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Components and Assemblies

THE emergence of the Radio and Electronic Com-
ponent Manufacturers Federation’s exhibition from
the comparative privacy of Grosvenor House to the
open halls of Olympia was regretted by many on
sentimental grounds, but is nevertheless symbolic of
the growth and prosperity of the root stock of the
British radio and electronic industry. Formerly a
sort of club where industrial and Government depart-
mental buyers could negotiate the preliminaries of
contracts with technical sales representatives of the
component manufacturers, the exhibition has now
opened its doors to the world, which is showing in-
creasing interest not only in the quality of the goods,
but also in the price. It is no secret that Continental
equipment manufacturers often find it cheaper to buy
British and to an extent which is reflected in the
statistics. In 1960 exports were standing at a value
of £13.5M (36.5% more than in 1959) and pre-
liminary returns for the early part of 1960 show a
further increase of the order of 20%.

By contrast the component assemblers—the manu-
facturers of complete equipment—have been finding
things more difficult. In particular, the television
receiver industry is becalmed in a sea of surplus sets.
To some extent the component manufacturers must
accept part of the blame, for the reliability of British
television receivers has exceeded expectations, and
estimates of the production necessary for replacement
in a virtually saturated market have proved to be too
high. German television manufacturers also have
large surplus stocks, but the hold-up has been caused
by vacillation over means of providing a second TV
programme, and by misjudgment of the timing in the
introduction of technical improvements, e.g., the
“square-cornered  picture tubes. The future pros-
pects for television sales on the Continent are bright,
for it will be at least five years before the number of
viewers reaches the level already achieved in the
UK.

Meanwhile the basic problem everywhere is the
proper use of an excess productive capacity. This
is not a new development. For many years the pat-
tern of the industry has been formed by a number
of medium- to large-sized firms each with production
lines which, if working to full capacity, could have
satisfied well nigh the whole of national demands.
Fluctuations in demand have to be met by seasonal
working and a reservoir of manufacturers’ or dealers’
stocks.

WIRELESS WORLD, JuLy 1961

The possession of surplus stocks may have advan-
tages in meeting quickly and at the right price export
orders from unexpected quarters, and in this situa-
tion we find one of the strongest arguments for a
change from our 405 lines to the 625-line standard.
Since most of the underdeveloped countries are
adopting this standard, Continental manufacturers
have the advantage of being able to deliver from
stock. British manufacturers are competitive in
price, but not in delivering times.

The rate of introduction of new technical develop-
ments can also have a considerable influence on the
attitude of mind of the buying public. If the poten-
tial customer gains the impression that he is on the
threshold of a period of fresh advancement he may
well decide to stick to his old set until the situation
is clear. It is unlikely to be so if manufacturers make
a continuous succession of changes in design regard-
less of the state of the market. This aspect of the
economy was underlined at a recent conference of
international radio technical journalists by Herr
Werner Meyer, director of the export commission of
the radio and television branch of the German elec-
trical industry (Z.V.E.L). After pointing out the
difficulties which had resulted in Germany from the
successive introduction of 21-in then 19-in and 23-in
tube sizes, all within a year, he reminded manu-
facturers that they had some responsibility for letting
dealers sell existing stocks before placing new designs
before the public. In his opinion the time had come
when there should be intimate co-operation between
the technical departments of all the important fac-
tories in Europe (and he personally hoped that these
would include England and the Scandinavian coun-
tries) to secure agreement on the timing of changes
and to safeguard the stability of the market.

We realize that these matters are controversial
and will be stigmatized by some as restrictive prac-
tices. We prefer to describe them as planned
economy which will in the long run benefit the con-
sumer as much as the manufacturer. Recent signs
and events all point to the fact that the British radio
industry has decided that its future, either as a com-
petitor with or a partner in the European Common
Market, will be best assured by regrouping, con-
solidation and more unified control. Our own view
is that it has little to lose and much to gain by col-
laboration with the rest of Europe in developing the
markets which still remain to be served.
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Transistor Audio

Amplifier
By R. C. BOWES, B.Sc., A.M.LE.E.

DESIGNS FOR 4W AND 10W OUTPUT WITH
LESS THAN 0.1% DISTORTION

POWER transistors which are suitable for audio
power amplifiers have existed for some time, but
most designs, up to date, cannot be classed as high
quality from a distortion point of view. The cur-
rently accepted standard for total distortion is less
than 0.1% at all levels up to full output (whether
such a low distortion is really necessary is another
matter) and the amplifier described has this per-
formance up to maximum output which is 4 to 10 W.
A transformerless class-B output stage is used to
feed a 15-() load directly, and the distortion is kept
low both by overall feedback and local feedback on
the output transistors. The article describes the

10-W transistor
amplifier.
{Crown Copyright pholograph)

4-W amplifier in detail and the modifications for a
10-W output are given at the end.

Circuit Description.—The complete 4-W amplifier
circuit is shown in Fig. 1 and the logic of the design
will now be considered, starting at the output stage.
The current and voltage ratings of power transistors
are very suitable for directly driving a 15-{2 speaker
load, and the output stage is a transformerless
class-B push-pull circuit with the transistors con-
nected in series. The elimination of the output
transformer has the advantage of saving a large
and costly component, especially if full power is
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Fig. 1. 4-W amplifier circuit.
342 WIRELESS WORLD, JuLy 1961




oVr.m.s. AL +12V

M -
3 l
14 50004

LA
MAINS oV T ‘ oV
S0~ —=1 ° ’ _L
——T— s,ooo,u"L‘
63 T
=12V
Vem.s. —i¢ )
Fig. 2. Power supply for 4-W amplifier.

required at low frequencies. The use of a class-B
output stage keeps the power dissipation low in the
output transistors, which makes thermal run-away
easicr to avoid, and gives the amplifier a good
overall power efficiency. The last point is usually
trivial unless battery supplies are used. A sym-
metrical power supply of +12 and —12 V (Fig. 2)
has been used because it enables the load to be
connected directly between the output point and
earth. (If a single supply of 24V is used two
rectifiers and a large smoothing capacitor are saved,
but a large capacitor is required in scries with the
load to earth, and if the feedback is still taken from
across the load an additional low-frequency lead
is introduced.)

The quiescent current (S0mA) in the output tran-
sistors is determined by the 1-kQ) resistors from
collector to base and the 25-() preset resistors in
the base-emitter circuits. The output transistors
are stabilized against thermal run-away both by low
base-emitter resistors (about 150) and the addition
of 0.5-() resistors in the emitter circuits. This enables
the amplifier (in its 4-W version only) to be safely
operated in an ambient temperature of up to 40°C.
This method of biasing the output transistors pro-
vides feedback at signal frequencies which reduces
the current gain by about four and also decreases
the distortion.

The output transistors are driven by a transformer
as this is a convenient way of obtaining the floating
input required by the lower output transistor. The
use of a transformer has the advantage of providing
a current gain of three and the resistance in the
base circuit of the output transistor is kept low,
which helps the d.c. stability. The transformer
(details in appendix) is quite small and easy to
design providing there is no d.c. polarization. The
latter requirement has been met by feeding the
primary, in push-pull, from the collectors of a long-
tailed-pair circuit, the currents being balanced by
the preset potentiometer between the emitters. At
audio frequencies the primary is current driven and
therefore so are the bases of the output transistors.
These can be looked upon as “virtual earth ” points
because the input impedance of a transistor is low
and the local feedback makes it even lower.

The input transistor is directly coupled to one
base of the long-tailed-pair, the other base being fed
through a 1-kQ resistor with a large capacitor
(100xF) to bypass signal frequencies to earth. With
this circuit any d.c. drift of the collector voltage
of the input transistor is fed to both bases of the
long-tailed-pair circuit and so does not upset the
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balance of the currents in this circuit, but only
slightly alters their magnitude.

The design of the output and driver stages having
been fixed, the input stage is added to increase the
forward gain so that about 34dB of overall feed-
back can be applied while still leaving an input-
output voltage gain of 20 times. The input stage
is a common-emitter circuit in which the d.c. con-
ditions are stabilized by an emitter resistor, which
is decoupled, in associated with a potential divider
to supply the base voltage.

The amplifier has overall feedback applied in an
anode-follower manner, the basc of the input tran-
sistor being the virtual earth. The input arm con-
sists of a 20-pF capacitor and 1-kf2 resistor, and the
feedback arm is a 20-k(} resistor which is fed directly
from the output point.

Loop Gain and Stability.—The loop gain at lkc/s
is 34dB, and it is 3dB down at 100c/s and 10kc/s.
Taking low frequencies first, the most important
phase lead is due to the driver transformer and
the only additional leads are iransitional ones due
to the decoupling capacitors on the emitter of the
input transistor and on one base of the long-tailed-
pair circuit. There is no difficulty i1. choosing the
corner frequencies of these leads so that adequate
stability at low frequencies is obtained.

