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Fair of the Air

THIS year the National Radio Show reflects the
atmosphere of expectancy which for some time now
has surrounded the workings of the Pilkington Com-
mittee. In many cases expectancy has been followed
by active anticipation and sets have been produced
to receive the u.h.f. bands and dual line standards
which many people think the Committee may pro-
pose and the Postmaster General may or may not
approve. The B.B.C,, too, will be showing what they
could do in colour if only they were given the green
light.

Some people will stigmatize these moves as ten-
dentious, an attempt to force the hand of the Pilk-
ington Committee; others will point to the incon-
sistency of manufacturers who collectively, through
their associations, advocate the retention of 405
lines, but who will be demonstrating 625-line
receivers at Earls Court on signals provided by
Radio Exhibitions Ltd., an off-shoot of BRE.M.A.
As we sce it there is nothing inconsistent in advo-
cating and hoping for stability, but at the same time
hedging against inflation——whether it be of monetary
values or of line standards. In any case many of the
625-line sets will be ostensibly for export only.

The demonstrations of colour will be a great suc-
cess and will give many members of the public who
have so far only read about it the pleasure of seeing
the technical excellence of the pictures which can be
transmitted—and received in areas of good signal
strength.

Comparative demonstrations of 405- and 625-line
standards will, we think, provide plenty of good
clean fun. It will be amusing to try to guess, from
the size of screens used and any differences in the
degree of interlace, into which camp any particular
manufacturer has wittingly or unwittingly placed
himself. Seriously, we think the differences in pic-
ture quality will be marginal and we would suggest
that if demonstrations on the floor of the hall are
inconclusive a visit to the gallery and a glance at the
monitor screens through the windows of the R.ILE.
control room might help to give the casting vote.
Many of the 625-line receivers on show will be
export models and so the signals distributed to
the stands will be on one or other of the Continental
625-line standards. It should not be forgotten,
however, that the Television Advisory Committee
in its 1960 report recommended modifications to
those standards in the event of the adoption of €25
lines in the U.K. The improvements may be “ mar-
ginal but definite” and we only mention them here
to underline our main point, that the demonstrations
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which will be put on for our enjoyment at the Show
should not be used at this stage to form hard pre-
judices.

The general public, for whom the Show is pri-
marily intended, will be unaware of and therefore
not unduly perplexed: by these considerations and
will tend to see these things metaphorically in black
and white (and literally, too, for the line structure
will not be so apparent in colour). They are likely
to be more confused by the association of famous
names—hitherto rivals for their custom—on the
stands of some of the new and even larger company
groups. At one time these associations were kept as
quiet as possible, on the principle that if a customer
gave a bad name to brand X you still had the chance
of selling him virtually the same set under brand
Y. These days are past, largely due to the motor
manufacturers who make no secret of selling the
same car under different names. But the customer
still has the choice of a different radiator grille, and
knows that the initial price and the cost of service
and spares would probably be much higher but for
the rationalization of basic production.

Last year we deplored the fact that the Pye Group
had decided to hold their own Show outside Earls
Court and we are glad to see them once again in
the main exhibition. This year it is the turn of
G.E.C. (with Sobell and McMichael) to invite us to
make the journey to another part of London in order
to see their products and their own demonstration
of colour television. Once again we think it a pity
that last minute differences between the organizers
and some of their principal cxhibitors cannot be
resolved in time to make a national show truly
representative of all that this country has to offer in
television and sound broadcasting.

Brit.l.R.E.

BY an Order in Council dated 2nd August Her
Majesty the Queen has granted a Royal Charter
to the British Institution of Radio Engineers. Since
it was founded in 1925 the technical standard of its
meetings and published papers has not only reached
but has been sustained at the highest level. It has
drawn the support of many eminent figures in radio
and electronic engineering and has formed a focal
point for workers in these professions throughout
the Commonwealth. We offer congratulations to
the members and administrative body of the Insti-
tution on this authoritative recognition of their efforts
and achievements.
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Listening in the Next Room

WHY THERE IS AN APPARENT IMPROVEMENT IN SOUND QUALITY

By J. MOIR, M.ILE.E.

MANY people have noted that “my loudspeaker
sounds better when I listen in the next room ”, and
have wondered why this should be so. Clearly a
difficult question to answer when we do not under-
stand all the factors that result in one loudspeaker
“sounding better” than another one, though the
reasons for the gross differences are, of course, well
understood. 3

Whether a loudspeaker does sound better in an
adjacent room is clearly a matter of opinion. In
most instances the judgement has been the result
of a casual observation rather than a laboratory
experiment, but the view has been independently
expressed so frequently that it probably has some
significance. I have also noted the same phenomena,
and, in consequence, decided to explore the objec-
tive performance of a loudspeaker playing in an
adjacent room to see if there is any rcasonable cx-
planation of the reported improvement.

In every instance sound quality was reported to
improve only when orchestral music was being
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Fig. 1. Effect of microphone/loudspeaker spacing on

frequency response.

varied, but in no instance was any significant im-
provement noted when the listener moved into the
adjacent room. Under these conditions, speech
required more concentration (i.e. intelligibility was
lower) but there was some comment that “speech
sounds very natural”. In every instance the com-
municating door between the two rooms had to be
wide open to achieve an improvement in sound
quality, all those questioned being in agrcement that
with the door closed or cven slightly open the top
response suffered. Again, all were in agrecment
that sound quality was adversely affected when
judged in the room above that in which the loud-
speaker was playing.

“Sounding better” is a rather nebulous descrip-
tion of a change in sound quality. An improve-
ment in quality may result from a modification in
the effective frequency response at the listening
position, or from some reduction in the intrinsic
distortions produced by the loudspeaker. As a third
alternative the sound may be improved by some
advantageous change in the acoustic environment
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resulting from listening in the adjacent room. These
suggestions will be examined in turn.

The frequency response as measured at a remote
listening position may differ radically from that
measured nearer the loudspeaker, particularly if the
rooms have widely different furnishings. As the
measuring microphone is moved away from the loud-
speaker the contribution of the direct sound from the
loudspeaker to the total acoustic intensity at the
measuring position becomes less significant. The in-
direct sound, the result of room reverberation, then
constitutes the major part of the total acoustic power
at the listener’s ears. Now the energy spectrum of a
complex sound wave is modified at each reflection
from a boundary surface, the general effect being
a reduction in the high-frequency content, for most
wall finishes and furnishings are more effective
absorbants at the high audio frequencies than they
are at the low-frequency end of the spectrum. Thus
the mcasured frequency response will generally ex-
hibit a progressive reduction at the high-frequency
end as the microphone is moved away from the loud-
speaker. This is illustrated by Fig. 1 which shows
the result of some measurements on a Quad elec-
trostatic loudspeaker in a well-furnished room.

Coupling Between Rooms

There is a second effect that may also introduce
some frequency discrimination. An opening between
two rooms does not transmit sounds of all fre-
quencies with equal efficiency. At low frequencies
the standard door opening (6ft 6in by 2ft 6in) is a
fraction of a wavelength and thus gives a relatively
inefficient coupling between two rooms. The actual
coupling efficiency is a function not only of the
area of the opening, but also of the size and shape of
the two rooms and the position of the communicat-
ing opening in the common wall. At the top end of
an audio spectrum a standard door opening is many
wavelengths wide and is likely to give efficient coup-
ling between the rooms.

The increase in coupling efficiency at the higher
audio frequencies tends to offset the increase in room
absorption in the same part of the audio spectrum,
and thus the frequency responsc as measured in
the second room may not differ widely from that
found in the loudspeaker room. A calculation of the
overall result is difficult and probably pointless in
view of the many variables, but Fig. 2 illustrates
the results of measurement in two rooms in the
writer’s house.

The curve was obtained by driving the loud-
speaker (not the speaker used to obtain the data for
Fig. 1) from a whitc-noise source and measuring
the sound pressure level in bands one-third of an
octave wide between 50 c¢/s and 10 kc/s. The
measurements were carried out in two adjacent
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Fig. 2. Speaker frequency response in loudspeaker and
listening rooms.

rooms. In this particular instance the top response
is not appreciably attenuated in the second room,
but the bass response below about 160 c/s shows
an increasing loss. Unless further tests showed
this to be typical it would not appear to be very
significant.

There seems no reason to expect that the intrinsic
distortions introduced by the speaker will be reduced
by the presence of the second room, but they may
become less noticeable when heard in an adjacent
room. A non-linear relation between electrical in-
put and the resultant sound pressure implies the
appearance of harmonically related tones and, when
a complex wave is being reproduced, the introduc-
tion of inharmonically related intermodulation pro-
ducts. Harmonics do not result in any very signi-
ficant subjective annoyance, but the accompanying
intermodulation products introduce roughness, and
create “blurr”, and this is extremely annoying.
Listening in the adjacent room may well reduce the
high-frequency response, and this will reduce the
amplitude of the higher harmonics, but it will do
little to modify the intermodulation distortion pro-
ducts, for being difference tones many of these will
be close in frequency to the primary tones. Thus
there is no very good reason for expecting that any
improvement in sound quality due to listening in
the adjacent room is the result of a reduction in non-
linear distortion.

Doppler distortion, the introduction of frequency
modulation products as a result of the use of a single
diaphragm sound radiator, may well be slightly re-
duced by listening in an adjacent room. These dis-
tortion products are concentrated in the direct sound
on the speaker axis and do not exist in the plane of
the diaphragm. Any change in the acoustic environ-
ment that results in a decrease in the ratio of direct
to reverberant sound will reduce the annoyance
created by this form of distortion. Normally it does
not make a very significant contribution to the total
distortion, so it is unlikely that any reduction due
to adjacent room listening will result in any very
noticeable improvement in overall sound quality.

Significant annoyance can be created by the pre-
sence of lightly damped, mechanically resonant
elements in a loudspeaker cone or chassis. Such
elements continue to “ring” after the driving im-
pulse ceases and thus colour the reproduction to an
extent quite out of proportion to their effect on the
steady-state response curve. Their subjective effect
is likely to be reduced by listening in an adjacent
room merely because any room introduces ring-
ing of the same general kind and two rooms intro-
duce twice as much distortion of this type as one
room. An increased amount of room ringing might
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dilute similar distortion introduced by the speaker
itself, but while it is impossible to be dogmatic, re-
duction of the effect of speaker ringing is not thought
to make a significant contribution to any improve-
ment in sound quality that results from llstenmg in
an adjacent room.

The sound transmission loss introduced by a
standard wooden door or the usual board-on-joist
ceiling is so frequency-dependent that it might be
expected to result in unacceptable sound quality in
an adjacent room or in a room above. A typical
plywood door will introduce a loss at 10 kc/s (rela-
tive to the loss at 1 kc/s) of about 10-12 dB, while
a plasterboard joist and board ceiling will result in a
relative loss of 25 dB. Average values for doors and
ceilings are shown in Fig. 3, but the sound insula-
tion value of a door is critically dependent upon the
leakage through cracks round the jamb.

Measurement of the attenuation introduced and
observations on the sound quality that results from
listening in an adjacent room under “door closed ”
conditions are at least in fair agreement.

Reverberation Change

On reviewing the previous discussion it seems
reasonable to suggest that none of the factors men-
tioned is likely to account for the reported improve-
ment in sound quality due to listening in an adjacent
room. The effect on frequency response should,
from the conventional viewpoint, only result in a
deterioration in sound quality, but in this particular
instance the change is probably too small to be sig-
nificant. However, let us look at some of the more
predominantly acoustic factors that affect the quality
of reproduction.

