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Broadcasting Monopoly 
ALTHOUGH the B.B.C.'s charter does not 

expire until the end of next year, it seems 
highly probable that long before then the 

basic constitution of British broadcasting will be 
hotly discussed. The report of the Beveridge Com- 
mittee, which will have an important influence on 
the ultimate fate of the B.B.C., will presumably 
add fuel to the fire. Broadcasting is now the " big 
business " side of radio, and nobody in any other 
branch is entirely unaffected by its prosperity or 
otherwise. 

We imagine that few of our readers wish to see 
any violently disruptive changes, but equally, most 
of them will have ideas on how the fundamental 
control of broadcasting might be changed for the 
better. Much food for thought -and ammunition 
for discussion -on the organizational side of the 
matter is to be found in a new book, " British 
Broadcasting : A Study in Monopoly," by R. H. 
Coase,* and described as an historical study of 
the monopolistic organization of broadcasting in 
Great Britain. This is a severely factual study ; 
the author comes to no conclusions, but implicit 
in the book is the underlying idea that he does not 
think the present monopoly is a good thing, or, 
perhaps more fairly stated, that he regards the 
case for monopoly as not proven. 

Mr. Coase (and a good many other people) do 
not seem fully to realize that broadcasting -and, 
for that matter, all forms of radio communication -is to some extent a natural monopoly, just like 
the supply of water or gas. Broadcasting in the 
U.S.A. is generally cited as the antithesis of mono- 
poly, but could one have a more perfect example 
of a local monopolist than the occupant of an ex- 
clusive channel? It is all a matter of degree ; some 
frequency channels, such as those in the e.h.f. 
bands, constitute small and strictly local mono- 
polies at all times, while the right to use other 
channels in the h.f. bands confers an almost world- 
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wide monopoly at certain times. Broadcasting in 
a vast country like the U.S.A. can in the nature 
of things be organized on a less monopolistic basis 
than in a compact area like Great Britain. We can 
limit the monopoly of channel licensees by such 
artifices as reduction of transmitter power, direc- 
tional aerials, or even time -sharing, but what is 
granted to them still remains a monopoly. Let 
us avoid catchwords, especially those with a poli- 
tical significance, in thinking of these matters. 

This criticism is not intended to decry the great 
value of Mr. Coase's book, which has obviously 
been compiled with great care and is fully docu- 
mented. The historical chapters constitute what 
is probably the most complete account yet pub- 
lished of the growth of our present system. The 
arguments produced for and against the mono- 
poly are set out in detail, while the author's com- 
mentary in the last chapter will provoke thought 
and discussion. Wire broadcasting and foreign 
commercial broadcasting are treated at some 
length. 

So much for Mr. Coase's excellent book, which 
shows how thoroughly the question of broadcast- 
ing reform has already been debated during almost 
a quarter of a century. Will any new proposals 
be brought forward before the B.B.C. Charter be- 
comes due for renewal ? Among the many sug- 
gestions made, some have been for a system in- 
tended to introduce competition in programmes, 
and to these Wireless World has always turned an 
attentive ear. A re- examination of such proposals 
after a long lapse of time gives the impression they 
lack an air of reality, but it may be that there is 
a new factor. If we do, in fact, want strongly 
competitive programmes, might not a licence to 
broadcast on e.h.f. be given to an entirely inde- 
pendent organization -or, for that matter, to a 
number of organizations? When the experimental 
transmitter at Wrotham has completed its tests, the 
vexed question of a.m. versus f.m. will be decided, 
and the time will be ripe for starting a national 
service on metre waves. 
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Intermodulation I)istortion 
A Simplified Method of Measurement Not Requiring a Harmonic Analyser 

By THOMAS RODDAM 

DOES distortion really matter ? How much 
distortion can we allow ? These are regular 
topics of discussion in the high -fidelity audio 

world, but the discussion is nearly always limited to 
questions of harmonic distortion. It has always 
seemed to me to be very difficult to explain why the 
note of, say, a clarinet should be affected by a little 
on- linearity in the ampl ifier. After all, the reed 
mechanism which produces the note is not a linear 
device by any means, and the non -linearity is not 
closely controlled. Surely all that distortion can do 
is to make one clarinet sound like a different one, 
and so on through the orchestra. Except, of course, 
for the ocarina, which you can look up in Grove's 
" Dictionary of Music," and which produces a pure 
tone, and which will sound like a flute if you add 
harmonics. The piano is another special case, 
because of the compromises which are involved in 
the fixed temperament. In addition the piano, from 
our point of view, is not really single instrument, 
because it can be, and usually is, used for producing 
more than one note at a time. The ordinary instru- 
ment, like the flute or the fiddle, however, produces 
enough harmonics for the odd i per cent more or 
less to be unimportant, and at first sight it would 
seem that those energetic gentlemen who go down 
to o.i per cent are carried away by the idea of 
linearity for linearity's sake. 

It would be very pleasant if this were true : it 
isn't. The " member of the indigenous population 
of a tropical region in the concentration of fuel "- 
the nigger in the wood- pile -is intermodulation. In 
a nice old -fashioned amplifier, without feedback, the 
intermodulation and the harmonic distortion are 
related in a fairly simple way, so that either can be 
used as a measure bf the goodness of an amplifier. 
Feedback makes the situation more complex, how- 
ever, and the proper thing to do is to measure the 
intermodulation. First of all we shall see why inter- 
modulation is a serious problem, why it makes an 
audio -frequency system have a " muddy " quality. 

Nature of Intermodulation 

For the purposes of this discussion we shall consider 
that we have two instruments, a double -bass and a 
flute, playing together with equal levels. The double - 
bass is booming away at 50 c /s, with its harmonics 
at loo c /s, 15o c /s, 200 c,s and so on : in the diagram 
of Fig 1 the harmonics are shown up to 30o c /s. 
The amplitudes are chosen rather arbitrarily, and 
they suit the figure rather than the double -bass : I 

have not checked the actual distribution, and indeed 
I rather wish I had chosen the organ, to avoid 
argument. The flute has a fundamental of I,000c /s, 
and I have drawn harmonics up to the sixth. 

When we listen with a not -too -good reproducing 
system to the sounds produced by this combination 
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we shall observe that if either instrument plays by 
itself the effect is quite satisfactory : the sort of 
distortion assumed is 5 -IO per cent. When both 
instruments are playing together, the flute takes on 
a harsh quality, losing the characteristic liquid tone. 
This harshness persists even if we put a filter in the 
loudspeaker leads, cutting off all frequencies below, 
say, Boo c /s, and thus eliminating all the sounds 
produced by the double -bass. A frequency analyser 
provides us with the reason : Fig 1 shows the sort 
of result we shall obtain. In addition to the expected 
frequencies, which are shown by the solid lines, we 
find a set of intermodulation products, shown by 
the dotted lines. These appear as a cluster of side - 
bands round each of the flute tones, and the most 
important group is that having frequencies 
(1,000 4: 5o n)c /s. In particular, the flute funda- 
mental of I,000 c/s is accompanied by 95o c/s and 
1,o50 c /s, corresponding to an amplitude modulation 
of the I,000 c/s by the double -bass 50 c /s. This 
modulation gives a " dirty," thick tone ; when we 
have an orchestra, the vast complex mass of inter- 
modulation tones produces a complete confusion of 
the sound, so that the separate groups of instruments 
can no longer be distinguished. 

The amount of intermodulation for a given non - 
linearity is not too difficult to calculate. It is, how- 
ever, of particular interest to see what happens when 
we are using a lot of negative feedback. Up to the 
overload point the amplifier is then linear, for all 
practical purposes. The distortion is down in the 
o.1 per cent region, and it is getting rather difficult 
to measure. As we increase the level above the 
overload point the distortion curve starts to rise 
quite sharply, and if we look at the output for a 
sinusoidal input we see something like the solid 
curve in Fig 2 (a). Most of the sine wave is reproduced 
perfectly, but the tips are chopped off by the over- 
loading action. We cannot do anything about 
this by adding more feedback ; in the overload 
region the output voltage is constant, while the 
input moves along the peak part of the curve. The 
instantaneous gain is therefore zero, so that the 
reduction of distortion by feedback, the factor 
(I -}- pß), is simply unity, no matter how big we 
make ß. 

Suppose that in Fig 2 (a) the frequency is 5o c /s, 
and that we add a relatively low level of about 
50o c /s. In Fig 2 (b) we see the resulting waveform, 
and in this figure the level of the 50o c/s is about 
12 db below that of the 5o c /s. The dotted part of 
the curve shows the signal which has been lost due 
to the overloading. We can get the same overall 
effect iî we add to the undistorted signal the rather 
curious signal shown in Fig. 2 (c). This is the 
distortion signal, using distortion in its most general 
sense. The ear will perceive the two tones, 5o c/s 
and Soo c /s, and in addition the " buzz " shown in 
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Fig 2 (c), which consists of short bursts of 500 c/s 
every t /tooth of a second. This is then the inter - 
modulation distortion. 

One reason why we are sometimes led very much 
astray by ordinary harmonic distortion measurements 
is our habit of measuring at 400 c/s or t,000 c /s. 
True, the harmonics of 400 c/s are easily heard, and 
it is a nice easy frequency for measurement purposes. 
At lower frequencies, however, new troubles arise in 
the amplifier, even before we add feedback. The 
output transformer distortion is roughly inversely 
proportional to frequency, so that at 4o c/s it is ten 
times as great as at 400 c /s. The screen decoupling 
circuits in pentode stages sometimes start to fall in 
efficiency, and this can produce distortion for reasons 
which are outside our present scope. It all adds 
up to this, though : the amplifier, before feed- 
back is added, will produce more distortion at low 
frequencies: 

With feedback there is a new trouble. Knowing 
that feedback improves the frequency response we 
may be tempted to cut the coupling capacitors and 
the transformer inductance ; the gain without feed 
back may be much lower at the edges of the working 
band than in the middle. We do this at the top. 
too, using higher anode resistances than we should, 
and allowing stray capacitances to mount up to 
dangerous values. We put on our 20 db of feed- 
back, in the middle of the band, and overlook the 
fact that at 40 c/s and 5,000 c/s the gain has fallen, 
say, to db and we only have to db of feedback. 
Distortion, instead of being reduced to one -tenth, is 
only reduced to one -third, and we have more distor- 
tion at 40 c/s anyway. But we have a good frequency 
response : we have good distortion figures at goo c/s ; 

and it still doesn't sound right. Perhaps we should 
measure the intermodulation. 

Alternative Methods 

The first and most obvious method of measurement 
is to use the selective valve voltmeter, or wave ana- 
lyser, to measure the components shown in Fig. t. 
Of course we shall only put in two pure tones, and 
fairly good values to choose are 40 c/s and 4,000 cis, 
with the amplitude of the ,4oc/s either I2db or 20dh 
above the level of the 4,000c /s. It is unfortunate that 
there is no generally agreed standard for this measure- 
ment but there is no generally agreed annoyance level. 
either. When more people get down to this sort of 
test we shall have more knowledge of what is permis- 
sible. Anyway, using the wave analyser we can mea- 
sure the amount of 3,96oc /s, and of 4,o4ocis, which 
should be the same, and take this as a measure of the 
intermodulation. The wave analyser is not a cheap 
instrument, and it is certainly not one which can be 
rigged up easily. In practice, too, I find it rather 
tedious to use. For intermodulation testing we can 
find a ratber more convenient technique. Let us 
look again at Fig. 2(c). Rounding off the corners we 
see that it shows a waveform which is approximately 
the same as the sum of the two waveforms shown in 
Fig. 3. One, Fig. 3(a), is a term of the low- frequency 
component, possibly accompanied by some harmonics 
which will not concern us : the other,- Fig. 3(c), is a 
term consisting of the high -frequency component mo- 
dulated more than too per cent by the low -frequency 
component. If we call the two frequencies j, and fh, 
the intermodulation terms the shall try to measure 
are of frequencies (f,, n /,where n is t, 2, 3, etc. 
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Fig. t. Two musical instruments, producing funda- 
mental frequencies 5ocis and r,000c /s, and the 
harmonics of these frequencies, sound harsh because 

of the intermodulation products (shown dotted 

Fig. 2. When an amplifier is overloaded by a low 
frequency (aì, the presence of a high frequency (b 
results in a false signal which can be represented as ¡c 

Fig. 3. Approximate components into which the 
waveform shown in Fig z cl can be resolved. 
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OSCILLATOR 
40 c/a 

OSCILLATOR 

4.000 c/s 

Ro 

ATTENUATOR 

(IMPEDANCE R0) 

Fig. 4. Resistance hybrid circuit for 
applying two oscillators with balanced 
output to a single amplifier. 
Fig. 5 (right). Block diagram of inter - 
modulation test set, output side. 

TO AMPLIFIER 
UNDER TEST 

0 08p.F 
F---0 

0 06µF 
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DSµF 

HIGH PASS LOW-PASS 

Fig. 6. Filter circuits for i,000 -ohm impedance. 

FROM 
AMPLIFIER 

RESISTANCE 

NETWORK 

We shall neglect (mfh ± nf1), the terms round the 
harmonics of fh. 

On the input side of the system we need, of course, 
two oscillators, one for the 4oc /s and one for the 
4,000c /s. We must combine the signals from these, 
and the safest thing to do is to use the circuit of Fig. 4. 
This makes use of what is called a resistance hybrid, 
which is a balanced bridge circuit. The oscillators 
must be provided with output transformers to prevent 
earths appearing in the wrong places, and as the two 
oscillators are connected to the two diagonals of the 
bridge there is no interaction between the oscillators. 
When the amplifier has a high input impedance the 
attenuator may be replaced by a potentiometer of 
resistance R0, the tapping point going off to the grid. 
One point of the circuit may be earthed. No serious 
error will be caused if we use oscillators which pro- 
duce I -2 per cent harmonics, so that resistance -capa- 
citance oscillators can be used without filters, and we 
have something to set against the cost of two oscilla- 
tors instead of the one needed for harmonic measure - 
ment. 

Output Circuit 

The measuring side is rather more difficult. The 
amplifier output consists of the two fundamental 
terms, 40 c/s and 4,000 c /s, the harmonics of these, 8o 
c /s, I20 c /s, 160 c /s, etc., and 8,000 c /s, 12,000 c /s, etc., 
as well as the important intermodulation terms which 
we want to measure. First of all, let us get rid of the 
40 c/s and its harmonics. By using a high -pass filter 
with a cut -off at 2,000 c/s we can be certain that a 
very simple filter will get rid of all traces of the 40 c/s : 

a rough calculation shows that a single section should 
produce 6odb attenuation at zoo c/s and more than 
ioodb at 40 c /s. The output of this filter consists of 
the 4,000 c /s, slightly modulated by the 40 c/s and its 
harmonics. We can treat this as a modulated signal 
from which we want to remove the modulation, the 
ordinary problem of the final detector in a receiver. 
A diode rectifies the 4,000 c/s carrier, and the modula- 
tion is extracted by means of a low -pass filter, which 
stops 4,000 cis but allows harmonics of 40 c/s to pass. 
The output of this filter is made upof the intermodula- 
tion products. 

Fig. 5 shows the general arrangement : the resistance 
network provides a good load for the amplifier under 
test, in case the output valve does not like working 
into the rather variable impedance presented by the 
filter. If used for power amplifiers, with an output 
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HIGH -PASS 

FILTER 
DIODE 

LOW -PASS 

FILTER 

R.M.S. 
VOLTMETER 

level of some watts, there is no need to incorporate 
transformers, but the filters can be built with im- 
pedances of the order of I,000 ohms. This gives a 
reasonable input to the diode, which can, however, 
by linearized by resistances or bias : it is not necessary 
to do this, because the actual modulation depth should 
be very low indeed. The final meter will probably 
need a single stage of amplification before it if a normal 
type of metal- rectifier meter is used. Measurements at 
lower levels demand that the high -pass filter should 
be followed by a step -up transformer, which will 
drive the diode reasonably hard. 

The switching arrangements have not been shown 
in Fig. 5. The output meter should be connected so 
that it can be switched to read the amplifier output, 
and also the output level across the diode. This 
second measurement is mainly to take account of any 
transformer which we have included in the circuit. 
To determine the intermodulation we apply, at first 
separately, the 40 c/s and 4,000 c/s tones, using the 
output meter on the amplifier output to set the levels. 
Conveniently we can set the 4,000 c/s at I2db below 
the 40 c/s level. Then we read the level of 4,000 c/s 
appearing across the output of the high -pass filter, 
and the level of intermodulation products at the out- 
put of the low -pass filter. The ratio of these last two 
measurements, and the other two levels, define the 
behaviour of the amplifier. 

It will be noted that there are no sharply -tuned 
circuits in this system, so that the same equipment 
can be used for tests at low frequencies up to about 
too c /s, and high frequencies down to 2,500 c /s. 

The values of the filter elements for an impedance of 
I,000 ohms are shown in Fig. 6. When other imped- 
ances are to be used, all inductances must be multiplied 
by R, the impedance in kilohms, and all capacitances 
divided by R. The filters are not very critical, be- 
cause the frequencies to be stopped lie a long way from 
the pass band, and the frequencies to be passed are 
well away from the cut -off. 

Listening Tests 

Intermodulation measurements will provide a 
pretty rude shock to some high -quality enthusiasts. 
Expressing intermodulation distortion as the ratio of 
unwanted terms to the high- frequency (4,000 c/s), 
which is I2db down on a 400 c/s low frequency (not 
4o c/s, which we have used) it is claimed that a trained 
observer cannot detect less than to per cent. This 
corresponds to something like 2 -3 per cent of harmonic 
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distortion. There is not a great deal of inform- 
ation about this, and my own guess is that io per 
cent is too much for good quality reproduction of 
orchestral music. What we need, however, is a 
thorough series of co- ordinated listening tests and 
measurements. 

APPENDIX 
The mathematics of-the two kinds of distor ion 

Suppose that the relation between input and output 
voltage in an amplifier is expressed by the equation 

v0 = a vi -I- bvig -I- cv13 
where vo is the output voltage, and 

v1 is the input voltage. 
For a single tone input 

v1 = A sin wt 
vo = A [a sin wt -!- bAsingwt cAgsin3wt -t- . . . .) 

= A [a sin wt -}- lbA (I - cos 2wt) 
+ $ cAa (3 sin wt - sin 3 wt) -i- ....) 

We therefore have a second harmonic term - bA 
cos 2wt 

2 
a 

and a third harmonic term cA 
sin 3wt 

4 
So long as cAa is not too large, the harmonic distortion is 

second harmonic bA 
. l00% 2a 

cA2 loo %, and so on. 
4a 

third harmonic 

For two tones 
v1 = A sin wit -1- B sin coat 
vo = a(A sin wit -I- B sin watt 

} b (A sin wit -}- B sin w202 + . 

= a (A sin wit -{- B sin we) -}- A2b sing wit 
{ Bgb sine wat 2ABb sin wit sin wad + 

The last term can be written 
2ABb sin wit sin coat 

= ABb [cos (wi - w2)t - cos (wi + wa)t1 
This is the major intermodulation term in our discussion 

above, and defining the intermodulation as the ratio of 
this term to the amplitude of the higher frequency we can 
proceed, considering at first only one sideband. The ratio 
of the cos (wi - w2)t term to the fundamental is 

ABb /aA = Bb /a. 
The presence of two sidebands increases this figure by 

V2, because we must add on a root - mean -square basis. 
The total intermodulation distortion is therefore (i,/2b /a)B, 
compared with the figure of (b /2a)A for the second - 
harmonic distortion. For second -order terms the inter - 
modulation distortion is therefore 2.8 times the harmonic 
distortion. Higher -order terms can be computed, and it 
will be found that the ratio is greater: in practice values 
of about 3.5 to 4 are observed. 

NEW Booth 
Elements of Sound Recording. By John G. Frayne and 

Halley Wolfe. Pp. 674 + xii; 483 illustrations. John 
Wiley it Sons, Inc., and Chapman & Hall, Ltd., 37, 
Essex Street, London, W.C.2. Price in U.K. L3 8s. 
THIS book is based on a series of U.S. Government 

wartime training courses at the University of 
California. The authors, both of the Electrical Research 
Products Division of the Western Electric Company, 
have revised and expanded their material to produce this 
text -book. 

Whilst bearing a resemblance to the 1938 volume 
" Motion Picture Sound Engineering," the scope of this 
new work is greater, and it collates a mass of useful 
information scattered throughout the literature on every 
aspect of sound recording and reproduction, although 
the concentration of attention on film recording and 
reproduction remains. 

The first five chapters deal with fundamentals; e.g., 
sound waves and their perception, electrical, acoustical 
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and mechanical analogues, thermionic valves and ampli- 
fiers. Chapters 6 to io cover network theory, including 
design data for attenuators, filters, equalizers, compres- 
sors and limiters. 

The principles of disc recording and processing are 
treated in chapters 13 and 14, and chapter 29 deals with 
magnetic recording, both in theory and practice. 
Chapters 15 to 28 are devoted to clear expositions of 
variable -area and variable- density film recording, and 
the latest developments of these techniques, including 
noise -reduction methods. Two chapters discuss the 
important intermodulation test methods and flutter 
measurements, and an excellent chapter covers film pro- 
cessing. Film reproducing systems, both 35 mm and 
16 mm, are described, with separate sections on loud- 
speaker arrays and studio /theatre acoustics. The last 
chapter discusses multi -channel reproduction and the 
problems and possibilities of stereophonic recording. 

The treatment is not highly mathematical, and helpful 
numerical examples are included. Mathematical analyses 
have been restricted to cases where they are essential 
for a complete understanding of the subject. 

Another most important' part of this treatise is the 
bibliography at the end of each chapter, which enables 
the reader to explore the topics further. 

This hook is well printed and illustrated and is re- 
markably free from errors ; it can he thorough recom- 
mended to the advanced student and professional sound 
technician. D. W. A. 

Padding Inductor 
THE production of radio and similar apparatus having 

a neat and tidy appearance is facilitated if as many 
as possible of the smaller circuit components are mounted 
by suspending them by their own lead -in wires, either 
directly in the wiring or between spaced parallel bars of 
insulating material. Thus, it is of value to be able to 
extend the method which is used for supporting resistors 
and capacitors to small coils and chokes. A variable 
padding inductor which may be mounted in the manlier 
described is shown in the accompanying sketch and 
described below. 

The conductor (i) is wound into a coil (2) upon a sleeve 
(3) of insulating material. The sleeve is made so that it 
can slide on the former (4), which is recessed to receive 
a slug of magnetic material (6). The .magnetic material 
may be of any shape and it may pass through the centre 
of the former instead of at the edge. It is only neces- 
sary that it should lie approximately at one end of the 
former. In the illustration, the magnetic slug completely 
fills the slot (5) and is keyed thereto by the sloping side 
walls. 

The sleeve (3) carrying the coil is adjusted in position 
by sliding it along, in order to produce the required value 
of inductance, and it is then fixed to the former by an 
adhesive or by other means. The lead -in wires (7) and 
the magnetic material for the slug may he moulded into 
the coil former. 

One great advantage of this arrangement is that the 
inductances may be accurately adjusted before they are 
fitted or they may, alternately, be adjusted in situ. 

O.S.P. 
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Semi- adjustable padding inductor designed for sus- 
pension by means of its connecting wires. 
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Interference Iron. 

Television Receivers 
Sound Broadcast Sets are Affected by 

NOW that television receivers are being in- 
stalled on an increasingly large scale, it is 
necessary to give them serious consideration 

as sources of interference with broadcast and other 
receivers. Complaints so far seem to have been few, 
but there is reason to expect that they might increase 
even more rapidly than the growth of television re- 
ception, unless precautions are taken. 

The first step is to understand the nature of the 
interference. It consists of a series of carrier waves 
spaced at intervals of 10.125 kc / s, which strongly 
suggests that they are harmonics of the line -scan 
generator. That this is, in fact, the cause can easily 
be demonstrated by moving the " ` Line Hold " con- 
trol, preferably when reception is cut off (so as to 
remove synchronizing signals). The frequency of the 
interference varies directly with the line frequency. 

