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Colftlftunicalion b·y 
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 contfiined 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 Me Is 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 inforrnation 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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Induction 
spherics that follow a path through oute.r 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 th~ 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. 
\X'e 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 
equitable 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 ratio would 
be difficult td 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 collect a revenue from house 
internal telephone installations; why does he ins·ist 
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. 

515 

NOVEMBER 1957 

Vol. 63 No. 11 Wireless World 

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 
system 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- 
tnagnetically is provided by the " whistler" atmo- 

spherics that follow a path through outer space 
and can be picked up by a sensitive audio amphfier 
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 
equitable 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 ratio 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 collect 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. 

Wireless World, November 1957 515 



''SOLID CIRCUITS'' 
Glimpses into the Future at Malvern Components Symposium 

THE circuit designer of the future will have to 
be something of a sculptor and architect, as well as 
a physicist and engineer, if a new kind of electronic 
circuit described at the recent International Sym
posium on Electronic Components at Malvern really 
comes into existence. Known as a "solid circuit," 
it consists of a small block of semiconductor material 
which is specially "doped" and shaped and deposited 
with films of conductive, resistive and dielectric 
materials. This forms the equivalent of several 
transistors connected by resistors and capacitors into 
a complete functional circuit unit. 

At the moment the solid circuit is little more than 
an idea. It is being investigated by the Royal Radar 
Establishment at Malvern (who organized the Sym
posium) in conjunction with Plessey's. A hypo
thetical example, described by G. W. A. Dummer 
of R.R.E. and displayed as a model in the Sym
posium exhibition3 was a transistor flip-flop with 
two emitter-follower outputs....:.._a total of four tran
sistors-all contained within a tiny piece of silicon 
about iinch square by !-inch thick. The semi
conductor was " doped " to form a p-n-p structure 
and had various sections removed to leave thin 
bridges of material with relatively high resistances. 
These high-resistance paths formed the collector and 
emitter loads of the transistors connected to common 
power supply rails. Other resistors were provided 
by films of resistive material deposited on the surface 
of the silicon, while capacitors were constructed in 
a similar manner from thin metallic layers with 
insulators · between. 

It appears there is a possibility of incorporating 
inductors as well, and here the technique seems to 
link up with another suggested type of "solid circuit" 

of L and C used in conventional circuits. Mr. 
Rogers was mainly concerned with the development 
of new components and techniques for transistor 
circuits, and he . stressed the need for what might 
again. be called "solidity" in circuits-in the sense of 
packing as much as possible into a small space. In 
achieving "volumetric efficiency" in military equip
ment, he felt there was too much emphasis on 
miniaturization . of individual components and not 
enough on the efficient utilization of space by 
improved methods of mounting and packaging. The 
overall "volumetric efficiency" for an average equip
ment built up from packaged units was only about 
15 %, but it should be possible to attain at least 50%. 

Heat Problems 

As one might expect, a great deal of the Sym
posium was . devoted to the design of components for 
operating under severe environmental conditions
extremes of heat, . cold, humidity, shock, vibration 
and nuclear radiation. Of these, heat seems to be 
the major problem, and one speaker, Col. J. S. Lam
bert of the U.S. Air Force, said that his organization 
was giving its main attention to high-temperature 
operation because it was felt that any new tech
niques evolved would automatically solve some of the 
other problems. He was referring particularly to 
guided missiles, where temperatures in excess of 
500 °C-generated by air friction and the propulsive 
system-are quite common in flight. 

The use of liquid cooling systems is a fairly new 
technique which seems to be gaining ground. One 
example in the R.R.E. exhibition was an experimental 
liquid-cooled chassis system. The components were 

using ferrite as the basic material. 
A good deal of work ·has already 
been done on · printing conduc
tors through holes in ferrite 
blocks to form the equivalent of 
cored inductors. The conjunc
tion of these two techniques
semiconductor and ferrite-cer
tainly offers some exciting · pos
sibilities for the future; and it 
was perhaps significarit that · a 
call for more work in this direc
tion, away · from conventional 
components, was made by John 
Sargrove, who designed some of 
the first " solid circuits " for auto
matic production in his acME 
machine. 

Acceleration test machine for airborne electronic equipment. The acceleration 
range is 2-40g. Connections to the apparatus under test are made by slip rings. 

Other speakers mentioned 
devices already in existence 
which go some way towards the 
"solid-circuit" ideal. A. W. 
Rogers of the U.S. Signal Corps, 
for example, described piezo
electric bandpass filters in which 
ceramic titanate material re
places the resonant combinations 
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mounted on aluminium sheet contammg 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 3.25 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-healirig ·properties. Sometimes the coolant 
takes the form of a vapour and sometimes a boiling 
liquid (in which case it acts rather like a thermostat). 
T he 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 lOO ?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. 

Comjng 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 t-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 component are 
wrapped around rectangular terminal posts by an 
automatic tool, and the resultant stress is so great 

· that the oxide film is crushed on both wire anr 
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 becoming 
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.S.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 reseurces 
of the B.B.C. There was still scope for originality in 
finding an economic solution to 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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finding an economic solution to 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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wo LD OF WIRJELESS 
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 
oper~te 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 Liege, Belgium, trans
mitter, will use increased power from December 1st. 
It will go up to its full power (varying from 1 to 
lOkW according to the direction) in the spring or 
early summer next year, when the power of the 
Liege transmitter will also have been increased. 

. 1\fobi.Ze 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. 97R 

Valves : Prospect and Retrospect 
IN THE course of his inaugural address as pre.;ident 
of the I.E.E. 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 
67 '\, . 
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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 
E.A.R. R.G.D. 
E.M.I. Sugden 
~~~::~d Gramophones Tanney 

Goldring Trix 
Grundig Vitavox 
Hi-Fi News 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 Radio 
British Amateur Television Club Philpott's (1>ie :.o: . 
Clyne Radio R.A.F. 
Cossor Instruments R.S.G.B. 

~~~!~e~n~~\'~~e:s Royal Navy 
S.T .C. 

K.W. Electronics Short Wave Magazine 
Labgear 
London U.H.F . Group Taylor Electrical Instruments 
Measuring Instruments Wireless WOTld 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. 

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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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 
operafe 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 Liege, Belgium, trans- 
mitter, will use increased power from December 1st. 
It will go up to its full power (varying from 1 to 
lOkW according to the direction) in the spring or 
early summer next year, when the power of the 
Liege 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 I.E.E. 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 
67%. 

