 receivers) or small business houses, in
vig factories or small stores. PERSONAL CALL
COULD BE USED IN YOUR BUILDING.
Write and we'll send you details.

quietly, personally

T‘D'] ] . :0' “The result of this new system has been
] - - s revolutionary, and it has far exceeded expecta-
i S S s tion in its effectiveness . . ."" writes W. A. A.
E d iz : :: Pearson F.H.A. in ‘The Hospital'. He is referring
sl | i :'*:. - H to Multitone PERSONAL CALL, developed in
[I E 1T B - > ':‘ :: conjunction with the Electronics Department of
el R L H St. Thomas' Hospital, London. Unlike loud-
@—' 2 l:— e I—‘ ".. S B :: speakers. bells, clock dials, flashing lights and
—P.,‘ ' : "._ ° i s buzzers it is a completely personal system. You
&Y ."-L ALE = A [‘E .." can call anyone on the staff without distracting
il L #:i TR 5 s colleagues or disturbing patients. How does it
— | [T K ] l ; 2 .." work? By simple push-button transmission, to

% :&T — 3 *., s small receivers carried in the pocket.

[ i ‘e,

multitﬂnﬂ personal Cd H STAFF LOCATION SYSTEM

Muititone Electric Company Ltd., 12-20 Underwood Street, London, N.I. Tel: Clerkenwell 8022
CRC IOM
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A new mde range DELAYED SQUARE PULSE GENERATOR

) AT U GEneaaton
A6ARD (e oo . 1 sl

< OUTPUT VOLTAGE CALIBRATED

TO WITHIN 4 29

Negligible overshoot on any range—no A R
sag on long pulses. Width continuously

variable from 02 psec to 2 secs. 4= 5%, R ] ]

The most accurate and versatile box of OSCILLLOSCOPES

pulses yet made available to electronic
engineers.

- W B W

Mode] 5001 with accurate Time
& Voltage Calibrations

Rise time 10 mgpsec independent of
pulse width

Square Wave Output 025 cfs to 25
Mc/s Waveforms show 0'2 usec pulse on 25
cm/ psec sweep ; 10 million to 1 range of
pulse rate, width and delay calibrated by
direct reading dials within 5%

Internal Muitivibrator of new type gives
highly stable frequencies continuously
variable from 0°1 c/s to 1 Mc/s

External Trigger from signals of any
waveform and polarity at amplitudes down
to 02V and frequencies up to 25 M/cs

Single Puises at any range setting by
push button

Delay of Pre-Pulse to main pulse —
jitter free and continuously variable from
02 usec to 2 secs; Pre-pulse output 20
volts positive or negative—0'2 usec wide

Main Pulse amplituade—20 mV to 50 V
positive or negative

NAGARD LIMITED
18 Avenue Road, Belmont, Surrey
Telephone ViGilant 9161/2

SYNTHETIC SAPPHIRE

Styli or cutters for gramophone record-
ing purposes.

Wear-resisting faces for measuring
machines, gauges, optical applications,
and prisms.

Low-loss windows for high power
systems, wave guides etc.

Windows for infra-red transmission.

5 . 1? i
M - This sapphire, which is identical to the natural material in

its basic chemical, physical and electrical properties is produced

with a considerably higher standard of purity and uniformity,

and is available in larger pieces.
Write for leaflet.

SSF Jl  SALFORD ELECTRICAL INSTRUMENTS LTD.
(COMPONENTS GROUP)
TIMES MILL * HEYWOOD - LANCASHIRE. Tel. Heywood 6868

London Sales Office: Tel. Temple Bar 4669
A SUBSIDIARY OF THE GENERAL ELECTRIC CO. LTD. OF ENGLAND
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7. EDDYSTON
mopeL 680X

COMMUNICATIONS RECEIVER

The controls of the Eddystone 630X~

receiver are laid out so conveniently that the
Professional operator quickly * takes” to
the receiver and is able to make the most of
its extremely good performance. All normal
communications facilities are provided:—
variable pitch BFO; crystal filter; wide range
of selectivity; noise limiter; 600 ohm balanced
output. There are two RF and two IF
stages all valves being of Service-approved
types. Frequency coverage is continuous
trom 480 kefs to 30 Mc/s. Available in table
and rack-mounting versions. Robust all
metal construction and suitable for use in anv
climate The illustrated brochure gives
full particulars and you are cordially invited

to write for it

N2 yamfictured by STRATTON & €O LTD Bimingham, 1.