The high-frequency loop response is more com-
plex. It is determined both by the transformer and
the transistors, and is shaped by local feedback on
the input and output transistors. The effects of
resonance in the transformer are reduced by the
addition of a capacitor-resistor network across the
primary which changes the drive from current to
voltage at high frequencies. Also, a phase advance
is obtained in the feedback network by the addition
of a capacitor (330pF) in parallel with the feedback
resistor. The combined effect of these shaping
networks is that unity loop gain is obtained at
150kc/s with a phase shift of about 120°, which is
a very adequately stable system. This has been
verified by feeding the complete amplifier with
square waves and observing the transient response.
The photograph of the small-signal response with
a square wave input at 5kc/s and a load of 150
shows that this is very satisfactory and indicates
the amplifier is adequately stable. Although OC44
type transistors (which have an average fx of
15Mc/s) have been used in the prototype and for
the loop-gain calculations, the fitting of OC45 type
transistors (average fr=6Mc/s) still gives a satis-
factory transient response.

The purpose of the 470-pF capacitor from the
centre tap of the feedback resistor has been ignored
up to the present. In the early design stages this
capacitor was not fitted and the overall frequence
response was down 1dB at 10kc/s and 3dB at

Qutput waveform
with a Skc/s
square-wave input
and 15-Q load.




25kc/s (see Fig. 3). This was considered to be
inadequate and the 470-pF capacitor was added to
reduce the feedback around 25kc/s and improve
the 1dB point to 45kc/s (see Fig. 3) without altering
the feedback at higher frequencies.

Power Supply.—The power supply (Fig. 2) consists
simply of two germanium rectifiers and a smoothing
capacitor for each line. The total resistance (trans-
former winding and wiring) in series with the
rectifiers should be about 0.4Q) in order to limit
the peak current under the worst possible condition,
which occurs when the mains switch is closed at
peak voltage.

Distortion.—Fig. 4 shows both the harmonic dis-
tortion up to the 5th harmonic and the total distor-
tion, for power output levels up to 4 W with a 1 kc/s
signal. The total distortion with an output of 4 W
is 0.031% and this low level of distortion is a result
of the large amount of feedback in the amplifier. The
local feedback on the output transistors reduces the
gain by about 4 and the overall feedback reduces the
gain by 50, so that the total feedback factor is 200
(so far as the output transistors are concerned). This
means that at an output level of 4 W, if both feed-
back paths were made imperative, the total distortion
would be about 6%, which is a typical figure for a
transistor power amplifier in which no techniques are
used to reduce distortion.

The push-pull output stage produces no even har-
monic distortion if everything is perfectly sym-
metrical, and it is therefore desirable that the «'s of
the output transistors should be matched to better
than 20%, at large currents (about 1A), so as to keep
the second harmonic distortion below 0.05%. The
transistors used in the prototype were matched to
about 10%, and the amplifier gives just over 0.029%
second harmonic distortion at an output power of
4W.

Operating Conditions.—The quiescent current of
each output transistor is adjusted to about 50mA by
measuring the voltage drop across the 0.5-() cmitter
resistors.  This relies on the 0.5-() resistors being
accurate, and a cross check on the equality of the
quiescent currents is to measure the voltage across
the load, which should be zero. If it is not zero it
should be made so by readjusting the quiescent
current of one of the output transistors.

The currents in the long-tailed-pair are balanced
by connecting a voltmeter with a f.s.d. of the order
of 1 to 5V between the two collectors, and adjusting
the potentiometer in the emitter circuit for zero
reading. The resistance of the transformer primary
provides sufficient voltage drop for this measurement.

The input stage collector potential should be about
~—6V and the emitter potential about —2.6V. Varia-
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Fig. 3. Small-signal overall frequency response of 4-W
amplifier.
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Fig. 4. Distortion at lkc/s with a I5-Q load (4-W amplifier)

tions from these voltages of up to 20% are not serious.
(These voltages only apply to the 4-W amplifier.)

Constructional Details.—The circuit diagram gives
the output transistors as type OC22 but OC23’s or
OC24’s are equally suitable. Each output transistor
should have a heat sink of about 9 sq in and in the
prototype the chassis forms the heat sink, mica
washers being used to insulate the transistors. The
layout is not critical but care should be taken to
ensure that the feedback is taken from close to the
output point, in order to avoid part of the wiring
(which has finite resistance) to only one of the output
transistors being included in series with the load.
This is because each transistor only works on alter-
nate half cycles and a second harmonic signal (which
the overall feedback would not affect) would be added
in series with the load.

Modifications.—The amplifier described will com-
fortably deliver 4 W into a 15-Q2 load but this can
be increased to 6 W by raising the power supply, for
the output transistors, to +15 and —15 V. The only
limitation on the amplifier, with this modification, is
that the safe ambient temperature falls to about 35°C
from 40°C. It is convenient to use the —15 V line
also to supply the driver circuits. However, this
requires an additional change because —15 V would
cause the maximum power dissipation of the QC44
transistors in the long-tailed-pair circuit to be
exceeded. The solution is either to fit a suitable
dropping resistor to reduce the supply voltage to the
driver circuits to —12 V, or to use XA102 tran-
sistors, which have a higher maximum power dissi-
pation than OC44 types, in the long-tailed-pair
circuit. The total distortion, with these modifica-
tions, when supplying 6 W into a 15-() load at lkc/s,
is under 0.05°.

More recently, the power output has been in-
creased to 10 W by raising the power supply to +20
and —20 V. The circuit modifications required ro
the long-tailed-pair are the use of XA102 type tran-
sistors and the increase of the “tail” resistor from
330 to 560 (). Also, OC22 type output transistors
cannot be used because of the increase in the supply
voltages, but either OC23 or OC24 types are still
suitable. The only limitation on the amplifier, with
these modifications, is that the safe ambient tempera-
ture falls to about 30°C. The total distortion when
supplying 10 W into a 15-Q load, at 1kc/s, is under
0.1%.

The author would like to thank Mr. P. J. Baxan-
dall for many helpful discussions during the design
of this amplifier.
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APPENDIX

Performance of the Prototype 4-W Amplifier:—

Power Output:—The maximum power output is
4 W into a 15-(2 load and the total distortion at 1kc/s
is 0.031% (see Fig. 4). Full power is available up to
10kc/s, but at low frequencies the maximum power
output decreases, due to the magnetizing current in
the driver transformer. Even so, over 3 W is avail-
able at 10c/s.

Owerall Gain:—The overall voltage gain is approxi-
mately 20 which means that an input of about
0.4Vr.m.s. is required for full output. (For the 6-
and 10-W versions 0.48 and 0.62V respectively are
required.) The small-signal response is shown in
Fig. 3 and is within 1dB from 10c/s to 45kc/s.

Loop Gain:—The loop gain at 1kc/s is 34dB and
is 3dB down at 100c/s and 10kc/s.

Input Impedance:—The input impedance is 1k{}
and since full output is obtained with an input of
0.4V r.m.s. the maximum input current is 0.4A r.m.s.

Output waveform
with a 5Skcfs
square wave input
and a load of 15Q
and 0.05uF in
parallel.

Capacitive Load:—A capacitor load of up to 0.05uF
in parallel with the normal 15-{ load does not
seriously affect the stability of the amplifier. The
transient response with a Skc/s input (see photo-
graph) differs trivially from that with a 15-{! load
only. If the amplifier is driving a speaker which is
an inductive load at high frequencies, and there is

capacitance in parallel greater than about 0.001uF
(due to a very long speaker cable, perhaps) a 15-2
resistor in series with a 1-uF capacitor should be
connected across the amplifier output terminals so
as to make the amplifier load still look like approxi-
mately 15 at high frequencies.

Hum and Noise:—Hum and noise power at the
output is more than 70dB below the maximum out+
put of 4 W,

Temperature:—The amplifier has been designed
to operate safely in an ambient temperature of up
to 40°C, provided that each output transistor has a
heat sink of about 9 sq in.

Constructional Details of Driver Transformer:—

Core:—A square stack of 15-thou thick 39T (E’s
13in by 1iin) Radiometal laminations is used. The
E’s and I’s are assembled with no gap and a moulded
bobbin is used.

Primary:—The primary is the inner winding on
the bobbin and consists of two conductors of 38
s.w.g. enamelled wire which are bifilar wound for
about 630 bobbin revolutions. This took 12 layers
in the prototype. (As the turns ratio of the trans-
former is not critical, the last layer may be com-
pletely filled.) 1-thou transformer paper is used
between layers, with two turns of paper at the finish.

Secondary:—The secondary is the outer winding
and consists of two conductors of 32 s.w.g. enamelled
wire which are bifilar wound for about 200 bobbin
revolutions. This took 8 layers in the prototype.
(Again, as the turns ratio of the transformer is not
critical, the last layer may be completely filled.) A
3 to 1 ratio should be aimed at. 1-thou paper is
used between layers and the finish is with Empire
cloth or as desired.

Measurements on Prototype Transformer:—The
resistance of primary (1) was 38.6(), primary (2)
38.6(2, secondary (1) 4.490) and secondary (2) 4.495().
The inductance of primary (1) was 0.57H, primary
(2) 0.57H, secondary (1) 0.059H and secondary (2)
0.059H. These inductance measurements were all
made under small-signal conditions at lkc/s.

SHORT-WAVE CONDITIONS

MONTREAL

Prediction for July

JOHANNESBURG HONGKONG

BUENOS AIRES

G.MT

THE full-line curves indicate the highest frequencies
likely to be usable at any time of the day or night for
reliable communications over four long-distance paths
from Great Britain during July.