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 
E.A.R. R.G.D. 
E.M.I. Sugden 
Expert Gramophones Tannoy 
Garrard Triv 

zr- o • Hi-Fi Nen-s w-.& ^ 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.I, 
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 Radio 
British Amateur Television Club Philpott's (Me:;'., 
Clyne Radio R.A.F. 
Cossor Instruments R.S.G.B. 
E.M.I. Institutes Royal Navy 
Enthoven Solders S.T.C. 
K.W. Electronics Short Wave Magazine 
Lonlfn U.H.F. Group Taylor Electrical Instruments 
Measuring Instruments tt'iretess VFor/d and Electronic 
Minimitter Co. ^ Rad'0 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. 

Taylor Electrical Instruments 
Wireless World and Electronic 

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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St. Hilary.-Preparatory to the opening of the I.T.A. 
station at St. Hilary, near Cardiff, on December 17th, 
the stand-by transmitter will broadcast test transmis
sions in November, giving a much more powerful signal 
than that at present provided by the pilot transmitter. 
It is hoped to test the main transmitter, which will have 
an e.r.p. of 200 kW, for at least a week before pro
grammes start. The transmitter operates in channel 10. 

Long-distance v.h.f. propagation.-The I.E.E. Radio 
and Telecommunication Section is planning a sym
posium of papers on long-distance propagation above 
30 Me/ s for January 28th. There will be two sessions 
at the Institution's headquarters. The first, on iono
spheric forward scatter propagation, is at 2.30 and the 
second at 5.30 on tropospheric propagation beyond the 
horizon. Registration forms will be available in 
November. The fee for non-members will be about £1. 

" An old problem in a new industry " is how Peter 
E. M. Sharp, writing in Design, summarizes the diffi
culties facing manufacturers of high-fidelity equipment 
in their efforts to combine appearance and function
alism. He surveys the problems which the purchaser 
has to face in making a united whole from the various 
components-tuner, amplifier, · loudspeaker, turntable, 
and pickup. 

"E.R.A. Weekly Abstracts," consisting on an average 
of 30 abstracts taken from British and foreign journals, 
issued up to now only to members of the Electrical 
Research Association, is being made available to the 
public. . The lists, available if required typed on one 
side of the paper only, cover a wide range of electrical 
subjects. '' Weeldy Abstracts " is available from E.R.A. 
Information Bureau, Thorncroft Manor, Dorking Road, 
Leatherhead, Surrey, price 5 gns. a year. 

Institute of Navigation membership increased during 
the year ended June 30th by 107, bringing the total to 
1, 7 41. The annual report records that the finances of 
the Institute were adversely affected by the three-day 
conference on collisions held in June, which accounted 
for £580 of the £1,600 excess of expenditure over 
income. 

E.I.B.A.-The radio and electronics industry is well 
represented in the list of donors to the funds of the 
Electrical Industries Benevolent Association ·given in the 
1957 Year Book. The Radio Industry Council con
tributed £500 and collections at the luncheons of the 
Radio Industries Club totalled £350. The Association 
assists " any deserving and necessitous persons, but 
excluding manual workers, who are or have been en-: 
gaged primarily in any branch of an electrical industry." 

Technical Writing.-A course of six weekly lectures 
on the techniques of technical writing opened at 
Borough Polytechnic, Borough Road, London, S.E.l, on 
October 11th. The lectures are being given by G. Parr 
at 2.30 (fee lOs). 

I.T.A. in the N.K-The eighth transmitting station 
to be built by the I.T.A. will be at Burnhope, about five 
miles south-east of Consett, Durham. The station, 
which will have an e.r.p. of 100 kW, 
is expected to cover the area, 
roughly crescent shaped, extending 
from Alnwick in the north, through 
Middleton in Teesdale in the west 
and nearly to Whitby in the south. 
It is hoped to bring the station into 
service in about a year. 

MASTER CONTROL ROOM of the 
Glasgow studio$ of the Scottish 
independent television service. The 
film recording equipment, control 
racks and master control desk are 
all in one room, adjacent to which 
is the announcers' booth. All the 
studio and control room equipment 

has been supplied by Pye. 
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International Instrutnents.-The fourth international 
instrument show, organized by B & K Laboratories, of 
57 Union Street, London, S.E.l, will be held at Caxton 
Hall, Westminster, London, S.W.1, from 24th to 29th 
March, 1958. · 

FROM ABROAD 

Transistor sales in the United States are expect€d to 
exceed 30 million units this year. Last year's figure 
was a little below 13M. Figures published in the busi
ness edition of ElectroniCs estimate that 42% w:t1l go 
into "entertainment" equipment, 30% to the commer
cial-industrial field, and 28% into military equipment. 
All the transistors in the first category and all but a few 
in the second are germanium, but in the military equip
ment over a quarter are sBicon. 

Home "Tele-cine."-Cited as an attempt by Ameri
can cinemas to counteract the effect of television, a 
cinema in Bartlesville, Oklahoma, is experimentally 
transmitting films by wire to television receivers in 
patrons' homes. The fee, according to our contem
porary, Electrical Journal, is $9.50 a month for l3 &st
feature films, plus supplementary films, music, news. etc. 

High-power V.L.F. Station.-The U.S. navy i:s to 
build a new high-power v.l.f. station in Washington 
County; Maine. It is reported that the transmitter, 
which 1t is planned to bring into service in 1961, will 
operate on about 15-20 kc/s with a power of l,OOOkW. 

Aerial Safety.-The first three cities or munieipali
ties to be given power under the Canadian 1956 Radio 
Act, enabling them to take action against owners of 
receiving aerials considered to be a public danger, , are 
announced by the Department of Transport, Ottawa. 
These localities have applied for and been designated 
as areas in which local building inspectors may e·nforce 
aerial safety regulations. These include the ability to 
withstand stipulated wind pressures when the aerial is 
covered with a half-inch of ice. 

Auckland University.-We have been asked by Auck
land University College to announce the formatie,n of 
the Auckland University Engineers' Association for past 
and present graduates and -students. There are many 
men who have passed through the School of Engineer
ing since its formation in 1906 who cannot be traced. 
Details of the Association are obtainable from J. H. 
Percy, Auckland University College, Auckland, New 
Zealand. 

Swedish Chain of Decca Navigator stations, officially 
opened on October 3rd, is the fourth to be brought into 
service this year. The others are Nova Scotia, New
foundland East and Newfoundland West. A fifth-the 
Quebec chain-will be opened on November 5th. 

