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PCL86-TELEVISION AUDIO 
EH90 OUTPUT VALVE 

SOUND 
DEMODULATOR 

FOR 
DUAL-STANDARD 

RECEIVERS 

A DOPTION of the 625 -line 
standard is to include the use 

of f.m. sound transmissions, and 
the latest dual-standard re­
ceivers are equipped to accom­
modate these transmissions . The 
Mullard heptode, type EH90, is 
being used for f .m . detection in 
many of these new sets, where it 
operates as a locked-oscillator 
dis crimina tor. · 

The EH90 is used as a dual-control 
valve in this application: the trans­
mitted signals are appli3d to the first 
grid, and the local oscillations to the 
third grid. Coupling between the two 
electrodes occurs by way of the elec­
tron stream. The circuit depends for 
its operation on the fact that the 
mean anode current in the EH90 will 

WHAT'S NEW 1-N 
THE NEW SETS 

Th.ese articles describe the 
latest Mullard developments 
for entertainment equipment 

be a function of the phase relation­
ship between signals of similar 
frequency applied to the control 
electrodes. As this relationship varies 
with the signal frequency, frequency 
modulations at the first grid are con­
verted to demodulated amplitude 
variations at the anode, and these 
are subsequently amplified and fed 
to the loudspeaker. 

The el~ctron coupling in the EH90 
is good, as is the frequency-to­
amplitude transfer characteristic. 
The valve is thus very suitable for 
use as a locked-oscillator discrimin­
ator, and will contribute notably to 
the benefits accruing from the adop­
tion of f.m. sound transmissions. 

new features give 
added performance 

THE Mullard P CL86 a .f. t r iode-pentode has been 
designed specifically for the sound s tages of television 

receivers. 
The sensitivity of the valve is high enough to allow adequate 

feedback to be applied in conventional circuits, but is not so high 
that instability will occur. The high overall gain is achieved 
partly by a high amplification factor in the triode section, and 
partly by a high value of mutual conductance in the pentode 
section. A new cathode material is used in the PCL86 to reduce 
the likelihood of instability. With this material, there is less 
deposition of particles from the 
cathode on other members of the 
electrode structure. 

A special electrode structure­
the balcony structure illustrated­
is used in the PCL86. The triode 
section is much shorter than the 
pentode section, and heat can 
t herefore raj iate freely from the 
upper part of the pentode section. 
Greater dissipation can thus be 
tolerated, and tbe anode dissipa­
tion rating of the PCL86 is con­
sequently particularly high (9W) 
for triode-pentodes. 

The cathode-to-heater voltage 
rating of the PCL86 is high (30V), 
and positioning of the valve in the 
heater chain is therefore not 
critical. Screening between the 
heater and grid leads of the elec­
trode structure ensures a very low 
level of hum in the valve. The per­
formance to be achieved with the 
PCL86 is thus very good, and the 
valve is ideally suited for the sound 
stages of television receivers. 

•1 

DY86-A NE W 
E.H . T. RECTIFIER 

The Mullard DY86 will be encoun­
tered in many present-day tele­
vision receivers . It is a new e.h.t. 
rectifier mounted on a noval base. 
The new valve is capable of deliver­
ing a rectified current of 600[J.A, the 
peak cathode current being 40mA. 
This value .of current is ample for 
modern picture tubes, and results 
in excellent brilliance and contrast, 

even in daylight. 
The e.h.t. rectifier of a television 

receiver must be safeguarded from 
the effects of over voltage ringing 
in the e.h.t. winding of the line out­
put transformer. The peak inverse 
voltage rating of the DY86 is 22kV. 
An ample safety margin is thus 
provided for a design value of e.h.t. 
voltage of 18kV. 

lrtVE 1586 
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Citizens Radio 
THE letter from Mr. G. E. Storey (October issue, 
p. 496) calling for a relaxation of the restrictions 
governing the granting of licences for mobtle radio 
installations has stimulated a lively correspondence 
in subsequent issues of this journal. 

The idea of possessing one's own private trans­
mitting and receiving set has fired the imagination 
of every generation of schoolboys since wireless 
telephony became practicable. It has been power­
fully stimulated in recent years by the advent of the 
transistor and the ubiquitous personal portable 
broadcast receiver. There are few weeks in which 
we do not receive a request for a reference to circuit 
diagrams from teenage hopefuls who are obviously 
quite ignorant of the licensing regulations and who, 
if they built such transmitters, would have no means 
of knowing whether they were in the right waveband, 
let alone whether their signals were stable or free 
from harmonics. 

But if novice " do-it-yourself " aspirants must be 
deterred until they can show some evidence of com­
petence, what are we to say to the many responsible 
citizens who would be only too glad to leave technical 
details to others . if they could buy a properly made 
and tested instrument of lower power and cost than 
the standard mobile radio equipments at present 
available. Because they are responsible citizens 
they will not need reminding that the natural aspira­
tions and needs of individuals must sometimes be 
c'urbed in the interests of the general well-being of 
the community, which means ultimately of them-:­
selves. But they also have the right to ask questions 
about the manner in which restriction is exercised 
by authority and, in the present context, if the Post­
master General is using his powers to restrict private 
communication systems in order to fulfil his other 
duty to make public telecommunication services pay. 
These are matters on which the P.M.G. is answer­
able to Parliament and on which he takes the advice 
of the Mobile Radio Committee which in turn has 
heard evidence from organizations representing a 
wide variety of interests. Reports of the Mobile 
Radio Committee are published regularly by H.M. 
Stationery Office and while giving technical argu­
ments for the recommendations on frequency alloca­
tion and equipment specifications, they also reveal 
the magnitude of the demand for mobile radio by 
public services and by business and industry. 

With so many powerful rivals for places in the 
limited frequency bands allocated by international 
agreement to mobile services, it seems to us that 
individual citizens should form an association 

WIRELESS WORLD, DECEMBER 1962 

VOL 68 NO 12 DECEMBER 1962 

through which their voice could be effectively heard. 
Pressure on ether space is mounting and already 
50kc/ s channel spacing has given way to 25kcj s for 
telephony in this and other countries. In anjcipa­
tion of future demands the Netherlands PTT has 
developed the " Simofoon" system, which by com­
binations of audio-frequency tones can transmit 
simple coded messages to thousands of mobile sub­
scribers, using only one radio-frequency channel. 