As one would expect, the interference is most 
noticeable on the long -wave band, but at close 
quarters it is detectable all over the medium -wave 
band, and even on short waves. The interfering har- 
monics being so closely spaced, one of them is bound 
to be within 5.063 kc /s of any frequency to which 
the receiver is tuned, and therefore liable to cause 
an autlible beat note with all programmes. Whether 
or not it actually is audible depends only on the in- 
tensity of the interference relative to that of the 
signal. 

For example, the loth harmonic of 10.125 kc / s 
is 202.5 kc / s, which gives a 2.5 -kc / s beat note with 
the 200 -kc /s Droitwich transmitter of the B.B.C. 
This beat frequency (which is near the frequency of 
maximum hearing sensitivity) is unaffected by 
adjustment of the listening receiver, and remains con 
stant so long as the 543-c /s mains are accurately on 
frequency and the line -scan generator in the tele- 
vision receiver is synchronized. Most listeners who 
regularly make use of Droitwich either receive a 
strong signal from it or are at present outside the 
television service areas, and in general it is only when 
an indoor aerial is installed fairly close to a neigh- 
bour's television receiver that the interference is 
strong enough to be noticeable. Over m )st of the 
present television areas the medium -wave local 
stations yield quite a strong signal even on the usual 
" bit of wire," and the line -scan harmonics are 
weaker than on long waves, so that they ate still less 
likely to be noticeable. The evidence to be brought 
forward presently will lead to the conclusion that all 
except local stations are more than likely ,.o be inter- 
fered with if a television receiver is located within a few 
yards of the aerial; and the absence of complaint goes 
to support the belief that there is very little distant- 
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Some Experiments Show How 

the Line -Scanning::. ÿ.quipment. 

By M. G. SCROGG1E,' M.i.E.E. 

station listening, or that there are already so many 
heterodynes in the broadcast bands that a few dozen 
more excite little comment. 

Preliminary Tests 

Before bringing forward the experimental results, 
it may be as well to clarify the subject of interfer- 
ence fields, because much of the literature on the 
subject is misleading. In particular, interference is 
commonly described as " radiated," whereas in most 
cases, such as that now being considered, 'radiation is 
of negligible importance. Within a radius of A/ 2r, 
from the source, induction fields predominate; and 
at 200 kc / s the distance A/ 27r works out at 24o 
metres, or about 26o yards. Even. at 1,500 kc /s it 
is 35 yards. Experiment shows that perceptible in- 
terference from television receivers is well within 
these ranges, and it can therefore' be regarded . as 
due entirely to induction fields. Although, of course, 
an electric or a magnetic field is the same however it 
is propagated, the importance of . making the fore- 
going distinction lies in the fact that it radiated field 
necessarily consists equally of magnetic and electric 
constituents, whereas induction fields can be mainly 
one or the other, or a mixture in any proportion. 
Therefore, when measuring the field strergth at a dis- 
tance from the source greater than a wavelength, the 
response of either a coil or a vertical: aerial will 
(if properly carried out and calculated) give the same 
answer; but at close quarters the results picked up by 
a coil are no indication of the electric field strength. 

The most likely part of a television receiver to set 
up an external magnetic field is the line deflection - 
coil unit. Ideally, the whole energy; of the field is 
concentrated where it is required -across the neck of 
the c.r. tube -and the return path has zero reluc- 
tance. This ideal is, of course, unattainable, and in 
practice a considerable proportion of the total field 
energy is in the return path, and may spread far out- 
side the coil, especially if no iron is provided. The 
iron yoke, which is normal practice to -day,* reduces 
the interference from this source, as well as increasing 
the power efficiency of the system; but as will be seen 
later it certainly does not eliminate the interference. 

For sources of electric field one looks at those parts 
of the line -scan circuit at high voltage, especially if 
they are widely spaced. The systems that have re- 
cently been corning into general use for. generating 
the anode voltage for the c.r. tube from the line fly- 

For details see W. T. Cocking, " Deflector Coil 
Characteristics," Wireless World, March 195o. 
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back circuit tend to increase the field on both counts; 
the voltage is stepped up to 5 kV or more, and there 
are more high -voltage parts tacked on to the line - 
scan circuit proper. Some of these are almost un- 
avoidably spaced well away from the chassis and 
other low- potential parts, and they set up a strong 
external field. 

In some preliminary tests to obtain a general idea 
of the extent of the interference, two television re- 
ceivers were used. One, which will hereafter be 
denoted by Tr, was a pre -war model with conven- 
tional thyratron time -base generators and rectified 
50 -c /s e.h.t. The other (Tz) was a typical modern 
table model with flyback e.h.t. The broadcast re- 
ceivers were : RI, a " fixed " table model with either 
indoor or outdoor aerial; and Rz, a mains /battery 
portable. The location was on the edge of S.E. 
London. 

It was first of all established that the interference 
was coming direct from the television sets themselves 
and not perceptibly via the mains or the coaxial 
aerial feeder. No appreciable difference resulted on 
changing over from battery to mains connection; 
and the interference increased rapidly as the tele- 
vision set was approached. 

Quite clearly, too, Tz caused substantially more 
interference than Ti. And whereas the whistles from 
TI were pure, those from Tz were perceptibly modp- 
lated by a 50 -c / s pulse; in fact, within a few feet this 
modulation was audible even without a carrier wave 
to act as beat oscillator. 

Tuned to zoo kc /s (Droitwich), R2 emitted a 
whistle only when within about 5 ft of Ti, but up to 
about 15 ft of T2. Reception of Droitwich on RI, 
used with a few feet of aerial wire hung up hap- 
hazardly, was interfered with practically anywhere in 
the house. Used with a good inverted -L type of 
oútdoor aerial at the side of the house farthest from 
Tz, interference was negligible. 

On medium waves, there was no perceptible inter- 
ference when tuned to either of the local stations 
(Brookmans Park at about 25 miles) with either re- 
ceiver, unless the aerial was in the same room as T2. 
Most other stations were accompanied by a whistle, 
with the receiver anywhere in the house. 

Interference in the region of 8 Mc /s was detected 
when the indoor aerial of RI was brought within a 
few feet of T2. 

Situation of Receivers 

Since in flats and attached houses it is possible for 
a receiver to be within a few feet, or even inches, 
of a neighbour's television set, the likelihood of severe 
interference can certainly not be ignored. In most 
cases there should be no difficulty in overcoming the 
matter amicably and with little trouble by shifting 
one or both of the receivers, and taking particular 
care to keep the sound -broadcast aerial as tar as pos- 
sible from the television set. Present and prospective 
television transmitters are so sited that most of the 
receivers are likely to be installed in places where 
the Home and Light programmes are obtainable at 
over -riding strength without any elaborate anti- inter- 
ference measures. It is in the exceptional circum- 
stances where there are television receivers in places 
farthest from the nearest Home and Light stations, or 
where listeners want Third Programme or other rela- 
tively weak stations, that trouble is likely to arise 
If the listener can be persuaded to erect a proper 

outdoor aerial with screened downlead, most of it 
may be overcome. But the need for minimizing the 
interference at its source will obviously need atten- 
tion. 

Magnetic Interference Field 

With a view to studying this side of it, some further 
experiments were carried out. An important factor 
is the rate at which the induction fields fall off as 
the distance from the source increases. Many of the 
books state that the strength of the induction field 
is inversely proportional to the square of the distance, 
without making it unmistakably clear that this applies 
only to certain particular kinds of source, such as 
isolated " current elements " (which, seeing that they 
have no return path, are of theoretical interest only), 
or approximately to those whose size is comparable 
with one wavelength. In the present case, however, 
the source of the magnetic field can be regarded as 
a coil with dimensions small compared with the dis- 
tance at which the interference is detected and very 
small compared with N. And the source of electric 
field can be regarded as two alternating opposite 
charges separated by a similar small dimension. OII 

these assumptions, it can be shown that the field falls 
off inversely as the cube of the distance. 

Experimental confirmation of this fact, as regards 
the magnetic field, was obtained by means of the 
apparatus indicated in Fig. 1, where L, is a screened 
coil as defined in the R.M.A. Receiver Testing Speci- 
fication of 1936 for the purpose of setting up a 
standard magnetic field for testing receivers having 
frame aerials. It is provided with a screen to 
neutralize any external electric field. L2 is a search 
coil, connected to a receiver provided with a beat 
oscillator, used for comparing the interference from 
the television receiver T2 with the known field 
from L,. 

Initially L, and L2 were placed coaxially. and it 
was noted at the outset that turning L2 about a 
vertical axis yielded a figure -8 response diagram, 
with clearly defined nulls when its axis was at right 
angles to that of L,. With Tz as source, however, 
the polar diagram was a cardioid, owing to the fact 
that no special precautions were taken to exclude 
" vertical effect " (electric pick -up) in L2. This com- 
parison demonstrated the absence of electric field 
from L, and its presence around T2. A simple fu.m 
of earthed screen round L2 and its connecting leads 
eliminated response to the electric field from T2 and 
changed the cardioid into a figure -8. The screens 
around L, and L, were, of course, arranged so as to 
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Fig. r. Outline of apparatus used for measuring 
magnetic field strength in the neighbourhood of a 
television receiver. A comparison method is employed. 
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present no closed loops that could modify the 
magnetic field. 

The signal voltage which .had to be set up across 
L, in order to give a constant beat -frequency output 
from the receiver was plotted against distance (be- 
tween centres of coils) over a range of about 5o to 
85 cm, and on log paper the points marked out a 
straight line whose slope was 3.o, indicating the cube 
law to a surprising degree of accuracy considering 
that extreme precision was not attempted. The cor- 
rection for the radius of L, (5 cm) was ignored; it 
would hardly be appreciable beyond about 25 cm. 
The experiment was repeated with both L, and L_ 
turned through 90 °, so that their axes were parallel, 
with nearly the same result. 

These and all other quantitative tests were carried 
out at about rgo kc / s, corresponding to the 19th har- 
monic from T2. 

With the axis of the search coil pointing towards 
the deflecting coils in T2, the response was a maxi- 
mum from back and front of the set, almost zero from 
the sides, and moderate from top and bottom. Some 
comparative results at a distance of 21 feet are shown 
in the following Table : - 

Position of 
television 
receiver 

Axis of search coil- 

Horizontal and- 
pointing 
towards 
source 

parallel 
to 

source 

Vertical 

Lack or front 
facing search 
coil. 

1:.'}-1t3 db 2 db 6 db 

side facing ! --1 db 
search coil. 

5 db 4 db 

On its side, with 
top or bottom 
facing search 
coil. 

H db 2# db 0 db 

Maximum response was obtained from the back, 
with the axis of the search coil inclined at about 3o° 
to the horizontal. This is rather surprising, as from 
the design of the deflecting -coil system one would 
have expected the field to be vertical; and, of course. 
it would be advantageous for it to be so, as pick -up 
by frame aerials in the same horizontal plane would 
then be at a minimum. 

Frame -aerial sets are not likely to be much used 
in close proximity to television sets, and in any case 
Can easily be moved away from the most intense zone 
of interference, or orientated to cut it out; so the 
magnetic interference field is not likely to be a major 
nuisance. This is just as well, for a substantial 
reduction, beyond that obtained under the incentive 
of deflection power efficiency, would probably be 
troublesome and expensive to achieve. The deflec- 
tion -coil system -possibly including the transformer 
-might have to be totally enclosed in mumetal or a 
thicker gauge of some other metal. 

On the basis of measurements at a distance of 
about 21 feet in the horizontal plane containing the 
deflection coils, and assuming the inverse -cube law, 
Fig. 2 shows the horizontal component of magnetic- 
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field strength at the back of this particular television 
receiver. Sets using the core type of deflection coil 
would probably be slightly worse, and open (air -core) 
coils much worse. 

The electric -field strength is not quite so easy to 
measure. Some idea was obtained by means of the 
simple apparatus shown in Fig. 3. The pick -up 
device was a vertical rod 3 feet high. C was adjusted 
so that the capacitance added to the receiver tuning 
coil was the same in both positions of the switch S. 
All except the aerial was more or less screened. The 
receiver was first tuned to give an audible beat note 
with the 19th harmonic from Tz picked up by the 
rod at a measured distance; then, with the switch 
moved to B, the unmodulated signal from the 
generator was adjusted to give the same output. The 
signal microvoltage required was then regarded as 
equal to that picked up by the rod. 

Electric Interference Field 

The main source of electric interference field was 
quite clearly the line -scan output valve and e.h.t. 
rectifier, with their high -potential connections; and 
by far the greatest intensity came from the back of 
the set. This was no doubt due to the layout of com- 
ponents in the set and to deliberate and fortuitous 
internal screening; the front. too, was largely screened 
by the graphite coating on the r2 -in c.r. tube. Both 
electric and magnetic fields were thus strongest in 
the direction most likely to interfere with neighbours 
when the set is placed against a party wall -a point 
that designers should consider. 

Measurements were taken at several distances along 
the line of maximum electric interference in the hori- 
zontal plane. Without knowing the effective height 
of the rod aerial one cannot convert these figures into 
field strength, but by calculation the effective height 
of such an aerial should be about half its actual 
height. On this assumption, the readings were used 
to give the electric- field -strength line shown dotted in 
Fig. 2. Although the readings appeared to be appre- 
ciably influenced by wires and other topographical 
features of the laboratory, the few data obtained 
conform reasonably well to the inverse -cube law; and 
the electric field at this frequency (192.375 kc/s) 
appears to be slightly stronger than the magnetic 
field. 

It is reasonable to expect a good standard of broad- 
cast reception on medium and long waves with field 
strengths down to 1 mV/m. Since it is generally 
accepted that for high -quality broadcast reception 
the strength of interference should be at least 40 db 
below that of the desired signal, it should not exceed 
Io µV / m. On the basis of the results recorded in 
Fig. 2, the distance at which interference is reduced 
to this level is found to be about 4o feet, which agrees 
quite well with the listening tests and confirms the 
conclusion that a typical modem television receiver 
can cause objectionable interference to neighbours. 

The set used had a considerable amount of internal 
screening around the sides, top and bottom which 
was obviously provided to reduce interference. The 
effect of removing this screening was tried and it was 
found to increase the field strength (measured at 
71 feet distance) by a factor of 4.7. On the other 
hand, supplementing the screening by a very crude 
wire screen at the back reduced it to o.36; and experi- 
ments with pieces of metal foil left little doubt that a 
further substantial reduction could be obtained by 
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continuing the screening by means of such foil across 
the back, even without blocking the ventilation slots. 

It may be of interest to consider the harmonic 
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Fig. 2. The continuous line indicates the magnetic 
field, and the dotted line the electric field, from a 
typical television receiver, measured along the direction 
of maximum strength in the horizontal plane. For 
ease of comparison, magnetic field strength is given 

in terms of the equivalent radiated -field strength. 
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Fig. 3. Outline of apparatus used for measuring electric 
field strength in the vicinity of a television receiver. 

structure of a perfect sawtooth waveform. 
' 

The 
relative amplitude of the harmonics varies in two 
ways with the order of the harmonic, usually denoted 
by n. Basically it is proportional to z / n2; but there 
is another factor, which can have any value from 
o to I, being sin kern, where k is the fraction of the 
wave occupied by the forward stroke, namely, 0.84 
in the line scan. There is not much point in comput- 
ing it for the higher harmonics, because the results 
vary greatly with slight variations in k, and in any 
case the actual deflecting- current waveform, which is 
responsible for the magnetic interference field, is not 
ideal. The tendency is for the higher harmonics to 
be attenuated by series impedances and shunt admit- 
tances; on the other hand, particular harmonics are 
liable to be accentuated by resonance conditions in 
the circuits, or by flyback transients. 

The electric field has, of course, the same wave- 
form as the disturbing voltage, and this approxi- 
mates to sinusoidal half- cycles during the flyback 
period, separated by relatively constant periods 
during the scanning strokes. The analysis of such 
a wave is extremely complex, but basically its har- 
monic amplitudes are proportional to 1 / n. At the 
higher frequencies, therefore, the strength of the 
electric interference may be expected to fall off less 
rapidly than the magnetic -field strength. 

If the system of spot- wobble described by R W. 
Hallows* comes into use, it will introduce a further 
potential source of interference -the to -Mc l s oscil- 
lator. This high frequency is radiated very readily, 
so care will have to be taken to screen the whole 
system adequately, including the deflection coils. 

Summing up : The line- scanning system in tele- 
vision receivers is a source of both magnetic and 
electric interference fields. The magnetic field tends 
to be reduced by the present trend of design, but 
would probably be difficult to reduce much more; 
fortunately it chiefly affects portable receivers, which 
are in the minority and can be moved out of the 
interference. The electric field tends to be increased 
by the trend of design, and may be very serious. it 
does not, however, seem unduly costly or awkward 
to reduce it very substantially by simple screening, 
but the back should not be overlooked. When this 
has been done, the normal precautions for avoiding 
interference, by moving the aerial away from the 
affected zone, should in most cases clear the 
remaining trouble. 

* Wireless World, March 195o, p- 84. 

Guide to the Ionosphere 
" CHORT -WAVE Radio and the Ionosphere" is a new J edition of a book published by Wireless World 
six years ago under the title of " Radio Waves and the 
Ionosphere." The author, T. W. Bennington, has now 
produced what is to all intents and purposes a new book 
which will be of value to all who are in any way con- 
cerned with long- distance communication on wave- 
lengths of, very roughly, to to too metres. 

The physical processes in short -wave propagation are 
simply explained without mathematics. The practical 
aim is always kept in mind, and the author shows how 
available data can be applied to solving everyday 
problems of short-wave transmission and reception. 

" Short -Wave Radio and the Ionosphere" is issued 
by our publithers. Iliffe and Sons Ltd., Dorset House, 
Stamford Street, London, S.E.r, at sos 6d (postage 2d). 
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Re-Shuffling Europe's Frequencies 
The Introduction of the 

Copenhagen Broadcasting Plan 

ALTHOUGH the Plan for the re- allocation of 
frequencies to Europe's 35o -odd broadcasting 

stations was agreed upon by 25 of the 32 countries who 
participated in the Copenhagen Broadcasting Conference 
in 1948, it was not certain even at the beginning of 
March that it would be implemented on the 15th. How- 
ever, most of the difficulties had been overcome by the 
appointed day. 

The two major difficulties were the clearing of the 
I,5OO- I,6o5 -kc /s band of marine services in order that 
the medium -wave broadcasting band could be extended 
and the provision of frequencies for services which were 
not catered for in the Plan -such as " Airmet." Whilst 
the latter is a purely domestic problem, the first is an 
international one 

Before dealing with the implementation of the Broad- 
casting Plan, we should, perhaps, consider the problem 
of frequency re- allocation in the wider field. It will be 
recalled that the Atlantic City Conference of 1947 allo- 
cated the frequencies between To kc /s and 10,500 Mc /s to 
services on a regional basis. It was then necessary for 
further conferences to be held between countries within 
each region or zone to distribute the available frequencies 
to their broadcasting stations, marine services, etc. Two 
conferences were held at Copenhagen in 1948; the one 
already referred to and the Maritime Mobile Radio Service 
Conference. 

It has been suggested by some that it would have been 
preferable to leave the re- allocation of broadcast fre- 
quencies until such times as the international situation 
was more settled, thereby ensuring a greater degree of 
conformity. Some consider that the post -war situation 
was not untenable, so why not leave well alone ? The 
truth is that in this country we were far better off than 
most other countries on the Continent- largely due to 
our geographical position. Moreover, the medium -wave 
broadcast band was extended (525-1,605 kc /s instead of 
550-I , 500 kc / s), so it was only reasonable to make full 
use of it. It is worth noting, in passing, that the 1934 
Lucerne Plan, which but for the war would have been 
superseded by the Montreux Plan in March, 1940, was 
still adhered to by the large majority of stations at the 
end of hostilities. There have, of course, been consider- 
able changes in the last two or three years. 

Great Britain's Share 

So far as this country is concerned the Copenhagen 
Plan, even when all the operational problems have been 
ironed out, does not provide for an improved broadcast- 
ing service, as there is a general lowering of the wave- 
lengths allocated to us. In considering the general effect 
of the broadcasting plan, it must be remembered that 
since the introduction of the Lucerne Plan, countries 
which then had but a few low -power stations now operate 
many transmitters of considerably increased power. Not 
only did these have to be accommodated but provision 
had to be made for still further stations for some of the 
' 

` backward " countries -in all some 70 new transmit- 
ters are allocated frequencies. 

Some criticisms have been levelled against the Plan 
because we in this country have to share wavelengths 
with other countries. As Sir Noel Ashbridge recently 
pointed out, our geographical position -on the edge of 
the zone -makes it essential that we share with the 
countries most remote from us. The dropping of one of 
the Third Programme wavelengths below 200 metres has 

called forth considerable comment. It is estimated by 
the industry that some 75 per cent of the receivers in 
use will not tune down to this wavelength of 194 metres 
(1,546kc /s). The 3,000,000 post -war receivers do, of 
course, cover this end of the band. We are not alone in 
this matter- nearly every country is allocated a fre- 
quency in this band. The Conference was not unmindful 
of the difficulties, and in allocating the Vatican City 
1,529kc /s added the rider that it could operate on 
1,484 kc/s until such time as receivers covering the 
higher frequency were in more general use. 

Broadcasting authorities are, in the main, keeping to 
the frequencies allocated to them, although in some 
countries there have been exchanges of frequencies be- 
tween stations. Luxembourg has, in the past, used 
232 kc /s, although it was allocated 1,249 kc /s under the 
Lucerne Plan. It is continuing to use this frequency 
with a power of 150 kW as well as its Copenhagen alloca- 
tion of 1,439kc /s with a power of only I kW. A trans- 
mitter with the full permitted power of 15o kW is 
planned to come into operation next January. 

Policing the Ether 
Unfortunately there is no international organization 

which has the authority to act as " policeman of the 
ether " to ensure that all stations are law abiding. The 
recently constituted European Broadcasting Union - 
although at the moment including 21 countries among its 
members -will not be able to act officially in this 
capacity, as the Copenhagen convention stipulates that 
the " expert " organization to " supervise its effective 
and regular implementation " must be nominated by at 
least 28 of the 33 countries invited to the Copenhagen 
conference. The new Union will, however, be able to 
make use of its checking station at Brussels to keep a 
watching brief on the situation. 

At the time of going to press a deadlock had been 
reached over the question of a frequency for the meteoro- 
logical station " Airmet " at Daventry. The G.P.O. has. 
been unable to find a frequency for the service in the 
broadcasting bands -it has been operating on a " bor- 
rowed" frequency (245kc /s) since its introduction-as 
no provision was made for it at Copenhagen. Kalund- 
borg is now using 245 kc / s. 

Services which previously operated in the band into 
which broadcasting has been extended (I,Soo to 1,605 
kc /s) are moving out. What is known in this country 
as the maritime " local services "- lighthouses and light- 
ships -are moving from this band to the 1,850- 1,865- 
kc /s band. The change will, however, have to be 
gradual owing to the difficulties of supplying new 
crystals for the stations. 

The Copenhagen Maritime Convention provides for the 
transfer of the direction -finding frequency from 375kc /s 
to 41okc /s. The W.T. distress and calling frequency 
remains on 500 kc / s, but it is recommended that the 
radiotelephone distress frequency should be changed from 
1,65okc /s to 2,182kc /s. This is unlikely to be intro- 
duced for some time. In conformity with the Maritime 
Convention, a number of the G.P.O. coast stations have 
changed their " mobile services " frequencies. The com- 
plete list is : Burnham, 476 kc / s ; Cullercoats, 484 ; 

Land's End, 438 and 522 ; Niton. 464 ; Portpatrick, 472; 
Stonehaven, 458 ; Wick, 432 ; Humber, 441; N. Foreland, 
418; Seaforth, 447 ; Jersey and Guernsey, 516. 

