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Q 
Transistors 

WIRELESS WORLD AUGUST, 1956 

at Small Signals (h- Parameters) 

The most convenient way of describing the electrical 
characteristics of a transistor, like any other electronic device, 
is by means of a set of static characteristic curves. These 
graphs show how the voltage or current at the input electrode 
varies with the voltage or current at the output electrode. 

The primary function of transistor static characteristic 
curves is to enable the circuit designer to choose the direct 
voltage and current for the working point. In the second 
place these graphs are used for designing circuits where large 
signals occur, for example in output stages or pulse ampli- 
fiers. However, for applications where the signal is small in 
comparison with the direct voltages and currents it is possible 
to calculate performance accurately from the slopes of the 
characteristic curves at the working point. Under small signal 
conditions the transistor never moves far away from this 
point and hence the characteristics in the immediate neigh- 
bourhood can be taken as linear. It is generally impracticable 
to read the slopes with sufficient accuracy from the graphs 
given, and so they are quoted in transistor data for some 
nominal working point such as collector voltage -2V and 
collector current -3mA. The h- parameters are the slopes 
of a particular set of characteristic curves but are in fact 
measured by small -signal a.c. methods. 

hII = vi/ii = slope of input characteristic 
= input impedance for constant output voltage 
= input impedance for output short- circuited 

to a.c. 
= ri (in ohms or kilohms) 

h22 = i2 /v2 = slope of output characteristic 
= output admittance for constant input current 

(= reciprocal of output impedance) 
= output admittance with input open- circuited 

to a.c. 
= r /r22 (usually in micro -mhos) 

In transistor data, this set of four characteristic curves 
consists of: -(r) the input characteristic giving the variation 
of input current Ir with input voltage VI, for constant 
output voltage: slope = h5 ; (2) the output characteristic 
showing the relation between the output current I2 and the 
output voltage V2 for a series of fixed input currents: 
slope = h22; (3) the transfer characteristic giving the 
variation of output current I. with input current II for a 
fixed output voltage: slope = h25; (4) the feedback charac- 
teristic showing the connection between the input voltage 
V5 and the output voltage V2 for a series of fixed input 
currents: slope = h12. 

By drawing the axes of the static characteristic curves and 
using the subscripts r and 2 to refer to the input and 
output electrodes, the notation hII etc. can easily be 
explained and three of the h- parameters are seen to be 
related simply to parameters in the Mullard system. Thus 
h55 is the ratio of two quantities measured at the input 
electrode, hence it is the slope of the input characteristic, 
and is equal to ri,I. V5, II represent the direct voltage and 
current at the input electrode and V2, I2 similarly apply to 
the output electrode. The a.c. quantities are vI, il and v2, i2. 
The formal definition of h- parameters is then as follows:- 

h25 = i2 /i1 = slope of transfer characteristic 
= current gain for constant output voltage 
= current gain with output short- circuited to a.c. 
= a (a ratio, that is, a pure number) 

hie = vI /v2 = slope of feedback characteristic 
= voltage feedback ratio for constant input 

current 
= voltage feedback ratio with input open - 

circuited to a.c. 

In defining the h- parameters the transistor is treated as a `black box' with an input and output, paying no regard to whether 
the transistor is in a common base, common emitter or common collector configuration. In an actual circuit the values of 
these slopes will depend on which configuration is used. Thus the un- 
dashed terms such as the a.c. current gain h25 are reserved for grounded vl r2 

base applications, whereas a single prime as in h'25 shows the value 
required for calculations on grounded emitter circuits, and 11'25 etc. apply 
to grounded collector circuits. 

Grounded Base 
r0 

hl l= re +(I -a)rb= re +I 

-h21=a= +a 
h22= I /re 

h 12 = rb/ra 

Grounded Emitter 

h11' =(I +a)hn 

h21' =a 
h22'=( I +a)haa 

h1'= h2í re 

Grounded Collector 

h11 " =h11' 

-h21"= I +h21' 

h22"= h22; 

h12" I+hlí 

I2 

Input 
Characteristic 
Slope. h11,h4,11t1 

rl 

Transfer 
Characteristic 
Slope= h21 etc 

rl 

Grounded base e = I, c = 2. 

Grounded emitter. b= 1,c =2. 

v, 

Output 
Characteristic 
Slope. 

h22 
etc. 

V2 

Feedback 
Characteristic 
Slope = h12ttc 

V2 

12709 I 
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Wireless World 

P 'ogress on V.H.F. 
DUE to the chaotic conditions prevailing on the 
medium - and long -wave bands, sound broadcasting 
on v.h.f. has become a virtual necessity in several 
European countries. In some of them, large sec- 
tions of the population are unable to get a tolerable 
signal, particularly after dark. But, as was stressed 
in an article which we printed last month, v.h.f. has 
often been regarded as an " unwelcome compli- 
cation"; the growth rate has hardly been spec- 
tacular. 

This applies to some degree in Great Britain, 
though it would be unreasonable to expect a vast 
increase in the number of v.h.f. listeners as yet. 
After all, only some 38 per cent of the population 
have a service at present. But by the end of the 
year the figure will have risen to 84 per cent, 
according to a B.B.C. statement. Can we expect 
a rapid rise in the number of v.h.f. listeners? 

Many of those who stand to benefit from the ser- 
vice have no idea of the advantages to be gained 
from it. But the knowledge must be spreading, 
particularly now that the B.B.C. is using its 
powerful machinery to publicize v.h.f. Then it 
seems probable that the more attractive receivers 
which may be expected to make their first appear- 
ance at the forthcoming National Radio Exhibition 
will exert an appeal. There can be no doubt that 
many of the present sets have their shortcomings. 
Of these, frequency drift must be one of the most 
annoying, but in some designs it seems to have been 
reduced to negligible proportions at no great cost. 

Then there is the question of tuning. To us, and 
no doubt to many of our readers, the right system 
of channel selection for a three -programme service 
is by means of a switch or push- buttons. Fiddling 
with continuous tuning for such a purpose is surely 
an anachronism. It must be admitted though, that 
it is not too easy to fit switch tuning into a 

receiver in which v.h.f. is merely an adjunct to the 
normal wavebands. That is one of the reasons 
why we think v.h.f. -only sets should prove attrac- 
tive to many people, and we hope their number will 
increase. 

Can we learn from the United States anything 
useful on means of popularizing v.h.f.? In that 
country the service has for some time been in 
decline but it now appears to be undergoing a 

revival. The ever -increasing American interest in 

high -quality reproduction is apparently responsible, 
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and it seems that the more important surviving 
stations are concentrating their efforts on pro- 
grammes of high -class music. According to a 

report in the American journal Audio the listener- 
ship for these so -called " music stations " is already 
large and shortly there will be four of them in New 
York and six in Boston. But that is not to say the 
future of v.h.f. in Britain lies in special programmes; 
conditions are different here and the service must 
be used mainly to reinforce transmissions on the 
normal wavebands. 

Though the British v.h.f. service cannot be con- 
ducted entirely or even mainly for those whose 
principal interest is in high -quality reproduction of 
music, their needs should be borne in mind. They 
are, in a sense, the pioneers of the service and, up 
to the present, constitute a large proportion of the 
audience. The B.B.C. has already given assurances 
that, subject to land -line limitations, the transmis- 
sions will permit a substantial improvement in 
receiver performance, both in frequency range and 
dynamic range. It should be borne in mind, too, 
that the quieter background makes all of us -not 
only the quality enthusiasts -much more critical. 
In the long run, quality will attract an ever- 
growing number of listeners. 

An interesting proof of the way in which the 
critical faculty is stimulated by v.h.f. broadcasting 
has recently come to our notice. When the B.B.C. 
cut down the frequency range of the Wrotham 
transmitter, a surprisingly large number of readers 
observed the falling -off in output and wrote to tell 
us about it. Here is the explanation of the cut, 
provided by the B.B.C. engineering department: 

" The audio -frequency bandwidth of the trans- 
missions broadcast by B.B.C. v.h.f. stations is, in 
general, limited by that of the line network con- - 

necting the studios with the transmitters in various 
parts of the country. In the case of broadcasts from 
local studios a greater range is possible, but it has 
been found desirable, for the present, to restrict 
the upper limit to 10 kc/s. Filters have recently 
been put in at Wrotham to achieve this, and the 
effect has been observed by keen -eared readers of 
Wireless World. This is a temporary measure, 
pending the investigation of the causes of a type of 

distortion that has occasionally been observed in 
the highest frequency range. It is hoped that the 
filters will be removed in the fairly near future." 
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Junction Diode A.F.C. Circuit 
A Simple Circuit for Reducing Tuning Drift in F.M. Receivers 

By G. G. JOHNSTONE *, B.Sc. 

THE junction diodes, such as the Mullard OA10 
and G.E.C. SX641 now becoming available are 
primarily intended for rectification and detection 
at low frequencies, but in addition they have a 
property which makes them suitable for entirely 
different applications. 

This property concerns the capacitance between 
the two electrodes; if a junction diode is biased to 
non -conduction, the capacitance varies with the 
applied voltage, being approximately inversely 
proportional to the square root of this voltage. 
Thus the diode provides a very compact and simple 
method of controlling a capacitance by adjustment of 
a voltage. There are a number of applications for 
such a facility. An obvious one is the provision of 
a.f.c. in receivers and this article describes in detail 
one method of using a junction diode to provide 
a.f.c. in an f.m. receiver where, in spite of the sim- 
plicity of the circuit, it is as effective as a conventional 
reactance -valve. Another application is the provision 
of remote tuning for f.m. or other receivers, or the 
provision of a very fine or " inching " tuning control. 
It could also be used for f.m. modulation of an 

1.000 

-s- 

500 

Fig. I. Circuit used for test purposes. 

Fig. 2. 
manium 
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BIAS VOLTS 

Is zo 

Frequency shift v. bias for Mullard OA!O ger- 
diode. Reference frequency 100 Mc /s. 

oscillator in a transmitter or a wobbulator and no 
doubt other applications will occur to radio engineers. 
An effect of this kind is also exhibited by a junction 
transistor at low frequencies and the amplification 
of the device could perhaps be used to enhance the 
effect. 

The manufacturers of the °A10 quote the capaci- 
tance as less than 30 pF at -0.5 volts bias and less 
than 10 pF at -3.0 volts bias. These figures apply 
at low frequencies and it was not expected that they 
would hold at frequencies as high as 100 Mc /s, 
such as apply in f.m. receivers. To determine the 
suitability of the junction diode for providing a.f.c. 
in such a receiver the circuit shown in Fig. 1 was used. 
An °A10 is in effect conneeged directly across the 
frequency -determining circuit L1Cr, the 50 -pF 
capacitor C2 being included to permit application 
of bias to the diode. The resistor R, was included to 
simulate the internal impedance of the source of 
control voltage in an a.f.c. circuit, but in addition it 
prevents undue shunting of the oscillatory circuit 
and it also behaves as a diode load when the oscillator 
output voltage exceeds the bis s; this has an effect 
on the shape of the characteristic obtained and is 
discussed later. The bias voltate is obtained from the 
potential divider R3R4 connected across the h.t. 
supply and can be varied by adjustment of R4. To 
apply the bias in the correct sense to the diode, the 
diode lead marked in red (which corresponds to the 
cathode in a thermionic diode) is connected to the 
positive terminal of the bias voltage. 

By varying R4 and measuring the oscillation fre- 
quency the curve shown in Fig. 2 was obtained; 
at the centre of the characteristic the curve has a 
region of maximum slope of approximately 100 
kc /s per volt, which is of the order of magnitude of 
control obtained with a conventional reactance - 
valve circuit. The curvature of the characteristic 
for low control voltages is due to conduction of the 
diode, the rectified voltage developed by the diode 
across R2 opposing the bias voltage and therefore 
reducing the change in capacitance. The diode 
damps the oscillator and in the particular experiment 
the oscillator output fell from 8.5 volts to 6.0 volts 
peak value when the diode was connected. This 
particular characteristic was obtained with a german- 
ium junction diode OA10, but the experiment 
has been repeated with silicon junction diodes type 
SX641 which give a curve of substantially the same 
shape. No doubt other types of junction diodes 
would also give successful results. 

Three silicon diodes were availble for testing 
and their frequency/bias- voltage characteristics 
are shown in Fig. 3. They show divergences at low 
bias voltages where rectification occurs, but are in 
substantial agreement at other bias voltages. The 
curves were made to agree with each other at -10 

* B.B.C. Engineering Training Department 
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Fig. 3. Frequency shift v. bias for three G.E.C. type 
0X641 silicon diodes. Reference frequency 100 Mc's. 

volts bias by adjustment of the tuning capacitor C1. 
It is not recommended that the region of low bias 
voltages should be used because there is increased 
damping of the oscillator circuit and marked diver- 
gences of curve shapes. 

The experiments showed that the junction diode 
would operate satisfactorily at 100 Mc /s without 
undue loss of oscillator amplitude and the next step 
was to use the diode in an f.m. receiver. The re- 
ceiver employed is that described in Wireless World 
for May, 1955, and the relevant part of the circuit is 
reproduced in Fig. 4. It has much in common with 
Fig. 1, R33 and R 34 being used to provide standing 
bias for the diode. For most effective a.f.c., and to 
keep oscillator damping at a minimum, the standing 
bias should coincide with the centre of the linear 
portion of the characteristic. This was obtained by 
making R33 = 100 kf2 and R,4 = 5.6 kS2 and return- 
ing R33 to the oscillator h.t. supply point of the 
feeder unit. 

The control voltage is derived from the ratio 
detector and must be fil- 
tered of a.f. signals before 
application to the junction 
diode, otherwise negative 
feedback is obtained and 
there is a loss of a.f. output. 
Filtering is achieved by 
the 470 kff series resistor 
R3, and the 0.1 -j.F shunt 
capacitor C48. The series 
resistor forms a potential 
divider with the diode back 
resistance causing a reduc- 
tion in the effectiveness of 
the circuit and the value of 
the series resistor must not 
be made too high for this 
reason. 

A readjustment of the 
oscillator fixed capacitance 
is necessary when the a.f.c. 
circuit is added to the 

feeder unit because of the standing capacitance 
of the junction diode. For an OAl0 this capacitance 
is approximately 1.6 pF and can be allowed for by 
replacing the 8.2 -pF capacitor CB by a 5 -pF compon- 
ent and by advancing the trimmer capacitance C13 
to restore the original calibration. 

The 47 -kS2 resistors R35 and R38 are included to 
isolate the diode and to prevent oscillator output from 
entering other parts of the receiver. 

When the a.f.c. circuit is added to the receiver it 
may tend to reduce oscillator tuning errors or to 
increase them. Three factors determine the be- 
haviour. They are: - 

(1), the sense of the discriminator or ratio detector 
output; (2), whether the oscillator frequency is above 
or below the signal frequency; and (3), whether the 
control voltage is applied to the diode anode or 
cathode. 

If the a.f.c. circuit tends initially to increase the 
tuning error, it may be made to work correctly by 
alteration of one of the parameters listed above. 
It is most convenient to apply the control voltage to 
the diode anode, because this requires the cathode 
to be returned to a source of positive voltage which 
can readily be obtained from the h.t. supply. If 
the control voltage is applied to the diode cathode, 
the anode must be returned to a negative potential, 
which is inconvenient to produce; thus alteration 
of factor (3) is not really practicable. It is inconven- 
ient to alter the oscillator circuit frequency to the 
other side of the signal frequency because this may 
upset the frequency coverage or the ganging of 
the receiver. If the a.f.c. circuit does rid to in- 
crease tuning errors it is best to reverse the connec- 
tions to the ratio detector diodes and the associated 
electrolytic capacitors to put matters right. 

The circuit illustrated gives a reduction in mistun- 
ing of approximately 3 : 1. Tuning the receiver with 
the a.f.c. system operative is somewhat disconcerting 
because signals appear to have a large spread, and the 
error -reduction makes the location of the correct 
tuning point difficult. It may be desirable, therefore, 
to include a means of removing the a.f.c. whilst 
tuning the unit. This may be done by the inclusion 
of a single -pole switch across C48 as shown dotted in 
Fig. 4. A non -locking type is preferable for this 
application to ensure that the a.f.c. is not permanently 
defeated! 

R35 
47 k1i 

I 

OÁ10 
OR 

0X641 

C47 
SoPF 

Fig. 4. Modifications to f.m. tuner (Wireless 
World, May 1955) to incorporate junction - 
diode a.f.c. 
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Marine V.H.F. 
WRITING in Wireless World last October on the 
subject of the P.M.G.'s announcement that f.m. is 
being adopted by the U.K. for marine v.h.f., R I. T. 
Falkner, of Pye Marine (champions of a.m.), said, 
" If the new P.M.G. can restore confidence and show 
sincerity by positive action we would be the first to 
support him." It is interesting, therefore, to note 
that Pye have, in fact, secured the contract for supply- 
ing and installing the first frequency -modulated 
v.h.f. coastal radio-telephone station to be set up by 
the G.P.O. 

The station, which will be located south of Rothe - 
say, on the Isle of Bute in the Firth of Clyde, will 
open in the autumn and will provide radio -telephone 
communication between telephone subscribers in 
this country and suitably equipped ships operating 
within a radius of up to thirty-five miles of the 
station. 

The station will operate on the frequencies tenta- 
tively agreed for "marine v.h.f. public correspond- 
ence " -157.4 Mc /s (receive) and 161.9 Mc /s (trans- 
mit). It is hoped that these and the other frequencies 
recommended at the Gothenburg Conference (see 
W.W., April, 1956) will be approved at the next 
international conference. 

It was stated by Mr. Falkner that in consequence 
of the adoption of f.m. the a.m. station on Shooters 
Hill, London, for the Thames Radio Service would 
eventually be scrapped. 

Amateur Recording Contest 
IT is hoped that this year a greater number of 
British entries will be received for the Concours 
International du Meilleur Enregistrement Sonore 
(C.I.M.E.S.) which is organized by the leading ama- 
teur recording associations of the world to find the 
best examples of recording technique as applied to 
a variety of subjects. Valuable prizes are offered, 
and in past years many of the entries have subse- 
quently been broadcast. 

Copies of the rules and entry forms (English ver- 
sion) are in the hands of the British Sound Record- 
ing Association and can be obtained from H. J. 
Houlgate, 12, Strongbow Road, London, S.E.9 on 
receipt of a stamped addressed envelope. The clos- 
ing date is September 15th. 

I.E.C. Meeting 
STANDARDIZATION of 'electronic equipment 
and components was one of the many subjects dis- 
cussed at the 21st general meeting of the Inter- 
national Electrotechnical Commission. The meeting, 
held at Munich from June 26th to July 6th, was 
attended by a number of British delegates represent- 
ing industrial firms, trade and research organiza- 
tions and Government departments. In this country 
the British Standards Institution is responsible for 
participation in the work of the I.E.C., which is a 
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non- government association of electrical manufac- 
turing and power -producing and consuming indus- 
tries of 33 countries. 

Valve Prices 
THE British Radio Valve Manufacturers' Association 
(B.V.A.) announced on July 2nd reductions of from 
10 to 33% in valve prices -the first change since 
1950. Reductions of from 14 to 172% are also made 
in c.r.t. prices. It is, however, stressed by the B.V.A. 
that these reductions apply only to current makes of 
valves and tubes bought by the general public and 
will not necessarily affect the cost of receivers. 

The vice- chairman of the Association, G. A. Mar- 
riott, has stated that the reductions have not been 
introduced because the Monopolies and Restrictive 
Practices Commission is investigating the supply of 
valves but because of economies resulting from ex- 
tensive capital expenditure on plant. These econo- 
mies, incidentally, will not affect the cost of 
production of obsolescent valves, the prices of which 
may even have to be increased. 

We learn from manufacturers who are not mem- 
bers of B.V.A. that their prices have been similarly 
reduced. 

66 Transistorized " Car Radio 
BY USING transistors in the output stage and for 
the generation of h.t. for the preceding valves, the 
drain on the car battery has been considerably re- 
duced in the new Pye TCR16 car radio receiver. 

The transistors are new power types (Pye V30/ 
20P), and two in push -pull give an output of four 
watts. A third (V30 /10P) is used as a high-. 
frequency relaxation oscillator, the output of which 

RECEPTION 

REPORTS MAY 
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TRANSMISSION 

TEST CARD now being transmitted from the site of I.T.A. 
station on Emley Moor, Yorks., due to open in the late 
autumn. The card helps in locating sources of reflection 
causing "ghosting ". Times of test transmissions are: 
Monday- Friday: 10 a.m. -12.30 p.m., 2 -5.30 p.m., 6 -7 p.m. 
Saturdays: IO a.m. -12.30 p.m. 
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is stepped up in a ferrite -cored transformer to give, 
after rectification and smoothing, 10mA at 100 V. 

A frequency changer valve (12BE6) is followed by 
a single i.f. stage (12BA6), germanium diode detector 
and a triode- pentode (PCL83) first a.f. amplifier and 
driver for the Class B output transistors. To assist 
in achieving thermal stability a thermistor is included 
in the transistor base circuit. 

I.L.S.- S.B.A. Decision 
ALTHOUGH the standard pilot -interpreted 
approach aid in Europe is I.L.S. (instrument landing 
system), there are a number of aerodromes in the 
United Kingdom still equipped with S.B.A. (standard 
beam approach). This is obviously undesirable as it 
may entail an operator having to carry two sets of 
airborne equipment. The Ministry of Transport 
and Civil Aviation is, therefore, withdrawing S.B.A. 
from its civil aerodromes as soon as this can be done 
without causing undue inconvenience to those 
operators who use it. 

S.B.A. is, however, being retained at some of the 
aerodromes not directly the responsibility of the 
M.T.C.A., as for instance on the Isle of Man where 
it is stated it "will not be withdrawn until the aid 
is no longer fitted in the majority of the smaller air- 
craft." 

PERSONALITIES 
Sir George H. Nelson, Bt., has relinquished the posi- 

tion of managing director of the English Electric Corn - 
pany in order to devote the whole of his time to the 
duties of executive chairman of the company. His son, 
H. G. Nelson, M.A.(Cantab.), M.I.E.E., who has been 
deputy managing director since 1949, has been appointed 
managing director. He is 39 and has been a director 
of the Marconi companies since they joined the English 
Electric group in 1946. Sir George, who is this year's 
president of the I.E.E., is a member of the governing 
body of the Imperial College of Science and Tech- 
nology. 

W. H. Stephens, head of the guided weapons depart- 
ment of the Royal Aircraft Establishment, Farnborough, 
since 1953, has been appointed deputy director (equip- 
ment) of the R.A.E. on the retirement from Government 
service of Dr. F. E. Jones. Mr. Stephens, who was 
with the Ministry of Aircraft Production during the 
war, was for three years a member of the British Scien- 
tific Mission in Washington. It will be recalled that his 
lecture on guided weapons to the Radar Association 
during the last session formed the basis of an article in 
our February issue. 

E. W. Chivers, B.Sc., has been appointed principal 
superintendent of the electronics division of the Arma- 
ment Research and Development Establishment (M.o.S.) 
at Fort Halstead, Sevenoaks, Kent. Mr. Chivers, who 
is 49, held a number of Government scientific appoint- 
ments during the war and was for two years superin- 
tendent of the General Physics Committee of the 
Scientific Advisory Council. He became superintendent 
at the Radar Research and Development Establishment 
at Malvern in 1947 and on the fusion in 1953 of 
R.R.D.E. and T.R.E. into the Radar Research Estab- 
lishment was appointed deputy director of ground radar. 
His rank in the Scientific Civil Service is deputy chief 
scientific officer. 

R. E. Burnett, M.A.(Oxon), A.M.I.E.E., A.Inst.P., 
has succeeded J. M. Furnival, M.B.E., who has retired, 
as general manager of Marconi Instruments. Mr. 
Burnett, who joined Marconi's in 1950 as principal 
of Marconi College and manager of education and 
technical personnel, was appointed deputy general 
manager of Marconi Instruments last November. 

WIRELESS WORLD, AUGUST 1956 

In order to co- ordinate television engineering 
development Marconi's have created the post of chief 
television engineer, to which V. J. Cooper, B.Sc., 
A.C.G.I., M.I.E.E., M.Brit.I.R.E., has been appointed. 
His deputy is G. E. Partington, B.Sc., A.M.I.E.E. For 
the past eighteen months Mr. Cooper, who has been 
with the company since 1936, has been chief engineer, 
advanced development. Mr. Partington joined Mar - 
coni's in 1938 when he attended a post -graduate 
engineering course at the Marconi College. Since 1947 
he has been in charge of the development of television 
studio equipment. Under this scheme of unification 
Marconi's have formed three television development 
groups under E. Davies, N. N. Parker- Smith, B.Sc., 
A.M.I.E.E., and J. E. Nixon, B.Sc., A.C.G.I., 
A.M.I.E.E., and an audio development group with S. J. 
Gooderham in charge. 

V. J. COOPER G. E. PARTINGTON 

C. G. Mayer, M.I.E.E., has been appointed chairman 
and managing director of R.C.A. Great Britain, Limited, 
on the resignation of P. A. Tumor, who will continue 
to serve as a director and executive of the company. 
Mr. Mayer, who has been European technical repre- 
sentative of the parent company, Radio Corporation of 
America, since 1947, was responsible for the recent 
formation of Laboratories R.C.A., Limited, in Zurich, 
Switzerland, of which he became president and manag- 
ing director. He will continue as a consultant to the 
Laboratories. 

Joseph R. Pernice, who has been chief of the elec- 
tronics section of N.A.T.O.'s production and logistics divi- 
sion for the past six years, has been appointed managing 
director of Collins Radio Company of England, Limited, 
the recently formed subsidiary of Collins Radio Com- 
pany, of Iowa, U.S.A. He took up his new appoint- 
ment on July 1st and will be responsible for all Collins' 
operations in Europe. 

Brian Cape, Associate I.E.E., has been appointed 
technical services manager to Kelvin and Hughes 
(Aviation), Ltd., in succession to John Rivaz who 
recently joined Smiths Aircraft Instruments, Ltd. 
After seven years in the R.A.F., where he specialized 
in airborne radar equipment, Mr. Cape became 
manager of the radio department of Flight Refuelling, 
Limited. He joined Kelvin and Hughes in 1947 as a 

development engineer, working principally on airborne 
navigation equipment. He is 38. 

H. Henderson, B.Sc., A.Inst.P., who, in this issue, 
contributes an article on the theory of colour, is a 
senior lecturer in the engineering training department 
of the B.B.C. where he lectures on this subject during 
the short colour television courses organized by the 
Corporation for its senior technical staff. After three 
years as an experimental officer with the Admiralty 
Signals Establishment, Witley, he spent six years as 

physics master at grammar schools in London and 
Leeds before joining the B.B.C. 
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NATIONAL RADIO EXHIBITION 
(Earls Court, Aug. 22nd -Sept. 1st, Il o.m. -10 p.m.) 

WIRELESS WORLD SHOW NUMBERS 

September: Show Guide (publication date August 
2lst *). Plan of the stands with stand - 
to -stand guide to the exhibits. 

October: Show Review (publication date Septem- 
ber 25th). An analysis of design trends 
in television and sound receivers. 

Note advanced publication date. 

OBITUARY 
E. A. Richards, M.B.E., B.Sc., A.C.G.I., M.I.E.E., 

formerly chief rectifier engineer of Standard Tele- 
phones and Cables, Limited, died on June 20th, 
aged 71. His engineering career began with Siemens 
Brothers. In 1929 he joined the European Commercial 
Department of the International Standard Electric 
Corporation; was transferred to S.T.C. two years later 
and from 1934 until 1936 was chief engineer of Broad- 
cast Relay Services. Returning to S.T.C. in 1936, he 
took charge of the engineering and development groups 
of the rectifier division, pioneering in the United King- 
dom the selenium metal rectifier. It was for his work 
on increasing the production and improving the 
manufacture of selenium rectifiers during, the war that 
he was appointed an M.B.E. 

IN BRIEF 
More than half the 2,617,429 holders of receiving 

licences in the London postal area pow operate tele- 
vision receivers -1,315,921. There were 14,293,902 
broadcast receiving licences -including 5,863,473 for 
television and 299,749 for car radio -current in the U.K. 
at the end of May. 

Additional sound and vision transmitting equipment 
has been installed at the I.T.A.'s Lichfield station. Al- 
though at present available as a standby in the event 
of a breakdown, when certain ancillary equipment has 
been installed early in the autumn it will be utilized 
to increase the transmitter's e.r.p. from 50 to 200 kW. 

Professional Engineers' Pensions. -A scheme to pro- 
vide continuous pension cover for a professional en- 
gineer throughout his career, whatever changes of 
employment take place, is to be launched in the autumn 
by the Engineers' Guild (78, Buckingham Gate, London, 
S.W.1). It will be open to all members of the institu- 
tions of electrical, civil and mechanical engineers. 

1957 Audio Fair. -It is announced, by the organizing 
committee of London's first Audio Fair held in April, 
that the 1957 exhibition will be held at the Waldorf 
Hotel, London, W.C.2, from April 12th to 15th - 
immediately following the R.E.C.M.F. Components 
Show (April 9th to 11th). The scope of the Fair is 
to be extended -including a day reserved for overseas 
and trade buyers -but the plan of the show will be 
unaltered, each exhibitor having at his disposal a 
demonstration room. 