Australian V.H.F.-An enquiry into the question of 
the introduction of v.h.f. broadcasting in the Common
wealth has been held by the Australian Broadcasting 
Control Board. 
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St. Hilary.—Preparatory to the opening of the I.T.A. 
station at St, Hilary, near Cardiff, on December 17th, 
the stand-by transmitter will broadcast test transmis- 
sions in November, giving a much more powerful signal 
than that at present provided by the pilot transmitter. 
It is hoped to test the main transmitter, which will have 
an e.r.p. of 200 kW, for at least a week before pro- 
grammes start. The transmitter operates in channel 10. 

Long-distance v.h.f. propagation.—The I.E.E. Radio 
and Telecommunication Section is planning a sym- 
posium of papers on long-distance propagation above 
30 Mc/ s for January 28th. There will be two sessions 
at the Institution's headquarters. The first, on iono- 
spheric forward scatter propagation, is at 2.30 and the 
second at 5.30 on tropospheric propagation beyond the 
horizon. Registration forms will be available in 
November. The fee for non-members will be about £1. 

" An old problem in a new industry " is how Peter 
E. M. Sharp, writing in Design, summarizes the diffi- 
culties facing mamrfacturers of high-fidelity equipment 
in their efforts to combine appearance and function- 
alism. He surveys the problems which the purchaser 
has to face in making a united whole from the various 
components—tuner, amplifier, loudspeaker, turntable, 
and pickup. 

" E.R.A. Weekly Abstracts," consisting on an average 
of 30 abstracts taken from British and foreign journals, 
issued up to now only to members of the Electrical 
Research Association, is being made available to the 
public. The lists, available if required typed on one 
side of the paper only, cover a wide range of electrical 
subjects. "Weekly Abstracts" is available from E.R.A. 
Information Bureau, Thorncroft Manor, Dorking Road, 
Leatherhead, Surrey, price 5 gns. a year. 

Institute of Navigation membership increased during 
the year ended June 30th by 107, bringing the total to 
1,741. The annual report records that the finances of 
the Institute were adversely affected by the three-day 
conference on collisions held in June, which accounted 
for £580 of the £1,600 excess of expenditure over 
income. 

E.I.B.A.—The radio and electronics industry is well 
represented in the list of donors to the funds of the 
Electrical Industries Benevolent Association given in the 
1957 Year Book. The Radio Industry Council con- 
tributed £500 and collections at the luncheons of the 
Radio Industries Club totalled £350. The Association 
assists "any deserving and necessitous persons, but 
excluding manual workers, who are or have been en- 
gaged primarily in any branch of an electrical industry." 

Technical Writing.—A course of six weekly lectures 
on the techniques of technical writing opened at 
Borough Polytechnic, Borough Road, London, S.E.I, on 
October 11th. The lectures are being given by G. Parr 
at 2.30 (fee 10s). 

I.T.A. in the N.E.—The eighth transmitting station 
to be built by the I.T.A. will be at Burnhope, about five 
miles south-east of Consett, Durham. The station, 
which will have an e.r.p. of 100 kW, 
is expected to cover the area, p.,,.. 
roughly crescent shaped, extending [ 
from Alnwick in the north, through . _ 
Middleton in Teesdalc in the west 
and nearly to Whitby in the south. - 
It is hoped to bring the station into 

MASTER CONTROL ROOM of the 
Glasgow studios of the Scottish 
independent television service. The fjaBm. 
film recording equipment, control 
racks and master control desk are 
all in one room, adjacent to which rBK ra1 jSpS 
is the announcers' booth. All the 
studio and control room equipment 

International Instruments.—The fourth international 
instrument show, organized by B & K Laboratories, of 
57 Union Street, London, S.E.I, will be held at Caxton 
Hall, Westmmster, London, S.W.I, from 24th to 29th 
March, 1958. 

FROM ABROAD 

Transistor sales in the United States are expected to 
exceed ^ 30 million units this year. Last year's figure 
was a little below 13M. Figures published in the busi- 
ness edition of Electronics estimate that 42% will go 
-nto " entertainment" equipment, 30 % to the commer- 
cial-industrial field, and 28% into military equipment. 
AH the transistors in the first category and all but a few 
in the second are germanium, but in the military equip- 
ment over a quarter are silicon. 

Home " Tele-cine."—Cited as an attempt by Ameri- 
can cinemas to counteract the effect of television, a 
cinema in Bartlesvdle, Oklahoma, is experimentally 
transmitting films by wire to television receivers in 
patrons' homes. The fee, according to our contem- 
porary, Electrical Journal, is $9.50 a month for 13 first- 
feature films, plus supplementary films, music, news, etc. 

High-power V.L.F. Station.—The U.S. navy is to 
build a new high-power v.l.f. station in Washington 
County;, Maine. It is reported that the transmitter, 
which it is planned to bring into service in 1961, will 
operate on about 15-20 kc/s with a power of 2)000kW. 

Aerial Safety.—The first three cities or muateipali- 
ties to be given power under the Canadian 1956 Radio 
Act, enabling them to take action against owners of 
receiving aerials considered to be a public danger, are 
announced by the Department of Transport, Ottawa. 
These localities have applied for and been designated 
as areas in which local building inspectors may enforce 
aerial safety regulations. These include the ability to 
withstand stipulated wind pressures when the aerial is 
covered with a half-inch of ice. 

Auckland University.—We have been asked by Auck- 
land University College to announce the formation of 
the Auckland University Engineers' Association for past 
and present graduates and students. There are many 
men who have passed through the School of Engineer- 
ing since its formation in 1906 who cannot be traced. 
Details of the Association are obtainable from J. H. 
Percy, Auckland University College, Auckland, New 
Zealand. 

Swedish Chain of Decca Navigator stations, officially 
opened on October 3rd, is the fourth to be brought into 
service this year. The others are Nova Scotia, New- 
foundland East and Newfoundland West. A fifth—the 
Quebec chain—will be opened on November 5th. 

Australian V.H.F,—An enquiry into the question of 
the introduction of v.h.f. broadcasting in the Common- 
wealth has been held by the Australian Broadcasting 
Control Board. 
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Personalities 
Professor H. S. W. Massey, F.R.S., leader of the 

United Kingdom delegation at the I.G.Y. conference on 
rockets and artificial satellites held in Washington at 
the beginning of October is Quain professor of physics 
at University College, London. From 1946 to 1950 
he was a member of the Radio Research Board of the 
D.S.I.R. For his work on the ionosphere he received 
the · Hughes medal of the Royal Society in 1955. The 
other members of the delegation were: Dr. J. G. Davies, 
Jodrell Bank Experimental Station, W. T. Blackband, 
Royal Aircraft Establishment, and Alistair Anthony, 
British Joint Scientific Mission in the United States. 
Among the subjects discussed was the tracking of 
artificial satellites by optical and radio methods. 