Whatever direction the future line of development 
may take it is certain that a tight control will be 
kept on the performance and stability of the equip­
ment used for mobile (including "citizens") radio 
communication. The widespread belief that we are 
hard done by in the U.K. in the matter of technical 
restrictions and that much greater freedom is :-er­
mined to the citizens of, for example, the U.S.A. 
is illusory. New systems put into operation in the 
U.S.A. after 1st August, 1958, and all systems after 
31st October, 1963, are allowed to have frequency 
tolerance of not more than 0.002% in the 27 Mcjs 
bands or 0.0005% in the 465 Me Is bands, and f.m. 
deviations of 5kc/ s and 15kc/ s respectively. In 
Germany where the Bundespost authorities have 
recently "relaxed " restrictions to the extent of 
permitting radio communications in the 27 Mcjs 
bands for the use of sports organizations (but not 
individuals) in addition to public services, the chan­
nel spacing is to be lOkc/ s, frequency stability 
( -lOoC to 40°C and with ± lO'Yo variation of power 
supply) must be less than ± l.Skc/s, and the maxi­
mum radiated power from a A./2 dipole must not 
exceed 0.1 watt. Commenting on this our contem­
porary Funkschau says somewhat wryly that the 
hoped for "Everyman Radio " is scarcely more than 
a cut-down "Everymanikin Radio"! 

If there is to be any extension of mobile radio by 
a reduction in the price of equipment this will in­
evitably be at the cost of lower power and restr~cted 
range, because the out-of-band spurious radiation 
must be kept at a level at least as low as that 
allowed in higher-powered equipment. Will those 
who now call for a lowering of costs be satisfied with 
the limited ranges? If not they must pay up and 
join the ranks of the existing mobile users. 

The motives of those who wish to communicate 
by radio are as legitimate as.those which urge people 
to travel, but if travellers wish to use modern motor­
ways they arl! no longer allowed to wa:k, push 
perambulators or even ride mopeds; they must buy 
a car and sub:nit to the inspection and control of 
its roadworthiness. 
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BAND IV BEACON 
TRANSMITTER (GB3GEC) 

DESIGNED FOR MIXED-PATH PROPAGATION STUDIES 

IN order to study the probability of interference 
between television stations in Britain and on the 
Continent sharing the same frequency, a continuous 
signal has been radiated from the works of the 
M-0 Valve Company at Hammersmith, West Lon­
don, on a frequency of 431.5 Mc/s, and beamed 
on the receiving station PElPL in The Hague, since 
January, 1962. The project was organized by 
G. M. C. Stone, the representative of the Radio 
Society of Great Britain on the C.C.I.R. Study 
Group V (Propagation), and is concerned with 
measurements of the variation of field strength over 
this mixed land and sea path. 

The aerial at Hammersmith is mounted above 
the roof of the factory about 70 feet above ground 
level and consists of four square stack 8-over-8 
slot-fed. Yagi arrays. The aer:al, supplied by J. 
Beam Aerials Ltd., of Northampton, and its polar 
dia aram are illustrated on the front cover. A power 
of ~bout SOOW is fed from the transmitter through 
a l-in diameter coaxial cable. At The Hague a A/2 
dipole with a disc reflector is fitted at the focus of a 

Fig. I. Low-power amplifier for 431 Mcfs showing simple loop 
anode circuit for DET24 and A2521. 
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By 
H. L. GIBSON,* 

A.M.I.E.E. 

25ft diameter steerable paraboloid and feeds a low­
noise converter with an output at 150 Mcjs followed 
by a tunable receiver. A chart recorder provides 
a continuous record of the amplified a.g.c. voltage. 

The transmitter is designed to operate for long 
periods without any interruption of the service, and 
is used by the M-0 Valve Company to collect ex­
tended life-test evidence on the various valves used 
in it. Since the beginning of transmissions, the 
only serious cause of failure was due to blocking 
of the air filters supplying cooling air to the 4X250B 
valves in the output stage. 

The transmitter frequency is derived from a 
crystal at 7990.74 kc/s maintained at constant tem­
perature in an oven; identification signals are sent 
once in five minutes by frequency shift keying and 
this is performed by raising the oscillator frequency 
slightly during the " space" periods of the keying 
sequence. The keying characters are formed by a 
slotted disc which rotates once per minute between 
a light source and a photo-transistor. Four out of 
five keying sequences are suppressed by relay cir­
cuits so as to radiate the call letters only once in 
five minute~ . The frequency shift at the output 
frequency 1s about 2 kc/s. The circuit arrangement 
of the exciter follows conventional practice. The 
12AX7 crystal oscillator is followed by a 6AM6 
buffer amplifier, a 6AM6 trebler and an EL84 trebler 
which drives a TTlS twin tetrode with its anodes 
connected in parallel to act as a frequency daubler 
to 143.8 Mc/s. This stage is capable of a power 
output of 3W but this is normally reduced to O.SW 
by operating the TTIS at greatly reduced screen 
voltage. 

The low-power driver has three stages of 
grounded-grid triodes, the first two of which are 
A2521 pin-based valves originally designed as low­

*Applications Dept., M-0 Valv~ Company 
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perature in an oven; identification signals are sent 
once in five minutes by frequency shift keying and 
this is performed by raising the oscillator frequency 
slightly during the "space" periods of the keying 
sequence. The keying characters are formed by a 
slotted disc which rotates once per minute between 
a light source and a photo-transistor. Four out of 
five keying sequences are suppressed by relay cir- 
cuits so as to radiate the call letters only once in 
five minutes. The frequency shift at the output 
frequency is about 2 kc/s. The circuit arrangement 
of the exciter follows conventional practice. The 
12AX7 crystal oscillator is followed by a 6AM6 
buffer amplifier, a 6AM6 trebler and an EL84 trebler 
which drives a TT15 twin tetrode with its anodes 
connected in parallel to act as a frequency doubler 
to 143.8 Mc/s. This stage is capable of a power 
output of 3W but this is normally reduced to 0.5W 
by operating the TT15 at greatly reduced screen 
voltage. 