The scope of the Instruments Exhibition, which has 
been sponsored in previous years by five trade associa- 
tions (including the British Electrical and Allied 
Manufacturers' Association and the Scientific Instrument 
Manufacturers' Association) is being broadened, and 
the 1957 show will have the title "Instruments, Elec- 
tronics and Automation." It is being promoted by the 
same five associations, and will be held at Olympia, 
London, from May 7th to 17th. The organizers are 
Industrial Exhibitions, Limited, 105 -106, New Bond 
Street, London, W.1. 
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The theory, preparation, properties and applications 
of Ferrites will be covered at a convention to be held 
at the Institution of Electrical Engineers, Savoy Place, 
London, W.C.2, from October 29th to November 2nd. 
The convention will be open to non- members on pay- 
ment of a registration fee of £1. Registration forms and 
further particulars are obtainable from the Institution. 

I.E.E. Officers. -Sir Gordon Radley, K.C.B., has been 
elected president of the I.E.E. for 1956/57 and G. S. C. 
Lucas, O.B.E., chief electrical engineer of B.T -H., is a 
vice-president. The new chairman and vice -chairman 
of the Radio and Telecommunication Section are, re- 
spectively, Dr. R. C. G. Williams, B.Sc., chief engineer 
of Philips and G. Millington, M.A., B.Sc. (Marconi's). 
New ordinary members of the section committee are 
W. J. Bray, B.Sc. (Post Office), H. A. M. Clark, B.Sc. 
(E.M.I.), C. W. Earp, B.A. (S.T.C.) and V. J. Francis, 
B.Sc., F.Inst.P. (G.E.C.). 

" CABMA Register " is published annually for the 
Canadian Association of British Manufacturers and 
Agencies whose object is to develop the Canadian 
market for British goods through the British trade 
centres in Toronto, Vancouver and Montreal. The 
1956/57 edition of the Register, issued jointly by our 
publishers and Kelly's Directories, includes a buyers' 
guide, listing alphabetically some 4,000 British products, 
and directories of over 4,500 British manufacturers, 
proprietary names and trade marks. It costs two 
guineas (postage 2s). 

An appeal has been received from the secretary of the 
Wembley and District Group of the Multiple Sclerosis 
Society, asking for receivers for sufferers from multiple 
or disseminated sclerosis (previously known as " creep- 
ing paralysis "). They are also in need of sound record- 
ing equipment for gatherings organized by the Group. 
Offers of help should be addressed to the Honorary 
Secretary, R. A. L. Dumsday, 75, Rugby Avenue, 
Wembley, Middlesex. 

Since the advertisement pages went to press 
Metropolitan- Vickers have asked us to point out that 
the supply voltage quoted in the specification of their 
miniature oscilloscope on page 86 is for overseas models. 
Those for the home market are for 200/250V, 50c /s 
supplies. 

_:.. 

\ 
COVERAGE provided by the four stations of the latest Decca 
Navigator Chain -the North Scottish -which was inaugu- 
rated at the end of June, is shown on this diagram. 
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The address of the Radio Advisory Service (estab- 
lished by the Chamber of Shipping and the Liverpool 
Steam Ship Owners' Association), of which Capt. F. J. 
Wylie, R.N.(Retd.), is director, is now 7th Floor, 12 -20 
Camomile Street, London, E.C.3. (Tel.: Avenue 6941.) 

WHAT THEY SAY 
" Electronics is rapidly taking over electrical engineer- 

ing education. Ten years from now electrical engineering 
will be synonymous with what to-day we call electronics. 
Electrical engineering of the pre -war era which concen- 
trated its attention on phenomena at 60 cycles in general, 
and rotating machinery in particular, will be regarded 
as a small part of the broad subject of electronic science. 
Whether we will call it electrical engineering or elec- 
tronics ten years from now I do not know. " -Frederick 
E. Terman, Stanford University, California, in Proc. 
I.R.E., June, 1956. 

" Wanted. -TV aerial, preferably with fringe. Phone 
.... '- Advertisement in Provincial newspaper. 

" Resistor fixed variable linear." -Label on box con- 
taining potentiometer in Ministry store. 

BUSINESS NOTES 
R. B. Pullin and Co., Ltd., of Great West Road, 

Middlesex, have concluded an agreement with the Kear- 
fott Company, of America (a subsidiary of the General 
Precision Equipment Corporation), for the manufac- 
ture in this country of a range of Kearfott products, 
including servomotors and electronic components. 

Substantial contracts for supplying the Services with 
equipment for testing drive units, transmitters and 
receivers for h.f. point -to -point communication systems 
have been awarded to Marconi Instruments. 

James A. Jobling and Company, of Sunderland, the 
manufacturers of Pyrex heat -resisting glass, are pro- 
ducing Multiform glass parts for c.r.t. electrode 
assemblies and glass -to -metal seals. The Multiform 
process of manufacture from specially treated glass 
powders compressed in moulds and subsequently fused 
to form a uniform opaque glass was originally 
developed in the United States. 

Closed -circuit industrial television equipment was 
recently installed by Marconi's at the Steel Company 
of Wales works at Port Talbot to facilitate the 
handling of ingots at the rolling mill. 

The maintenance vehicles operated by four of the 
North Western Gas Board's South Lancashire groups 
(Manchester, Liverpool, Wirral and St. Helens) are 
now equipped with radio telephones. The latest in- 
stallation, at St. Helens, by Automatic Telephone & 
Electric Co., includes six mobile stations and a fixed 
station, the aerial for which is on top of a 225 -foot 
gas holder. 

Donvin Instruments, Limited, of Electrin Works, 
Winchester Street, Acton, London, W.3 (Tel.: Acorn 
4995), now a member of the Pullin group of com- 
panies, is to specialize in the speedy repair and 
recalibration of all types and makes of indicating and 
measuring instruments. 

Shandon Automation & Electronics, Limited, of 6, 
Cromwell Place, London, S.W.7, has been formed to 
produce industrial and scientific electronic equipment. 
It is associated with the Shandon Scientific Company 
of the same address (Tel.: Kensington 9001). 

Permanently impregnated marking of customers' own 
p.v.c., rubber or Neoprene sleeving is undertaken by 
Permark Service, of Devon House, High Street, Cran- 
leigh, Surrey. (Tel.: Cranleigh 499.) 

The telephone number of Aero Research, Limited, 
Duxford, Cambridge, has been changed to Sawston 
2121. 
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Cosmocord, Limited, have closed their Enfield fac- 
tory and are now concentrated at their works at Eleanor 
Cross Road, Waltham Cross, Herts. (Tel.: Waltham 
Cross 5206.) 

Standard Telephones & Cables have opened regional 
offices at Leeds (Norwich Union Buildings, City Square) 
and Glasgow (49, Queen Street, C.1). 

Cementation (Muffelite), Ltd., manufacturers of anti- 
vibration mounts, have moved from 39 Victoria Street, 
S.W.1, to 20 Albert Embankment, London, S.E.11. 
(Tel.: Reliance 6556.) 

The address of the Willesden Transformer Company, 
Ltd., is now Manor Works, Manor Park Road, 
Harlesden, London, N.W.10 (Tel.: Elgar 5445). 

OVERSEAS TRADE 
A new monthly record of radio and electronic exports 

totalling nearly £3.4M in May is announced by the 
Radio Industry Council. The overseas sales of trans- 
mitting and navigational equipment totalled nearly 
£1.4M. The next highest of the five groups within 
the industry was sound reproducing equipment which 
totalled £731,000. 

A report on the market for sound and television 
receivers in Portugal issued by the Export Services 
Branch of the Board of Trade shows that in 1954 (the 
last year quoted) Germany and the Netherlands supplied 
between them nearly 85% of the country's £600,000 
radio imports. The United Kingdom's share dropped 
from 14% in 1951 to 7.5% in 1954 whilst during the 
same period Germany's share rose from 14% to 45% 
and by so doing displaced the Netherlands as the main 
supplier. 

Switzerland. -An order for s.h.f. radio equipment 
to provide 600 telephone circuits between Berne and 
Geneva over a single radio channel has been placed with 
Standard Telephones & Cables through their associates, 
Standard Telephone et Radio S.A., Zurich. One 
repeater station, at Chasseral, will be used for the 
system which will be capable of being extended to pro- 
vide additional r.f. channels either for telephone or 
television circuits. 

Substantial quantities of radio- telephone equipment 
are being provided by Redifon for the Iraq police force. 
In addition to the equipment already supplied to the 
Baghdad police, which includes mobile four -channel 
v.h.f. transmitter -receivers and base stations, a number 
of h.f. transmitter- receivers (GR250) has now been 
ordered. 

U.S.A.- Manufacturers contemplating participation 
in the World Trade Fair, which will be held in New 
York next April, are advised by the Board of Trade to 
get in touch with the London representative of the Fair, 
A. P. Wales, Dudley House, Southampton Street, Lon- 
don, W.C.2. 

Transmitting equipment for three stations for air -to- 
ground communications on trans -polar air routes has 
been supplied by Marconi's for installation in Green- 
land. Each station is being equipped with two HC205 
transmitters (one being a standby) which are designed 
to radiate up to three simultaneous telegraph or 
telephone transmissions on separate crystal -controlled 
h.f. channels. 

The supply and installation of sound reproducing 
equipment in the six -storey General Hospital at 
Colombo, Ceylon, is being undertaken by Hadley 
Telephone and Sound Systems, of Smethwick, Bir- 
mingham. The installation will provide a four -channel 
service to 320 beds. 

An agency for a low- priced five- or six -valve all -dry 
battery receiver of United Kingdom manufacture is 
being sought by Narseys, Limited, P.O. Box 145, Suva, 
Fiji. It should cover the short -wave bands between 
16 and 37 metres and be fully tropicalized. 
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Colour Fundamentals 
PRINCIPLES OF COLORIMETRY WITH PARTICULAR REFERENCE TO 

By H. HENDERSON,* B.Sc., A.Inst P. 

ANUMBER of articles have appeared in 
Wireless World in the last few months on the subject 
of colour television. The American N.T.S.C. system 
modified to British standards has so far received 
major attention. This is largely due to its being a 
two -way compatibility system which the Americans 
felt was essential to the successful launching of a new 
and expensive service. Such a requirement may 
not assume the same importance here and other 
systems are being tested. Whichever is finally 
chosen a full understanding of its operation will 
demand a knowledge of colorimetry and colori- 
metric terms. It is also true to say that a knowledge 
of the theory of colour is essential so that one may 
clearly recognize which equations derive from 
colour considerations and which are pure circuitry 
relations; these are often confused. 
The Visible Spectrum. -There are at least 50 
octaves in the electromagnetic spectrum. Visible 
light occupies less than one and extends from about 
4,000 to 7,500 Angstrom units (1 Angstrom unit 
(Au) = 10 -8cm). The actual limits depend upon 
the observer and the intensity of the light. In 
practice the limits are taken as those wavelengths 
where the eye response is 10 -5 of peak value, i.e., 
3,800 -7,800 Au. 

The eye is not equally sensitive to the wavelengths 
present in this band but has a peak of sensitivity 
in the yellow -green as shown in Fig. 1. This 
curve may be obtained by measuring the energy 
required for each wavelength to match a given bright- 
ness, then plotting the reciprocal of energy required 
against wavelength. A photocell with a filter having 
an overall response of the same shape as the luminosity 
curve would give equal outputs when illuminated 
by lights of different colours which are judged by 
the eye to be equally bright. Once a standard 
luminosity curve for the average eye is agreed, such 
photocells may be used for photometric work with 
much greater convenience. 

A black and white television camera should have 
such a colour response if it is to transmit brightness 
information faithfully. 
Colour Perception. -It is useful to assume that 
the eye contains three wideband receptors, one sen- 
sitive to the middle region of the spectrum, one to 
the blue and one to the red end. The colour sen- 
sation produced in the brain depends upon the 
relative excitations of these receptors. It follows 
that any colour, whatever the mixture of wavelengths 
in its composition, can be matched by suitable mix- 
tures of three colours, red, green and blue, each 
stimulating the appropriate receptor to the same extent 
as the matched colour. These three colours are 
referred to as the primaries and they may be mono- 
chromatic or wideband. For colorimetry the prim- 
aries are monochromatic and are generally red 

*Engineering Training Dept., B.B.C. 
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(7,000 Au), green (5,461 Au) and blue (4,358 Au). 
In colour television the three primaries used for 
colour matching are the three phosphor colours found 
in the colour receiver. Suitable activation and 
combination of the light output from these phosphors 
may produce any colour match and it is the camera's 
function to produce signals of suitable amplitudes 
to achieve this. 
Additive and Subtractive Mixing. -The process 
of combining coloured lights referred to above is 
known as additive colour mixing and for this purpose 
the primaries are red, green and blue. The mixture 
colours obtained by combination of these primaries 
may be represented qualitatively by means of a 
triangle as shown in Fig. 2. 

As blue and yellow together in suitable amounts 
match white they are referred to as complementary 
colours. Other complementary colours are red 
and cyan, green and magenta. 

Where the colours of pigments and filters are 
involved -that is, things which have no colour in 
their own right -the process of mixing is a subtrac- 
tive one. For example a yellow filter is one which 
absorbs blue from light falling upon it and allows 
red and green to pass. It is often referred to as a 
" minus blue " filter. Similarly a magenta filter is 
a " minus green " and a cyan filter is a " minus 
red." Yellow, magenta and cyan are the primaries 
of subtractive colour mixing. If a yellow filter is 
followed by a cyan filter and white light falls on the 
system, yellow subtracts blue, cyan subtracts red, 
and only green emerges. 

In this sense cyan and yellow make green. The 
colours obtained by subtractive processes are 
indicated in the triangle shown in Fig. 3. 
Colorimetry.- Colour is measured by first match- 
ing the chosen colour with a suitable mixture of 
red, green and blue light and then quoting the 
amounts of each primary present in the mixture. 
The ratio of the three amounts specifies the colour. 
Doubling each primary contribution does not change 
the colour but only its brightness. 

Two units are available for the measurement 
of the amount of each primary in the match. One 
derives from photometry and is the lumen. The 
other is the trichromatic unit, which will be dealt 
with later. A lumen of any colour appears equally. 
bright. It follows from the luminosity curve (Fig. 1) 
that a lumen of yellowish -green light contains least 
energy. A standard candle, treated for the moment 
as an omnidirectional point source of light, gives 
off light at the rate of 47r lumens. This may be 
taken as the definition of the lumen. The photocell 
with the eye -response filter mentioned earlier will 
give outputs directly proportional to the number of 
lumens falling on it. 

Supposing white were to be matched by light 
from the three cathode -ray tube phosphors (as 
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used at present), it might be found that 1 lumen of 
white is matched by 0.3 lumens of red plus 0.59 
lumens of green plus 0.11 lumens of blue. This 
may be written 

1 lumen of white = 0.3(R) +0.59(G) +0.11(B). 
Notice that the luminance of the mixture colour 
is the sum of the luminances of its components. 
These quantities are important and continually 
recur in colour television literature. If different 
phosphors are used they will need modification. 

Because of the unequal values assigned to the 
amounts of red, green and blue to match white, 

00 601 
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Fig. I. Curve showing the sensitivity of the eye with 
different wavelengths of light (in Angstrom units). 
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Right: Fig. 3. Colour 
triangle illustrating the 
subtractive mixing of 
colours by filters. 
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Left: Fig. 2. Colour 
triangle illustrating 
the additive mixing 
of coloured lights. 
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which is regarded as unbiased to any particular 
colour, a different unit is favoured, and is of particular 
convenience in colour television. This unit is defined 
by the statement that 1 unit of red+i unit of green 
+1 unit of blue match 1 lumen of white 

or 1 lumen of white = 1(R)+l(G) +1(B). 
These units are referred to as trichromatic units or 
T- units. To preserve the law of additivity 1 lumen 
of white is taken as equal to 3 T -units 

1 T -unit of white ° 0.33(R) ±0.33(G) + 
0.33(B). 

If we are still thinking of the same white as above 
and the c.r.t. phosphors it follows that 

1 T -unit of red = 0.3 lumens 
1 T -unit of green = 0.59 lumens 
1 T -unit of blue = 0.11 lumens. 

When a colour is quoted as matched by so many 
T -units of red, green and blue, its brightness can be 
found by multiplying the red T -units by 0.3, the 
green by 0.59 and the blue by 0.11 and adding. 

At present the electrical outputs from the red, 
green and blue camera tubes are adjusted to be equa. 
when the camera is looking at the standard whitel 
The camera outputs are in effect then in T- units. 
To obtain a signal proportional to brightness it is 
necessary to multiply the red output by 0.3, the 
green by 0.59, the blue by 0.11 and add. Thus we 
have the often recurring equation 

Luminance signal Ey = 0.3 ER + 0.59Ea + 0.11ER 
where ER, Eo and ER are the camera outputs when 
looking at the particular colour and they would be 
equal if the colour were standard white. 
Standard White. -There is unfortunately no single 
standard white. Equal- energy white is the white 
observed when all spectral colours are present with 
equal energy -this is somewhat blue. What is known 
as Illuminant B is the white of direct sunlight 
while Illuminant C is the white of sky -scattered sun- 
light. Illuminants B and C may be obtained by 
placing suitable filters in front of a tungsten lamp - 
known as Illuminant A. The figures quoted above 
refer to Illuminant C. 
The Colour Triangle. -If a colour be matched by 
R T -units of red, G T -units of green and B T -units 
of blue, this may be written: - 

(R + B + G) T -units of colour = R(R) + G(G) 
+ B(B) 

or 1 T -unit of colour 

R + B + G (R) +R +B +G(G) +R +B +G(B) 

GREEN LED 
R 

CYAN BLUE 

DOMINANT WAVELENGTH 

MAGENTA 

5.600 PW = SATURATION COLOUR P 
QW 

4,800 

03 
r 

Fig. 4. Spectrum locus diagram. Note that white (point 
W) bccurs at r =g =0.33. 
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Now write 
R G 

r R +B+G, g R +B+G etc. 

then 1 T -unit of colour = r(R) + g(G) + b(B) 
where r -{- g -f- b = 1 

The values of any two coefficients, say r and g, 
specify the original colour without any reference to 
its brightness. These two quantities can be plotted 
and a colour triangle based on the primaries chosen 
is obtained. If now each colour of the visible spec- 
trum is treated in this way and its colour point is 
plotted as in Fig. 4; a continuous line is obtained 
which is called the spectrum locus. It will be ob- 
served that many r and g values appear together 
greater than unity and some are in fact negative. 
What is the significance of negative colour? Here 
the truth must be revealed that it is in fact not pos- 
sible to match all colours by suitable mixtures of 
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three primary colours. Taking sodium light as a 
single example, it is possible to come fairly close to a 
match with red and green primary mixtures. If 
blue is added to the sodium light, however, a match 
can be obtained. Thus: 

sodium yellow + blue = red and green 
or allowing mathematical processes to intrude 

sodium yellow = red + green - blue 
the amounts of the three primaries being measured in 
T- units. 

In fact all colours lying outside the RGB triangle 
cannot be matched by the three chosen primaries 
and no real colour can exist outside the spectrum 
locus. Between the red and blue end lie the purples, 
the non -spectral colours which are mixtures of red 
and blue. 
Properties of the Colour Triangle. -If two 
colours represented by two points on the diagram 
are mixed, the mixture colour lies on the line joining 
these points. Where it lies depends on the relative 
amounts of each colour used. Colours lying at the 
extremities of a line passing through white are called 
complementary colours, for suitable mixtures of 
complementary colours match white. 

A colour may be specified on such a diagram by 
drawing a line through the colour point (P), End 
white (W), and producing it to cut the spectrt m 
locus at a point (Q), corresponding to some particular 
wavelength called the dominant wavelength. The 
ratio of the distance of the point from the white 
point to the distance from the spectrum locus to the 
white point measures the purity or saturation of the 
colour. Dominant wavelength and saturation specify 
the colour. A suitable mixture of white and the 
dominant wavelength would match the colour. 
The presence of white in a colour desaturates it- 
it becomes paler; for instance red tends to pink. 
Dominant wavelength and saturation thus offer an 
alternative means of specifying colour. 
Colours of No Brightness. -Once negative amounts 
of colour are accepted it must follow that there are 
points on the diagram corresponding to colours 
having no brightness. The brightness, it may be 
remembered, may be obtained by multiplying the 
T -units of each primary by the appropriate factors 
(0.3, 0.59 and 0.11). 

i.e., brightness = 0.3r + 0.59g + 0.11b 
If this is zero we have:- 

0 = 0.3r + 0.59g + 0.11b 
butr +g +b =1 

.'.0 =0.3r +0.598 +0.11(1 - r +g) 
i.e., 0 = 0.19r + 0.48g + 0.11 

This is the equation of a straight line. Colours lying 
on this line have no brightness. The line is called 
the alychne and will have importance in the later 
development of the subject. Fortunately this line 
does not pass through the region of real colours 
so that we are not faced in practice with colours of 
no brightness. They would no doubt be singularly 
difficult to detect ! Below this line lie colours of 
" negative brightness." 
Colours of Surfaces. -A surface is coloured by 
virtue of the light it reflects after selective absorption 
of the incident illumination. Because the spectrum 
locus is fairly straight between greenish -yellow and 
red it follows that mixtures of spectral colours in 
this region will themselves be on the spectrum locus. 
A wide spectral band may be reflected from a sur- 
face, i.e., it will appear bright, and yet it can have a 
saturated colour if the reflected colours lie between 
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Fig 5. Red, green and blue distribution coefficients. 
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Fig. 6. Method of splitting light into three colour com- 
ponents in a colour television camera. 

greenish -yellow and red. Yellow and orange are in 
consequence usually bright saturated colours. 

Because the spectrum locus in the green region 
of the spectrum is so convex it follows that any wide 
band of reflected light in this region of the spectrum 
will inevitably produce a mixture colour which lies 
within the spectrum locus, i.e., a desaturated colour. 
Thus, bright greens are invariably desaturated 
greens. Saturated greens are very dull. At the blue 
end of the spectrum the eye sensitivity is falling away 
and saturated blues are also very dull colours. 
These facts are important when choosing the primary 
colours to be used for matching. It is more important 
to be able to match saturated yellows and oranges than 
greeny blues as the last -mentioned only occur at 
very low brightness levels. 
Colour Analysis. -The colour television receiver 
should produce a coloured picture which matches at 
every point the colour of the original scene. This 
means that the camera outputs must control the 
point by point magnitudes of the red, green and blue 
phosphor brightnesses. A close connection must 
therefore exist between the colours of the primary 
phosphors and the colour filters used in the camera. 

To obtain the overall camera response curves, the 
standard white is imagined split up into a large 
number of narrow spectral bands and each band in 
turn is matched by measured amounts of red, green 
and blue primary. A plot of these amounts (dis- 
tribution coefficients) against wavelength give curves 
of the sort shown in Fig. 5. As the addition of all 
the wavelengths gives the standard white so the 
areas under the three curves are equal, for equal 
quantities of red, green and blue are, by definition, 
required to match this white. The colour responses 
of the red, green and blue cameras must have the 
shape of these curves. 

It is not, of course, possible to cater for the 
negative -going portions of the response curves in the 
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Fig. 7. Plot of distribution coefficients .7, 7 and i. 
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Fig. 8. C.I.E. trichromatic co- ordinates with spectrum 
wavelengths in millimicrons, Illuminants A, B and C, and 
N.T.S. C. primaries. 

present state of the art. This implies, as has been 
stated earlier, that only colours lying within the 
RGB triangle formed by the phosphor colours can be 
accurately matched. 

The light falling on the colour camera may be 
split into three components by devices known as 
dichroic mirrors, as shown in Fig. 6. One mirror 
reflects the blue end of the spectrum and transmits 
the rest. The second reflects the red end of the 
spectrum and transmits the remainder which is a 
band in the middle of the spectrum. The reflection 
(or transmission) wavelength characteristic of the 
dichroics multiplied by the camera's characteristic 
may approximate quite well to the desired response 
for analysis. In general, however, further filters are 
required and they are known as shaping filters. 
International Colour Specification. -Colour 
points and triangles referred to earlier depend entirely 
on the original choice of the three primary colours. 
Figures mentioned have been derived from primaries 
which are the phosphors at present in use in colour 
tubes. For accurate and reproducible colour 
measurement such primaries would be undesirable 
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and in practice monochromatic colours from the red, 
green and blue regions of the spectrum are chosen 
(7000Au -red, 5461Au -green and 4358Au- blue). 

These colours are not easy to produce at any great 
level of brightness or with simple apparatus and 
many experimenters would prefer to use different 
primaries. It is clear, however, that no comparison 
of the work by one experimenter with that of another 
is possible unless the results of one can be translated 
from one set of primaries to another. 

The three monochromatic colours mentioned above 
might well have been chosen as the basis of inter- 
national colour specification and all those desirous 
of communicating their results to others would have 
translated their practical observations taken with 
their own primaries to the international ones. This 
is a straightforward process once it is known where 
one set of primaries lie on the RGB diagram of the 
other; it is just a question of mathematics. 

As any such transformations are possible it was 
decided to choose three primary colour points for 
the international specification of colour which would 
dispose of negative values for colour co- ordinates, 
i.e., the triangle formed by three such points must 
completely enclose the spectrum locus. The points 
must therefore lie outside it and will represent 
imaginary or super -saturated colours. This triangle 
is referred to as the XYZ triangle. X and Z lie on 
th° alychne and are therefore " colours " of no 
brightness. Y is chosen so that the line YX lies 
along the straight portion of the spectrum locus. 
This means that many spectrum colours are specified 
by YX values alone. 

By means of a change of axes the XYZ triangle 
can be made a right -angled triangle and the white 
point (this time equal- energy white) arranged to be 
at x = 0.3, y = 0.3. This is the C.I.E. chromaticity 
diagram and represents the international reference 
frame for colour specification. 

A plot of the distribution coefficients x, ÿ and x 
gives curves as shown in Fig. 7 (the bars over the 
letters being used to distinguish distribution 
coefficients from trichromatic coefficients). It may 
be observed that the ÿ curve has the shape of the 
luminosity curve referred to at the beginning of this 
article. This implies that X and Z values contain 
no brightness information and this is a consequence, 
of course, of choosing X and Z to lie on the alychne. 

No negative -going portions exist as the whole of 
the spectrum locus lies within the XYZ triangle. 
Filter photocell arrangements can be made to have 
responses of the shape of the z, ÿ, z curves shown 
in Fig. 7. With three such cells nothing is easier 
than to determine the C.I.E. chromaticity of a 
particular light source. The output of each cell when 
illuminated with equal- energy white (obtained by 
means of a suitable filter over a tungsten lamp) is 
made equal (electrically -say by means of a variable 
meter shunt). Each cell is then illuminated with the 
colour to be measured and the X, Y and Z outputs 
noted. Y gives the relative brightness of this colour 
to the white. The chromaticity co- ordinates are then 

X Y 
x X+ Y } Z' Y X+Y Z' 

and z - 
X + Y + Z 

and the x, y values are plotted. A number of points 
obtained in this way are shown on the diagram Fig. 8. 
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Looking at Square Waves 
A Direct Approach to the Interpretation 
of Distortion 

T HE advanced textbooks on electronic subjects 
apply mathematical analysis to the question of what 
happens to a square wave in passing through an 
amplifier, and fill their pages with exponentials; or 
perhaps soften up the problem by a determined 
brandishing of mathematical atom bombs in the 
shape of Laplace transforms, or Heaviside operators 
-all of which leave the average not -too-mathematical 
enthusiast trudging along miles behind, and very 
likely regarding the whole business as akin to devilry, 
or as just clever examples of " Senior Wrangling." 
The real "amateurs' books," on the other hand -and 
particularly two modern American ones -sometimes 
include in their illustrations examples of square -wave 
distortion that never were on land or sea, and also 
provide interpretations which are often quite 
erroneous. 

It is possible, however, to explain the process of 
square -wave distortion in an amplifier by simple 
physical methods, and though (apart from " Cathode 
Ray's " famous series of articles) descriptive explana- 
tions may seem to be rather infra dig. in a paper such 
as Wireless World, an attempt in this direction may 
perhaps not come too much amiss, particularly when 
augmented by diagrams which show the amount of 
variation in frequency response and phase -shift indi- 
cated by different degrees and kinds of wave -form 
distortion. Therefore, leaving the mathematicians to 
their fun and games I will endeavour to explain to 
fellow readers the results of much reading and a few 
experiments. 

As is so well known that I am repeating it here, all 
regularly recurring wave -forms- square, triangular, 
pulsed, or as "wiggly" as you please -can be shown 
to be built up from sine waves, and a Fourier series 
shows that to produce a square wave of amplitude A 
and frequency f, the following recipe is essential :- 

1. A sine wave of frequency f and amplitude 
4A /r. 

2. Another sine wave of frequency 3f and 
amplitude 4Á/37r. 

3. Another sine wave of frequency 5f and 
amplitude 4A/5 7r 

and so on using all the odd harmonics off in the 
proportions indicated, theoretically up to infinity. 

Incidentally all the sine -wave harmonics must be 
in phase with the fundamental; if one takes the same 
recipe but adds the harmonics in antiphase the 
resulting concoction is a sharply peaked wave -form -a culinary contretemps which would puzzle Philip 
Harben no end ! 