An =sthetically satisfying orchestral performance
is only secured when the direct sound reaching the
ears without any reflection is softened and rounded
by the presence of a proportion of reverberant sound.
The ratio of direct to reverberant sound is generally
adjusted at the studio either by placing the micro-
phone at a suitable distance from the orchestra or
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Fig. 3. Average transmission loss due to doors and ceilings.

by mixing into the output of a microphone close to
the orchestra a suitable amount of sound from some
more remotely placed microphones. There is some
evidence that even when the optimum spacing of
microphone and orchestra for a monophonic trans-
mission is achieved, the result is less satisfying than
that obtainable from a two-channel transmission.
At the receiving end, the amount of reverberant
sound can be increased by moving away from the
loudspeaker, though a limit to the effect is set by the
reverberation time of the listening room. Any
further addition can only be achieved by moving out
of the room and into the adjacent room. The imme-

443

wwWw americanradiohistorv com


www.americanradiohistory.com

diate result will be to produce a listening space of
increased volume and having (possibly) a longer
reverberation time.

There is no simple method of calculating the com-
bined reverberation time of two rooms coupled by
a communicating opening, for the combined value is
a function of the area and position of the com-
municating opening, and of the relative positions of
loudspeaker and microphone. As a simplification
that applies when two typical domestic-sized rooms
of roughly equal size and similar furnishing are
coupled by a standard door, it can be said that the
reverberation time of the combined volume is
roughly /2 times that of either room. This would
not hold if the reverberation time of the individual
rooms differed appreciably.

Thus both the physical and acoustic size of the
listening environment is increased by moving into
an adjacent room. This is thought to be a significant
advantage. As a result of listening tests carried out
some years ago, the author came to the conclusion
that good sound quality could not be secured in a
room having a volume less than (roughly) 1,600 cubic
feet and that between rooms of about 1,000 cubic
feet and 1,600 cubic feet there was a very rapid
improvement in sound quality with increase in room
volume. Above about 2,500 cubic fect the rate of
change of quality with further increase in volume
decreased, though the quality continued to improve
with increase in room size.

It may well be that in most of the instances of
improvement that have been reported, the volume
change produced by adding the second room hap-
pened to fall on the steep portion of the sound
quality /room volume relation suggested above.

Room Resonances

However, in my own personal experience, the
subjective effect of listening in an adjacent room is
that one is in a room very much larger than a single
room having the volume of the combined rooms.
The change is one of character rather than quantity
of reverberation. This may be due to the following
properties of coupled rooms.

Any room exhibits a series of room resonances
(eigentones is the fashionable word) the frequencies
of which are determined by the room dimensions.
Resonance occurs at each of the frequencies at
which the length, width and height are half a wave-
length, and at harmonics' of these frequencies. Thus
there are three independent serics of resonances,
one for each of the three axes of the room. In
addition there are other series of resonances corres-
ponding to the combination of the three axial dimen-
sions, though there is some cvidence that these are
not particularly important in determining the
acoustic character of a room.

Rayleigh deduced an equation relating room
dimensions and resonance frequencies

f'VA/AZ B: C*
T 24/ L W2 OH?

where L is the length, W the width, H the height,
V the velocity of sound and A, B, C independently
any of the integers 0, 1, 2, 3, 4, etc. For a typical
room (15.3ft by 11ft by 8.2ft), Fig. 4 shows the first
10 resonant frequencies. This room is perhaps
larger than the average listening room, but it will be
seen that all the resonances fall in the lower part of
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Fig. 4. Typical eigentone spectrum for a small room.

the audio band. For a smaller room the resonance
frequencies would appear at correspondingly
higher frequencies and their effect would be sub-
jectively more obvious.

It will be noted from Fig. 4 that the resonances
in the 'ower end of the range are well spaced apart,
the spacing decreasing with increase in frequency.
Apart from changing the shape of the room, nothing
can be done to modify the spacing of the resonances
or to decrease the gaps between the individual reson-
ance frequencies. However, if one listens in an
adjacent room coupled by a relatively small opening,
the eigentones corresponding to each room exist
separately. When the dimensions of the listening
room differ from that of the loudspeaker room,
the eigentone spectra of the two rooms will inter-
lace and tend to reduce the gaps that exist in the
resonance spectrum of any single room.

All the eigentones corresponding to the sum of
those characteristics of the separate rooms will not
exist in the coupled rooms, for the coupling between
rooms will be weak for those modes of resonance
in which the air particles are moving parallel to the
door opening. Nevertheless, in a typical example
the number of modes that are excited will be much
greater than that of either room considered alone, or
in a single room having a volume equal to that of
the combined rooms. Thus the overall acoustic
performance of two coupled rooms is considerably
smoother than that of any single room unless the
single room is so large that the first ten (approxi-
mately) resonance frequencies are approaching the
sub-audible, and thus have no very significant effect
on the sound quality.

The acoustic performance of a small (domestic
size) room is determined almost entirely by the
eigentone spectrum and particularly that part of the
spectrum below about 200 ¢/s. Any smoothing of
the spectrum should make the small room perform-
ance approach that of a much larger room; it should
in fact convert a domestic sized room into the
domestic equivalent of a small hall.

Finally, there is the possible effect of the size of
the sound source. When listening in an adjacent
room the effective source of sound tends to be the
door opening and not the loudspeaker. This increases
the source size by a large factor, an area increase in
the region of two hundred times taking the example
of a 12-in speaker and a standard 6ft 6in by 2ft 6in
door. Not all critics are in agreement on this point
but I believe that a large sound source results in a
softness and lack of irritation in listening that cannot
be achieved with a small source. The reason for
this is not particularly clear and in the situation
being discussed it may not be particularly important,
but at least the change in size is a change in the
direction of improving the sound quality.
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A number of possible explanations for the im-
provement in sound quality have been discussed,
and there may be others, but it is impossible to be
sure which, if any, of the suggested mechanisms
of improvement is really significant. The coupling
between a room and the loudspeaker is so poor that
the intrinsic performance of a speaker is unlikely to
be affected by the relatively small change produced
by opening a door into a second room. This sug-
gests that it is the acoustic environment of the
listener that is significantly changed when he moves
into an adjacent room._ Of the explanations dis-
cussed, smoothing of the eigentone spectrum appears
most likely to result in an improvement in sound
quality, but the apparent lengthening of the rever-
beration time (using the conventional definition)
may also contribute. Both these effects are charac-
teristic of a small hall and this agrees with the sub-
jective assessment of the effects produced by moving
into an adjacent room.

The absence of any suggestion that speech
“sounds better” and the comment that “speech

sounds very natural ” is qualitatively consistent with
the improvement on music being due to smoothing
of the eigentone pattern rather than to any increase
in reverberation time.

The only experimental observations that may be
at variance with the suggested explanation of
“eigentone spectrum smoothing” is that I have
never met an example where sound quality was
improved by opening a door into a second room
while listening in the first room. In my experience
this almost invariably results in a degradation in
sound quality though I have no other observers’
comments on this listening condition.

Any well-founded conclusion would require an
extensive investigation first to decide whether there
really is an improvement in sound quality when
listening in a room adjacent to that containing the
speaker system. If this was confirmed then a
fairly large number of specific examples would have
to be examined in detail to sece whether there were
any common factors. An interesting but unremun-
erative project.

SCOUT SATELLITE EQUIPMENT

THE photograph on the right shows an e.h.t. generator
producing 1.6kV for the counter tubes used to detect
X-radiation in the Scout rescarch satellite, UK Scout
1. Designed by Bristol Aircraft for the Space Research
Group at University College, London, the generator
will have to supply power for as long as a year and
maintain the voltage stable in the face of a variation
of supply of £15%.

A single-transistor 8-kc/s oscillator, drawing 80mW
at 6.5V, has its output stepped up by a transformer and
quadrupler rectifier. The high voltage is then smoothed
to contain less than 0.005% ripple and stabilized by a
corona stabilizer tube to within 1.5V ar 1.6kV,

The completed unit is 5}-in in diameter and the
components are coated with polysulphide rubber and
“potted ” in foamed synthetic resin. This will prevent
discharges during the reduced air-pressure phase en-
colx)mtered as the Skylark rocket lifts UK Scout 1 into
orbit.

The photograph below shows an eight-channel
capacitor data storage unit for electron density measure-
ments made in the same satellite. This unit has been
developed by G. & E. Bradley Ltd., for the Electron
Physics Department of Birmingham University.

Data store.
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E.h.t. generator.

Information on the maximum electron density in the
first ten seconds of each sixty-ore second period is
gated into the store. It is read out towards the end of
this period cither to the telemetry system for immedi-
ate transmission to earth or to magnetic tape for sub-
sequent transmission at a more convenient time. The
sequence of operations is erase, gate, read in, store and
read out, the timing being obtained from the satellite
master clock.

This unit contains 180 componsznts (mostly silicon
diodes and transistors) in a space liin by 5iin dia-
meter. It weighs about 80z, unencapsulated.

Radio Valve Data: A.E.I, have asked us to point out
that the address of their Electronic Apparatus Division
was omitted from p.123 of the seventh edition of
Wireless World “Radio Valve Data.” All enquiries
concerning semiconductor products listed as “ AE.L”
should be sent to Associated Electrical Industries, Ltd.,
Electronic Apparatus Division, Carholme Road, Lincoln.
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Transistor V.H.F.

FRINGE AREA F.M. RECEPTION

UNTIL recently the high cost of v.h.f, transistors
has discouraged their use in domestic broadcast
receivers, although a study of the characteristics
of such types as the Philco/Semiconductors 2N502
and Texas Instruments 2G101 or 2G102 shows that
they should perform well in the 80-100 Mc/s fre-
quency range. Data sheets! have in fact been pro-
duced by Texas Instruments giving designs suitable
for use at 100 Mc/s and also at 200 Mc/s.

In the autumn of 1960, Semiconductors Ltd.
released technical data on a range of inexpensive
transistors, including one, Type T 1832, having a
maximum frequency of oscillation around 1,300
Mc/s. Substantial price reductions of the Texas
transistors have also been made. Samples of all
these units have been tested by the writer in a simple
2-stage tuned amplifier designed to form the front
end of a conventional f.m. tuner (Eddystone Type
820), in order to increase the sensitivity sufficiently
for use in fringe areas with a simple indoor dipole
aerial.

With minor modifications this unit has been in
continuous use for some months and has made a
worth-while improvement in the performance of the
tuner, particularly during periods of poor v.h.f. wave
propagation.

A single-stage tuned amplifier using a good tran-
sistor in the common-emitter connection will give a
gain of 15-20 dB and will have a noise figure around
5-7 dB. For stability with this high gain the ampli-
fier must be neutralized or unilateralized. Extra
components are required and the adjustments
become tedious unless a fair amount of test equip-
ment is available. If very high Q coils are used the
bandwidth may be inadequate for high quality f.m.
reception while the use of broad-band lossy circuits
will cause a substantial decrease in gain. An alter-
native is to use two low-gain broadband stages in

Amplifier

By F. BUTLER

tandem. Under favourable conditions one can then
dispense with the neutralizing components. Experi-
ence shows that with purely resistive terminations
it 1s easy to construct a stable high gain amplifier
using two grounded base transistors in cascade but
that when an aerial is connected to the input through
a transmission line, and when the amplifier output
is connected to a receiver instead of a pure resistance
load, a rather drastic gain reduction may be required
to maintain stability. The judicious use of damping
resistors backed by a careful choice of component
values will normally result in stable operation over
a wide range of temperature and supply voltage
changes.