A complete list of the Copenhagen broadcasting fre- 
quencies was given in our November, 1948, issue, and a 
reprint is available from our Publisher, price 7¡d., in- 
cluding postage. The allocations are also given, together 
with the pre -Copenhagen frequencies, both numerically 
and geographically, in the fifth edition of our booklet, 
" Guide to Broadcasting Stations," price is 6d. 
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SHORT -WAVE CONDITIONS 
February in Retrospect : Forecast for April 

By T. W. BENNINGTON (Engineering Division, B.B.C.) 

DURING February, the average daytime maximum 
usable frequency for these latitudes remained about 

the same as dúring January, instead of increasing, as 
had been expected. The reason for this may have been 
the decrease in sunspot activity which occurred during 
the month. The night -time m.u.f. was considerably 
higher than during January, and should now continue 
to increase towards mid -summer. 

Daytime working frequencies remained relatively high, 
though slightly lower than during January. U.S.A. 
stations working on frequencies between 29 and 35 Mc/ s 

represent the highest frequencies for transatlantic propa- 
gation during the month, whilst the 28 -Mc /s band 
was usable on most undisturbed days. Io Mc/ s was 
about the highest regularly usable night -time frequency. 

Despite the presence of a giant sunspot during the 
month the average sunspot activity decreased consider- 
ably. 

Though some severe ionospheric storms occurred to- 
wards the end of the month, February was not, on the 
whole, a very disturbed month. The most disturbed 
periods were 2nd -3rd, 7th -8th, 2oth -22nd and 23rd -25th. 
Eight Dellinger fadeouts were reported during the 
month, the most severe being at o6to on 15th and 
at Toro on 21st. 

Forecast. -During April, daytime m.u.fs in these lati- 
tudes should undergo a considerable decrease, and this 
decrease should continue towards mid -summer. Night- 
time In.u.fs should continue to increase. 

Daytime working frequencies should be considerably 
lower than during March on circuits running in east- 
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west directions from this country, while on north -south 
circuits the decrease should be of a smaller order. It 
is unlikely that 28 Mc / s, for example, will be usable 
at any time over east -west circuits, though it should 
still be frequently usable to distant southerly points. At 
night, II Mc /s should remain usable the night through 
over most circuits. Daytime frequencies will, of course, 
remain operative for longer periods than during March. 

Medium -distance communication is likely to be pos- 
sible during the daytime on higher frequencies than 
during March, because of the fact that the E layer will 
control this type of transmission for several hours. 
Sporadic E transmission is not likely to be frequent. 

A moderate amount of ionospheric disturbance is to 
be expected during April. 

The curves indicate the highest frequencies likely to 
he usable over four long- distance circuits from this 
country during the month. 

Unusual Ionospheric Storni 
Effect of Giant Sunspot on 20th February 

VERY early on loth February a giant sunspot crossed 
the sun's central meridian and, presumably as a 

result of this occurrence, a severe ionospheric storm 
started during the evening of that day. Though this 
possessed the main characteristics usually associated with 
such storms, one or two of its effects were of a rather 
unusual nature. 

It is generally thought that sunspots, when in an 
"active" state, emit a stream of corpuscles, and that 
some of these escape from the sun and travel out into 
space at a high velocity. The stream of corpuscles may 
be pictured as a conical -shaped jet, having the sunspot 
at its apex. The corpuscles are more likely to encounter 
the earth if they are shot out when the sunspot is near 
the sun's central meridian, as was the case on zoth 
February. On entering the earth's atmosphere they 
give rise to magnetic storms, ionospheric storms, auroral 
displays, and other phenomena. 

The first sign of radio disturbance occurred at about 
1745 G.M.T., when a peculiar " rumble " was noticed on 
the B.B.C. short -wave stations, and soon spread to 
European short-wive stations and then to more distant 
ones. This phenomenon, to which attention has pre- 
viously been drawn', consists of a rhythmic beat, which 
causes a wavering note of low audio frequency to appear 
on the station under observation. It frequently is the 
first " radio " sign that an ionospheric storm is starting, 
and usually occurs only on stations which are within the 
skip zone of the observer. The exact mechanism of its 
occurrence is obscure. 

By 1900 G.M.T. all the usual effects of an ionospheric 
storm were present, i.e., distant stations on the higher . 

frequencies were weak or inaudible, rapid fading was 
present on lower ones and the F -layer measured critical 
frequencies soon became abnormally low. These effects 
persisted, in a greater or less degree, throughout the 
storm, which did not abate until early on 22nd February. 

Reverting again to the evening of the zoth. At 192o 
G.M.T. Leningrad v.h.f. station on 45.8 Mc /s and Stock- 
holm on 41.934 Mc /s began to be strongly received in 

' Nature, Vol. 157, p. 477, April 13th, 1946. 
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this country, and, incidentally, to cause some serious 
interference to the London television service. They con- 
tinued to do so until after 2too G.M.T. Meanwhile the 
Northern Lights had been observed in widespread parts 
of the country. 

It has been observed, these many years past, that 
when ionospheric storms of such a severe type occur, 
the harmonics of northern European stations on very 
high frequencies are heard in this country, though this 
is the first time that interference to the television ser- 
vices has resulted. The phenomenon is almost certainly 
due to the production, by the action of the solar cor- 
puscles, of the " auroral " type of Sporadic E. These 

highly ionised "clouds," lying within the E region some- 
where to the northward, would become capable of propa- 
gating frequencies perhaps up to the order of rooMc /s, 
thus enabling v.h.f. stations to be heard far beyond their 
normal range. 

A further unusual feature of this storm has been re- 
ported. At 2230 G.M.T. rapid fading was reported on 
the London Home Service. It is possible that this was 
caused by exceptional turbulences in the F layer, for a 
proportion of the energy being received, even at loca- 
tions near the transmitter, might have been arriving by 
way of that layer. 

"High- Quality Reproduction" 

T. W. B. 

Points from a Discourse before the British Sound Recording Association 

IN a combined lecture- demonstration on February 24th, 
before the British Sound Recording Association, 

H. J. Leak gave his personal views on " High- Quality 
Reproduction -How to Achieve lt." 

Starting with a demonstration, he gave a comparison 
between the reproduction of a 5 -piece orchestra in a 
neighbouring room through a high -quality microphone - 
amplifier- loudspeaker channel, and the same orchestra 
in the lecture hall a few moments later, playing the 
same music. After inviting the audience to discuss the 
results among themselves, Mr. Leak then proceeded to 
analyse the various elements of the circuit and to state 
his preferences where more than one solution presented 
itself. 

On the subject of loudspeakers he thought that, with 
the possible exception of horn -loaded types, multiple 
units gave better results than single units for wide - 
range reproduction, and his preference was for direct 
radiators rather than horn- loading. Care was necessary 
in the choice of cross -over frequency and he was in 
favour of dividing filters of the constant -resistance type. 

Many people were inclined to take amplifiers for 
granted, on the assumption that greater distortion was 
always to be found in the loudspeaker and other links 
in the chain. In Mr. Leak's opinion -and this was 
not challenged -the amplifier was always important, 
and small differences in non -linearity could be detected 
by ear in the presence of much larger distortions else- 
where. 

Gramophone pickups should be designed to perform 
two equally important functions (I) faithful reproduc- 
tion of the content of the record groove, and (2) preserva- 
tion of the record and the stylus point. Small mass 
of moving parts was essential, and no more than the 
minimum downward pressure required for adequate 
tracing should be employed. Generally speaking. disc 
and stylus wear increased as the square of the weight 
on the point. The wear on sapphire styli was for this 
reason often excessive, and also because of poor selection 
of material and grinding. Tungsten carbide styli were 
also open to the objection that the surface often showed 
pitting as a result of imperfections in the sintering pro - 
cess by which they were formed. Diamond, on the 
other hand, was up to zoo times better than sapphire 
from the point of view of wear on itself, but just because 
of its hardness, special care in polishing was necessary 
if record wear was to be avoided. To get a good surface 
was a long and costly process, compared with which 
the cost of the diamond wás negligible. 

As regards the pickup movement, Mr. Leak's 
preference was for the moving -coil principle and for a 

132 

coil of several turns rather than the single turn ribbon 
type, which he thought liable to hum pickup. 

A top resonance in the pickup above 20 kc /s should 
be aimed at, and the 1.f. resonance should be below 
20c /s. Large vertical compliance, as provided in many 
American designs, was liable to cause distortion owing 
to the translation of vertical into lateral movement. 
This had some bearing also on the problem of motor 
rumble. - 

Mr. Leak then played some records through his high - 
quality gear and contrasted the performance of records 
fresh from the press with those which had been played 
several hundred times. 

Finally, a radio programme was reproduced and the 
effect of a sharply tuned whistle filter was demonstrated. 
In Mr. Leak's opinion a whistle filter was an essential 
part of any radio feeder unit. 

A lively discussion followed in which the question 
of loudspeaker damping was one of the leading topics. It was generally agreed that it was not possible to have 
too much damping, but one speaker thought that there 
was little effect in reducing the electrical damping 
beyond a so:I ratio. For further improvement, control 
of the diaphragm itself by horn loading was essential. 

In concluding the meeting, the chairman, Mr. W. S. 
Barrell, mentioned the importance of musical material' 
in high -quality tests. When he himself wished to im- 
press other people he played them Tchaikowski, but 
when judging other people's efforts he always insisted 
on Bartok ! 

"Williamson "Amplifier Booklet 
SINCE it was first described in Wireless World in 

'947, the " Williamson " amplifier has acquired a 
world -wide reputation for high -quality reproduction of 
records and radio programmes. Its 15 -W power output 
is regarded as optimum for domestic use, while harmonic 
and intermodulation distortion is negligible. 

All the information published on the amplifier, includ- 
ing subsequent modifications and additions in the way of 
auxiliary equipment (including pre -amplifiers, tone com- 
pensating circuits and a radio feeder unit) has now been 
collected into a booklet to be issued by our Publishers 
early in April at 3s 6d (postage 2d). The booklet gives, 
in effect, a complete specification for a general -purpose 
reproducer of a standard which will do more than justice 
to the best loudspeakers at present obtainable. 

WIRELESS WORLD, APRIL 1950 

www.americanradiohistory.com

www.americanradiohistory.com


TEST 'REPORT 

Murphy V150 Television Set 
12 -in Tube Table Model with Unusual Features 

EVIDENCE that the design of television receivers 
is still far from being standardized is afforded 
by this set, for it has quite a number of un- 

usual features in its circuit. It has, for instance, two 
signal -frequency stages and only one at intermediate 
frequency. Then the latter is reflexed to act also 
as a sync -pulse amplifier. 

The circuit comprises basically a superheterodyne 
with two r.f. stages and a triode -hexode frequency- 
changer. The signal then splits into the sound and 
vision channels with one i.f. stage each. On the 
sound side this is followed by a diode detector, a 
diode Boise limiter and a tetrode output stage. On 
vision the i.f. stage is followed by a diode detector 
and then by a v.f. stage with a diode noise limiter. 
Its output is fed to the grid of the c.r. tube with an 
RC coupling and a diode d.c. restorer. 

An output is also taken from the cathode of the 
v.f. stage to a diode sync separator and thence back 
to the i.f. stage which, in addition to its main func- 
tion, acts as a pulse amplifier. 

It can do this without having to amplify two 
signals simultaneously as in the ordinary reflex 
arrangement, because the positive -going pulses 
applied to it from the sync separator occur when the 
i.f. input to it is zero and vice versa. This occurs 
because in the British television standards a sync 
pulse is transmitted by suppressing the carrier. The 
result is in this set that the i.f. valve handles the 
pulse output of the separator and the i.f. signal alter- 
nately in time sequence. 

For the line time base a single -valve current 
generator is used, but for the frame there are two 

valves. One is a conventional blocking -oscillator 
voltage generator and the other a pentode output 
valve. E.H.T. is obtained from the line fly -back 
with the aid of a valve rectifier. 

The power supply is obtained by the usual a.c. / 
d.c. technique. The valve heaters are series con- 
nected and fed from the mains through a voltage - 
dropping resistor. A valve rectifier is used for the 
h.t. supply and acts as a half -wave rectifier. The 
set is, however, not suitable for d.c. supplies because 
the heater of the c.r. tube is fed through a trans- 
former. The characteristics of a c.r. tube heater 
differ considerably from those of a valve, and it is 
not safe to connect it in series with the valves un- 
less special precautions are taken. These often com- 
prise the use of a thermistor and /or a thermal -delay 
switch to safeguard the tube heater. In this set the 
makers have preferred to use a small transformer and 
have accepted the consequent restriction of the set 
to a.c. supplies only. 

The tube is a 12 -in type having a triode gun. It 
is mounted behind a safety glass panel and only two 
controls appear at the front. They are Contrast and 
Sound Volume, the on -off switch being combined 
with the latter. 

The other controls are at the rear. One is Bright- 
ness, and it is a knob- operated control. Frame Hold, 
Line Hold and Frame Amplitude (= Picture Height) 
are three sliding controls which can be locked in 
position by a turn of their knobs. The Vision Noise 
Limiter and Sensitivity Controls are screw- driver 
adjustable through holes in the back. Internally, 
there is a Frame Linearity Control and the perma- 

Murphy Vr5o television set with rz -in tube and chassis view showing the r.f. side. 
The first r.f. stage is mounted as a sub -assembly immediately below the tube base. 
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R.F. STAGES FREQUENCY CHANGER 

I 

SENSITIVITY 

nent magnet is adjustable by three screws 
for focus and picture centring. These in- 
ternal controls are, of course, intended for 
adjustment by the dealer, not the user. 

No continuous adjustment of picture 
width is provided, but a step control is 
arranged by means of a tapped deflector coil 
in conjunction with a series tapped choke. 

A wooden cabinet is used, the loudspeaker 
grille being on one side of it. With the 
exception of the loudspeaker, which is 
mounted on the cabinet, everything is con- 
tained on one chassis. The back is held on 
by six screws. The chassis is held by four 
screws under the cabinet, access to two of 
which necessitates the removal of a wooden 
batten held in place by three further screws. 
The chassis can then be drawn out, the loud- 
speaker leads are long enough for this to be 
done without unsoldering them. 

The Frame Linearity, since it affects 
picture height as well as linearity, must be 
adjusted in conjunction with Frame Ampli- 
tude. The adjustment is very easy, how- 
ever, and very good linearity is obtainable. The 
focus and picture centring adjustments are far 
from easy, for they are very interdependent. A 
good deal of experience is needed to obtain quickly a 
well -focused and properly positioned picture. How- 
ever, the adjustments are stable and once the proper 
settings are found readjustment will probably be 
needed only at long intervals, for example when 
replacing the tube. 

The Line Scan synchronizes well and locks rigidly. 
The frame scan does not lock nearly so solidly and 
the setting of the Frame Hold Control is more criti- 
cal. The setting for good interlacing is very criti- 
cal. The stability, however, is quite good, and once 
the control is properly set it should not need frequent 
readjustment. 

VISION I.F. 8 
PULSE AMPLIFIER 

134 

9 V90 

20D1 

1 

,s 

T 

2001 

000 

DETECTOR 

vs. 

Vse 

SYNC 
SEPARATOR 

NO SE 
SOUND I.F. DETECTOR LIMITER 

a 

SOUND 
OUTPUT 

The Sensitivity Control is a control of bias on the 
two r.f. stages and is pre -set by the dealer to suit 
the field strength existing in the district. The Con- 
trast Control is a further gain control operating to 
vary the bias on the mixer. It is the panel control. 
It is somewhat unusual to have this as the main pic- 
ture control with Brightness as a pre -set at the rear. 
The roles of these two controls are more commonly 
reversed. 

The line -scan oscillator and e.h.t. circuits 
are unusual and interesting. A tetrode valve 
VT, is connected as an oscillator using the 
screen grid and anode as the operative electrodes, 
only the sync pulses being applied to the control 
grid. The anode winding is AB and the grid wind- 
ing CD. The form is that of a Hartley oscillator but 
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Complete circuit diagram of the Murphy V Iso, which contains many 
unconventional features (see text) 

the constants are so chosen that there is a slow rise 
of current to form a substantially linear scan with 
a rapid fall for the fly -back. 

The deflector coils are tapped to form a picture - 
width control. A tapped coil L in series enables 
the total inductance on the transformer to be main- 
tained constant for, as turns are reduced on the 
deflector coil, more turns can be introduced in the 
loading coil and vice versa. The free -running fre- 
quency of the time base is dependent on this total 
inductance and can be adjusted without much effect 
on picture width by adjusting the loading -coil turns 
only. 

On fly -back, there is the usual positive pulse on 
the valve anode at A. There is also a negative pulse 
on the screen grid at D. This last is stepped up at 

E by the transformer action and the total voltage 
AE is applied through the rectifier VT, to CT, which 
becomes charged nearly to the peak value. During 
the following scan stroke V02 is non- conductive and 
E is near earth potential, so that C, discharges 
through R, to provide the tube current and keep C. 
charged. In this way an e.h.t. supply of about 6 kV 
is obtained. 

A peculiarity of the circuit is that the screen of 
the line -scan oscillator is fed from the cathode of the 
sound output stage V10. This valve is really used 
as a screen -feed resistor, its cathode resistor 
forming the Line -Hold Control, and the purpose of 
this arrangement is to minimize the effect of mains - 
voltage variations on the frequency of the time -base. 
As the mean screen potential is close to earth nearly 
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the full h.t. supply voltage 
appears across this stabilizing 
valve, and it can also be used 
for the output stage of the 
sound receiver. 

The reflex arrangements 
are quite simple. The picture 
signal required at the detector 
output is negative -going and 
the sync pulses positive. The 
signal developed on the 
cathode of the v.f. stage is 
the same and is applied to the. 
sync diode Vnb which con- 
ducts only on the sync pulses. 
Its output of positive -going 
pulses is applied through a 
filter to the i.f. grid circuit. 
The output of the stage is 
developed across a resistor in 
the anode circuit and applied 
through a differentiator to 
the line time base and through 
an integrator to the frame 
time base. 

On test, the receiver gave a 
very satisfactory performance, the picture being 
bright and stable. The brightness is adequate for 
daylight viewing but naturally the best results are 
secured when the room lighting is at a minimum. 
The controls are, on the whole, easy to adjust, and 
stable enough for readjustment to be rather a rare 
occurrence. As already mentioned, the frame -hold 
control is very critical for good interlacing, and it 
is unlikely that the man -in- the -street will be able to 

General view of components on the underside of chassis. 

set it properly. Once set, however, the interlace 
seems to hold well over long periods. The picture 
detail is good and the noise limiters function well. 
The wooden cabinet is 161 -in high by 161-in deep, 
plus a 3 -in extension at the rear covering the tube 
base. The width is greater at the front than at the 
rear, being 18j;in, as compared with 171in. The set 
costs L54 including purchase tax, and is made by 
Murphy Radio, Welwyn Garden City, Herts. 

MARINE RADIO JUBILEE 
FIFTY years ago no British merchant ship was 

equipped with radio. When a ship left port she was 
lost sight of until she reached her first port of call. This 
continued until, on April 25, 190o, Marconi's Wireless 
Telegraph Co. formed a separate company -the Marconi 
International Marine Communication Co. -to cater for 
the radio needs of shipping. 

The first ocean -going British merchant ship to be 

fitted with Marconi wireless telegraphy apparatus for 
everyday use was the Lake Champlain, in 1901. The 
installation, similar to that shown in the photograph, 
included a Io -in induction coil -working off a 12 -volt 
accumulator, a coherer receiver and a morse inker. The 
operator on the first voyage recalled some of the inci- 
dents in an article in Wireless World some years later. 

High- Iights in the progress of marine radio -the first 
d.f. installation (1912) 
and the first marine 
radiotelephone (192o) 
-are recalled at the 
M.I.M.C. exhibition, 
about which details 
are given elsewhere in 
this issue, and in the 
book " Wireless at 
Sea -The First Fifty 
Years" (ins), by 
H. E Hancock, pub- 
lished by the company 
to mark the Jubilee. 

EDWARDIAN 
MARINE RADIO: 
A Marconi installation 
fitted in a liner in 1904. 
The cord -and -pulley 
device, actuated from a 
lever on the manipu- 
lating key base, was 
for changing the aerial 
from transmitter to 

receiver. 
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Standard Frequency Transmissions 
Aationul and International Problems in Establishing a Service 

By A. GRAHAM THOMSON 

THE need for an international service of standard 
frequency transmissions is becoming in- 
creasingly evident and its possibility has been 

brought considerably nearer by the experimental 
service from the Rugby station, which was started 
on February 1st this year (see p. 99 of March issue). 

It may be recalled that the National Physical 
Laboratory used to transmit a very small programme 
of standard frequencies. With its larger resources the 
U.S. National Bureau of Standards was able to give 
more frequent transmissions ; moreover, the develop- 
ment of its service was not interrupted by the war 
and its station, WWV, in Washington now transmits 
standard frequencies continuously. The National 
Physical Laboratory, on the other hand, was obliged 
to discontinue its standard frequency transmissions 
when war broke out. 

After the war the need for resuming this service 
was established by a committee under the chair- 
manship of Dr. R. L. Smith -Rose. Rather than set 
up a large transmitting station at Teddington, the 
General Post Office was asked to assume technical 
responsibility for the transmissions. The frequencies 
used by the Rugby transmitter for the experimental 
service are 6o kc /s and 5 and io Mc /s. 

The essential requirements of a standard- frequency 
service are that the transmission should be steady, 
constant, and capable of being measured with extreme 
accuracy. Since the transmitting and receiving 
stations may be situated in different countries there 
must he world -wide agreement on standards. 

World Coverage 

At the international conference held in Atlantic 
City in 1947 it was agreed that certain frequencies 
be reserved for standard frequency transmissions, 
namely 2.5, 5, io, 15, zo and 25 Mc /s. The American 
service is operating continuously on all these fre- 
quencies and its transmissions are available as a 
standard of reference to anyone who can receive 
them, the accuracy being guaranteed to one part in 
Io million. At a conservative estimate this service 
covers an area extending for not more than 2,000 
miles round Washington. To supplement this service 
an experimental station is being operated by the 
Bureau on the Island of Maui, Hawaii. It operates 
on 5, io and 15 Mc /s with the call WWVH. 

Although Washington's signals can often be 
received in Britain, its reception is not always satis- 
factory, so that British establishments cannot rely 
on this service. 

The new British service was introduced after con- 
sultation with various Commonwealth countries, 
notably Australia, New Zealand, Canada and South 
Africa, and discussions took place on the possibility 
of setting up a network of standard frequency trans- 
mitting stations throughout the world. The British 
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service is intended to cover the whole of Western 
Europe and North Africa, as well as a large section 
of the Atlantic Ocean where it is required for the 
calibration of ships' receivers and transmitters. It 
is expected that South Africa and Australia will each 
establish similar services in due course, though no 
up-to -date information is available as to the progress 
of their plans. 

It will be recalled that, as an interim measure, in 
1948 the Department of Scientific and Industrial 
Research issued a list of B.B.C. and Post Office 
stations which in the normal course work on fre- 
quencies which are known and kept very constant. 
(See Wireless World, September, 1948, p. 322.) 

Mutual Interference 

Since only six channels have been made available 
for the transmission of standard frequencies, countries 
operating services of this nature will often be trans- 
mitting on the same frequencies. Should two or more 
stations be transmitting simultaneously, listeners 
would probably be unable to identify the service 
which they were receiving, and a certain amount of 
mutual interference might also result. It might 
therefore become necessary at a future date to draw 
up an international time -sharing plan. . 