Broken-line curves give the highest frequencies that
will sustain a partial service throughout the same period.
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Independent Television Growth

SINCE it was established in August, 1954, the Inde-
pendent Television Authority has appointed 15 pro-
gramme companies to operate its stations. The
recent appointment of the Wales Television Asso-
ciation (Teledu Cymru), which will cover west and
north-west Wales, may be said to “complete the
institutional structure of independent television.”
The IT.A. has stated that no more programme
companies can be appointed on its present allocation
of channels in Band III.

Eleven companies with 13 transmitters are now
operating. By the end of this year there will be
17 stations and by the end of 1962 another four.
The service areas of both the Lichfield and Black
Hill transmitters will be improved within the next
few months by the introduction of better aerial
systems and a higher mast is to be erected at Croy-
don next year. The Wales Television Association
will initially operate two stations; one in Pembroke-
shire and one on the Lleyn Peninsula.

Grampian Television, the programme contractors
for North East Scotland, plan to open their two
transmitters on September 30th. The main station
at Durris (not Mongour as previously announced),
near Aberdeen, will have a maximum e.r.p. of
400 kW and will radiate in Channel 9. The satellite
station covering Inverness-shire, which is at Mount-
eagle (not Roskill), will radiate in Channel 12 with
a maximum e.r.p. of 50 kW.

Brit. LR.E.

ADMIRAL of the Fleet the Earl Mountbatten of
Burma, K.G., who has accepted a second term of
office as President of the British Institution of Radio
Engineers, speaking at their 1961 Dinner, stressed
the importance and responsibility of engineers in
developing rapidly the scientific discoveries which
were now being made at an exponential rate.

Principal speakers at the dinner included Sir
Howard Florey, President of the Royal Society, H.E.
the Hon. George A. Drew, Q.C., High Commissioner
for Canada, and W. E. Miller, M.A., a past presi-
dent of the Institution.

The Institution’s seventh convention, the theme
of which is to be “Radio Techniques and Space
Research,” opens at the University of Oxford on
July 5th.

Servicing Ideas

A COMPETITION for the best ideas for improv-
ing or simplifying the servicing of sound and tele-
vision receivers is being sponsored jointly by Radio
Industry Exhibitions Ltd., organizers of the National
Radio Show, and Wireless & Elecirical Trader. It
is open to anybody without qualification of any kind.
Entry forms, which must be returned by July 15th,
are obtainable from the Trader, Dorset Housc,
Stamford Street, London, S.E.1. Three prizes of
£50, £25 and £10 are being offered. Prize winners’
entries and those of some runners-up will be ex-
hibited at the Radio Show (Aug. 23-Sept. 2).
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Birthday Honours

AMONG the recipients of awards in the Queen’s
Birthday Honours List are the following:—

Knighthood
Allen G. Clark, chairman and managing director,
Plessey Company.
Charles J. A. Moses, general manager, Australian Broad-
casting Commission.

C.B.
A. V-M. T. U. C. Shirley, Deputy Controller of Elec-
tronics, Ministry of Aviation.
Alan Wolstencroft, Director of Radio Services, G.P.O.

C.B.E.
W. H. Penley, deputy chief scientific officer, R.R.E.
Dr. N. H. Searby, manager, Ferranti’s Guided Weapons
Department.
G. A. Whipple, chairman and managing director, Hilger
and Wartts.
Dr. F. C. Williams, F.R.S., professor of electrical engin-
eering at Manchester University.
O.BE.
T. W. Bearup, representative of the Australian Broad-
casting Commission in the UK.
E. A. Hamilton-Hill, director and general manager,
Rediffusion (Malta), Ltd.

MB.E.
W. E. Bell, superintendent, G.E.C. Applied Electronics
Laboratory, Portsmouth.
G. Crichton, Government Communications H.Q.
J. S. Darling, communications officer, Foreign Office.
F. W. Fowler, first radio officer, m.v. Rangitata, N.Z.
Shipping Co.
H. S. Gibbs, chief telecommunications supt. G.P.O.
R. G. Hawkins, chairman and managing director, Red-
cliffe Radio & Engineering Co.
I. P. Massy, Government Communications H.Q.
L. H. Rowley, senior station radio officer, Admiralty.
B.EM.
J. M. Gardiner, R.A.F. Ground Radio Servicing Squad-
ron, Kinloss.
S. Stallybrass, radio technician, London Airport.

Australia’s v.h.f. sound broadcasting service is closing
down on June 30th. Stations have been operated by
the Australian Broadcasting Commission in four of the
State capital cities for the past four or five years. The
Australian f.m. broadcasting band (92-108 Mc/s) is to
be used to increase the number of television channels.
Here are the lower frequencies for each of the 7-Mc/s
channels in the new l3-channel plan: 1, 45; 2, 56; 3, 63;
4, 85; 5, 94; 6, 101; 7, 137; 8, 174; 9, 181; 10, 188;
11, 195; 12, 208; 13, 215.

A Soviet Trade Fair opens at Earls Court, London,
on July 7th for three weeks. Radio, television and
electronic equipment (both consumer and capital goods)
will be included and television receivers adapted to
receive 405-line transmissions will be demonstrated.
The Fair will be open on weekdays from 10.0 a.m. to
10.0 p.m. and admission will cost 3s 6d.

Telecommunications Engineering Establishment of
the Ministry of Aviation, at Gatwick Airport, was
officially opened on June 6th. The establishment,
which incorporates what used to be known as the
G.C.A. Maintenance and Inspection Unit at Blackbushe
Airport, is concerned with “the field engineering of
safety devices” and the installation and maintenance
of telecommunications equipment.
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Television Society Premiums.—The following Pre-
miums * for outstanding papers read before the Lon-
don meetings in 1959/60” have been awarded by the
Television Society:—E.M.I. premium to Dr. Rolf
Moller (Fernseh GmbH) for his paper “ Television in
Germany *; Electronic Engineering premium to B. East-
wood (A.E.L), for “ Deflection Techniques for 110° Pic-
ture Tubes”; Mervyn premium to S. T. Palmer (G.E.C.)
for “Television Receiver Production ”; Wireless World
premium to A. J. Garratt (International Scientific Re-
search Exhibitions) for “Science on Television”; and
Mullard premium to R, N. Jackson (Mullard Research
Labs.) for “ Single-gun v. Three-gun Tubes”.

Audio Mannfacturers.—At the second annual general
meeting of the Audio Manufacturers’ Group of the
British Radio Equipment Manufacturers’ Association on
May 17th, the following firms were elected members of
the management committee (their representatives names
are in parentheses):—A.E.L. (L. R, Metcalfe); Clarke &
Smith Mfg. Co. (Major J. F. E. Clarke, vice-chairman);
Decca Records (P. B. Cooper); Easco Electrical (E. L.
Eastell); Electric Audio Reproducers (L. Stone); Gramo-
phone Co. (H. F. Ford); Grampian Reproducers (7. E.
Morley); Jason Motor & Electronic Co. (G. Blundell);
Lowther Manufacturing Co. (D. M. Chave, chairman);
Philips Electrical (F. P, P. Tielens); Standard Tele-
phones & Cables (J. L. Goodwin); and Trix Electronics
(D. A. Lyons).

T.E.M.A.—At the annual general meeting of the
Telecommunication Engincering and Manufacturing
Association W. F. Oakley, dircctor of Automatic Tele-
phone and Electric Co., was elected chairman and W. G.
Patterson, M.B.E., divisional director and general
manager of Associated Electrical Industries, vice-chair-
man.

Radar & Electronics Association.—At the fifteenth
annual dinner of the association on May 12th, the presi-
dent, Sir Robert Renwick, presented prizes to the “ best
student members of the year”. The recipients were
D. W. Kent, D. J. Chapman and G. B. Davies. They
are all students at the Northern Polytechnic where last
year a Students’ Branch of the Association was formed.
W. D. Day, who is a senior lecturer in radar and
advanced engineering at the Polytechnic, is president of
the Students’ Group of the Association and is also a
member of the Council of the Association.

R.I. Club.—Ernest Brown, director of Brown Bros.
Ltd., who has been a member of the Radio Industries
Club since its formation and was chairman in 1934, has
been elected president for 1961/62. The London Club
now has a membership of 948. The eight affiliated clubs
in the provinces and Scotland have a total membership
of 1,378.

Institution of Electronics sixteenth annual exhibition
and convention is being held at the College of Science
and Technology, Manchester 1, from July 6th to 12th
(excluding Sunday 9th). Complimentary admission
tickets, giving times of opening, are obtainable free from
the general secretary, W. Birtwisue, 78 Shaw Road,
Rochdale, Lancs.

A one-day symposium on “Internal Stresses in Elec-
trolytically Produced Coatings and their Influence on
the Properties of the Basis Metals” is being held at the
Borough Polytechnic, London, S.E.1, on Thursday, July
6th; fee 2gn, including meals.