A recent paper? on the measurement of transistor
power gain and noise figure at frequencies up to
100 Mc/s contains much information of value to the
circuit designer and indicates the performance which
can be achieved using currently available transistors.
With some types an increase of emitter current
resuits in a substantial increase in gain, accompanied
by a reduced noise figure. With all types there is
a progressive reduction in gain as the operating
frequency is raised from 30 to around 100 Mc/s.
Gain and noise figure are not the only factors which
must be considered in designing a transistor ampli-
fier. It will be found that in respect of cross modula-
tion the performance of transistors is much inferior
to that of conventional valve amplifiers. Too much
gain will also bring in a number of unwanted con-
tinental v.h.f. transmissions and unless the first
oscillator and mixer stages are very well designed
there may be some pulling or f.m. of the oscillator
frequency. There may also be a degradation of the
receiver performance in respect of a.m. suppression
and in the degree of reduction of impulsive inter-
ference. '

Before considering a practical amplifier circuit it
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Fig. I Circuit diagram of v.h.f. preamplifier. The transistors can be Semiconductors TI832 or 2N502, or Texas Instruments

2GI101 or 2G102
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is worth comparing the merits of tunable versus
broadband amplifiers. The tunable version is clearly
acceptable if it forms an integral part of a complete
receiver, since its tuning mechanism can be ganged
to the oscillator control. It is a nuisance if it is used
with a separate receiver because tuning then calls
for the manipulation of two controls. Against this,
cross-modulation is likely to be worse with the
broad-band amplifier and, for transistors with a
limited gain—bandwidth product, the gain is neces-
sarily lower than for a narrow band amplifier. On
balance, it may be advisable to accept the necessity
for additional controls when a fairly high gain with
a reasonably low noise figure are the prime require-
ments.

Practical Amplifier Circuit

The complete circuit diagram of an experimental
amplifter is shown in Fig. 1. The arrangement is
entirely conventional and calls for little comment.

Both amplifier transistors are operated in the earthed

base mode and the bias network components are
chosen to ensure thermal stability over a wide tem-
perature range. The input impedance of Q, is
rather higher than the characteristic impedance of
the 75-ohm coaxial cable from the aerial, but the
mismatch is not so serious as to warrant the inclu-
sion of a broadband transformer. Instead, a supple-
mentary resistance may be used to terminate the
cable. Its value should be in the range of 100-200
ohms.

The aim to be achieved in the design of the inter-
stage and output circuits is to get the maximum pos-
sible gain consistent with stability and at the same
time to ensure that the loaded Q of the circuits is
low enough to give the necessary bandwidth for
distortionless f.m. reception.

The coupling network between the two transistors
is required to match the output impedance of the
first stage to the input impedance of the second.
For use at a single frequency a pi-network consist-
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ing of a coil and two capacitors is convenient for
this purpose. Design data for such networks can be
found in Terman, “Radio Engineers’ Handbook,”
Ist Edition, p.p. 208-214. The simple pi-network is
less suitable for use in an amplifier which is required
to be tunable over a range of frequencies by varia-
tion of a single capacitor. A satisfactory compromise
is to use a hybrid coupling system in the form of a
pi-section with a variable capacitor only at the input
end and to secure an impedance match by connect-
ing the load to a suitable tap on the tuning coil. The
transistor standing collector-current is fed through a
560-ohm resistance into the network at a low-
impedance point without serious reduction of the
unloaded Q of this circuit.

The output tuned circuit provides an impedance
match between the second transistor and the input
impedance of the f.m. tuner connected to the output
end. Except for one coupling capacitor (820 pF
instead of 41 pF), the components in both networks
are identical. Each circuit is tuned by one element
of a 2-gang, 3-50 pF tuning capacitor which in fact
covers a frequency range well in excess of the f.m.
band 85-100 Mc/s. This allows considerable lati-
tude in the construction of the associated tuning
coils. If desired, smaller variable capacitors may be
used in conjunction with some fixed parallel capaci-
tance so that the desired band is just covered by the
full range of capacitance change.

The choice of tapping points on the tuning coils
is not at all critical and a centre tap is actually used.
This gives sufficient damping to guarantee stability
and the bandwidth is well in excess of the fm.
requirement. Higher gain, with a correspondingly
smaller bandwidth, requires the tapping point to be
brought nearer to the output end of the network.
Lower gain (and less risk of instability) will result if
the tap is made nearer to the input (collector) end
of the tuned circuit.

The remaining components on the diagram in-
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clude coupling capacitors, decoupling components
and filtering elements. The values of these are not
particularly critical although it is possible that more
precise matching could be achieved by a more care-
ful choice of coupling capacitors.

«
Construction and Alignment

The amplifier is assembled on a small aluminium
chassis 5inX3linX1iin deep, the ends being left
open for easy access when wiring. The 2-gang
tuning capacitor is mounted on the flat top and the
rear panel carries the battery terminals and the
coaxial input and output sockets.

Two 6-way ceramic insulated tag strips serve to
support most of the components, ground connec-
tions being made to low-inductance copper Straps
bolted to the metal chassis.

The two tuning coils are self-supporting and each
consists of six turns of 18 S.W.G. enamelled copper
wire wound on a isin round former 1} inches long.
Before winding, the enamel covering should be
scraped from the middle of each length of wire and
the cleaned portion carefully tinned to simplify the
subsequent connection of a centre tap. The point-to-
point wiring diagram in Fig. 2 is self-explanatory.
For clarity the folded sides of the chassis are shown
developed flat. They are actually bent through a
right angle along the dotted lines.

Alignment consists simply of tuning to a pro-
gramme nearest to the high frequency end of the
range and squeezing or expanding turns on the
tuning coils until the maximum signal is received,
re-tuning the capacitor after each operation on the

coils. Tracking will then be found to hold over the
remainder of the range.

Performance

At 90 Mc/s the power gain between 75-ohm
resistive terminations is at least 30 dB and the ampli-
fier remains quite stable. This gain figure is an
artificial one and must be regarded with caution if
the amplifier is used between a reactive source and
load. Under some conditions the use of an exces-
sively high collector voltage will provoke instability
at frequencies around the maximum of 100 Mc/s.
Even with reactive terminations, stability can always
be achieved at one selected frequency by conjugate
matching at both input and output of the amplifier.
In principle this is a simple operation, calling for
equal resistances and equal but opposite reactances
on both sides of the matching terminals. In prac-
tice, the adjustment required is a function of fre-
quency and is difficult to maintain over a wide range
of frequencies. Except in the case of gross mis-
matching of impedances, a moderate reduction in
collector voltage and current is sufficient to ensure
unconditional stability.

REFERENCES

1. Texas Instruments, Ltd. Application Note No. 2:
“QOperation of V.H.F. Transistors with Collectors
Earthed.” Application Note No. 4: “ V.H.F. Amplifiers
Using Diffused-base Mesa Transistors.”

2. ‘Transistor Measurements: Power Gain and Noise
Figure at Frequencies up to 100 Mc/s. B. N. Harden
and R. W. Smith, Electronic Technology, February
1961, p. S8.

S.B.A.C. EXHIBITORS

WHEN one considers that some 20% of the capital cost
of “military ? aircraft such as the Buccaneer is for
its electronic and radio equipment, it is not surprising
that this aspect of aeronautics will be well represented
at the Farnborough Air Show (4th-10th Sept.), organized
by the Society of British Aircraft Constructors. Almost
409 of the exhibitors in the static exhibition are show-
ing electronic or radio equipment (see list below). As
already announced, we hope to include in our next issue
a survey of the trends in aeronautical electronics as seen

at the show.

A.EL

Airmed

Airscrew Co. & Jicwood
Amalgamated Wireless (Aust.)
Amphenol-Borg

Amplivox

B.1. Callender’s Cables
Bakelite

Bell Precision Engg. Co.
Belling & Lee

Beme Telecommunications
British Aircraft Corp.
British Communications Corp.
British Mftd. Bearings Co.
Brown, S. G.

Bryans Aeroquipment
Burgess Products Co.
Burndept

Canadian Marconi Co.
Cementation (Muffelite)
Chloride Batteries
Ciba (A.R.L.)

Cole, E. K.

Cossor, A. C.
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Cossor Radar & Electronics
Curran, John

Decca Navigator Co.
Decca Radar

Delaney Gallay

‘*“ Diamond H '* Switches

Ekco Electronics
Elliott Brothers (London)
English Electric Co.

Ferranti
Fibreglass
Formica

G.E.C.

General Precision Systems
Girdlestone Pumps
Godfrey, Sir George
Goodmans Industries
Graseby Instruments
Grundy & Partners

Hawker Siddeley Aviation
Hellerman

Hendrey Relays
Honeywell Controls

Imhof, Alfred
Integrat

K.L.G. Sparking Plugs
Kelvin & Hughes
Ketay

Lucas, Joseph
Lucas Gas Turbine Equip.

M.L. Aviation Co.
Marconi Instruments
Marconi’'s W/T Co.
Marston Excelsior
Micanite & Insulators Co.
Microcell

Ministry of Aviation
Murphy Radio

Negretti & Zambra
Newmark, Louis
Newton Brothers (Derby)

Optical Measuring Tools

Plannair
Plessey
Pullin, R. B., & Co.

Pye

Rank Cintel
Redifon

Rotax

Royston Industries

Salford Electrical Instruments
Sanders, W. H. (Electronics)
Sangamo Weston

Savage, W. Bryan
Semiconductors

Short Brothers & Harland
Simmonds Aerocessories
Smart & Brown (Machine Tools)
Smiths Aircraft Instruments
Solartron

Solus-Schall

Southern instruments

Sperry Gyroscope Co.
Standard Telephones & Cables
Stone, ). & Co. (Deptford)

Taylor, Taylor & Hobson
Tecalemit

Technograph Electronic Prods.
Thermionic Products

Thorn Electrical Industries
Tucker Eyelet Co.

Ultra Electronics

Vactric (Control EqQuipment)
Venner

W.S. Electronics

Ward, Brooke & Co.

Waymouth Gauges & Instruments
Western Manufacturing
Westinghouse Brake & Signal Co.
Westland Aircraft

Whiteley Electrical Radio Co.
Wireless Telephone Co.

CHANGE OF PRICE

AS from this issue the price of Wireless World is in-
creased to 2s 6d. The U.K. and sterling area subscription
rate will in future be £2 p.a., and for the U.S.A. and
Canada $5.50.
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AIR-TRAFFIG CONTROL AID

BEARINGS given by ground-based direction finders
working from an aircraft’s v.h.f. radio contacts can, by
triangulation, indicate position and identity of an air-
craft.  Manual methods, though, are too slow for use in
a modern air-traffic control organization and resort is
made to automatic triangulation of the bearings {rom
several stations, the results from distant points being
transmitted by land line to the central a.t.c. point.

Last year S.T.C. demonstrated an automatic triangu-
Jation apparatus at the S.B.A.C. exhibition at Farn-
borough; this relied upon the optical combination of
maps and of bearing lines displayed on a bank of c.r.t.s,
and the resultant composite picture was distributed by
closed-circuit television.

Recently a further development of the principle was
demonstrated at the Ministry of Aviation’s Experimental
Unit at London Airport; here the system was used to
identify surveillance-radar paints on the p.p.i.-display
tube.

A marker blip, which can be controlled in position
by a “joystick”, is fed into the auto-triangulation
apparatus where it appears on one of the c.r.t.s whose
displays are combined; this marker is also fed into the
radar-display system. The joystick operator watches a
television display of the triangulation and he lines up
the marker with the intersection of the bearings, the
marker on the p.p.. tube moves correspondingly and so
identifies the aircraft paint.