Dr. M. V. Wilkes, F.R.S., director of the Cambridge 
University mathematical laboratory, is the first presi
dent of the recently formed British Computer Society. 
Dr. Wilkes is an acknowledged authority in the field 
of digital computer design, in which he was a pioneer, 
and is well known for his book " Automatic Digital 
Computers." 

E. R. L. Lewis, M.A., A.M.I.E.E., who joined Mar
coni's in 1950 as education and training officer and since 
1955 has been manager of the education and technical 
personnel department, has been appointed to the newly 
created post of controller of education for the English 
Electric group, of which the Marconi companies are 
members. Mr. Lewis, who is 42, graduated at Trinity 
Hall, Cambridge, and after war service in the Royal Air 
Force technical signals branch, was for three years in the 
Signals Planning Section of the Ministry of Civil 
Aviation. 

Sir Ronald Nesbitt-Hawes, who has been chief of 
educational administration since 1949, becomes educa
tion adviser to the English Electric group. Before 
joining English Electric Sir Ronald was for three years 
chief engineer and for nine years director-general of 
Posts and Telegraphs, Burma. 

R. S. Roberts, who, as announced last month, has 
accepted the appointment of executive technical director 
to Wolsey Electronics, Ltd., is retaining his position 
as senior lecturer in the Northern Polytechnic's depart
ment of telecommunications. John Gilbert, head of the 
department, encou.rages I?em.bers of his staff to main
tain such connections w1th mdustry. 

F. H. Towns~nd has resigned from the managing 
directorship of Cathodeon, Ltd., and has gone to the 
United States to take up an appointment with Machlett 
Laboratories, Inc., of Springdale, Conn. He joined Pye 
in 1938 and was deputy head of the vacuum laboratory 
until 1946, when he transferred to Cathodeon, a sub
sidiary, as chief vacuum 
engineer and manager. 
Before jQining Pye he was 
in Cossor's research de
partment for seven years. 
He is 46. 

DR. J. S. McPETRIE, the new 
chairman of the I.E.£. Radio 
and Telecommunication 
Section, whose inaugural 
address on "Some radio aids 
for high-speed aircraft " is 
being given on October 16th. 
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K. R. Sturley, B.Sc., Ph.D., .M.I.E.E., head of the 
B.B.C.'s engineering training department, is visiting the 
United States to study methods of training in broad
casting and radio engineering. During his stay Dr. 
Sturley will be presenting three papers written by mem
bers of the B.B.C. engineering division for the Audio 
Engineering Society's annual convention in New York 
and the Society of Motion Picture and Television 
Engineers' convention in Philadelphia. 

Harold J. Leak, M.Brit.I.R.E., chairman and man
aging director of H. J. Leak & Co., is visiting North 
America. He was at the . New York High Fidelity Fair 
(October 7th to 12th) and will be in Toronto for the 
Canadian Audio Fair (October 31st to November 2nd) 
where Leak equipment will be exhibited by Astral 
Electric Co., Ltd., of Toronto. 

K. E. Harris, B.Sc., technical director of Cossor Radar 
& Electronics, Ltd., is on a five weeks' visit to North 
America during which he has attended the meeting of 
the International Civil Aviation Organization as a 
member of the United Kingdom delegation. He is also 
carrying out a survey of the evaluation trials which 
are being conducted on the Cossor secondary surveil
lance system by the Americans at Patuxent, Md. He is 
accompanied by L. Perkins, a Cossor engineer. 

D. A. Lyons, managing director of Trix Electrical Co., 
succeeds V. G. P. Weake (Pamphonic) as chairman of 
the council of management of Audio Fairs, Ltd. This 
non-profit-making company was formed "to assume 
responsibility for future audio fairs in Great Britain." 

·Philip M. Thompson, who with John Bateson dis
cusses transistor symbols in this issue, is in the transistor 
section of the Electronics Laboratory, Canadian Defence 
Research Telecommunications Establishment. He took 
the natural sciences tripos at Cambridge and after a 
short while at A.T. & E., Liverpool, returned to the 
Cavendish Laboratory. On leaving the laboratory he 
join·ed Salford Electrical Instruments and in 1950 
emigrated to Canada. He is 31. 

John Bateson, co-author of the article on page 525, 
served in the signals branch . of the R.A.F. and was for 
some six years training " wireless trades " before his 
release from the Service in 1948. He then emigrated 
to Canada where he joined the radio propagation 
laboratory of what is now the Defence Research 
Telecommunications Establishment. He is 37 and is 
senior research technician in the establishment. 

H. D. Kitchin, who describes in this issue a television 
frame pulse separator, rejoined Mains Radio Gramo
phones, Ltd., a few . months ago to work on colour tele
vision and to act as technical adviser to the company, 
which makes sets for Radio Rentals. He was previously 
with the company for five years until 1955 when he 
became senior development engineer with Ambassador 
Radio & Television, Ltd. He is 29. 

OBITUARY 
L. H. Daniel, the first director of the National Coal 

Board's central engineering establishment near Burton
on-Trent, who died on September 14th, aged 51, was 
for some years on the laboratory staff of the Electrical 
Research Association, where he was concerned with 
problems of radio interference. During the war he was 
temporarily engaged on investigations into magnetic 
mines at H.M.S. Vernon and from 1946 to 1954 was 
at the Fighting Vehicle Research Development Establish
ment, where he became deputy ·chief engineer. 

Major Charles E. Prince, O.B.E., M.I.E.E., who died 
on September 25th at the age of 83, was for some years 
in the research department of Marconi's, which . he 
joined in 1907. He was responsible for important t.m
provements in the Bellini-Tosi d.f. system, and dun_ng 
the first world war developed the first aircraft radio
telephone. From 1929 to 1935 he was technical manag
ing director of Radiovisor Parent, Ltd. 
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Personalities 

Professor H. S. W. Massey, F.R.S., leader of the 
United Kingdom delegation at the I.G.Y. conference on 
rockets and artificial satellites held in Washington at 
the beginning of October is Quain professor of physics 
at University College, London. From 1946 to 1950 
he was a member of the Radio Research Board of the 
D.S.I.R. For his work on the ionosphere he received 
the Hughes medal of the Royal Society in 1955. The 
other members of the delegation were: Dr. J. G. Davies, 
Jodreli Bank Experimental Station, W. T. Blackband, 
Royal Aircraft Establishment, and Alistair Anthony, 
British Joint Scientific Mission in the United States. 
Among the subjects discussed was the tracking of 
artificial satellites by optical and radio methods. 