To ascertain whether any serious difficulties of this 
nature were likely to be encountered, the National 
Physical Laboratory agreed with the American Bureau 
of Standards that an attempt should be made to find 
out to what extent the transmissions from Rugby 
on 5 and io Mc /s interfered with the Washington 
services on the same frequencies. For example, in the 
middle of the Atlantic, half -way between Rugby and 
Washington, the signals might be approximately 
equal in strength. It has to be discovered whether 
this will cause any confusion to ships' receiving 
stations. For international exchange purposes the 
National Physical Laboratory will measure Washing- 
ton's signals at Teddington, so that they can be 
directly compared with those transmitted from Rugby. 

The measurement of frequencies can now be under- 
taken with an accuracy even greater than that which 
astronomers have achieved in the measurement of 
time. The method adopted consists in timing the 
beat resulting from the comparison, for example, of 
a frequency of a million cycles per second with 
another of one million and one cycles per second, the 
resulting beat being I c / s. This beat can be counted 
and measured very accurately, thus giving the differ- 
ence to one part in a million without any complicated 
calculations. 

In practice, the operator wishing to measure a 
frequency sets up his receiver, compares the fre- 
quency of the signal received with that of a local 
standard which is known very accurately, and 
measures the resulting beat. 
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Brøadcasting in America 
Will Television Oust "Sound"? : AM /FM Controversy : Programme Problems 

FROM AN AMERICAN CORRESPONDENT 

ATYPICAL comment of the average American 
family owning a television set is : " We never 
turn on our radio in the evenings any more - 

only sometimes during the day when there are no 
television programmes." How many such families 
are there ? Industry sources estimate that at the 
end of last year 3,100,000 American families owned 
TV sets ; 2.5 million of the sets having been sold in 
1949. It is-estimated that during this year sales 
will be 3.8 million. By 1954 it is anticipated that 
19,100,000 -or 42 per cent- American families will 
have television sets. 

Only a few years ago television was a novelty ; 

now its programmes reach 57 cities and serve many 
of the most concentrated markets in the U.S. Tele- 
vision, therefore, is already a serious threat to other 
forms of mass entertainment. 

Sound broadcasting is losing its audience, especi- 
ally during the evening when the biggest shows are 
on the air on both radio and TV. A few big national 
advertisers put their big programmes on sound and 
vision networks simultaneously. Some are consider- 
ing the abandonment of radio in favour of television. 
The prevailing view in the industry and in the 
Government is that television will supplant radio as 
the dominant broadcasting medium within five years. 
Hundreds of the 2,800 or more broadcasting stations 
now operating in the United States are expected to 
go off the air within three years. 

How Did This Condition Arise? 
The pat answer is that the public is fed up with 

radio and has seized upon TV as having more appeal. 
To understand this, it must be realized that to the 
American public not " vested interest " is sacred. 
The moment it has served its purpose it will be dis- 
carded, and something new built up to take its place. 

For many years, American radio has failed to build 
up any important new programme ideas, or develop 
any important new talent. The blame for this must 
be shared by both the networks and advertisers. 
Networks were reluctant to spend large sums over a 
long period of time to build up audiences for new 
programmes or talent. Similarly, advertising spon- 
sors, when they buy a show or some outstanding 
talent, want an established audience -just like the 
guaranteed circulation of a publication. The net 
result is that the same big -name artists and the same 
type of show are featured year after year. 

It looked for a time as if FM might save sound broad- 
casting. During the war, FM transmitter manufac- 
turers bombarded AM stations with a high- pressure 
sales drive to " order your FM transmitter now and 
be first with FM after the war." Many AM stations 
fell for the argument, but defensively. 

After the war, FM stations blossomed fast. Then 
the receiver manufacturers had to be persuaded - 
reluctantly-to produce FM and /or AM -FM re- 
ceivers. For a time, the public caught on, and it 
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looked as if FM might go places. This had AM 
stations and networks worried. for it was splitting 
their audience. They wanted to duplicate their 
programmes on both AM and FM. The musicians 
union said no. So the programmes for FM stations 
had to be provided separately -mostly with good 
music on transcriptions, a refreshing change. 

A few regional FM networks, linked by coaxial 
cable and /or short -wave relays, made their appear- 
ance. It was then possible for FM listeners to realize 
the inherent quality of FM when live orchestras 
broadcast over the FM networks. But all this ended 
abruptly when the musicians' union lifted its ban 
on duplication. Immediately, FM stations be- 
gan carrying the regular network programmes, which 
sounded no better over FM than they did over AM. 

In any case, few receivers were capable of repro- 
ducing the full range of quality of which FM is 
capable. Few were equipped with automatic fre- 
quency control; so tuning an FM set was in most 
cases difficult to begin with, and then it had to be 
fiddled with as drift set in. The interference -free 
feature of FM carried little weight. There is little 
interference in the primary service area of an AM 
station. So public interest in FM died overnight. 
At a recent I.R.E. meeting in Syracuse, N.Y., the 
figures in the table were given which tell the story. 

However, all is not well with TV broadcasters. 
Costs are terrific. It costs around $5oo,000, on the 
average, to build a television station -about five 
times the cost of the average radio station. Then 
programmes cost several times as much as radio 
shows. The average half -hour TV network show, to 
reach the still relatively small TV audience, costs an 
advertising sponsor as much as $14,000. Television 
networks also are expensive. A network as big as 
the present broadcasting networks would cost an estimated ten million dollars a year in rentals. 

Receiver Sales- Dollar Volume Percentage, 

1947 1948 1949 

TV g% 35% 80% 
AM ... 76% 46% 12% 
FM ... 16% t9% 8% 

These high costs mean that the great majority of 
television broadcasters are incurring heavy losses. 
This brings up the question as to whether it will ever 
be possible to provide television facilities outside 
the big metropolitan areas. There are vast areas 
in the United States with very low population den- 
sity, yet these people are clamouring to be served, 
and, in anticipation of TV, are not buying new broad- 
cast receivers. But if television, like "sound" broad- 
casting, is to be supported wholly by advertising, the 
rates may be too high for the medium to be employed 
in any but concentrated market areas. 
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Fringe -Area Television (Continued) 

More _6leusurements of Field Strength from Sutton Goldfield 

THIS map presents data collected by Belling and Lee, 
LtcL., on the second half of a survey carried out on 

a radius of roughly 70 miles from the Midlands station 
at Sutton Coldfield. Readings obtained with a mobile 
field- strength measuring van on the first half of its tour 
were given in our last issue. Height of the four -element 
receiving aerial array used for the measurements was 
4oft above ground level. Vision signal strengths are 
shown in microvolts per metre for the Midlands station. 

At a few sites wide variations were met: these are indi- 
cated by minimum and maximum figures. At most 
sites a good picture was obtainable in the van from a 
representative commercial monitoring receiver fitted 
with a single -stage pre -amplifier when signal strength 
was 7o µV /m or over. As might be expected, the great- 
est variations in strength shown on this map are in the 
hilly country of Wales. Remarkably good signals were 
recorded at Chester and in the surrounding area. 
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WORLD OF WIRELESS 

International S -W Broadcasting Set - 

Makers' Report + New European Union 

Television Frequencies 

High- Frequency 
Broadcasting 

ON April 1 the International High - 
Frequency Broadcasting Con- 

ference, which has the formidable 
task of allocating frequencies (be- 
tween 3.5 and 27.5 Mc /s) to the 
world's short -wave broadcasting 
stations, opens in Florence. This 
country's delegation will include 
representatives from the G.P.O., 
B.B.C., and the Foreign Office. 

Although the bands available for 
high- frequency broadcasting were 
allocated at the Atlantic City Con- 
ference in 1947, it remains for a plan 
to be drawn up allocating the avail- 
able frequencies within those bands 
to the countries using, or desirous of 
using, short-wave broadcasting. 

It was realized that the claims for 
channels -many times greater than 
the number available could only 
he met by some stations using the 
same frequency on a time- sharing 
basis and others, suitably disposed 
geographically, sharing frequencies. 
A further point to be considered 
was that the usefulness of some fre- 
quencies depended on the sun -spot 
cycle. 

At a conference held in Mexico 
from October, 1948 to April, 1949, 
and attended by representatives of 
64 countries, a " basic plan " was 
drawn up for one phase of a sun- 
spot cycle on a time- sharing and 
channel- sharing principle. From 
this plan has been prepared, by a 
specially appointed Technical Plan 
Committee, a number of what are 
called derivative plans. These have 
been submitted to all countries par- 
ticipating in the conference for com- 
ment, and it is to consider these 
plans and comments that the 
Florence conference has been called. 

B.R.E.M.A. Report 
WHILST a good deal of the 55- 

page report of the British 
Radio Equipment Manufacturers' 
Association is domestic, in that it 
concerns only the members of the 
association, there are a number of 
points of general interest. 

In the section outlining the more 
important matters dealt with by the 
Technical Committee, reference is 
made to the problems involved in 
selecting preferred vision and sound 
i.f.s for television receivers in order 
to get the best results from the 
B.B.C. 5- channel scheme. 

It is interesting to note, in view 
of the forthcoming short -wave 
broadcasting conference, that the 
B.B.C. has advised the association 
that it intends to make the fullest 
possible use of the 21 -26 Mc /s 
band, and has recommended that 
receivers intended for export should 
cover this in addition to the lower 
bands down to 3.5 Mc / s. 

Various technical problems relat- 
ing to standards for sound equip- 
ment have been examined during 
the year. One of them relates to the 
need for a method of making 
accurate and comparable acoustic 
measurements at a reasonable cost 
without resorting to the use of an 
expensive damped room or the free 
air method. Experiments on the use 
of acoustic ducts for testing loud- 
speaker units and microphones show 
that a degree of accuracy approach- 
ing that of a properly designed 
acoustically damped room are 
possible. 

European Broàdcasting 
THE Torquay conference, attended 

by representatives of broadcast- 
ing organizations of 23 countries, 
saw the birth of the European 
Broadcasting Union and the demise 
of the International Broadcasting 
Union (U.I.R.) founded in 1925. 
The new Union includes among its 
members the broadcasting organiza- 
tions of all the Western European 
countries and those of Egypt, 
Greece, Morocco and Tunis, 

Lebanon, Syria, Turkey and Yugo - 
slavia. 

Since 1946 there have been two . 

international broadcasting organiza- 
tions in Europe, neither of which 
had sufficient backing to act as the 
continent's mouthpiece in broad- 
casting matters. With the with- 
drawal of eleven countries from the 
International Broadcasting Organi- 
zation (O.I.R.) last November, it 
has moved its headquarters from 
Brussels to Prague. 

The wavelength checking station 
at Brussels, which was set up by the 
U.I.R. and taken over by the O.I.R. 
after the war, will come under the 
control of the new Union. 

Television Topics 
IT is understood that a decision has 

been made on the allocation of 
frequencies to the next two tele- 
vision transmitters to be completed. 
The North of England station at 
Holme Moss will operate on channel 2- vision 51.75 Mc /s, sound 48.25 
Mc / s-and the Scottish transmitter 
at Larkhill on channel 3- vision 
56.75 Mc /s, sound 53.25 Mc /s. 

The change in picture aspect 
ratio from 5:4 to 4:3 announced in 
our last issue will be introduced by 
the B.B.C. on April 3rd. 
B. R.E. M. A. 

National Show 
ALTHOUGH the Radio Industry 

Council had tentatively booked 
Olympia for a period in June in 
1951-53 for the National Radio Ex- 
hibition, it has been decided that 
an autumn show is preferable. As 
it was impossible to secure a later 
date at Olympia, it has been decided 
to hold the shows at Earls Court in 
September. 

The past sixteen radio shows 
(1926 -39, 1947 and 1949) have been 
held at Olympia. The next exhibi- 
tion, of course, will be at Castle 
Bromwich, Birmingham, from Sep- 
tember 6 to 16, plans for which are 

THE FIRST PRESIDENT of the European Broadcasting Union, Sir Ian 
Jacob, Director of Overseas Services, B.B.C. (centre), with, left to right, 
Sir Noel Ashbridge, F. C. McLean, H. Bishop and R. D. Marriott, B.B.C. 

delegates to the Torquay conference. 
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now well advanced. Provision is 
made for 122 stands, a television 
studio and a communal television 
demonstration room. Individual 
demonstrations of television will be 
permitted on the stands, but there 
will not be a radio- frequency distri- 
bution system for broadcast re- 
ceivers as was used at Radio - 
lympia last year. 

Physical Society's Show 
ADMISSION to the annual exhibi- 

tion of scientific instruments 
and apparatus organized by the 
Physical Society -which is being 
held at the Imperial College, South 
Kensington, from March 31 to 
April 5 -is by ticket, valid for a 
specified session (either morning or 
afternoon) available from the 
Society, r, Lowther Gardens, Lon- 
don, S.W.7. 

Among the papers to be given 
during the exhibition are " Colour 
Vision and Colour Television," by 
Dr. W. D. Wright, at 6.15 p.m. on 
April 3. 

R.E. C.M.F. Exhibition 
THE seventh exhibition, of com- 

ponents, valves, materials and 
test gear, organized by the Radio 
and Electronic Component Manu- 
facturers' Federation, opens at 
Grosvenor House, Park Lane, Lon- 
don, W.1, on April 17th. Admis- 
sion to the show, which will be open 
from 10 to 6 for three days, is re- 
stricted to holders of invitation 
cards issued by the R.E.C.M.F., 22, 
Surrey Street, London, W.C.2. 
There will be 103 exhibitors. 

Television by Relay 
THE first television relay service 

for an area, as distinct from 
blocks of flats, is being installed in 
Gloucester by Link Sound and 
Vision, Ltd., formed jointly by Pye 
and Murphy for the provision of 
such services in " fringe areas " of 
television stations. 

The system comprises a master 
receiving station picking up pro- 
grammes from Sutton Coldfield and 
redistributing them by wire to sub- 
scribers, who will also have the 
choice of four sound programmes. 
The charge -including the licence 
fee-is 7s 6d a week. 

PERSONALITIES 
Col. A. H. Read, O.B.E., has been 

appointed Director of Overseas Tele- 
communications (G.P.O.) in succession 
to H. Townsend who recently retired on 
his appointment as Assistant General 
Secretary of the International Telecom- 
munication Union. Col. Read was 
G.Y.O. Deputy Inspector of Wireless 
Telegraphy for fifteen years and Inspec- 
tor for three years. 

H. B. Rantzen, head of the Engineer- 
ing Designs Department, B.B.C., has 
been appointed Director of Telecom- 
munications Services with the United 
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INTERIOR of Radio 
Luxembourg's new 
mobile recording 
van supplied by 
E.M.I. The two 
magnetic -tape re- 
corders are in the 
centre ; left, is the 
disc recorder and 
play -back desk ; 

and, right, the engi- 
neer's control panel. 

Nations. He is to 
take up his new 
duties in New York 
at the end of March 
after zo years with 
the B.B.C. 

John B. McMil- 
lan, M.A., B.Sc., 
who has been with 
E. M. I. Institutes 
since January, 1947, has been ap- 
pointed to the new position of Director 
of College Studies with the Institute. 
Prior to joining E.M.I. he was with the 
R.A.F. Education Branch, where he 
specialized in teaching radio and radar. 

P. T. V. Page, B.Sc., has been ap- 
pointed Director of Postal Studies with 
E.M.I. Institutes. He was for some 
time lecturer in electrical engineering at 
the Military College of Science, Bury, 
and subsequently became Officer Com- 
manding, Heavy A.A. Workshop, 
R.E.M.E. (Canadian First Army) and 
later Technical Staff Officer on the 
German Control Commission. 

H. G. Menage has left R. A. Rother- 
mel, Ltd., and has joined the technical 
staff of E. Shipton & Co., Ltd., of 
Northwood Hills, Middlesex, where he 
is specializing in research and develop- 
ment work on Rochelle crystals. 

E. R. A. Milne has joined the staff of 
Fielden (Electronics), Ltd., as sales 
manager and will operate from their 
new works at Paston Road, Wythen- 
shawe, Manchester. He was previously 
northern area technical representative 
for the Everett Edgcumbe Co. 

C. T. Nuttall, who for the past four 
years has been sales engineer in the 
Radio Division of T.C.C., has been 
appointed technical sales manager of 
British Mechanical Productions, Ltd., 
and the General Accessories Co., Ltd., 
who, respectively, manufacture and 
market Clix components. Prior to join- 
ing T.C.C. he was with the Gramophone 
Corn pa ny. 

B. A. Pettit, who has been with the 
British Radio Equipment Manufac- 
turers' Association for about four years 
as a technical assistant, has joined 
Plessey's as technical representative in 
their sales organization. 

IN BRIEF 
South African Television. -Marconi's 

and Cinema Television are joining 
forces to present a television demon- 
stration to visitors to the Rand Agri- 
cultural Show to be held in Johannes- 
burg from April 1st to loth. The 
demonstration, which is being or- 
ganized in co- operation with the South 
African Broadcasting Corporation, will 
include projection television using a 
full -size cinema screen as well as re- 
ception on domestic Bush receivers. 

A record monthly increase of 45,800 
television licences in the United King- 
dom was reached in January. This 
brought the total to 285,500 at the 
end of the month. There was a de- 
crease of 17,400 in the number of 
" sound " licences in force. The total 
number of sound and vision licences 
was 12,209,700. 

Exports. -Figures issued by the Board 
of Trade reveal that the number of 
domestic receivers exported last year 
was 295,036 compared with 308,224 and 
406,508 in 1948 and 5947 respectively. 
The only countries to which the export 
of sets increased were South Africa, 
India, Malaya and Egypt. There was a 
reduction in the number of valves and 
cathode -ray tubes exported -5,197,831 
compared with 5,623,637 the previous 
year. The 1947 figure, however, was 
4.447,167. The value of transmitting 
equipment exported increased from 
£2,720,156 in 1948 to £3,150,656 last 
year. The 1947 figure was £1,441,962. 

National Field Day. -The R.S.G.B. 
is organizing a National Field Day for 
the 24 hours from 1óo0 G.M.T. on June 
3rd. Stations will operate in the 1.8, 
3.5, 7 or 14Mc /s bands. The rules for 
the contest are given in the February 
issue of the R.S.G.B. Bulletin. 

Electronic Control of industrial equip- 
ment will be covered by the paper on 
" Control of Electric Power and 
Sequence Flow in Material Handling," 
by J. O. Knowles, M.A., to be given 
during the convention which is to be 
held concurrently with the second 
Mechanical Handling Exhibition at 
Olympia from June 6th to 17th. The . 

exhibition and convention are being 
organized by our associate journal 
Mechanical Handling. 

Dutch Television. -It is understood 
that the experimental television trans- 
missions which have been continuing 
for some months from the Philips 
station on 567 lines are in future to 
be radiated on 625 lines. A corre- 
spondent informs us that about 90 per 
cent of the 400-odd receivers in use in 
the Netherlands are amateur con - 
structed 

Navigation. -An exhibition entitled 
" Navigation Through The Ages," pre- 
pared by the British Council in con- 
junction with the Institute of Naviga- 
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tion, opened in Oslo on March 15th. 
The exhibition, which closes on 
April 4th, includes photographs and 
diagrams of the Liverpool Harbour 
radar. a complete ship -borne radar in- 
stallation and other radio-navigational 
aids. 

McMichael Radio are exhibiting a 12- 
valve radiogramophone on the motor 
yacht Northwind which, with a display 
of British products on board, is leaving 
on March 3oth for a three -month good - 
will trade mission to some twelve 
Mediterranean ports including Tangier, 
Cyprus, Athens, Alexandria and Haifa. 

Marconi Marine Jubilee. -A series of 
events has been arranged by the 
Marconi International Marine Com- 
munication Co. to mark the 5oth anni- 
versary of its formation -April 25th, 
1900. An exhibition is being held at 
the Baltic Exchange, London, E.C., 
until April 4th. Admission is by in- 
vitation cards which have been sup- 
plied to shipping interests, societies 
and many manufacturers. The develop- 
ment of Marine wireless is depicted by 
replicas of ships' radio cabins for each 
decade from 19oe. A luncheon for 
Marconi veterans has been arranged for 
\pril 1st. 

Foire de Paris. -Some thirty of the 
225 French radio manufacturers ex- 
hibiting at the Paris international trade 
fair (May' 13th -29th) will be showing 
81g -line television receivers. 

American Television Stations totalled 
112 at the end of January. The pic- 
torial list of tuning signals of 77 U.S. 
television stations recently published in 
Radio- Electronics, to which we referred 
in our February issue, was a little mis- 
leading. We commented on the fact 
that about 50% were purely pictorial 
giving no facility for receiver adjust- 
ment. We are informed that all U.S. 
stations transmit standard test patterns 
as well as a pictorial identification 
signal. The published list included a 
selection of both. 

Argentina. -Two 1oo-kW medium - 
wave broadcasting transmitters have 
been ordered by the Argentine Govern- 
ment from Marconi's for installation 
at Gral Pacheco, some 15 miles from 
Buenos Aires. 

Norway's most northerly broadcast- 
ing station at Vadso, Finnmark, which 
was destroyed during the German 
occupation, has been rebuilt and a 
20-kW transmitter has been installed 
by Standard Telephones and Cables 
for the Norwegian broadcasting 
authorities. Since the end of the war 
a temporary r -kW transmitter has been 
operating on 347 kc /s. The new trans- 
mitter is operating on Tor kc /s under 
the Copenhagen plan. Owing to its 
situation within the Arctic Circle, 
special attention had to be given to 
the thermal insulation of the building 
and the air from the valve- cooling 
plant is used to heat the building. 

Tenders for the supply of a quantity 
of telecommunications equipment are 
being sought by the Greek Ministry of 
Posts, Telegraphs and Telephones. 
Among the purely radio items are: - 
equipment for radio links to the U.S.A. 
and the U.K. and for inter -island multi- 
channel radio networks. The specifica- 
tion can be inspected at the Commercial 
Relations and Exports Department, 
Board of Trade, Room ro80. Thames 
House North, Millbank, London, S.W.i 
(Reference CRE(IB)43996/50). Closing 
date for tenders is April 25th. 
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Decca Radar. -To enable demonstra- 
tions of equipment to be given and 
to provide instructional facilities for 
ships' officers, the Decca Navigator 
Co. has installed Decoa ship's radar 
equipment on the Woodside Landing 
Stage, Birkenhead. The chairman of 
the company recently stated that it 
was proposed to form a separate com- 
pany to handle the radar equipment. 

Pickup Repairs. -We understand 
that Martin Slater Radio, 42, Broad - 
wick Street, London, W.r, have stocks 
of spares and replacement parts for 
"Lexington " moving -coil pickups, and 
are in a position to undertake repairs. 

" View Master " Pre -amplifier. " -A 
constructional chart for an r.f. unit 
for addition to the " View Master " 
television receiver is now issued at is id 
by post from the office of the sponsors 
at ro, Norfolk Street, London, W.C.2. 

R.F. Heating. -The correct title of 
L. Hartshorn's book reviewed on page 
98 of our last month's issue is " Radio 
Frequency Heating." This error is 
particularly to be regretted, as " High 
Frequency Heating," the title incor- 
rectly attributed to the book, is a 
needlessly vague and ambiguous 
description, all too widely used, that is 
deplored by Wireless World. 

R.C.A. -The office of R.C.A. Photo - 
phone, which is an associate company 
of the Radio Corporation of America, 
has been transferred from 43, Berkeley 
Square, London, W.1, to 36, Wood- 
stock Grove, Shepherd's Bush, London, 
W.12 (Tel.: Shepherd's Bush 12oo). 
Information on R.C.A. radio equipment 
and valves is obtainable from this 
address. 

Hazlehurst Designs, Ltd., have 
moved from 186, Brompton Road, 
London, S.W.3, to 34, Pottery Lane, 
London, W.ii (Tel.: Park 6955). 

Aeradio. -The address of Interna- 
tional Aeradio, Ltd., is 4o Park Street, 
London, W.r, and not Parker Street as 
stated last month. 