This system thus provides identification for aircraft

FLYING TV

EDUCATIONAL television in the U.S.A. took a fur-
ther step forward (or should we say upward?) recently
when a regular airborne schools TV service covering
six States in the Mid-West was introduced. Video-
tape recorded lessons are radiated on two channels (72

SonorneE

The retractable 24-foot aerial on
a DC-6 used for the airborne
television station is stabilized to
keep it vertical to the earth even
when the plone is banking at
angles of up to 20°. (Right)
The airborne transmitter, which
radiates on two channels in the
u.h.f. band, and video tape
equipment.
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Auto v.h.f. direction-finding triangulation coupled to primary
surveillance radar as demonstrated by S.T.C. On left
is TV screen displaying triangulation : right-hand tube is
primary radar screen on which identifying marker appears.

carrying the minimum of radio equipment required by
law—a v.h.f. R/T set—and, althougk it takes advantage
of co-operation of the aircraft, it does not demand any-
thing other than the ordinary procedural use of R/T.

CLASSROOM

and 76) in the 818 to 848Mc/s band. The “ stations ”,
flying at a height of 23,000ft in the vicinity of Mont-
pelier, Indiana, are said to give an effective coverage
to an arca of up to 200 miles radius-—approximately
sixteen times the area covered by a ground station. The
Western Electric’s “ Stratovision” system is
employed in the two planes equipped for
the service which is intended to provide in-
struction for various grades of schools and
colleges in Indiana, Illinois, Michigan,
Ohio, Wisconsin and Kentucky, A relatively
small number of aircraft could provide a
coast-to-coast service in the U.S.A. In this
country three “stations™ would probably
- suffice for a national service.
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Cold-cathode Thyratrons which do
not contain mercury and thus can be
used for high currents without a run-
in period for mercury vaporization
have been developed by Cerberus
A.G. of Switzerland (agents in the
U.K.—Walmore Electronics Ltd.).
Known as “ Arcotrons,” these valves
are gas filled at relatively high pres-
sure. Near the cathode is an auxili-
ary anode consisting of a perforated
disc: between this and the cathode a
small arc discharge is struck and
maintained with an arc drop of some
25V. The grid is another perforated
plate and viewed from this point the
cathode-cum-auxiliary-anode  struc-
ture appears as an clectron-emitting
cathode. With the grid negative, a
space charge is built up in the man-
ner of an ordinary valve; but, when
the grid potential is positive with re-
lation to the real cathode, the anode-
voltage field can extend through the
3rid and electrons are accelerated into
the anode region, causing ionization
and breakdown. Arcotrons are avail-
able for mean currents of up to 6A
and working voltages up to 700
(direct) and 500 (alternating).

Power Rheostat.—The illustration
shows a printed-circuit step-variable
resistor developed by Mills & Rockley
in association with Lucas. The re-
sistance element itself is of 107*-in
thick cupro-nickel, having a total
resistance of 15¢!, The element is
bonded to epoxy-resin cum glass-
fabric insulator which in turn is
bonded to the +,-in thick aluminium

' /
ALUMINIUM \
BASE \

EPOXY GLASS-FABRIC
INSULATION

base, which increases the dissipation
of heat and can be fixed 1o a larger
surface. This method of construc-
tion is, of course, applicable to fixed
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resistors also and the power rating of
the component shown (about 1-in
across) is 15W. The address of Mills
and Rockley’s printed-circuit division
is Swan Lane, Coventry.

Increased TV-Aerial Bandwidth is
useful when several transmitters on
different channcls are available. A
technique known as “double-
driving ” has recently been employed
by Antiference to increase the band-
width of a Band-III Yagi array de-
signed primarily for the export mar-
ket. Double driving involves the use
of two folded-dipoles spaced some
A/4 along the boom, connected in
parallel by a length of open line
formed by two parallel tubes. An
ordinary Yagi design can be used
usually on adjacent channels only,
whereas the double-driven array 1s
claimed to cover a major part of Band
111

Beam-Width Modulation devices
arc discussed in an article by H.
Lashinsky in the May, 1961, issue of
the I.R.E. Transactions on Electron
Devices (p. 185). Referring to the
diagram (based on Fig. 1 of this
article) the voltage on the perturbing
apertured grid just beyond the
cathode gives the beam electrons a
transverse velocity. Due to the
longitudinal magnetic field this re-
sults in the beam taking up a
scalloped aspect in which the scallop
amplitude is determined by the mag-
netic field and the perturbing voltage
and the scallop wavelength is deter-
mined by the magnetic field and the
cathode-anode accelerating voltage.
An apertured anode is used so that
the intercepted beam current de-
pends on the longitudinal position of
this anode relative to the scallops.
If then the anode voltage is modu-
lated, the scallops move longitudin-
ally relative to the aperture so that
an ac. component is produced in
the intercepted beam current. Such
a device can be used as a frequency
multiplier by modulating the anode
voltage so deeply that an integral
number of scallops swing back and
forth through the anode aperture.
Two advantages of this type of
multiplier are that the power is con-
centrated mainly in a single har-
monic and that the harmonic
number can be altered simply by
altering the anode modulating volt-
age. Unfortunately, it can be shown
that any harmonic frequencies ob-
tained in this way must be less than
the frequency of cyclotron motion
of the electrons in the magnetic field.
If the anode is square-wave modu-
lated, a number of current pulses arc
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produced depending on the square-
wave amplitude. This arrangement
thus provides analog-to-digital con-
version. Mixing of two frequencies
is possible by applying one to the
anode and the other to the perturb-
ing grid. One general disadvantage
of this type of modulation is that its
efficiency is low. This is because
most of the anode current must pro-
duce heat, it being essentially the
loss current which is modulated.
Transit time conductance effects can
be shown to be minimized because
the grid current is small, the electron
motion being mainly at right angles
to the field between the grid and
cathode. The deflection sensitivity
decreases at high frequencies because
the electrons remain in the grid field
for an appreciable fraction of a
modulating cycle. This effect can be
reduced both by moving the grid
close to the anode aperture and by
shielding the grid so that the trans-
verse field is applied only over a
very short part of the electrons’ path.

“ Frictionless ” Bearing obtained by
magnetic levitation ” is discussed
in an article by F. T. Backers in
Vol. 22 No. 7 of Philips Technical
Review (p. 232). The bearing shaft
has a number of magnetic rings on it
(made, for example, of Ferroxdure):
these rings are radially magnetized
alternately inwards and outwards.
Inside the bearing housing is a simi-
lar set of oppositely magnetized
rings: the repulsion betwecen the
housing and bearing rings keeping
the shaft suspended in radial equili-
brium. Unfortunately this system
does not in itself produce axial equili-
brium, and this was obtained by fit-
ting Ferroxcube magnetic disks to
the ends of the shaft and using any
unbalance between the self induc-
tance of two coils in the housing
opposite these disks to energize clec-
tromagnets at the ends of the shaft
so as to correct any axial displace-
ment.
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DOUBLE-BASE-DIODE

OSCILLATOR

By P. LLOYD*

SIMPLE CIRCUIT USING CAPACITOR, RESISTOR AND SEMICONDUCTOR

THIS oscillator was demonstrated at a recent exhi-
bitiont and uses a General Electric 2N489 double-
base-diode semiconductor device in conjunction with
a metal-film resistor and a newly developed tantalum
capacitor of the dry oxide-film typef.

A general view of the oscillator is shown in photo-
graph. With a supply voltage of 4.5V, the output
is 350mV at a frequency of 300 kc/s. As can
be scen from the circuit diagram given in Fig. 1(a)

ouTPUT
4

() (b)

Fig. | (a) Oscillator circuit, using pictorial representation
of the unijunction. (b) Symbol that has been used for
double-base diode

use of the double-base diode, or unijunction
transistor as it is sometimes called, makes possible
the construction of an oscillatory circuit using the
minimum of components.

Physically, the double-base diode consists of a
bar of n-type semiconductor with two ohmic con-
tacts, bases 1 and 2, made at the ends and at an
intermediate position a third contact, the emitter,
forming a p-n junction with the bar. The operation
of this device when used in the circuit of Fig 1(a)
is analogous to that of a thyratron relaxation
oscillator and can be described as follows : —

The capacitor C is charged from the supply
through resistor R ; when the emitter potential
reaches a sufficiently high value the p-n junction
starts to inject minority carriers into the bar, causing
the resistance in the base 1 region to become
negative. This action, which 1s cumulative, results
in a rapid discharge of the capacitor through base 1.
When the discharge is complete the emitter poten-
tial has returned to the cut-off condition and the
cycle recommences v 2,

In the oscillator described above the capacitive
clement consists of a very thin film of tantalum
oxide as the diclectric, sandwiched between two

* Roval Radar Establishment.
1 Physical Society Exhibition— January, 1961.
7 U.K. Patent Application No. 42094/60.
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aluminium electrodes. The aluminium and oxide
layers are deposited, under vacuum, upon an
insulating substrate; the former by evaporation and
the latter by a process known as “reactive
sputtering ” *.  This process is an extension of the
technique of cathodic sputtering, whereby metal
is deposited from its parent cathode under the
influence of an ionizing discharge occurring under
vacuum. Now if oxygen is leaked into the vacuum
chamber there is a chemical “reaction” and the
sputtered deposit forms as an oxide of the cathode
metal. The effect has been employed in optical
applications such as lens-blooming; but is a new
development in the electronic components field.
Reactively sputtered tantalum-oxide capacitors of
the type used in the double-base-diode relaxation
oscillator have a capacitance of 0.01 uF and a tan
8<0.01 at 10 kc/s. The dimensions of the two
aluminium electrodes are § X in and the total thick-
ness of the capacitor element, excluding the sub-
strate, is only 0.00002in.
Micro-miniaturization of
especially for transistor
advanced further by the

clectronic  circuitry,
applications 1s being

development of com-

Crown Copyright)

Double-base-diode relaxation oscillator.

ponents such as these, and it will be appreciated from
the sizes given that the circuit elements employed
are virtually two-dimensional.

References
1. General Electric Transistor Manual—G.E.
New York, 1959.
2. Double Base Expands Diode Applications by J. J.
Suran, Elecironics, March 1955, p. 198.
3. Reactive Sputtering and Associated Plant Design by
L. Holland and G. Siddall, Vacuum, 3, 1953, p. 245.

Co.,
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WORILD OF WIRELESS

LE.E. and FElectronics

BECAUSE of “the increasing importance of elec-
tronics in electrical engineering, and the part being
played by electronics engineers in the work of the
Institution” the I.LE.E., at 2 meeting on June 22nd,
decided on a major reorganization to “demonstrate
unequivocally the significance of electronics in the
Institution’s affairs.” In place of the existing four
specialized sections (Electronics & Communications,
Measurement & Control, Supply, and Utilization)
there will be three Divisions representing “elec-
tronics,” “power,” and “general,” the latter cover-
ing activities of common interest to all electrical
engineers, such as basic mecasurement and tech-
nological education.

Each of the divisions will comprise a number
of technical groups designed to cover specializations
within its field.

It is planned to bring the new scheme into opera-
tion in October next year.

G.E.C., Sobell, McMichael

A SEPARATE exhibition of the G.E.C. group of
companies is being held from August 19th to 24th
inclusive at the New Horticultural Hall, West-
minster, when the full ranges of radio and television
receivers will be shown.

In addition there will be live and film shows of
colour television demonstrating the 405-line
N.T.S.C. receivers developed by G.E.C. and also the
SECAM system (on 625 lines) developed in conjunc-
tion with the French company, Compagnie Génér-
ale de T.S.F. and its associate Compagnie Francaise
de Télévision.

Other demonstrations will enable the public to
compare monochrome pictures on 405- and 625-line
standards, and there will be supporting displays illus-
trating the wide activities of G.E.C. in engineering,
atomic energy, telecommunications, etc.