Dr. M. V. Wilkes, F.R.S., director of the Cambridge 
University mathematical laboratory, is the first presi- 
dent of the recently formed British Computer Society. 
Dr. Wilkes is an acknowledged authority in the field 
of digital computer design, in which he was a pioneer, 
and is well known for his book "Automatic Digital 
Computers." 

E. R. L. Lewis, M.A., A.M.I.E.E., who joined Mar- 
coni's in 1950 as education and training officer and since 
1955 has been manager of the education and technical 
personnel department, has been appointed to the nevyly 
created post of controller of education for the English 
Electric group, of which the Marconi companies are 
members. Mr. Lewis, who is 42, graduated at Trinity 
Hall, Cambridge, and after war service in the Royal Air 
Force technical signals branch, was for three years in the 
Signals Planning Section of the Ministry of Civil 
Aviation. 

Sir Ronald Nesbitt-Hawes, who has been chief of 
educational administration since 1949, becomes educa- 
tion adviser to the English Electric group. Before 
joining English Electric Sir Ronald was for three years 
chief engineer and for nine years director-general of 
Posts and Telegraphs, Burma. 
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accepted the appointment of executive technical director 
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as senior lecturer in the Northern Polytechnic's depart- 
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directorship of Cathodeon, Ltd., and has gone to the 
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Laboratories, Inc., of Springdale, Conn. He joined Pye 
in 1938 and was deputy head of the vacuum laboratory 
until 1946, when he transferred to Cathodeon, a sub- 
sidiary, as chief vacuum   
engineer and manager, h 
Before joining Pye he was 
in Cossor's research de- 
partment for seven years. 
He is 46. H 
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OBITUARY 
L. H. Daniel, the first director of the National Coal 

Board's central engineering establishment near Burton- 
on-Trent, who died on September 14th, aged 51, was 
for some years on the laboratory staff of the Electrical 
Research Association, where he was concerned with 
problems of radio interference. During the war he was 
temporarily engaged on investigations into magnetic 
mines at H.M.S. Vemon and from 1946 to 1954 was 
at the Fighting Vehicle Research Development Establish- 
ment, where he became deputy chief engineer. 

Major Charles E. Prince, O.B.E., M.I.E.E., who died 
on September 25th at the age of 83, was for some years 
in the research department of Marconi's, which he 
joined in 1907. He was responsible for important im- 
provements in the Bellini-Tosi d.f. system, and during 
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RETURN L·oss By THOit1AS RODDAM 

I.-Standing Waves or Return Loss ? 

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

T HOUGH 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. 

T he traditional approach to the problem of a line 
which is not correctly terminated usually begins with 
a special case, that of tl;le 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 I 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 l 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 t(') 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 stan:ding 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 bhick 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 in~erference 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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problems of mismatched lines more easily and more 
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The traditional approach to the problem of a line 
which is not correctly terminated usually begins with 
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values. The next step, I suppose, would be to show 
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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 I wondered what happened away 
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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 to 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 
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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 
n0tice that then~ is a much easier way of solving their 
problems, the method of return loss. Let us see 
what we mean by this. 

Fig. 1. A splitting network to avoid reflections. 

Suppose we assume that we have a circuit con
sisting of a long line of characteristic impedance Z 0 
and at one end, the end we can see, we terminate 
this line with an impedance Z1. The .lirte 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 0 giving an open-:circuit 
pulse voltage 2V. Each time ,. the pulse generator 
delivers a pulse it operates as though the load on it 
were Z 0, 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 0 across the 
line (instead of Z1). We then measure a pulse 
amplitude of V, with our given generator voltage arid 
impedance. . _, 

There is a very important point to notice here. 
When we terminate the line in the impedance Z 0 
there is no join from an electrical point of view. 
Nothing distinguishes the terminating impedance 
from a very long bit of line of the s~me kind so that 
there is no reflection at the termination. 

Now let us put back the Z 1 termination. We then 
have a very simple circuit consisting of a generator 
of impedance Z 0 and open-circuit voltage 2V, and a 
load Z 1• Across the load, then, by Thevenin's 
theorem, we have 

zl vl = z z 2v 
1 + 0 

The generator, however, is a pulse generator and, 
as we have seen, operates as though the load on it 
were Z 0, so that ort 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 ~eliver Y2/Z0 into a load Z 0• Actually the 

pulse only delivers V 12/Z1, that is (Z~:
2

~:)2 which 
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: V2 4V2Z 
mearis that an amount Zo - (Z 

1 
+ Z :)2 must have been 

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 expression above, which will all be 
dissipated when it reaches the impedance Z 0 of the 
generator. If the reflected pulse amplitude is V 1 
we must have then 

i.e. 

V2 V2 4V2Z 1 

Z 0 = Z 0 - (Z1 +Z0) 2 

4Z1Zo 
= 

1 
- (Z1 + Zo)2 

(Z 1 - Zo)2 

(Z1 + Z 0)
2 

Z 1
2 + Z 0

2
- 2Z 1Z 0 

(Z1 + Zo)2 

As we are only interested in amplitudes we can 
write 

lVzl = ~~-1- Zol 
V Z1 + Zo 

Usually we regard the operation as one providing 
an -attenuation between the arriving and returning 
pulse. We work in decibels and say that 

/
VI \Z1 + Z 0

\ Return Loss = 20 log V 
2 

= 20 log z
1 

_ Zo dB. 

The return loss is a really useful concept. In 
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 m V 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 1 mV. This, 
then, is the size of the delayed down-coming signal 
which we saw would disturb our 2.5 Mcjs bars. As 
you S€e, 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, ther~ is 
another important factor connected with the rrus
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 V2/Z0, and the amount 
not reflected was 4V2Z1/(Z1 + Z 0) 2, so that reflection 

V2 (Z1 + Zo)2 . lz1 + Zol dB 
loss = 10 log Zo . V2.4Z1 = 20 log 2(Z1Zo)t . 