64 WIRELESS WORLD NOVEMBER, 1957

EYRAD AM/EM
RECEIVER

THIS RECEIVER WHICH HAS BEEN SPECIALLY DEVELOPED FOR THE AMATEUR CONSTRUCTOR PROVIDES
COMPLETE COVERAGE OF THE SOUND BROADCAST BANDS—LONG, MEDIUM AND SHORT WAVE AM.
WITH 87.5-100 Mc/s. V.H.F. FOR FM. WE HAVE PRODUCED A FULLY ILLUSTRATED BOOKLET WHICH GIVES
INFORMATION ON THE ASSEMBLY AND ALIGNMENT OF THE 4-BAND SEVEN-VALVE RECEIVER, INCLUDING
CHASSIS LAYOUT, CIRCUITS AND POINT-TO-POINT WIRING DIAGRAM.

% ‘“ WEYRAD " B.61 COIL PACK, P.23 I.F. TRANSFORMERS, T.S.61 TUNING SCALE, Q2 I.F.
FILTER, E.822 MAINS TRANSFORMER AND E.823 OUTPUT TRANSFORMER.

+ ALUMINIUM CHASSIS WITH ALL PUNCHING AND BENDING COMPLETE.
v DESIGNED FOR LATEST TYPE MULLARD VALVES.
% RECEIVER OUTPUT CAN BE MODIFIED FOR USE AS A RADIO FEEDER FOR QUALITY

AMPLIFIERS.
THE BOOKLET & PRICELIST  ..ovooviee e, 2/6d.
ILLUSTRATED FOLDER OF AM. COMPONENTS  .....ccooennn.. 3d

WEYMOUTH RADIO MANUFACTURING CO., LTD.
CRESCENT STREET, WEYMOUTH, DORSET.

- — - —

 REMOTE CONTROL IN INDUSTRY

- ﬂ""\ Messrs.Pye Ltd. rely onS.S. White
% . Remote Control Shafting for
i trouble.free operation with the

absolute minimum torsional

deflection.

Our illustration shows the Pye Industrial
Television Camera fitted with a zoom lens
operated by S. S. White Flexible Remote
Control Shaft No. 150L53, Casing No. 170A2
(Design No. A75).

Photograph by courtesy of
Pye Ltd., Cambridge.
[ ]
CO. OF CREAY BRITAIN AVD.

INDUS TRIAL DIVISION
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A NEW CATALOGUE OF
nas juse been pudtished by~ HIGH  FIDELITY  EQUIPMENT

NORTHERN RADIO SERVICES

11 Kings College Road, L , N.W.3, Phon¢’ PRImrose 3314
Send two 24d. stamps for your copy now.

@ Amplifiers,

@© Demonstrations:

WIRBLESS WORLD

Tuners, Cabinets,
etc., at Manufacturers’ prices.

Monday-Sat-
urday inclusive, 10 a.m.-5 p.m.
without apbointment. Technical
Guidance Service by our Chief
Engineer personally or by return
post free. Let us have your
enquiry now.

65
@ Single items or complete
installations from stock. We

can supply any regular item
advertised in this journal.

@ Complete satisfaction or goods
exchanged. Deferred terms
available

No.

1 *SYMPHONY *” AMPLIFIER, Mark 1ii,

CABINET KITS,

‘“ SYMPHONY ” BASS REFLEX

GRAMOPHONE and TRANSCRIPTION

UNITS by:—

Garrard, Collaro, Lenco, Woolett, Connoisseur,
B.]., etc.

NORDYK CABINETS
all models stocked.

nstallations in Cabinets :—
We can supply any equipment advertised in any
cabinet advertised.

£4/5/- to £5/7/6.

No.2 PUBLIC ADDRESS AMPLIFIER, Mark 111,
15 GNS.