Brit. LR.E. Graduates.—The risc in the number of
candidates entering for the Graduateship Examination of
the BritI.R.E. in May was not reflected, however, in
the number of passes. Of the 210 candidates who sat
section A 94 were successful and of the 170 sitting
section B (all of whom bad previously passed section A)
only 42 passed. In view of this it is interesting that the
Institution is holding a whole-day symposium on the
subject of its new graduateship syllabus on September
27th at University College, London. The morning
session (10.30 to 1.0) will be devoted to the syllabus
itself and the afterncon session (2.30 to 5.30) to the
Institution’s recommendations for practical training.

B.E.AM.A. Electronics Board.—The British Elec-
trical and Allied Manufacturers’ Association, which
recently formed an Industrial Electronics Equipment
Section, has now established an Electronics Board “to
represent that part of the B.E.A.M.A. membership
directly concerned with electronic engineering.” The
initial membership of the Board is:—L. Bagrit (Elliott
Bros.)—<chairman, O. W. Humphreys (G.E.C.)—vice-
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chairman, E. B. Banks (English Electric), W. S. Steel
(AEL), S. Z. de Ferranti (Ferranti), C. Metcalfe
(E.M.L), and W. Gregson (Ferranti)—chairman of the
Industrial Electronic Equipment Section. The plan is
designed “to provide within the framework of the
B.E.A.M.A. an organization to safeguard the interests of
British manufacturers concerned with  electronic
engineering, but it is not intended to assume on behalf
of BEAMA members responsibility for other sectors of
the electronic engineering industry, e.g., telecommunica-
tions and components which are already dealt with by
existing Associations.”

S.I.LM.A. Officers.—The new president of the Scien-
tific Instrument Manufacturers’ Association is A. W,
Jones (Fleming Radio), with R. E. Burnett (Marconi
Instruments) as vice-president and president-elect;
G. C. Ottway (W. Ottway & Co.) vice-president; Major
Wm. Logan (Avo) hon. secretary; and G. S. Sturrock
(Xelvin and Hughes) hon. treasurer. The newly
clected members of the Council are: J. E. C. Bailey
(Baird & Tatlock), A. G. Peacock (Mervyn Instru-
ments), L. B. Lambert (Negretti & Zambra), J. E. T.
Haile (Rank Precision Industries), I, C. M. Worsfold
(W. H. Sanders Electronics), H. Wyn Griffith (Shirley
Developments), and A. Richardson (Stanhope-Seta).

Scientific Instrument Makers.—The new master of
the Company of Scientific Instrument Makers is A. E.
Evans, managing director of Evans Electro-Selenium.
The senior and junior wardens elected for 1961/62
are respectively Paul Goudime, managing director of
Electronic Instruments, and F. W. Dawe, managing
director of Dawe Instruments.

Standards and Measurements.—The third in a series
of biennial conferences on Standards and Electronic
Measurements will be held next August (14-16) at the
Boulder, Colorado, laboratories of the National Bureau
of Standards, which is one of the sponsors. Further
information is obtainable from: Dr. John M. Richard-
son, Chief, Radio Standards Laboratory, National
Bureau of Standards, Boulder, Colorado.

Lugton’s, the well-known London wholesalers, are
celebrating their Diamond Jubilee this year. As part
of their cclebration they are holding an exhibition at
the Café Royal, London, W.1, from August 22nd to
24th and 28th to 3lst. It will be open daily from
9.30 a.m. until 9 p.m.

Rockets.—Paul Adorian, managing director of Asso-
ciated Rediffusion, has had a paper reprinted on the
technique of rocket propulsion which he read in
January, 1929, before the Engincering Society of the
City and Guilds (Engineering) College, where he was
then a student. In the Introduction he says: “ While
there is little original matter in the paper, it is thought
that it may be interesting to read this particular
approach to rocket propulsion as presented more than
thirty years ago.” The proceeds from the sale of the
reprint, which is available from the author at 21 Den-
mark Street, London, W.C.2, price 8s, will be given
to the Henry Tizard Memorial Fund,

Soviet production of TV sets during the first half of
this year totalled 934,000, which was a 179% incrcase
on the same period last year. Sound radio and radio-
gramophone reproduction totalled 2.1M (a 3% increase).
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Another V.HF. Station—The B.B.C’s 2lst v.hf.
sound broadcasting station which serves the south-east
corner of England was brought into operation on August
8th. The Dover station which is of the translator type
operates unattended and re-radiates the Wrotham trans-
missions on different frequencies but without demodula-
tion. The station opcrates on 90.0, 92.4 and 94.4Mc/s
with an e.r.p. of 3.5 kW. It is on the same site as the
Dover television station.

Industrial Research Fellowships.—A scheme of re-
scarch fellowships “ which may contribute to furthering
the collaboration between Universities and industry ™
has been introduced by J. Langham Thompson Ltd.
The rescarch workers appointed to the fellowships,
normally on a two-year tenure, will follow “ their own
line of research” at the company’s laboratories at
Watford, Herts.

“ Mathematics—Friend or Foe?” is the title of the
first annual lecture of the British Conference on Auto-
mation and Computation (B.C.A.C.) which is to be
given by Dr. D. G. Christopherson on September 27th
at 5.30 at the Institution of Electrical Engineers, Savoy
Place, London, W.C.2. Tickets are obtainable free
from the Hon. Secretary, B.C.A.C, c/o the LE.E.

Colour Television.—A refresher course of lectures on
colour television will be given on the six consecutive
Monday evenings from September 18th in the Lecture
Theatre at the London School of Hygiene and Tropical
Medicine, Keppel Street, W.C.1. The lecturers will be
S. N. Watson (B.B.C. Designs Dept.) and G. B. Town-
send and P. Carnt of the G.E.C. Hirst Research Centre.
The course is organized by the Television Society (166
Shaftesbury Avenue, London, W.C.2) from which
enrolment forms are obtainable. Fee for non-members
is 2gn.

Three conferences or symposia have been arranged by
the Institute of Physics and the Physical Society for
September. The first, on “some aspects of the physics
of space research,” will be from the 20th to 22nd
at the Royal Military College of Science, Shrivenham,
Wilts. The second, at the University College of North
Wales, Bangor, on 21st and 22nd, is on “ radiospectro-
scopy of solids,” and is being organized jointly with
the British Radio Spectroscopy Group. During the con-
ference, Dr. D. Shoenberg, F.R.S., will deliver the
Guthrie lecture on “ The de Haas-van Alphen affect and
the electronic structure of metals.” The third is on the
28th and 29th at the Town Hall, Leamington Spa, and
is entitled “ the physics of gas discharge devices.” The
Institute and Society is also holding a one-day sym-
posium on “some aspects of vacuum science and tech-
nology > at Imperial College of Science and Technology,
London, on January 5th. Further details are obtainable
from 47 Belgrave Square, London, S.W.1.

The Transit Navigation Satellite System will be dis-
cussed at a whole-day meeting to be held jointly by
the Institute of Navigation and the Electronic Engineer-
ing Association on September 26th from 10 a.m. The
meeting, which is open and for which there is no fee,
will be held at the Royal Geographical Society, 1,
Kensington Gore, London, S.W.7.

Stereophonic concerts are to be given in the Cripple-
gate Theatre, Golden Lanc, London, E.C.1, each Mon-
day evening from September 18th to Deccember 18th.
New records will be used for each of the concerts which
begin at 6.30 and will last about two hours. Admission
will cost 2s.

Tabulated lists of colleges in Manchester and district
showing the types of courses they provide are given in
the booklet “ Engineering Education ” published by the
Manchester and District Advisory Council For Further
Education, Deansgate, Manchester 3.
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Radio Hobbies Exhibition, which is sponsored by
the Radio Society of Great Britain, will be held at the
Royal Horticultural Hall, Vincent Square, London,
S.W.1, from November 22nd to Z5th.

Receiving Licences.—The June figure for combined
TV /sound receiving licences in the United Kingdom
of 11,440,884 shows an increase of nearly three-quarters
of a million in the past twelve months. Sound-only
licences, including 488,759 for sets fitted in cars, totalled
3,856,884—a deccrease of over half a million, during
the same period.
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Personalities

Sir Hamish MacLaren, K.B.E.,, C.B,, D.F.C,, until
recently Director of Electrical Engineering at the
Admiralty, has been appointed a consultant to Asso-
ciated Electrical Industries Ltd. After graduating at
Edinburgh University in 1921 he joined British Thom-
son Houston Co., Rugby, as a student apprentice. Under
a B.T.H. Fellowship he spent one year (1923-24) with
the G.E. Company of Schenectady, U.S.A., and joined
the Admiralty as assistant electrical engineer in 1926.
Sir Hamish is the 1960/61 president of the I.E.E.

C. F. Bareford, Ph.D., M.Sc,, AM.LE.E., who joined
Vickers Ltd. in 1956 as head of electronic research and
has been managing director of Vickers Research Ltd.
since its formation in January 1959, has been appointed
Controller of Research of Vickers Ltd., and will retain
his present position. Dr. Bareford was for 10 years at
the Admiralty Signal Establishment before joining
Mullards as head of their rescarch laboratory at Sal-
fords, Surrey, in 1946. From 1953 until he joined
Vickers he was chief superintendent of the Long Range
Weapons Establishment at Woomera, South Australia.

J. A. Saxton, deputy director of the D.S.I.R. Radio
Research Station, Slough, is going to the United States
in September, where he has accepted a year’s visiting
professorship at the University of Texas Radio Research
Establishment. Dr. Saxton, who has been in the
scientific civil service since 1938, has twice served in
the U.K. Scientific Mission in Washington.

Dr. J. A. Saxton

A, W. jones

A. W. Jones, recently installed as president of the
Scientific Instrument Manufacturers’ Association of
Great Britain, is managing director of Fleming Radio
(Developments) Ltd., which he formed in 1945, He
joined Orr Radio (now Invicta Radio) as an inspector,
in 1933 at the age of 19 becoming ultimately technical
manager. During the war he was working on radar
research and devclopment with Pye who acquired
Invicta in 1938, Mr. Jones was vice-president of
S.I.M.A. for 1960-61 and was also chairman of the
Electronics, Telccommunications and Electrical Instru-
ments Section to which 70 S.I.M.A. members bclong.
He i1s a founder member of the Livery Company of
Scientific Instruments Makers.

Grp. Capt. A. Foden, CB.E, Command Signals
Officer, R.AF., Germany, since last September, has
become Director of Telecommunications, Air Ministry.
He has becn a signals specialist throughout his Service
career, which began in 1939. He is 47.
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T. H. A. Llewellyn, A F.C,, M A, has been appointed
chief executive, and L. S. White, technical adviser, of
British Telemeter Home Viewing Ltd. These are the
first executive appointments made by the company
which was formed last year jointly by a number of com-
panies, including Granada TV Network and British
Lion Films, to operate subscription television. Mr.
Llewellyn, who is 51 and a graduate of Trinity College,
Oxford, has been adviser to a number of companies in
the ficlds of engineering and applied physics and was at
one time chief executive of Taylor, Taylor & Hobson.
Mr. White has for the past six years becn with Redif-
fusion, for most of the timc as chief engineer of one of
its operating companies. For seven years before joining
Rediffusion he was with Standard Telephones and
Cables Pty., Australia, prior to which he was for six
years in the Anti-submarine Warfare Division of the
Royal Navy. He is 48,

Trevor C. Standeven, who left Radio & Allied Indus-
tries in 1958 to join Ultra and was appointed managing
director of Ultra Radio & Television Ltd, when it was
acquired earlier this year by Thorn Electrical Industries,
has resigned and joined G.E.C. (Radio & Television)
Ltd. as managing director. In his new position he will
again be associated with Radio & Allied Industries
which recently becamc a subsidiary of the General
Electric Company.