If such a square wave is pushed through an ampli- 
fier which either attenuates or accentuates the higher 
harmonics, it is obvious that its wave shape will be 
somewhat changed in the process -but in what way, 
and why? 

A rough physical idea of the how and why is gained 
by concentrating on the "verticals" of the square 
wave. The quotes here have their common ironical 
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significance, since the " verticals " are never truly 
vertical : if a good square wave is produced on a c.r.o. 
screen, and then the time base is speeded up suffi- 
ciently, these verticals will be found to have a decided 
slope, showing that they take a definite time (as 
represented by distance along the horizontal axis) to 
be traced out. This " rise -time " is, of course, the 
standard test of an amplifier's high- frequency re- 
sponse. Now if the verticals are thought of as being 
produced by one " side " of a sine wave with a fre- 
quency 100 times (say) that of the square wave and 
of the same amplitude, it is obvious that at a time - 
base speed slow enough to show several complete 
square waves the " sides " of the sine wave would be 
indistinguishable from a vertical trace, though there 
would, of course, be fifty of them to each horizontal 
of the square wave. Thus it seems physically more 
than likely that it is the higher harmonics of the 
square wave that are together responsible for the 
verticals, despite their continual decrease in ampli- 
tude with increasing frequency. In fact, if we draw 
a bow at venture and claim that attenuation of the 
higher harmonics of the square wave will reduce the 
straight upright part of the verticals, and accentua- 
tion will lengthen them, a practical test shows that we 
are toxophilites of no mean order, for this is just 
what does happen : attenuation of the square wave's 
higher harmonics rounds off the leading (left -hand to 
you) edge of the wave -form to an increasing degree 
till eventually, with large attenuation, no vertical part 
remains; accentuation lengthens the verticals, produc- 
ing pronounced peaks, or over -shoots, which very 
rapidly drop back to their proper horizontal level. 
The two effects are shown in Figs. 5 and 6 respec- 
tively. 

The above reasoning may seem to be a rather 
shady piece of " Junior Wrangling " -more post hoc 
than propter hoc, in fact -but it is generally true, 

XIi; .. 

, 

Iy ; 
_ f 

Fig. 1. Square wave with its sine -wave fundamental 
(dotted line), and the same fundamental with a phase - 
lead (dashed line). 

z 
.; 

s' :. 

,: 

Fig. 2. Square wave with its sine -wave fundamental 
(dotted line), and the same fundamental after attenuation 
without phase- shift. 
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though of course the problem is complicated first by 
the fact that all the harmonics above the amplifier's 
turn -over point are affected, and, secondly, by the 
co- existence of phase- shift, which has its own 
undetermined effect. 

However, at the low- frequency end the effects of 
variation in response and of phase -shift are quite dis- tinct, and both amenable to a direct diagrammatic 
explanation. 

A possible square -wave frequency for a low - 
frequency test might be 50 c /s, and if such a square 
wave is injected into an amplifier so decidedly 
" Low -Fi " that its response begins to fall off at 
5 kc /s (the 100th harmonic of 50 c /s), the verticals and 
edges of the wave will still be reproduced in all their 
pristine perfection, since all harmonics up to the 99th 
are being fully catered for. On the other hand, since 
the square wave contains no frequencies below its 
fundamental, provided this is passed through without 
phase -shift or amplitude variation, the output square 
wave will be a replica of the input. Thus if the 
amplifier included a fantastic filter which allowed it 
to have perfect response at 50 c /s, but negligible 
response with appalling phase -shift at 45 c /s, it 
would still reproduce perfectly a 50 c/s square wave. 
This fact is emphasized because more than one book 
which deals with this subject implies or states that 
square -wave distortion gives an indication of 
amplifier response below the square -wave frequency. 
One could, by extrapolation from existing distor- 
tion, deduce the probable response below the square - 
wave frequency, but extrapolation can be a snare 
(cf. Scroggie's " Radio Laboratory Handbook," p. 
355). As an example, one Williamson amplifier had 
a small peak at around 10 c/s : a test with a 15 -c /s 
square wave might show perfect response, whereas 
10 c/s would reveal the slight peak. If then the 
amplifier has phase- shift or change in amplification 
at 50 c/s, what sort of distorted square wave will 
come out of its spout? And why? 

Phase -shift 
First, the effect produced by phase- shift. Fig. 1 
shows a square wave on to which has been super- 
imposed as a dotted line its sine -wave fundamen- 
tal, whose amplitude is 4/r times that of the square 
wave. The two wave -forms are of course exactly 
in phase with each other. If after passing through 
the amplifier the phase of the fundamental is given 
a lead of 5°, say, without any appreciable variation 
in gain (as would normally be the case), its new 
position would be as shown by the dashed line. 
Incidentally with only 5" phase -shift at the funda- 
mental, the amount taking place at the 3rd harmonic 
(150 c /s) would be nearly negligible. The result of 
this shift in the position of the fundamental relative 
to the original square wave will obviously be to lift 
the leading edge by the amount x, and to drop the 
trailing edge by the amount y, and in actual fact all 
other points on the horizontal are similarly raised 
or lowered to such a degree that the horizontal 
remains quite straight, but tilts, as shown in Fig. 3(a). 
The actual amount of tilt for 5° shift is about 12% 
-Le., the corners are lifted or dropped by an amount 
equal to 12% of the whole vertical side of the wave. 
In just the same way a phase -lag- shifting the funda- 
mental to the right on the diagram -would cause the 
same amount of tilt, but in the opposite direction. 
The shift shown in the diagram has of course been 
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Fig. 3. Diagrams showing square -wave distortion when 
the fundamental is attenuated (with phase -shift) to the 
following degrees: (a) negligible attenuation; (b), 0.9 
( -1 dB); (c), 0.8 ( -2 dB); (d), 0.7 ( -3 dB); (e), 0.6 
( -4.5 dB); (f), 0.5 ( -6 db); (g), 0.4 ( -8 dB); (h), 0.3 
( -10.5 dB). 
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(a) (b) (e) (d) (e) (f) (g) 
Fig. 4. Diagrams showing square -wave distortion when 
the fundamental is accentuated (with phase- shift) to the 
following degrees: (a), flat " condition; (b), 1.2 (+1.5 dB); (c), 1.4 (+3 dB); (d), 1.6 (+4 dB); (e), 1.8 (+5 dB); (f) 2 (+6 dB); (g), 3 (+9.5 dB). 

exaggerated for clearness. As a detector of phase - 
shift the method is very sensitive, and as little as 1° 
shift causes a noticeable tilt. 

Secondly, amplitude attenuation or accentuation. 
Fig. 2 shows a square wave with its normal sine - 
wave fundamental, but this time the fundamental 
(dashed line) has been reduced in amplitude but not 
shifted in phase (unlikely, but assumed for clearness). 
If only the fundamental is affected, the result will be 
to lower the middle of the horizontal by the amount 
z, leaving the ends unaffected, and also to lower all other points so that the horizontal now curves down- 
wards. This concave curvature is the indication of 
falling response at the fundamental, and when this is 
so large that some drop also occurs -at the 3rd and 
perhaps 5th harmonic as well, the wave -form begins 
to take on an exponential shape, as shown in Fig. 3(e). 
If there is accentuation of the fundamental it is also 
apparent that the curvature will be convex, instead of 
concave. 

Normally, of course, the two effects appear to- 
gether, but phase -shift always shows up first. As 
stated above, a 5° phase -shift gives 12% tilt, which is 
very easily seen, but the change in amplification that 
accompanies this in a normal R-C- coupled amplifier 
can be shown to be about 1%, or 0.04 dB, which 
would produce a quite undetectable amount of curva- 
ture in the horizontals. Fig. 3(b) shows the amount 
of curvature produced by a 1-dB drop at the funda- 
mental : it is quite small, but the tilt for the corre- 
sponding phase -shift is pronounced. Thé normal 
falling -off in low frequency response due to the in- 
creasing reactance of coupling capacitors causes a 
phase lead, whereas the normal " bass -lift " tone - 
control causes a phase lag : the latter effect can be 
seen in Fig. 4, where, owing to the bass -lift circuit, 
the normal phase -lead produced in the " fiat " posi- 
tion is overridden and eventually turned into a large 
phase lag, with a tilt in the opposite direction. 

If a band -stop filter is included which removes 
a narrow band of frequencies centred on f, 
one gets practically the same result as for normal 
l.f. attenuation, with the difference that the loss at f 
is very high, whereas that occurring at 3f, 5f, etc., is 
much less than would take place when the falling 
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response was due to normal R -C couplings. In this 
case the horizontals show a deep central dip which 
slopes evenly up to the corners. If the band of fre- 
quencies removed is situated at the h.f. end, the 
horizontals have a sharp narrow dip near the leading 
edges. There may be a mathematical explanation or 
analysis of this, but I doubt if it can be explained in 
physical terms. 

The above descriptive explanations may be debat- 
able, and perhaps of limited interest, but it is hoped 
that the diagrams may prove to be of practical value. 

Measurement of phase -shift is of less importance 
in audio work, since the ear is insensitive to it, and 
in any case equalizers and tone -controls necessarily 
produce phase -shift -though surely a perfect record 
characteristic equalizer should restore the correct 
phase relations that were altered by the circuits used 
in the recording process. Since, however, the main 
amplifier should cause minimum phase- shift, square 
waves can easily be used to ascertain the amount it 
does produce by applying the formula : Sin 6 =irx /4, 
where O is the phase -shift in degrees at the testing 
frequency, and x is the fraction of the whole vertical 
side of the square wave that any corner is moved 
away from its normal position by the phase -shift tilt. 

Amplitude Variations 
More important are variations in amplification over 
the audio band. Unfortunately it is impossible to 
apply any method for measuring the actual curvature 
produced, owing to the simultaneous phase -shift 
effect, and to the fact that the curves soon take on an 
exponential shape. Therefore a series of tracings 
were made from a c.r.o. screen under specified con- 
ditions, and these do give a fairly accurate idea of 

the amount of gain or loss involved. 
The equipment used for this purpose was -apart 

from a sine /square -wave generator -part of a pre- 
amplifier having the Williamson low -pass sharp -cut 
filter (used in its "flat" position), and the Baxandall 
tone -control. Tests showed that these circuits had 
only about 1 dB loss at 25 kc /s, and the output con- 
nections to the c.r.o. were taken direct to the Y- plate, 
under which conditions the c.r.o. would produce 
perfect square waves at 10 c/s and 20 kc /s. In any 
case small deficiences in the whole set -up could be 
corrected at the start of each measurement by very 
small adjustments to the tone control: actually the 
correct " flat " position of the control could best be 
found, especially on h.f. tests, by ensuring that a 

good square wave was produced. The Baxandall 
tone -control has a peak in its response well above the 
audio range, and to ensure that this did not vitiate 
the results the h.f. tests were carried out mainly at 
1 kc /s, using up to about 3 kc /s when a large" drop" 
or "lift" was required. In any case the diagrams are 
intended to be useful only for audio work when the 
normal types of R -C voltage amplifiers would be 
used. 

Procedure at l.f. was as follows. A 50-c /s square 
wave was passed through the amplifier and into the 
c.r.o., and the bass control adjusted to its " flat " 
position. The resulting trace, Fig. 3(a), shows that 
there was considerable phase -shift, but no visible 
attenuation, as the slopes are quite straight. The 
square wave was then changed to a sine wave, also 
at 50 c/s and the c.r.o. tracing adjusted to give a 

peak- to-peak reading of 10 divisions on the calibrated 
screen, the tone control was then moved to reduce 
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(a) (b) (c) (d) (e) 

Fig. S. Diagrams showing square -wave distortion when 

there is 6 dB loss at the stated multiples of the square - 

wave frequency (f): (a) 10f; (b), 5f; (c), 3f; (d), 2f; 
(e), at f. 
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(a) (b) (c) (d) (e) 

Fig. 6. Diagrams (except e) showing square -wave dis- 

tortion when there is the stated amount of over -amplification 
at IO times f: (a), 1.1 (I dB); (b), 1.2 (1.5 dB); (c) 1.4 
(3 dB); (d), 2 (6 dB); (e), 2 (6 dB) at 5f. 

the response at this frequency to 9 divisions, a drop 
of about 1 dB. The wave -form was then returned to 
a square -wave shape, and the actual wave -form on 
the screen was traced through transparent paper, giv- 
ing the result shown in Fig. 3(b). The whole process 
was repeated, with the bass control adjusted to re- 
duce the gain at 50 c/s from 10 to 8 divisions, and 
the resulting wave -form again traced, as in Fig. 3(c). 
Other values down to 10.5 dB drop were also obtained 
as shown. The same procedure was used to deal with 
given values of " lift " at 50 c /s, as in Figs. 4(a) -(g). 

The diagrams are, of course, independent of fre- 
quency, although actually made at 50 c /s, and in 
the cases where they represent only a small attenua- 
tion at the square -wave frequency, it can be assumed 
that there is a drop at this frequency only, and none 
at 3f even; where there is a large drop at f, there is 
likely to be some drop at 3f too, but in any case the 
response curve is that of a typical tone control, and 
should apply with a minimum of error to any normal 
audio amplifier. Therefore, in order to test the 1.f. 

response of an amplifier, one need only pass through 
it a square wave of 75 c /s, say, adjusting the c.r.o. 
sweep speed so that the wave -form is about the same 
size as that in the diagrams, and reduce the freqency 
until a suitable amount of curvature is produced, 
when the attenuation at the test frequency can be 
estimated with reasonable accuracy from the 
diagrams given. 

H.F. Response 
The procedure at the upper end of the audio 
band is more complicated, and the results unfor- 
tunately less certain in their significance, since in 
this case all the square -wave harmonics above the 
amplifier's turn -over point are attenuated to a 

steadily increasing degree, and at a rate depending 
on the nature of the response curve above that point. 
Luckily the response usually falls off at about the 
same rate for normal types of amplifier, but it may 
possess a noticeable rise at supersonic frequencies, 
as when negative feedback is applied over a trans- 
former. Nevertheless, I think that the appended 
diagrams for h.f. response would have a general 
application. 

To produce the diagrams, first a 1 -kc /s square 
wave was used, and the treble control adjusted 
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slightly to give a good square -wave shape. The 
input was then changed to a 9 -kc /s square wave, 
and the output set to give a 10- division trace, as 
before, which was reduced by the treble control to 
5 divisions -a drop of 6dB at 9kc /s. The original 
1 -kc /s square wave was then again injected, and 
the new wave -shape traced, as in Fig. 5(a), showing 
the effect of a 6 dB drop at the 9th harmonic of the 
square wave, with an increasing drop above that 
frequency. Similar tests produced the diagrams in 
Figs. 5(b) to (e), for a 6 dB drop at 5 kc /s, 3 kc /s, 
2 kc /s and 1 kc /s, respectively, when using a 1 -kc /s 
square wave. Actually, as mentioned above, a 
slightly higher square -wave frequency had to be used 
when the tone -control was unable to give sufficient 
drop, but the proportions between the square wave 
and the harmonic frequency at which the attenuation 
was taken were kept the same, and the resulting 
change in amplifier response to the much higher 
square -wave harmonics (only 1 dB down at 25 kc /s 
as stated above) should not have made any really 
marked changes in the wave- shape. Note that with 
the 6 dB drop occurring at 2f, the output square - 
wave amplitude was about 13 /14ths of its original 
value, since there was also a few dB drop at f as 
well; also with 6 dB drop at the fundamental, f, the 
amplitude of the output (now far from square) was 
about 0.7 of its original value. It is also worth 
noticing the difference between the square -wave 
distortions produced by attenuating the fundamental 
6 dB when working at the l.f. end, and so having 
only small simultaneous attenuations at 3f and per- 
haps 5f, but full reproduction of all harmonics from 
7f onwards (Fig. 3(f)), and attenuating the funda- 
mental 6 dB, and all higher harmonics to an increasing 
degree, as when working at the h.f. end (Fig. 5(e)). 

The effects caused by " top -lift " were traced in 

the same way, except that four values of " lift " were 
used at 9 kc/s, and one at 5 kc/s, giving the results 
shown in Figs. 6(a) to (e). 

Again, as suggested for the l.f. end, if a 1 -kc /s 
square wave is passed through an amplifier, and 
the frequency increased until the corners become 
rounded, about as in Fig. 5(a), it can be assumed that 
there is about 6 dB drop at 9f, if the response curve 
above that point falls off at a normal rate, as would 
usually be the case. As an illustration of what 
happens when the response curve is abnormal, a 
test was made with a 5 -kc /s square wave which 
was reproduced quite well when all controls were 
in the " flat " position, but when the sharp -cut filter 
was switched to its 12 -kc /s position, the square 
wave was converted to a somewhat triangular - 
shaped sine -wave. In this position of the filter there 
was 6 dB drop at 12 kc /s with an attenuation of some 
30 dB per octave above this frequency, and a slight 
rise at a considerably higher frequency: the more - 
or -less complete removal of the 5th and higher har- 
monics of the square wave completely destroyed its 
shape. 

Luckily no normal " straight " amplifier or pre- 
amplifier has this kind of h.f. response curve: one 
gets it only by the use of parallel -T networks, nega- 
tive feedback, and expensive 1% resistors and capa- 
citors -and then, if like me you are no connoisseur 
of antique 78 r.p.m. records, you hardly ever have 
occasion to use it! 

" Unconventional F.M. Receiver " 

Correction. -On page 261 of the June issue the core 
of B4 Ferroxcube should be list No. FX.1146 (as in 
Fig. 6). The list No. FX.1595 refers to the B2 Ferrox- 
cube core tried as an alternative. 

TELEVISION PICTURE QUALITY 
This comparison of the relative definitions offered by different 
television systems appeared as an Editorial in the July number 

of our associated journal Wireless Engineer. 

ALTHOUGH there is no immediate prospect of 
a colour television system coming into operation in 
this country, there is a good deal of discussion going 
on about the standards which should be adopted. 
There is a school of thought which considers that 
compatability with the present black- and -white 
television service is unnecessary and that when 
colour does come it can be, or even should be, on 
different standards. 

A view which is quite often expressed is that 
Great Britain should adopt the same colour 
standards as the Continent and there is good reason 
to believe that this means a 625 -line version of the 
American N.T.S.C. system. There is, of course, 
no suggestion that the present 405 -line system 
should be abandoned so far as monochrome trans- 
mission in Bands I and III are concerned. The 
suggestion is that no attempt should be made to 
introduce colour into these but that colour should 
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be developed as a parallel service in Bands IV and 
V. 

Although superficially attractive, there are a good 
many objections which can be raised against such 
a scheme. We do not propose to discuss them now, 
however, for we are more concerned with the 
underlying idea that 625 lines is a more suitable 
standard for television than 405 lines. In some 
circles, it seems to be taken for granted that it is 
greatly superior. The fact that the Continent only 
adopted 625 lines after a lengthy examination of 
our 405 -line and the American 525 -line systems is 
often thought to be evidence of its superiority. 

We ourselves think that they made a mistake in 
choosing their standards. We thought so at the 
time and, having seen 625 -line television, we still 
think so. We do not mean that the 405 -line system 
is better than the 625 -line. What we do mean is 
that the 625 -line system does not make the best 
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use of the 5 -Mc /s bandwidth allotted to it. We feel 
strongly that, for this bandwidth, the number of 
lines should be around 500 and that this would give 
better pictures than either 405 or 625 lines. 

The important factors concerned with this 
matter of lines are not always as clearly realized 
as they should be. We propose, therefore, to corn- 
pare them for the two existing systems. 

First of all, in the 405 -line system there are 377 
active lines; that is, lines conveying visible picture 
information. In the 625 -line system there are 575 
active lines. There is no doubt at all that, in res- 
pect of vertical definition, the 625 -line system is 
575/377 =1.53 times as good as the 405 -line. This 
improvement of 53 % in vertical definition is 
accompanied by a proportional reduction in the 
visibility of the line structure, which is in itself a 
good thing. Too much importance should not be 
attached to it, however, for methods exist (e.g., 
spot- wobble) by which the visibility of the line 
structure can be reduced. 

In the horizontal direction, the definition depends 
on the velocity of the scanning spot and the band- 
width. It is quite usual to assess horizontal defini- 
tion in terms of a chess -board type of pattern. The 
fundamental component of the waveform produced 
by scanning such a pattern is a sinusoid of which 
one cycle corresponds to two adjacent elements of 
the chess- board. If the duration of the active part 
of a line is TI and there are n elements per line, the 
duration of one cycle of this sine wave is 2T, /n. 
The frequency is thus n /2T, and this is taken as 
the upper limit of the video bandwidth. 

This is rather an arbitrary relation, but it is 
practically useful and, in any case, it is valid for 
comparing different systems. With 405 lines, the 
frequency is 3 Mc /s and T, is 80.95 µ sec. There- 
fore, n =2 x 3 x 80.95 =485.7 elements per line. With 
625 lines, the frequency used is 5 Mc /s and T, is 
52.32 p sec, so n=2 x 5 x 52.32=523.2 elements per 
line. The horizontal definition is thus 523.2/485.7 
=1.075 times that of the 405 -line; that is, an im- 
provement of 7.5%. 

The facts are thus, that 625 lines gives 53% 
better vertical and 7.5% better horizontal defini- 
tion than 405 lines. For this, it requires a greater 
bandwidth. The video bandwidth is greater in 
the ratio of 5/3 =1.66 and the channel bandwidth 
(i.e., the band occupied by both sound and vision 
transmissions) in the ratio 7/5 =1.4. 

The aspect ratio is 4/3 in both cases. With 405 
lines, there are 485.7 x 3/4 =364 elements in the 
same linear distance as the 377 active lines. The 
definition is thus virtually the same in both the 
vertical and horizontal directions. With 625 lines, 
there are 523.2 x 3/4 =392 elements in the same 
linear distance as the 575 active lines. The vertical 
definition is thus 575/392 =1.46 times as good as 
the horizontal. 

It is clear that the 625 -line system gives better 
definition than the 405 -line but at the expense of 
40% more channel width. The improvement is 
almost entirely in vertical definition. For practical 
purposes the two are virtually the same in hori- 
zontal definition. 

If the bandwidth is kept constant, altering the 
number of lines improves the definition in one direc- 
tion across the picture at the expense of the other. 
It is clear that there must be an optimum number 
of lines and it is not unreasonable to suppose that 
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it occurs when the definitions in the two directions 
are the same, as in the 405 -line system. If the two 
are not the same, in which direction should the 
definition be the better? We ourselves feel that 
horizontal definition is more important. 

In support of this view, we instance the follow - 
ing:- 

(a) In the cinema, the tendency is all to wide 
screens, emphasizing the horizontal direction. 

(b) In laboratory tests of 405 -line and 625 -line 
pictures, each having the bandwidth of its 
particular standard, we find it hard to say 
with certainty which is which, unless there 
is a direct comparison. 

(c) In laboratory tests of the 405 -line system with 
unrestricted bandwidth against 625 lines with 
5 -Mc /s bandwidth, we find that the 405 - 
line system gives the better picture. 

In the 625 -line system, the extra 2 Mc /s of band- 
width is used almost entirely to increase the vertical 
definition. It is this that we think wrong. We think 
that 405 lines with a 5 -Mc /s bandwidth would give 
a better picture. We do not say, however, that the 
proper number of lines for this bandwidth is 405. 
Probably the right thing to do is to keep the defini- 
tion in both directions the same and, for 5 -Mc /s 
bandwidth, that means about 500 lines, as we said 
earlier. 

It should be unnecessary but, in view of the figure 
of 500, perhaps we should point out that this does 
not mean that we think the American 525 -line stan- 
dard is the right one. That has a 60-c /s frame 
frequency and a 4 -Mc /s bandwidth and gives in- 
ferior horizontal definition to the 405 -line system. 

In saying all this, we are not advocating any 
change of standards by anyone. So far as mono- 
chrome television is concerned, that is impractic- 
able. What we are concerned about is that, if the 
introduction of colour is made on standards other 
than 405 lines, the new standards should be the 
right ones. If it is practicable to have different 
standards for colour, we do not think that 625 lines 
with 5 -Mc /s bandwidth is right. For this band- 
width, 500 lines or so would be better but, better 
still, would be 625 lines with the 7.4 -Mc /s band- 
width necessary to equalize the definition in the two 
directions. W. T. C. 

Four -speed Record Changer 
A NEW version of the " Monarch " automatic record 
changer (type UA8) has been introduced with a choice 
of four turntable speeds including 16; r.p.m. for " talk- 
ing book " records. The new mechanism includes a 
neutral position in which the jockey wheel is disengaged 
from the motor spindle, and particular attention has 
been given to the reduction of "rumble." There is 
provision for manual operation of single records and 
the playing weight of the pickup arm is adjustable. 
Power consumption of the 4 -pole motor is 8 watts at 
240 V, 50 c /s. 

The makers 
are Birmingham 
Sound Repro- 
ducers, L t d., 
Old Hill, Staf- 
fordshire. 

B.S.R. type UA8 
four -speed record 
changer. 
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Servo Toning 
System 

A great deal has been heard about servomechanisms 
recently in connection with electronic control devices 
for automatic factories. This article gives an examp.'e 
of how a servo system is designed for a particular 
application, and has added interest because the applica- 
tion is in the field of radio. 

Remote Position Control of Transmitter Tuning Elements 

By D. SMART 

THE ground -to -air radio communications system 
of an airport has to be arranged so that any of 
the frequencies allocated for aircraft approach or 
landing control can be used without delay. This 
could be done by having a number of transmitters 
tuned to the different predetermined frequencies. 
By far the most economical solution, however, is 
to use a single multi -tuned transmitter with remote 
selection facilities. An example of this is a 1 -kW 
transmitter designed by Redifon which can be 
pretuned to ten frequencies in the 2 -26 Mc /s range, 
any one of which may be selected from a remote 
operating position. The maximum distance between 
the remote control point and the transmitter is 
limited only by the loop resistance of the single pair 
of control wires required for remote switching, 
modulating and keying. This loop resistance must 
not exceed 1,000 ohms, which means that control 
distances up to 25 miles can be achieved. 

Fig. 1 shows a simplified diagram of the r.f. 
circuit. A ten -position crystal oscillator feeds into 
an aperiodic buffer stage, ensuring maximum fre- 
quency stability. This is followed by another buffer 
stage with tuned anode load which feeds a driver 
stage for the power amplifier. Crystal and wave- 
band selection are carried out by solenoid- operated 
switches. Within each band, however, a two -to -one 
frequency coverage is needed, and this involves 
continuously variable elements. It can be seen 
from Fig. 1 that three such elements are involved, 
viz., driver tuning capacitor, p.a. tuning coil, and 
aerial loading capacitor. For automatic tuning to any 
of ten preset channels some means of accurately 
resetting these three variables had to be devised. 

The difficulties entailed in engineering a purely 
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mechanical system with the necessary degree of 
accuracy and reliability, coupled with simplicity re- 
quired for production, were judged too great. It 
was therefore decided to concentrate on an electro- 
mechanical servo system which combined accuracy 
and simplicity. 

A simple remote position -control servo system of 
the form shown in Fig. 2 was finally adopted. This 
is commonly known as a self -balancing bridge 
system. The two potentiometers R, and R1 connected 
across the voltage supply form the bridge. The 
amplifier input is connected across the potentio- 
meter slides and constitutes the bridge load. When 
the bridge is balanced there is no potential across 
the slides. Under these conditions there is no 
input to the amplifier and no resultant motion of 
the motor and load. When the slider of the set- 
ting potentiometer R3 is moved from its initial 
position, a potential is developed across the input 
of the amplifier. This is amplified and drives the 
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Fig. 2. Schematic of the remote position -control servo 
system used for tuning. 
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(6) (b) 

Fig. 3. Angular- to voltage -error translator: (a) simplified 
bridge network: (b) actual circuit. 
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Fig. S. Variation of output power and p.a. anode dissipation 
with angular tuning error in the aerial loading of the 
transmitter. 

motor, gearbox and load. The follow -up potentio- 
meter (R f) slider is mechanically coupled to the 
gearbox and therefore moves in such a way as to 
restore the bridge to balance. It can be seen that 
by sufficient amplification this sytem can be made 
very sensitive to potentiometer setting, thus achieving 
the high degree of accuracy required for tuning 
applications. Furthermore, by having ten setting -up 
potentiometers and switching from one slider to 
another, it is possible to make the load move to any 
of ten predetermined positions or tuning points. 

Any remote position -control servo system can 
be broken down into a number of basic elements. 
As they operate by virtue of an intial positional 
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error between the input and output members, 
there must always be some error -measuring device. 
This angular error can be written down as 

0 =Bi -0° .. (1) 
where Oi = input angle, B° = output angle and 

B = error angle 
and is converted into a voltage error, the magnitude 
and phase of which must correspond to the magnitude 
and direction of the angular error. The angular- to 
voltage -error translator is shown in Fig. 3; (a) is 
the bridge network in a simplified state, while the 
actual circuit is at (b). The object of the 10 -kS2 
series resistors is to keep the impedance presented 
to the amplifier at balance more constant. This 
makes the system sensitivity more constant over 
the potentiometer range. With the values shown 
the impedance varies by 25 %. The higher the 
value of R the smaller will be the percentage variation 
in impedance. This, however, calls for a larger 
voltage supply across the bridge or greater amplifier 
gain for a given sensitivity. The bridge is energized 
by 230 volts, 50c /s, which is the most convenient 
supply available. Although the use of a higher 
frequency supply, e.g., 400 c /s, would have con- 
siderably eased the design of the amplifier, this was 
not considered important enough to offset the dis- 
advantage of having to provide a 400 -c /s generator 
in an equipment where the servos are an important 
but small part of the whole. 