This is usually a pretty small quantity and is difficult 
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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 Z0 
and at one end, the end we can see, we terminate 
this line with an impedance Zx. 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 Z0 giving an open-circuit 
pulse voltage 2V. Each time the pulse generator 
delivers a pulse it operates as though the load on it 
were Z0, 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 Z0 across the 
line (instead of Zx). We then measure a pulse 
amphtude 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 Z0 
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 Zx termination. We then 
have a very simple circuit consisting of a generator 
of impedance Z0 and open-circuit voltage 2V, and a 
load Zx. Across the load, then, by Thevenin's 
theorem, we have 
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The generator, however, is a pulse generator and, 

as we have seen, operates as though the load on it 
were Z0, so that on the line a bit back from the load 
the pulse amplitude is V. Suddenly, on reaching the 
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The return loss is a really useful concept. In 
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 1 mV. 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 V2/Z0, and the amount 
not reflected was 4V2Zi/(Zi + Z0)2, so that reflection 

loss = 10 log 
V2 (Zi + Z0)2 

= 20 log xoss - - XUB - v2_4Zi - - .2{Z-^y ! — 

This is usually a pretty small quantity and is difficult 
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to measure. For example, if Z 0 = 100 ohms and 
Z 1 = 110 ohms then 

- 210 
Return loss = 20 log lO = 26.4 dB 

210 105 
Reflection loss = 20 log 2(1IOOO)~ = 20 log 104.9, 

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. 
(M ost people drawing it will, if they want to accen
tuate this feature, show the resistors spaced 120° 

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

SOft 

100ft p T lStt 
A~------------~~~---------------------A~s~~~a 

6dB 

apart.) To match the downcoming lead we must have 

R + R + Ro = R 0 or 3R = R 0• At the input to this 
2 

network we have a signal V. At P we have 

V. R ~ R 0
/ (R + R ~ Ro), 

and at the receiver feeder itself we have 

[V R + R 0/(R + R + Ro)] .~ 
. 2 2 R + R 0 

-V R+Ro .~ =V.~ =y_. 
- . 3R + R 0 R + Ro 2Ro 2 

T his 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 

R 0/2 2V. Ro 2 dB 2V = - - = -V,alossof4.4 . 
· R 0 + R 0/2 3R0 3 

What reward do we get for the extra 1.6 dB? 
If we leave out the pad there is a bad mismatch 
at . the junction, and the return loss at this point is· 

R 0 + Ro/2 dB 20 log - = 20 log 3 = 9.5 . 
R 0 - R 0/2 

Leaving out the attenuation in the cable itself, as in 
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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. ~ig. 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, P n the signal is at a 
level of -1 dB. At P A and P8 it is -7 dB, and at 
A -9 dB, and B - 7! 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 A this signal is - 11 dB. From 
P A to P 8 the loss is 6 dB, so the reflected signal 
reaches P 8 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 
P r at -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 
300' extra; At . 200 metres/microsecond the first 
echo is delayed about 1/3 f.LSec and' the second about 
1/2 f.LSec. 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 th~ a.g.c. ·is· not too. good 
B will have a busy time with the contrast control 
if A can't decide which programme to watch. · · 

We can carry out the same calculatiqns 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 somewh~t . 
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 A and B-P 8 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 you can see, the 
total signal attenuation is . 12 dB, so that we have a . 
very simple theor~m . " Protection ,-equals loss " . . 
Obviously neither A nor B will put in an attenuator . 
unless the other do.es, so we can expect the two. 
attenuations to b~ equal, and their sum is ~qual to . 
the protection afforded ro either of ~he ~eceivers. 

The protection equals loss theorem 1s. a useful 
one to remember if you ever have anythmg 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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to measure. For example, if Z0 = 100 ohms and 
Zi =110 ohms then 

Return loss = 20 log = 26.4 dB 

= 20 log Reflection loss = 20 log ——r = 20 log - ^ , 8 2(11000)1 8 104.9' 
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° 

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

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

R H ^—0 = R-o or 3R = R0. At the input to this 

network we have a signal V. At P we have 

v.?iA./(R + 5^). 

and at the receiver feeder itself we have 
R + R0 // R + R0\] R0 

2 / ( 2 ) R+l^ 

_ y R + Rq _ RQ  
3R + Rq R + RQ 

v^=v 

2R0 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 

What reward do we get for the extra 1.6 dB? 
If we leave out the pad there is a bad mismatch 
at the junction, and the return loss at this point is 

20 log = 20 log 3 = 9.5 dB. 

Leaving out the attenuation in the cable itself, as in 

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, P7, the signal is at a 
level of —1 dB. At Pj and P;j it is —7 dB, and at 
A —9 dB, and B — 7| 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 signal 
reaches P;, 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 
Pj-at —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 
300' extra. At 200 metres/microsecond the first 
echo is delayed about 1/3 usec and" the second about 
1/2 /isec. 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 control 
if A can't decide which programme to watch. 

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 possibihty 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-Pa 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 you 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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system, w1th speech travelling in both directions on 
the same pair of wires. Two-wire repeaters, and, 
more important, all carrier telephone systems, are 
four.:.wire systems in which the go-circuit is different, 
either in frequency band or in wire-pair, from the 
return-circuit. At the j~ction of 4-wire and 2-wire 
circuits something has to be done tc prevent the 
incoming speech on the 4-wire circuit from going 
b .. ck along the out-going 4-wire circUit. A bridge 
network of some kind is used, and on the balance 
of this bridge depends the level of the echo which is 
sent back to the speaker. This is a very important 
part of the circuit, because in a normal carrier 
system there may be, and in a two-wire repeater 
there certainly will be, enough gain for the echo to 
arrive back at a higher level than the original . signal. 
The goodness of balance is expressed as the return 
loss of the 2-wire line against the balancing network 
in the bridge. At regular intervals someone has the 
bright idea of putting a pad in the two-wire line to 
improve its impedance characteristic. However, 
after you have increased the gain in both go and 
return circuits to make up for the loss of the pad you 
are back where you started. 

The only other thing for which we now have 
space this month is a rather useful expression for the 
return loss caused by bridging an impedance across 

a line. This crops up in problems of what the 
Americans call " Community Antenna Systems ". 
Of course you can just work out the load provided 
by the ongoing feeder in parallel with the bridged 
load and then go on to calculate the return loss. It is 
useful, however, to have a separate expression for 
this. Let us write Y 0 = 1/Z0 and let G be the admit
tance bridged across the line. The return Joss is 
produced by the termination G+ Y 0 (admittance), 
so that it is 

In most practical cases this will be near enough equal 
to 20 log I2Y0/G I, or, since we usually think in 
impedances, 20 log I2Z/Z 0 \ . As an example, a 750-ohm 
resistor bridged across a 75-ohm line will produce an 
echo 26 dB down. 