Hugh S. Pocock, M.LEE., managing editor of
Wireless World and managing director of our publishers
Tliffe Electrical Publications Ltd., has been appointed a
director of Associated Iliffe Press Ltd. Mr. Pocock,
who has been with W.W. since 1913, is also managing
editor of our sister journals Electronic Technology and
Electrical Review.

S. N. Ray, M.Sc,, B.Sc.(Eng.), M.LEE,, F.InstP,
has been appointed principal lecturer (applied elec-
tronics) in the Department of Electrical Engineering and
Physics, Borough Polytechnic, London, which he joined
in 1939 and where he has been senior lecturer in radio
engineering. Born in Calcutta in 1902, Mr. Ray
came to this country after receiving his M.Sc. degree
from Calcutta University in 1925 and continued his
studies for his B.Sc. (London) and the Diploma of
Faraday House. For 11 years from 1928 he was in the
radio industry, for the major part of the time with
Dubilier and subsequently as chief engineer of the
Magnavox Division of Benjamin Electric.

L. H. Griffiths, M.A,, B.Sc, AM.IEE, who joined
the B.B.C. in 1951, has been appointed head of the
Film Unit, Television Studio Section, Planning and
Installation Department.  Mr. Griffiths has been largely
responsible for the design and planning of the central
telereccording arca at the London Television Centre.
He is co-inventor with F. W. Nicholls of an improved
photographic telerecording system, which has been in-
corporated in the design of 35-mm rapid pull-down
telerecording equipment used by the B.B.C.

A. H. Campbell, M.A., MIEE, who has been a
director of Hilger & Watts since 1951 and general
manager since 1954, has been appointed joint managing
director with G. A. Whipple, M.A, M.I.LEE,, F.Inst.P.
Mr. Campbell was for some time before the last war
with the Cambridge Instrument Company. During the
war he was with the Royal Corps of Signals, finally as
Licutenant-Colonel commanding 8 Corps Signals.
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J. M. Briggs, M.A., AM.LEE, the new Director of
Electronics, Research and Development (civil aviation)
at the Ministry of Aviation, has been superintendent in
the Ground Radar Department of R.R.E. since 1955.
Haz graduated at St. John’s College, Cambridge in 1935
and spent 18 months in the G.E.C. carrier communica-
tions development laboratory before joining the Govern-
ment service at the Royal Aircraft Establishment. He
transferred to T.R.E. in 1940 and was closely associated
with the development of A.S.V. For a period after
the war he was chairman of the Inter-Services Radio
Measurement Committee.

J. R. Mills, recently appointed head of the Radio
Department at the Royal Aircraft Establishment, Farn-
borough, was from 1954 to 1960 superintendent in the
Airborne Radar Department at the R.R.E., Malvern.
For a few months prior to his present appointment he
was the assistant director at the Ministry of Aviation
concerned with electronic problems of civil aviation.
Mr. Mills has been in the scientific civil service since
1940. He was a member of the tcam set up in 1946
at T.R.E. to develop electronic systems for civil avia-
tion, his particular interest being D.M.E.

A. Robert Enshaw has becn appointed executive dir-
ector in charge of the Government Contracts Depart-
ment of Plessey. He joined the company in 1946 and
was, until his present appointment, manager of the
Telephone Apparatus Department. Plessey also re-
cently announced the following appointments:—A. A.
Farrell becomes director and general manager of Ples-
sey Ireland Ltd., and also a director of Plessey Sales
Ltd., Dublin; A. W. Henderson, Ph.D., B.Sc., previously
with CIBA (A.R.L.) and Ferranti, is now Plessey’s chief
chemist-metallurgist; and L. Walker is appointed chief
inspector of the Plessey group of companies.

R. J. Keir, O.B.E, B.Sc.,, AAMIEE, has been
appointed engincer-in-charge of the B.B.C’s External
Services short-wave transmitting station at Skelton,
Cumberland. He joined the Corporation in 1937 and
from 1956 until early this year was resident engineer of
the B.B.C.’s Far Eastern Broadcasting Service at Tebrau,
Singapore. Since his return to this country he has been
asst. e.-in-c. at Skelton where he succeeds H. F.
Bowden, Assoc.IEE., who is retiring after 36 years’
service. Mr. Bowden has served at a number of stations
including the television station at Alexandra Palace and
has been at Skelton since 1945.

Peter Frost, Dip.Tech., Grad.I.E.E., personal assistant
to the manager of the capacitor division at the G.E.C.
Telephone Works, Coventry, has been awarded a £90
travel scholarship from the Department of Electrical
Enginecring at the Birmingham College of Advanced
Technology. He joined G.E.C. in 1955 as .a student
apprentice and received his Dip. Tech. after a sandwich
training course. He hopes to use the scholarship to
study the manufacture of electronic components, man-
agement organization and technical education in Europe.

G. A. Graham, A M Brit.LR.E, has been appointed
to succeed the late W. J. Chalk as -engineer (frequency
allocations) in the B.B.C.’s Engineering Information De-
partment. He has been with the Corporation since
1947 and had been assistant to Mr. Chalk since 1958.
He was a member of the U.K. delegation to the recent
V.H.F./U.H.F. Broadcasting Conference in Stockholm.

Aubrey Harris, AM.ILEE.,, AM.BritIRE, who has
been associated with the Ampex Corporation of Red-
wood City, California, since November, 1958, has joined
Ampex Electronics, Ltd., in Reading, Berkshire, as
senior engineer. He started his carcer at the Post Office
Research Station, Dollis Hill, later spending over five
years with Marconi’s on research and advanced develop-
ment of television equipment. In 1957 he went to
Bermuda as chief engineer of television station
ZBM-TV.
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A. T. Ferguson, who describes in this issue an
instructional radio receiver, is lecturer at the South
Shields Marine and Technical College, where he started
his teaching career in 1947. From 1937 he was for
eight years a marine wireless operator with Marconi’s
and from 1945 he spent two years in the Post Office
Radio Service.

J. M. Winwood, M. A, author of the article on page
491, is in charge of the group concerned with travelling-
wave devices at the Mullard Research Laboratories,
which he joined in 1955. After graduating at Camr-
bridge in 1952 he worked for two years on the produc-
tion of magnetrons and travelling-wave tubes at the
English Electric Valve Company in Chelmsford.

Peter Lloyd, Grad.I1.EE., who describes a double-
base-diode oscillator in this issue, has been at what is
now the Royal Radar Establishment, Malvern, since
1945. He has been in the technical services depart-
ment of the Establishment since 1956 and for the past
three years has been concerned with capacitor develop-
ment. Mr. Lloyd, who was a student apprentice with
E.M.I. at Hayes for four years before going to Mal-
vern, is a member of the Inter-Services Radio Com-
ponent Research & Development Committee for Fixed
Capacitors.

OBITUARY

H. V. Slade, O.BE., ]J.P, chairman of the Garrard
Engineering & Manufacturing Co., died on July 19th
at the age of 72, He founded the Garrard Company,
of which his sons Hector and Kenneth are respectively
managing director and sales director, 46 years ago and
although the company’s productions have been very
varied, his main interest had always been the gramo-
phone.

R. W. Hall, chief sales executive of the Aerial Divi-
sion of Antiference which he joined in 1952, died on
July 21st aged 47.

News from
Industry

British Space Development Company.—Two more
companies, making eleven in all, have joined this con-
sortium of aircraft and electronics companies. They are
Elliott-Automation Ltd. and C. A. Parsons & Co., who
are represented on the company’s technical committee
by W. R. Thomas, B.Sc.,, M.LE.E,, and H. M. Finnis-
ton, Ph.D., B.Sc., respectively.

Elliott-Automation, Ltd.—The 1960 gross profit of
the group, of which Elliott Brothers (London), Ltd. is
now the largest subsidiary, was £1,776,510. Of this
sum the Rheostatic Company, acquired during the year,
contributed over £0.5M. Excluding this figure the E-A
profit increased by nearly 24%. Taxation took £816,863.

Ferranti’s accounts for the year ended March 31st
show a group net profit of £1,661,023 compared with
£2,123,390 the year before. Taxation charged in arriv-
ing at the 1960/61 figure was £1,740,000. The com-
pany recently opened a Northern Computing Service in
Manchester based on a Pegasus general purpose digital
computer. Clients wishing to use the service may pre-
pare their own programmes or leave the programming to
the computing staff.
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Associated Electrical Industries are terminating semi-
conductor development, production and sales by their
Radio and Elé€etronic Components Division. Thus
Ediswan-Mazda semiconductors will cease to be avail-
able, but A.E.I. will honour existing commitments and
orders and will be able to supply devices for a short
time from stock. Semiconductor devices produced by
ANE.1’s Electronic Apparatus Division at Carholme
Road, Lincoln, are not affected by this announcement.
Exact electrical equivalents to some Ediswan-Mazda
devices are available from R.C.A. Great Britain, Ltd,,
and also Ferranti, Ltd., who are to produce some types
of R.C.A. transistors under licence from the Radio
Corporation of America.

Thorn.—Group trading profits of Thorn Electrical
Industries Ltd. for the year ended March 31st amounted
to £4,113,907, compared with £3,916,990 the previous
year. After deducting all charges the net profit is
£1,548,769 (£1,525,988).

Thorn-A.E.I. Radio Valves & Tubes, Ltd., is the
name of the company formed as a result of the merger of
the Thorn and A.E.L interests in the manufacture and
sale of c.r. tubes and valves “for the entertainment
industry” announced on p. 406 last month. Thorn
Electrical Industries Ltd. is responsible for manage-
ment.

A.T.V.—The profit of the Associated Television
Group for the year ended on April 30th, before making
provision for taxation, was £6,411,899 compared with
£5,388,330 for the previous year.

Radio and Television Trust, Ltd., of which Airmec
and British Communications Corp. are operating sub-
sidiaries, announce a consolidated profit for the year to
31st March of £265,782 compared with £118,060 for
the previous nine months. The charge for taxation is
£127,266, leaving a net profit of £138,516. D. D. Prenn
is chairman and managing director of the Trust and
chairman of the two operating companies, and Dr. J. C.
Simmonds is managing director of Airmec and of
B.C.C., and is deputy managing director of R.T.T.

Cossor and Raytheon.—A cash offer has been made
by the Raytheon Company, of Lexington, Mass., for the
issued share capital of A. C. Cossor, Ltd. The prices
offered for the shares puts the overall purchase price at
over £2M.

Pye-Ling Ltd. has been formed jointly by Pye Ltd.,
and Ling Temco Electronics Inc., of Dallas, U.S.A. It
will embrace what was the Vibration Division of W.
Bryan Savage Ltd., a member of the Pye group, and
its products will include both the Savage and Ling
ranges of vibration test equipment.

Amalgamated Electric Services, Ltd. has been formed
as a subsidiary of Philips Electrical Industries to take
over the service activities at the Central Service Depart-
ments of Cossor Radio & TV, Philips Electrical and
Stella Radio & TV at Waddon, Surrey. In addition,
the new company will be service agents for Peto Scott
Electrical Instruments and Ajax Domestic Appliance
Co. The address is Waddon Factory Estate, Croydon,
Surrey (Tel.: Croydon 7722).

Hilger & Watts, Ltd. have acquired the whole of the
issued share capital of Microwave Instruments, Ltd.,
well known for their wave-guide components and micro-
wave test equipment. J. Bilbrough, A.M.Brit.LR.E.,
will continue as managing director of Microwave In-
struments whose factory is at North Shields, Northum-
berland.