‘- SYMPHONY ” CONSOLE AMPLI-
FIER CABINETS

No. | “SYMPHONY " FM TUNER,

“'Symphony *' Amplifier, F.M. Tuner
and Lenco Unit in Nordyk Cabinet.
Size 20in. wide x 17in. high x 17in.
deep, at ? gns.

TAPE EQUIPMENT by:—
Truvox, Collaro, Grundig, Wearite, Ferrograph,
Brennell. TAPE—all makes stocked.

“SYMPHONY " TAPE RECORDER

hold everything except speaker, 12 GNS.

W.B. “PRELUDE” CONTEMPOR-
ARY BASS REFLEX CONSOLE
CABINET, i1 GNS.

W.B. ‘“PRELUDE” CONTEMPOR.
ARY HI-FI CONSOLE CABINET,
13 GNS.

W.B. “PRELUDE” CONTEMPOR.
ARY BASS REFLEX CORNER
CONSOLE, 10 GNS.

*SYMPHONY ” AM/FM RADIOGRAM

CHASSIS

Table Mode
SPEAKERS by:— or Portable,
Wharfedale, Goodmans, Whiteley (W.B.), 52 GNS.
including 10in. speaker Lorenz, Grampion, etc. SPECIAL BARGAINS LIST supplied with each
26 GN%. ’ ' catalogue,
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ARCOLECTRIC

SWITCHES & SIGNAL LAMPS

- S.L.81 T.622, Toggle Switch
T.600 Neon Signal Lamp D.P.C.O. 3-amp., 250v.
3-amp., 250v. 4" hole fixing

$.936: Normally off
$.938: Normally on

Write for Catalogue No. 131

S.L.90/SB
Low Voltage
Signal Lamp

K.75: Small Pointer Knob VR " A R C O L E CT R ' C

SWITCHES - LTD

CENTRAL AVENUE, WEST MOLESEY, SURREY. TELEPHONE: MOLESEY 4336 (3 LINES)

SKY-BEAM

N
(=]
3] |
>§
(=3

’ N4 A [0}
~~ DOUBLE SIX SLOT !
Gain: 13 db.
Bandwidth: 100-500 Mc/s Bands 8%
0

Weight: 10 to 16 Ibs. )& \
’ S / N/

We are communications aerial specialists and can

advise you on aerial systems, technical performance &‘
and practical installations, and can carry the work &‘ 30
through to its final stages, . ’ ..

) QN...... |

For further details and informatlon please wiite to:—

60
RADIO TELEPHONE AERIAL SYSTEMS LTD.
(IN ASSOCIATION WITH I-BEAM AERIALS LTD. AND SKY-MASTS)

 —

REDAN STREET, LONDON, W.14
SHEpherds Bush 6426 RlVerside 7878 7

1200 110\ _—~100\ \go / 89




NOVEMBER, 1957 WIRELESS WORLD

A NEW RANGE oFr HOMELAB
SIGNAL GENERATORS . .

The Type 20 is an AM/FM Signal Generator covering the
frequency range from 7.5 to 240 megacycles on funda-
mentals. The output RF signal may be unmodulated or
modulated with a 1,000 c.p.s. sine-wave for normal AM
tests. As an FM generator a reactance-valve modulator
is employed to provide deviation up to 250 ke¢/s through-

Send stamp for details.

The Type 12 is a general-purpose Signal Generator cover-
‘ing the frequency range from 100 kefs to 130 mefs. The
RF output signal may be unmodulated or modulated by
1,000 c.p.s., sine-wave or square-wave. In addition an AF
output signal of either sine- or square-wave shape is avail-
able for audio testing. PRICE £8/10/-, plus 5/- packing and

outits range. PRICE £15/15/-, plus 5/- packing and postage.

Send stamp for details.

The Type 2 is an inexpensive Signal Generator covering
the frequency range from 100 kec/s to 130 me/s. The RF
output signa! may be unmodulated or modulated by a sine-
wave of 400 c.p.s. An audio signal of 400 c.p.s. is also
T R available. PRICE £4/10/-, plus 5/- packing and postage
Send stamp for detalils.