« Electromagnetic Theory and Antennas” is the title
of a symposium being organized jointly by the Inter-
national Scienrific Radio Union (U.R.S.L.), and several
Danish bodies for next year. It will be held in Copen-
hagen from June 25th to 30th, 1962, The U.K. corre-
spondent is J. Brown, Department of Electrical Engineer-
ing, University College, London.
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A radio telescope, which will have a steerable para-
bolic aerial about 80 ft in diameter, is to be built at
a site near Crowthorne, Berkshire, for the Radio Research
Station of the Department of Scientific and Industrial
Research. It is expected to be completed and in opera-
tion towards the end of 1963 at an estimated overall
cost of £250,000. The Ministry of Works, which is
responsible for the construction, has invited tenders for
the telescope.

Inst. P.—Phys. Soc.—In the course of the first presi-
dential address of the amalgamated Institute of Physics
and Physical Society, Sir John Cockeroft suggested that
in view of the harmonious amalgamation, the separate
origins of the partners could be forgotten and that they
might “ perhaps even change the rather clumsy title of
the Institute of Physics and the Physical Society.”

IBM Data Centre opened recently is equipped with
IBM 1401 and 7090 data processing systems for opera-
tion by the customer. The 7090 is believed to be the
most powerful computer in general service in the world
—it can add more than a quarter of a million ten-digit
numbers every second.

Educational Filmstrip.—* The History of Television”
is the title of a new Mullard colour filmstrip which
is complementary to “ The History of Radio” released
earlier. It deals with the history of picture transmis-
sion from the middle 19th century to the present day
and its simple approach makes it suitable for use in
Secondary Modern Schools or in senior classes where
science is taught as a general knowledge subject rather
than one for examinaticn. The 28-frame filmstrip
with teaching notes is available from the distributors,
Unicorn Head Visual Aids Ltd., 42 Westminster Palace
Gardens, London, S.W.1, price 25s.

« Inside ”—a 16mm sound and colour film which
runs for approximately 20 minutes—describes the re-
search, manufacture, testing and uses of Formica
industrial laminates. Copies of the film are available on
free loan from Formica Public Relations Department,
84/86 Regent Street, London, W.1.

« Computer Achievements”, a new E.M.I. 22-minute
sound-colour film which shows five uses to which
EMIDEC data processing computers are being put, is
available for free loan on application to E.M.I, Elec-
tronics Ltd., Hayes, Middlesex.

1962 Audio Festival & Fair will be held at the Hotel
Russell, London, from April 26th to 29th.

SCHOOL COMPUTER.—Some of the members of the
Vith Form of the Ross-on-Wye Grammar School who, under
the guidance of C. Grant Dixon, their physics master,
have built the analogue computer described in our
May, 1960, issue.
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Personalities

Sir Bernard Lovell, O.B.E., F.R.S., Professor of Radio
Astronomy at the University of Manchester and Director
of the Nuffield Radio Astronomy Laboratories, Jodrell
Bank, has been appointed scientific adviser to the re-
cently formed “space” consortium, British Space
Development Company. During the war, Professor
Lovell was a member of the Telecommunications Re-
search Establishment (now R.R.E.), and one of his
notable contributions was to H2S, the blind bombing
device, for which, with Professor P. L. Dee, he was
responsible.

F. S. Mockford has relinquished his appointment as
commercial manager of Marconi’s W/T Company in
order to undertake special duties for the managing
director. Mr. Mockford joined the company as an en-
gineer in 1930. He is succeeded as commercial manager
by F. Wheeler who has been deputy manager of the
company’s Aeronautical Division since January. The new
deputy commercial manager is H. Baker who has served
the company abroad for many years, latterly as managing
director of the Marconi Company in South Africa.

R. Telford, B.A., M.I.LE.E., has relinquished his posi-
tion as general works manager of Marconi’s W/T Com-
pany and is appointed general manager responsible to the
managing director for the overall co-ordination of the
commercial, engineering, and manufacturing activi-
ties of the company, which he joined in 1946,
H, J. H. Wassell, who joined the company in
1929, is appointed works manager, Chelmsford.” He
was appointed head of the radar development group
in 1949 and was subsequently chief radar engineer and
managcr, Test Department. E. Eastwood, Ph.D., M.Sc.,
M.LE.E., chief of research at Marconi’s research estab-
lishment at Great Baddow since 1954, is appointed
director of research. Dr. Eastwood joined the company
in 1948 after two years with English Electric in charge
of the radiation laboratory. He is to receive this year’s
Wakefield Gold Medal of the Royal Aeronautical Society
for his contributions towards safety in the air. E. N.
Elford, O.B.E., A.M.L.LE.E., has relinquished his position
as manager of the radar division in order to undertake
special duties for the managing director, particularly in
connection with the company’s activities in the defence
field. Lt. Col. Elford joined the company in 1946 after
a career in the regular army. The new manager of the
radar division is T. W. Straker, M.Sc., Ph.D., who was
appointed deputy manager last September.

C. O. Stanley.—The City and Guilds of London
Institute has conferred upon C. O. Stanley, C.B.E.,,
chairman of the Pye Group, the Fellowship of the
Institute (F.C.G.L) in recognition of his “professional
status and achievements.” He qualified at the City and
Guilds of London Institute in 1922.

Charles A. Marshall, B.Sc., AAM.I.LEE., editor of
British Communications & Electronics, has been elected
honorary secretary of the Television Society, in succes-
sion to Geoffrey Parr whose death we record with regret
on page 349. Mr. Marshall, who graduated from Man-
chester University in 1944, was for three years with
Philips and six years in electronic research and develop-
ment at the Mullard Research Laboratories, before going
into technical journalism in 1954,

R. A. Smith, CB.E.,, M.A,, Ph.D.,, AM.IL.LE.E.,, who
is at present head of the Physics Department of R.R.E.,
Malvern, has been appointed Professor of Physics at
Sheffield University. Dr. Smith will take up his duties
on October Ist and will succeed Professor W. Suck-
smith, F.R.S., as head of the department when he retires
in September next year.
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Air Commodore H. G. Leonard-Williams, C.B.E., who
is 50 and was until recently commanding the R.A.F.
apprentices’ radio school at Locking, Somerset, has been
appointed Chief Signals Officer, Fighter Command
Headquarters. He entered the R.A.F. from the R.A.F.
College, Cranwell, in 1932. He was at one time
chairman of the British Joint Communications Board and
in 1953 was a deputy director of signals, Air Ministry.

Edwin Dunne, A.M.LE.E., has become chief inspector
of the Farnborough Plant of the Solartron Electronic
Group. He joined Solartron in January, having previ-
ously held the posts of deputy chief inspector with de
Havilland Propellers and chief inspector with A. C.
Cossor and Cossor Radar & Electronics.

L. A. Thomas

E. Dunne

L. A. Thomas, B.Sc., F.Inst.P.,, A.M.L.LE.E., has been
appointed chief physicist of the Hirst Research Centre
of the General Electric Company, Wembley. Mr.
Thomas, who is 44, joined the Research Laboratories
of the G.E.C. in 1935. He was appointed head of the
Materials and Components Division in 1960 and will
retain his responsibilities in this field.

W. W. Shaw-Zambra, C.V.O., CB.E,, T.D., retired at
the end of March from the post of secretary-general of
the Commonwealth Telecommunications Board, which
he has held since the establishment of the Board in 1949.
He was secretary of its predecessors, the Imperial Com-
munications Advisory Committee (1938-1944), and the
Commonwealth Communications Council (1944-1949).
He was joint secretary of the Imperial Communications
Committee of the War Cabinet (1940-1944) with the
military rank of Colonel. He is succeeded at the C.T.B.
by W. Stubbs, CB.E., M.C., MI.LEE.,, M.Brit.LRE,,
who is 49, and was formerly Director-General of Tele-~
communications for the Federation of Malaya and State
of Singapore.

F. D. Bolt, B.Sc. (Eng.), M.I.LE.E., has been appointed
by the B.B.C. head of the transmitter equipment section
of the Planning and Installation Department, in succes-
sion to D. B. Weigall, M.A., M.ILE.E., who has been
transferred to the staff of the senior superintendent
engineer, external broadcasting for special duties. Mr.
Bolt joined the B.B.C. in 1934 and was appointed to the
Daventry station. In 1951 he was made head of the
aerial unit in the Planning and Installation Department.

S. W. Thompson, A.M.LLE.E., who joined the B.B.C.
in 1941 as a maintenance engineer, has been appointed
head of the technical services section in the Department
of the Superintendent Engineer, Transmitters.
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C. W. Sowton, O.B.E,, assistant staff engineer at the
Post Office, is to be the U.K. representative on the Panel
of Experts which is to meet in Geneva in September “ for
the purposc of devising ways and means of relieving the
pressurc on the bands between 4 and 27.5 Mc/s.” This
investigation was called for at the Geneva 1.T.U. con-
ference in 1959. Mr. Sowton is chairman of the C.C.LR.
national study group VIII concerned with monitoring
and is secretary of the technical sub-committee of the
Television Advisory Committce.

J. F. Young, AM.LEE, AMUBritILRE, who is
manager of the Electronics Division of Donovan Elec-
trical Company, of Birmingham, has reccived the
Insignia Award in Technology (C.G.I.A.) from the City
and Guilds of London Institute. He served his appren-
ticeship with G.E.C. and then spent some time with
W. & T. Avery and Lancashire Dynamo Electronic
Products or industrial electronic development, later
returning to the G.IE.C. where, until recently, he was in
charge of the Electronic Development Group at Witton.
He has contributed scveral articles to Wireless World.