Bradmatic, Ltd., makers of tape recording equipment,
of Witton Lane, Aston, Birmingham, wish to make it
clear that the acquisition by Birmingham Sound Re-
producers of their former associate company Bradmatic
Productions, Ltd. (now Tape Heads, Ltd.) does not
affect them. They still operate independently.
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U.K.-U.S.A. Telemetry Tie-Up.—S.E. Laboratories
(Engineering) Ltd., of Feltham, Middlesex, are to repre-
sent Electro-Mechanical Research Inc., of Sarasota,
Florida, in the UK. The American company’s main
activities are in the field of frequency and time-division
multiplexing equipment, for use in telemetry and data
acquisition and processing applications for both airborne
and ground-based use.

Aga Dictating Machine Co., of 146, New Cavendish
Street, London, W.1, have been appointed distributors
in the U.K. and certain Commonwealth countries, of
Aga domestic sound receivers and radio-grams manu-
factured by Svenska AB Gasaccumulator, of Stockholm-
Lidingd, Sweden. They are also sole distributors for
Agavox dictating machines.

Walmore Electronics Ltd., who are agents for several
American companies including Eitel-McCullough,
National Electronics and Vacap, have been appointed
U.K. distributors for the products of Motorola Semi-
conductor Products Inc. Walmore Electronics are now
at 11-15 Betterton Street, Drury Lane, London, W.C.2
(Tel.: Temple Bar 0201).

Aveley Electric Ltd. have been appointed sole U.K.
agents for the Hudson Tool & Die Co. Inc., of Newark,
New Jersey, makers of drawn and pressed metal en-
closures for electronic components.

Ortofon.—Metro-Sound Manufacturing Co., of 19A
Buckingham Road, London, N.1, have been appointed
sole U.K. agents for the Danish company Ortofon S.A.
They are setting up a service department for the fitting
of diamond and sapphire styli.

NEW ADDRESSES

Mallory Batteries Ltd. have transferred their works
from Dagenham, Essex, to Gatwick Road, Crawley,
Sussex.

Lexor Electronics Ltd. have moved their head office
and production unit from 25 to 31 Allesley Old Road,
Coventry (Tel.: Coventry 72614). The laboratories are
remaining at the old address.

Ferrograph.—The London offices, showrooms and
service department of The Ferrograph Company, British
Ferrograph Recorder Company, Rendar Instruments
and Wright & Weaire have been moved from Horseferry
Road, S.W.1, to 84 Blackfriars Road, London, S.E.l1
(Tel.: Waterloo 1981).

J. & S. Sieger Ltd., previously known as I.LE.C.-Sieger
Ltd., manufacturers of amplifiers, electronic gas detec-
tors and other electronic equipment, have moved from
Bournemouth to Stanley Green Road, Poole, Dorset
(Tel.: Poole 1130).

Mullard’s Government and Industrial Valve Division
is now at 80 New Oxford Street, London, W.C.1 (Tel.:
Langham 5522).

Jason Electronic Designs Ltd. have moved from the
West End to Kimberley Gardens, Harringay, London,
N.4 (Tel.: Stamford Hill 5477).

Magnavox.—The head office of Magnavox Electronics
Ltd. has been transferred from 129 Mount Street, Lon-
don, W.1, to Magnavox House, Alfred’s Way, Barking,
Essex (Tel.: Rippleway 5533).

Cossor Radio & TV Ltd. have moved from 71 Endell
Street, London, W.C.2, to 233 Tottenham Court Road,
W.1. The telephone number is unchanged—Gerrard
2931. The showroom in Kingsway has been closed.

Lasky’s Radio, the well-known retailers, have moved
from 42 to 33 Tottenham Court Road, London, W.1,
and have also added a demonstration studio to their
premises at 207 Edgware Road, W.2.
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Impedance-Magnitude Measurement

PRECAUTIONS

THE measurement of the wmagnitude of an
impedance is a very common laboratory requirecment,
and although the simple method which follows is
apparently very obvious, it remains a fact that
many techniques which are more complex and less
satisfactory arc commonly employed.

Fig. 1 shows the basic circuit. A signal generator
drives a current through two impedances Z, and
Z, in series. Z, is the impedance the magnitude of
which is to be mecasured and Z, is a calibrated
adjustable standard. It is only necessary to adjust
Z, until the high-impedance voltmeter V (usually
a valve-voltmeter) gives the same reading in both
positions of the switch, then to read, on the cali-
brated scale of Z;, the magnitude of the impedance
of Z,,.

This is simple enough if all or most of the com-
ponents are effectively earth-free. Fig. 1 shows
alternative ecarthing points A and B to be used
according to whether the signal generator or the
voltmeter is earthed. Either of these conditions
will cope with Z, being earthed.

In the event of both the generator and the volt-
meter being carthed then we can only cope with a

A
{~
ALTERNATIVES 7

b’
& o [

Fig. I. The basic measuring circuit. The earthing point
may be either A or B, depending on whether the signal
generator or valve voltmeter is earthed.

Z, which is not earthed and Fig. 2 shows the basic
idea of the new arrangement. If the voltmeter
gives similar deflections when the circuit is arranged
as at (a) and at (b) then once again the two im-
pedances will have similar magnitudes.

Fig. 3 shows the practical circuit with Z, and Z,
connected to a double-pole double-throw switch
which produces in its two positions the two cir-
cuits of Fig. 2. Again the testing procedure consists
of adjusting Z, until there is no change in the meter-
reading when the switch is operated. Then the
magnitude of the impedance of Z,, may be read on the
calibrated dials of Z,.

Now we must consider the possible loading
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WHEN USING THE SUBSTITUTION METHOD

By R. C. WHITEHEAD, A.M.ILE.E.

effects of the voltmeter impedance. If this is very
high in comparison with the magnitude of the
impedance of Z, (say 100 times as great) then its
loading effect may usually be ignored, irrespective
of the rclative phase-angles of Z, and Z,.

But is this very high ratio of impedances always
necessary? A moment’s consideration will show
that if finally the magnitudes and phase-angles of
Z, and Z, are identical, then the voltmeter loading
should not materially affect the final result.

If the voltmeter impedance is purely resistive
then it will have similar loading effects in turn
upon Z, and Z, providing that these have the same
magnitudes of phase angles, irrespective of their
signs. E.g., if Z, is an inductor and Z, is a capacitor
they will be loaded similarly by a resistive voltmeter.
This is a condition which might apply at frequencies
below 100 kc/s using a rectifier and moving-coil
meter.

If, as is usually the case at high frequencies, the
input impedance of the voltmeter is predominantly
capacitive, then impedances Z, and Z, will be loaded
differently if their phase-angles are different either
in magnitude or sign. Thus a capacitor is best

g Zy
A
< = ()

Fig. 2. The circuit used when both signal generator and
valve voitmeter are earthed.

Fig. 3. The practical arrangement of Fig. 2.
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balanced against a capacitor, an inductor against
an inductor and a resistor against a resistor. If,
however, the input impedance can be kept really
high, then the magnitude of the error can be kept
small.

Finally a little care in the operating procedure
will expedite the measurement.

Consider first the case where Z, and Z; are both
resistive or both reactive. The switch should first
be set to produce the circuit of Fig. 2b, i.e. Z,
should be connected to the live side of the generator.

The magnitude of Z; should now be reduced to zero
and the voltmeter reading noted. The magnitude
of Z, should then be raised until the voltmeter
reading is halved. Finally the switch should be
operated simultaneously with fine adjustment of
Z, to produce identical readings in the two positions.

Where one of the impedances is resistive and
one reactive, then the value of Z, should be adjusted

until the voltmeter reads about 1;4/2=0.7, not
half, of its original setting.

LETTERS TO THE EDITOR

The Editor does not necessarily endorse the opinions expressed by his correspondents

Transistor Parameters

SQN. LDR. de Visme (in your June issue) is worried over
the complications arising from his three sets of transistor
parameters. These three (Hybrid, T, and Mullard)
date back to the period when transistors were in the main
low-frequency devices, and recent work, naturally directed
towards higher frequencies, has produced a further crop
of parameters.

Moreover, though his equations may look numerous and
involved enough, they are simplicity itself when compared
to the full expressions, including the transistor capacities
(up to six in all) which must be used in all serious work
other than at audio frequencies.

Let him produce the complete expressions relating
his three sets of parameters (including capacities) with each
other, and with the two circuits currently most in use—
the Y parameter circuit and the Hybrid —= equivalent
circuit. This must, of course, be performed in triplicate
(for emitter, base and collector grounded). For good
measure, he could include also the = equivalent and the Z
parameters, and he should take into account the effects
of lead induectance which are important at v.h.f.

In addition, he should include a list of equivalent
symbols (e.g. 1y is also written rq, Ry, Ti Tins Tiep €1C,
with or without primes), and should write many of his
equations in two forms, one in terms of «, and the other of

"'hen he will know what real worry is!
Southend-on-Sea. M. V. CALLENDAR

The author replies:

Had the whole of the June issue been at my disposal,
instead of only two or three pages of it, I might have been
able to satisfy Mr. Callendar’s demands!

I am afraid I contented myself by saying that in general
the h-parameters must be considered as complex functions
of frequency, one of those rather vague statements which
are true but not ever so useful. All the ’s and a’s expressed
in terms of these parameters therefore likewise become
complex functions of frequency.

Mr. Callendar has shown, far better than I could
have done, the extreme difficulty of formulating circuits
consisting of well-behaved elements which shall be
equivalent, over a useful range of frequency, to a fragment
of impure semiconductor. I wish him well in his efforts.

G. de VISME

Testing Tunnel Diodes

THE circuit of Fig. 1 is useful for quick checks of tunnel
diodes. It can be used to make reasonably accurate
measurements of the quantities indicated in Fig. 2;
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i.e., the peak and valley currents I,, I,, and the corres-
ponding voltages V, , V,.

Unless R; and R, are very small (a few ohms), and
unless care is taken to keep the circuit inductance low,
the circuit will be unstable when the operating point
lies in the negative-resistance region BC. For routine
checks, it is not worth while trying to preserve stability,
because the required quantities can be measured without
doing so.

The measuring technique is as follows. Start with
the slider of R, at the negative end and turn the control
slowly so as to increase the diode current. The operating
point now moves from A towards B. Almost as soon
as it has passed B the circuit becomes unstable, and the
operating point jumps to somewhere on the negative

—l
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resistance segment BC. The jump is easily seen on
the meter, and by going back towards A and approach-
ing the critical point slowly it is possible to read I, or
V,. To read the valley current and voltage I, and V,,
adjust R; so that the working point lies in the stable
region CD, as denoted by a smooth rise in the meter
reading to something greater than the *‘ peak > value.
Then reduce current again. Just after point C is passed
the circuit again becomes unstable, and the operating
point again changes abruptly. Thus V, and I, can be
measured by the same technique as was used for measur-
ing V, and 1.

The writer has used this method for testing only one
type of tunnel diode (the STC JKI9A) but, given a
suitable choice of resistance values, it should be of general

use.
Croydon. G. W. SHORT.

Thoughts on Inductance

READERS of the interesting article by Thomas Roddam
in your April issue, ‘“ Some Thoughts on Inductance,”
may also be interested in the graphical construction for
current in a series inductance;resistance circuit.

CURRENT

n L
? sec
TIME
The left-hand curve shown (FGCAJ) represents the
variation of time constant, /R = 7 seconds, with current

(vertical axis) for an inductance based on a grain-oriented
silicon steel ring core. This is a theoretical curve derived
from the static hysteresis loop, by plotting dB/dH (pro-
portional to L/R if resistance is constant) against current
and is similar to Fig. 2 (Mr. Roddam). F represents the
lower residual point (approx. —0.85 weber/sq. m.) and
as the current is increased through G, C, to A, the near
vertical section of the hysteresis loop is traversed until the
peak flux density (+1.0 weber/sq. m.) is reached at J.