BitirAL, SEMENATOR
Yere 3

OTHER ‘“ HOMELAB’ PRODUCTS
o AUDIO OSCILLATOR UNIT, 20 cps. to 20 kefs.
PRICE £7-10-0. Packing and Postage 5/-.

o MULLARD FM TUNER UNIT, WITH POWER SUPPLY.
PRICE £12-10-0. Packing and Postage 5/-.

] CHECK TEST. 50 pf. to 8 mfd. and 0 — | MEG.
PRICE £2-12-6, Packing and Postage 5/-.

HOMELAB INSTRUMENTS LIMITED
615-617, HIGH ROAD, LEYTON, LONDON, E10

Telephone: LEYtonstone 6851

67
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TAKE YOUR PICK

Our wide range of capacitors, incorporating all the latest
developments, are described fully in these new leaflets ...

SEND NOW for COPIES

DALY has succeeded in maintaining full capacity
values and working voltages in more compact
designs, specially suited to ultra modern
equipment i —

PHOTO-FLASH-EQUIPMENT o DEAF AIDS
PRIVATE TELEPHONE INSTALLATIONS
AMFLIFIERS o D.C. POWER UNITS
TRANSISTOR EQUIPMENT
MAGNETISATION
EQUIPMENT

TEST GEAR

CAPACITORS

Condenser Specialists for over 20 years.

DALY (Condensers) LTD., WEST LODGE WORKS,
THE GREEN, EALING, LONDON, W.5. Phone: Ealing 3127-8-9. Cables: Dalcyon, London

EVERYTHING . . .

FERROGRAPH 66

LENCO GL56
TRANSCRIPTION UNIT

(@ ....in HIGH FIDELITY

LEAK TL/I0
. AMPLIFIER

GOLDRING No. 500

CARTRIDGE i GARRARD 301
TRUVOX TR TRANSCRIPTION
AMPLIFIER UNIT

just a small selection from our stock of Hi-Fi and Tape Recording Equipment.
All are available on easy payment terms. Special expart service. If you are
unable to call please write to our Mail Order Department—speedy service—
complete satisfaction.

M A I L 0 R D E R s u P P L Y 33, Tottenham Court Road, London, W.I.
Tel: MUSeum 6667 The Radio Centre
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on the subject

69

SuUppression

This new Plessey publication is designed to assist all those currently
concerned with the problems of suppression of all electrical equipment.
The book provides Design Engineers with a standard reference

to the complete range of suppressors produced by Plessey

at Towcester, their individual suitabilities in application,

their construction and their operational characteristics.

Many illustrations and dimensional diagrams are included.

Please ask for Plessey Publication No. 952.

T T S AT WS

Suppression

)

[ Plesseyj

COMPONENTS GROUP

CHEMICAL AND METALLURGICAL
DIVISION

THE PLESSEY COMPANY LIMITED

WOOD BURCOTE WAY

TOWCESTER, NORTHANTS

TEL: TOWCESTER 312

Overseas Sales Organisation:

PLESSEY INTERNATIONAL LIMITED
ILFORD ESSEX ENGLAND

TEL: ILFORD 3040

@ TC.1a
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4 WAY
BVS/4

6 WAY
XVS/6

BOTH TYPES HAVE 3 PIN SHORTING PLUGS
FOR ADIJUSTING SIMULTANEOUSLY 2
TRANSFORMERS CONNECTED IN PARALLEL.

MARKINGS TO CUSTOMERS’ REQUIREMENTS.
BVS/4 MOULDED IN BLACK P.F. BLACK ESCUTCHEON MARKED IN WHITE.
XVS/6 MOULDED IN NATURAL COLOUR NYLON LOADED P.F. MARKED IN WHITE.

Send for full details to :—

ITHE MSMURDO INSTRUMENT CO LTD. ASHTEAD, SURREY. Tel: Ashtead 340I.

JSPIMVS7

1 __ iy

COMPLETE Range of Equipment
for Extended Aerial and Wired T/V
SYSTEMS

SIGNAL LEVEL METER Type SL3/B

A battery operated valve voltmeter for measurement
of Television, Television Sound and F/M signals as
would appear at the down lead end of Aerial
Installation or on Cabling of Wired Television or
Communal Aerial Systems.

4 2z WITH THESE ADVANTAGES
4 M % Turret channel selection.