MEETINGS 
Institution of Electrical Engineers 

Radio Section. -"A Review of Some 
Television Pick -up Tubes," by J. D. 
McGee, M.Sc., Ph.D., and " The De- 
sign of a Television Camera Channel 
for Use with the C.P.S. Emitron," by 
E. L. C. White, M.A., Ph.D., and 
M. G. Harker, B.Sc. (Eng.) on April 
12th. 

Discussion on " The Relation Be 
tween Production, Operation and Main- 
tenance of Service Radio Equipment," 
opened by D. H. Hughes on April 24th. 

Both meetings will be held at 5.30 
at the I.E.E., Savoy Place, London, 
\V.C.z. 

Cambridge Radio Group. - " The 
Structure, Electrical Properties and 
Applications of the Barium -Titanate 
Class of Ceramic Materials," by Prof. 
Willis Jackson, D.Sc., D.Phil., at 8.15 
on April 18th, at the Cavendish 
laboratory. 

North - Eastern Radio Group.- 
" Radar Automatic Tracking," by 
F. J. V. Ritson, B.Sc., at 6.15, on April 
3rd, at King's College, Newcastle -on- 
Tyne. 

Scottish Centre.- Faraday lecture on 
" Radar," by R. A. Smith, M.A., 
Ph.D., at 7.0 on April 18th, at the 
Royal Technical College, Glasgow. 

South Midland Radio Group. 
" Energy Conversion Devices for Elec- 
trical and Electronic Measurement of 
Non -Electrical Quantities," by J. C. 
Finlay, at 6.o on April 27th, at the 
James Watt Memorial Institute, Great 
Charles Street, Birmingham. 
British Institution of Radio Engineers 

London.-" U.H.F. Propagation and 
Characteristics," by D. W. Heightman, 
at 6.30 on April loth, at the London 
School of Hygiene and Tropical Med1`- 
cine, Keppel Street, W.C.1. 

West Midlands Section. - " Inter - 
modulation Analysis," by C. R. Amey 
at 7.0 on April 26th, at the Wolver- 
hampton and Staffordshire Technical 
College, Wulfruna Street, Wolverhamp- 
ton. 

Scottish Section." Electrical Mea- 
surements," by F. M. Bruce, M.Sc., 
Ph.D., at 6.45 on April 6th, at the 
Institution of Engineers and Ship- 
builders, Glasgow. (Joint meeting with 
the Institute of Physics.) 
Television Society 

London Meeting. - " Television 
Transmission over Telephone Lines," 
by T. Kilvington, B.Sc. (Eng.), at 7.0 
on April 14th, at the Cinema Exhibi- 
tors' Association, 164 Shaftesbury 
Avenue, London, W.C.2. 

Leicester Centre. - " Large Screen 
Television Projection Unit," lecture 
and demonstration by member of staff 
of Mullard's at 7.0 on April 5th, in 
Room 104, at the College of Art and 
Technology, Leicester. 
Institution of Electronics 

North -West Branch. -" Cathode -Ray 
Tubes for Television," by J. A. Darby - 
shire, M.Sc., Ph.D., at 6.30 on April 
18th, in the Reynolds Hall, College of 
Technology, Manchester. 
British Sound Recording Association 

London. - " Practical Microgroove 
Recording and Reproduction," by 
A. R. Sugden and R. W. Lowden, at 
7.0 on April 21st, at the Royal Society 
of Arts, John Adam Street, London, 
W.C.2. 

Society of Relay Engineers 
" Radio Communication at Very - 

High Frequencies," by J. R. Brinkley 
(Pye, Ltd.), at 2.30 on April 25th, at 
the Royal Society of Arts, John Adam 
Street, London, W.C.2, preceded by 
the 6th annual general meeting of the 
Society at 11.30, in the Conference 
Room, Aldwych House, Aldwych, Lon- 
don, W.C.2. 
Guild of Radio Service Engineers 

Edinburgh Branch.-" Radio Valve 
Development," by C. H. Gardner (Mul- 
lard Electronic Products) at 7.30 on 
April loth, at Unity House, 4 Hillside 
Crescent, Edinburgh. 
Radio Society of Great Britain 

London.-" Radio Interference Sup- 
pressors," by H. Andrews, B.Sc., at 
6.30, on March 31st. 

" Mobile V.H.F. Equipment," by 
T. R. Brinkley (Pye, Ltd.), at 6.30 on 
April 28th. 

Both meetings will be held at the 
I.E.E., Savoy Place, London, W.C.z. 
Hull Electronic Engineering Society 

" Distortion," by W. S. Milner, 
M.Eng., at 7.30 on March 31st. 

" Electronic Servo-Control for In- 
dustry," by S. H. Dale (G.E.C.), at 
7.30 on April 14th. 

Both meetings of the Society will be 
held at the Electricity Showrooms, 
Ferensway, Hull. 
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iron -Cored Inductance 
Before Using Read Instructions (if Any) on the Label 

By "CATHODE RAY" 

IF you are very precise you will of course object to 
the title. I know that inductance is only what 
is called a concept, and can no more be iron - 

cored than can a production target or the equator. 
The full title (to which the Editor would object) is 
" The Meaning of the Term ' Inductance ' (or, more 
strictly, ' Self- Inductance ') as Applied to Inductors 
with Ferromagnetic Cores." For example, when a 
certain iron -cored coil is said to have an inductance of 
20 henrys, what is meant? And if the purchaser 
measures it and finds it to be io henrys, ought he to 
have his money back? 

First, a quick " recap " on the meaning of induc- 
tance in general. When a current flows in any . circuit 
it sets up a magnetic field. A coil (or inductor) is 
just a piece of circuit so arranged that the magnetic 
field is much more concentrated than it would be if 
the wire were stretched out straight ; but what is said 
here about coils applies in some degree to every part 
of a circuit. The magnetic field causes so- called 
magnetic flux -much more of it where the space is 
filled with iron than where it is air or other non- 
magnetic materials. 

If the current varies, the amount of flux varies. A 
circuit linked with a varying magnetic flux has an 
e.m.f. induced in it. So, when the current in a 
circuit varies, the variation sets up an e.m.f. in it. 
And this e.m.f. invariably acts in the direction tend- 
ing to oppose the current variation that caused it. 
Circuits in which a relatively large e.m.f. is induced 
by current changing at a given rate are said to have 
a large inductance. Obviously such circuits need a 
correspondingly large e.m.f. to be applied to them to 
force the current to change at that rate ; in other 
words, they show a strong preference for the current 
to stay as it is. The number of volts induced in á 
circuit when the current in it is varying at the rate 
of one ampere per second is said to be its inductance 
in henrys. (If it were due to current varying in 
another circuit, it would be distinguished by calling 
it the mutual inductance between the two circuits.) 

The point I want to focus attention on is that the 
induced e.m.f. is caused by the variation of magnetic 
flux, and only indirectly by the current. In fact, 
the e.m.f. would be induced just the same if the flux 
variation were produced by waving a permanent 
magnet about, with no current at all. (Come -off-it 
Charlie will of course point out that permanent 
magnetism is believed to be due to molecular move- 
ments of electrons, which should be reckoned as 
electric currents ; but we need not follow that red 
herring.) If the flux were in exact proportion to the 
current, as it is in circuits where iron (etc.) is kept 
well away; there would not be the same point in dis- 
tinguishing between flux variation and current varia- 
tion. It is because iron " multiplies " the magnetic 
flux, and the multiplying factor (or permeability, µ) 
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itself varies, that complications arise in the meaning 
of the word " inductance." 

They are rather similar to the complications that 
arise in the meaning of " resistance " when that word 
is applied to rectifiers and valves and other circuit 
parts in which the current is not always exactly pro- 
portional to the voltage. But unfortunately induc- 
tance is more complicated still. However, it may be 
instructive to begin with resistance. 

Fig. I is a typical current- voltage graph of an 
ordinary resistor -a straight line passing through the 
origin. So the resistance, V /I, is always the same 
whatever values of V and corresponding I on the 
graph are used for calculating it. The resistance is 
constant and the graph is described as linear. 

Fig. 2 is a typical anode -current- anode- voltage 
graph of a valve, and is markedly non -linear. Its 
resistance, reckoned as Va /Ia, obviously depends 
very largely on the particular point selected 
on the graph. At point A, Va and Ia are 
Io V and 5 mA respectively, so the resistance is 
2,000f2 ; at B, they are loo V and io mA, so the 
resistance is Io,000Çl. Neither of these values is 
what is wanted for judging the effectiveness of the 
valve for signal handling. If the signal causes Va 
to vary Io V above and below point B, Ia varies only 
0.01 mA above and below the same point, and on 
this basis the resistance is I,000,00012. As we all 
know, resistance in this sense -the " a.c." resistance 

Fig. 1. Graph of an 
ordinary linear re- 
sistance. 

Fig. 2. Graph of 
non - linear resist- 
ance (V,/I, curve of 
a typical pentode). 
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-is representen by the slope of such a graph turned 
on its side. From such a viewpoint the slope at B 
is very steep, indicating the high resistance we have 
just calculated ; whereas the more gradual slope of a 
line drawn from B to O represents the " d.c." resis- 
tance, ro,000íl. 

An important point about the a.c. resistance is that 
it depends on the assumption that the portion of 
graph swept over by the signal voltage is straight. 
If the graph is in fact curved at the point concerned, 
the calculation only makes sense by supposing that 
the signal voltage is infinitesimal. (As a matter of 
fact, one can give a meaning to resistance as applied 
to a non -linear circuit element, by using the familiar 
formula 

(volts)2 
watts = ohms 

or, in tidier form, R =V /P, where V is the r.m.s. 
voltage and P the power in watts ; but it involves the 
waveform of V and the impedance of the rest of the 
circuit and leads to incredible difficulties in 
calculation.) 

For instance, if the peak signal amplitude from 
point B happened to be 90 V, so as to involve the 
portion of graph stretching from A to C, it would be 
very difficult to say what the a.c. resistance of the 
valve was. It would not be correct to calculate it 
from the slope of the straight line joining A to C ; 

that is to say, by dividing 180 by 5.1. 
And that is just the sort of difficulty one is up 

against with iron -cored coils. 

The Make -up of Inductance 

Let us first see how the inductance of a linear (air - 
core) coil is made up, for comparison with Fig. r. 
Inductance is defined in terms of the back -voltage 
induced when the current is changing at the rate of 
one ampere per second, though as we have noted it 
is the rate at which the magnetic flux linked with the 
circuit is changing that is really responsible. Current 
is only brought into it because in practice it is more 
likely to be measurable than the number of flux 
linkages it sets up. But seeing that just now we are 
trying to get at the roots of the affair we must not 
overlook any of the middlemen in the transaction. 

Magnetic flux -the total flux, not its density -is 
often reckoned in lines (also called maxwells), but the 
up -to -date unit consists of roo million (roe) lines, 

(a) 

(b) 

ii;---iill 
ii:... i¡i : 

I 1 l'- -'i l ':-- --, 1 

Fig. 3. In a single -layer air -core coil (a) much of the 
flux due to current in one turn fails to link with other 
turns. Most of this complication is avoided by using a 
continuous iron core (b). 
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and is called the weber. The advantage of the weber 
is that it belongs to the same practical system of 
units as volts and amps and henrys, so that one gets 
the very easy rule that changing the flux linked with 
one turn of wire at the rate of one weber per second 
induces an e.m.f. of one volt. If roo turns are linked 
with the same flux, each turn has one volt induced 
in it, giving a total for the whole coil of roo volts ; 

just as if the coil consisted of one turn with the flux 
linking it changing at the rate of roo webers per 
second. That is why it is flux -linkages that must be 
counted, and is one reason why a high inductance 
results from using many turns. The other reason is 
that more turns give more flux for a given current - 
and current is the basis for reckoning inductance. 
So if the one weber of flux were produced by one amp 
flowing through one turn, the inductance of the turn 
would be one henry ; one hundred turns carrying the 
same current would cause roo webers of flux, and 
assuming all of it linked all the turns there would be 
ro,000 flux linkages per amp and so the inductance of 
the coil would be ro,000 henrys. 

These are not very likely figures in practice, but 
they are easy ones for making clear why inductance 
is proportional to the square of the number of turns. 
Another thing that is not quite practical about this 
example is the assumption that all the flux links 
every turn in the coil. In Fig. 3 (a), which is sup- 
posed to be a cross -section of a single -layer coil, a 
few of the' imaginary flux lines due to the current in 
turn I have been dotted in, and it is clear that only a 
small proportion of them link turn ro. The induc- 
tance of a coil like this would be a good deal less than 
turns -squared times the inductance of one turn. It 
could be brought nearer to it by winding the turns 
closer together, and much nearer still by providing an 
easy path for the flux by giving the coil an iron core, 
as in Fig. 3 (b). The rise of inductance due to more 
complete flux linkage would of course be in addition 
to the very large increase likely to be obtained by 
the flux -multiplying effect, or permeability, of the 
iron core. 

Just as the calculation or measurement of resistance 
in its simple or Ohm's -Law sense depends on the 
current through it being strictly proportional to the 
voltage, as in Fig. r, so our definition of inductance 
assumes that the flux is strictly proportional to the 
current. And so it is, except when core materials 
having permeabilities substantially greater than r are. 
used. These materials -principally iron, but also 
various alloys -are distinguished by the name " ferro- 
magnetic." Corresponding to the graph needed to 
show the relationship between current and voltage in 
a circuit element where it is non -linear (e.g., Fig 2) 
is the B -H graph of a ferromagnetic material. B is 
the flux density, which (sticking to the same system 
of units) is given in webers per square metre cross - 
section of flux path ; and H is the magnetizing force, 
in ampere -turns per metre length of flux path. The 
permeability, µ, is simply B /H. The only snag 
about using these units is when it comes to permea- 
bility, the figure for vacuum (and nearly the same for 
all except ferromagnetic materials) being .47r/ ro', 
instead of r as in the older system of units. In 
practice 'one works most of the time in relative per - 
meabilities, which are the same as the old permeabili- 
ties. It is only in the actual equation µ =B / H that 
the awkward figure has to be used in order to keep 
the units right. 

Now although valve curves display a great variety 
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Fig. 4. Typical B,H 
curve for iron, using a.c. 
of a fixed amplitude. 

Fig. 5. (Right) Each value of a.c. amplitude gives 
different B/H loop. 

a 

of non- linearity, at least they are normally the same 
coming and going. If one plotted the curve in Fig. 2 
by increasing Va and noting the corresponding values 
of Ia, the result should be the same as if one had 
started from the top and worked down to zero. If 
it were not so, it would be a sign that either some- 
thing had been wrong with the valve at the start, 
or it had been made wrong by applying excessive 
voltages or currents. But unfortunately the B -H 
plots always depend on whether the magnetism is 
going up or coming down. In other words, B (and 
therefore ,u) depends not only on the value of H now 
but also on what it was before. 

I say "unfortunately,' in connection with induct- 
ance ; of course it is very fortunate in other ways 
because it makes permanent magnets possible. They 
depend on the fact that when H has been raised to 
a suitably large value there is still a good deal of B 
left after H has been brought back to zero. 

If one starts with a completely unmagnetized core 
(B =o), and begins to pass current through the coil 
(increasing II), the B increases in a manner not 
unlike the current in a pentode valve (Fig. 2). But 
when H is reduced again, the downcoming curve is 
to the left of the upgoing one. After the core has 
been taken through a number of complete cycles of 
equal positive and negative H, the upgoing and 
downcoming parts of the curve are the same every 

Fig. 6. Showing how an 
elliptical characteristic shifts 
phase but does not distort 
waveform. 
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time (Fig. 4). That certainly simplifies matters a 
bit ; but to cover other maximum values of H it is 
necessary to draw a whole series of these loops, as 
in Fig. 5. Obviously just knowing the value of H 
is not nearly enough to fix the value of B. With 
H =o (magnetizing current cut off), B might be any- 
thing between a large positive and a large negative 
flux density. 

However, what we are concerned with just now 
is the bearing of all this on inductance. Seeing that 
H is in ampere -turns per metre we can say that it 
is directly proportional to the current. So varying 
the current at, say I amperes per second varies H at 
a definite knowable rate. The trouble is that the 
corresponding rate of B variation depends on where- 
abouts on the B -H loop H is varying. Although 
B -H curves have as much variety of shape as valve 
curves, they are all more or less curved ; so one is 
up against the same difficulty in determining the 
inductance as in determining the resistance of a 
valve. More difficulty, in fact, because with valve 
curves there is at least a definite I. corresponding to 
each Va (other things being constant). As with valve 
curves, the only reasonably calculable condition is 
when the range of variation is confined to a part of 
the curves that is tolerably straight. Looking at 
Fig. 5 (which is fairly typical) the prospect might 
not seem very bright. With even the smallest H 
variation, the graph opens out into a loop. Nor 
must it be supposed that by starting at a point such 
as íh one could work up and down between q and 
r, as one could on a valve curve. The B -H curve 
would open out into a little local loop, which would 
slope less steeply than the line qr. 

On the other hand, it is not as bad as it may 
look, because until the range of H is made so large 
as to cause the loops to bend over noticeably (due 
to " saturation "), they are roughly elliptical in 
shape. Now if you start with a sine -wave input, as 
in Fig. 6, and trace the output corresponding to it, 
via an elliptical characteristic curve, you will find 
that the output waveform is quite undistorted, just 
as if the characteristic had been perfectly linear, the 
only effect of the opening -out being to shift its phase. 
In so far as B -H loops resemble ellipses, then, they 
do not distort the waveform ; the effect is to shift 
the phase of the induced voltage in such a way as to 
introduce resistance into the circuit as well as induct- 
ance. In any case, the sort of iron chosen for use 
in chokes, transformers, and other components in 
which the inductance matters, generally has a very 
thin loop ; so the " up -and -down " effect is not 
always so pronounced as in Fig. 5. 

Complications 

In Fig. 6 the amplitude of the output is the same 
as would be obtained from that input if the .charac- 
teristic had been a straight line (AB) having the same 
slope as the ellipse. In the same way, the induct- 
ance can be reckoned from the B -H curve by taking 
account of the slope of the loop. This is all right 
so long as the shape of the loop is not too unlike an 
ellipse ; but when it bends over at the ends the wave- 
form of the induced voltage is no longer the same as 
that of the current. What this means in practice 
is that if the a.c. passed through an iron -cored coil 
is so large as to saturate the core at the current 
peaks, there will be distortion. Not only so, but (as 
we found with the resistance of a non -linear compo- 
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nent) it becomes a very ditíicua matter to say what 
the inductance is; impossible, if one doesn't have 
details of the rest of the circuit. For one thing, the 
amplitudes of the harmonics resulting from the dis- 
tortion depend on the impedance of the whole circuit 
to the harmonic frequencies. The straight line join- 
ing the tips of the loop is not necessarily a good 
approximation. So, for what remains, we shall be 
assuming that the loops are reasonably elliptical. 

Calculating the inductance of an iron -cored coil is 
a complicated enough matter, even when one can 
make this assumption, because the cross -sectional 
area of the core is unlikely to remain the same 
throughout, and it is very difficult to decide how 
much flux passes through the surrounding air (" leak- 
age flux "), and the smallest air -gap in the flux path 
may need more magnetizing force than the whole 
of the iron part. So the following example is of 
purely theoretical interest, merely to link up the 
information given in the B -H curve with the defini- 
tion of inductance. 

Suppose a coil has Soo turns and carries a peak 
current of 25 mA, and the size of the core is such 
that the average length of the flux lines is io inches 
(say 0.25 metre) and its cross- section is 1.5 square 
inches (say o.00r square metre). Then the number 
of ampere -turns is 0.025 x 500 = 12.5 ; and H, the 
ampere -turns per metre, 12.5 /0.25=5o. The B -H 
curve shows, say, that the B corresponding to this 
peak H is o.2 weber per square metre. So the total 
flux is 0.2x0.001= 0.0002 weber. The flux linkages 
or flux -turns therefore amount to o.o002 x 500 = 0.1, 
set up by 0.025 amp. If this current were changing 
at the rate of r ampere per second the flux linkages 
would change at o. r /0.025=4 weber -turns per 
second ; so the inductance is 4 henrys. 

If the peak current were much higher, so that the 
B -H curve bent over towards saturation, the slope 
of the curve would be less, B would not go up in 
the same proportion, and the inductance would be 
less. If it were not for this non- linearity, there would 
be no need to know the current in order to calculate 
the inductance. But with an iron core the induct- 
ance at first increases as the alternating current is 
increased from a very small value ; but soon it starts 
to decrease, and falls off continuously as the current 
rises towards saturation values. And while this is 
happening the inductance not only falls off but 
becomes rather indefinite, depending on waveform 
and circuit conditions. If you try to measure it, 
you get different answers according to the method 
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Fig. 7. Graph corre- 
sponding to the magnet- 
ization of iron by d.c. 
plus a relatively small 
a.c. 

employed. So it is no use claiming that the accuracy 
is 0.1%, even if you have a very nice bridge! 

One more aspect of the matter remains. I men- 
tioned that the effective slope of the B -H curve with 
H varying between the limits marked out by the 
points qr in Fig. 5 is not what it might seem to be 
from the diagram. What does happen is shown in 
Fig. 7. If d.c. is passed through the coil so as to 
magnetize the core with a force equal to Hi, B will 
rise by some such curve as that shown, to p. If 
now a small a.c. is superimposed, the core will work 
round a little loop qr, having a slope considerably 
less than that of the main curve at p. In other words, 
the a.c. inductance is less than one would expect. 

If now the d.c. is increased, the main curve tends 
to flatten out, and the little loop does so too. In- 
creasing the d.c. reduces the a.c. inductance. With 
a given d.c., the a.c. inductance also depends to some 
extent on the amplitude of the a.c., for reasons 
already considered. And for reasons not considered, 
the inductance falls off if the frequency is made very 
high. So the isolated statement that the inductance 
of an iron -cored coil is, say, 20 henrys, doesn't mean 
very much. And it is quite pointless to attempt to 
measure it with extreme accuracy, unless all the 
conditions are very precisely known and specified. 

French Scientific 
Instruments 

Electronics at the Science Museum Exhibition 

WITH the object of stimulating closer relations 
between scientific workers in Britain and France, 

an exhibition of French scientific instruments was held 
at the Science Museum from 9th to 26th February last. 
The exhibition was representative of all branches of 
physical measurement and included a wide range of 
electronic instruments. 

The Centre Nationale de la Recherce Scientifique 
showed an interesting four -channel electronic switch for 
the simultaneous display on a cathode -ray tube of 
coincident phenomena; e.g., measurement of vibration 
at several points in a structure, sound intensity measure- 
ments in rooms, encelphalography, etc. The four voltages 
are chopped at 34 kc/s and sample pulses are selected 
with phase differences of 90 degrees from the four arms 
of a Maxwell bridge each with its associated amplifier. 
The audio -frequency range available is o -6,000 c /s. Also 
shown on this stand were a cathode -ray recording phase - 
meter and a single -valve RC generator for low fre- 
quencies (o -3o c / s). 

Sensitive direct -reading instruments for measuring 
magnetic fields were included in the exhibit of the Office 
National d'Etudes et de Recherches Aéronautiques. The 
primary of a small transformer with high -permeability 
core material is supplied with sinusoidal current of audio 
frequency. In the presence of a superimposed unidirec- 
tional field, the output contains even harmonics, the 
strength of which is proportional to the field. The 
second harmonic is filtered, rectified and .applied to a 
pointer meter calibrated in millioersteds. In one instru- 
ment there are five ranges of o to ro up to o to r,000 
millioersteds, and compensation is provided for ambient 
fields of the order of magnitude of the earth's magnetic 
field. Another instrument is designed to explore rema- 
rient magnetism in ferromagnetic structures and has a 
centre zero indicating the direction as well as the 
strength of the field. 