The follow -up potentiometers are ten -turn wire - 
wound helical potentiometers having an effective 
angle of rotation of 3,600 °. They consist of 11,500 
turns of resistance wire, giving a very good voltage 
resolution combined with compactness. This makes 
them very suitable for coupling to a gearbox. It 
can be seen that the error voltage is developed at a 
rate of 30 mV /degree. 

The thirty setting -up potentiometers are again 
ten -turn wirewound helical potentiometers with an 
effective angle of rotation of 3,600 °. They have 
slightly poorer voltage resolution, consisting only 
of 6,500 turns of resistance wire. This, however, 
affects only the accuracy of the initial setting -up, 
which can be made very great with care. 

The equation of motion of any remote position 
control servo can be set up from a knowledge of the 
accelerating and retarding forces. The accelerating 
force is KO, where K = controller factor, i.e., 
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output torque per unit angle error in oz-ins/radian. 
The retarding forces are given by the product of 
the output moment of inertia and output angular 

acceleration ( d20° 

J dt' ), plus the product of the friction 

coefficient and output speed ( 

\ 

F dt ), where J = out- 

put moment of inertia in oz-ins2 and F = friction 
torque per unit output speed in oz -ins sec /radian. 

&Bo 
Thus KO = J dt2 + F dt . 

(2) 
e° increases linearly with time at a rate determined 
only by the motor speed and gear ratio: thus 

00 = coot (3) 
de° 
dt 

and 

dz 

t2 = 0 (5) 

(4) 

Substituting (4) and (5) in (2) we have 
KO = Fw° 

0 = K .. .. (6) 

Equation (6) gives the steady state error in terms of 
output speed and system parameters. It would 
appear that by sufficient amplification, i.e., making 
K large, O can be made very small. There is a limit, 
however, to how large K can be made without 
incurring instability. This can be seen by examining 
the transient solution to equation (2). This is not 
dealt with in this article because of its length and 
complexity. In practice K was made variable and 
adjusted to achieve a compromise between accuracy 
and prolonged oscillation. 

The design procedure applied to all three servos 
was as follows: - 
(1) Knowing 0, F and w°, K was calculated from 

equation (6). 
(2) Knowing the error volts per radian and the motor 
torque per volt, the required amplifier gain was 
calculated. 

It was first necessary to determine the resetting 
accuracy required of all 
three servos. Figs. 4, 5 
and 6 show how p.a. grid 
current, power output 
and p.a. anode dissipation 
vary with angular error 
in tuning. From these it 
is possible to determine 
the maximum error per- 
missible in each case. 
These are: 

± 1.08° for aerial load- 
ing capacitor servo. 

± 1.1° for driver tuning 
capacitor servo. 

+ 1.5° for p.a. tuning 
coil servo. 

We shall consider only 
the aerial loading capaci- 
tor servo in detail. One 
important requirement 
was that the time required 
to change channels should 
be as small as possible. 

This means that the servos should have fairly high 
output speed. In the case of the aerial loading 
capacitor, with an angle of rotation of 180 °, the gear 
ratio was made 400: 1 between motor and load. 
This results in a maximum operating time of 5 
seconds for a motor speed of 3,000 r.p.m. 

The static friction in the system, mainly introduced 
by the follow -up potentiometer and gearbox, 
determines the minimum starting torque, hence the 
size of motor required. It was found to be 2 oz -ins. 
A two -phase servo motor with the following charac- 
teristics was chosen: moment of inertia, 0.16 oz -in 2; 
stalled torque, 4 oz -ins; reference phase, 50 volts 
8.6 watts; control phase, 50 volts 11 watts. 

Fig 7, curve (b), gives the torque v. speed charac- 
teristic of this motor. It can be seen that the friction 
damping introduced by the motor 

oT 4 oz -ins 4 F 
AS 3,000 r.p.m. 3,000 x 27r/60 

= 0.012 
°z -in 

rad /sec 

or 0.012 x 4002 
c rd /se 

at the output shaft. 

is 

20 

is 

10 

5 

(b) 

00 1,000 2,000 

MOTOR SPEED (R.P.M.) 

Fig. 7. Torque /speed characteristic of the electric motor 
used in the servo system. 
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Fig. 8. Circuit of the 10 -watt servo amplifier. 
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0.019 

= 0.785 rad /sec. Know- 

4002 
7.93 x 10' 
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The error volts are 30 mV /degree or 1.72 volts /rad. 
The motor torque is 0.08 oz -ins /volts or 0.08 x 400 
oz -ins /volts at the output shaft. Therefore 

7.93 x 10' = 1,440 amplifier gain = 0.08 x 400 x 1.72. 

The amplifier circuit is shown in Fig. 8. It can be 
seen to consist of two pentode voltage amplifiers 
driving a power output stage consisting of two valves 
in parallel. The noise level is 60dB below full output 
of 10 watts. The interstage coupling components 
C1R1 and C2R2 are arranged to introduce a 90° 
phase shift at the operating frequency (50 c /s). 
This ensures that the reference phase of the motor can 
be fed from the mains via a step -down transformer 
without the need of a phase -shifting network. The 
relay and rectifier (RL1, W1) form part of an arrange- 
ment for switching off the h.t. from the p.a. during 
the tuning operation. It ensures that no h.t. is 
applied until all three servos are stationary. In 
practice the servo comes to rest with two overshoots 
and one undershoot, and the resetting accuracy is 
greater than anticipated. 

Fig. 9 shows a simplified diagram of the remote 
control sections of the transmitter. Use is made in 
these of similar solenoid- operated rotary switches, 
to those employed for waveband selection. Two 
modes of operation are possible with these switches. 
In the first, application of the operating volts to a 
suitable contact on the " homing wafer " causes the 
switch to " motor " round to the desired position, 
when the supply is broken and the switch comes to 
rest. In the second mode, the solenoid is pulsed 
by suitable current pulses. Both these modes of 
operation are used in the remote control section. 

Assuming the normal switching -on procedure has 
been carried out, the remote selection of frequency 
is carried out as follows. Switch motor A at the 
remote end is made to " motor " to the position 
(1 -10) selected by depressing an appropriate push- 
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button switch (1 -10). In doing so its associated 
relay contact RLA keys the line. Relay RLB, at 
the transmitter end, is energized by the pulses 
produced by relay RLA. Relay RLB " pulses " 
switch motor B to the desired position. After a short 
delay switch motor C is made to " motor " to the 
same position by means of a wafer on switch motor 
B and delayed relay contact RLá. In doing so 
its associated relay RL, keys the line again. The 
pulses are used to energize relay RLD which " pulses " 
switch motor D to the appropriate position. The 
latter part of the operation is merely " signalling 
back " that the correct position has been selected at 
the transmitter. 

Switch motor B also controls a similar switch, 
the master selector switch, which controls all the 
tuning potentiometers' sliders and wavechange 
switches. This master selector switch can also be 
controlled locally by means of a switch on the front 
panel of the transmitter power supply bay. Full 
local control is thus possible in the event of line 
failure, etc. 

When all the tuning operations have been carried 
out, after a short delay the h.t. is applied. The p.a. 
cathode current which flows operates a relay (RLFI.2) 
which reverses the polarity of the 50 volts d.c. on the 
line. This causes relay RLB at the remote end to be 
energized and indicates that the transmitter is opera- 
ting satisfactorily. All the normal overload protection 
methods are, of course, also included. 

Thermistor Thermometer 
FOR medical research the low heat capacity and rapid 
response of the thermistor, when connected to measure 
temperature, has obvious advantages, and much interest 
was shown in a brief description of an American instru- 
ment which appeared in our April issue (p. 164). 

We understand that a British -made thermistor skin 
thermometer is in production by Chapman Anderson, 
Ltd., 7, Oak Hill Park, London, N.W.3. The basic 
element is the S.T.C. Type F thermistor and the instru- 
ment is designed for use with ordinary flashlamp 
batteries. An industrial version for measuring surface 
temperatures is also available with a scale calibrated from 
0 to 300°C. 
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LETTE TO THE EDITO 
The Editor does not necessarily endorse the opinions expressed by his correspondents 

" Unconventional F.M. Receiver 
CONGRATULATIONS to Mr. Scroggie (and to 
Wireless World) on again breaking new ground even 
though the a.f.c. method may call for second thoughts. 
I don't think Mr. Banks' method (February issue) is 
the answer either; devices where the error signal itself 
applies the correction are inherently unstable and tend 
to oscillate (or " hunt " as the control instrument 
engineer would word it). 

I don't mean that Mr. Banks' device does not work. 
Merely that the circumstance that it does not hunt is 
almost certainly fortuitous and consequently is not 
readily reproduced. 

Could it be, therefore, that the real answer to this 
a.f.c. problem lies with the voltage sensitive capacitors 
mentioned in the April issue (p. 175) and may we 
have some more details regarding them? 

Hornchurch, Essex. L. D. STUART. 

Unconventional Interference 
I REALLY must protest at what M. G. Scroggie refers 
to as "a less awkward band," when explaining his choice 
of a local oscillator frequency in his article on an uncon- 
ventional f.m. receiver in the June issue. 

If my mathematics are correct, this would be the band 
between 29.33 and 31.33 Mc /s, part of which is in the 
ten -metre amateur band. 

With propagation m.u.fs on the increase due to the 
rise in the sunspot cycle, this band provides no less a 
measure of enjoyment to many hundreds of British 
amateurs than does v.h.f. to those who have adopted this 
method of receiving B.B.C. programmes. I suggest 
Mr. Scroggie might be reminded that tolerable receiver 
oscillator radiation in the various bands of the radio 
frequency spectrum have been conventionally agreed 
by the industry. 

The harmful interference radiated by this unconven- 
tional receiver (the author admits this with respect to 
Band I television), arises from a very inferior design 
which can have no place in the present advanced state 
of this branch of science. 

The distasteful way in which the interference is 
deliberately removed from a broadcast to a non- broad- 
cast band is no credit to the writer, and Wireless World 
is cheapened by the publication of such material. 

London, S.E.25. DAVID DEACON (G3BCM). 

The Author Replies : 

I AM sorry that the description of my precautions 
against interference should have been open to such 
misinterpretation as that put on it by David Deacon. 
May I therefore call attention to the following points: 

(1) I did not admit that the type of receiver I described 
" radiates harmful interference" 

(2) Even if, as a result of its being designed contrary 
to my recommendation, it were to do so on Band I, 
this would not necessarily mean that the design 
described interferes in the 29.32 -31.45 Mc /s band. The 
vulnerability of Channel I televiewers to oscillation in 
the band 44 -47 Mc /s, to which I referred, is far greater 
than that of amateurs to oscillation between 29.32 and 
31.45 Mc /s, in the following respects: 

(a) The strength of radiation is likely to be substan- 
tially greater. As I pointed out, use of the lower fre- 
quency " still further reduces radiation." 
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(b) Whereas radiation on any frequency between 44 
and 47 Mc /s inevitably comes within the reception band 
of every Channel I receiver, only about one -sixth of 
the 29.32 -31.45 Mc /s band comes within only about 
one -fifth of the 10 -metre amateur band, and at any 
given time occupies only one of perhaps 20 telephony 
channels within that fifth. 

(c) The number of Channel I televiewers is vastly 
greater than the amateurs necessarily working within 
that particular one -fifth of that particular band. 

(d) Television receivers, being usually present in the 
same house, and often only a few feet away on the other 
side of a party wall, are liable to be affected by a source 
of radiation that would be inappreciable even a dozen 
yards away. 

(3) No reason has been given for concluding that 
this " very inferior " unconventional receiver radiates 
any more than conventional types; in fact, quite the 
contrary. 

(4) An oscillator is not one of the unconventional 
features of my receiver; it is included in almost every 
receiver in the world. Millions of receivers, products 
of " the present advanced state of this branch of 
science," have no r.f. stage to separate the frequency 
changer from the aerial, and their continuously tunable 
oscillators sweep across the whole of the amateur 7 and 
14 -Mc /s bands. Why does Mr. Deacon not turn his 
fire on them? By contrast, my receiver has a r.f. stage, 
an exceptionally low oscillator frequency for a Band II 
receiver, and a much higher ratio between the receiving 
and oscillator frequencies than any conventional type. 
Moreover its oscillator works only on a few spot 
frequencies. 

On the whole, then, I feel there is no immediate 
cause for alarm. 

M. G. SCROGGIE. 

Two -channel Stereophonic Sound Systems 
IN reply to the questions raised by P. B. Vanderlyn 
and Ian Leslie in the July issue the following comments 
may help to clarify the situation. 

First, the statement in the above article that " the 
reproduced sound image is more accurately positioned if 
arrival time differences are overruled and the sound 
image is positioned by intensity differences only " was 
not meant to apply to the sounds actually at the two 
ears of the listener. What was meant was that the sounds 
at the loudspeakers should differ only in intensity level 
and that for the best stereophonic effect the listener 
should be seated so that there is no overall time difference 
between the sounds from the loudspeakers for the hear- 
ing mechanism as a whole. The fact that there must 
be a small time difference between the sounds at the 
individual ears when the sound image is not in the centre 
was not meant to be included in this statement. That 
such a time difference is produced, with unequal 
intensities at the loudspeakers, is well appreciated. For 
off -centre listening this criterion obviously no longer 
holds, but it has been found that fairly satisfactory com- 
pensation can be applied, as was shown in the article. 

Secondly the theory underlying P. B. Vanderlyn's 
remarks, although apparently straightforward, does not 
in practice appear to agree very well with the results 
obtained experimentally using speech or other sounds 
of a very irregular nature. This is not altogether sur- 
prising since the hearing mechanism is not at all simple 
in its operation. The fact that only a difference in the 
sound level at the loudspeakers of between 12 dB and 
18 dB is necessary to give the impression of " hard over" 
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to one side is certainly not confirmed by this theory. 
Experimental results of other investigators', confirm this 
finding. An alternative theory', although with limitations, 
is also in agreement. The figure of 12 dB difference for 
" hard over " used in obtaining the microphone responses 
was sufficient to give this sensation for all the subjects 
tested. 

Referring to Ian Leslie's comment about the con- 
troversy over loudspeakers, it is agreed that this differ- 
ence should be settled. The results given in the article 
agree quite closely with the work of other investi- 
gators' ' and although the results might be subject to 
experimental error it is felt that the specified correction 
is definitely needed. To obtain this correction by using 
directional loudspeakers, although simple, cannot be said 
to be perfect; but it does result in very much improved 
results. 

Tone controls are still needed to correct for scale 
distortion due to different listening levels to the original 
and to compensate for the acoustics of the listening room. 
Also, studio engineers are after all only human and it is 

nice to be able to correct for differences of opinion 
between them and oneself. 

Ruislip, Middx. D. M. LEAKEY. 
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Three Minutes' Silence 
THOUGH not a professional marine radio operator, 
I have done a good deal of listening on the 500 -kc /s 
channel and so can make an unbiased comment on 
" Free Grid's " observations (May issue) about alleged 
non -observance of the three minutes' silence. My ex- 
perience is that a fairly pronounced silence descends 
on the channel at 15 and 45 minutes past the hour. In 
fact, if anyone is looking out for " 600 -metre Dx," as 
I still do, these silence periods are very profitable. 

AS3. 

Wide -Band Linear R.F. Amplifier 

For Use in Ships' Communal 

Aerial Systems 

By B. F. DAVIES,* A.M.I.E.E. 

SINCE the last war the need for the rC private " 
broadcast receiver in the crew's quarters has 
been recognized and many new ships today are 
planned to be fitted with an aerial distribution 
system. In many cases this is done to free the 
ship's superstructure from the multiplicity of un- 
sightly wires that would otherwise appear as more 
of the crew obtained receivers. In a small ship a 
multiplicity of `r private " aerial wires may con- 
stitute a positive danger by altering the calibration 
of the d.f. loops and in oil tankers there is a fire 
hazard if sparking occurs in a badly installed aerial 
when the ship's MCW transmitter is working. 

The obvious solution is to install one °0 official " 
aerial for broadcast reception and to serve all receiving 
points through a wide -band r.f. amplifier and 
coaxial cables. 

Basic Requirements. -Considering the aerial 
first, it will be appreciated that the position, height 

TABLE I. 

MARINE TRANSMITTING BANDS 

415 -525 kc/s 
1.6 -3.8 Mc/s 
4.063-4.238 

6.20 -6.357 
8.195 -8.476 
12.33 -12.714 
16.46-16.952 

22.00 -22.400 

M.F. Band 
I.F. Band 
H.F. Band 

OP 

DO 

tO 
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and length of the aerial will be largely dictated by 
the layout of the ship and the position of the trans- 
mitting aerials. Difficulties are greater on the 
smaller ship and resort has often to be made to a 
smaller active length of aerial wire. It has not been 
uncommon with a transmitter of 500 watts and a 
main aerial length of 200ft to obtain with a receiving 
aerial of 100ft about 50 volts of r.f. across the 75 -52 
coaxial cable termination. From statistics available 
this high voltage is to be found at transmitting 
frequencies somewhere in the region of 6 Mc /s. 
Length of aerial and spacing will modify this reson- 
ance considerably. At other frequencies usually 
less than 1 volt will be induced for the same trans- 
mitted power. No amplifier can handle 50 volts of 
input, and in practice a limit of about 25 volts would 
be set, adjusting aerial length or position to keep 
the " resonant " voltage down. 

Some means of rejecting the transmitting fre- 
quencies has to be adopted and a standard form of 
filter was used. Assuming the worst case of 25 volts 
on the aerial coaxial lead -in cable and a minimum 
filter attenuation of 36 dB, the amplifier must handle 
0.4 volt. From Table 1 it will be appreciated that 

* Formerly with the Marconi International Marine Communication 
Company Limited. 
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considerable band filtering would be required. 
It was decided that the standard amplifier should 
incorporate two band -stop filters covering the 
M.F. and I.F. bands only. In regions of dense 
shipping, transmissions in these two bands from 
ships close by can give rise to a total r.f. voltage on 
the aerial of as much as 50 mV. A filter unit for the 
H.F. bands used by the ship's transmitter would be 
separate and would be aril optional extra. Where 
H.F. band transmissions are likely to be few in 
comparison with those in other bands, such a filter 
unit could be saved by using a remotely controlled 
relay to disconnect the aerial completely in order 
to keep high voltages out of the amplifier input 
during periods of transmissions in the H.F. bands. 

To cover all the broadcast bands, the amplifier 
should possess a sensibly flat frequency response 
between 150 kc /s and 25 Mc /s. The input im- 
pedance to suit the aerial coaxial cable should be 
7552 and the outputs also suitable for feeding into 
7552 coaxial cables. The method of distribution is 
shown in Fig. 1, from which it is evident that although 
the loading, and consequent slight mis -match at 
each outlet point, is quite small a large number of 
receiver outlets could load the cable and introduce 
a cabling loss. The input impedance of each 
receiver differs considerably at any one frequency 
according to the tuning of the receiver and conse- 
quently the summation of all the loading effects is 
modified. It was decided to cater for up to 20 
outlets and that four amplifier outlets would give a 
good economic compromise. In standardizing on 
equipment the circuit complexity and reliability have 
to be weighed against the average demands. In 
isolated cases, as indicated by present market de- 
mands, a ship requiring more than 80 outlets could 
be covered with two or more amplifiers working in 
parallel. 

The amplification required was fixed at approxi- 
mately 15 dB. As will be evident later, this again 
was a compromise between producing voltages at 
the receiver outlet points identical with that on the 
aerial terminated with 7501 and keeping spurious 
responses within the amplifier to a minimum. 
In practice the overall gain of the system between 
aerial and the input terminals of the receiver also 
takes into account the fact that the aerial fitted for 
the distribution system will have a greater effective 
height than the average length of wire that can be 
slung haphazardly. Thus the equivalence of voltages 
at aerial and receiver can be disregarded. Emphasis 
was laid on making available in the cabin a " clean " 
signal free from machine noise interference, spurious 
responses, etc. 

Effects of Amplifier Non -linearity. -The 
term a " linear amplifier " is, of course, only 
relative, but it does imply that in addition to 
producing an amplifier with a wide -band response 
attention has also been paid to obtaining the maximum 
degree of linearity. The wide -band amplifier suffers 
from the inherent disadvantage that in amplifying 
many signals simultaneously any non -linearity will 
produce other signals at the output. A power 
series can be used to represent the " curvature" 
and is in the familiar form ax + bx2 + cx2. This 
is equivalent to saying that the amplifier is capable of 
producing, as in audio techniques, the second and 
third harmonics of a fundamental sine -wave input. 
The two input signals are represented by p sin a 
and q sin ß, and where one is considered to be 
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modulated, p becomes p (1 + m) where m + 1. 
Analysis shows that the first term can be neglected, 
but the second term produces the expression b p q 
[cos (a - ß)t -cos (a + ß)t]. Thus the original 
carriers a and ß have produced spurious carriers 
(a - ß) and (a + ß) both of which are dependent 
on the product p q. This means that modulation 
of either original carrier will produce modulation of 
the spurious carriers. This is called inter modula- 
tion (I.M.). 

The third term produces the expressions 3c p2 q 
[sin ß t - 4sin (2d + ß)t + ¡sin (2a - ß)t] and 
3c p q2 [sin a t - 1sin (oc + 2ß)t - ¡sin (a - 2ß)t]. 
The second and third terms in each of the brackets 
are similar to the I.M. terms discussed above except 
that the spurious responses are at different frequencies 
and that the spurious carrier modulation is pro- 
portional linearly to one original carrier and to the 
square of the other. This would mean that for 
low levels of original modulation the spurious 
carrier modulation would be double that for modula- 
tion of either p2 or q2 compared with modulation of 
p or q. Thus if p carrier is modulated the spurious 
carrier modulations at (2a + ß) and (2a - ß) will 
be double that at (oc + 2ß) and (2ß - oc). For 
modulation levels over 50 %, severe distortion will 
be present in the spurious modulation of the first two 
frequencies. To discriminate between the two 
forms of inter modulation caused by the b and c 
coefficients in the power series expression, they 
will be called first -order intermodulation (1st I.M.) 
and second -order intermodulation (2nd I.M.) re- 
spectively. 

The first parts of the third term expressions show 
that the original frequencies a and ß are being 
produced, but whereas the modulation of carrier a 
was represented by an amplitude variation of p, 
this spurious response, at the same frequency, has 
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a modulation proportional to q2. Thus the modula- 
tion of one carrier has become superimposed on 
the other. This effect is known as cross- modulation 
(X.M.). In this instance the unwanted effect will 
not be measured as the amplitude of an unwanted 
carrier, that would be coincident with a true carrier 
signal, but as the amount of background modulation 
existing on a true carrier having its own modulation. 

In order to assess the linearity of an amplifier for 
this application, a limit on the unwanted responses 
enumerated above has to be set and a criterion based 
on the interpretation of test results has to be laid 
down. These matters will be referred to later. 

Calculations have shown that in terms of the 
ultimate performance criteria laid down for I.M. 
products, the amplifier linearity is such that at the 
maximum voltage levels concerned, the 2nd harmonic 
production would be 0.0025% and for the 3rd 
harmonic 0.0004 %. Although these figures are 
theoretical, they give some idea of the order of 
linearity required. Adoption of negative feedback 
methods would entail a considerable amount of 
feedback over the amplifier which, coupled with 
satisfying the Nyquist stability criterion over a very 
wide band, would be extremely difficult. The use 
of large valves working over a small portion of their 
characteristics would be most uneconomic if taken 
to the stage where linearity could be considered 
acceptable. 

Current Amplification. -The amplifier circuit 
finally developed is actually one that amplifies the 
input current although to all intents and purposes it 
may look like a variation of a voltage amplifier. 

The basic amplifier circuit is that of the grounded 
grid triode, as shown in Fig. 2. The input impedance 

at the cathode is Re' = r 1 + 
It,. 

Now if RL < ra, 
lL 

Re' becomes ra or approximately 1 /gm for a 

high -p value. Now if the cathode is fed from a 
constant- current source (Z = eo) any non -linearity 
of the Ia - V, characteristic resulting in a non- 
linear Re', will have no effect and Ve will be truly 
proportional to the input current. If now the 

Fig. 2. Triode in the grounded -grid connection 

Fig. 3. Basic three -stage amplifier 

impedance Re' is presented to a valve, as in Fig. 3, 
and the impedance presented to the first triode is 
low compared with its ra, then there is a good 
approximation to a constant -current feed. If VI 
were a pentode, the approximation would be very 
good, but for reasons to be discussed later the pentode 
must be discounted. Further still, if the impedance 
in the cathode of V2 is high, the effective output 
impedance of V2 will become ra + (1 + µ)Re, 
where Re is the impedance in the cathode. If, say, 
for V2 the anode lead to VI is ra /10, then the output 

10ra, impedance of V2 becomes ra + (1 + /1) - 11 ra 
(1 + µ) 

The effect of Re in V1 and the anode load in V2 is 
neglected for simplification. It should be noted 
that as the cathode and anode currents are one and 
the same thing in each valve, the amplification, as 
such, takes place in each transformer which serves 
to step up the current between valves. The amplifi- 
cation being substantially independent of the valve 
parameters, stability of h.t. and heater volts is 
unimportant; nor is the amount of h.t. ripple voltage, 
within reason, of any great importance. In the final 
circuit (Fig. 4) it was decided to use a push -pull 
arrangement because (a) greater linearity would be 
expected, (b) the circuit would be inherently more 
tree from extraneous noise pick -up (i.e. mains 
borne interference), (c) it could provide means of 
adjusting the " balance " of the circuit and thus 
permit of some correction of dissimilar valves, and 
(d) the impedance presented to a previous stage would 
be held more constant. 

As already mentioned, the pentode would appear 
to offer a very good approximation to a constant 
current source and might successfully be used as a 
grounded -grid amplifier in preference to the triode. 
Used in that manner the cathode current would be 
the sum of the screen and anode currents and any 
input current would be divided between screen and 
anode. In addition to reducing the current gain in 
the circuit (the screen circuit acting as a partial 
current bypass) the output current at the anode 
would no longer be truly proportional to the input 
current. Inspection of valve characteristic curves 
shows that the ratio of anode current to screen 
current is not constant for variations of grid -to- 
cathode potential and non -linearity would obviously 
be present. 

Linearization Factor. -This term has been 
introduced as a way of expressing the capability of 
the circuit in reducing non -linearity of the valves. 
In Fig. 2, a generator of internal impedance Z is 
used to feed a current into the non -linear impedance 
Re'. The greater Z compared with Re', the smaller 
the effect of variation in Re' will be on the relation- 

ship between I and E. 
The linearization factor is 

Z 
defined as 

R Re and if 
e 

Z = 9 RV we can expect 
harmonic distortion pro- 
ducts to be reduced by 10. 

Circuit Considerat- 
ions. -From the point of 
view of economy, the four 
75 -S2 outputs were arranged 
to be fed from one output 
stage. Only one output 

Vi 
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transformer was therefore required, but to obtain 
sufficient power gain in the last stage, a parallel 
push -pull arrangement of valves was adopted. 
Actually this meant a lower effective load impedance 
on the secondary of T3 and consequently a higher 
current amplification in the transformer could be 
obtained. This practice of paralleling valves to 
obtain greater current amplification by the preceding 
transformer cannot be carried out indefinitely owing 
to other limitations due to circuit capacities. The 
use of PCC84 valves enabled the whole amplifier to 
be constructed using four valves, which permitted 
the chassis to be packed in a very small space. 

The success of the amplifier largely depended on 
the r.f. transformers which should have (a) good 
frequency response, (b) an effective high shunt loss 
impedance, and (c) freedom from non -linear hysteresis 
losses. An obvious choice of core material was 
Ferroxcube which proved to be very satisfactory. 
Shunt capacities across transformer primaries will 
serve as a current bypass at the anode of each valve 
with the result that at high frequencies the amplifier 
gain will be reduced. This effect sets an upper limit 
to the reflected primary impedances and, con- 
sequently, the turns ratio. From this basic con- 
sideration the gain per stage can be derived for the 
type of valve in question, and finally, the overall 
gain of the amplifier, which was calculated to be 
15.2 dB. 

It will be realized that shunt losses on the trans- 
formers will serve to bypass some of the current fed 
from the preceding valve with the result that the 
" constancy " of the current feed is impaired and the 
linearization factor will suffer. Alternatively, the 
impedance feeding the following valve is lowered. 
It is interesting to note that the linearization factor 
for the output stage, calculated for the valves alone, 
was 72.5. The transformers do not permit this 
figure to be fully realized in practice, but it indicates 
the measure of linearization that takes place. 

WIRELESS WORLD, AUGUST 1956 

4 

TEST 

ii1 Ill 
ViV2 'V3-4 

oOFF 
HT. 