; @ Y Audible signal recognition.

- * F'x'ee‘ from interference imjection

>>>>>> via input.
% Probe unit for cable
measurements with

minimum mis-
match.

REGD. TRADE MARK

WIDE BAND
AMPLIFIERS

)"%'*J‘w

Mark H1—40 to 220 mc/s (covering ALL Bands !, 2 and 3) Gain 20 db4
2 db. 75 ohms in and out. Rack Mounting.
Mark IV—A cheaper version of the impeccable Mark [ll. Same per-
formance, steel case.
Type 3—40 to 70 mc/s (Band I) Gain 33 db + | db, Wall Mounting: In-
door or Outdoor Cases. Line powering facilities. 75 ohms in and out.
Extensively used for urban T/V relay systems.

ALSO
SOURCE CONVERTER UNITS to convert any T/V channel, Bands |
and 3 to any Band | channel. With separate A.G.C. (40 db), on Sound
and Vision.
MAST HEAD AMPLIFIERS. Mast Head Units only gain 9 db or with
base unit giving total of 20 db gain.
SINGLE CHANNEL AMPLIFIERS AND REPEATERS, Gain up
to 56 db with and without A.G.C.
Any channel in Bands |, 2 and 3.

RANGE: 25 uV to
F 25 mV in three
(attenuator) ranges,

AND } L::;Il ?43} gives f‘;u{‘l degc;lz'ls c;lnd %r with probe—250 1V to 250 mV.
‘CO-AXIAL CABLE ACCESSORIES. Equalisers, Splitcers, Combiners, piifo: Vioueiarasd ot tloner requency coverage: 40-—220
Tappers, Load Units, etc. Outdoor or indoor types. ‘clg‘zr;;;rehenswe Lists on re- mcfs (Bands 1, 2 & 3).

TELEFUSION ENGINEERING LTD.

‘TELENG’ WORKS, CHURCH ROAD, HAROLD WOOD, ROMFORD, ESSEX
Tel: Ingrebourne 2901
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‘GEX 54‘1’ %eorwn;?nrieucTifier
available in

finned and unfinned stacks

The basic element in all stacks is the GEX 541 diode, standard
ranges being available in both finned and unfinned stacks. Whether
a finned or unfinned stack is used for a specific application will
depend upon monetary and space considerations.

Using series and parallel diode connections, power requirements
of up to 30 kVA are economically handled by finned units. With
derating, operation is still possible up to a maxi-

mum ambient temperature of 55°C. Each stack Q

illustrated uses four diodes.

Rectifier units constructed with this diode show \
remarkable improvements over those previously
available. \
\
== —
-
-~
—
~
/
/
/
/
/
Single Phase Bridge (Finned) GEX 541 BIPI F.,

Available output at 35°C is 12A4. at 48V. EXTREMELY GOOD REGULATION
SMALL POWER LOSS

VERY FAVOURABLE WEIGHT
AND SIZE CHARACTERISTICS

CONSTANCY OF PERFORMANGCE

Single Phase Bridge (Unfinned) GEX 541 BIPI. OPERATION UNDER ADVERSE
Available output at 35°C is 5A4. at 48V. \
\ CLIMATIC CONDITIONS

* For further information send for publication OV3910.

71

THE GENERAL ELECTRIC CO. LTD.,, MAGNET HOUSE, KINGSWAY, LONDON, W.C.2,



72

ALL AVO,

manufacturers,

WIRELESS WORLD

“YOU CAN RELY ON 08" ——

Stockists of all Radio and Electronic components for
laboratories, Educational authorities,

and the amateur.

MULLARD 510 AMPLIFIER AND G.E.C. 912 AMPLIFIER—ALL
PARTS STOCKED AND AVAILABLE ON H.P.

*

INCLUDING ELCOM, BULGIN, TCC, HUNTS, DENCO, ETC.
DETAILED LISTS ON ABOVE AVAILABLE
INSTRUMENTS FROM STOCK

- RaAp1o SERvicING COMPANY

82, SOUTH EALING ROAD, LONDON, W..

Next to South Ealing Tube (TURN LEFT) 9 to 6 p.m., Wednesday | o’clock.