The Commissariat a l'Energie Atomique showed a 
wide range of stabilized high -voltage supplies, low -noise 
amplifiers, pulse scalers and counters and radiation 
monitors. 
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Deflector Coil Characteristics 
2. Characteristics of Line Coils 

By W. T. COCKING, M.I.E.E. 

s an indication of the order of magnitude of the 
LI2 figures to be expected of deflector coils 
Table i shows figures for a number of coils 

designed for radar use. They have been collected 
from various sources and reduced to the form of 
expression adopted in this article. They are not 
strictly indicative of the relative merits of the different 
type of deflector coil, for the coils are of varying 
physical dimensions ; in particular, there is con- 
siderable variation in their lengths and inside dia- 
meters. 

The LI2 figures vary from r.i for a ring -type 
iron -circuit built of slotted laminations to 5.2 for an 
air -core coil. To supplement these figures and 
give them some practical meaning, the ring -type 
coil used in the Wireless World Television Receiver 
has LI2 = 2.6. In addition, the smallest LI2 theoretic- 
ally possible is about 0.5. Table i shows that a 
figure of r.r is a practical possibility. One can 
hardly expect to be able to approach the theoretical 
minimum very closely but a figure around 0.75 
might not be impossible. 

The importance of this may be judged when it is 
said that the power input to the output stage of the 
Wireless World Television Receiver is 45 W (94 mA 
at 48o V). A reduction of LP from 2.6 to r.1 would 
reduce this to 18.3 W, assuming the valve efficiency 
to be unaltered, which is not necessarily true. An 
LI2 figure of 0.75 would mean a power input of only 
53 W. These figures include transformer losses 
and might be further reduced by improvement in 
this component. 

Theoretical considerations indicate that to im- 
prove efficiency it is necessary to shorten the end 
connections as much as possible and to minimize the 

Table 1 

Coil 
LI2 

(mH, A2) 
R/L 

(Li, mH) 
RI2 

(mH, A2) 

1. Air core ... ... 2.7 4.2 11.3 
2. Air core ... ... 3.4 1.8 6.12 
3. Air core ... ... 5.2 1.5 7.8 
4. Circular iron core 2.1 1.2 2.52 
5. Ditto, with ex - 

ternal screen .. 1.35 - - 
6. Circular iron ring 1.9 2.1 4 
7. Slotted circular 

iron ring ... 1.1 1.6 1.76 
8. Square iron core... 3 1.2 3.6 
9. Square iron core... 4.6 0.39 1.8 

internal dimensions of the iron ring. Very little 
information is available about the extent to which 
efficiency is affected by changes in the dimensions, 
however, and in order to gather some information 
about this the writer carried out a series of experi- 
ments. 

A set of bent -up end coils was made in which 
the side wires each occupied 45° around the circum- 
ference of a circle, so that the eight sides of the two 
line and two frame coils filled the circumference. 
The outside diameter was made 42 mm so that 
tests could be made with a standard iron " ring " 
lamination. The coils were assembled around a 
very thin -walled paper tube of 36 -mm inside dia-, 
meter. This represents the minimum practical 
diameter. The overall length of the assembly was 
53 mm and the length inside the bent -up ends of the 
frame coils was 32 mm. The ends themselves were 
made of minimum length, the inside wires of the 
line coils lying directly on the assembly tube. The 
ends of the frame coils were necessarily longer for 
they had to pass over the side wires of the line 
coils. 

The coils were wound to shape in a special former, 

Table 2 

Measured characteristics of bent -up end coils at line frequency with various iron rings. 

L 
Ring (mH) 

LI2 R/L 
(mH, A2) (0, mH) 

11I2 
(sa, A2) 

1. None (i.e., air core) ... ... ,. 6.1 2.1 2.69 5.65 

2. 1 -in stack of 0.014 -in laminations : 42 -mm internal 
diameter 9.1 1.06 1.8 1.91 

3. As 2, but one -half the laminations removed and the 
rest spaced in 5 groups to lin .. .. 8.9 1.14 1.84 2.1 

4. Three flat strips 2°in by 15 /16in bent round and 
overlapped 7.8 1.34 2.1 2.81 

5. Single layer No. 24 galvanized -iron wire 11-in long ... 7.1 1.55 2.3 I 3.58 

6. Stack of L- laminations in 7 groups spaced 1/16 in to 
1 in total length, forming square window of 42 -mm 
aide 8.1 1.11 2.02 2.25 

7. As 6, b u t 54 -mm side ... ... ... ... .. 7.3 L26 2.3 2.9 

8. As 6, but rectangular window 42 x 68 mm : 

(a) long side horizontal ... ... ... 8.0 1.24 2.05 2.54 

(b) short side horizontal ... ... .. 7.2 L47 2.27 3.33 
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the wire size being changed twice in the line coils 
and once in the frame to obtain a grading of the 
turns density and a more uniform field. The line 
coils had 18o turns each and the frame zoo. 

The results obtained with the line coils of . this 
assembly are given in Table 2. With no iron, ring I, 
the LP figure is 2.1. This is considerably better than 
the air -core coils of Table r and is to be attributed to 
the smaller dimensions of this coil. 

The addition of a r -in stack of laminations with a 
circular hole of 42 -mm diameter, ring 2, brings LI2 
down to 1.05, a very big improvement. About 
one -half of the laminations were now removed and 
the remainder stacked in five groups which were 
spaced out to occupy the same total length as the full 
coil, ring 3. This increased LI2 to 1.14, a reduction 
of efficiency of about 7 %. These laminations, 
incidentally, were of unknown vintage ; they were 
reputed to he Rhometal. 

(a) 

(d) 

{ 

c) 

(b) 

(e) 

Fig. 4. Magnetic field within 
various forms of iron circuit. 

Fig. 5. Actual form of field 
in iron -ring assembly. 

Fig. 6. Section through an 
iron -ring deflector coil using 
slotted circular laminations. 

A ring was next made by cutting three flat strips 
from some transformer laminations, bending them into 
semi -circles and placing them overlapping around 
the coil assembly as a ring, ring 4. Each strip 
measured 21in by kin. This iron ring gave LI2 = 
1.34. It is not nearly as good as the proper ring, 
but very much better than nothing. A winding of 
No. 24 galvanized iron wire was tried, ring 5, and this 
gave a figure of 1.55. 

The conclusions to be drawn from these experiments 
are that while a full stack of proper laminations 
gives the best results the amount of iron used is by no 
means critical and that if the highest possible effi- 
ciency is not necessary very considerable liberties 
Can be taken with the iron circuit. The use of 
spaced laminations to reduce the quantity of iron 
is in particular, permissible. Unless it is important 
to reduce the amount of iron in order to save weight, 
however, it may not be worth while to do so for the 
arrangements for spacing the laminations may well 
be more costly than the laminations saved. We have, 
however, established the fact that it is permissible 
on efficiency grounds to space the laminations, 
and this is important, because in some forms of iron 
circuit it may permit standard laminations to be 
used or an iron circuit to be fabricated from over- 
lapping strips. 

Effect of Window Size 
The next step in the experiments was to try the 

effect of varying the window size. A " ring " with a 
square window of 42 -mm side was built from L 
laminations assembled in seven spaced groups to a 
total length of r in, ring 6. This had a window area 
of 4/7r = 1.27 times that of the circular window. 
Rather surprisingly this gave an LI2 figure of I.I1, 
slightly better than with the comparable circular 
window, ring 3. It would not be wise to conclude 
from this that the square window is better than the 
round, however, for the difference is small and may 
be accounted for by experimental error and by 
differences in the grades of iron. Suitable laminations 
in the same grade of irán were not available. All 
that one can safely conclude is that there is not much 
difference between square and circular windows of 
the same side and diameter respectively. 

A similar ring with a 54 -mm side to the window, 
ring 7, gave LI2 = 1.26. These figures tend to 
show that LI2 varies as the square root of the length 
of side of a sq iare window (fourth root of window 
area), but not enough figures are available to warrant 
the statement as a general law. 

The experiment was next tried of using a rectan- 
gular ring 42 mm by 68 mm. With the long side 
horizontal, ring 8 (a), this gave LI2 = 1.24 but with 
it vertical, ring 8 (b), it gave LI2 = 1.47. This con- 
clusively proves that it is not the area of the window 
which matters but the position of the iron in relation 
to the winding and tube. The fact that LI2 varies 
when the rectangular ring is rotated about the coil 
assembly shows that the magnetic field does not fill 
the window uniformly. 

Now the magnetic lines of force are closed loops 
surrounding the current -carrying wires and their 
paths are partly in air and partly in iron. They 
tend always to take the path of lowest reluctance. 
In view of this one would expect the field distribu- 
tions to be of the forms sketched in Fig. 4. Such 
distributions are in accordance with the facts already 
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noted. The field outside the side wires lies mainly 
in the iron and the large air space between the wires 
and the iron side limbs in (a) does not reduce efficiency 
appreciably because there is little magnetic field 
within it. 

When there is a large space between the wires 
(b) and the upper and lower limbs of the iron, how- 
ever, the efficiency suffers considerably because 
this space is filled with magnetic field. A square 
iron circuit with the windings disposed as in (c) 
is particularly inefficient because the whole of the 
window area must be filled by the field. This 
arrangement is sometimes used with core -type 
structures because it is relatively easy to construct. 

The reason for the small difference in efficiency 
between circular and square rings of the same dia- 
meter and side now appears plain. They are shown 
at (d) and (e) and in the latter the circular opening 
is superimposed dotted. It is plain that in the region 
of the field there is very little difference between 
the two. 

However, the field distributions shown in Fig. 4, 
although plausible, are not accurate. A further 
experimental fact disagrees with them. This is 
that large air gaps between the two halves of the 
ring just where the field appears to enter the iron 
have very little effect ! 

A deflector coil was measured with a i -in stack 
of Silcor IV laminations giving a 42-mm ring and 
and LI2 figure of 1.15 was obtained, the inductance 
being 11.9 mH. The two halves of the stack were 
then separated to give a fin gap between the two 
sets of laminations. With the field distributions 
of Fig. 4 one would expect LI2 to rise considerably. 
However, it increased to 1.19 only while L dropped 
to II mH. The region immediately over and below 
the centre cannot, therefore, be carrying apprec- 
iable field. 

This result' is a surprising one and it was confirmed 
by some measurements with a different winding and 
a different lamination. These were special lamina- 
tions forming a 42-mm ring, but having material 
cut away so that the gap did not entail moving the 
iron away from the coil at the sides. The air gaps 
were actually 4 in with these and LI2 turned out at 
0.94. This must not be taken to indicate that the gap 

Complete deflector -coil assembly comprising two pairs of 
bent -up end coils with iron -ring. 
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Fig. 7. These curves show the effect of varying the 
length of an iron -ring on a bent -up end type coil. 

improves the efficiency, for the winding was a differ- 
ent one and each side -limb occupied some 6o° instead 
of 45° only. This coil will be referred to in more 
detail later. 

In view of this the field must crowd together round 
the edges of the wires somewhat in the manner 
sketched in Fig. 5. An attempt was made to confirm 
this with iron -filing patterns but it proved very diffi- 
cult to secure satisfactory patterns because of the 
very confined space in which they were needed. Dia- 
grams inside the coil assembly could easily be secured 
and indicated no serious curvature over this impor- 
tant region. 

One other form of iron ring deserves mention. 
This is one built from slotted circular laminations, 
of the form shown in Fig. 6. It reduces the space 
inside the iron to a minimum for the inside diameter 
of the iron can be made only just sufficient to clear 
the tube neck and the windings placed in the slots 
in the iron. 

Owing to the difficulty of obtaining such laminations 
the writer has carried out no experiments with them. 
Some figures culled from other sources are given in 
Table I, however. On theoretical grounds the im- 
provement in efficiency through their use is unlikely 
to exceed about zo %. If the whole window were 
filled with field the improvement could be 36° /e, 
but it is not, and there is some waste flux in the slots, 
so that the maximum gain from a slotted lamina - 
tionis probably zo %. In view of this, and taking 
into account the difficulty of obtaining them (and 
their probable high cost, for their production is 
obviously very wasteful of material) and the fact 
that they make the self- capacitance of the winding 
very high, their use is not considered to be worth- 
while. They will not be further treated here. 

So far, no mention has been made of the effect 
of the length of the iron ring. The stack length 
used in the previous experiments was I in (ring 2, 
Table 2) and this is the length usually adopted for 
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this type of iron circuit. No great increase was poss- 
ible with the particular coil assembly used for the 
various rings of Table 2 because of the bent -up ends 
of the frame coils. A new pair of line coils was 
constructed, therefore, this time by an actual bend - 
ing process. The turn distribution was much the 
same but the total turns were greater and the ends 
were rather longer and thinner. The laminations 
used had the same 42 -mm internal hole, but were 
this time of Silcor IV and 0.02 -in thick. 

The curves of Fig. 7 show the way in which L 
and LI2 vary with the length of the ring ; LI2 con- 
tinually decreases as the ring is lengthened tut only 
very little beyond a certain point. As the ring 
length increases from zero, LI2 decreases very rapidly 
at first but after about I in only very slowly. In- 
creasing the length from I in (25.4 mm) to 1.71 in 

(43.5 mm) changes LI2 from 1.14 to 1.11. It is clear 
from this that the usual i -in stack of laminations 
is about right ; any longer stack gives no worth - 
while improvement. 

The inductance curie gives a clue to the reason 
for this. As the ring length is increased from zero 
the inductance rises rapidly at first and then more 
slowly. When the ring exceeds about 25 mm, how- 
ever, the inductance starts to rise more rapidly 
again. 

When the ring is fairly short its main effects are to 
reduce the external field and increase the useful 
internal field while it also increases the inductance of 
the side wires of the coil. As it is lengthened it be- 
comes effective over an increasing length of the coil. 
However, when the length exceeds a certain figure 
the ends of the ring begin to approach the bent -up 
ends of the coil and to increase their effective induct- 
ance. The field produced by these ends is mainly 
external to the c.r. tube and has no useful effect ; 

the increase of the end inductance with increasing 
core length is thus detrimental. It so happens that 
the increase of efficiency from the side wires is rather 
the greater ; otherwise, the LI2 curve would turn up 
for long rings and show a definite optimum value. 
However, the two effects nearly cancel one another 
and a long ring is of no practical advantage. 

The effect of ring material is not great. A 1 -in. 

Core -type deflector -coil with external screens removed. 
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stack of o.014-in laminations of unknown material 
gives LI2 = i.o6 (coil 2, Table 2). The same windings 
with a I -in stack of 0.02 -in Silcor IV laminations 
gives LI2 = 1.16. 

Core -type Assemblies 

So far only ring -type iron circuits have been 
considered. The iron -core types are important because 
they offer some constructional advantages "; in parti- 
cular, the windings are very simple. Certain measure- 
ments were, therefore, carried out to determine their 
efficiency. 

An experimental core -type assembly with a square 
window of 42.8 -mm side was constructed. The lamina- 
tions were L- shaped cut to size from transformer U 
stampings. 

They were assembled in groups of three, separated 
by larger L- shaped paxolin spacers of I -in thickness. 
The spacers carried five shallow slots on all four 
edges so that when wound the wire just cleared the 
laminations op the one hand and just did not fill the 
slots on the other. 

The fabrication of these spacers proved very labor- 
ious, but the method would be very suitable for 
production since they could be simple mouldings. 
The whole assembly was made in two L- shaped halves 
which were placed together after winding. The 
laminations were not interleaved but had butt joints 
at two diagonally opposite corners. Incidentally, 
this was found to cause serious raster distortion. 
An exceedingly good butt joint is needed to reduce 
the distortion to within tolerable limits. 

The overall length of this coil assembly was 2.0i-in 
and the core length 1.75 in. The core -type coil can 
inherently have a longer core than the ring type for 
the outside wires of the line and frame coils are quite 
separate and do not cross each other as they do with 
the bent -up end coils of the ring -type iron circuit. 
The frame and line windings can be of the same length. 

On test this coil had an LI2 value of 3.1, which 
compares very unfavourably with the ring -type. 
Indeed, it is worse than an air -core bent -up coil. This 
low efficiency occurs partly because the windings are 
close to the iron rather than the neck of the tube and 
so the whole of the window is filled by the field. 
It also occurs because the end connections to the side 
wires pass close to the iron around its ends and out- 
side. The field produced by these connections is waste 
just as the field produced by the bent -up ends of the 
ring -type is waste. The length of wire involved in 
these outer wires of the core -type coils is greater than 
that needed for bent -up ends in a ring type and it is 
much closer to the iron. The waste field produced is, 
therefore, much greater in a core -type assembly 
than in a ring -type. 

However, at line frequency it is possible greatly to 
reduce the waste field of a core -type coil by using a 
closely- fitting copper screen. This is not effective at 
frame frequency, for the action depends on eddy 
currents and is consequently frequency sensitive. 
The addition of a closely -fitting copper screen to the 
four external sides of the coil described above re- 
duced LI2 from 3.1 to 2.2. 

This change was almost entirely one of inductance, 
which dropped from 9.4 mH to 6.6 mH, the current 
changing from 0.57 A to 0.58 A only. As one would 
expect, the screen has very little effect on the field 
active for deflection, but greatly reduces the waste 
external field. 
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The addition of copper and plates was then tried. 
The one at the rear had a i I -in centre hole and the one 
at the front a 2 -in hole to clear the tube. They were 
mounted as closely as possible to the end wires where 
the wire comes out from the inside of the core and 
passes over the end plate to turn outside the core. 

These screens brought LIE down to I.81 and the 
inductance to 5.05 mH. The current rose to o.6 A. 
This indicates that the end screens do, in fact, cut off 
some useful field, but they reduce the waste field 
much more. 

The effect of the full screening is to reduce LIE from 
3.1 to 1.81. It would actually have been possible to 
have reduced LIE still further, for the screens used 
did not fit as closely to the wire as they might have 
done and their whole action depends on very tight 
coupling between screens and wires. 

The reduction of inductance by the screens is 
accompanied by a considerable increase in the effec- 
tive resistance of the coil. This may be important 
if any large inductance reduction is obtained for it 
may result in the energy lost in the resistance being 
no longer negligible compared with the energy stored 
in the magnetic field. 

A few further experiments were carried out with this 
type of coil. The same core was retained and the 
arrangement of the external wires was much the same. 
Inside, however, instead of placing the wires close to 
the iron they were placed near the tube. The aim was 
to make the internal wires occupy as nearly as possible 
the same position as in a bent -up end coil with an 
iron ring. The difference between this coil and the 
bent -up end coil with the 42 -mm side square -iron ring 
described earlier, was thus a slightly longer iron -stack, 
a 42.8 -mm window and the different end connections. 

Unscreened, this coil gave LIE = 3.19. This com- 
pares with 3.1 for the original winding. The gain 
obtained by placing the wire near the tube is thus 
more than offset by the increased length of the end 
connections. With copper end and outer screens LIE 
dropped to 1.85, -again slightly worse than with the 
wire near the core. 

We thus conclude that although it is preferable 
to place the wire near the tube when using a square - 
iron ring, it is better to place it near the iron when 
using a square -iron core. The difference in the latter 
case is negligibly small and within the limits of 
experimental error. However, the coil is usually much 
easier to wind when it is near the iron so that this is the 
preferred alternative. 

Circular Cores 

No iron -core type which the writer has made has 
proved nearly as efficient as an iron -ring type. It 
should be noted, however, that no experiments were 
carried out using a circular core. Such a core would 
undoubtedly be more efficient than a square one for 
it would enable the internal wires to be placed next 
to the c.r. tube neck without lengthening the end 
connections. Coil 7 of Table i indicates that such a 
core can give a deflector coil of the same order of 
efficiency as the ring type. The chief objection to a 
circular core is the practical difficulty of winding. 
Unless very few turns are employed it is essential to 
use a toroidal- winding machine. 

Core -type coils with external screening also have one 
practical disadvantage; the inductance, and hence the 
efficiency, depends on the coupling between the wind- 

ing and the screen. In manufacture it is likely that 
close tolerances would have to be set on the physical 
dimensions of both if considerable variations between 
completed assemblies were not to occur. 

The general conclusions are thus that for the line 
scan " bent -up end " type coils with an iron ring should 
be used. The iron ring should be a stack of lamina- 
tions but it need not be a solid stack ; very little is 
lost by using only 5o% of a full stack if the re- 
mainder is spaced out to occupy the space of a full 
stack. A circular window is better than a square one, 
but only very slightly, and a gap in the ring reduces 
the efficiency negligibly. 

(To be concluded) 

New Fixing Technique 

A selection of clamps and fittings embodying the Spire 
speed nut principle, having various radio applications. 

THE Spire " speed nut " is a relatively new develop- 
ment and, unlike the ordinary threaded nut, does 

not have to be tightened with any great amount of force 
as its holding power, and resistance to vibration, are 
dependent solely upon spring tension. 

Simple spring shapes affording a vibration -proof lock 
provide speedy and effective assembly of sheet metal 
parts and for securing glass or plastics to metal or non- 
metal surfaces. Since only moderate pressure is needed, 
the risk of damage to fragile parts is very small indeed. 

The Spire nut bears no resemblance to the orthodox 
threaded variety as it is a thin, fiat strip of springy steel 
with a slight curvature and having a centre hole with 
two wings, one a shade longer than the other. Being a 
self -locking affair, neither spring washer, locknut of the 
equivalent is needed. Another feature is the speed with 
which these nuts can be assembled, as the tension is not 
critical for secure fixing. 

The very nature of the device lends itself to many 
variations in design, and the locking portion can be 
made integral with some larger fitting, such as a cable 
or tubular capacitor clip (single or double). Coil 
former supports embodying a Spire nut for the threaded 
shank of a dust iron core are available also, and one 
style is illustrated. 

These are essentially manufacturers' parts, and various 
styles can be made to meet special production require- 
ments. The makers are Simmonds Aerocessories, Ltd., 
Treforest, Glamorgan, Wales. 

ü Preferred -Value Atteuuators " 
Correction to Diagrams 

We regret that owing to a printer's error, Fig. i and 
Fig. 4 in this article (p. 71, February) have become inter- 
changed. The caption " Fig. r " refers, of course, to 
the diagram on page 72, whilst the caption " Fig. 4 " 
refers to the diagram on page 71. 
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UNBIASFI) 

" Gallio -like 
Attitude." 

Fiat Justitia 
MANY people grumble at the 

wireless licence fee paid to the 
G.P.O. and question whether they 
get the moneysworth to which they 
think the fee entitles them. The 
trouble is, of course, that, like the 
dog owner, they are entitled to 
nothing in return for their licence 
fee and get nothing. Some peóple 
think that the wireless licence fee is 
a special levy instituted in 1922 for 
the upkeep of the B.B.C. It is 
nothing of the kind, as many of us 
old hands know full well, as we have 
paid it since the palmy days of 
Edward VII. We made bitter pro- 
tests at the passing of the first Wire- 
less Telegraphy Act, which made it 
necessary for us to seek official per- 
mission to do something we had 
been doing without let or hindrance 
since Queen Victoria's time. 

The licence has never even en- 
titled us to the services of the Post 
Office in detecting interference. This 
has merely been an act of grace on 
the P.M.G.'s part, done without any 
sordid profit motive. Perhaps it is 
because wireless licence receipts 
didn't depend directly on the 
P.M.G.'s success or otherwise in de- 
tecting and checking interference 
that he and his young men have 
adopted such a Gallio -like attitude 
towards the whole question. Gallio, 
for the benefit of those of you who, 
as Mr. Churchill once remarked in 
the House, had the misfortune to be 
" educated " at Eton, was the first 
man to be pilloried for adopting the 
" couldn't- care -less " attitude. 

A reader living near the leafy 
glades where Henry VIII's hal- 
berdiers assured him interference - 
free reception of Queen Elizabeth's 
mother, has written, so the Editor 
tells me, complaining of the P.M.G.'s 
attitude in this matter. The Editor, 
being a truthful man, has admitted 
that the Post Office attitude to in- 
terference leaves' a nasty taste in 
the mouth, but at the same time has 
pointed out that the anti -interfer -, 
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ence clauses in the 
1949 Act are in- 
operative and 
nowt can be done 
about owt until 
the committee to 
advise the P.M.G. 
has been ap- 
pointed. It is on 
the recommenda- 

tions of this committee that 
the P.M.G. will make the 
necessary regulations re- 
garding interference. 