R. S. Gilling, B.Sc., A M.LE.E, has been appointed
manager of the A.E.I. Military and Marine Radar Works
at Leicester, which form part of the company’s Elcc-
tronic Apparatus Division. He served an engineering
and graduate apprenticeship from 1927 to 1934 with the
British Thomson-Houston Company, now A.E.L
(Rugby) and in 1940 went into the electrical measure-
ments scction of the Research Laboratory, where he
played an important part in the development of military
radar. In 1946 he was appointed a section leader of
the Electronic Engineering Department and since 1955
has been superintendent of the Military and Marine
Radar Works.

Major J. F. E. Clarke, chairman of Clarke & Smith
Manufacturing Co., of Wallington, has also become
chairman of Specto Ltd., manufacturers of cine, photo-
graphic and tape-recording equipment, of Vale Road,
Windsor, and of Lentar Ltd., the associated company
in the optical field. The following executive directors
have also been appointed to Specto, E. M. Eldred,
M.IEE., MUBrit1.R.E. (managing); L. C. Crook
(deputy managing) and D. J. Frost (sales).

Brian A. Curtis has recently joined P. C. Robinson,
A.M.I.EEE, on the board of Startronic Ltd., manufac-
turers of laboratorv equipment and regulated power
supplics, of New Malden, Surrey. Mr. Curtis, like his
co-director, was until recently on the staff of Solartron
which he joined in 1953. In 1955 he was appointed
chief test engincer of Solartron Laboratory Instruments
where he was subscquently chief standards engineer.

OUR AUTHORS

R. J. Hitchcock, M.A,, AM.IEE, who with P. A. C.
Morris writes in this issue on possible techniques for
further reducing interference in h.f. communications,
represented Cable & Wireless Ltd. on the Provisional
Frequency Board in 1949/50. During the next 10 years
he attended most of the important international radio-
frequency conferences on behalf of the Company. He
joined C. & W. in 1948 and until 1959 was in charge of
the section of the engineer-in-chief’s department res-
ponsible for the design of aecrials, radio propagation,
prediction of optimum usable frequencies and other
radio-frequency matters such as interference. He is still
associated with Cable & Wireless and is a member of
the U.K. study group of the C.C.LR. dealing with
ionospheric propagation and satcllite communications.

P. A. C. Morris, B.Sc,, AMIE.E, joint author of the
article on p. 375, joined Cable & Wircless in 1957 and
took over the radio propagation scction of the enginecr-
in-chief’s department in 1959. He represents the com-
pany on the U.K. study groups of the C.C.LR. concerned
with ionospheric and tropospheric propagation.
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R. C. Bowes, B.Sc., AM.IE.E, author of the article
describing a low-distortion transistor amplifier, has been
at the R.R.E., Malvern, since graduating at King’s Col-
lege, Newcastle, in 1950. He is a principal scientific officer
in the Circuit Research Division and for the last five
years has been concerned primarily with transistor cir-
cuitry. He is 35.

OBITUARY

Geoffrey Parr, MI.LEE.,, who on May 15th retired
from the honorary secretaryship of the Television
Society, died on May 30th. He had served the society
for 25 years, first as its lecture secretary and since 1945
as honorary secretary. Born in 1899, he entered the
radio industry in 1926 when he joined Edison Swan as
a valve development engineer, having previously been a
lecturer and demonstrator at the City and Guilds Tech-
nical College. From 1932 until 1940 he was head of
technical service in the company’s Radio Division. He
was appointed editor of Electronic Engineering in 1941
and since 1949 has been technical director of Chapman
& Hall. He had a deep-rooted interest in the subject of
technical writing on which he frequently lectured and
produced a book—* The Technical Writer.”

John Walter Ryde, F.R.S., F.InstP., the chief scien-
tist of the Hirst Research Centre of the G.E.C, at
Wembley, died on May 15th, at the age of 63. He joined
the company as a physicist in 1919. His work on the
scattering of light, first applied in the ’20s to optical
diffusing media in glasses, was developed by him during
World War II to classic studies of the attenuation and
the radar echoes produced by meteorological phenomena
at centimetre wavelengths. His researches in World War
II included velocity modulation tubes and crystal valves
for microwave mixer devices. He had been chairman of
the Davy-Faraday Laboratory Committee of the Royal
Institution since 1951.

H. Anthony Hankey, who died on May 12th, aged 74,
can be numbered among the pioneers of wireless for he
was in charge of the Cullercoats station in 1907. He
joined the Royal Navy in 1914 and was later posted to
Hong Kong as Port Wireless Officer. After the war he
joined Marconi’s. He was in charge of the 100-watt 2L.O
transmitter at Marconi House at the time of the first
broadcast. In 1928 he went on a world tour to further
“ Empire Broadcasting” and the following year joined
the Baird Company. During the last war, he was a
radio officer in the Royal Navy.

Dr. Eugen Nesper, “the last of the grand old men of
German wireless,” died on May 3rd 1n his 82nd year.
He assisted Professor Slaby in his early experiments at
Potsdam in 1897. In 1904 he joined the Telefunken
company, but two years later went to C. Lorenz A.G,,
where he worked on the Poulscn arc continuous wave
system. He became director of the Lorenz factory in
Vienna. Dr. Nesper, who campaigned for the introduc-
tion of broadcasting in Germany in the carly 1920s,
published 35 books on wireless and in 1943, a * society
for the cxploitation of Dr. Nesper’s inventions” was
founded in Berlin. His published memoirs are called
“ A Life with Ratio.”

William G. J. Edwardes, who died recently in his 80th
year, had been general sccretary of the LP.R.E. since its
formation as the Institute of Practical Radio Engincers
in 1936. Hec spent some years in North America, where
he was associated with Lee de Forest in the develop-
ment of the triode valve, and for ten yecars before return-
ing to his native England in 1934 was working in Aus-
tralasia.

Derek M. Hall, B.A,, manager of the Home Trade
Sales Division of Mullard Ltd., which he joined in 1948,
died on May 21st, aged 49. He was this yecar’s president
of the Incorporated Practitioners in Radio and Elec-
tronics (I.P.R.E.).
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News from Industry

Ultra’s domestic radio and television interests, which
were concentrated in Ultra Radio and Television Ltd.,
Pilot Radio and Television Ltd., and their subsidiaries
have been sold to Thorn Electrical Industries for £2.4M.
The cash transaction includes Ultra’s factory at Gosport,
Hants, and other premises at Ruislip, Eastcote and Park
Royal. Thorns, who already use the trade names
Ferguson, Philco, Champion, Avantic and, under licence
from E.M.L, Marconiphone and His Master’s Voice,
state that they intend to preserve the separate identities
of Ultra and Pilot. Trevor C. Standeven, formerly
general manager and director of Ultra Radio and Tele-
vision, becomes managing director. The head office will
remain at Eastcote. It was announced last month that
Ultra Electric (Holdings), the parent company, had
entered into two financial agreements with companies in
and Western Hemisphere regarding its electronics sub-
sidiary—Ultra Electronics Ltd.

Ultra Electronics Ltd. has acquired Trix Electronics
Ltd., which since incorporation on lst May has been a
subsidiary of the Trix Electrical Company. Trix Elec-
tronics will continue to manufacture and install sound
amplification equipment for public address and aircraft
work.

Plessey-Regentone.—It has been confirmed that the
Plessey Company has acquired the Eastern Avenue,
Romford, factory of Regentone Products Ltd. for
£507,000. Plessey has also entered into an agreement
with the company whereby Regentone and R.G.D. tele-
vision and sound receivers will be manufactured by
Plessey to Regentone specifications. The sets will con-
tinue to be marketed by Regentone.

A ——

Sound Reinforcement :—Some of the loudspeakers for the
sound reinforcement system in the recently consecrated Guildford
Cathedral are embodied in the lighting fittings. In the nave
there are also line source loudspeakers. As the plaster finish to
the upper faces of the columns and vaultings of the roof absorb
the high frequencies, the system, planned by Standard Tele-
phones and Cables, is operated with high-frequency lift to ob-
tain good speech intelligibility.
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Relay Exchanges Ltd., which in addition to its numer-
ous sound and television relay companies owns Good-
mans Industries and opecrates a rental service under the
name Rentaset, reports a surplus on trading in 1960
of £3,949,892 compared with £3,350,640 the year before.
From this figure must be deducted £2,747,397 for depre-
ciation of installaions and £177,670 for taxation, which
leaves a net group profit of £1,024,825. The group’s
fixed assets have recently been increased by over £4M
to £21.6M.

Philips.—The annual report of N. V. Philips’
Gloeilampenfabrieken, of Eindhoven, shows the follow-
ing territorial distribution of the company’s assets—
Netherlands fl. 1,893M, other European countries
fl. 2,575M, Western Hemisphere fl. 726M and other
countries fl. 301M. Trading profit rose from fl. 740M in
1959 to fl. 862M last year and the net profit from
fl. 351M to fl. 397M.