The low-power driver has three stages of 
grounded-grid triodes, the first two of which are 
A2521 pin-based valves originally designed as low- 
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noise amplifiers for u.h.f. receivers, but now findmg 
increasing use as small power valves. The first 
A2521 acts as a frequency trebler to the final fre­
quency of 431.5 Mcjs at approximately unity power 
gain followed by an A2521 power amplifier giving 
an output of 2.5 W. Both of these stages use anode 
tuned circuits consisting of single turn loops of 10 
s.w.g. copper, tin internal d:ameter and terminated 
to earth by a capacitance of about lSOpF formed 
by lin square copper plates insulated from the 
chassis by a thin sheet of mica and retained by 
nylon screws. The amplifier stage has no tuned 
input circuit but is capacitively coupled to the pre­
vious anode circuit. The following amplifier raises 
the power level to 12W and one might normally 
consider a double u.h.f. tetrode such as the TT:o / 
QQV03-20A for this service. However, it has been 
shown that the effective power gain of such an 
amplifier 1s no better than that of a grounded-grid 
triode of ~imilar rating while the inherent stability 
of the grounded-grid triode is a considerable advan­
tage. Consequently, the following amplifier uses 
a DET24 disc seal triode. This valve was origin­
ally designed for use in coaxial circuits at frequen­
cies up to 2,000 Mcjs but at frequencies below 500 
Mcjs an extremely simple anode circuit can be 
used while no input circlai-t is necessary. In this 
transmitter, the anode circuit consists of three sides 
of a square loop of !kin side bent up from 16 s.w.g. 
copper sheet !tin wide. One of the sides is clamped 

Tz 

to the chassis with suitable . insulation to form a 
by-pass capacitor while the other end of the loop 
is extended to form a clamp around the valve anode 
contact ring. The entire loop forms a heat sink 
which keeps the valve seal temperature to a safe 
value. Details of this arrangement and the A2521 
anode tuned circuit are shown in Fig. 1, and are 
described in detail in the M-0 Valve Company's 
Application Report No. 10. 

The penultimate amplifier uses a 4Xl50A tetrode 
valve operating under reduced conditions of drive 
and anode input to give an output of SOW and this 
drives a pair of 4X2SOB valves operated at full 
ratings to give an output of SOOW. These valves 
are normally operated in coaxial circuits but it is 
very difficult to connect two valves in parallel in 
this arrangement and the GB3GEC transmitter uses 
radial cavities for both the single-valve and two­
valve stages. Provided that only a small tuning 
range is required, these circuits have the added 
advantage that they can be made almost entirely 
without the use of machine tools. 

The cavities used take the form of a flat, square 
box with the valves mounted centrally between the 
upper and lower plates of the box. The spacing 
between these plates is determined by the valve 
socket and chimney so that the anode and screen 
contact surfaces connect with the upper and lower 
plates of the box. The length of the sides of the 
cavity determine the frequency which also depends 

OUTPUT 

GRID CURRENT METERS 

CATHODE CURRENT METERS 

SCREEN CURRENT METERS 

Fig. 2. Circuit diagram of high-power amplifier using two 4X250B valves in a radial cavity. 
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noise amplifiers for u.h.f. receivers, but now finding 
increasing use as small power valves. The first 
A2521 acts as a frequency trebler to the final fre- 
quency of 431.5 Mc/s at approximately unity power 
gain followed by an A2521 power amplifier giving 
an output of 2.5 W. Both of these stages use anode 
tuned circuits consisting of single turn loops of 10 
s.w.g. copper, |in internal d'ameter and terminated 
to earth by a capacitance of about 150pF formed 
by lin square copper plates insulated from the 
chassis by a thin sheet of mica and retained by 
nylon screws. The amplifier stage has no tuned 
input circuit but is capacitively coupled to the pre- 
vious anode circuit. The following amplifier raises 
the power level to 12W and one might normally 
consider a double u.h.f. tetrode such as the TT10/ 
QQV03-20A for this service. However, it has been 
shown that the effective power gain of such an 
amplifier is no better than that of a grounded-grid 
triode of similar rating while the inherent stability 
of the grounded-grid triode is a considerable advan- 
tage. Consequently, the following amplifier uses 
a DET24 disc seal triode. This valve was origin- 
ally designed for use in coaxial circuits at frequen- 
cies up to 2,000 Mc/s but at frequencies below 500 
Mc/s an extremely simple anode circuit can be 
used while no input circak is necessary. In this 
transmitter, the anode circuit consists of three sides 
of a square loop of Ijfn side bent up from 16 s.w.g. 
copper sheet Hin wide. One of the sides is clamped 

to the chassis with suitable insulation to form a 
by-pass capacitor while the other end of the loop 
is extended to form a clamp around the valve anode 
contact ring. The entire loop forms a heat sink 
which keeps the valve seal temperature to a safe 
value. Details of this arrangement and the A2521 
anode tuned circuit are shown in Fig. 1, and are 
described in detail in the M-O Valve Company's 
Application Report No. 10. 

The penultimate amplifier uses a 4X150A tetrode 
valve operating under reduced conditions of drive 
and anode input to give an output of SOW and this 
drives a pair of 4X250B valves operated at full 
ratings to give an output of 500W. These valves 
are normally operated in coaxial circuits but it is 
very difficult to connect two valves in parallel in 
this arrangement and the GB3GEC transmitter uses 
radial cavities for both the single-valve and two- 
valve stages. Provided that only a small tuning 
range is required, these circuits have the added 
advantage that they can be made almost entirely 
without the use of machine tools. 

