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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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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.
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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
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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
b 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)

526

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

WIRELESS WORLD, NOVEMBER 1957



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).

EMI
TTeR EMITTER BASE
BASE
COLLECTOR
COLLECTOR

THYRATRON TRANS ISTOR
POINT TRANSISTOR (n-TYpe)
(n-TypE)

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
) é
47k
>
J 47k
(o1} s Cy %
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¢ Rs 47k
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¥ 4 10k !
D | oUTPUT
-V +16V 10k
-l 0
ZOOP.. D;_: 10V
INPUT
Examples of the use of the > \
proposed symbols in some typical
circuit diagrams. L
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