I think that I have made a case for the use of 
return loss as a basic design concept. Two topics 
remain to be discussed: how can we measure return 
loss, and what sort of values should we hope to get. 
I hope to be able to deal with these soon. 

Television Transmitter Sideband Analyser 
TEST and adjustments carried out on television trans
mitters when in service are often tedious, and in some 
cases unreliable. By means of a new . Marconi Instru
ments equipment called a sideband analyser this kind of 
work can be done in a very much shorter time than is 
possible by existing methods. The instrument displays 
the overall response of any Band-! or Band-III 

Television sideband analyser (Marconi Type OA 1241). 

524 

transmitter using 405-, 525-, or 625-line standards. It 
does this by · providing a sweep signal for modulating 
the transmitter, and by scanning the resultant r.f. output 
signal in such a way as to display the upper · or lower 
sideband response, either separately or both together, 
in their correct amplitude and frequency relationship 
to the carrier. In addition, the response of a complete 
transmitter modulator chain, or any part of it, can be 
measured. The test signal is actually a composite signal. 
The normal television waveforms are combined with the 
video test signal, and the transmitter operates on test at 
any level in the grey scale, under the same conditions 
as in normal service. The effect on the transmitted 
spectrum of any adjustment to the transmitter is 
immediately visible to the operator. 

Test signals are generated in the following manner. 
The video sweep signal is derived from two oscillators, 
one fixed and the other swept, to provide either a 
sweeping difference signal from a lower limit of 100 kc/s 
to any frequency up to a maximum of about 20 Mc/s, 
or a sweep symmetrical about zero frequency and 
extending to a maximum of not less than 7 Mc/s each 
way The output level is held to within ±0.1 dB 
throughout the sweep. Line and field blanking and sync 
pulses are applied to the analyser from a standard source, 
and are combined with the sweep · signal. 

This output can be applied to (a) the video stages 
under test, the output of which is detected by a circuit 
in which the detector is immobilized during the period 
while the sync and blanking are present, and applied to 
the display for measurement; or (b) as modulation for 
the transmitter In this last-mentioned condition, one 
of the two sidebands produced at any instant decreases 
in frequency at the same rate as the output frequency 
of the swept oscillator. By mixing the outputs of the 
transmitter and swept oscillator, a constant-frequency 
signal lS produced, whose amplitude is directly pro
portional to the sideband amplitude. This constant
frequency signal is fed to a narrow-band amplifier who~e 
output, after detection, is · applied to the display un1t. 
Markers, which occur at 1-Mc/s intervals, are available 
on the display for reference purposes. 
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system, with speech travelling in both directions on 
the same pair of wires. Two-wire repeaters, and, 
more important, all carrier telephone systems, are 
four-wire systems in which the go-circuit is different, 
either in frequency band or in wire-pair, from the 
return-circuit. At the junction of 4-wire and 2-wire 
circuits something has to be done tc prevent the 
incoming speech on the 4-wire circuit from going 
b ck along the out-going 4-wire circuit. A bridge 
network of some kind is used, and on the balance 
of this bridge depends the level of the echo which is 
sent back to the speaker. This is a very important 
part of the circuit, because in a normal carrier 
system there may be, and in a two-wire repeater 
there certainly will be, enough gain for the echo to 
arrive back at a higher level than the original signal. 
The goodness of balance is expressed as the return 
loss of the 2-wire line against the balancing network 
in the bridge. At regular intervals someone has the 
bright idea of putting a pad in the two-wire line to 
improve its impedance characteristic. However, 
after you have increased the gain in both go and 
return circuits to make up for the loss of the pad you 
are back where you started. 

The only other thing for which we now have 
space this month is a rather useful expression for the 
return loss caused by bridging an impedance across 

a line. This crops up in problems of what the 
Americans call " Community Antenna Systems ". 
Of course you can just work out the load provided 
by the ongoing feeder in parallel with the bridged 
load and then go on to calculate the return loss. It is 
useful, however, to have a separate expression for 
this. Let us write Y0 = l/Z0 and let G be the admit- 
tance bridged across the line. The return loss is 
produced by the termination G+Y0 (admittance), 
so that it is 

20^ l0^ = 20 log 1 + Zi/Zo 
1 - Z^Zo 

1 + Yo/Yr 
1 - Yo/Y, 

20 log ^ 

In most practical cases this will be near enough equal 
to 20 log j2Y0/G|, or, since we usually think in 
impedances, 20 log 12Z/Z 0 . As an example, a 750-ohm 
resistor bridged across a 75-ohm line will produce an 
echo 26 dB down. 

I think that I have made a case for the use of 
return loss as a basic design concept. Two topics 
remain to be discussed: how can we measure return 
loss, and what sort of values should we hope to get. 
I hope to be able to deal with these soon. 

Television Transmitter Sideband Analyser 
TEST and adjustments carried out on television trans- 
mitters when in service are often tedious, and in some 
cases unreliable. By means of a new Marconi Instru- 
ments equipment called a sideband analyser this kind of 
work can be done in a very much shorter time than is 
possible by existing methods. The instrument displays 
the overall response of any Band-I or Band-Ill 
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transmitter using 405-, 525-, or 625-line standards. It 
does this by providing a sweep signal for modulating 
the transmitter, and by scanning the resultant r.f. output 
signal in such a way as to display the upper or lower 
sideband response, either separately or both together, 
in their correct amplitude and frequency relationship 
to the carrier. In addition, the response of a complete 
transmitter modulator chain, or any part of it, can be 
measured. The test signal is actually a composite signal. 
The normal television waveforms are combined with the 
video test signal, and the transmitter operates on test at 
any level in the grey scale, under the same conditions 
as in normal service. The effect on the transmitted 
spectrum of any adjustment to the transmitter is 
immediately visible to the operator. 

Test signals are generated in the following manner. 
The video sweep signal is derived from two oscillators, 
one fixed and the other swept, to provide either a 
sweeping difference signal from a lower limit of 100 kc/s 
to any frequency up to a maximum of about 20 Mc/s, 
or a sweep symmetrical about zero frequency and 
extending to a maximum of not less than 7 Mc/s each 
way The output level is held to within +0.1 dB 
throughout the sweep. Line and field blanking and sync 
pulses are applied to the analyser from a standard source, 
and are combined with the sweep signal. 