1 1 1 

MAIN CHASSIS & TRUE EARTH 

SUBCHASSIS 

Fig. 4. Complete Circuit diagram of final design 
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Fig. S. Test circuit for effective shunt loss impedance 

Fig. 6. Use of inductance to improve the gain at high 
frequencies 

To assess the effective shunt loss impedance caused 
by core losses, a test circuit as shown in Fig. 5 was 
set up. Tests on various core and windings were 
carried out by measuring the change of voltage 
across the test terminals when the coil was connected 
in parallel. Shunt losses are of no particular con- 
sequence in T1 and T4 as they do not reduce the 
linearization factor by bypassing current fed into the 
cathode of a following amplifier. The shunt losses 
were found to be remarkably constant up to 30 Mc /s. 
In order to reduce the effects of winding capacities, 
which would be in parallel with the shunt losses, 
no secondary was coupled to the test winding. 

When winding the transformers, care was taken to 
ensure a high coupling coefficient. Frequency 
response tests showed that up to 25 Mc /s, under 
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conditions that were not as favourable as those in the 
valve circuit, the responses were within ± 1dB of the 
1 Mc /s response. 

As already mentioned, shunt capacities will cause 
loss of gain at high frequencies and to mitigate this 
compensating coils were introduced in the second 
stage. Fig. 6 shows the circuit capacities between 
which a coil of a few microhenries can give a useful 
" lift " up to 25 Mc /s. 

The balance control in the grids of the output 
valves provides a differential bias voltage of + 0.2 
volt which was found adequate to deal with all 
normal dissimilarities between valves. 

Amplifier Details 
It was found on test that the signal- handling 
capacity of the amplifier was improved by intro- 
ducing a high impedance into the common cathode 
connection. This results in the two cathode input 
impedances on each side of the circuit being in 
series instead of effectively in parallel. To explain 
the beneficial action of the choke, consider Fig. 
7(a) in which a transformer is shown with series 
loss resistances across which must be developed 
a voltage proportional to the input current of the 
valve. Any non -linearity of R0' will produce har- 
monic voltage components el and e, across r, and r,. 
From the point of view of even harmonics, if the 
valves were indentical el would cancel e2, but with 
dissimilar valves a difference voltage would exist. 
Now with the secondary centre tap earthed, a differ- 
ence vol age (ems e2) acting in one cathode will 

e, -- 

411 

516 

eZ 
(a) 

effectively be applied between the cathodes (Fig. 
7(b)), and will cause a current to circulate round the 
push -pull circuit. With a high impedance to earth 
from the centre tap, the resistances can be considered 
as being in series with the constant -current source on 
the primary side and will have no effect other than 
to cause half the difference voltage (ei e2) to appear 
across the choke. Although conclusive proof of this 
explanation, as to the advantageous effect of the 
choke, has yet to be established, the practice appears 
to be sound. The introduction of 100 into one 
cathode, for instance, was found to reduce con- 
siderably the signal handling capacity where 2nd 
harmonic distortion products were concerned. 

The meter circuit enables the valve currents and 
the h.t. to be monitored, while various dropper 
resistances serve to reduce the voltages when working 
on 220 volt d.c. mains. The total consumption from 
the mains on 220 volts was 82 VA. 

The amplifier was constructed as a small sub -chas- 
sis and mounted at the four corners by four v.h.f. 
type, bush -mounted, mica condensers. The amount 
of chassis work at d.c. mains potential was con- 
siderably reduced, while at the same time a satis- 
factory r.f. bypass to the main chassis at true earth 
potential was ensured. In addition to the r.f. chokes, 
a standard all-wave mains filter was incorporated - 
to reduce the likelihood of mains -borne interference 
reaching the amplifier. The sub -chassis, measured 
overall, was 101in. long, 6in wide and 4in deep. 
The greater part of the main chassis and space within 
the case was taken up with components associated 
with supply circuit and filtering arrangements. 

The r.f. double band -stop filter 
circuit in Fig. 8 is conventional, each 
half consisting of a full constant -k 
section bounded by two half m- 
derived sections, having m = 0.6, 
Each band -stop filter has nine coils, 
a number which it was not possible 
to reduce, owing to the necessity 
of having to maintain a certain 
minimum attenuation between the 
resonant peaks. By judiciously laying 
out the filter to reduce magnetic 
coupling between the dust -iron 
cores to negligible proportions the 
filter was constructed within a 
box measuring loin x 4in x 2in 
high. 

(To be concluded.) 

e,-ez 

(b) 

Fig. 7. Explaining the action of the cathode choke 

Fig. 8. Outline of double band -stop filter 
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I 

Broadcasting in the U.S.S.R. 
FROM A CORRESPONDENT 

N the Soviet Union, broadcasting is primarily the 
responsibility of the Ministry of Culture. This is 
the programme body; its transmitting equipment 
and engineering staff is provided by the Ministry 
of Communications for which, in turn, much of the 
technical development work is done by the Ministry 
of Radio Engineering. 

The internal sound service radiates three pro- 
grammes. The first is of mixed material, rather 
like our Home Service; the second is essentially 
artistic, with music and literature mixed, while the 
third is all music, with no talks. Some 85 -90% 
of all material radiated is from recordings, so studios 
are provided accordingly; in this respect there is 
a marked difference be- 
tween Russian and British 
practice. Ribbon, moving- SOME 
coil and condenser micro- 
phones are used, depending 
on the nature of the pro- 
gramme material being 
recorded or broadcast. 

Another difference is to 
be found in the choice 
of wavelengths for the internal sound services. Due 
to the vast distances to be covered, extensive use 
is made of short waves. Long waves are used for 
intermediate ranges, while medium -wave transmit- 
ters cover the main cities and the areas surrounding 
them. 

A typical medium -wave transmitter is rated at 
100 kW, and feeds a mast radiator slightly over 
500 ft in height. High-level Class B anode modula- 
tion is employed with 20 dB negative feedback. A 
long -term frequency stability of ±3 c/s is claimed; 
harmonic distortion at 95 % modulation is given as 
2 %. Overall efficiency is 35 %. 

The short -wave transmitting centre, about 40 
kilometres from Moscow, is something quite ex- 
ceptional, combining as it does more or less the 
functions of our own Daventry and Rugby stations 
rolled into one. There are at present eight high - 
power broadcasting transmitters (80 -120 kW) and 
twenty -five medium -power transmitters (15 -50 kW) 
for telegraph and telephone traffic. The site, which 
covers 2,000 acres, provides space for 36 aerial arrays 
for broadcasting and about 60 rhombic aerials 
mainly for telegraphy and telephony, though some 
are used for broadcasting. The transmitter build- 
ings, together with the houses and flats for the staff, 
make up something more like a town than a radio 
station. Shops, a school and a bank are all on the 
site. 

A typical high -power short -wave transmitter has 
five r.f. stages, all being push -pull except the first. 
The last two stages use water- cooled valves, only 
the final being earthed -grid. The modulator, work- 
ing in Class B, has four stages of amplification, with 
water cooling in the last two. Transmitter -to- 
aerial switching is largely remotely controlled, 
though there is still a certain amount of manual 
switching. 

Energetic steps are being taken in the U.S.S.R. 
to build up a frequency -modulated v.h.f. service, 
though few transmitters are as yet in operation. 
The incorporation of sound broadcasting channels 
in television receivers is being encouraged : the 
transmission characteristics for both services are 
identical. V.H.F. broadcasting is being introduced 
because of congestion on other bands and to allow 
regional areas to be served with signals of better 
quality. 

Generally speaking, v.h.f. stations are of rather 
lower power than those operated by the B.B.C. 
Most are of 5 kW, with aerial gains of between 5 
and 10. These stations are said to give good re- 

ception up to 60 km and 
tolerable signals up to 
120 km, depending on the 
terrain. The transmitters 
work on frequencies just 
above our Band I; fre- 
quency spacing between 
transmitters on the same 
site is 2.25 Mc /s. Con- 
trary to the practice in this 

country, v.h.f. sound broadcasting aerials are not 
mounted on the television masts : this is thought 
likely to give trouble from interaction between the 
two transmissions. 

For feeding all these stations there is an extensive 
network of high -quality landlines between Moscow 
and the various main cities of the Soviet Union. 
Screened pairs are generally used for distances up 
to 4,000 km, but plans are being made to change 
over to the use of two or three channels of the 
co -axial or screened pair carrier systems. To 
lighten the load on the lines, tape recordings are 
often sent to distant cities. 

As already stated, recordings are more widely 
used than here. Magnetic tape is almost universal; 
the advantage offered by discs for taking rapid ex- 
cerpts is considered unimportant and the quality 
obtainable from tapes has been a deciding factor. 
All the Soviet recording and reproducing equipment 
now follows the C.C.I.R. standards. 

Three types of tape recorder are used : studio, 
two -channel mobile and midget portable. The 
studio machines run at either 15 or 30 inches per 
second, the slower speed being generally used. The 
mobile equipment, installed in a 30 -cwt van which 
serves as a small studio, runs at 15 in /sec. Midget 
recorders (71 in /sec) are now being manufactured 
in large numbers for use in news reporting or 
oh -the -spot commentaries. 

In studio work it is usual to record the master tape 
with a dynamic range of the order of 56 dB and the 
producer has seldom to adjust his volume control. 
This wide -range master tape is then used to make a 
tape for broadcasting, " dubbed " down to the 
required 22 dB dynamic range. The Soviet 
librarians have not encountered any difficulties over 
deterioration of master tapes, which are stored at a 
temperature of 15°C and a humidity of 50-60%. 

DETAILS 

OF THE 

SOUND AND VISION SERVICES 
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Wired distribution plays an important part in 
Soviet broadcasting in the big cities. Out of a total 
of 35 million sound licences, some 25 million are 
" on the relay " though a number of these use radio 
reception as well. 

The type of receiver to be supplied to the public 
is decided mainly by the Ministry of Communica- 
tions after discussion with the Ministry of Radio 
Engineering. Roughly speaking, sets cost the same 
as in England, but without the purchase tax. Tran- 
sistors are not in general use for domestic purposes, 
but it is considered important that their application 
should be developed rapidly, as many listeners still 
have no mains supplies. 

Television in the Soviet Union began to develop 
rapidly only during the last year or two. At present 
there are 15 " centres "; this number will be increased 
to 75 during the next five -year plan, ending in 1961. 
A television centre comprises a transmitter and a 

source of programmes -studios, film scanners, O.B. 
units, etc., depending in extent and number on the 
importance of the centre. 

In the principal cities the hours of transmission 
are from 7 p.m. to 11 p.m. every day, except Thurs- 
days, when the stations close down for maintenance 
work. Extra transmissions are radiated during 
public holidays and broadcasts of topical events are 
made at various times outside the normal programme 
hours. 

The system corresponds very closely on the 
video side to the C.C.I.R. 625 -line standards.* 
Stations operate on the frequencies set out in the 
accompanying table. Radiation is horizontally 
polarized. The sound transmission is frequency 
modulated with a deviation of 75 kc /s. 

Vision Sound 
Channel Band Limits Carrier Carrier 

(Mc /s) Frequency Frequency 
(Mc /s) (Mc/s) 

1 48.5 -56.5 49.75 56.25 
2 58 -66 59.25 65.75 

66 -73 

3 76 -84 77.25 83.75 
4 84 -92 85.25 91.75 
5 92 -100 93.25 99.75 

tV.H.F. sound broadcasting 

The main Moscow transmitter (there is also a low - 
power experimental station) has a peak power of 
15 kW and an aerial gain of the order of 3. Allow- 
ing for feeder losses this means that the e.r.p. is 

about 40 kW. The accompanying sound transmitter 
is stated also to have a power of 15 kW. High -power 
modulation is used in the vision transmitter and all 
the high- powered valves are water cooled in both 
vision and sound transmitters. 

Television transmitting aerials are of the bat -wing 
type with three such aerials stacked one above the 
other. These aerials are carried by self -supporting 
towers of about 500 ft in height. The most -recently 
built mast (at Kiev) is of unconventional design, 
being made up of tubular members which provide an 
economical, effective and very good -looking structure. 

At a range of 70 miles these main stations are said 
to provide a field strength of the order of 200 µV /m 

* Details are given in the Appendix. 
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which produces a satisfactory picture on the ordinary 
Soviet receiver when used with a receiving aerial 
having one reflector and one director. But a field 
strength of 500µV /m is considered necessary for a 
first -class picture when using such a three -element 
receiving aerial. Much of the land around Moscow 
is almost flat so the transmitter has a not-too-diffi- 
cult job in putting down a satisfactory signal at the 
edge of the service area. 

In the 1,500 -sq ft studio of the Moscow television 
centre 5 cameras are installed, all with image icono - 
scope tubes. Electronic viewfinders with 5 -in tubes 
are in general use in the Soviet equipment. The 
film scanners at Moscow are 35-mm machines, optic- 
ally multiplexed on two iconoscope -type cameras. 
Each machine has its own associated optical sound 
head. Two transparency scanners, each with its own 
iconoscope camera, are used for producing test 
cards and captions. This equipment is shortly to be 
replaced by new gear using image iconoscopes. 

In the Soviet image iconoscope the cylindrical part 
of the envelope containing the mosaic is about 5 in 
in diameter. The mosaic is about 3 in x 21 in and 
the photo -cathode is 1; in in diameter. It has a 
short scanning gun with an external neck diameter a 
little less than 1 in; overall length of the tube is about 
9 in. 

In Moscow there are two outside broadcast units 
of Soviet manufacture. Each of these consists of 
two vehicles adapted from standard omnibuses. In 
one vehicle is housed the camera control unit pro- 
ducer's desk and switching system, picture monitors 
and power supplies. The other vehicle contains the 
sound equipment only, the rest of the space being 
available for carrying cameras, radio link equipment 
and cables, etc. The O.B. cameras employ image 
orthicon tubes of Soviet manufacture. The camera 
itself is compact, measuring, with viewfinder, 12 x 
12 x 20 in. Weight, without lenses, is about 100 lb. 

The latest type of radio link used for O.B. work 
operates on 300 Mc /s and employs frequency modu- 
lation. A klystron in the output stage delivers 
100 mW with a frequency deviation of 1.5 Mc /s to 
a dish aerial of about 5 -ft diameter. This equipment 
is stated to give a useful range of about 13 miles. 
The sound channel works on the same carrier fre- 
quency, but the aerial polarization is at right angles 
to that of the vision aerial. 

With the exception of a temporary co -axial cable 
between Moscow and Kalinin (140 km), there is at 
present no system for linking together the various 
stations. Some 6,000 miles of two -way link, partly 
radio and partly cable, is due to be provided during 
the course of the present five -year plan. 

Television receivers on sale in the shops employ 
7 -in, 14 -in and 17 -in tribes. It is stated the 7 -in 
set is no longer in production, but at present the 
majority of sets have that size of tube. The prices of 
the sets in Moscow are, respectively, 1,275, 1,900 
and 2,300 roubles. To give a basis for comparison 
with our own receiver costs, it may be said that a 
skilled workman earns about 2,000 roubles a month, 
while the basic worker's wage is 800 to 1,000 roubles. 

Most observers agree the Soviet receivers provide 
a most excellent interlace, but, judging by brightness 
and contrast of the picture, the tubes are not 
aluminized or else the e.h.t. is rather low. The 
general policy on future television receiver design 
at present seems to provide for the inclusion of three 
v.h.f. sound channels. 
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Domestic receiving aerials are very much as in 
Britain, except for the difference in polarization. 
Near the transmitters simple dipoles are used, and 
as one goes farther towards the limits of the service 
areas the aerials become more complex. 

For domestic power supply the Soviet Union has 
adopted 220 volts, 50 c /s. But at present there are 
large areas, including most of Moscow, on 127 volts. 
For this reason it is not possible to standardize tele- 
vision receivers with series -connected valve heaters. 
This has, in turn, had some influence on valve 
design. Most of the valves used in domestic receivers 
are octals based on the American types. A series 
of miniature valves based on the Philips " E " series 
is also in production. Germanium diodes are to be 
used for rectifying anode supplies in the new tele- 
vision and sound receivers becoming available to the 
public later this year. 

The number of television receivers in use in the 
Moscow area is given as 600,000 to 700,000; in 
Leningrad 100,000 and in Kiev about 70,000. It is 
expected that by the end of the five -year plan there 
will be a total of 40 million. The annual licence fee 
for a television receiver is 120 roubles, for 
a sound broadcast set 36 roubles and for connection 
to the wired relay system 60 roubles (which does not 
include the loudspeaker). 

Transmissions from film and outside broadcasts 
take up more of the Soviet television programme time 
than here; more than half of the time seems to be 
occupied by films. That explains why the studio 
space is relatively small. 

So far as colour television is concerned, the experi- 
mental frame sequential system has been abandoned 

and development work has begun on a 625 -line 
simultaneous lour system. Experimental trans- 
missions are erected to begin in about two years' 
time; a regular service might start within the period 
of the present five -year plan. It is thought possible 
that, unless the C.C.I.R. come to a quick decision 
on a standardized colour system for Europe, the 
Soviet Union might well work on independent lines, 
introducing the system thought best for their needs. 
Transmissions would probably be on frequencies 
corresponding to our Band III. 

Television is being given high priority in the next 
five -year plan, with the emphasis on getting a service 
into the homes of the people without too many tech- 
nical "frills." There can be no doubt that Soviet 
research workers, development engineers, manufac- 
turers and technicians will be able to produce and 
operate the gear needed to fulfil the plan. 

APPENDIX 
Soviet Television Standards 

THE width of the line synchronizing pulse is 8% of 
the total line time (approximately 65 microseconds); the 
front porch is 2% and the total line blanking period 
12+ % of the line time. The frame synchronizing signal 
consists of five equalizing pulses followed by five broad 
pulses, which in turn are followed by fifteen equalizing 
pulses giving a total frame blanking of 121 lines (the 
exact number of these pulses cannot be guaranteed). 
The transmitted picture /sync ratio is 75:25, the picture 
modulation being negative going. The radio -frequency 
bandwidth is 8 Mc /s. The spacing between sound and 
vision carriers is 6.5 Mc /s, giving a video bandwidth of 
approximately 6 Mc /s. 

Buttery-driven Record Player 
IT is estimated that 1,500 sides of 7 -in, 45- r.p.m. records 
can be played at a cost of 2s 4d for four standard U2 cells 
on the " Transistor " record player recently introduced by 
Philco. A pull-pull output is provided in the three -stage 
transistor amplifier which is built by the printed circuit 
technique, and the motor -driven turntable and pickup is 
of Garrard design and manufacture. The motor switch 
is incorporated in the pickup arm and is operated when 
the arm is moved to and from its rest position. 

Storage space is provided for up to 16 records in their 
covers or 24 without covers. There 
are three controls; namely, volume, 
motor voltage compensation and cir- 
cuit function, the last with the follow- 
ing four choices. 

A. Normal record reproduction, 
either from the built-in pickup and 
turntable or, through sockets at the 
rear, from an external pickup and 
turntable for, say, existing 78 r.p.m. 
records. 

B. Morse practice oscillator, with 
key connected to the sockets. 

C. With a microphone " speech 
unit " connected to the input sockets 
the amplifier and loudspeaker can be 
used as a " baby alarm." 

Philco "Transistor " combined battery 
portable gramophone, Morse practice 
set and " intercomm." system. 
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Under quiescent conditions the standby current is 
only of the order of 5 mA. 

D. The internal loudspeaker acts as a microphone and 
the " speech unit " is used as an extension loudspeaker 
for an " intercomm." system. By returning the switch 
to position C for the reply, a two -way conversation is 
possible. 

The price of the Philco " Transistor " excluding 
batteries and accessories is £26 5s, inclusive of purchase 
tax. 

381 

www.americanradiohistory.com

www.americanradiohistory.com


Electronic Machine - Tool 
Control 
SYSTEMS NOW FINDING THEIR WAY 
INTO INDUSTRY 

WHAT is generally meant by electronic machine - 
tool control is the control of operations .such as 
drilling, turning or milling by numerical informa- 
tion supplied by magnetic or paper tape, punched 
cards, or hand settings on control knobs. In this 
respect it is distinct from copying methods in 
which the machining information comes from jigs or 
templates taking the actual form of the work to be 
reproduced (although it must be admitted that many 
copying systems do, in fact, employ electronics). 

The main purpose of this numerical control, like 
many other such techniques in the field of " automa- 
tion," is to save expensive man -hours of human 
labour. But it is applicable only when small quan- 
tities of parts are to be machined. In large -scale 
production it is worth while making expensive jigs 
and templates because their cost is shared out be- 
tween a great number of parts reproduced by semi- 
skilled labour and adds very little to the cost of 
each one of them. With small -quantity production, 
however, the use of jigs becomes uneconomic, 
especially if precision work is being done. The other 
alternative, of using a skilled machinist to turn out 
the small number of parts individually, is also expen- 
sive and time consuming. 

Numerical control, on the other hand, requires 
neither jigs nor skilled craftsmen. It certainly in- 
volves an extra process -that of translating the 

Fig. 2. B.T.-H. position control system used on a Kearns 
horizontal boring machine. 

Fig. I. Electronic positioning equipment by Mullard 
applied to a Coventry Gauge and Tool jig boring machine. 
The row of signal lights are situated at the top of the 
control console. 

spatial information from the drawing -board into 
numerical control signals -but the time taken for this 
is quite short compared with the slow, head- scratch- 
ing progress inseparable from careful craftsmanship. 
And once the translation is done the electronic con- 
trol system will carry the job straight through with 
the maximum speed at which the machine tool is 
capable of operating. 

Positioning Methods 
Most of the control systems in use have already 
been described in Wireless World but on the occa- 
sion of the recent International Machine Tool 
Exhibition it was possible to see all of them together, 
in their latest stages of development, and to get an 
impression of how they are actually being applied in 
the machine -tool industry. Several methods of con- 
trol were to be seen in operation and these could be 
divided into two distinct groups : discrete position 
control (bringing the work to a series of fixed posi- 
tions for operations like drilling), and continuous 
position control (moving the work continuously past 
a cutting -tool for processes like miffing). 

Taking discrete position control first, here the 
work -table has to be moved in two dimensions under 
the control of numerical information on the x and y 
co- ordinates of, say, the hole to be drilled. When 
the required point is under the drilling bit the work- 

table stops. In most systems this 
is done by a form of servo- 
mechanism. For each co- ordin- 
ate, the distance to be moved by 
the work -table is set up manually 
in digital form on a series of 
control knobs which produce an 
error signal, either in electrical or 
mechanical form. The appro- 
priate lead -screw of the work- 
table is driven by an electric 
motor and at the same time the 
distance moved is measured by 
an electro- mechanical or electro- 
optical device. This device 
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Fig. 3. Ferranti equipment for controlling a Kearney and 
Trecker milling machine. The magnetic tape is "played 
back " in a compartment on the top of the control console. 

generates a corresponding signal which is arranged 
to cancel the original error signal. When the can- 
cellation is complete -that is, when the work -table 
has moved the distance specified by the error signal -the driving motor is stopped. 

For example, in the Ferranti system (displayed on 
their own stand at the exhibition) the required 
dimension, or error signal, is established by the 
initial positions of the glow discharges in a series of 
Dekatron tubes forming an electronic counter. The 
work -table movement is measured by an electro- 
optical interference -pattern system which produces a 
pulse for each ten -thousandth of an inch of displace- 
ment, and these pulses cancel the number set up on 
the Dekatrons by causing the initial glow discharges 
to move backwards step by step to zero. The system 
has been described fully in our January, 1955, issue. 

Another system using an electronic counter and an 
electro- optical displacement measuring device has 
been developed by Mullard and was shown at the 
exhibition controlling a jig boring machine on the 
stand of the Coventry Gauge & Tool Company (see 
Fig. 1). Here, however, the equipment has not yet 
reached the stage of fully automatic positioning. 
When the error signal is reduced to zero a lamp lights 
up and an operator has to press a button to stop 
the work -table drive. The optical measuring sys- 
tem (also described in the January, 1955, issue) makes 
use of a scale of alternate opaque and transparent 
bars, an image of which emerges from behind a 
vertical edge as the work -table moves. The number 
of bars revealed (representing displacement) is then 
counted by means of a flying -line scanner and photo- 
cell arrangement. 

The required dimension for each ordinate is set 
up by a series of 10- position dials on an electronic 
counter (of the four -stage binary type, with feed- 
back). Pulses from the photocell are fed to the 
counter which, at the end of each scan of the flying 
line, registers the difference between the number set 
up on the dials and the actual distance (in ten - 
thousandths of an inch) which the work -table has 
moved. The output from the counter then passes 
through a matrix circuit to a series of cold- cathode 
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trigger tubes which are used to switch on indi- 
cating lamps. 

The purpose of the matrix circuit is to break 
down the difference or error numbers into 
groups. Thus, if the error is 100 ten - 
thousandths or more one of the lamps lights. If 
between 50 and 99 units the adjacent lamp 
lights, and so on in steps of decreasing size, until, 
as the correct setting is approached, indication 
is given in steps of one ten -thousandth. The 
error is in fact displayed on a row of 17 lamps, 
with the centre one for zero and the end ones for 
an error of 100 or more ten -thousandths in 
either direction. 

In the B.T. -H. system of discrete position 
control (shown operating on boring machines 
by H. W. Kearns and Company, see Fig. 2, and 
The Newall Engineering Company) a magnetic 
system is used for the distance measurement on 
the work -table. For each direction of motion 
the scale consists of a bar of magnetic material 
(fixed to the work -table) with a series of holes 
bored at exactly one -inch centres and filled with 
non -magnetic material. As the work -table 
moves this bar varies the flux in a differential 
pick -up head mounted (but movable) on the 

fixed part of the machine. The coils of the head are 
connected to an electronic circuit which detects the 
difference of flux in the two magnetic paths, and this 
difference is amplified and used to control the servo 
motor driving the lead -screw so that the difference 
is reduced to zero. As a result the measuring bar 
becomes automatically positioned with one of its 
filled holes in exact alignment with the pick -up head. 

Two -stage Positioning 
It is, in fact, the initial placing of the pick -up head 
relative to the bar which provides the error signal 
on which the system partly depends. The required 
dimension is actually set up manually on six dials 
as a row of digits, for example 11.3054. The four 
dials corresponding to the " decimal " portion of 
the dimension operate a system of synchros and a 
servomechanism which positions the pick -up head 
in accordance with that part of the dimension. The 
two dials displaying the " integer " portion of the 
dimension, however, operate another synchro system 
which controls the lead -screw drive until the work- 
table is within ;in of its correct position. Control 
of the drive is then transferred to the differential 
pick -up head, which operates as described above. 
Positioning is completed when the poles of the pick- 
up head are symmetrically placed relative to the 
nearest hole in the scale bar. 

Incidentally, the initial setting -up of dimensions 
on this B.T. -H. equipment can also be done from 
information on punched cards. A mechanical card - 
reading device senses the positions of the holes in 
the cards and automatically positions the setting dials 
by means of a clutch and detent mechanism. The 
two sets of co- ordinates are fed in simultaneously. 

While the accuracy of the measuring devices used 
in all the above systems is as high as 0.0001 inch, the 
overall accuracy of the positioning depends on a 
number of factors and may be somewhat less. In 
all cases, however, it is appreciably better than half 
a thou' which is quite sufficient for most engineering 
purposes. 

Compared with discrete position control the con- 
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train to an accuracy of one pulse. Actually an over- 
all accuracy of 0.0002 inch is claimed for the equip- 
ment. 

The E.M.I. system for continuous position control 
(see Fig. 5) is somewhat simpler and does not include 
the intermediate stage of passing the numerical in- 
formation through a computer. The sets of co- 
ordinates define marker points at regular intervals 
of 8 inch round the contour to be cut, and these 
measurements are punched into a paper tape (in code 
form) which is used to control the machine tool 
directly. When the tape is " read " the co- ordinates 
of a few successive marker points are held in a tem- 
porary storage system, and since the tape movement 

Fig. 4. The digital computer used 

with the Ferranti system. The input 
paper tape can be seen on the left 
and the magnetic tape recording 
the output signals on the right. 

tinuous position control systems are a 
great deal more complicated. Here the 
general principle for, say, milling a piece 
of metal to a certain contour is that the 
numerical input information provides sets 
of co- ordinates of marker points defining 
the contour while a computer interpolates 
the points between in suitable curves. 

In the Ferranti system (demonstrated 
on their stand, see Fig. 3) the information 
taken from the original drawing consists 
of co- ordinates of points of change on the 
contour and specifications of the types of 
curves between them. With a semi- 
circular part of the contour, for example, 
it is necessary to have the co- ordinates of 
the points where the semi -circle begins 
and ends and the co- ordinates of its centre 
point. This kind of information is put on to a 
planning sheet, then punched into a paper tape in 
the form of a code pattern of holes. 

The punched tape is fed into a digital computer 
(see Fig. 4) and the information is " read " group 
by group by the machine, which has circuits for 
" recognizing " the dimensions and the instructions 
for particular curves as they appear. The output of 
the computer consists of two sets of pulses recorded 
on magnetic tape which constitute command signals 
to the two lead -screw drives of the machine tool. 
These pulses specify completely the contour to be cut 
in terms of increments of distance in two directions 
from a given reference point. Each pulse represents 
a work -table movement of 0.0001 inch and the 
density of the x- direction pulses relative to the y- 
direction pulses is indicative of the type of curve 
which is being traced. 