“House of Siemens.”—The 1959-1960 report of
Siemens & Halske AG, of West Germany, records that
the group has its own distributing companies in every
country in Eurore excepting the U.K., Austria, and
the Eastern bloc. The German company’s turnover
reached a total of DM 3,556M compared with
DM 697M ten years ago. Just over 25% of last year’s
total turnover was exported.

Wayne Kerr—Gertsch Agreement.—A reciprocal sales
and manufacturing agreement has been made between
Wayne Kerr Laboratories Ltd. and Gertsch Products
Inc., of Los Angeles. It provides for the manufacture
and marketing of a wide range of Gertsch instuments
in the U.K. solely by Wayne Kerr and also for the sale of
Wayne Kerr instruments by Gertsch in California,
Nevada and Arizona.

Belling & Lee are making a range of interference
suppression filters, introduced by Filtron Co. Inc., of
America, to be known as “Belling-Lee Filtron” filters.
They are hermetically sealed and suitable for operation
in the temperature range —55°C to +85°C (some types
up to +125°C).

Solartron’s portable double-beam oscilloscope and
the rack-mounted version of the same instrument are to
be manufactured in the United States by Packard Bell
Electronics Corporation.

Ericsson.—A trading profit of £1,086,650 for 1960
compared with the 1959 figure of £653,160 (which in-
cluded £100,000 transferred from the company’s re-
search and development reserve) is recorded in the
annual report of Ericsson Telephones Ltd. The com-
pany, together with English Electric and A.T.E., jointly
own Associated Transistors Ltd,

Vickers.—Reference is made in the 1960 review of
Vickers Ltd. tc the handling of tellurometers, the radio
survey instrument, by its subsidiary Cooke, Troughton
& Simms who are managing agents for Tellurometer
(UK. Ltd. The Vickers Group’s net profit of
£6,252,000 last year compares with £4,934,000 in 1959.
The tax payable on the 1960 gross profit was £5,381,000.

Murphy Radio.—A 309% increase in exports is re-
corded in Murphy’s annuai report but during 1960 the
group incurred a loss of £76,039 compared with the
previous year’s profit of £668,085.

BASF recording tape and some BASF chemicals are
now being marketed in this country by the recently
formed BASF Chemicals Limited, of 5A Gillespie Road,
London, N.5 (Tel.: Canonbury 2011). F. A, Hughes &
Co. are no longer U.K. agents for BASF.
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Banana-Tuhe

Colour-Television Display

USE OF OPTICAL-MECHANICAL FIELD-SCAN SYSTEM

NONE of the colour television display devices so
far developed is without disadvantages and only
one—the shadow-mask tube, in which the picture is
built up from triads of colour-luminescent material
activated by three electron guns carefully aligned
to “fire” through holes i1 a metal plate behind the
screen, each gun lighting only one of the three
phosphors—has achieved any significant commercial
use. Rescarch for a better device continues and
one of the fruits of this search is the “banana”
tube and system, so named not only because of the
shape of the cr.t. but also after the fashion of
American Philco’s code name “apple”, for their
beam-indexing tube.

Simple Construction of Tube

Two drawbacks of existing direct-viewing displays
are the nced for application to the tube screen of
a complex pattern of phosphor dots and the use of
complicated structures inside thc tubes. The first
was removed in the banana tube by the use of three
contiguous lines of phosphecr in the primary colours
red, green and blue parallel to and scanned in the

SPOT
PATH OF SPOT

——
LINE SCAN

LESS THAN
MAXIMUM
WIDTH FOR
ONE LINE

| _’l
|e—— — WIDTH DF PICTURE e —

Fig. 1.  Construction of tricolour

““screen '’ of phosphor stripes for e
banana-tube display system. Three- |
stripe line is about zin wide and 16in

(the width of the picture) long.

MIRROR

Fig. 2. Simplified ** end-on "' view of
display system, showing light paths
to viewer for lines near top and bottom
of picture. To clarify details scale is
distorted: diameter of banana tube
itself is about 4in and height of virtual
image is about I2in.
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line, or horizontal, direction (Fig. 1). The beam
from the single gun is made to light up the appro-
priate phosphor bands by vertical “spot wobble.”
The display thus has all lines of the picture super-
imposed and to expand these vertically into a
“yiewable” picture, an optical frame-scan system
1s used.

If projection onto the usual diffusing light-
reflecting screen were to be employed then the
banana tube display would suffer from a serious
shortcoming similar to that of normal direct-viewing
c.r.t.s in which the phosphors are light-coloured and
reflect incident ambient light. This is a double
disadvantage for colour TV because not only con-
trast but also saturation is reduced (the white
reflected light “dilutes” the colours).

Instead a virtual-image viewing technique is used,
resulting in a picture presented against a dark
ground provided by the scannirg system and having
brightness of the c.r.t. screen reduced only by the
inevitable losses in the optical components, and not
by scattering at a screen.

Mechanical-optical Field-scan

A cylindrical lens—a rod of glass—has the property
of rendering visible a line behind and parallel to it
over a range of positions at right angles to its
major axis. Now, if this rod were placed appro-
priately with reference to the banana-tube line dis-
play, movement of the rod round the phosphor
stripes would enable the viewer to see the displayed
superimposed lines separated and thus a picture
would be built up in space.

To avoid the difficulty of making the one rod
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FOCUS PHOSPHOR STRIPES POLEPIECES
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Fig. 3. Plan view of tube and some ancillaries. Line
scan is provided by slightly-modified 90° coils and graded
magnetic field produces ** bowing '’ of beam to improve
angle of *‘strike '’ of beam on phosphor. Spot-wobble
is achieved magnetically {(coils not shown).

fly back to the top of the picture during the ficld-
blanking period, a rotating drum encircling the tube
and carrying threc equi-spaced rods is used: as one
rod finishes its operation at the bottom of the
picture (one field or frame scan) another starts work
at the top. Fig. 2 shows an end-on representation
of the system together with a curved viewing mirror
that magnifies the picture to its correct height and
corrects the curvature of the image.

To provide a dark background for display of the
picture the spaces between the rod lenses are covered
with a matt black material.

Field Synchronization

Frame-sync depends on the correct speed and
phase of the lens drum, which is rotated at about
1,000 r.p.m. by an induction motor and which, in
the absence of control, runs slightly fast. An eddy-
current brake is used and the current through the
magnet, and thus the speed of rotation, is controlled
by a comparator basically not unlike the well-known
flywheel line sync system. To detect the speed and
position of the lens rods a small lamp is mounted
outside the drum opposite a phototransistor on the
inside.

Interlace should be better than that obtained from
an electronic timebase as the inertia of the drum
is far too great to allow line pulses (one of the major
causes of loss of interlace) to have any effect. The
major disadvantages are the extra control equipment
required and the cffect of mechanical shortcomings—
which can give rise to bounce, jitter and line crawl.

C.R.T. Details

The banana tube has its gun at one end so that
it may be inserted into the lens drum and a diametric
magnetic field, graded along the length of the tube,
is used to cause the beam to curve out so that it
strikes the phosphors normally (Fig. 3). As has
been mentioned previously, the c.r.t. uses a single
gun and the spot is “ wobbled ” across the phosphor
stripes to provide, in conjunction with variations
of beam current, the required mixtures of primary
colours. Each line is laid down on top of the pre-
ceding line, so the afterglow of the phosphors must
have decayed, not in several fields, as can be allowed
with a conventional c.r.t.,, but by the time that the
next line is drawn, otherwise loss of vertical resolu-
tion and strcaking will result.  Sulphide-type phos-
phors with a suitable afterglow have been developed
and it is fortunate that there are also some of the
most efficient, so aiding the production of a bright
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picture. The green is not of the best colour for
full coverage of the colour triangle, but with appro-
priate correction in the video circuits good colour
rendering can be achieved over a large area of the
triangle, encompassing natural objects.

E.h.t. required is about 25kV at beam currents
up to 3mA. Naturally, this represents a fairly high
loading on the “screen,” which is thus deposited
on a metal radiating fin inside the tube so that
phosphor efficiency is not seriously reduced by a
rise in temperature. The maximum instantaneous
peak current density, though, is only about twice
that for an ordinary direct-viewing black-and-white
tube.

Demonstration

During a demonstration recently given at the Insti-
tution of Electrical Engineers, N.T.S.C.-type signals
were provided by the B.B.C. and were displayed on
two experimental “receivers” using the banana
system, giving acceptable results when the video
processing appropriate to the type of display was
used. The vertical angle of view is slightly restricted
compared with a direct-view tube, but it was a
pleasant change to sec the whole of the picture
with truly square corners. The virtual image
“hanging in space” behind the mirror seems a
little odd at first; but this has the advantage that
the viewer’s eyes are focused on the picture and
not on imperfections in the mirror surface. Im-
portant advantages are the very high brightness—
about 40 foot-lambers—and the absence of adverse
effects from quite high ambient light levels.

Which of the “fruit machines” (or the less
exotically named devices) hits the three-lemon jack-
pot of commercial success remains to be seen.
Mullard, developers of the “banana”, freely admit
that further work is necessary before this display
system can be admitted to the set manufacturers’
stakes. There is no doubt, though, that the work
of Dr. Schagen, his team at Mullard Research
Laboratories, and Dutch Philips (who carried out
part of the investigation and made the phosphors)
has added a most interesting and original device to
the known colour display systems.