The cavities used take the form of a flat, square 
box with the valves mounted centrally between the 
upper and lower plates of the box. The spacing 
between these plates is determined by the valve 
socket and chimney so that the anode and screen 
contact surfaces connect with the upper and lower 
plates of the box. The length of the sides of the 
cavity determine the frequency which also depends 
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Fig. 2. Circuit diagram of high-power amplifier using two 4X2506 valves in a radial cavity. 
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on the capcitive loading applied by the valve. The 
lengths for a frequency of 440 Mc/s is l3tin for 
a single 4XlSOA valve and 10-!in for a pair of 
4X2SOB valves when the plates are spaced lin apart. 
Fine tuning i~ achieved by a 2in diameter brass 
disc which is ad;ustable in spacing and therefore 
in capacitance across the cavity. This arrangement 
gives a tuning range of about 20 Mc/s and eas ily 
allows the cavities to be ad;usted to 431.5 Mc/s with 
adequate allowance for valve-to-valve capacitance 
variations. Power is coupled out of the cavities by 
a rotatable loop. 

The grid circuits use simple trough line arrange­
ments, a half-wave line for the single valve circuit 
and a full -wave line in the shape of a letter C for 
the two-valve circui t. The trough lines are con­
tained in a screening box mounted beneath the 
anode cavity with a gap which provides an r .f. dead­
space into which the heater and d.c. screen connec­
tions can be taken through suitable chokes and 
by-pass capacitors. The circuit diagram for the two­
valve arrangement is shown in F ig. 2 and the con­
structional details in Fig 3. Both the single-valve 
and two-valve circuits are described in the M-0 
Valve Company's Application Report No. 6. 

The pnwer supplies are entirely conventional; 
the low-power supplies are provided by Furzehill 
type P ~OOR srabi1ized power units whi1e the high­
power stages are supplied from zenon rectifiers type 
GXU2 in bi-phase half-wave circuits. The trans­
mitter is protected against failure of cooling air by 
suitable relays and the biasing arrangements are 
such that failure of r.f. drive from earlier stages 
leaves the high-power valves operating within their 
dissipation rating. 

Assuming an e.r.p. of SkW. the calculated free 
space input signal level is approximately 2m V but 
the received signal has, at all times, been very much 
less than this. Durir.g February, March ar.d April> 
the signal never rose above S11 V and for a large part 
of the time was less than O.S,1V. It was expected 
that signals nearer to the free space value would 
have occurred during the summer months when 
real duct formations might be expected, but this in 
fact did not happen. The signal is normally sub­
jected to rapid fading and aircraft flutter effects. 
In spite of the highly directive aerial, the signal is 
easily received throughout the Home Counties and 
reports have been received from as far afield as 
Monmouthshir e. 

BOOKS RECEIVED 
Introduction to E!ectronics, by Robert J. Hughes and 
Peter P:pe. An elementary treatment of radio and basic 
electron~cs . The " teaching machine " approach is ad­
opted, the reader being required ro answer correctly a 
question on the current secrion before he can find the 
correct page on which to continue. The book is written 
in a colloquial style, and each step forward is small 
enough to meet the needs of the slow learner. Pp. 422. 
EngLsh Universities Press, Ltd., 102 Newgate Street, 
L ondon, E.C.l. Price 25s. 

FM Stereo Multiplexing, by Norman H. Crowhurst. 
Explains stereo broadcasting systems in relation to the 

, F.C.C. system finally adopted (in the U.S.A.). A general 
discussion of adaptor circuits is followed by fourteen 
examples. Also dealt with are installation and conver­
sion problems, alignment and performance checking, 
and general servicing procedures. Pp. 65. John F. 
Rider, Publisher, Inc., 116 W. 14th Street, New York, 
N.Y. Price $1.25. 

Acoustics, Noise and Buildings (2nd Edition), by P. H. 
Parkin and H. R. Humphreys. For acoustics engineers 
and architects, this book provides a grounding for the 
understanding of the concepts involved in the design of 
buildings with specified acoustic properties. The first 
few chapters deal with the natur~ and behaviour of 
sound waves in different environments and these are 
followed by chapters on sound insulation, measurement 
and the design of studios and rooms for various types 
of sound. Pp. 331. Faber & Faber, 24 Russell Square, 
London. Price 70s. 

Photo and Thermoelectric Effects in Semiconductors, 
by J. Tauc. Primarily written for the solid-state 
physicist or device development engineer, the book is 
an exhaustive treatment of the subJect of carrier motion 
in semiconductor material. The effects of light, tem­
perature and magnetic fields are dealt with specifically, 
and special cases where two of these effects occur simul­
taneously are discussed. An extensive list of references 
is provided. Pp. 248. Pergamon Pre:ss Ltd., Heading­
ton Hill Hall, Oxford. Price 60s. 
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Applied Mathematics for Radio and Communication 
Engineer, by Carl E. Smith. Intended as a complete 
course fo r technical students, the book begins with 
simple arithmetic and progresses to calculus and series. 
Two ch3pters are given ro the use of simultaneous 
equations in mesh circui ts , and quadratic equations in 
multiple-resonance complex circuits. An extensive 
appendix provides a number of tables, standard formulre 
and integrals. Problems, to which answers are pro­
v:ded, are set after each chap,rer. Pp. 336. Dover 
Publications Inc., 180 Varick Street, New York, 14, 
N.Y. Price $1.75. 

Single-sideband Cnmmunications Handbook, by Harry 
D. Hooton, W6YTH. Mainly for the amateur, the 
book covers the whole sub;ect of s.s.b. transmission and 
reception in a non-mathematical manner. Several prac­
tical constructional circuits are described, mainly for 
linear amplifiers, and descriptions are includtd of com­
mercial s.s.b. eqmpment. A chapter is devoted to test 
and measurement. Pp. 286. Howard W. Sams & Co., 
Inc., Indianapolis 6, Indiana, U.S.A. Price $6.95. 

Semiconductor Statistics, by J. B. Blakemore. A com­
prehensive account of factors governing the density of 
carriers in semiconductors. An introductory chapter 
is devoted to the electron band theory of solids, after 
which carrier statistics for semiconductors in equili­
brium are discussed. (Equilibrium is held to apply 
when small measurement currents are passed.) The 
whole of the second part of the book is a treatment of 
non-equilibrium conditions which obtain at large 
currents. Junctions are not dealt with. Pp. 381. 
Pergamon Press Lld., Headington Hill Hall, Oxford. 
Price 84s. 