Fig. 5. E.M.I. control equipment used in conjunction with a 

Cincinatti milling machine. A built -in analogue computer performs the 

interpolation between the input marker points. 

Overall Accuracy 
The completed magnetic tape carrying the com- 
mand pulses is then played back into the electronic 
control mechanism of the milling machine. The 
method of control (described in our January, 1955, 
issue) involves a servomechanism in which the work- 
table driving motor is stopped every time a pulse 
from the interference -pattern displacement- measur- 
ing device cancels a command pulse from the mag- 
netic tape. In this way the train of pulses from 
measuring device is locked to the command pulse 
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is controlled by the cutting speed of the machine 
tool the information held always refers to points on 
either side of the cutting point. The dimensions 
from the store are then applied to a simple analogue 
circuit which derives interpolation points lying on a 
smooth parabolic curve between the marker points. 
The complete information- marker and interpola- 
tion points -is then used to control the servo- 
mechanisms (using displacement- measuring devices) 
which position the slides of the work -table. 

In this system the accuracy of the information from 
the control equipment is better than 0.001 inch. At 
the exhibition the equipment was shown controlling 
milling machines on the stands of Cincinatti Milling 
Machines and H. W. Kearns and Company, but be- 
cause the displacement- measuring devices here were 
operating from the lead -screws and not directly from 
the slides of the work- tables the overall accuracy of 
positioning was probably somewhat worse than this 
0.001 inch. 

The general impression gained from the exhibition 
was that although electronically controlled machine 
tools have aroused a great deal of interest by their 
novelty, they are not taking on like wildfire and 
creating a revolution in the industry. There are 
several possible reasons for this -the limited appli- 
cation of such equipments, their present high cost, 
practical problems still to be overcome, prejudice 
against electronics and innate conservatism. In 
these conditions one must expect the initial progress 
to be rather slow. 
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More Effective Speech 
Peak Clipping to Increase Average Modulation 

By O. f. RUSSELL, B.Sc., A.Inst.P. 

THE " communication effectiveness " of speech 
transmitters is often enhanced by some form of 
clipping or limiting device. This is frequently em- 
ployed in amateur transmitting stations and military 
communication systems; even in broadcasting 
stations limiters are used not only to prevent over - 
modulation on peaks, but also to boost the " com- 
mercial" speech level in sponsored broadcasts. As 
the transatlantic idiom has it, the " talk power " of 
propaganda stations is also boosted by clipping tech- 
niques in order to override jamming. 

There is also the possibility of improving intelli- 
gibility by modifying frequency response and one 
often comes across references to " cutting the lows" 
and " boosting the highs " and to " concentrating 
on the intelligence- carrying portions of the speech 

spectrum." Exam- 
ination of these 
ideas is clearly 
necessary. Thus a 
priori, the custo- 
mary attenuation of 
frequencies below 
some 250 c/s would 
seem to serve no 
useful purpose if 
t h e amplitude of 
speech components 
were uniformly 
distributed over the 
frequency spec - 
t r u m. Moreover, 
telephone systems 

approximating to a response sharply peaked at 
1 kc /s have been used without any complaints of 
lack of intelligibility. A system peaked at 1 kc /s would 
clearly tend to overmodulate at the most favoured 
frequencies in the 1 -kc /s region, while the rest of 
the speech frequency band would not reach over - 
modulation amplitudes. Hence it would seem that 
a level speech response curve is required to ensure 
that the modulation capability of a speech trans- 
mitter is not unduly degraded by some frequencies 
being preferentially boosted in amplitude. How- 
ever, in a typical male voice the amplitude of 
the lower bass frequencies is much higher tl-an the 
middle and upper register components. In fact the 
energy content of male voices sharply increases 
towards the low- frequency end of the audio spec- 
trum. By attenuating the lower register below some 
250 c/s these high -amplitude components can be 
reduced, and the intelligence- carrying middle and 
upper register frequencies may then be raised in 
amplitude to the maximum modulation capability 
of the transmitter. 

That this process of bass attenuation may give 
useful gain is shown by the fact that some 60 per 
cent of the energy content of male speech waveforms 
lies below 500 c /s. Speech in which frequencies 
below 500 c/s have been removed, still has an 

soot's 2kc/s 
FREQUENCY 

Fig. I. Typical response curve for 
speech communication purposes. 
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articulation index of 95 per cent.' As the articula- 
tion index is determined on the basis of recognition 
of " nonsense syllables ", and even high- quality 
systems are rated at an articulation index of 98 per 
cent, the figure of 95 per cent represents a well -nigh 
perfect communication system -particularly as plain 
speech, in contrast to arbitrary " nonsense syllables ", 
has a high degree of redundancy. 

The preferential boosting of the middle and upper 
register is useful, as the general speech level may 
be lifted once the high- amplitude bass frequencies 
are attenuated, thus giving an effective gain over 
a " wide range " speech system. Moreover, in prac- 
tical communication systems operating under 
" competitive " conditions, as in amateur and mili- 
tary communications, the frequencies above some 
4 kc/s may be omitted. The higher speech fre- 
quencies contribute little to intelligibility, and, with 
sharp tuning of receivers to minimize interference 
under "competitive" conditions, are in any case 
removed. Furthermore, an unduly extended upper 
register may cause severe sideband interference to 
adjacent communication channels. 

The use of a limited speech frequency response 
(Fig. 1) does not imply that unnatural speech results. 
The ordinary domestic receiver removes frequencies 
above 4 kc /s most effectively. Moreover, due to 
re- synthesis of the missing bass frequencies in the 
ear from their harmonic components, the speech 
does not sound " thin " and the characteristic timbre 
and " personality " of a voice is remarkably well 
preserved. 

Peak/R.M.S. Ratio 
Speech clipping introduces further problems. 
Observation of voice oscillograms shows that sharp 
spiky peaks extend to an amplitude well above the 
general level. In fact the ratio of peak amplitudes 
to r.m.s. amplitudes may be between three and four 
for speech waveforms as contrasted to the 2 ratio 
for sinusoids. Clearly if the peaks can be clipped 
and removed without destroying intelligibility, the 
mean level of the speech waveforms could be in- 
creased some three or four times without over - 
modulation occurring, as compared with the level 
permissible with the peaks present. 

The above reasoning suggests that an effective 
increase of "talk power" equivalent by some 10 dB 
could be achieved by incorporating a peak clipper 

Fig. 2. Sharp peaks in speech waveforms may be clipped 
without serious effect on intelligibility. 
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í6d8 

Fig. 3. Showing that as the degree of clipping is increased, 

a sine wave approaches a square waveform. 

in an exisisting modulator. However, it is generally 
found that some degree of peak clipping takes place 
in the speech amplifier or modulator stage of an 
amateur transmitter. When an oscilloscope check 
reveals that no overmodulation occurs, reports are 
commonly given of apparent undermodulation. In 
fact the "full" modulation often heard as clean 
speech without noticeable " splatter " generally re- 
presents almost continuous overmodulation on speech 
peaks. Due to the sharp nature of the speech wave- 
form spikes, however, the percentage of time during 
which overmodulation is occuring is small. Really 
gross overmodulation or speech amplifier non - 
linearities are necessary to produce obvious over - 
modulation on casual listening tests. 

Clipper action is idealized in Fig. 2, which shows 
how peaks may be clipped in speech waveforms 
without affecting the signal quality noticeably. 
Speech clippers of the peak limiting type are com- 
monly employed in broadcasting to prevent sudden 
orchestral transients from overloading the system, 
as well as to boost the " talk power " of the commer- 
cial announcements. Speech waveforms are often 
asymmetric,' with peaks of one polarity higher than 
the other. Thus it is possible to arrange the speech 
waveform polarity so that the highest peaks pro- 
duce positive modulation levels exceeding the 100 
per cent mark, while the negative peaks do not 
extend to the zero level. This gives a limited degree 
of enhanced speech levels in communications sys- 
tems. It is uneconomic as the " oversize " modulator 
must be capable of handling the extreme peaks 
which may correspond to positive modulation levels 
of 200 per cent to 300 per cent. 

Peak limiting within the speech amplifier is better, 
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as the modulator and transmitter modulation capa- 
bility need only conform to the usual requirements. 
However, clipping may be pushed much further than 
the removal of sharp peaks. It is possible to clip 
the main speech waveforms. Speech waveforms may 
be clipped so savagely as to reduce the signal to 
a series of " on and off " rectangular impulses ... a 

sort of " super -morse ". In fact speech waveforms 
may be applied to a trigger circuit to convert them 
into a series of rectangular pulses. Despite this, 
intelligible speech can be reconstituted from systems 
operating on an " infinite clipping " basis.' The only 
factor conveying intelligence in such systems being 
the crossover points where the polarity of the rec- 
tangular pulses change polarity. Practically "in- 
finite " clipping is obtained when the ratio of peak 
waveform amplitude to clipping level exceeds some 
30 to 40 dB. A sine wave clipped to this degree is 

virtually a square wave, as Fig. 3 indicates. More- 
over with a high degree of clipping the speech level is 

highly compressed, so that the modulation level is 

virtually independent of the loudness of the speaker's 
voice, which can change by some 20 dB without the 
output level changing noticeably. This has the dis- 
advantage that background and room noises are 

greatly accentuated. A background whisper may for 

example produce the same output as a speaker close 

to the microphone. 
High clipping levels imply the introduction of a 

high level of harmonic distortion. It also entails a 

high level of intermodulation products. Fig. 4 

illustrates the intermodulation effect for a weak h.f. 

speech frequency in the presence of a strong low - 

frequency component. There are two approaches 
to the problem of dealing with the distortion pro- 
ducts. The usual method is to follow the clipper 
stage by a low -pass filter attenuating sharply above 

some 3 kc /s. This prevents harmonics generated in 

the clipping process from reaching the modulator, so 

(a) 

(b) 

(C) 

Fig. 4. (a) Small - 
amplitude h.f. com- 
ponent superimposed 
on a low - frequency 
component, (b) after 
clipping and (c) resi- 
dual h.f. component. 

(e) 

Fig. 5. The sine wave (a) assumes an approximately 
square shape after amplification and clipping (b), and is 
restored to a semblance of a sine wave (approx. 12 per cent 
harmonic distortion) by integration (c). 
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Left: -Fig. 6. Cathode - 
coupled clipping stage. 
The values in brackets 
should be used with a 
12AT7 valve. 

Below: -Fig. 7. Sche- 
matic diagram of 

-N.T. typical clipping circuit 
sequence. 

that the sideband spread is 
not broadened by " hash " PRE -AMP. - 
and " splatter ". The use 
of a low -pass filter does 
not affect distortion pro- 
ducts within the 3 -kc /s pass band, although perfectly 
intelligible speech may be radiated with such a filter. 

Another approach favoured in some quarters, does 
reduce distortion products within the pass band. 
This technique precedes the clipper stage by a 
differentiating circuit, so there is effectively a top 
boost of 6 dB per octave. The clipping stage is 
followed by an integrator stage, which may be 
regarded as restoring the original frequency balance. 
Harmonic distortion products are attenuated. This 
is illustrated (Fig. 5) for a sine wave input. The 
square wave resulting from the clipper is integrated 
to a triangular wave. As far as the final result is 
concerned there is remarkably little difference be- 
tween a sine wave and a triangular wave, as can be 
observed when a sine wave of increasing amplitude is 
fed into such a clipper integrator system. In terms 
of harmonic distortion, the square wave represents 
some 50% harmonic distortion, while a tri- 
angular wave corresponds to some 12% distortion. 
Intermodulation products will also be reduced in 
some cases by the integrator. 

The clipping stage may employ many types of 
circuit such as the classical biased diodes, valves with 
low anode voltages to limit simultaneously at grid 
and anode, and so on. One convenient circuit is the 
so -called " transient- less " clipper shown in Fig. 6. 
The values shown gave good symmetrical clipping 
action with 12AU7 and 12AT7 valves. The shorter 
grid base of the 12AT7 results in the limiting action 
starting at lower signal inputs than a 12AU7. The 
simplicity of this circuit, and the symmetry of clip- 
ping without critical circuit values are features of 
some interest. 

Circuits of clipping systems are best adjusted with 
the aid of an oscilloscope. The overall schematic of 
a clipper system is shown in Fig. 7. The gain con- 
trol following the clipper stage enables the audio out- 
put to be set at a level which does not overmodulate 
the transmitter. The gain control preceding the 
clipper stage enables the input to the clipper to be 
varied from slight clipping action up to the limit set 
by pre- amplifier gain. In practice it is doubtful 
whether an apparent effect of more than 10dB of gain 
is achieved. Moreover, under conditions of selective 
fading a heavily clipped system is liable to severe 

GAIN 
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sideband distortion effects unless exalted- carrier 
receiving techniques are used. This follows because 
the transmitter operates virtually all the time at the 
100% modulation level. When the carrier fades 
below the sidebands the effect is one of gross over - 
modulation. Thus a clean speech signal may change 
to a severely distorted one with a slight change in 
propagation conditions. The use of exalted -carrier 
reception methods is clearly the first step that leads 
logically to the use of single -sideband, suppressed - 
carrier techniques at the transmitting end. The 
combination of single -sideband operation together 
with speech clipping and limiting should provide 
about the most effective communication system pos- 
sible for present -day amateur use. 

However, while " clipped " speech methods may be 
used to convert speech into a still intelligible suc- 
cession of " on -off " pulses, it is necessary to remem- 
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TO 
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ber that " Vocoder " techniques' have shown that 
speech may be compressed into a few cycles per 
second of bandwidth by coding speech waveforms 
into the keying impulses for a small number of wave- 
form generators. The ultimate adoption of such 
techniques by amateurs may well end the traditional 
rivalry between telephony and c.w. operators, as 
speech will then occupy about the same bandwidth 
as c.w. 

REFERENCES 

' " Radio Designer's Handbook," pp. 628 -9. (Iliffe 
& Sons.) 

" Amplitude Modulation Up to Date," O. J. 
Russell. Wireless World, March, 1943. 

' "Effects of Amplitude Distortion Upon the Intel- 
ligibility of Speech," J. C. R. Licklider. journal 
Acoustical Society of America, vol. 20, p. 42, 1948. 
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Pressurized Valve Factory 

AS part of the precautions against airborne dirt which 
Hivac have adopted at their new Ruislip valve factory, 
the atmospheric pressure in the air -conditioned assembly 
shop is kept above normal to ensure that no dust can 
enter from outside. The same principle is used on 
some of the individual assembly benches, which are 
enclosed and have glass shields in front to prevent any 
moisture from the assemblers' breath from condensing 
on the electrode components. 

The hospital -like nature of the factory is further 
enhanced by polished wood -block floors, a self - 
supporting roof structure to avoid dirt -collecting stan- 
chions and girders, and white nylon overalls and head 
scarves for the girl operatives. All supplies of elec- 
tricity, gas, water and " vacuum " are piped into the 
main shop from a specially constructed basement so that 
contaminating oil fumes and dust -harbouring pipes and 
wires are eliminated. 

The factory is mainly concerned with manufacturing 
subminiature valves, and the precautions are particularly 
necessary when work is being done on " special quality " 
types in this category. 
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Economy in Receiver Design 
Simple Superhet with an Unconventional Smoothing Circuit 

By S. W. AMOS,* B.Sc.(Hons.), A.M.I.E.E. 

THIS article describes a small medium -wave 
receiver for a.c. mains operation suitable for use 
as a second receiver, e.g. in a dining room or a 
bedroom. It does not require an external aerial 
but is nevertheless capable of receiving Hilver- 
sum, Brussels and a number of provincial Home 
Services when used in the London area. The 
receiver is economical of components but it has 
a.g.c. operating on two valves and the gain control 
incorporates variable negative feedback. A 5 -inch 
diameter loudspeaker is used and although the 
upper frequency response is limited by the selec- 
tivity of the i.f. transformers, the quality is smooth 
and pleasant due to reduction of harmonic distortion 
in the a.f. amplifier by the feedback. 

The circuit described here uses international 
octal valves namely 6K8 (frequency changer), 6K7 
(i.f. amplifier), 6Q7 (detector and 1st a.f. amplifier), 
6V6 (output valve) and 6X5 (rectifier). The circuit 
is, however, not at all critical of the valves used 
and the only component value likely to require 
adjustment if other types of valve are used is the 
bias resistor of the output valve. The author 
has made a receiver of this type using modern 
B7G and B9A valves namely 12AH7 (frequency 
changer), 9D6 (i.f. amplifier), EABC80 (detector 
and 1st a.f. amplifier) and N78 (output); no changes 
in component values were required other than 
that mentioned. 

Economical Smoothing 
The circuit diagram of the receiver is given in 
Fig. 1 and the first feature of interest is the smooth- 
ing circuit and the method of supplying h.t. to the 
valve electrodes. The full-wave rectifier circuit 
is conventional but the anodes of the output stage, 
i.f. amplifier and frequency changer are all fed 
directly from the rectifier cathode. At this point 
the h.t. supply is 260 volts from a mains trans- 
former secondary winding supply 250 -0 -250 volts. 
By adopting this technique the current in the 
smoothing resistor Rs is reduced to a small value 
which comprises the screen -grid currents of the 
output valve, i.f. amplifier and frequency changer 
together with the anode currents of the oscillator 
triode and the 1st a.f. amplifier triode. This cur- 
rent amounts to approximately 12 mA, approxi- 
mately 1 /5th the total h.t. current of the receiver. 
With such a small current the smoothing resistor 
can have a value as high as 5 k il yet still giving 
a smoothed supply of 200 volts for the screen grid 
of the output stage and the anode of the 1st a.f. 
amplifier. 

A supply of approximately 100 volts is required 
for the screen grids of the i.f. amplifier and fre- 
quency changer and the oscillator anode; this is 

B.C.C. Engineering Training Department. 
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obtained from the 200 -volt smoothed supply via 
a series resistor R12 of 10 kû; a 0.1 -pF capacitor 
C3 has proved adequate for decoupling the 100 volt 
supply so obtained. 

This simple h.t. supply circuit has proved en- 
tirely successful and gives a very low level of hum. 
This is to some extent due to the use of a pentode 
as output valve and a triode as 1st a.t amplifier as 
illustrated in the following calculations. A 100 -c /s 
ripple voltage can occur at the anode of the output 
valve (giving hum in the loudspeaker) from three 
mains sources: 

(1) By direct modulation of the anode current 
of the output stage by ripple on the h.t. supply. 
If the output valve is a triode this voltage is 2 /3rds 
that at the rectifier cathode because the optimum 
load of a triode is twice the anode a.c. resistance. 
Hum due to this cause is reduced by using a pentode 
because the anode a.c. resistance of this type of 
valve is of the order of 50 k i2, 10 times the opti- 
mum load (assumed 5 k û). Thus the ripple voltage 
at the anode of a pentode is only 1 /11th that at 
the rectifier cathode. The ripple voltage at the 
rectifier cathode can be simply calculated as shown 
in the Appendix: for this particular circuit the 
voltage is 20 volts peak -to -peak. Thus a triode 
output stage will give 16.7 volts ripple at the anode 
and a pentode less than 2 volts. 

If a feedback voltage is taken from the anode of 
the output valve the effective reduction in anode 
a.c. resistance of the pentode increases the ripple. 
This can be avoided by taking the feedback voltage 
from the secondary winding of the output trans- 
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former, when the feedback is effective in reducing 
hum. This has the additional advantage of reducing 
any harmonic or attenuation distortion occurring 
in the transformer. The inclusion of the output 
transformer in the feedback loop increases the 
tendency towards oscillation at a frequency outside 
the passband. The measures adopted to prevent 
this possibility are discussed later. 

(2) By modulation of the anode current of the 
output pentode by ripple on the h.t. supply to the 
screen grid. This effect can produce serious hum 
and smoothing of the screen -grid supply is essen- 
tial to minimize it. The smoothing circuit employed 
is, in fact, more than sufficient to reduce hum from 
this souce to negligible proportions. The smoothing 
resistor is 5 k il and the smoothing capacitor 32 F. 
The latter has a reactance of 50 ohms at 100 c/s 
and the 100 c/s ripple on the 220 -volt supply has 
therefore 1 /100th the amplitude at the rectifier 
cathode, and is only 20/100 = 0.2 volt peak -to -peak 
value. The voltage gain of an output pentode from 
screen grid to anode is less than 5 under normal 
conditions and the ripple is thus unlikely to gener- 
ate more than 1 -volt at 100 c/s at the anode. The 
smoothing was introduced primarily to reduce the 
hum described under (3) below and also to minimize 
the possibility of impressing 100 c/s on the r.f. 
signals in the frequency changer and i.f. amplifier 
valves. The 100 c/s ripple on the 200 -volt supply 
is applied at nearly full amplitude to the screen 
grids of these valves and modulation hum from this 
cause is a possibility unless the ripple is kept to a 
small amplitude. 

(3) By modulation of the anode current of the 
output stage by ripple applied to the control grid. 
This ripple is applied via the anode load resistor 
R, (220 kû) and the anode a.c. resistance (say 
80 kit) of the triode a.f. amplifier which together 
form a fixed potential divider across the 200 -volt 
supply. The step down ratio is 4 : 1 and the ripple 
at the control grid is thus 0.2/4 =0.05 volt. If 

Front view of the receiver. 

the gain of the pentode is 30, the ripple at the anode 
from this source has an amplitude of 0.05 x 30 = 
1.5 volt peak -to -peak, less than that due to direct 
modulation of the anode current by the ripple at 
the rectifier cathode. If the 1st a.f. amplifier had 
been a voltage -amplifying pentode with an anode 
a.c. resistance of 1 M i2, the ripple at the pentode 
anode would have been 5 times greater, i.e., 7 volts, 
possibly sufficient to produce audible hum. 

These calculations show that by using the types 
of valve specified the hum can be kept to negligible 
proportions in spite of resistance smoothing and 
without the need for an additional smoothing section 
for the h.t. supply to the triode anode. The calculated 
ripple voltages at the pentode anode apply when the 
gain control is set at maximum, for there is then no 
negative feedback. When the gain control is turned 
down for reception of a strong signal, negative feed- 
back is automatically applied and the ripple voltage 
is less than calculated above. In practice the hum 
level is negligible at all settings of the gain control. 

We shall now consider the design of the valve 
circuits in detail, beginning with the mains equip- 

Fig. I. Cornple!e circuit diagram of receiver. Al! resistors are rated at á watt unless otherwise specified. L1, 40 turns 
9/45 Litz wound to occupy !k in leng h on paper sleeve on Mullard "Ferroxcube" rod, type FX 1247; L2, Osmor type Q08; 
L3, L4, Eddystone type 851 or Weorite type M800. 
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ment which is conventional, except for the provision 
of the Brimistor CZ3 in the primary circuit of the 
mains transformer. This is included to reduce the 
magnitude of the surge current immediately after 
switching on, so prolonging the life of the valves 
and the dial light. It also permits the use of 250 mA 
mains fuses; without the CZ3 the fuse rating would 
need to be raised to at least 1 amp to stand the surge 
current. 

Grid -current Bias 

The a.f. amplifier consists of the triode voltage 
amplifier V3 and the pentode output stage V4. 
The two valves are RC- coupled and V4 has a bias 
resistor R11 and decoupling capacitor C15. V3 is 
biased by grid -current flow in Re which has the high 
value of 10 M S2. This saves the cost and bulk of 
a cathode decoupling capacitor. If a triode valve of 
a type different from that specified is to be used, it 
is necessary to check that it is suitable for biasing 
in this manner. The diode load resistor R4 functions 
as gain control and the components R, and C12 
are an i.f. filter. These components are placed 
subsequent to the gain control deliberately. If 
placed between the diode output and the gain control, 
it would not be possible to remove the feedback 
completely at the maximum setting of the gain 
control. 

To receive weak signals the full gain of the receiver 
may be necessary, but for local - station reception, 
where the full gain is not required, it is possible 
to employ negative feedback to improve quality 
by reducing harmonic distortion. In the feedback 
circuit used by J. L. Osbournel the gain control 
is used simultaneously to control the magnitude 
of the signal applied to the a.f. amplifier, and also 
the feedback factor. He achieved this by returning 
the gain potentiometer to the junction of two resis- 
tors connected in series across the secondary winding 
of the output transformer, the resistance values being 
chosen to avoid any possibility of oscillation at a 
very high or very low frequency. However, it was 
found possible to avoid instability by suitable design 
of the a.f. amplifier and the two resistors are unneces- 

sary. Thus the volume control can be returned to 
one end of the secondary winding and, at zero setting 
of the volume control, the whole of the secondary 
voltage is used for feedback. The use of the volume 
control for two purposes alters its effective law and 
a linear control gives smoothest control of volume; 
a logarithmic control tends to be fierce near its 
maximum setting. 

Instability tends to occur in a feedback amplifier 
at frequencies outside the passband, in an a.f. amplifier 
at very low frequencies such as 1 or 2 c/s (an effect 
known as motor -boating) or at a high frequency such 
at 50 kc /s. Oscillation at such high frequencies 
is, of course, inaudible but can nevertheless ruin 
the performance of the amplifier by causing exces- 
sive noise or low power output. This oscillation 
is perhaps best detected by an a.c. meter connected 
across the output; a steady reading is obtained even 
with no input to the amplifier. Instability is caused 
by phase shifts in the amplifier and can be avoided 
by correct choice of the time constants controlling 
the phase shift. At very low frequencies the signi- 
ficant time constants are R6C11, R8C1, and the anode 
circuit of the output valve. The latter time constant 
is given by the quotient of the primary inductance 
of the output transformer (say 8 henrys) and the 
load resistance (say 5 kI» and is equal to L /R= 
8/(5 X 10 3) second =l.5 milliseconds. As shown by 
Brockelsby2 the instability can be avoided by making 
the other two time constants large compared with 
this; in this way two of the phase -shift circuits are 
made wide -band and the third is narrow -band. 
The values chosen are R8 =470 KS2, C13 =0.1 µF 
giving a time constant of 50 milliseconds and R 
10 M f2 C = 0.01µF giving a value of 100 milliseconds 
and have proved effective in avoiding instability 
in three receivers all using different makes of output 
transformer. The intervalve time constants are 
much larger than is necessary purely from consider- 
ations of frequency response. If feedback were not 
used it would be quite satisfactory to have time 
constants as small as 0.006 second (e.g., 680 kf2 
and 0.01 DF), for this corresponds to 1 dB loss at 
50 c /s. 

The phase shift in the a.f. amplifier at frequencies 
immediately above the passband 
occurs principally at three points 
in the circuit; in the anode circuit 
of V3, in the output transformer 
and in the circuit which includes 
the gain control and i.f. filter. 
The circuit controlling the phase 
shift at the first point comprises 
the anode load resistance of V3 
in parallel with the anode a.c. 
resistance of the valve and the 
stray capacitance shunting the 
two resistances. The phase shift 
in the output transformer is a 
function of the leakage induct- 
ance, the shunt capacitance in 
the primary winding and the 
loudspeaker impedance and is by 
no means simple to calculate. If 
no additional components are 
introduced to control phase shift 
at this point in the circuit, the 
time constant is likely to be of 
the same order as that due to 

(Continued on page 391) 

Rear view of receiver with back removed showing the ferrite rod and method of 
moun'ing. 
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V3 anode circuit. The phase shift introduced by the 
gain control and i.f. filter is also of the same order as 
the two previous circuits and, when conventional 
component values are used, the overall phase shift 
generally gives continuous oscillation around 50 kc /s 
when the gain control is near zero setting. To obtain 
stability it is necessary to give one of these three 
phase -shift circuits a larger time constant. We have 
then satisfied the criterion of Brockelsby that two of 
the phase -shift circuits give wide -band responses and 
the third is narrow -band. One way of achieving 
this is to connect a capacitor in parallel with the 
primary winding of the output transformer. A value 
of 0.01 µF has proved suitable. 

At the frequencies at which instability is likely 
to occur the components effectively controlling the 
phase shift are the anode a.c. resistance of the output 
valve (say 50 k0) and the capacitor C17 giving a time 
constant of 0.01 x 10 -6 x 5 x 104 second = 500 
microseconds, very large compared with that of the 
other two phase shift circuits. This value of capa- 
citance does not cause any perceptible loss of " top " 
when the gain control is advanced to maximum 
setting where there is no feedback. This value of 
C17 has given unconditional stability in a number 
of receivers employing this circuit and constructed 
with different types of output transformer. 

I.F. Stages 
The gain and selectivity of a superhet receiver 
are determined almost entirely by the properties of 
the i.f. transformers and these must therefore be 
well designed. The space available for these com- 
ponents is limited and miniature types 13/16 -inch 
square were used. The types listed under Fig. 1 

must be used if the performance of the original 
receiver is to be duplicated. An interesting feature 
of some of these transformers is that the coupling 
between the windings is both inductive and capa- 
citive. These two forms of coupling can aid or 
oppose and thus there may be a significant change 
of gain on reversing the connections to one winding. 
In particular it was found that higher gain can be 
obtained from 'Eddystone transformers in this 
particular receiver if the connections to one winding 
are reversed relative to those indicated on the can. 

The cathode of the i.f. amplifier is directly earthed 
no automatic bias components being included. 
This economy is justified because there is a standing 
bias of -1 V on the a.g.c. line from the signal 
diode and this provides grid bias in the absence of a 
signal. 