Further details will be given in 1L.E.E. papers (Nos.
3561 to 3566 inclusive: to be published in Vol. 108,
Part B, ProcI.E.E.) by Dr. P. Schagen, B. A.
Eastwell, K. G. Freeman, H. Howden, R. N. Jackson
and B. R. Overton.

RADIO VALVE DATA
Seventh Edition
COMPLETELY revised and enlarged, the seventh
edition of “Radio Valve Data” (which is compiled by
the staff of Wireless World) contains in its 156 pages,
data on nearly 5,000 semiconductor devices, valves and
cathode-ray tubes.

In particular the junction-transistor section occupies
five times the space taken in the previous edition and
includes many “ American” listings. Other additions
to the data on semiconductors include sections dealing
with power rectifiers and zener diodes.

New valves and cathode-ray tubes have been added
and features found useful in previous editions—the
listing of valve base connections and equivalents in the
index, for instance—have been continued.

The seventh edition of Wireless World “ Radio Valve

Data,” published by Iliffe Books Ltd., costs 6s. or
6s. 10d. by post.
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Gramophone Record Deformatio} |

RELATIONS BETWEEN STYLUS RADIUS AND TRACKING WEIGHT FOR CONSTANT DEFORMATION

DUE to the efforts of Dr. Peter Lord of Salford
Technical College with the Taylor-Hobson “Taly-
surf” in making roughness graphs of indented
record surfaces at 50,000 times magnification (see
Fig. 1) and to the ingenuity of Dr. P. Chippindale
of the same college in devising a means of examining
and photographing the contours of the record
groove under the electron microscope, it has been

- possible to re-examine the question of record

deformation and the relations between stylus radius
and tracking weight. .

Now it is apparently generally assumed that, fo
constant record deformation, the tracking weight
varies as the square of the stylus tip radius. This
seems to be based upon the classical Hertzian
equation for elastic deformation:—

1— o2 1 — op2\7]}
= - 4+ — ..o
w=[awer (G2 @
where w is the radius of the indent, W the load, g
the acccleration due to gravity, r the radius of the

Fig. |. Cross-section of indented record surface at
50,000 times vertical magnification and 100 times lateral.
Four indents may be seen.

N\

D
L <

Fig. 2. Fixed indenter of radius r producing an indent of
depth D and radius w.
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By J. WALTON*

indenter tip, ¢,, o, the Poisson ratios of the ball
and material respectively, and E,, E, the corres-
ponding Young’s moduli for the two materials.

From equation (1) it is deduced that the area
of the indent for the case when the flat material
is much softer than the spherical one is given by:—

1 — P
A=rn [%Wgr( % ﬂ% @
E,
and therefore the mean pressure
Wg
P =
" 1 — o, ..
T S2] - ©
E,
and for constant pressure P,, we can write
ky = Wi/ri
where, as elsewhere, the ks are constants.
ie. W:r? .. .. 4)

which is for constant mean pressure under the
indenter.

If we take either the area of indent or its width
as the criterion for constant deformation, then from
equations (1) or (2) we get

Wl .. AN )

However, it is obvious that an inverse relationship
between W and r is at variance with our purpose
of reducing deformation.

Moreover, when considering record groove defor-
mation, the type of deformation with which we
are concerned is that which affects the output of
the pickup. Thus, whether this is mono or stereo,
we are primarily concerned with deformation which
gives rise to or eliminates any undulaticns in a
plane at right-angles to the normal plane of the
record wall, i.e. we are concerned with the depth
of any deformation.

If we start from Hertz’s equation again under
the same condition of an inelastic sphere on an
elastic plane, we can reduce it to

w = ky(Wr)t .. .. (6)
Now w =\/2rD — D2
where D is the depth of the indent (see Fig. 2).
SoA/2rD — D2 o= ky(Wrt
If D/r is small (as in our practical case) we can
write L
\/ 2rD = ky(Wrh

orD = k,Wirt . )]
And for constant depth of penetration D we get
W:rd .. .. ... ®

and not W:r2? as results from considering constant
pressure under the stylus. ] ]
This of course refers to the elastic region of

*Decca Record Co.

353



Fig. 3. Moving indenter acted on by a frictional force F.
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Fig. 4. Elastic region stylus frictional force plotted
against record surface speed (for $gm tracking weight and
0.0005-in radius stylus). Here, as elsewhere, the measure-
ments were made with blank discs.

deformation and I have not so far been able to
find a suitable direct means of measuring this.
The results of an indirect approach to this measure-
ment are presented farther on in this article.

However, we are not concerned with static indents
on a gramophone record, but with gliding ones,
and it was found that a considerable difference
exists between the indent dimensions in the two
cases.

The following is an attempt to explain this in
terms of a ““surf board ” action which causes the
stylus to ride more on the surface of the medium
upon reaching a certain critical speed below which
there is a tendency for the stylus to sink by a greater
proportion than that of the speed reduction until
equilibrium is once again obtained.

Consider a stylus under a tracking weight W
moving along the surface of a blank disc so that
F is the frictional (drag) force experienced. 7o
the extent that this force acts against the stylus
at a mean angle o and produces a reaction along
the radius of the indenter, then, from Fig. 3

P = Fcota

where P is the vertical component upthrust pro-
duced by F.

Now o = /2
P =F@2r — D)/w
But w :\/Qr—D — D
p= & D)
V2D — D2
Since D/r is small in our case
P — 2Fr/A/2/D

= Frv/2/0/rD NG

It is found by experiment that F almost is inde-
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Fig. 5. Stylus friction plotted against record surface

speed for various tracking weights and stylus radii.

pendent (see Figs. 4 and 5) of velocity in the elastic
cases, and so we may therefore write

P = k,\/r/D (10)

Equation (7) must now be readjusted to allow for
this upthrust P, i.e. W must be replaced by W-P
and we get

D = ky(W — P)irt
and from equation (10)
D = ky(W — k\/r/D)ir+  (12)
2D = k(W — k,\/r/D)i
and for constant D
rik, = W — kgt
SWo= kot
e. W ! (13)

i.e. the movement of the indenter does not affect
the basic relationship between W and r in the
clastic region, although of course the wmagnirudes
are affected, as will be shown. Tt will also be noted
that as D (the depth of penetration) is decreased,
the upthrust due to sliding is further increased, so
that a region of rapid change may be expected.

Now the foregoing thcories relate to elastic
deformation whereas, since I have not yet been
able to devise a method of measuring such deforma-
tion, the measurements rclate to plastic deformation.
I excuse this anomaly on the grounds that the
practical considerations of record wear are primarily
those of plastic deformation, and also I felt it neces-
sary first of all to attack the inappropriateness of the
“W wvaries as r2” elastic-region theory, since this
has becn used as a basis for choosing the stylus
radius.

The experimental measurements gave the results
shown in Figs. 6, 7, 8 and 9. These show the most
consistent single sets of readings as well as the
extent of the scatter between different sets of read-
ings (the reason for which is still obscure to me).
Whilst these cannot be considered to be very use-
ful quantitatively, onc can detect qualitative trends
in the shape of the curves, since the two other
(not shown) sets of rcadings which were taken
follow similar, if displaced, curves. (It should be
remembered that these measurements are of a very

(continued on page 355)
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Indent depth plotted against record surface speed for various tracking weights (0.0005-in radius stylus). As also in

other graphs, the curves show the most consistent set of measurements and the shaded areas and arrowed lines the spread

over the three sets of measurement which were taken.

Fig. 7. Indent depth plotted against record surface speed for various stylus radii and tracking weights.

show the spread of the measurements in the static case.

The arrowed lines

Fig. 8. Indent depth plotted against tracking weight for various stylus radii.

Fig. 9. Indent depth plotted against stylus radius for various tracking weights (record surface speed ~ 13.5in/sec).

few microinches.) Here, as elsewhere, the mecasure-
ments were made using blank discs.

It would appear from Fig. 7 that below a certain
critical speed there is little appreciable increase
in deformation as the indent approaches a static
vahie and also that the elastic limit can be effectively
raised by an increase in groove speed for certain
ranges of stylus radii and tracking weights.

On the “surf board ” theory the groove speed
would tend to be either sufficient to keep the stylus
“ afloat ” or low enough to let it ““sink ” and from
Fig. 7 the working regicn of most pickups would
seem to be on the critical ¢ float/sink  part of the
curves. This may have something to do with the
difficulty of getting consistent results between one
set of experiments and another. Further work is
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being attempted with closer control of temperature,
stylus radius and disc hardness.

Fig. 9 shows that at higher groove speeds there
may be little difference in indentation between a
0.0005in and a 0.0007in radius stylus. The reason
for the “ knee ” in the curves is still obscure.

Fig. 10 shows that the relation between tracking
weight and stylus radius for constant indent depth
under practical gramophone reproducing conditions
is certainly nearer to a linear than to a square law.

Before drawing any conclusions from the above
direct measurements of indentation let us consider
another approach to the assessment of record wear
which should also have meaning in the purely
elastic region of deformation.