Normal Eoual-Lou1ness Contours for Pure Tones 
and Normal Threshold of Hearing are for free-field 
conditions and binaural listeners in the age group 18 
to 25. The corrections normally required for ages up 
to 60 are also included. B.S. 3383: 1961 costs 4s 6d 
and is available from B.S.I., British Standards House, 
2, Park St., London, W.l. 
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on the capcitive loading applied by the valve. The 
lengths for a frequency of 440 Mc/s is 13jin for 
a single 4X150A valve and lOjin for a pair of 
4X250B valves when the plates are spaced lin apart. 
Fine tuning is achieved by a 2in diameter brass 
disc which is adjustable in spacing and therefore 
in capacitance across the cavity. This arrangement 
gives a tuning range of about 20 Mc/s and easily 
allows the cavities to be adjusted to 431.5 Mc/s with 
adequate allowance for valve-to-valve capacitance 
variadons. Power is coupled out of the cavities by 
a rotatable loop. 

The grid circuits use simple trough line arrange- 
ments, a half-wave line for the single valve circuit 
and a full-wave line in the shape of a letter C for 
the two-valve circuit. The trough lines are con- 
tained in a screening box mounted beneath the 
anode cavity with a gap which provides an r.f. dead- 
space into which the heater and d.c. screen connec- 
tions can be taken through suitable chokes and 
by-pass capacitors. The circuit diagram for the two- 
valve arrangement is shown in Fig. 2 and the con- 
structional details in Fig 3. Both the single-valve 
and two-valve circuits are described in the M-O 
Valve Company's Application Report No. 6. 

The power supplies are entirely conventional; 
the low-power supplies are provided by Furzehill 
type PIOUR stabilized power units white the high- 
power stages are supplied from zenon rectifiers type 
GXU2 in bi-phase half-wave circuits. The trans- 
mitter is protected against failure of cooling air by 
suitable relays and the biasing arrangements are 
such thai failure of r.f. drive from earlier stages 
leaves the high-power valves operating within their 
dissipation rating. 

Assuming an e.r.p. of 5kW. the calculated free 
space input signal level is approximately 2mV but 
the received signal has, al all times, been very much 
less than this. During February, March and April, 
the signal never rose above 5/iV and for a large part 
of the time was less than 0.5/'V. It was expected 
that signals nearer to the free space value would 
have occurred during the summer months when 
real duct formations might be expected, but this in 
fact did not happen. The signal is normally sub- 
jected to rapid fading and aircraft flutter effects. 
In spite of the highly directive aerial, the signal is 
easily received throughout the Home Counties and 
reports have been received from as far afield as 
Monmouthshire. 

BOOKS RECEIVED 

Introduction to Electronics, by Robert J. Hughes and 
Peter Pipe. An elementary treatment of radio and basic 
electronics. The " teaching machine " approach is ad- 
opted, the reader being required to answer correctly a 
question on the current section before he can find the 
correct page on which to continue. The book is written 
in a colloquial style, and each step forward is small 
enough to meet the needs of the slow learner. Pp. 422. 
English Universities Press, Ltd., 102 Newgate Street, 
London, E.C.I. Price 25s. 
FM Stereo Multiplexing, by Norman H. Crowhurst. 
Explains stereo broadcasting systems in relation to the 
F.C.C. system finally adopted (in the U.S.A.). A general 
discussion of adaptor circuits is followed by fourteen 
examples. Also dealt with are installation and conver- 
sion problems, alignment and performance checking, 
and general servicing procedures. Pp. 65. John F. 
Rider, Publisher, Inc., 116 W. 14th Street, New York, 
N.Y. Price $1.25. 
Acoustics, Noise and Buildings (2nd Edition), by P. H. 
Parkin and H. R. Humphreys. For acoustics engineers 
and architects, this book provides a grounding for the 
understanding of the concepts involved in the design of 
buildings with specified acoustic properties. The first 
few chapters deal with the nature and behaviour of 
sound waves in different environments and these are 
followed by chapters on sound insulation, measurement 
and the design of studios and rooms for various types 
of sound. Pp. 331. Faber & Faber, 24 Russell Square, 
London. Price 70s. 
Photo and Thermoelectric Effects in Semiconductors, 
by J. Tauc. Primarily written for the solid-state 
physicist or device development engineer, the book is 
an exhaustive treatment of the suhiect of carrier motion 
in semiconductor material. The effects of light, tem- 
perature and magnetic fields are dealt with specifically, 
and special cases where two of these effects occur simul- 
taneously are discussed. An extensive list of references 
is provided. Pp. 248. Pergamon Press Ltd., Heading- 
ton Hill Hall, Oxford. Price 60s. 

Applied Mathematics for Radio and Communication 
Engineer, by Carl E. Smith. Intended as a complete 
course for technical students, the book begins with 
simple arithmetic and progresses to calculus and series. 
Two chapters are given to the use of simultaneous 
equations in mesh circuits, and quadratic equations in 
multiple-resonance complex circuits. An extensive 
appendix provides a number of tables, standard formuLe 
and integrals. Problems, to which answers are pro- 
vided, are set after each chapter. Pp. 336. Dover 
Publications Inc., 180 Varick Street, New York, 14, 
N.Y. Price $1.75. 

Single-sideband Cnnimunications Handbook, by Harry 
D. Hooton, W6YTH. Mainly for the amateur, the 
book covers the whole subject of s.s.b. transmission and 
reception in a non-mathematical manner. Several prac- 
tical constructional circuits are described, mainly for 
linear amplifiers, and descriptions are included of com- 
mercial s.s.b. equipment. A chapter is devoted to test 
and measurement. Pp. 286. Howard W. Sams & Co., 
Inc., Indianapolis 6, Indiana, U.S.A. Price $6.95. 