TAYLOR,

NOVEMBER, 1957

Telephone : EAL, 5737

NO KNOWLEDGE NEEDED TO MAKE

BUILD|
THIS

POCKET
RADIO

FOR ONLY

16

AT LAST! In response to many requests we now present
the DOUBLE TRIODE * SKYPOCKET,” a beautifully
designed precision POCKET RADIO. No radio knowledge
needed. —EVERY BSINGLE PART TESTED BEFORE
DESPATCH-—our simple, pictorial plans take you step
by step, This set has a remarkable sensitivity due to pains-
taking design. Covers all medium waves 200 to 550 Metres.
Bize only 5%in.x 3in. X 2in. in Strong. Transparent case
with panel, cover and dial. A really personal-phone
pocket-radio WITH DETACHABLE ROD AERIAL. Self-
contajned all-dry battery operation, Average building
time 1 hour. Total Building Cost—including Case, Double
Triode Valves, ete., in fact everything

down to the last nut and bolt—ONLY

87/6, with plans. Postage, ete., 2/-.

C.0.D. 2/- extra. (Parts sold separately.

Priced Parts List, etc., 1/6) Demand is

certain to be heavy—so SEND TODAY!

Build thig exceptionally sensitive double
/ triode radio. Uses unique assembly system
and can be built by anyone without any

radio Ted 1! o 45 mi
Handsome black-crackle steel case with specially made
black and gold dial with stations printed 8ize of radio
only 6}in. X 5in. x 3in. Covers all Medium and Long waves—
uses only one all-dry battery. H.T. consumption only 1 to
1.5 mA. Uses personal phone. Ideal for Bedroom, Garden
Holiday, etc. Many unsolicited testimonials, Mr. Norton of
Oxted writes: Yesterday evening on the Medium waveband,
I counted 32 separate stations; T am very pleased with the
set, which is well worth the money. BUILD THE * SKY-
ROMA »” NOW ! Total building cost—everything down to
last nut and bolt—47/8 (Postage, ete. 2/-, C.0.D. 2/- extra).

C@[N]

—with full set of clear, easy-to-follow plans. (Parts sold
separately. Priced Parts Lists, ete., 1/6).

THESE!

TRANSISTOR SET 4776

WE’VE DONE IT AGAIN! ., . our design
deparlment in response to a great many reguests
have designed this * SKYPIXIE ** Vest-Pocket
TRANSISTOR RADIO whlch gives a superb

per(ormance it is highly sensitive. Size only 4fin.

3§m X ﬁm the welght under 7 oz.1—Yet i itisa
TWO-STAGE  receiver covering all medium
waves, working entirely off a tiny & pen-light

battery, which costs 6d.—fits inside the case—
and lasts many months.  Uses personal phone and
has push button LUMINOUS on/off switch. Everv
part tested before despatch SPECIAL STF.P-
BY-STEP PLANS for ABSOLUTE BEGIN-
NERS. Total building cost including case,
transistors, etc.—everything down to the last
nut and bEltO—ONLY 49/6 with plans. Postage,

etc., 2/-. D. 2/- extra. (Parts sold separatcly.
Priced parts, list, etc., 116 ) As the buxldmg cost 1s
absolutely " rockbottom " (it might increase later)

DEMAND WILL BE Vl:'.lRY HEAVY—RUSH
YOUR ORDER TO-DAY

PRESTON ‘STREET', BRIGHTON

CORD E&E@FR@NH@S

Orders receive prompt attention.

! S Schools, Universities,

Government and Research Establishments,
WELCOME. Shop Hours: 9 a.m. to 6 p.m. (I p.m. Tharsday).

Cheques accepted. Cash on delivery 2/~ extra.

Please print name and address in block letters.

Suppliers to

Complete range of components and valves stocked. CALLERS

Regret no goods sent abroad.
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world-wide roval

Pye Telecommunications Limited are now market-
ing the widest and most modern range of V.H.F. fixed and
mobile radio-telephone equipment available in the world.
This range of equipment has been designed to expand the
application- of Pye Radio-Telephones already in constant
use all over the world.

Pye Ranger V.H.F. equipment hss now received
approval from the British G.P.O. for Land, Marine and
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>