If a steady voltage, V,, is applied to the circuit with the
core initially at F, the final current, is Vy/R, represented
by the horizontal from J (a current chosen, in this case,
just sufficient to drive the core to the peak at J). Let

Vo/R = 1, then
di/de = (I, — 7)/r.

This equation defines the construction. Commencing
with zero current, a line is drawn from the value of = at
F () to I; at J. If now another line parallel to 7, J
is drawn from 7 = 0, ¢t = 0, this represents the initial
portion of the current/time graph. Consider point iy, ¢,
when L/R has changed at G to 7. The line 7, J is drawn and
then another parallel to it from 7, £;. At ¢, the current has
increased on this line to 7y, and the equivalent value of
L/R is 75 and so on. Thus the slope of the line joining
I, (at J) to any point on the curve for 7 represents the
rate of increase of current from the corresponding value
on the graph of 7. If sufficient points are taken a smooth
curve will result, as shown.

The curve obtained for current/time should be com-
pared with Fig. 4, 5 and 6 in the article by Mr. Roddam.

This graphical construction was originated by W. E.
Sumpner in 1888 (Phil. Mag., Serial 5, 25, p. 453).

A further point, often not evident from some textbooks,
is that the dynamic hysteresis loop is normally wider than
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the static loop and increases in width with frequency.
It may be important to obtain a magnetization charac-
teristic obtained under similar conditions to those actually
being considered.

Devizes. C. F. AMOR

Museum Pieces

I AM much in agreement with practically everything
that Mr. Munning has said about the modern domestic
receiver. The last table model with an r.f. stage that I
saw, which also had a 10-inch speaker (Pye P33TQ),
apparently didn’t sell, and was rapidly withdrawn; and
unfortunately I failed to buy one. In this part of the
world, unlike London which I recently left, my bedside
t.r.f. performs quite as well as my superhet.

1 disagree with him, though, about the provision of
short-wave bands. I can sympathize with the anxiety of
the transistor manufacturers to show that their devices
will function up to 30 Mc/s, but they should have got
over this in a couple of years. To me the completely
unacceptable feature of domestic short-wave broadcast
reception is not the presence of second-channel inter-
ference, drift, or distortion, nor the absence of logging
scales (preserve us from “ verniers”), but the absolute
drivel that all the propaganda and “goodwill” stations
churn out.

Strathaven, Lanarkshire. J. B. ROSCOE

CONVENIENT VALVE-BASE REFERENCE

THE photograph shows RCA’s Triple Pindex in use.
It consists of three separate identical references to valve-
base connections bound up on the same spiral backing
so that three different bases can be kept before one
whilst, say, planning, wiring or repairing a piece of
apparatus. The fingers and thumb in the picture indi-
cate the frequency-changer (6BES6), i.f.. amplifier (6BA6)
and detector (6AT6) of a hypothetical receiver, but the
possibilities within the bounds of the valves listed are
very wide. For instance, line oscillator, output stage and
efficiency diode or r.f., frequency changer and i.f. stages
of a television receiver might be displayed together.
Triple Pindex’s utility is not confined to American-type
valves, because at the back is a list of “foreign” valves
which includes many popular British types. Even
though use of this increases the time taken to look up a
series of valves, use of the Pindex still saves time and
trouble; in any case, it is soon remembered that, say,
an EF91 is the same as a 6AM6, whereas the base con-
nections themselves are not so easily memorized.

The Triple Pindex is available from Radio Corpora-
tion of America, Commercial Engineering, Electron Tube
Division, Harrison, N.]J., U.S.A. (price $175), or, in the
United Kingdom, RCA Great Britain, Ltd., Lincoln
Way, Windmill Road, Sunbury-on-Thames, Middlesex.
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National Radio Show Guide

COLOUR television on 405 lines and monochrome 625- Signals for 405-line monochrome receivers are distri-
line television are being featured at the 28th National buted on channel 4.
Radio and Television Show which opens at Earls Court, For the demonstration of broadcast receivers there is

London, on August 23rd with a preview for overseas a Band II f.m. sound service distributed to stands and
visitors and invited guests the day before. The colour also a long-wave induction system.
demonstration is being given by the B.B.C. A feature of the Audio Avenue on the first floor is the
Of the 24 television set manufacturers exhibiting 21 E.M.I. display “ Milestones in Recording,” stand 409,
of them are demonstrating 625-line receivers. The signal  which traces the history of sound recording from 1888.
is being distributed to the stands on channel 11, and for The usual training and servicing feature in which a
those exhibitors with wh.f. receivers converiors arec number of manufacturers are participating is on stand
provided raising the frequency to 495 Mc/s (channel 17). 316 on the first floor.

ALPHABETICAL LIST OF EXHIBITORS

A.E.l. Sound 412 Belling & Lee 51 Direct TV Replacements 316*
Admiralty 304 Brimar 64, X17 Domain 113a
Advance Components 316* British Radio Corp. Dynatron 27
Aerialite 6 23, 41, X1, X12, X28
Air Ministry 305 Bulgin 316* E.A.R. 56
ﬁ:l;a 203 Bush 38, X25 E.M.I. Records 62, XI19
erice . Easco 47
Antiference 59, X21 Clarke & Smith 406, 414 Econasign 114
Astley Vulcan Finance o5 (Cexer 2 Ekeo 33, X6
Audix 402 Dansette 39  Electronic Technology 42
Decca 22, 418, X29 Elizabethan 3
B.B.C. 301, 302, 303 Defiant 2  Ember Records 116
Barclays Bank 19 Design Furniture 30 Encylopaedia Britannica 48

Wireless World
STAND 42

GROUND FLOOR

:
7 9 o7 \/!
DD
=

~

w
2
2 =
2 g
z
E e 45 46 T,‘,ROARNT%L.SLTE"ER 48 iLouncsE é
S | wowett AV w0y oy~ — T T T [*%)
:  (EREaElEniEalcl |~ B
= 2 D 7

(szl(ujru][ss’seg ;

g

With this plan and the alpha- DATES :
betical list of exhibitors August 23rd to
visitors will readily be able to September 2nd
locate a particular stand. Demonstration
rooms and offices are prefixed with X"’ TIMES:
and are on the ground floor. WARWICK ROAD ENTRANCE Il am. to 10 p.m.
460 WIRELESS WORLD, SEPTEMBER 1961
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Ever Ready 28, X4
Ferguson 20, X5
Ferranti 14, X2
Fidelity 8
Fountain Press 115, 316*
Fund for the Blind 312
G.P.O. 306
Garrard 36
Gramophone Co. 408
Hacker Radio 55
Heathkit 11
His Master’s Voice 23, X28
Hobday 53, X13
Invicta 17
J-Beam 18
Jason 411
K.B. 50
Keith Prowse 67
Kerry’s 43
Lee Products 415
Linguaphone 209
Lloyds Bank 12
Lowther 413
Marconi Instruments 3l6*
Marconiphone 41

FIRST FLOOR

BAR

—=="
[Trhones

]

o

Markovits 113
Martins Bank 201
Mercantile Credit 57
Metropolitan Police 308
Midland Bank ]
Mullard 46, 316*, X24, X26, X26a
Multicore 65, X16
Murphy 16, XI
N.E.V. 109
National Provincial Bank 7
Newnes ii2
Odhams Press 208
Pam 21, X3
Pamphonic 58
Perdio |
Peto Scott 26
Philco 35, X27
Philips 10, 15, 316*, 401, X30
Pitrie 108
Plessey 61, X20
Portogram 416
Publishers’ Association 316*
Pye 32, X7
R.G.D. 44, X10
R.S.G.B. 315
R.T.R.A. 202, 316*
Radio and TV Services 316*
Regentone 45
Rehabilitation of Disabled 313
Roberts 63, XI8
Rola Celestion 210

S.T.C. 410
Saga Records 118
Simon 17
Slingsby 24
Southgate Tubular Products 205
Stella 40
T.C.C. 54, X14
Tape Recorders 405
Taytor Electrical 110
Teleng 107
Telequipment 316
Telerection 34
Telesurance 5
Territorial Army 317
Texpex 314
Thorn-A.E.l. 29, X8
Tricity Finance 31
Ultra 4, X31
Westminster Bank I3
Whiteley Electrical 66, XI5
Williams Deacon’s Bank 203
Wireless & Electrical Trader 42
Wireless for the Bedridden 60
Wireless World 42
Wolsey 37
Zonal 404

* Composite stand; see ‘““Trade Technical

Section ' in Show Guide.

306

PLACE :
Earls Court
London, S.W.5,

ADMISSION :
3s 6d
(children 2s)
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PHONES
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AUDIO

" AVENUE
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L,\ CONTROL ROOM
"\ PIANO SECTION ABOVE m
IN WARWICK HALL 31400

™ 313
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_____ ! TN M Bk

Fiano makers are again
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participating in  the

Show and their exhibits
will be found in the Warwick
Hall, reached by stairs from the
first floor.
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NATIONAL RADIO SHOW

Guide to the Stands

A.E.l. SOUND (412)

The main emphasis on this stand will
be on sound reproduction equipment
for industrial and club use. This
includes a pre-amplifier, 30-watt
amplifier and two 18-watt 12-in loud-
speakers in three portable cabinets, a
5-ft line-source loudspeaker and i
table model record player aml
amplifier.

Also shown are a stereo control unit
and 2 X 10 watt amplifier and the
DC12 dual-concentric loudspeaker
with its horn-loaded h.f. diaphragm.

A.E.I. Sound Equipment Ltd., Crown
House, Aldwych, London, W.C.2.

ADMIRALTY (304)

The communications network used
by a Royal Marine Commando Force
establishing a beach-head is the main
feature on this stand, where there will
also be found examples of modern
Naval communications and navigation
equipment.

Admiralty,  Whitehall,  London,
S.Ww.1.

AERIALITE (6)

Coaxial cables, using a longitudinal
foil screen, especially designed for
relay working are a feature of the
display of communal-aerial equip-
ment on this stand. A new coaxial
cable particularly suitable for car-
radio-aerial use has a capacitance of
only 9.5pF/ft.

Another feature of the display is,
of course, a wide range of aerials for
indoor and outdoor mounting for
reception of television, f.m. and
medium- and long-wave broadcasting.

7= oo

Aerials and fittings for
markets are shown.

Aerialite Lid., Aerial and Elec-
tromics Division, Hargreaves Works,
Congleton, Cheshire.

overseas

AIR MINISTRY (305)

The central feature of the Royal
Air Force stand, which occupies
over 7,000 square feet, is a display
comprising two air traffic control
rooms typical of those employed
at an R.AF. airfield. A radar
simulator with remote control facili-
ties is employed to show the uses of
search and precision approach radars.
Other exhibits include a simulated
representation of airborne inter-
ception radar.

Air Ministry, Whitehall, London,
S.w.1.

ALBA (9)

Incorporated in the new range of
19-in and 23-in television receivers is
the “ Concord ” remote control unit.
The device gives the viewer full
control over programme selection,
volume, contrast and mains on/off and
when not in use, is held in place
magnetically on the side of the set.
All the television receivers on display
employ plug-in modules for ease of
servicing. Also exhibited is a range
of transistor radio receivers, record
players and radio-grams, some of
which offer reproduction of stereo-
phonic records.

Alba (Radio & Television) Lid.,
52-70, Tabernacle Street, Lon