Semiconductor Statistics, by J. B. Blakemore. A com- 
prehensive account of factors governing the density of 
carriers in semiconductors. An introductory chapter 
is devoted to the electron band theory of solids, after 
which carrier statistics for semiconductors in equili- 
brium are discussed. (Equilibrium is held to apply 
when small measurement currents are passed.) The 
whole of the second part of the book is a treatment of 
non-equilibrium condmons which obtain at large 
currents. Junctions are not dealt with. Pp. 381. 
Pergamon Press Ltd., Headington Hill Hall, Oxford. 
Price 84s. 
Normal Ecma'-Loudness Contours for Pure Tones 
and Normal Threshold of Hearing are for free-field 
conditions and binaural listeners in the age group 18 
to 23. The corrections normally required for ages up 
to 60 are also included. B.S. 3383: 1961 costs 4s 6d 
and is available from B.S.I., British Standards House, 
2, Park St., London, W.l. 
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ELECTRONIC EQUIPMENT 
RELIABILITY 

DISCUSSION AT THE SECOND I.E.E. SYMPOSIUM 

N OT many years ago, the rush of blood to the 
head when a new equipment first worked was in 
no way abated when it refused to perform reliably 
to any marked extent. Things electronic were 
accorded the reverence and granted the indulgences 
normally expected by a mezzo-soprano, and their 
frequent fits of temperament fitted the role perfectly. 

This kind of atcitude has taken far too long to 
live down, and it is only with the adoption of elec­
tronics for vitally important defence measures, for 
medical work and in business, that the need for 
black boxes to work reliably has become the sub­
ject of research. Semiconductors have contributed 
to this: their very smallness means that hundreds 
of · thousands of components are used in even a 
fairly small computer or control system. An esti­
mated mean time between failures (m.c.b.f.) for these 
individual components of as much as a thousand 
hours means that the computer will probably de­
velop a fault every few minutes. The costly and 
possibly fatal results of a breakdown in such equip­
men( means that it is far cheaper to spend money on 
reliability research than to run the risk of failure, 
though the general feeling o.f the symposium was 
that industrial managements are still blissfully ignor­
ant of this face. An encouraging note was sounded 
by Mr. Basil de Ferranti in his opening address 
when he said that the Government would "not be 
unreceptive " to ideas for improving the situation. 

The symposium held in 1960 was felt co be rather 
too destructive, in that although the problems were 
stated, no solutions were forthcoming. The sym­
posium held in October last, while acknowledging 
the difficulties, was able to demonstrate much more 
achievement. Several main points of agreement 
were established, the one most often discussed being 
a proposal for the setting-up of a central clearing­
house for test information on electronic components, 
to operate on the lines of the Consumers Association 
Limited. This was generally felt to be a good idea, 
though the need for care in its operation was voiced 
by several speakers. Difficulties in getting the co-

' operation of manufacturers would, no doubt, be 
encountered: the good ones would send data, bad 
ones would not, and an incorrect over-all picture 
would emerge. On the other hand, once a com­
ponent was given a bad name, the stigma would 
stick and improvement would tend to be ignored. 

Most speakers were in agreement on the fact that 
complexity was one of the bitterest enemies of re­
liability. Established circuits, for example those 
taken from manufacturer's application notes and 
used without alteration, stood a better chance of 
producing reliable equipment than if they are re­
garded merely as something to base the designer's 
own thoughts on, and whenever possible to "im­
prove." There is no harm in this, provided ample 
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time is available for a reassessment of reliability. 
The lack of standardization in the definition of 

reliability was commented on by many speakers, and 
this would seem to be due for attendon. The diffi­
culty of obtaining figures for short production runs; 
the necessity for assuming one failure where none 
was sufiered, in order to get a figure; the reason for 
specifying failure rates in percemages per 1000 
component-hours; differences in requirements 
between 10-second missiles and 2S-year undersea 
repeaters; all these topics were discussed and will 
continue to be discussed for some time, one feels. 

Maintenance and Reliability 

Before reporting specific points from the papers 
presented, some of (he generalities that emerged in 
discussion will be mentioned, one of the more im­
portant ones being what could be called the "sleep­
ing-dog" philosophy. It appears to be commonly 
agreed that if a large equipment is working satis­
factorily, the least possible amount of preventive 
maintenance should be applied. Success with this 
approach was reported by Dr. Steiner of Prague in 
connection wiill the maintenance of a Soviet Ural I 
computer. Initially, all valves in the equipment 
were changed, as a matter of course, in January of 
each year and other maintenance was performed at 
the same time. Unfortunately, ic was not until 
March that the computer recovered from the effects 
of this onslaught. As a result, it was decided, in 
fu.:ure, to leave well alone as much as possible, and 
since then very little trouble has been experienced. 

This approach is endorsed by many Government 
establishments although it was pointed out that if 
equipment suffers from these troubles, it could be 
that something is wrong with the design. 

P. A. Darnell, of the Bell System, put forward the 
point of view that the designer can save a lot of 
money if he knows what he is doing. This rather 
fundamental remark was provoked by the fact that 
the Bell-designed Telstar uses carbon composition 
resistors in the main. Although these are liable to 
"failure" by drift out of tolerance, the designer can 
minimize the effect of this by intelligent design. 
The device can therefore be made cheaper and 
catastrophic failure-a fault sometimes encountered 
with high-stability cracked-carbon components­
avoided. 

A round of heartfelt applause was accorded the 
speaker who complained that it is all very well to 
talk of comprehensively testing, say, a computer for 
reliability figures, but that as soon as the equipment 
is built, it is usually pressed into service. This is 
not only the case with computers and other large 
equipments; too many manufacturers begin selling 
things like electronic instruments before sufficient 
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11 OT many years ago, the rush of blood to the 
head when a new equipment first worked was in 
no way abated when it refused to perxorm reliably 
to any marked extent. Things electronic were 
accorded the reverence and granted the indulgences 
normally expected by a mezzo-soprano, and their 
frequent fits of temperament fitted the rcle perfectly. 