To the extent that any deformation is purely
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Fig. 10.  Tracking weight plotted against stylus radius for
various indent depths (record surface speed= I 3.5in/sec).

elastic, the energy used temporarily to displace
the record material should mainly be returned to
the stylus. I say mainly, because there would be
some mechanical hysteresis loss. To the extent,
however, that there is plasric deformation, the
energy will be dissipated in moving some of the
record material. This energy should be measurable
as a reaction on the pickup, i.e. as the plastic
deformation increases so should the frictional drag
of the pickup. This drag was measured, with the
results shown in Figs. 11 and 12.

The methods of measurements were as shown
diagrammatically in Figs. 13(a) and (b). In Fig.
13(a) in which the pickup head H is at right angles,
rather than tangential, to the record motion, for
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Fig. 11, Stylus friction plotted against tracking weight

for various stylus radii and record surface speeds.
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small horizontal deflections x of the hanging weight W
F = Wx/l

where [ is the length of the vertical thread. This
method was found cumbersome because the base
of the pickup had to be continually moved to track
different disc radi as well as to keep the angle
between the pickup head and the horizontal thread
to a right angle. In Fig. 13(b), again for small
deflections x,
S = Wx/!

where S is the side thrust. Taking moments about
the pivot P

nS = Fm

S F = Waxn/lm
Here the motor board must be orientated to keep
the angle between the side thrust S and horizontal
thread to a right angle, but this is easier than the
alterations required by the first method. It should
be pointed out that it / is 75in, and W 1gm, a deflec-
tion of lin corresponds to a force of 0.013gm.

From Fig. 11 one can see that approximately at
the point coinciding with the elastic limit as deter-
mined previously, there is a change in slope showing
a lower frictional loss per gm below the elastic
limit to above it.

Fig. 12 shows considerable linearity in the rela-
tion between tracking weight and stylus radius for
constant frictional (destructive) force in both the
elastic and plastic regions.

There appears to be considerably more con-
sistency in the results obtained by measuring the
frictional force, and this may be due to the method
of measuring in serial fashion, with one measure-
ment following directly after the other as the indent
proceeds to form. The direct measurements of
indent depth involved a discontinuity between
formation and measurement and also between one
indentation and another: these are discontinuities
that were not necessary in the friction method. It

6
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Fig. 12. Tracking weight plotted against stylus radius for
constant stylus friction (record surface speed |3.5in/sec).

is nevertheless interesting to compare the results
of the two methods (sce Figs. 8 and 11).

General conclusions we draw are:—

(1) The experimentally determined linear relation
between stylus radius and tracking weight for con-
stant record wear does ot confirm either the existing
theoretical conceptions or the theoretical conceptions
presented here, and further work is necessary for its
understanding.
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Fig. 13. Two methods of measuring stylus friction on a
blank disc.

(2) The conception that, for constant deforma-
tion, the tracking weight varies as the square of the
stylus radius scems inappropriate, and a better
approximation is that it varies directly as the radius
(unsquared).

(3) The elastic limit seems to be appreciably
raised for a moving indenter as compared with the
static case. Recourse to lower groove speeds (such
as with 162 r.p.m. records) would entail a lowering
of the effective elastic limit of the record material
and has serious implications for pickup design.
This is made cxtremely undesirable when one con-

siders that the recorded wave-lengths would be
shortened to such a degree that, either excessive
tracing distortion would occur, or the ensuing neces-
sary small stylus radii would increase the record
wear problem to degenerate proportions. Other
ways of increasing the playing time of 1.p. records
should be considered.

While the relations between the mechanical
impedance of the stylus tip and the tracking weight
required are well known, the effect of stylus tip
radius has usually been considered partly on the
basis of record wear and the “ W varies as r®”
relation. It should be realised that an increase in
tip radius can also increase the acceleration required
of the stylus in conditions of tracing short wave-
lengths and that large tip radu may not save the
record, therefore, as much as might be hoped.

Although the above measurements have consider-
able spread, they were nevertheless used as the basis
for the design of a stereo pickup that will track
the whole frequency range of a modern Lp. disc
within the elastic limit of the material. It was
calculated that while this entails a tip mass in the
region of lmgm, the tracking weight could be
raised to about 3gm for a }-thou stylus rather
than the somewhat lower weights required on the
basis of Hunt’s or Barlow’st static measurements.
Tests were carried out on this and other pickups
and photographic evidence gave ample vindication
on the general programme of work.

While it is not considered that the above work
is anything but a beginning of an attempt to under-
stand record wear in reproduction, publication of
these first results has been considered to be useful
as both a corrective and a pointer for further work
in the sphere of both recording and reproduction of
gramophone records.

This information, work and graphs are published
by courtesy of the Decca Record Co., Ltd.

{F. V. Hunt, 3.4 .E.S., Jan. 1955, D. A. Barlow, 7.4.E.S., Oct. 1958.
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An Introduction To Machine Translation, by Emile
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problems of machine translation related to differing
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Coler Television

i
|

in the United States

By JACK DARR

PROGRESS REPORT:

THE Editor has requested that I hold forth some-
what upon the subject of colour television as we
know it in the United States. Knowing that I had
becn associated with it for several years, and had
already expressed views on the subject,T he asked
for a report straight from the horse’s mouth, as it
were. And, while I bridled a bit, I found myself
saddled with the task! (Oh, dear! I am sorry. Shan’t
do it again.)

We have had colour TV broadcasting for quite a
while now. To run over the system as quickly as
possible, we use a 525-line, dot-sequential system,
entircly compatible with present B/W standards.
Colour information is in the form of phase modula-
tion of a completely suppressed “sub-carrier” of
roughly 33.597545 Mc/s. This carrier is removed at
the transmitter, probably to save postage! It is re-
stored by a crystal-controlled oscillator in the recei-
vers. Three basic colours are transmitted, red,
green and blue, and the “ shadow-mask ” RCA three-
gun tube is still the standard. Other types of colour
tubes have been tried, but so far none of them has
made the jump, commercially.

In the very beginning, in 1950, the F.C.C. author-
ized colour broadcasting using the C.B.S. system, a
field-sequential arrangement. At the receiver, a
“colour-wheel ” was set up in front of the screen;
it had slides of the three colours, and was (theoretic-
ally) rotated in synchronism with the transmitted
“fields,” cach of which contained all the picture in-
formation for that particular colour.

Thcoretically, this was all right, and the results
obtained in lab. tests were very good. I have heard
that this device produced colour pictures of amazing
quality! However, when one contemplates the spec-
tacle of a 4-foot colour wheel spinning at something
like 440 r.p.s., sitting atop one’s TV recciver in the
living room, it is rather frightening. So, after four
years, this was abandoned in favour of the present
all-electronic system.

Of course, when it all began, quite a few manufac-
turers leaped on the bandwagon, and there were
several makes of colour sets on the market. Most
were quite expensive: I can remember one model,
using a 15-inch tube, which sold for over $1,500!
According to the grapevine, this sct cost the maker
over $1,450 to produce! Unkindest cut of all, just

* Quachita Radio-TV Service, Mena, Arl;ansas.
t See for example “ Rainbow Round my Shoulders,” Wireless
World, Aug., 1957.
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as they finished the first production run of 1,000
sets, the 21-inch tube was introduced! WWhen last
heard of, this poor soul was tearfully trying to dis-
pose of the sets at about $800 apicce

At first, no significant numbers of colour sets were
sold. Those which were went to bars, restaurants,
and “status-seekers,” to dip into the latest jargon:
ownership of a colour TV was roughly equivalent to
owning a Rolls or Bentley. Prices were far above
the average pocketbook, and programming was quite
scarce.  So, for purely cconomic reasons, all of the
colour-set makers except RCA faded out of the
picture. RCA, having a vested interest in colour,
and a fat investment to boot, gritted its corporate
tecth and stayed with it. Through the past years,
this firm has carried colour TV on its back like a
polychromatic Old Man of the Sea, doing nothing
at all for its financial structure in the process!
Although at first both N.B.C. and C.B.S. networks
carried colour programmes, C.B.S. gradually with-
drew, and N.B.C. sailed on alone.

Sales of colour TV to the public remained at an
extremely disappointing level (to RCA’s comptroller,
at least) for many years. RCA, by all reports, went
deep in the red each year on its colour (that’s only
a very mild pun; may I be forgiven?). However,
they kept on grimly, holding many service meetings
for technicians, advertising, issuing a complete
colour-TV training course through RCA Institutes,
and even selling colour-TV sets to interested tech-
nicians on hire-purchase, at a liberal discount.

Turn of the Tide

Engineers in the meanwhile kept digging into the
“innards ” of the colour set, excising parts here and
there and developing a new all-glass colour C.I.t.,
21CYP22, to replace the original metal-coned
21AXP22. The number of valves was reduced dras-
tically: from 44 in the first models to 26 in 1956, and
a few less in current models! After years of waiting,
1960 was das Jahr for R.C.A. colour TV set sales
went into the black for the first time! According to
“informed sources ” they sold something like 200,000
sets, and predicted that the total number in use by the
end of 1961 would be over 750,000 sets! Other set
makers began to prick up their ears. They dusted
off some designs that had been lying fallow for quite
a while, and Admiral, Westinghouse, G.E., and others
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