The frequency changer circuit is conventional 
and here it was found that automatic bias is essential 
because the 6K8 gives maximum conversion con- 
ductance with approximately -3.0 volts on the 
control grid. The oscillator circuit is a tuned -grid 
type, C8 and C. being trimming and padding capa- 
citors respectively. The value of the padding capa- 
citor proved to be unexpectedly critical and it is 
recommended that this component should have a 
tolerance of no more than ±2%. This is partly 
due to the use of a ferrite -rod aerial in the signal - 
frequency circuit. The Q value of this circuit is 
very high -about 300 -and even a small tracking 
error results in a significant loss. The tuning of a 
superhet receiver is, of course, fixed by the i.f. and 
oscillator circuits and tracking errors result in a loss 
due to mistuning of the signal -frequency circuit. At 
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View of upper side of chassis showing layout of valves, 
mains transformer, tuning capacitor and i.f. transformers. 

1 Mc /s a tracking error of as little as 5 kc /s results in 
a loss of 10 dB if the Q value is 300. Tracking error 
must thus be minimized and the authors carried out 
a series of experiments, using different values of 
padding capacitance, to determine the capacitance 
tor least loss averaged over the medium waveband. 
The reduction of these losses to a minimum requires 
correct choice of alignment frequencies as well as 
correct padding capacitance and it was found that 
best results were obtained by aligning at 1530 kc /s 
and 620 kc /s and by using a padding capacitance of 
610 pF. This gave zero loss at 1050 kc /s and at the 
alignment frequencies with maximum losses of 
6 dB at 550 kc /s, 850 kc /s, 1300 kc /s and 1600 kc /s. 

The signal- frequency circuit consists simply of a 
Litz winding on a ferrite rod 8 inches long and 
} inch diameter (Mullard type FX 1247). The coil 
consists of 40 turns of 9/45 Litz wound to occupy 
a winding length of 1} inches on a paper sleeve 
which is free to slide along the rod. With this 
number of turns the normal position of the sleeve 
is approximately 2 inches from one end of the rod 
and a slight movement of the coil produces a compara- 
tively large change of inductance. This movement 
is used in aligning the receiver at the low- frequency 
end of the band. Alignment at the high- frequency 
end is achieved by variation of the trimmer C. 
which is mounted in a vertical position on the rear 
section of the two -gang tuning capacitor so that it 
can be adjusted when the receiver is in the cabinet. 

Alignment 
Adjustment of the i.f. and oscillator sections of the 
receiver can be carried out with the receiver on the 
bench but in the models constructed by the author 
the ferrite rod is mounted in the cabinet and the 
receiver must be in the cabinet for adjustment of 
the signal- frequency circuits. With the receiver on 
the bench adjust a signal generator to give a 
modulated output at 465 kc /s and apply the 
output to the receiver; the output may be con- 
nected directly across L1. With the receiver gain 
at maximum adjust the level of the signal- generator 
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output until the modulation is barely audible. 
Adjust the two dust -iron cores of both i.f. transfor- 
mers to give maximum output from the receiver. 
As the receiver output increases, decrease the output 
of the generator to keep the receiver output barely 
audible. 

To align the signal -frequency circuits, a different 
form of coupling is required between generator and 
receiver. A method which has proved successful is 
to connect the generator output to the ends of a 
small coil, which need consist only of a few turns, 
looped over the ferrite rod at the end remote from 
the winding L1. Set the generator to give a modulated 
output at 1600 kc /s, the receiver tuning to 187 
metres and tune the signal in by adjustment of C8. 
Now set the generator to 545 kc /s, the receiver 
tuning to 550 metres and tune the signal in by ad- 
justment of the dust -iron core of L2. Retune the 
generator to 1600 kc /s, the receiver to 187 metres 
and repeat the adjustment of C8. Now return to the 
low -frequency end of the band and repeat the 
adjustment of L2. Continue these adjustments 
until no further change in setting of C8 or L2 is 
required. The frequency range of the receiver is 
now correct and the indications of the tuning scale 
should be accurate. At this stage it is a good plan 
to check the accuracy of scale readings at a few 
points in the band, e.g., 750 kc /s (400 metres), 
1000 kc /s (300 metres), 1200 kc /s (250 metres) and 
1500 kc /s (200 metres). Any slight errors can 
sometimes be minimized by re- setting the pointer 
with respect to the tuning capacitor and re- aligning. 

Aerial Adjustment 
The receiver must now be mounted in the cabinet 
in order to align the aerial input circuit. Set 
the signal generator to 1530 kc /s and tune in the 
signal by rotating the tuning control to approxi- 
mately 196 metres. Adjust C2 to give maximum 
output from the receiver. Set the signal generator 
to 620 kc /s and tune in the signal by rotating the 
receiver tuning capacitor to approximately 484 
metres. Slide L, along the ferrite rod to the position 
which gives maximum receiver output. Retune the 
generator and receiver to 1530 kc /s and repeat the 
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adjustment of C,. Repeat the 
adjustment of L1 at the low - 
frequency end of the band and 
continue these two adjustments 
until no further re- setting of C, 
or L, is required. The align- 
ment is now completed and the 
paper sleeve carrying L, should 
be secured to the ferrite rod. 

The receiver is housed in a 
wooden cabinet measuring 111 
inches by 7 inches by 5 inches 
and the steel chassis supplied 
with the cabinet measures 10I 
inches by 4 inches by If inches. 
The chassis was intended for a 
3 -valve t.r.f. receiver using a 
metal rectifier and was modified 
for the superhet by punching 
two large holes for the additional 
two valves and a number of 
smaller holes for the two i.f. 
transformers. The layout of 
the receiver is evident from 

the photographs and except for the provision of a 
small screen and the method of supporting the 
ferrite rod does not require detailed description. 
The screen is necessary to prevent slight instability 
and shields the grid lead of the first i.f. transformer 
from the anode pin of the i.f. amplifier. The ferrite 
rod could be supported by brackets mounted on the 
chassis, permitting the receiver to be completely 
aligned on the bench but in the model illustrated 
the rod is supported by two rubber grommets held 
in position by short lengths of wire which fit into the 
grooves and are secured by short wood screws to the 
underside of the top of the cabinet. The wire loops 
must not form closed loops around the rod for these, 
if closely coupled to the tuned winding, may reduce 
the effective Q- value. The ferrite rod should be 
handled with great care because it is extremely 
brittle and will almost certainly break if allowed to 
fall more than a few inches on to a hard surface. 
The ferrite rod is directional, giving maximum 
signals when broadside on to the direction of the 
transmitter. It may happen if the rod is mounted 
parallel to the long dimension of the chassis as shown 
in the photographs that the signals from the local 
station are at a minimum with the receiver placed in 
the desired position. This difficulty can be avoided 
by arranging for the ferrite rod to be at an angle to 
the long dimension of the chassis. The angle cannot 
exceed approximately 30 degrees but this may be 
sufficient to avoid the difficulty. The choice of 
position for the ferrite rod is further complicated by a 
hum which becomes apparent on strong signals when 
the rod is situated near the mains transformer. 
This effect may be confused with modulation hum 
but appears to be due to the properties (possibly 
non -linearity) of the ferrite rod and can be mini- 
mized by suitable choice of position. 
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APPENDIX 
THE voltage across the reservoir capacitor connected 
across the output of a rectifier consists of a se ries of 
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exponential rises, coinciding in time with the periods of 
conduction of the rectifier, alternating with exponential 
falls due to discharge of the capacitor by the current 
taken by the load. To simplify calculation of the am- 
plitude of this ripple, we can assume that the voltage 
has a sawtooth form, rising instantaneously to the maxi- 
mum value when the rectifier conducts and falling 
linearly in the intervening periods. The assumption of 
a linear fall in voltage is justified if, as is usually true in 
practice, the fall is a small fraction of the maximum 
voltage across the capacitor. If the load current is as- 
sumed to have a constant value i during discharge periods, 
the charge q lost by the capacitor in one of those periods 
is it, t being the duration of the period. This produces a 
fall in voltage given by q /C, i.e., it /C. 

For a full-wave rectifier the discharge period t is half 
that of the alternating voltage supply and is thus given 
by 1/21. 

COMMERCIAL 
Standing -Wave Indicator (for waveband centred on 

3.2 cm); rotary attenuator, 3.2 cm, using nichrome- coated 
glass vanes; and monitor diodes for 3.2 cm and 10 cm. 
Leaflets for their catalogue of microwave instruments from 
Elliott Brothers (London), Elstree Way, Borehamwood, 
Herts. Also a pnce list and a leaflet on power supplies 
for klystrons. 

Silvering Glass and Ceramics to provide a surface for 
soft -soldering. Two -coat method using silver pastes, 
described in Electrical Engineering Data Sheet 1300:473 
from Johnson, Matthey and Co., 73 -83, Hatton Garden, 
London, E.C.1. 

Non -Destructive Testing of engineering materials. Book- 
let on electronic methods from A. E. Cawkell, 6 -8, Victory 
Arcade, The Broadway, Southall, Middlesex. 

Thermistors, as used in receivers for surge suppression, 
picture -height correction, temperature compensation, etc. 
Leaflet giving technical data, equivalents, prices and list of 
receivers in which Mullard Varite types are fitted, available 
to dealers from Mullard, Century House, Shaftesbury 
Avenue, London, W.C.2. 

Bench -Type R.F. Heater, 750 -W, for " pre-heating" 
plastics powders before they are put in moulds. Will 
plasticize at rate of up to 8oz per minute. Has air -cooled 
triode oscillator (35 -36 Mc /s) and xenon rectifiers, with 
process timer and automatic lid opening. Leaflet from Radio 
Heaters, Eastheath Avenue, Wokingham, Berks. 

Instrument A.C. -D.C. Converter, using thermocouple, for 
precise measurements of a.c. voltages and currents with 
d.c. potentiometers. Voltage ranges from 7.5 V to 300 V 
and current ranges from 18 mA to 5 A; accuracy +0.05% 
over frequency range of 25 c/s to 10 kc /s. Leaflet from 
the Croydon Precision Instrument Company, 116, Windmill 
Road, Croydon, Surrey. Also a leaflet on Precision Instru- 
ment Switches. 

Components and Accessories; the July, 1956, illustrated 
catalogue from Radiospares, 4 -8, Maple Street, London, W.1. 

Direct Reading Magnetometer, for measuring fields of 
transformers, electric motors, focusing electromagnets, etc. 
Three ranges: 0 -5, 0 -50 and 0 -500 oersteds, using one 
probe. Short-term accuracy better than +1%. Calibrating 
solenoid available if required. Leaflet from Newport 
Instruments (Scientific and Mobile), Newport Pagnell, 
Bucks. 

High Quality S.R. Equipment; amplifiers, pickups, loud- 
speakers and cabinets, control units, tuners, gramophone 
motors, tape recorders and other accessories by well -known 
makers. Also suggestions for equipment combinations, with 
prices. Illustrated catalogue from the Classic Electrical 
Company, 352 -364, Lower Addiscoinbe Road, Croydon, 
Surrey. 

Band -HI Television Pre- amplifiers, for fringe areas, 
using earthed -grid low -noise stage followed by neutralized 
triode stage, giving a gain of 20 dB at full bandwidth. Two 
aerial inlets, for Band I and Band III, with changeover 
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Substituting for t in the above expression gives the 
general result- 

Ri pp le voltage (peak -to -peak value) 
2fC 

For the receiver described in the article i = 60 ntA, f = 
50 c/s and C = 32µF. Substituting these values in the 
general expression- 

Ripple voltage - 60 x 10-3 

x50x32x10-e 
60 x 103 

2 x 50 x 32 
60 x 103 

64 x 50 
= 20 volts approximately (peak-to- 

peak) 

volts 

LITERATURE 
switch; also a gain control. Leaflet from Spencer West, 
Quay Works, Great Yarmouth, Norfolk. 

Crystal Calibrator for communications receivers. Usable 
range to 55 Mc /s with check points at every 100 kc /s. 
Also a Codan squelch unit, a mechanical filter adapter and 
two loudspeakers. Leaflet on accessories designed speci- 
fically for Hammarlund communication receivers, from the 
Hammarlund Manufacturing Company, 13th East 40th 
Street, New York 16, N.Y., U.S.A. 

Small Direction Finding Aerial (marine) weighing only 
17oz, for mounting on hand bearing compass. Can be used 
with any communications receiver covering beacon signals 
(290-310 kc/s) and includes a sense finder. Range 50 miles 
with 20µV receiver sensitivity. Descriptive leaflet from 
Brookes and Gatehouse, Shirley Halms, Lymington, Hants. 

Waveguide Attenuators, fixed and variable, high -power 
impedance meters, tees, fixed and sliding terminations and 
u.h.f. coaxial directional couplers are among the new items 
in a catalogue of u.h.f. and microwave test equipment from 
the Narda Corporation, 160, Herricks Road, Mineola, L.I., 
New York, U.S.A. British representative at 86, Holly Road, 
Uttoxeter, Staffs. 

Resistance Boxes with low, constant switch contact resist- 
ance and bifilar windings to reduce inductance. Three 
or four dials provided, with resistance coil values from 
0.1 f1 to 100 k11. Accuracy of adjustment 0.1 %. Also 
Wheatstone bridges -precision, portable and self- contained 
types. Leaflet from the Doran Instrument Company, 
Stroud, Glos. 

Composite Band -I /Band -III Television Aerials with 
Band -I dipole element " electronically coupled " to Band - 
III resonator, thereby eliminating coupling bars, so avoiding 
impedance mismatching, and utilizing Band -I elements on 
both bands. Leaflet, among others, from Antiference, 
Bicester Road, Aylesbury, Bucks. 

Tape Recorder, two- speed, with 10 -inch elliptical loud- 
speaker in detachable lid. Facility for mixing two inputs, 
and amplifier which can be used separately for reproduction 
from tuner units, etc. Leaflet on the Wyndsor Regent 
from the Magnetic Recording Company, 99, Shacklewell 
Lane, London, E.8. 

Communications Receiver with expanded tuning scale, 
enabling frequency to be read very accurately, and facility 
for choosing L/C ratios of tuned circuits for optimum per - 
formance. Coverage of amateur bands from 1.8 Mc /s to 
30 Mc /s in six ranges. Detailed description of the Eddy- 
stone Model " 888 " from Stratton and Company, Alve- 
church Road, Birmingham, 31. 

Clip -on Voltmeter -Ammeter, measures current without 
breaking circuit by means of magnetic induction in current - 
transformer core. Five current ranges, from 0 -10 A to 
0 -1000 A a.c. and two voltage ranges 0 -150 V and 0-600 V 
a.c. Also a high- frequency model (up to 400 c /s, 2.5 kc /s 
or 20 kc /s depending on current). Leaflet from Ferranti, 
Hollinwood, Lancs. 
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SEMI-CONDUCTORS-2 
By " CATHODE RAY" 

QUITE. clearly we will all have to become 
acquainted with transistors -those who are not 
already. And one cannot go far without at least some 
notion of what goes on in the materials of which 
they are made -semi- conductors. Last month we 
got the length of seeing why semi -conductors semi - 
conduct. Unlike metals, which are good conductors 
of electricity because all their atoms have active or 
"valency" electrons that are free to drift about 
as electric currents, semi -conductors' valency elec- 
trons are in fixed jobs, linking up with their mates 
in adjoining atoms to form a regular lattice -like 
structure that we know as a crystal. Unlike perfect 
insulators on the other hand, these permanently 
employed electrons are not altogether immune from 
being tempted into absenteeism. Typical tempters 
are heat and light. At ordinary room temperatures 
an appreciable proportion -getting on for one in a 
million -of the valency electrons in germanium have 
shaken loose and are available for electric currents. 
It is the relative fewness of these absentee electrons 
that accounts for the " semi." In silicon they are 
fewer still, unless the temperature is considerably 
higher. 

The atoms from which electrons have gone 
(" holes ") are minus one negative charge. Minus 
negative is the same thing as plus positive, so elec- 
trically these deprived atoms are positive 
charges. Unlike the freed electrons, they 
are fixed parts of the crystal structure. But 
when an electron moves from a complete atom 
A to a hole B it is just as if the hole moved from 
B to A. The point of looking at it like this is that 
a very large number of short electron movements 
can often more easily be described as perhaps only 
one long hole " movement." So if, for instance, an 
electron shook loose in the middle of a crystal of 
germanium, to the ends of which a battery was con- 
nected, the electron would be attracted to the posi- 
tive terminal, constituting a tiny electric current; 
at the same time the hole left behind might quickly 
be filled by an electron from a near -by atom on 
the negative side; that hole might be filled by one 
still nearer the negative terminal; and so on, the 
net result being the same as if the original hole 
had moved to the negative terminal, constituting 
another tiny electric current to add to the electronic 
current. Rather surprisingly, it is found that holes 
in semi -conductors can move about half as fast as 
electrons. 

That was as far as we got last month, and before 
going on it would be as well to make quite sure 
of this hole business, and especially what is meant 
in transistor literature when it said that holes move. 
A thing to remember is that only the electrons 
really move; strictly speaking the holes are fixed, 
but some kinds of electron movement have the same 
electrical effect as if holes moved, and are more 
conveniently described and calculated as such. Fig. 
1 is a picture of a dozen people forming a queue 
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Another Step on the Way to 

Transistors 

(a), for whom the management have thoughtfully 
provided seats. No. 6 is called in first, so he leaves 
his seat and goes forward (b), thus creating a vacancy 
or " hole." This vacancy, strictly speaking, is a 
fixed seat; but if, in the natural desire to get as far 
forward as possible, No. 7 moves into it, then No. 8 

moves into the newly created vacancy, and so on; the 
final result is as if the influence that induced the 
forward movement of person No. 6 also had the 
effect of repelling the " hole " to the rear (c). The 
total human current is the movement of a man from 
position 6 to the left hand or positive end, plus all 
the short movements of Nos. 7 to 12 inclusive; 
but the latter part can be described much more 
concisely as the movement of a vacancy from posi- 
tion 6 to the right -hand or negative end, or as the 
movement of a person from 12 to 6. 

Holes, then, are imaginary positive charges, about 
half as mobile as electrons, used for convenience 
as an alternative way of describing certain real but 
complicated movements of electrons in the opposite 
direction. 

Intrinsic Conductivity 
So far we have an explanation for the small but 
appreciable conductivity of pure semi- conductors 
such as silicon and germanium, and also for its 
fairly steep increase with rise of temperature; be- 
cause the normal state of these materials is full 
employment of electrons on fixed sites, they tend 
to be insulators; but except at very low temperatures 
this state is upset by a small proportion of electrons 
being freed by heat energy. The actual proportion 
depends on the temperature (the higher the greater) 
and on the structure of the atoms (i.e., on the 
material; the proportion is much greater in ger- 
manium than silicon). In a given material at a given 
temperature it cannot be altered. So it is called 
the intrinsic conductivity* of the material. 

That doesn't get us very far towards transistors, 
or even crystal rectifiers, for intrinsic conductivity 
is no more than an incidental nuisance. It means 
that an e.m.f. always causes some current through 
semi- conductor devices, even when they are supposed 
to be biased to " cut -off." And the increase with tem- - 
perature means that germanium devices are more or 
less out of action at the temperature of boiling water, 
though silicon can still be used -hence the develop- 
ment effort being put into silicon at the present time. 

Light has been mentioned along with heat as a 
disturbing influence in semi- conductor crystalline 
structure and, therefore, a causer of conductivity. 
But it is a simple matter to keep light out where it 

* Does anyone wonder what is the difference between conduc- 
tion and conductivity? It is rather like the difference between 
production and productivity: a production of 1.000 tons of coal 
doesn't tell one whether n was obtained efficiently or not; for 
that one needs to know the productivity, which is the production 
per man per week or shift. Conductivity is the proper figure for 
comparing the conductions of d'fferent materials, in amps per 
volt per metre (or centimetre) cube. 
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isn't wanted (in ordinary transistors) and to let it in 
where it is -in photo -transistors, which enable a 
current to be controlled by light. So we are not 
going to bother about light just now. 

Why use materials such as germanium, when they 
are subject to this intrinsic conductivity nuisance? 
Well, it happens that atomic structure which is 
liable to have the odd electron knocked off here and 
there by heat energy is also the kind that enables 
rectifiers and transistors to be made. That comes 
about in a curiously indirect sort of way. The only 
hint so far lies in a word you probably overlooked- 
" pure." When the semi -conductors are not pure, 
the picture becomes much more complicated. And 
for this purpose the standard of purity is so high 
that it would make the best "pure water supply" 
look like a cesspool. The uninitiated might sup- 
pose that if there were no more than one impurity 
atom to every 100,000,000 of germanium the material 
would reasonably pass as " pure." The chemical 
analyst would have no doubts about it. Yet this 
incredibly small impurity is enough to have quite an 
effect on the conductivity. 

Cuckoo in the Nest 

As it happens, the main natural impurity in 
germanium is arsenic, which is No. 33 in the list of 
elements. Germanium, you remember, was 32, so 
each of its atoms has 32 electrons, of which (as we 
saw last month) all but four -the valency elec- 
trons -can for our purpose be lumped in with the 
nucleus to form a body having a net positive charge 
equal to four electron units. So we simplified the 
diagram of a normal neutral germanium atom down 
to Fig. 2(a) -the augmented nucleus with its net 
charge of +4 surrounded by its four valency elec- 
trons each with a -1 charge. These are the 
electrons that link up with four neighbouring atoms 
to form the crystal lattice. On the same basis, as we 
might expect, the diagram of an arsenic atom looks 
like Fig. 2(b). 

Now the interesting thing is that the arsenic atoms 
present in a piece of germanium find themselves 
accepted as units in the crystal lattice, just like a 
young cuckoo in a nestful of sparrows. But, of 
course, only four of the five electrons can find fixed 
employment; the odd one has to seek his fortune 
elsewhere. So in germanium with arsenic impurity 
there are free electrons, over and above any that 
are released by heat energy. The conductivity is 

(a) 
I 2 3 4 5 6 7 8 9 10 II 12 

-- 
(b) f 
(c) O 

Fig. I. (a) Queue of people waiting in seats. (b) No. 6 is 
called forward. (c) Apparent movement of his vacant seat 
backwards. 

+4- -+5- 

(a) (b) 

Fig. 2. Simplified dia- - grams of atoms: (a) 
tetravalent; (b) penta- 

(c) valent; (c) trivalent. 
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Fig. 3. Diagram of pure crystal lattice built up of Fl g. 2(a) 
atoms. 

consequently greater. Even with what would be con- 
sidered chemically an insignificant amount of 
impurity the conductivity might be 100 times 
greater. In silicon, the effect would be even more 
marked if one could compare it with really pure 
silicon, which unfortunately is difficult to obtain. 

And so another of the peculiarities of semi -con- 
duc:ors -the widely varying conductivities of 
" chemically pure " samples -has been accounted for. 
But it still doesn't seem to get us very near transistors. 

However, arsenic (or phosphorus, or antimony, 
whose atoms also can be represented as in Fig. 2(b)) 
is not the only kind of impurity that can get into 
the semi -conductor crystal lattice. There is gallium, 
which, being element No. 31, looks like Fig. 2(c). 
Others in the same group are aluminium and indium. 
These come with only three valency electrons per 
atom, so when they are in the lattice they resemble 
germanium atoms from which an electron has been 
shaken out by heat -except that the nucleus has only 
three units of positive charge instead of four, so the 
atom as a whole is neutral. But they are, in effect, 
holes. 

Vital Minority 
Being familiar with the nomenclature of valves 
according to the number of their electrodes, we do 
not have to be Greek scholars to see why the atoms 
diagrammed in Fig. 2 are referred to as tetravalent, 
pentavalent and trivalent respectively. 

The position, then, is that when either of the tetra- 
valent elements germanium or silicon is contaminated 
by even minute proportions of a pentavalent element 
such as arsenic its electrical conductivity is increased 
well above the intrinsic conductivity of the pure 
element, because of the presence of one surplus elec- 
tron per impurity atom. And with trivalent 
impurity much the same thing happens because of 
the presence of one hole per impurity atom. In the 
first case the conduction is by electrons; in the second 
it is (or, if you are a stickler for accuracy, appears to 
be) by holes. 

We are now getting to the heart of the matter. 
And for quick reference to these two different 
impurity materials there are some technical terms, 
which can easily be remembered by noting the 
occurrence of the letters n and p. Pentavalent 
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atoms, which provide spare electrons, which are 
negative charges, are called donors; and a semi-con- 
ductor containing them is n -type. Trivalent atoms, 
which are holes, or positive charges, ready to receive 
electrons, are called acceptors; and a semi- conduc- 
tor containing them is p -type. Note very particu- 
larly that calling a material n -type does not mean that 
as a whole it is negatively charged. Both n and p 
materials are normally neutral; the letters refer only 
to the loose charges. 

And now we can carry the simplification of our 
atom and lattice diagrams a stage farther. We saw 
last month that a perfect germanium (or silicon) 
crystal consists of a lattice of Fig. 2(a) atoms, each 
one holding on to four others, as shown diagram- 
matically in Fig. 3. Each atom is electrically neutral 
and fixed- except for the small minority disturbed by 
heat, which we are going to ignore for the time being. 
So electrically the material hardly exists; Dr. 
Shockley has in fact drawn an analogy between it 
and the vacuum in a valve. It merely provides a 
space for the impurity electrons and holes to play 
about in. We are going to omit it entirely from our 
following diagrams in order to concentrate attention 
on the very small but vital minority of impurity 
atoms. These of course are scattered at random 
throughout the crystal, so form no particular pattern. 
And only the net electrical charge of each unit will 
be shown. There is first the loose electron, shown as 
before by a single minus sign. Then there is the 
hole which, although not truly movable, does (owing 
to successive transfers of electrons) virtually move 
nearly as readily as an electron; it is represented by 
a plus sign. Then a donor atom (Fig. 2(b)) having 
lost its one unemployed electron is a fixed unit posi- 
tive charge, represented by a plus sign in a ring; 
and lastly an acceptor atom (Fig. 2(c)) is a fixed 
negative charge, represented by a minus sign in a 
ring. Fig. 4 shows a sample of each. 

It would be a good idea at this point if you would 
make sure that the meaning of n and p material, 
and the conventional symbols just explained, have 
been grasped, by drawing diagrams of samples of 

- ELECTRON 

MOBILE 

+ HOLE 

ACCEPTOR ATOM 1 e: 
1l FIXED 

e' DONOR ATOM 

(a) 

e _e e_ 

© _ - S 
_ © 

e 
e _ +o 

_ e e - 
n 

Fig. 4. Standard symbols for 
charged particles in semi- 
conductors. 

(b) 

e e+ 
+ 

e 

P 

Fig. 5. Diagrams of (a) n -type and (b) p -type semi- 
conductor, using Fig. 4 symbols. Only the impurity atoms 
are shown; the atoms of germanium or silicon, which are 
usually millions of times more numerous, are omitted for 
clarity. 
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these two materials using the symbols. And then 
checking that they agree with Fig. 5. Remember 
that these diagrams show only the impurities; the 
millions of times as many germanium and silicon 
atoms are there but not shown. And whereas the 
minus signs in Fig. 5(a) represent real electrons 
floating around, the plus signs in Fig. 5(b) represent 
only the fact that p -type material behaves very much 
as if there were real positive charges, analogous to 
electrons, floating around. The real cause of this 
-and I am sorry if my insistence on this point is 
becoming a bore -is the movements of electrons 
from one acceptor to another. 

P -N Junctions 
There is an important point to clear up before at 
long last getting to the uses of all this. It has prob- 
ably occurred to you that impurities of both types 
would almost inevitably be present to at least the 
minute extent that is significant electrically; and 
what then? As one might guess, the opposite effects 
neutralize one another, so that if there are exactly 
equal quantities of opposite impurities the material 
behaves electrically as if it were pure; its conduc- 
tivity is no more than the intrinsic conductivity of 
the material at that temperature. The neutralizing 
effect is called compensation. This might seem to 
be a short cut past the obvious difficulties of purify- 
ing anything to better than 1 part in 10'. But if one 
were to try "purifying" germanium containing 1 

part in 1,000 of arsenic -not very bad, by ordinary 
chemical standards -by adding an equal proportion 
of gallium, the problem of ensuring that the amount 
added was correct to 1 in a million might be worse 
than the problem being dodged. Anyway, in prac- 
tice the germanium is purified in the proper straight- 
forward way and the desired impurity added later; 
rather as crude iron is freed from carbon and then 
sufficient is added to make the grade of steel required. 
However, over- compensation is used to convert 
n -type to p -type or vice versa. 

None of these three types of material -n, p or i 
(for "intrinsic ") -is particularly useful on its own; 
it is when n and p types are brought closely into 
contact that results become really interesting. Just 
bringing two different pieces together is not good 
enough; in practice a single piece is caused to have 
n and p regions by introducing the appropriate im- 
purities. The boundary between the regions -or 
often the whole combination of two kinds of material 
-is called a p -n junction. 