This kind of atdtude has taken far too long to 
live down, and it is only with the adoption of elec- 
tronics for vitally important defence measures, for 
medical work and in business, that the need for 
black boxes to work reliably has become the sub- 
jecc of research. Semiconductors have contributed 
to this: their very smallness means that hundreds 
of thousands of components are used in even a 
fairly small computer or control system. An esti- 
mated mean time between failures (m.c.b.f.) for these 
individual components of as much as a thousand 
hours means that the computer will probably de- 
velop a fault every few minutes. The costly and 
possibly fatal results of a breakdown in such equip- 
meni; means that it is far cheaper to spend money on 
reliability research than to run the risk of failure, 
though the general feeling of the symposium was 
that industrial managements are still blissfully ignor- 
ant of this fact. An encouraging note was sounded 
by Mr. Basil de Ferranti in his opening address 
when he said that the Government would " not be 
unreceptive" to ideas for improving the situation. 

The symposium held in 1960 was felt to be rather 
too destructive, in that although the problems were 
stated, no solutions were forthcoming. The sym- 
posium held in October last, while acknowledging 
the difficulties, was able to demonstrate much more 
achievement. Several main points of agreement 
were established, the one most often discussed being 
a proposal for the setting-up of a central clearing- 
house for test information on electronic components, 
to operate on the lines of the Consumers Association 
Limited. This was generally felt to be a good idea, 
though the need for care in its operation was voiced 
by several speakers. Difficulties in getting the co- 

-operation of manufacturers would, no doubt, be 
encountered: the good ones would send data, bad 
ones would not, and an incorrect over-all picture 
would emerge. On the other hand, once a com- 
ponent was given a bad name, the stigma would 
stick and improvement would tend to be ignored. 

Most speakers were in agreement on the fact that 
complexity was one of the bitterest enemies of re- 
liability. Established circuits, for example those 
taken from manufacturer's application notes and 
used without alteration, stood a better chance of 
producing reliable equipment than if they are re- 
garded merely as something to base the designer's 
own thoughts on, and whenever possible to " im- 
prove." There is no harm in this, provided ample 

time is available for a reassessment of reliability. 
The lack of standardization in the definition of 

reliability was commented on by many speakers, and 
this would seem to be due for attention. The diffi- 
culty of obtaining figures for short production runs; 
the necessity for assuming one failure where none 
was suffered, in order to get a figure; the reason for 
specifying failure rates in percentages per 1000 
component-hours; differences in requirements 
between 10-second missiles and 25~year undersea 
repeaters; all these topics were discussed and will 
continue to be discussed for some time, one feels. 

Maintenance and Reliability 

Before reporting specific points from the papers 
presented, some of the generalities that emerged m 
discussion will be mentioned, one of the more im- 
portant ones being what could be called the sleep- 
ing-dog" philosophy. It appears to be commonly 
agreed that if a large equipment is working satis- 
factorily, the least possible amount of preventive 
maintenance should be applied. Success with this 
approach was reported by Dr. Steiner of Prague in 
connection with the maintenance of a Soviet Ural I 
computer. Initially, all valves in the equipment 
were changed, as a matter of course, in January of 
each year and other maintenance was performed at 
the same time. Unfortunately, it was not until 
March that the computer recovered from the effects 
of this onslaught. As a result, it was decided, in 
future, to leave well alone as much as possible, and 
since then very little trouble has been experienced. 

This approach is endorsed by many Government 
establishments although it was pointed out that if 
equipment suffers from these troubles, it could be 
that something is wrong with the design. 

P. A. Darnell, of the Bell System, put forward the 
point of view that the designer can save a lot of 
money if he knows what he is doing. This rather 
fundamental remark was provoked by the fact that 
the Bell-designed Telstar uses carbon composition 
resistors in the main. Although these are liable to 
" failure " by drift out of tolerance, the designer can 
minimize the effect of this by intelligent design. 
The device can therefore be made cheaper and 
catastrophic failure—a fault sometimes encountered 
with high-stability cracked-carbon components- 
avoided. 

A round of heartfelt applause was accorded the 
speaker who complained that it is all very well to 
talk of comprehensively testing, say, a computer for 
reliability figures, but that as soon as the equipment 
is built, it is usually pressed into service. This is 
not only the case with computers and other large 
equipments; too many manufacturers begin selling 
things like electronic instruments before sufficient 
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information has been gained, and in some cases 
before the prototype has been fully completed. 

The practice of delegating mechanical design t_o 
junior draughtsmen continues, it seems, _and c~mtn­
butes its quota to unreliability. Ele~tromc engmeers 
also tend to . regard mechanical design as an ext~n­
sion of their own province, and it was very fai_rly 
pointed out that mechanical designers do not design 
flip-flops in their spare time. 

A paper by J. C. Cluley described the concept of 
redundancy as an insurance against breakdown in 
control systems or computers. Redundancy may. be 
applied to coding-transmission of e~ror-correct~ng 
information-and to replication of eqmpment, which 
is the type described in chis paper. In the?ry, the 
lower the level at which replication is applied, the 
better. In other words, if every component were 
duplicated or triplicated, maximum reliabili.:y woul_d 
be achieved. In practice, this is not so, as multi­
plication of components causes a loss of perform­
ance, and the next level-complete circuits-is the 
mos( reasonable choice. In a digital computer, each 
logical unit is replaced by several _simila~ units, ~~ch 
group being followed by a ma;orny-votmg deciSlO!l 
circuit. Each decision circuit mus£ also be repll­
cated so that the . equipment becomes a number of 
colu~ns of alternate logic and decision circuits. 
To preserve the computer's equanimity, an odd 
number of columns is required. Tesdng may be 
carried out by running a test programme, multi­
plexed with the m~in _oi_Ie, on one colul_l1? at a. tin:e, 
the others beina mhibned. The decision cl!cmts 
are modified too accept cnly one input during ~he 
test run. It is found that adequate reliability for 
almost any on-line process is provided by three 
columns, and if units could be expected to fail in one 
way only, two columns would suffice. This, ~n­
fortunately, does not appear to be the case wnh 
contemporary active components. 