Personally, I have little 
ympathy with those who 

manufacture or use " un- 
lenced " apparatus, but I 

must confess to feeling the 
same 'lack of sympathy with those 
radio users who permit an over -loud 
loudspeaker to cause acoustic dis- 
comfort to other listeners and to 
non -listeners. 

Acoustic interference from an 
over -loud loudspeaker is, in my 
opinion, covered by the Act, since 
such interference must necessarily 
arise from electro- magnetic causes, 
just as the acoustic interference 
brought about in a listener's loud- 
speaker or television screen by a 
neighbour's vacuum -cleaner arises 
from electro- magnetic causes in it. 

Eatanswill 1950 
THE last General Election showed 

up clearly the power of P.A. to 
add to the growing impersonal 
mechanization of our lives. The next 
Election, which newspapers with 
Birnam Wood -Dunsinane equivoca- 
tion, tell us will come sooner rather 
than later, will undoubtedly show it 
up more clearly still unless I can be 
given time to organize an anti -P.A. 
party and to equip my candidates 
with the necessary personal P.A. 
apparatus to silence all opposition. 

The wireless set in the home can 
be quickly switched off if you feel 
that a political speaker's remarks are 
causing a dangerous rise of blood 
pressure, but we are all helpless 
against the P.A. van bowling and 
bawling along our streets. It is even 
useless determining not to vote for 
the side which makes, what the 
greatest of our poets calls, " this 
horrid din that doth offend our 
ears," for it would mean not voting 
at all, since all parties use this offen- 
sive street weapon. 

Even the political meetings in the 
market places of our ancient country 
towns are no longer the personal 
man -to -man affairs they used to be 
when candidates kissed all the 
babies, washed and unwashed, and 
their mothers, too, in cases where 
the Dickensian reply was " Barkis 

By FREE GRID 

is willin'." To -day, in this mechan- 
ized age, trained troupes of glamor- 
ous female osculators, hired from a 
theatrical agency, kiss the fathers 
instead, while the candidate protects 
himself from homely hecklers by 
sheltering behind a barrage of loud- 
speakers and a missile -proof " wind- 
screen " fitted with an electrically 
driven egg wiper. Even in the 
meeting halls the heckler's lone 
voice stands no chance against the 
mechanical mouthings from the 
platform. 

One remedy would be for each 
member of the public to be provided 
with a compact pack P.A. outfit of 
the type once used by guides in the 
Fatherland, which I illustrated 
in these columns some years ago and 
again reproduce. But it is essential 
that it be far more compact than 
this, so that it can become every- 
body's vade mecum. 

I am glad to say that I have pro- 
duced a successful prototype by 
adopting and adapting the miniature 
technique used in the modern hear- 
ing aid. The biggest problem was 
the loudspeaker, but even this has 
been solved by making the horn col- 
lapsible and constructing it on the 
lines of my ancient gamp. The 
metal ribs provide an excellent 
" umbrella " aerial for drawing on 
the B.B.C.'s military band music 
to reinforce my heckling. 

But providing the public with 
personal P.A. to bark back at the 
perambulating political P.A. vans 

. 

Personal P.A. 

would only result in a mad P.A. 
" armaments race," whereas by 
equipping my party with pocket 
P.A., we ought to be able to blast 
our way to Westminster and place 
an anti- Political P.A. Act on the 
Statute Book. Even if Birnam Wood 
be come to Dunsinane before these 
words appear, there will be other 
elections, and we must adopt the 
motto evolved for the Boy Scouts -" Be Prepared." 
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Manufacturers' Products 
New Equipment and Accessories for Radio and 

Volume Level Meter 
THE characteristics of this instru- 

ment, which is now in produc- 
tion by Taylor Electrical Instru- 
ments, 419-424, Montrose Avenue, 
Slough, Bucks, are in conformity 
with standards established in 
America and elsewhere for pro- 
gramme level indicators. 

Essentially the instrument is an 
a-c. voltmeter 'of the rectifier type 
designed to give a zero reference 
level equivalent to 1 milliwatt when 
connected in series with 3,600 ohms 
across a 600 -ohm line. " VU's " 
are then virtually db referred to 
rmW with the additional qualifica- 
tion that the readings are taken on 
programme material rather than with 
a steady sine -wave input, and that 

Taylor Instruments' "VU " meter. 

the ballistic constants of the meter 
movement conform to the following 
standards : Speed -When full -scale 
voltage is applied the pointer must 
reach 99 per cent of full scale deflec- 
tion in between 270 and 33o milli- 
seconds. Damping -When full scale 
voltage is applied the overswing is 
between r and r4- per cent. 

The scale is calibrated in " VU " 
and percentage, and positive read- 
ings above zero are marked in red. 
The price is 45 1os. 

Coaxial Cable Connector 
TO meet the need for a simple and 

reliable connector for coaxial 
cables carrying an appreciable 
amount of radio -frequency power, 
the Plessey Company, Vicarage 
Lane, Ilford, Essex, has added a 
new concentric plug and socket to 
their existing Breeze range. It is 
available in sizes to accommodate 
Uniradio 4 and 39 cables that figure 
in much of the high -frequency 
equipment used by the Services and 
by some makes of industrial r.f. 
apparatus. 

The new connector will carry up 
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to 19 A and withstand voltages of 
2.5 kV in one case and 3 kV in the 
other. It comprises a panel member 
and cable fitting, the latter being 
available for straight or right -angle 
connection. Casings are made of die - 
cast aluminium, and the insulation 
is high -quality polythene. 

Television Accessories 
EKCO television receivers are pro- 

vided with means for the ready 
attachment of either a pre -amplifier 
(for areas of low field strength) or 
an attenuator (for areas of very high 
field strength). This takes the form 
of a slide on the back of the cabinet 
to take either amplifier or attenuator 
and a socket on the receiver chassis 
for the power supply to the 
amplifier. 

An amplifier measures 31in x Sin x 
2;in and costs £2. It is available in 
two types, LGA1o8 for London and 
LGArxo8 for Birmingham. An 
attenuator suitable for either trans- 
mission costs 7s and measures 
9/ loin x rein x r ¡in. The makers 
are E. K. Cole, Ltd., Southend -on- 
Sea. 

Versatile Radio -telephone 
THE PTR6 radio -telephone set 

made by the Plessey Company, 
Vicarage Lane, Ilford, Essex, is in- 
tended for use in motor cars and on 
motor cycles. It employs amplitude 
modulation and operates on a single 
crystal -controlled frequency in the 
band 67 to Too Mc /s. 

In the case of motor cycle instal- 
lations, the equipment is divided 
into two ' units of approximately 
equal weight which are mounted be- 
hind the saddle and on either side 
of -the rear wheel. The short verti- 
cal .aerial, can be assembled on an 
extension of the rear number plate 
support. When fitted in a car, every- 
thing is housed in a single container. 

The receiver is an .eleven -valve 
superheterodyne, and special atten- 
tion has been given to the a.g.c. 
system and to the noise.limiter ; the 
one to ensure even signal strength 
under all conditions and the other 
to keep out extraneous noise. 

Five valves are used in the trans- 
mitter, which is crystal controlled ; 

it gives from 6 to 7 watts r.f. out- 
put to the aerial. The modulation 
amplifier can be switched to feed a 
' 

` loud hailer " type of speaker when 
this facility is needed. 

A feature of this equipment is 
that it enables selective calling of 
any one or all of ninety mobile, or 
fixed installations to be effected 

Electronics 

Plessey Breeze concentric plug and 
socket with polythene insulation. 

Ekco pre -amplifier and attenuator. 

Mobile model PTR6 v.h.f. radio- 
telephone, which embodies a selec- 
tive calling system, made by Plessey. 

from a fixed installation, but not 
from a mobile. The mobile units 
can receive the calling signals, and 
either aural or visual indicators can 
be employed. 

During stand -by operation the 
power consumption is 23 watts only, 
and power units.for 6, 12 or 24 volts 
d.c. and zoo to 25o volts a.c. are 
available. 

Electric Solderguns 

WOLF 
ELECTRIC TOOLS, 

Pioneer Works, Hanger Lane, 
Ealing, London, W.5, have pro- 
duced a range of electric soldering 
irons. Two patterns are made: an 
orthodox type and one with a con- 

I« 
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MANUFACTURERS' PRODUCTS Continued 

tinuous feed of solder to the copper 
bit. 

These irons reach the operating 
temperature very quickly ; the aver- 
age time to reach a temperature 
sufficient to melt 60/40 solder is 
about 34 minutes. 

Despite the quick heating, the de- 
sign of the element is such that 
overheating cannot occur, so that 
the tool may be left unused for quite 
long periods without the copper bit 
scaling and burning away. 

The design feature that prevents 
overheating of the copper bit also 
restricts the general rise in tempera- 
ture, so that the life of the heater 
element is correspondingly pro- 
longed. Conservation of heat also 
leads to economy in consumption, 
which becomes quite appreciable in 
the larger industrial sizes. 

In addition to studying the elec- 
trical qualities of the tool, the 
makers have also considered ease of 
'handling, and, as the illustration 
shows, the grip is of the off -straight 
kind and shaped to fit the hand. 

Wolf soldering irons and solder - 
guns are made for voltages of 25 to 
25o and in sizes ranging from 6o to 
200 watts. A 6o -watt automatic 
feed soldergun costs Z2 SOS, while a 
plain soldering iron of the same 
wattage costs rgs 6d. 

Crocodile Clips 
NO fewer than eighteen different 

varieties of crocodile clips are 
now made by A. F. Bulgin and Co., 
Bye Pass Road, Barking, Essex. A 
few are illustrated here, three being 
of the kind that find application in 
radio test rooms and research labora- 
tories and also in the amateur's den, 
while the remaining two have been 
'designed for battery charging. 

The small sizes are rated at,5 amps, 
while the larger models will carry 
'up to 25 amps. Among the former 
is one with special jaws. 'serrated 

Wolf soldergun with drum of resin - 
cored solder fixed on the hand grip 
and (right) Mullard valve volt -ohm 
meter type E7555 with an r.f. probe. 

Samples of Bulgin crocodile clips. 
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teeth on one and plain tongue - 
shaped for the other. This has been 
produced especially for gripping 
very fine wires. One of the larger 
models has curved serrated jaws for 
securing a firm grip on the round 
lugs of car batteries. 

Many varieties of finish are em- 
ployed ; for example, copper plate, 
cadmium plate, nickel plate and 
lead plate on a steel body, or natural 
brass and nickel -plated brass. The 
steel body varieties in the small 5 -A 
size cost 4,ßd each (6d for cadmium 
plate) and the brass type 6d and 
74d each. Large 25 -A battery clips 
with red, black or white identity 
inserts in the thumb -grip cost rond 
and rs each, according to type. 

Valve Volt -ohm Meter 
RECENTLY introduced by Mul- 

lard Electronic Products, Cen- 
tury House, Shaftesbury Avenue, 
London, W.C:z, is a valve volt -ohm 
meter with the type number E7555, 
covering a wide range of voltages 
and frequencies and having very 
high input resistances on all ranges. 
A feature of interest is the inclusion 
of a position on the selector switch 
for reversing the input to the meter 
on the d.c. ranges, thus obviating 
the need to change over the actual 
connections when taking measure- 
ments on circuits where voltage may 
change sign. 

Six ranges are provided for d.c. 
voltages covering full -scale readings 
of 3, ro, 3o, roo, 300 and r,000. A 
multiplier can be inserted on the 
last two ranges by a press- switch 
which extends their f.s. readings to 
3 kV and ro kV respectively. 

Up to roo V the input resistance 
is 15 Md2, from 300 to r,000 V it is 
ro MO and from 3 kV to ro kV it 
rises to roo MSl. 

Measurements of a.ca and a.f. 

voltage up to ro kc /s is effected by 
direct connection to the instrument, 
and the range covered is o to so kV. 
A probe unit containing a diodé is 
provided for r.f. measurements up 
to 3o Mc / s, and the range is o -roo V. 

Resistance can be measured also, 
and six ranges together cover o to 
2 MSl. The meter is a.c. operated. 
and costs L45. 

Loudspeaker Cabinets 
DESIGNED to combine acoustic 

efficiency with good appear- 
ance, the "Ventex " range of 

"Ventex " cabinet for Goodmans 
xz -inch loudspeakers. 

cabinets made by C. T. Chapman 
(Reproducers), of Riley Street, 
Chelsea, London, S.W.ro, are 
matched to the low- frequency 
characteristics of the loudspeaker 
units with which they will be used. 
Type 1255 is designed for the Good - 
mans Axiom 12 or 22, with bass 
resonance at 55 c/s and extends the 
frequency response down to 3o c/s 
with an average power handling 
capacity of r5 or zo watts, depend- 
ing on the type of unit. In the 
Type 1275 cabinet the character- 
istics of the Goodmans Tz unit with 
a bass resonance of 75 c/s are taken 
as the basis for design. 

The dimensions of the Type 1255 
are 3r4in x 2241.11 x 15ín, and of the 
Type 1275, 254in x 21111 x r44in. The 
foundation cabinet work is of heavy 
reinforced construction and alterna- 
tive polished veneer finishes of wal- 
nut, sycamore, mahogany, etc., are 
available. The price is X1s ros, 
including packing, but not carriage. 
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LETTERS TO THE EDITOR 

The Editor does not necessarily endorse the 

opinions expressed by his correspondents. 

Output Impedance Control 
MUST thank Mr. Thomasson for 
his immediate proof of my state- 

ment that the mention of damping 
factor will always provoke corre- 
spondence. His discussion of the 
mechanism is no doubt correct, 
though personally I prefer to regard 
the problem as one of designing a 
filter network : perhaps I may re- 
place the " swinging door " analogy 
by a swinging urchin on a swinging 
gate. 

The power figures given have 
puzzled me. If I am listening at a 
level of 5o mW, with this power 
representing the level of a line -up 
tone at 4o% modulation, the peak 
level cannot exceed about 300 mW 
for z00% modulation. We obviously 
cannot resolve our difference in your 
correspondence columns. 

The onset of oscillations can be 
detected by ear : at first the oscilla- 
tion occurs only at peaks (maxima 
or minima) of low frequencies, and 
resembles the "buzz effect "; under 
steady state conditions the measured 
distortion may be as low as z %. 
At higher oscillation levels there is 
severe peak chopping. It is true 
that the oscillations are observed 
only because of the degra,lation of 
quality, the frequency being usually 
40 -80 kc / S. 

The requirement for a gain of 
I / Bi (the minus sign is just a 

nuisance), is that AB should be 
large: I do not know whether the 
B dropped out after the manuscript 
stage or whether I meant to write 
" A must be large compared with 
I /B," the form which is most 
nearly related to the idea used in 
choosing A. 

The plan of feeding a number of 
loads from a single amplifier is quite 
satisfactory provided that the 
generator impedance is low enough 
and the valve sees the optimum im- 
pedance at full load. Since the 
article was written a three -stage 
amplifier has been constructed, 
"feeding 4o points at 5o mW each. 
The individual load resistances are 
600 ohms, and each is fed through 
a 600 -ohm resistance. The total 
power with all loads connected is 
4 watts, and the output transformer 
is designed to give optimum load- 
ing with 3o ohms connected to the 
line. The amplifier generator im- 
pedance is o.I ohm. No clicks are 
observed when loads are connected, 
and any disturbance injected at one 
outlet is attenuated 8o db to the 
others. The only way to specify 
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such amplifiers is to say that they 
will give an output of E volts (II 
in this particular case) with a maxi- 
mum power output of W watts (4 in 
the 3 -stage amplifier). To scalt 
down the impedances for the direct 
connection of loudspeakers would 
clearly be difficult: the wiring alone 
would make the achievement of a 
few milliohms impossible. 

Finally, Sir, may I thank Mr. 
Thomasson for his kind conclu- 
sion. O si sic omnes. 

THOMAS RODDAM. 

IN the first paragraph of the 
article by Thomas Roddam in 

the February 1950 issue, there 
appears a statement which seems to 
me to indicate that the author cannot 
have thought very clearly about the 
theory of loudspeaker damping and 
transient response. 

He says that if a loudspeaker has 
too much electro- mechanical damping 
then " transients are lost com- 
pletely." Analogies are made be- 
tween the behaviour of a loudspeaker 
diaphragm and the behaviour of 
swing doors and galvanometers. The 
conclusions about the amount of 
damping desirable, which are drawn 
from these analogies, would be 
correct only if a loudspeaker dia- 
phragm were very stiffly suspended, 
and if the aim were to make the dia- 
phragm displacement follow faithfully 
the amplifier output waveform. This 
may be the aim in the case of high - 
quality headphones, which work into 
a very small volume of air, i.e. the 
ear -cavity, but the situation is quite 
different in the case of a loudspeaker, 
as may be seen by considering the 
behaviour of an idealized loudspeaker. 

The ideal moving -coil driving 
system would have a coil wound of 
wire of zero resistance and would be 
fed from an amplifier of zero output 
impedance. The self- inductance of 
the coil, when held stationary, would 
also be zero ; it can in practice be 
made quite small by having a field 
magnet powerful enough to saturate 
the pole -pieces and so reduce their 
a.c. permeability to a very low value. 
Under these conditions the coil 
velocity would, at all instants, have 
to be such as to generate a motional 
back- e.m.f. just equal to the amplifier 
output voltage. The waveform of 
the coil velocity would then be 
exactly the same as that of the ampli- 
fier output voltage, and this would 
of course apply to transients as well 
as to sustained notes. 

To complete this concept of an 

YwKERE 
ANYTIME 

(bou 
can use 

! PORTA13lE 

SOIND EQUIPMENT 

Portable Model B 65 (open) 

Can you provide a public address 
system at a moment's notice ? 
With a B65 it is simple -just 
place the equipment in a suitable 
position and switch on. Incor- 
porated within an easily portable 
case are the amplifier complete 
with loudspeaker, rotary trans- 
former, 6 -volt unspillable accu- 
mulator and microphone with 
cable. Power output is approxi- 
mately 5 watts. The equipment 
is a most useful outfit for political 
meetings, religious gatherings, 
auctioneers, etc., and numerous 
other applications where no 
electric supply mains are avail- 
able. 

Price complete £29 10 O 

An external speaker can be attached if 
desired. 

Portable Battery Mains Amplifier B 619 

Operates on tz -volt battery or, by means 
of separate plug -in adaptor unit, on A.C. 
mains. Power output approximately 
16 watts. 

Full details of these models and others in the large 
Trix range of equipment available on request. 

Send for latest catalogues and price list. 

THE TRIX ELECTRICAL CO. LTD. 
I -5 Maple Place, Tottenham Court Road, 
London, W, I. 'Phone : Museum 5817 

Grams & Cables " Trixadìo, Wesdo, London." 

AMPLIFIERS MICROPHONES LOUDSPEAKERS 
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ideal loudspeaker, the coil would be 
attached to a light, but perfectly 
rigid, diaphragm, working into a 
large exponential horn. The horn 
would present the same resistive 
acoustic impedance to the diaphragm 
at all frequencies, so that the fre- 
quency response of the loudspeaker 
would be level, and the transient 
response perfect. 

Mr. Voigt has tried very hard to 
make loudspeakers which approach 
as close as possible to this ideal, and 
the excellent fidelity obtainable from 
a Voigt speaker, under really favour - 
ablé conditions, does, I think, provide 
a good practical demonstration that 
the above basic principles are cor- 
rect ; in particular, it may be 
remarked that the transient response, 
when fed from an amplifier of low 
output impedance, is quite out- 
standingly good. 

These arguments do, I think, show 
that it is not, in general, correct to 
suppose that a loudspeaker gives the 
best transient response when the 
amplifier output impedance is ad- 
justed to give critical damping ; and 
further, that with a properly designed 
speaker, the best results, particularly 
as regards transient response, are 
obtained when the electro- mechanical 
damping is very high. 

It is, however, quite likely that 
some commercial loudspeakers will 
sound best when the damping is 
reduced, but for quite different 

RI+R2» ZtOAD 

RZ 
AND 

R,+ RZ 

reasons. For example, if a loud- 
speaker is deficient in extreme bass, 
an easy way to compensate this (not 
really a very elegant way) is to feed 
it from a high -impedance source, 
thereby allowing the bass resonance to 
have more effect. The rising top 
response produced may be corrected 
by a simple top -cut tone control. 
It is also possible for some fairly high - 
frequency diaphragm resonances to 
be more prominent when a very 
" rigid " drive is applied to the 
diaphragm by the speech coil, and 
in a loudspeaker in which there is a 
bad resonance of this type, more 
pleasant results may again be 
obtained when the amplifier output 
impedance is fairly high. 

With regard to the circuit used for 

Ich 

EDITOR . 

providing a variable output impe- 
dance, I think its main virtue is its 
ability to give negative values of 
output impedance. If I am not 
mistaken, the voltage across the 
loudspeaker, with a constant signal 
input, is proportional to Zioad /(Zot + 
Zload) in which Zo t is varied by means 
of R4. Hence, as far as variation of 
gain with output impedance is con- 
cerned, the result is the same as it 
would be if we had a zero -impedance 
amplifier and put a variable resis- 
tance between this and the loud- 
speaker ; the special circuit des- 
cribed can, however, produce an 
effect equivalent to making this 
variable resistance negative. My 
derivation of the above result is as 
follows. 

In the accompanying diagram the 
amplifier in the box has internal 
positive feedback, as in Fig. 3 of the 
article under discussion, and has a 
high- impedance output (pentode). 
Its gain, expressed as a mutual con- 
ductance, is G which is variable by 
the positive feedback. 

vioad GZioad - Vsry I + GZloadß 
I I 

Hence 
Vioad Zioad /NQ Zout - Vaia I + Zioad!7out 

II Zzoad 

ß Zout + Zload 
It may possibly be of some interest 

to mention that we have a stabilized 
power -supply at T.R.E. in which 
variable positive feedback is applied 
to the stabilizing amplifier, with the 
result that the output impedance of 
the power -pack may be adjusted to 
positive zero or negative values. 

PETER J. BAXANDALL. 
Malvern. 

IMUST protest against the state- 
ment of your contributor Thomas 

Roddam, in the February issue of 
Wireless World, that an overdamped 
loudspeaker will have a poor tran- 
sient response. On the contrary, 
provided the damping is electro- 
magnetic, and is mainly due to the 
speaker being fed from a low source 
impedance, the greater the damping 
the better the transient response. 

That this is so may be seen from 
the following reasoning. The driving 
force on the voice coil is proportional 
to the current passing through it, 
which will be given by the difference 
between the söurce e.m.f. and the 
motional e.m.f., divided by the total 
electrical impedance of the source 
plus voice coil. If this impedance is 
very small, then the driving force 
will be practically infinite unless the 
motional e.m.f. is equal and opposite 
to the source e.m.f. at all times. 
Under these conditions, the motional 

continued 

e.m.f. must follow the source e.m.f. 
and so the velocity of the voice coil 
will be proportional to the source 
e.m.f. Thus all frequencies will be 
well reproduced, until the mechanical 
impedance of the ccfne system becomes 
so large that the current needed to 
drive it produces appreciable voltage 
drop in the coil and source. This is 
clearly the condition for good tran- 
sient response, although the cone will 
be practically blocked " as far as 
external mechanical forces are con- 
cerned. 

Mathematically these statements 
may be proved as follows :- 

The driving force FM in the coil is 
equal to Bii, where B is the flux 
density, l the length of the coil and i 
the current passing through it. 

.'. Bli = ZMÈ 
where 7_M is the mechanical impe- 
dance of the coil and cone assembly 
and a the displacement. 