The tendency of any concentration of electrons or 
holes is to scatter so as to fill the whole available 
solid uniformly. This movement is called diffusion, 
and is quite apart from movements caused by electric 
fields. So when the free electrons in the n half of a 
p -n junction look across the boundary and see the 
absence of electrons in the p half, they start drifting 
across. Similarly the holes in the p half start diffus- 
ing into the n region. Opposite charges moving in 
opposite directions are electric currents moving in 
the same direction -conventionally, the direction the 
positive charges (in this case, holes) move. However 
one looks at it, the n region, previously neutral, is 
becoming positively charged, and the p region nega- 
tively charged. The result is the growth of a poten- 
tial difference between the regions. This p.d. tends 
to put a stop to the diffusion; the electrons that have 

(Continued on page 397) 

WIRELESS WORLD, AUGUST 1956 

www.americanradiohistory.com

www.americanradiohistory.com


O 

O O 
_ 

O+ 

- 

+j 

O+ 

C e 
+ + 

n p 
Fig. 6. A p -n junction, showing how the p side of the 
boundary becomes. negatively charged because holes 
there are neutralized by electrons diffusing across 
from the n region. Similarly the n side becomes 
positively charged. 

n p 

Fig. 7. The potential difference 
between the two sides of the 
boundary in Fig. 6 can be 
represented symbolically by on 
imaginary cell. But it must be 
realized that its voltage alters if 
an external e.m.f. is applied, as 
in Figs. 8 and 9. 

already diffused, 
having no accom- 
panying positive 
charges to neutral- 
ize them, form a 
negative charge that 
repels those com- 
ing on behind 
( "like charges 
repel "). Similarly 
with the holes. 

Perhaps you 
think the trespass- 

ing electrons have plenty of positive charges around -a whole reg.onful of holes -to neutralize them. But 
in so far as these holes combine with the electrons 
and cancel them out, they themselves are cancelled 
out and can no longer balance the acceptor atoms 
(which are fixed negative charges). So either way the 
diffusing electrons make the p region go negative. 
Similarly the diffusing holes make the n region posi- 
tive. On the assumption that the diffusing bodies dis- 
appear by combining with their opposite numbers, 
the general effect can be represented as in Fig. 6. 
The charged atoms cause a positive excess on the n 
side of the boundary and a negative excess on the 
p side. When this p.d. is just enough to balance the 
tendency to diffuse, the process stops. The situation 
can be represented even more simply as in Fig. 7, 
the p.d. being indicated by an imaginary cell. 

The Junction Rectifier 
The next thing is to see what happens when an 
external e.m.f. is applied in the direction + to n 
and - to p, as in Fig. 8; that is to say, in series 
opposition to the imaginary e.m.f. in Fig. 7. This 
charges the n region still more positive by attracting 
more electrons out of it; similarly the p region is 
made more negative. And again, after a very small 
temporary flow of current a balance is reached in 
which there is no current (except for intrinsic con- 
ductivity, which we are still neglecting so as not to 
become confused by trying to take in more than one 
thing at a time). In the Fig. 7 style of diagram, the 
result would be represented by an increase in the 
number of imaginary cells, sufficient to balance the 
diffusion tendency plus the externally applied e.m.f. 

Unlike either of the n or p pieces separately, the 
combination appears to be a non -conductor. 

After a pause to tick off yet another piece of pre- 
viously incomprehensible behaviour on the part of 
a semi -conductor, we reverse the battery. Its e.m.f. 
is now series -assisting the internal p.d., tending to 
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make current flow. Electrons and holes trespass 
more or less freely on one another's regions; many 
of them annihilating one another no doubt, but the 
external battery replenishes the supply (Fig. 9). So 
in this direction current flows easily. The Fig. 7 
" e.m.f." has meantime almost if net entirely dis- 
appeared, to represent the fact that the fixed junction 
charges shown in Fig. 6 are neutralized by the mobile 
charges. 

In brief, a p -n junction is a rectifier. 
According to the simplified theory just outlined, 

a p -n junction rectifier would be perfect -at least, 
in the reverse or no- current direction, because there 
really would be no current. How much resistance, 
if any, there would be to current in the forward 
direction does not appear. There would, presum- 
ably, be a bit of a bottom bend while the applied 
forward voltage was overcoming the junction p.d. 
indicated variously in Figs. 6 and 7, and after that 
the steepness would be greater the more the impuri- 
ties present to contribute current carriers. The 
forward -current characteristic does in fact conform 
pretty well to that guess. It is the reverse behaviour 
that is more complicated. 

First let us combine the impurity theory with the 
intrinsic theory. Then instead of Fig. 6, with 
nothing but donors and electrons on the n side and 
acceptors and holes on the p side, we wcu'.d have 
to show a few heat -released electrons and holes on 
both sides. Some of the holes on the n side would 
no doubt be cancelled by electrons, which would be 
in a majority (they are, in fact, officially termed 
majority carriers, the holes being minority carriers), 
but those near the junction would find the p.d. there 
to be of the right polarity for carrying them across 
it to where they would be in a majority. Similarly, 
there would be a small current of electrons from 
p to n. This double current would tend to destroy 

O+ 

- O O+ 
O+ 

O- + +O 

O 
Cfi 

- O - O 

e e 
e + + + 

e 
e 

rJ + e+ 
+ e 

e e e 

n 
INN 

p 

Fig. 8. An external e.m.f. of this polarity (" reverse ") 
increases the p.d. shown in Figs. 6 and 7, and little or no 
current flows. 
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Fig. 9. An e.m.f. with " forward " polarity causes a 
relatively large current by enabling electrons and holes to 
flow freely across the junction. 
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the junction p.d., 
but if it did so the 
p.d. would be re- 
stored by diffusion. 
So instead of our 
previous picture of 
a balance with no 
current crossing - 
the junction we 

Ç 
C 

have to substitute 
one with equal and 
opposite (and, at 
reasonable t e m - 
peratures, relatively 
small) currents. 
Which for practical 
purposes comes to 
the same thing. 

When the reverse 
e.m.f. is applied (Fig. 8) the junction p.d. no 
longer depends for its existence on diffusion 
current, which comes to a stop. But the intrinsic 
current carries on regardless, for the p.d. actually 
assists the minority carriers across the frontier. 
Therefore there is some reverse current, not 
much affected by the amount of applied voltage 
once that has become sufficient to stop the diffusion 
current. This is an example of intrinsic conductivity 
being a nuisance. And, as we know, it increases with 
temperature, so if a germanium rectifier gets hot for 
any reason it may pass so much reverse current as 
to be useless for the purpose. Silicon, which requires 
greater heat energy to break up its co- valent bonds, 
is not so bad. 

But that is not all. If the reverse e.m.f. continues 
to be raised a point is reached (sooner, if the propor- 
tion of impurities is large) at which the electric field 
strength due to it is sufficient to break up the co- 
valent bonds and release electrons and holes on a 
catastrophic scale. When that happens the crystal 
has practically no resistance at all and one says it has 
broken down. The large current that flows is 
known, by the way, as Zener current. 

Putting together all the things we now know, we 
should have no difficulty in accounting for the shape 

CURRENT 

APPLIED 

+Toip 

Fig. 10. Typical currentivoltage 
characteristic of p -n junction. 

of a p -n junction current /voltage characteristic, 
which is something like Fig. 10. A is the bottom 
bend, where the applied e.m.f. is busy overcoming 
the junction p.d. B is the steep current rise when 
it has succeeded. C is the nearly constant but small 
(if you are lucky) reverse current due to intrinsic 
conduction. And D is Zener current, plunging to 
its doom. 

Still nothing about transistors, I fear. But 
Fleming's diode was soon followed by De Forest's 
triode, and history repeated itself after a fashion with 
semi- conductor devices. 

New Life for the " Personal " Portable ? 

THERE has always been a strong public demand for the 
small " personal " portable receiver and nothing is more 
certain than that many more would have been sold were 
it not for the fact that running costs have hitherto been 
high. Battery power in the form of miniature high - 
tension units is necessarily expensive -much more so 
than in the form of batteries made up of larger cells. 

The obvious solution is to use transistors, which dis- 
pense with filament heating and can also be operated 
entirely from inexpensive low- tension cells. Already the 
transistor has ousted the valve in hearing aids, and at 
least one portable radio receiver has appeared with tran- 
sistors in all its stages. This is quite an achievement 
as it is not so easy to match valve performance at high 
frequencies with the junction transistors. 

Another solution, which has been adopted in the 
Grundig " 200 " portable, is to use valves for the ri. and 
i.f. stages and transistors in the output stage. In any 
receiver the output stage accounts for the greater part 
of the power consumed and if this drain can be transferred 
from the h.t. to the l.t. battery, running costs are 
materially reduced. In the Grundig circuit the valve h.t. 
consumption totals only 3.5 mA from a 67.5 -V battery. 
This is divided between the DK96 frequency changer 
(1.77 mA), DAF96 i.f. amplifier (1.07 mA) detector and 
1st ai. amplifier (0.055 mA) and DF97 driver (0.6 mA). 
In the output stage two 0072 transistors in push -pull 
require a standing quiescent current of 1.7 mA from the 
6 -V Lt. battery and an interesting feature is the use of 
a thermistor in parallel with one of the bias stabilizing 
resistors to help in compensating for changes in ambient 
temperature. The output stage would take about 15 to 
20 mA on average music, and the filaments about 25 mA. 

SHORT -WAVE CONDITIONS Predictions for August 
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THE full -line curves given here indicate the highest 
frequencies likely to be usable at any time of the day or 
night for reliable communications over four long - 
distance paths from this country during August. 

Broken -line curves give the highest frequencies that 
will sustain a partial service throughout the same period. 
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BOOKS RECEIVED 
Color Television Receiver Prac- 

tices. Edited by C. E. Dean. Based 
on a series of lectures given to visit- 
ing engineers by the Hazeltine Cor- 
poration (U.S.A.) covering basic 
concepts, the colour television signal, 
display devices, three -gun shadow - 
mask tubes, decoders, colour 
synchronization, i.f. and video 
amplificaation and test equipment. 
Includes selected references to the 
literature. Pp. 200 + vii; Figs. 96. 
Price 36s. Chapman and Hall, 37, 
Essex Street, London, W.C.2. 

Elements of Pulse Circuits, by 
F. J. M. Farley, M.A., Ph.D. Mono- 
graph, addressed to physicists and 
research workers with an elementary 
knowledge of radio valves and cir- 
cuits, covering all the well-known 
pulse forming and amplifying cir- 
cuits and explaining their action on 
a physical rather than a mathe- 
matical basis. The concluding 
chapter deals with applications in 
television, radar and nuclear re- 
search. Pp. 143+ viii; Figs. 74. 
Price 8s 6d. Methuen and Co., Ltd., 
36, Essex Street, London, W.C.2. 

MK Buizen Handbook. Inter- 
national valve manual covering 
American and Continental types, in 
which the relevant information is 
displayed, for rapid reference, in 
circuit- diagram rather than tabular 
form. Quick access to sections on 
diodes, triodes, tetrodes and pen- 
todes, output valves, frequency 
changers, combined valves, thyra- 
trons, crystal diodes and transistors, 
and cathode -ray tubes is given by 
colour -coded pages. Pp. 334 with 
numerous diagrams. De Muider- 
kring, Bussum, Netherlands. British 
agents, The Modern Book Company, 
19 -23, Praed Street, London, W.2. 
Price 15s. 

Definitions and Formulz for 
Students - Modern Physics (3rd 
Edition). Compiled by L. R. B. Elton, 
Ph.D. Selection of memorable data 
including electronic and atomic con- 
stants, electron and field equations, 
the photoelectric effect, etc. Pp. +v. 
Price 2s. Sir Isaac Pitman and 
Sons, Ltd. Parker Street, London, 
W.C.2. 

Contribuicao para o Estudo de 
Antenas Lineares -Teoria e Projecto 
de Antenas Rombicas by A. A. de 
Carvalho Fernandes, A.M.I.E.E., 
M.I.R.E. Comprehensive treatise 
(in Portuguese) on the theory of 
rhombic aerials, which includes 
formulz for the intensity of the 
radiated field, taking into account 
components with both vertical and 
horizontal polarization. Practical data 
is given for the design of arrays 
of stacked, and stacked and inter- 
laced rhombics. Pp. 415; Figs. 119. 
Price Esc. 150. Coimbra Editora, 
Lda., Avenida do Amado, Coimbra, 
Portugal. 
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Studien über einkreisige Schwin- 
gungssysteme mit zeitlich veränder- 
lichen Elementen by B. R. Gloor, 
Dr. Sc. Techn. An exhaustive study 
of the basic principles underlying 
the operation of super -regenerative 
receivers and an account of experi- 
mental work in verification of the 
theory. Pp. 234; Figs. 156. Price, 
Swiss Fr. 15. Verlag Leemann 
Zürich, Arbenzstrasse 20, Zürich 34. 

Time -saving Network Calcula- 
dons, by Harry Stockman, S.D. 
General advice on the approach to 
mathematical solutions of network 
problems with examples of the use 
of Thévenin's theorem, the potentio- 
meter method and other techniques 
applied both for the transient and 
steady states. Pp. 120; Figs. 36. 
Price $1.75. SER Company, 543, 
Lexington Street, Waltham, Mass., 
U.S.A. 

Abacs or Nomograms, by A. Giet. 
Written for engineers rather than 
mathematicians and shows how abacs 
for routine calculations may be con- 
structed to correspond with formula: 
involving any number of variables. 
Pp. 235; Figs. 152. Price 35s. Iliffe 
and Sons Ltd., Dorset House, Stam- 
ford Street, London, S.E.1. 

Solution of Problems in Tele- 
communications, by C. S. Henson, 
B.Sc.(Eng.), A.C.G.I., A.M.LE.E. 
Worked examples taken from papers 
of University of London B.Sc.(Eng.) 
and Graduate I.E.E. examinations 
to illustrate the application of basic 
theory to specific cases. Pp. 258 +x; 
Figs. 122. Price 25s. Sir Isaac Pit- 
man and Sons, Ltd., Parker Street, 
London, W.C.2. 

Radio Electronics, by Samuel 
Seely, Ph.D. Mathematical analysis 
applied to the elements of communi- 
cation systems and to the general 
problems of information theory and 
the effects of noise. Pp.487 +vii; 
Figs. 438. Price 52s 6d. McGraw 
Hill Publishing Co., Ltd., 95, Far - 
ringdon Street, London, E.C.4. 

Maintaining Hi Fi Equipment, by 
Joseph Marshall. Guide for service 
technicians to current American 
practice in high -quality sound repro- 
ducing systems, with practical hints 
on the tracing and elimination of 
distortion, hum, etc. Pp. 223; Figs. 
135. Gernsback Library No. 58. 
Obtainable from Modern Book Com- 
pany, 19 -23, Praed Street, London, 
W.2. Price 23s. 

Public Address and Sound Distri- 
bution Handbook. Advisory editor 
Alex. J. Walker. Description of am- 
plifiers, microphones, loudspeakers, 
etc., used in p.a. work, and an 
analysis of typical complete installa- 
tions. Pp. 160; Figs. 145. Price 
21s. George Newnes, Ltd., South- 
ampton Street, London, W.C.2. 

~Ls I S Ni F/ 
the heart of 
your sound 

system 

SPECIFICATION : 

OUTPUT POWER. 8 watts normal to 12 watts 
peak. 
OUTPUT IMPEDANCES. 3, B and 15 ohms. 
FREQUENCY RESPONSE. 30 c/s to 15,000c /s 
within l 1.5 db at 6watts output, controls level. 
HARMONIC DISTORTION. Below 0.5% at 
6 watts output at 1,000 c /s. 
These are overall figures including output and 
pre -amp. stages. 
LOUDNESS COMPENSATION. Extra bass 
and treble boost automatically inserted at low 
volume: 

At 20 db below full output: 8 db lift at 50 c /s. 
8 db lift at 10 Kc /s. 

At 40 db below full output: :0 db lift at 50 c /s. 
IS db lift at 10 Kcjs 

RUMBLE FILTER. A high-pass filter incorpor- 
ated with fixed slope of 18 db per octave below 
30 c /s. 
HUM and NOISE LEVEL. Better than-60 db. 
NEGATIVE FEEDBACK is applied through a 

triple -loop circuit. 
PICK -UP EQUALISATION. A wide range of 
pick -ups is covered by a unique rotating -plug 
equaliser in the pre -amp. stage. Sensitivity 
covers all types of magnetic, crystal, moving coil, 
variable reluctance, etc. 
POWER. 110/115 and 200 /240 volts, 40/60 cycles. 

HT /LT SUPPLY is available for feeding Radio 
Tuner Unit, etc. 

(I) INPUT SELECTOR 
3- position switch 
LP sensitivity 2 mV 
78 6 mV 
Radio /Tape 100 mV 

(2) LOUDNESS 
Automatic tonal balance 
adjustment at low volume 

(3) TREBLE CONTROL 
Continuously variable , 

24 db range at IO Kc /s 

(4) BASS CONTROL 
Continuously variable ; 

24 db range at 40 c /s. 
(5) FILTER 

Steep slope with 18 db 
per octave cut, between 
5 Kc /s and 15 Kc /s, with 
cut-off frequency indica- 
tion. (Continuously 
variable). 

PRICE: 32 GNS. 
THE TRIX ELECTRICAL CO. LTD. 
MAPLE PLACE, TOTTENHAM COURT ROAD, 

LONDON, W.I. 
Tel.: MUS 5817. Grams.: Trixadio, Wendt. London 
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ANDOM RADIATIONS 
By " DIALLIST " 

F.C.C. and Receiver 
Radiation 

YOU may recall that I suggested a 
while ago that there couldn't be much 
interference radiated from the line 
timebase or otherwise by American 
television receivers, and that a Balti- 
more reader wrote that this was in 
fact the case. The position has now 
been cleared up by an article in the 
June number of Radio- Electronics, 
which describes a certification 
scheme for sound and vision broad- 
cast receivers which is now being 
made compulsory by the F.C.C. This 
body, which has in some ways even 
greater powers than those given to our 
G.P.O. by the Wireless Telegraphy 
Act, regulates radio communications 
of all kinds, including broadcasting, 
in the United States. With the co- 
operation of most American radio 
manufacturers it has now brought out 
permissible radiation limits for re- 
ceivers of every kind working on 
frequencies from 0.45 to 1,000 Mc /s. 
Every set sold after a certain date will 
have to be provided with " a distinc- 
tive seal or label" on which the 
manufacturer certifies that it complies 
with the F.C.C.'s radiation regula- 
tions. The scheme is progressive. 
The rule became applicable on May 
1st this year to all kinds of v.h.f. re- 
ceivers; u.h.f. sets put into produc- 
tion after December 31st must fall' 
into line, and from the beginning of 
July next year no uncertified receiver 
of any kind may be offered for sale. 

Can't We, Too? 
The F.C.C. schedule of the maxi- 

mum permissible field strength of the 
radiation by any receiver is the result 
of five years of close consultation 
between the U.S. government and 
industry. It is much to be hoped 
that something of the kind will be 
done in our country. It shouldn't 
take anything like five years, though, 
for much work has already been done 
and we have the American figures - 
the results of a vast amount of in- 
vestigation and experimental work - 
to help us. If, for example, the 
maximum permissible field strength 
of receiver radiation between 25 and 
70 Mc /s has been found in America 
to be 32 µV /m, that between 70 and 
130 Mc /s to be 50 µV /m, and that 

between 174 and 260 Mc /s to be 50- 
150 AV /m, those figures should be 
suitable here for television and f.m. 
sets. There can be no great manu- 
facturing difficulties about turning out 
receivers which comply with such 
limits, for the American radio in- 
dustry has accepted them most en- 
thusiastically. Couldn't some of our 
manufacturers give a voluntary lead 
by guaranteeing that their sets don't 
and won't interfere with other 
people's reception? 

" Bournemouth Effect" 
YOU remember the " Bournemouth 
Effect," which I recorded recently in 
these notes? A reader gave an f.m. 
receiver to his parents, then living in 
an apartment near the top of a large 
block of flats in Bournemouth. It 
worked perfectly; but when they 
moved later to a flat on a lower floor 
and the feeder was lengthened 
accordingly, he was told that they 
now heard the " chuffs " of every 
locomotive as it left the station. My 
best thanks to the many readers who 
wrote to me about this queer effect. 
All agree that the lengthening of the 
feeder provides the key to the prob- 
lem. The increased attenuation 
brought signal strength down to a 
point at which the limiter was 
normally only just working; a very 
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small further fall, whatever the cause, 
would put it temporarily out of action 
and produce the chuffing. Several 
letters suggest that aeroplane flutter 
may be responsible; but I understand 
that the noise occurred when a train 
was actually leaving. The clouds 
ejected from the funnel consist 
largely of steam and hot gases at high 
pressure. One correspondent sug- 
gests that these might give rise to an 
electrostatic effect and mentions that 
interference with v.h.f. reception has 
been noticed in launches driven by 
compression ignition engines. 

Tough Luck 
HOW easy it is, as things are, for the 
best of good citizens to become a 
nuisance to his neighbours is shown 
by a letter I've had from a Yorkshire 
reader, who lives in a semi -detached 
house. His hobby is wireless; he 
likes receiving distant stations and 
he has suent quite a lot of money 
on suitable receiving sets and aerials. 
Not long ago he began to suffer 
severely from unwanted noises and 
concluded that the receiving set, 
which he had had for some years, was 
packing up. Having bought a new 
one of a more sensitive type he was 
not a little surprised to find the un- 
welcome noises worse than ever; they 
were in fact strong enough to make 
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reception of any station but the local 
one quite impossible. He then dis- 
covered that the noises occurred only 
when the occupier of the other half 
of the " semi " was using his tele- 
vision receiver, an instrument of 
reputable make, bought in all good 
faith, and in good working order. 
The matter was reported to the 
G.P.O., but their engineers explained 
to my correspondent that they can't 
go into action unless interference 
spoils reception of the B.B.C.'s local 
station. And he couldn't honestly 
say that it did so. 

Sunspots and Dx 
DURING the next few months we 
shall probably reach the period of 
maximum activity in the present sun- 
spot cycle. Spots and flares have 
already been responsible for some 
queer effects, including the big radio 
blackouts which occurred earlier this 
year. At or near previous maxima 
television reception has been recorded 
at times at almost uncanny distances. 
The Alexandra Palace transmissions 
were received on occasion in the 
United States, and, if I remember 
rightly, in South Africa. At the last 
sunspot maximum period there were 
few TV transmitters in action and 
receivers numbered only a tiny frac- 
tion of the present total; but during 
that period which we are now nearing 
when a huge number of transmitters 
will be in action and millions of 
receivers in use in different parts of 
the globe, I shouldn't be surprised if 
some remarkable Dx feats were 
recorded. 

A Cry Over Spilt Milk 
BEING one of those in favour of 
higher-definition television, I can't 
help feeling that it's perhaps a pity 
that we didn't decide to devote Band 
III entirely to 819 -line television, 
clearing the whole of it from end to 
end and dividing the available chan- 
nels between the B.B.C. and the 
I.T.A. The B.B.C. could have put 
on either its proposed second pro- 
gramme, or an 819 -line version of its 
Band I transmissions. We'd have 
had vastly better television. We'll 
get that better television one day, of 
course; but there are so many snags 
in the way that it is not likely to come 
now until much water has flowed be- 
neath the bridges. The French were 
luckier, as well as wiser. Very few 
441 -line receivers were in use when 
the 819 -line system began to take 
shape and fate lent a hand a while 
ago when the 441 -line station on the 
Eiffel Tower was burnt out. 
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IASED 
Mastering Morse 
IT is not often that I omit to men- 
tion jubilees and centenaries of 
wireless landmarks but I am re- 
minded by an article in the May issue 
of the R.S.G.B. Bulletin that I forgot 
all about the centenary of the inter- 
national morse code in 1951. 

This highly informative article 
points out that Morse's original code 
was compiled in 1837 and revised a 
year later. Both these codes used 
variable spacing between the elements 
of certain letter symbols but this 
practice was abandoned in the Inter- 
national code adopted by the Vienna 
Conference in 1851, and still in use. 

An interesting point about the 
work of Morse is that he adopted the 
principles of what we now call in- 
formation theory and arranged that 
letters in most frequent use -or in 
other words letters conveying the 
most information- should be given 
the shortest code symbols. He found 
that the letter E headed the list in the 
English language and so it was given 
the shortest code symbol. The Vienna 
Conference had to make compromises 
between the needs of the various 
languages. The letter O was appar- 
ently a stumbling block, being fre- 
quent in English but relatively in- 
Irequent in French and German. I 
wonder if the Polish delegate pro- 
tested about the length of the symbol 
allotted for Z. 

A curious point brought out by the 
author of the R.S.G.B. Bulletin 
article is that those learning morse 
get stuck at a speed of 7 to 10 words 
per minute. A writer in W.W. dis- 
cussed this same problem fifteen 
years ago in June 1941 and I added 
a few remarks of my own in the 
October issue. He called it the 
" psychological pause," but differed 
slightly from the writer in the 
R.S.G.B. Bulletin as he gave a higher 
figure for it -about 15 w.p.m. 

The real difference between the 
two writers, however, is in their 
remedies for overcoming this strange 

A morse miasma. 

By FREE GRID 

mental barrier. The writer in the 
R.S.G.B. Bulletin counsels persever- 
ance or, in other words, hard work ! 

Ugh! The W.W. writer gave a far 
more palatable remedy which was to 
get slightly drunk and he meant it 
in all seriousness. The effect of 
alcohol is to remove certain mental 
or psychological inhibitions which 
cause the speed barrier. 

Similar tactics can be used to get 
over certain other brain and muscle 
co- ordination difficulties and it is 
possible for instance to dodge the 
drudgery of learning to type at high 
speed by the judicious use of alcohol. 
However, the system has never been 
adopted by the business colleges as, 
in certain of the more staid and 
reactionary City offices, girls who have 
learned to type rapidly in this manner 
are thought to be fast in more senses 
than one. I recollect once in my 
younger days dictating to a typist 
who -but there! readers of W.W. 
wouldn't be interested in personal 
reminiscences of a non -technical 
nature. 

Triangular Television 
Wanted 

TELEVISION screens seem to be 
getting bigger and bigger to cater 
for people who want to compete with 
the Jones's, for I cannot think 
people really want these big screens 
in the average small house. Big 
screens mean bigger cabinets with 
WX dimensions not only in the 
plane of the picture but in the fore 
and aft direction, too, as the tail end 
of the bigger C.R.T. has to be 
housed. 

For the large family party I think 
the best type of set is one which I 
myself designed and built over three 
years ago for a Coronation viewing 
party at home. It was a console receiver 
modelled on the lines of Big Ben 
and had a moderate -sized screen on 
each of the four sides of the tower 
like the famous clock. Thus we 
were all able to sit round in a circle 
and view the long programme in 
comfort. The four tubes were all 
slightly different in their height 
above ground so that their tails 
didn't foul each other in the tower - 
like cabinet. 

For ordinary family viewing I am 
at present using a set having two 
screens, one set at a slightly obtuse 
angle to the other so that each mem- 
ber of the family has a full-faced 
undisturbed view of the picture. 
This is much better than all crowd- 
ing round a large screen with some 
people viewing the screen at an 
acute angle where they get an un- 
comfortable lop -sided view like the 
unfortunate rich people who patron- 

ize the boxes at a theatre. Here 
again, one tube is slightly higher 
than the other to avoid fouling of 
tails. 

The ideal set for the ordinary man 
with a small family in a small house 
is one which will take up least room; 
namely, one with a triangular cabinet 
so that it will fit neatly into a corner. 
Why on earth some enterprising 
manufacturer doesn't produce such 
a set, I just don't know. 

Car - Owners Corner 
CERTAIN motoring experts seem 
recently to have discovered that cars 
which are, of course, insulated from 
the ground by their tyres acquire a 
static charge in dry weather which 
is said to cause car sickness. The 
result is that many dealers are selling 
small anti -static chains to trail be- 
hind cars. 

It is no concern of mine, writing 
in a radio journal, whether static 
charges do or do not cause car sick- 
ness but I do know from experience 
that this trailing lightweight chain, 
owing to the poor connection it 
makes with the ground, causes inter- 
mittent discharge of the static charge 
and therefore bad interference with 
the car's radio set when receiving 
weak signals. 

The real remedy is to earth the 
chassis so firmly that no static can 
even accumulate and this can be 
done by affixing to the tyres the 
chains sold for use on snowbound 
roads. This will undoubtedly at- 
tract the attention of the police and 
cause much licking of pencils, but it 
is not an offence. By the way, what 
has happened to the special anti- 
static tyres which were available in 
pre -war days when I last touched on 
this subject? (W.W., 8.12.38.) 

Tele- Pictures in 1842 
WE are all so accustomed to seeing 
pictures in our newspapers which 
have been transmitted by radio that 
we are apt to take them for granted. 
Yet most people would laugh to scorn 
any suggestion that the telegraphic 
transmission of pictures dated back to 
Victorian or even Edwardian days; it 
is regarded as essentially a modern 
invention. 

Yet the basic idea goes back not 
only to the days of Queen Victoria 
but to within five years of the death 
of William IV. It was in 1842 that 
Alexander Bain first proposed a 
scheme for transmitting pictures elec- 
trically, using two pendulums of 
identical dimensions as transmitter 
and receiver, respectively, for syn- 
chronizing purposes. Synchroniza- 
tion is the whole essence of picture 
transmission as it is of television, and 
this basic principle was realized by 
Bain. Thus picture telegraphy was 
conceived almost as early as ordinary 
telegraphy, but its period of gestation 
proved many decades longer. 
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