This output can be applied to (a) the video stages 
under test, the output of which is detected by a circuit 
in which the detector is immobilized during the period 
while the sync and blanking are present, and applied to 
the display for measurement; or (b) as modulation for 
the transmitter In this last-mentioned condition, one 
of the two sidebands produced at any instant decreases 
in frequency at the same rate as the output frequency 
of the swept oscillator. By mixing the outputs of the 
transmitter and swept oscillator, a constant-frequency 
signal is produced, whose amplitude is directly pro- 
portional to the sideband amplitude. This constant- 
frequency signal is fed to a narrow-band amplifier whose 
output, after detection, is applied to the display unit. 
Markers, which occur at 1-Mc/s intervals, are available 
on the display for reference purposes. 
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Semiconductor Symbols 
Logical System for Diodes, Transistors and Other Junction 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 Qil 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 
~hawed such promise in this direction that many 
people were led to consider it the only significant 
device to come out of the fidd 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 depictfon of the earliest point contact 
tiansistors. 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
at~d 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 cr-eation, 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 us·er 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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Logical System for Diodes, Transistors and Other Junction Devices 

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

T HE 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 on 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. 

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 
!ihe system. 
~rhe Standard Symbols.-In order to indicate the 
~ize of the symbols for s·emiconductor devices with .telation 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. 

1 PHOTORESISTIVE f DEVICE t 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. 

-f POINT DIODE l JUNCTION t DIODE 

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

ZENER .L 
DIODE i 

I DIRECTION OF l BREAKDOWN CURRENT 

t DIRECT ION OF 
FORWARD CURRENT 

ZENER DIODE 
IN SERIES WITH 

CONVENTIONAL DIODE 

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

f f t 
POINT JUNCTION 

PHOTOD lODE PHOTODIODE SOLAR CELL 

Ann-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 connection in a junction tetrode.) 

"Unijimctions" or "double base diodes" are 

DRAIN 

GA 

Tl-TYPE 
FIELD EFFECT SOURCE 
TRANSISTOR 
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"UNIJUNCTitN" 
(n-TYPE) 

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 junotion. 

n-TYPE FIELD EFFECT TRANSISTOR 
WITH INJECTING DRAIN 

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

p-TYPE FIELD EFFECT TRANSISTORS 

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. 

EMIT 1 ER 

BA 

COLLECTOR 

p-n-p JUNCTION TRANSISTOR 

COLLECTOR 

BA 

EMITTER 

n-p-n 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 properties, and the presence of an intrinsic layer in the base is shown by drawing the base as a narrow 
"box." 

EMITTER ~COLLECTOR 
BA BASE BA . .;;.;SE=----,..'r.._ _ _ 

COLLECTOR EMITTER 

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, 
so a graded base transistor may be represented as 
above. 

If the transistor is symmetrical it has no defined emitter and is left urtshaded. 
A transverse field junction tetrode is a junction 

TRANSVERSE FIELD 
p-n-p JUNCTION TETRODE 

BASE 

TRANSVERSE FIELD 
n-p-n JUNCTION TETRODE 
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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 
she system. 
fhe Standard Symbols.—In order to indicate the 
size of the symbols for semiconductor devices with 
relation to the other circuit components, a resistor, 
capacitor, and inductor are drawn. 

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

PHOTORESISTIVE 
DEVICE 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 
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 
BREAKDOWN CURRENT 

DIRECTION OF 
FORWARD CURRENT 

ZENER DIODE 
IN SERIES WITH 

CONVENTIONAL DIODE 

In photodiodes reverse current flows when light 

u 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. 

JUNCTION 
PH0T0DI0DE SOLAR CELL 

. An M-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 

n-TYPE 
FIELD EFFECT 
TRANSISTOR UNIJUNCTION 

(n-TYPE) 

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. 

n-TYPE FIELD EFFECT TRANSISTOR 
WITH INJECTING DRAIN 

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

p-TYPE FIELD EFFECT TRANSISTORS 

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. 

COLLECTOR 

p-n-p JUNCTION TRANSISTOR n-p-n 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 
" box." 

p-n-t-p n-p-f-n p-n-l-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, 
so a graded base transistor may be represented as 
above. 

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

A transverse field junction tetrode is a junction 

COLLECTOR 

TRANSVERSE FIELD p-TT-p JUNCTION TETRODE TRANSVERSE FIELD n-p-n JUNCTION TETRODE 
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transistor with a second connection (the bias con
nection) to the ba!e. 

When extra junctions · are added to the aystem 
making such devices as the p-n-p-n tri!Diistor, it 
will have a logical symbol within the system. 

+ p-n-p~n JUNCTlOH TRANSIST'OR 

A shield or earthed case for a device is s-hown 
as follows. 

q 
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 

point diode, with which it is very similar. It is 

3 
Ll 

A.G,t 

Examples of the use of the 
proposed symbols in some typical 
circuit diagrams. 

INPUT 

+4oV 
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+ 

Js cc 
c6 l 

L4 

L:s 

IOk 

IOk 

su~gotted tltat the collector,. which bears no resem
blance to any type of single }lmction, should not 
be drawn as one, but should have its own distinctive 
symbol, as shown here (below left). 

EMITTiR? 
USE 

COLLECTOR 

POINT TRANSISTOR 
(n-TYPE) 

fMITT£R~SL 

COLLECTOR/ 

THYRATRON taAIISIST. 
(Tl-TTPE) 

A thyratron transistor (above right), a transistor 
with a junction emitter and a point collector, is 
similar in characteristit:s 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. 
Complete Circuits.-Schematic circuit diagrams 

IOV 
INZOI 

4·7k 

Z.Zk 

47k 
200p 

IOk 
Ds 

-IV +16V IOk 

-IOV 

ZOJ.i. 

6005 

Da 

0 

903 

:S·:Sk +IOV 

Du 

ISV 
INZO:S 

0 

OUTPUT 
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transistor with a second connection (the bias con- 
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 
point diode, with which it is very similar. It is 

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). 

COLLECTOR 

point transistor 
(n-TYPE) 

THYRATRON XRANSISTW 
(n-TTPE) 

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. 
Complete Circuits.—Schematic circuit diagrams 

4-7k< 

lOV y 
INEOI ^ 

4*7 k 

: 

4*7 k< 
• 20//; S |+'7k 

t ^ 
2*2 k 

*~VVVSA—< *    4^ 903 
6005 ] ' 

Examples of the use of the 
proposed symbols in some typical 
circuit diagrams. 

IV +I6V 10k 

Jl —3V 
+ 40V "I 
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