The back e.m.f. will be 
Bzlz Ble= 
Z 

.i 
M 

Therefore the total electrical impe- 
dance looking into the coil is ZB -i- 
B2l2 

where ZB is the blocked impe- 
M 

dance of the coil. 
If Zs is the source impedance, we 

have 

2 = Eelae 
B2/2 

Zs+ZB+ Zl 
ffi 

and 
BlEElalt 

FM - 
BZIL = ZM£ 

Zs ZB+ 
Therefore 

BIEE1wt 

Bzlz ZM(Zs + ZB) 
If g(w) is the Fourier transform of an 
applied transient voltage, then we 
have 

= 
I f Blg(w)E- ia,t dtu 

2>r J Bzlz -{- ZM(Zs i- ZB) 
If ZM(Zs -{- ZB) < <I, then 

I 

2trBlJ g(w)E iwt dw 

and is therefore proportional to the 
applied transient voltage. Otherwise 
the integrand will have poles at the 
zeros of ZM and of Zs -;- ZB, and 
resonances at these frequencies will 
be produced. 

Kenton, HOWARD PURSEY. 
Middlesex. 

THOMAS RODDAM, in his 
article in your February issue, 

gives the expression for the output 
impedance of multi -stage amplifier as 

[I -i- Aß] 
01 

where n is the output transformer 
ratio (which way is n as a matter 
of interest ? ) . This expression is 
based on a popular canard that the 

ra 
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output or source impedance at the 
primary of the output transformer is 

ra 
r +Aß 

the true 

multi -stage case is, however, 
r, 

value for the 

r+Alµß 
A, is the gain from the point of 

injection of the feedback voltage 
to the grid of the output stage. 

µ is the amplification factor of the 
output valve. 

ra is the a.c. resistance of the out- 
put valve. 

ß is the feedback ratio. 
In the case of a high -impedance 

output valve, the error involved in 
using the author's expression can 
be quite considerable. Even grant- 
ing the author's expression, the out- 
put impedance as seen at the secon- 
dary would be 

r l 
Lr 4-QAßd /n2 

not 
LI +AßJ 

-Vn 

The true expression for output 
impedance at the secondary be- 
comes, therefore, 

f 

r, I 

LI + A1µß n2 
(it has been assumed that the 
transformer ratio is n :1). 

Arborfield. E. JEFFERY. 

IFEEL sure that most quality 
enthusiasts like myself can offer 

nothing but our appreciation and 
praise for the article on " Output 
Impedance Control " by Thomas 
Roddam which appears in your 
February issue. 

Mr. Roddam, in his closing para- 
graph seemed to be interested in the 
application of his circuit to the well - 
known Williamson amplifier. He 
goes so far as to suggest how it may 
be done, subject to obvious pre- 
cautions. It would be simple enough 
to split R10 and R22 in the William- 
son amplifier so that R10 is substi- 
tuted for R1 and R22, for R3, but this 
method almost destroys the self 
balance of V5 and V0, and the self 
balance of V3 and V4 is totally 
destroyed. This being so, V3 and 
V4, also V5 and Vg must match to 
within 3% or less, because upon 
application of positive feedback the 
mismatch is made prominent. The 
arm (R3, R4, R1) with the greater 
gain, giving the higher feedback 
voltage, thus has command of the 
negative loop already in existence. 
The whole method fails in this case, 
for the above reasons, and also that 
the response curve is lost, because of 
the positive loop gain falling at upper 
frequencies, although the negative 
loop tends to correct this. The loss 
of self -balance is the most important 
drawback. HENRI J. PICHAL. 

Southend -on -Sea. 

Dark Television Screens? 
IWAS interested to read the letter 

from Alan Humphreys in the 
March issue of Wireless World on. 
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the subject of dark -screen cathode - 
ray tubes. Some time ago I took 
cut a provisional patent incorporat- 
ing this idea, but I would point out 
that though it is possible by this 
means to considerably increase the 
contrast on the screen when viewed 
in daylight, it is not easy to produce 
a fluorescent material with a dark 
ground which will still transmit the 
light from activated portions with 
negligible attenuation. 

The light produced on the screen 
is largely generated in the surface 
layers of the crystals at the back of 
the screen, and any darkening of the 
background, as seen from the front, 
must therefore intercept and attenu- 
ate the transmitted light. 

In the case of cathode -ray tubes 
having a screen which fluoresces as 
a colour, as distinct from the white 
fluorescence normally required for 
television, a considerable improve- 
ment can be achieved by treating 
the crystals with a dye of the same 
colour as the fluorescence ; the 
attenuation is then small, but the 
background is relatively dark. 
Screens which glow with a white 
fluorescence present a much more 
difficult problem and really require 
naturally dark crystals in a very 
thin layer. I know of no suitable 
material for this purpose. 

The use of F centres in crystal 
lattice structure should not be over- 
looked as a possible method of 
achieving the desired result. The 
skiatron projection system was, of 
course, a method in which this 
property was used. 

R. C. JENNISON. 
Manchester, 13. 

Ultrasupersonics 
NOTICE a growing tendency to 
apply the term ' ultrasonic ' to 

vibrations with frequencies above 
the upper limit of audibility. Ultra, 
meaning beyond, could apply 
equally well to frequencies below 
the lower limit of audibility (e.g., 
those associated with the passage of 
a group of meteorological secondary 
depressions). 

Supersonic " (meaning above) 
is in danger of being lost by default 
tc the aerodynamicists, who apply 
it consistently and with every right 
to speeds above the speed of propa- 
gation of sound in air. 

In the early stages of the develop- 
ment of the art of producing vibra- 
tions of extra -high frequency and 
large amplitude, with which I had 
some connection (circa, 1917), it 
never occurred to us to talk of any- 
thing but " supersonics," and I fail 
to see now why we should abandon 
a perfectly good word, just because 
the flying types have "muscled in." 

As an indication of the sort of 
mess we shall get into if we don't 
make a stand, consider this defini- 
tion from a well -known American 
textbook : " Ultrasonic is a term 
used to designate any sound above 

lh 

THREE ELEMENT 
TFI EVISION AERIAL FOR. 

LONG DISTANCE 
RECEPTION 

This aerial has been specifically de- 
signed for reception at long range 
where an H type aerial gives 
insufficient signal or excessive inter- 
ference. The third element provides 
stronger signals and much sharper 
directional reception, resulting in 
brighter and clearer pictures with 
minimum interference. The high 
front -back ratio of the D.6 is also 
very effective in stronger signal 
areas in eliminating ghost images or 
reducing severe interference. 
The signal gain compared with a 
standard dipole is approximately 
7 db. (1-1). All connections en- 
closed and sealed against corrosion. 
MODEL D.6 (London Area) 

List Price Ls . o . o 
MODEL D.6 /B (Midland Area) 

List Price £4 . Io . o 
Mast mounting Brackets, for surface mount- 
ing (SMB /2) or Brackets for chimney lashing 
(LSG/2). List Price (per pair) SMB12 21.0.0. 
(per pair) LSG /2 22.0.0. 

Fulldetails on ,c, 

ANTIFERENC LIMITED 

67 BRYANSTON STREET LONDON, W.1 

www.americanradiohistory.com

www.americanradiohistory.com


LETTERS TO THE 
,r 

the audible frequency range. Super- 
sonic is a term used to designate any 
very intense sound regardless of 
frequency." 

What is " very intense," or, for 
that matter, " sound above the aud- 
ible frequency range ? " 

HENRY MORGAN. 
Hindhead, Surrey. 

Stereophonic Broadcasting : 
B.B.C.'s Reply 
IN your March issue, Major Jeffery 

takes us to task for not keeping 
listeners sufficiently informed on 
our engineering policy and develop- 
ments. I hope there are not many 
of your readers who think this, be- 
cause we always give as much infor- 
mation as we can as soon as it can 
be given. But when changes or new 
developments are of an experimen- 
tal nature we musk take care that 
we do not mislead listeners. 

The change of location of the 
Third Programme transmitter serv- 
ing the London area was announced 
in the Press three days before it 
took place. In addition, micro- 
phone announcements were made in 
both the Third and Home Service 
programmes before the change was 
made. 

There has been no secret about 
the new v.h.f. station at Wrotham. 
As far back as March, 1948, we an- 
nounced the location of this station, 
which has been built for experimen- 
tal frequency modulated and ampli- 
tude modulated transmissions. Now 
that the construction of the station 
has been completed, we shall shortly 
issue a statement concerning test 
transmissions. 

We do not propose to radiate 

EDITOR . 

binaural transmissions from 
Wrotham. We first studied this 
system of transmission before the 
war and made some experimental 
transmissions both by radio and 
over short- distance wire circuits. 
The idea is an interesting one, but 
the advantages are doubtful and the 
objections are overwhelming. As 
far as I am aware, there is not now 
and never has been a regular service 
of'binaural broadcasting in any part 
of the world. The system requires 
that the programme chain must be 
duplicated from the studio right 
through the low- frequency and 
high- frequency chain to the aerial. 
Moreover, there must be duplication 
of receiving equipment at the 
listeners' end. The cost would be 
very high and double the number of 
carrier frequencies would be re- 
quired for transmission. It is no 
exaggeration to say that, in all the 
wave -bands now used or projected 
for sound broadcasting, it would be 
quite impossible to find sufficient 
channels to enable this to be done. 

Finally, there is no doubt that 
such a system would interest only a 
relatively small number of listeners, 
and for this reason, if for no other, 
it is doubtful whether we should be 
justified in spending so much money 
to give a specialized service to so 
few people. 

H. BISHOP, 
Chief Engineer, B.B.C. 

" Industrial High 
Frequency Electric Power" 
TT was disappointing to find, in 
L his review of my recent book 
(February 1950 issue), that 
A. H. C.'s principal criticisms ap- 

" WIRELESS WORLD " PUBLICATIONS 

SHORT WAVE RADIO AND THE IONOSPHERE. T. W. Bennington 
RADIO VALVE DATA. Characteristics of 1,600 Receiving Valves 
RADIO DATA CHARTS, by R. T. Beatty, M.A., B.E., D.Sc., Fifth Edition- revised by J. McG. Sowerby, B.A., M.I.E.E. 7/6 7/11 WIRELESS DIRECTION FINDING. By R. Keen, M.B.E., B.Eng.(Hons.), Fourth Edition 45/- 45/9 
GUIDE TO BROADCASTING STATIONS. Fifth Edition 1/6 1/7 BASIC MATHEMATICS FOR RADIO STUDENT. , by F. M. Colebrook, B.Sc., D.I.C., A.C.G.I. Second Edition. 10/6 10;10 FOUNDATIONS OF WIRELESS. By M. G. Scroggie, B.Sc., M.I.E.E. ... ... ... ... ... ... .. 
RADIO LABORATORY HANDBOOK. Fourth Edition, by M. G. Scroggie, B.Sc., M.I.E.E. ... ... ... ... 
WILLIAMSON AMPLIFIER: Articles on design of ahigh- quality 
SUPERHETERODYNE TELEVISION UNIT. An alternative (long -range) unit for use with the equipment described in Television Receiver Construction ... ... ... ... ... 2/6 2/9 

A complete list of books is available on application 
Obtainable f :om all leading booksellers or from 
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pear to arise from considering cer- 
tain statements without their con- 
text. Statements which he rightly 
condemned as incorrect when ap- 
plied to high -frequency oscillators 
actually refer to Class A resistance- 
loaded amplifiers. I think this is 
made sufficiently clear in the text 
(pp. rto-113). I think it is also 
fair criticism to say that A. H. C. 
gave his readers little indication of 
what the book is about. E. MAY. 

Erdington, Birmingham. 

" Solving Parallel 
Problems" 
MENTAL arithmetic is easy if one 

is using one's own mental pro- 
cesses, but may be more difficult if 
other people's are being followed. 
To my mind there is a simpler ap- 
proach to the calculation of the 
combined resistance of resistors in 
parallel than that outlined by D. A. 
Pollock in your March issue. 

Any resistance R is equivalent to 
n resistances in parallel, each having 
the value nR. Thus, to quote Mr. 
Pollock's first example of AZ in 
parallel with 211, 112 is equivalent to 
two parallel resistances of 211 each. 
The whole then becomes three 20 
resistances in parallel, and the re- sultant is one -third of any individual 
one; i.e., j x 2 =4û. 

Mr. Pollock's third example of 
24,000f2 and 8,000f2 may also be 
worked out :- 
I I I 
R=24,000 8,000 

I 
24,000+ 24,000 +24,000 +24,000) 

4 
24,000 6,000 

Therefore, R =6,000f2. 
In addition, three or more parallel 

resistances can be manipulated 
simply, provided a convenient 
lowest common multiple can be 
found. 

Consider rof2, 2012 and 30f2 in 
parallel. The lowest common mul- 
tiple is easily seen to be 6o, and each 
resistance must therefore be con- 
sidered as a number of parallel re- 
sistances of boa Their numbers 
are, at a glance, seen to 6, 3 and 
2, totalling is. The resultant re- 
sistance is thus 60 /I1= 5.45 

London, S.E.II. R. PARFITT. 

CLUB NEWS 
Southend. -The contest for the 

new Pocock cup and other trophies 
competed for by members of the 
Southend and District Radio Society 
(G5QK) will take place on March 31st. 
Sec.: J. H. Barrance, M.B.E. (G3BUJ), 
49, Swanage Road, Southend -on -Sea, 
Essex. 

Sunderland. -The fifth talk in the 
series on valve manufacture which is 
being given by members of the staff 
of the Edison Swan Electric Co. to the 
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Sunderland Radio Society will deal 
with sealing, exhausting, ageing, etc. 
It will be given by J. Finney at 7.30 
on April 19th at Prospect House, 
Prospect Row, Sunderland. Sec.: 
C. A. Chester, 38, Westfield Grove, 
High Barnes, Sunderland, Co. Durham. 

Wadebridge. -The \Vest of England 
Amateur Radio Club is holding a 
short -wave listening contest in the 20- 

and 8o -metre bands from i800 on 
April 8th to 2100 on April 9th. Sec.: 
C. Richards, W.E.A.R.C., St. Issey, 
Wadebridge, Cornwall. 

Warrington.- Meetings of the War- 
rington and District Radio Soctei 
(G3CKR) are held on the first and third 
Mondays of each month at 7.3o at the 
Sea Cadet Headquàrters, Wilderspool 
Causeway. Sec.: J. Speakman, Davy - 
hulme Cottage, Dark Lane, Whitley, 
Nr. Warrington, Lancs. 

Watford.- Memhers of the Watford 
and District Radio and Television 
Society conduct a hospital service 
which includes the maintenance of the 
radio equipment in the Watford Peace 
Memorial Hospital. Meetings of the 
club are held at 7.30 on the first and 
third Tuesdays of each month at The 
Cookery Nook, The Parade, Watford. 
Sec.: R. W. Bailey (G2QB), 32, Cassio- 
bury Drive, Watford. Herts. 

AIaa1111fsari al rPrs° 
.IrCCial 111'P 

ILLUSTRATED leaflets describing 
the DACIO mains portable and 

RGis radiogramophone, from Bush 
Radio, Power Road, London, W.4. 

Supplementary list " Brand New 
Components, 195o," from A. F. Bulgin 
& Co., Bye Pass Road, Barking, Essex. 

Leaflet describing the " Grampus " 

all -square welding vice for building 
angle framework, from C. Caspar & 

Co., 14b-7, Grosvenor Road, London, 
S.W.I. 

Leaflet No. 7. describing the Type 
SPIo slow -speed oscilloscope (o.1 to 
50 c/ s) for medical and industrial re- 
search, from A. E. Cawkell, 7, Victory 
Arcade, The Broadway, 
Middlesex. 

Technical descriptions of " Cintel " 

Type 2000/5 stabilized e.h.t. power 
packs; R.C. oscillator and automatic - 
frequency monitor; and microsecond 
counter chronometer, from Cinema 
Television, Worsley Bridge Road, 
Lower Sydenham, London, S.E.26. 

Leaflet describing " Elac " per- 
manent- magnet focus units, from 
Electro Acoustic Industries, Broad 
Lane, Tottenham, London, N.15 

Illustrated leaflet (V5 /TT /5o) giving 
details of Ferranti television tubes, 
from Ferranti, Ltd., Hollinwood, Lancs. 

List of transmitters and receivers for 

the radio 
Street, We stow Ltd., 25. Hill, 

London, S.F_.Ig. 

Leaflet giving detailed specification 
of the Eddystone " 750 " communica- 
tions receiver, from Stratton & Co., 
Alvechurch Road, West Heath, Bir- 
mingham, 31. 
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List No. T.L.5 

List Nos. `.I. 2 ; 5 -8 

- of Quality Components 
List No. P.448 

Moulded Internat. -Oc- 
tal plug with silver - 
plated pins. Precisely 
made to standard valve - 
base dimensions, for 
up to IA per pole. 

List No. V.H.80 
To mate with above, 
has strong laminated 
insulation of highest 
quality. 

List No. D.621 
New all- moulded neon 
holder. Takes " OS- 
RAM 'G' " M.B.C. - 
cap neon bulbs, used 
with separate resistor. 
For use with high vol- 
tages and resistance 
values. 
List No. E.S.I. Moulded E.S. Fuse or lamp 

holder, with finest moulded and laminated 

bakelite insulation, and strong nickel -plated ter- 
minals. One of many popular types. 

List No. S.570 
Shown with a spare 
Key (extra) this pop- 
ular I -pole M. -B. 
switch, for 3A., 250v. 
working, has a type - 
tested life of 25,000 
operations minimum. 

Terminals 
List No. Type. 
T.L.I,2. 4 B.A., plain, RED, BLACK. 
T.L.3. 4 B.A., black, "AERIAL" 
T.L.4. 4 B.A. black, " EARTH." 
T.L.5. O B.A.. RED or BLACK. 
T.1,2. 4 B.A., RED, BLACK. 
T.5,7. 4 B.A., BLACK RED. 

T.6,8. 6 B.A. BLACK, 

List No. D.640 
" Lens "- bushes for 
brilliant panel illum- 
ination range from 
I /3in. to l }in. dia. 
This I }in. dia. type is 
available in Red, Green, 
Amber, Blue, etc., 
for panels up to 
3 /8in. thick. 

A. F. B U LG I N s. CO. LTD. 
BYE-PASS ROAD. BARKING 
Telephone: RIPplew3y 3474(S11nes) 
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RANDOM RADIATIONS 
By " DIALLIST " 

Are Americans Insular ? 
THE NOTE on American insularity 

in last month's W.W. may have sur- 
prised readers who don't see much 
of U.S.A. publications; to those 
who see a good many of them it 
seemed just the kind of tactful 
statement that may do something 
to improve the present unsatisfac- 
tory position. I don't believe that 
American editors and writers wil- 
fully belittle the great things in 
radio, radar and television that have 
originated and continue to originate 
here; in France, and in other Euro- 
pean countries. What I think many 
of them do is, consciously or un- 
consciously, to play up to the desire 
of their readers to see their own 
land first in everything. By so do- 
ing they render these readers a dis- 
service, for many of them remain 
woefully ignorant of important ad- 
vances in various branches of elec- 
tronics and telecommunications that 
are made in other countries. The 
average American owner of a tele- 
vision receiver does not, for ex- 
ample, realize two things of some 
importance regarding the relative 
merits and demerits of television in 
the U.K. and U.S. 

The TV Aspect 
The first of these is that the 

B.B.C.'s technique is immeasurably 
superior to that behind the bulk of 
U.S.A. television transmissions: I 
have never yet met an educated 
American who did not at once 
volunteer an opinion on these lines 
after seeing our television. In these 
notes I have quoted more than once 
extracts from American publications 
which show that they tolerate stan- 
dards of linearity which would keep 
the B.B.C.'s telephone exchange 
busy with the complaints of irate 
viewers if they obtained here even 
for an evening or two. The second 
is that a television receiver of com- 
parable screen size costs a good deal 
less here than it does in the States. 
I've often wondered why this should 
be so and I just don't know the full 
answer, though, of course, they 
have to cope with variable tuning. 
The American home market is prob- 
ably ten times as big as ours and 
their valves are very much less ex- 
pensive. But it is our manufac- 

16a 

turcrs who have found out how to 
provide the public with the moder- 
ately priced receiver. 

And Radar 
I am completely flabbergasted by 

some of the post -war American 
articles on the subject of radar. One 
of these began: " There was no- 
thing new about the magnetron .. . True enough; but the cavity 
magnetron was revolutionary-and 
the article never so much as men- 
tioned Boot or Randall ! Another 
article led off with the astonishing 
statement : " It is not generally 
realized that at the beginning of the 
war" the German radar was much 
superior to the British." Not, we 
were told, until America showed 
how things should be done was the 
position retrieved ! Yet another 
article told its readers that until 
America came into the war and pro- 
duced I.F.F. the British had no 
means of telling whether a " tar- 
get " on the radar screen was 
friendly or hostile! Well, I was 
regularly using I.F.F. day and 
night from quite early days of hos- 
tilities and I know that our people 
invented not only the system, but 
also the name, which is, of course, 
short for Identification Friend or 
Foe. It's a pity that any country 
should give the appearance of try- 
ing to steal the applause in matters 
of science. Theoretical or applied 
science, like music and other forms 
of art, is international and should 
know no frontiers. 

Radierlscortia ? 
So, for at any rate four years in- 

cluding 195o, there won't he a 
Radiolympia. This year's show is 
to be held at Birmingham in Sep- 
tember and for the three following 
autumns Earls Court has been 
chosen. A good site, I think, for 
it's easy to get to it from any part 
of London. I think it's a good idea 
to hold the radio show at Birming- 
ham this year, for the town, apart 
from its own big population, is far 
more easily and more cheaply acces- 
sible than London to a great num- 
ber of people living in the Midlands 
and the West. Thank goodness, the 
proposal (quite strongly supported 
by some sections of the radio indus- 

try) to hold the national radio show 
in June instead of September was 
not adopted. The surest way of 
making the radio exhibition a sick- 
ening flop would be to hold it in 
the hottest, finest and traditionally 
most glorious outdoor month in the 
British calendar. 

Women and ,Wir eless 
" FREE GRID " and others have 

remarked not once but many times 
on the general inability of the 
allegedly gentler sex to tune a 
radio receiver by ear. To me it is 
one of the profounder mysteries of 
nature that a woman with a genuine 
love of music can listen spellbound 
to the rendering of an Albert Hall 
concert by a set that is anything up 
to a couple of kilocycles off tune. 
Mrs. Diallist, for example, can 
never have enough music, whilst I 
can endure only small and infre- 
quent doses of anything that is not 
simple, cheerful and what Ameri- 
cans might call easy on the ear. 
Yet, whenever I go into the room 
where the broadcast receiver lives 
and find her listening to a musical 
transmission that she has herself 
tuned in I dash to the control knobs 
almost in one bound. My unmusi- 
cal ears are offended by the lopped 
sidebands and instantly rebel 
against a cacophony which their 
musical opposite numbers were 
accepting as euphony. 

The More it Grows 
As MORE stations come into 

operation the popularity of tele- 
vision as a form of home entertain- 
ment should increase far more 
rapidly than would be expected 
from the number of people that each 
transmitter adds to those within re- 
ceiving range. Here's the reason. 
Every station will be connected to 
London by a two -way link ; it will 
therefore be possible to transmit 
to and relay from London events 
taking place in any television area. 
There is no doubt that '' actu- 
ality " broadcasts are those making 
the strongest appeal to viewers. So 
far, these are limited to events in 
the London area ; but it will soon 
be possible to tap the Midlands. 
Later will come the North of Eng- 
land, Scotland and the West. When 
television can show the whole coun- 
try the Grand National, the Water- 
loo Cup, a rugger match at Murray - 
field or Cardiff, soccer at a large 
selection of grounds, a meet of the 
Devon and Somerset at Dunkery 
Beacon, and things of that kind, its 
appeal will become irresistible. 
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