Equipment availability is defined as the m.t.b.f. 
divided by m.t.b.f. plus repair time,_ so tha~ increa~e 
of m.t.b.f. is not the only way of mcreasmg avail­
ability. Attention is not quite so frequently directed 
at reduction of repair time, and only one paper was 
devoted solely to this problem. W. S. Mortley 
described a method of using a television display 
as a fault indicator, and stressed the importance of 
designing with performance monitoring in mind. In 
a large electronic system _consisting of perhaps, 5,000 
logic units, two test pomts are provided for each 
unit one to indicate the input condition and one 
the 'state of the unit. If a unit has several inputs 
and outputs, they are con;tbined . by logic n~twork~. 
Each rack of units is provided with a samplmg umt 
which is fed with d.c. test signals by the monitor, 
each unit feeding its sampler with the results. The 
samplers are then scanned sequential~y ~y t~e ~on_i­
tor and the results displayed. The md1cat1on IS m 
the form of a matrix of pairs of dots, input and out­
put for each unit, all being visibl~, ~ut dim. An 
increase in brifThtness of any dot mdicates a fault 
(in analogue equipment, dot brightness gives s~me 
indication of the severity of the fault), and an audi~le 
warning is given when the dot reaches peak white. 

R. E. W. Harland presented a paper on the 
economics of unreliability in the Royal Air Force. 
If any one present was feeling ~t all co~placent, 
this paper should have been sufficient t? bnng them 
back to earth with a dull thud. He said the R.A.F. 
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has paid, over the past eight years, £200M to the 
electronics industry, half of which has been for 
spares and maintenance equipment. Maintenance 
costs on ope::ational equipment are two or three 
times the cost of the equipment itself, and even 
with this, many flights are was~ed because of 
electronic failures. The cost of accidents alon~ due 
to electronics is about £SM a year. Paradoxically, 
accidents due to electronics are very . few, but only 
because sets are so unreliable that they are seldom 
used in critical functions unless replicated.. Stre.ss 
was placed on the need for sim~ler fault diagnosis; 
even skilled tradesmen are findmg themselves out 
of their depth with modern, complex equipment. 

The human factor is, as in any subject, one of 
the imponderables, and it is respo!lsible !or ma!ly 
difficulties in both assessing and mcreasmg relia­
bility. Perhaps the most trou.ble is caused by b~d 
reporting of faults and remedies. Improvement m 
reliability is dependent, to a large extent, on feed­
back from the user to the designer, and if the loop 
is broken effort may well be directed into the wrong 
channels.' The introduction of wired.:..in valves 
demonstrated another point at which human 
fallibility was causing trouble. As soon a.s they were 
used in Service equipment, the consumpu~n of ,spare 
valves dropped rapidly. Evide~:nly th~ difficu1ty of 
replacing them encourages service engmeers to look 
elsewhe::e for faults, and often they find them. . 

It is felt that the symposium has made a big 
contribution to standards of reliability, in particular 
in drawing attention to the need for a con~erted 
attack on standardizing definitions, on reduction of 
complexity and on the establishment of some central 
body to collect and collat~ inforJ?ation: The ~ay of 
"It'll be all right on the mght" IS passmg, but Is not 
dead yet. The symposium has most certa1nly helped 
it along. 

1963 Conferences and Exhibitions 
Additions to the list of next year's events publi3hed last 

month. Further details are obtainable from the addresses 
in parentheses. 

LONDON 
Mar. 27-30 Imperial College 

Environmental Engineering Symposium & .Exh~bition 
(Soc. of Environmental Engineers, 167 V1ctona Street, 

S.W.1) I . I C 11 
April 23-25 . . . . . mpena o ege 

Electronic Processes m Dielectric L•qu1ds 
(Inst. of Physics & Phys. Soc., 47 Belgrave Squ~re, S.W.1) 

Sept. 9-13 Impenal College 
The Liquid State 
(Inst. of Physics & Phys. Soc., 47 Belgrave Square, S.W.1) 

Sept. 23-27 Savoy Place 
International Telemetering Conference 
(I.E.E., Savoy Place, W.C.2) 

OXFORD 
July 10-12 The University 

H:gh Magnetic Fields • 
. (Inst. of Physics & Phys. Soc., 47 Belgrave Square, S.~/.1.) 

OVERSEAS 
Mar. 7~12 

International Festival of Sound . 
(S.I.E.R.E., 14 rue de Stae:, Pans 1Se) 

Paris 

Mar. 26-31 • ~~ussels 
Interelectronique: International Components Exhibition . 

Nov. 14-21 Pans 
Mesucora Exhibition & Congress 
(Secretariat, 40 rue du Colisee, Pari-s 8e) 
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information has been gained, and in some cases 
before the prototype has been fully completed. 

The practice of delegating mechanical design to 
junior draughtsmen continues, it seems, and contri- 
butes its quota to unreliability. Electronic engineers 
also tend to regard mechanical design as an exten- 
sion of their own province, and it was very fairly 
pointed out that mechanical designers do not design 
flip-flops in their spare time. 

A paper by J. C. Cluley described the concept of 
redundancy as an insurance against breakdown in 
control systems or computers. Redundancy may be 
applied to coding—transmission of error-correcting 
information—and to replication of equipment, which 
is the type described in this paper. In theory, the 
lower the level at which replication is applied, the 
better. In other words, if every component were 
duplicated or triplicated, maximum reliability would 
be achieved. In practice, this is not so, as multi- 
plication of components causes a loss of perform- 
ance, and the next level—complete circuits—is the 
most reasonable choice. In a digital computer, each 
logical unit is replaced by several similar units, each 
group being followed by a majority-voting decision 
circuit. Each decision circuit must also be repli- 
cated, so that the equipment becomes a number of 
columns of alternate logic and decision circuits. 
To preserve the computer's equanimity, an odd 
number of columns is required. Testing may be 
carried out by running a test programme, multi- 
plexed with the main one, on one column at a time, 
the others being inhibited. The decision circuits 
are modified to accept only one input during the 
test run. It is found that adequate reliability for 
almost any on-line process is provided by three 
columns, and if units could be expected to fail in one 
way only, two columns would suffice. This, un- 
fortunately, does not appear to be the case with 
contemporary active components. 

Equipment availability is defined as the m.t.b.f. 
divided by m.t.b.f. plus repair time, so that increase 
of m.t.b.f. is not the only way of increasing avail- 
ability. Attention is not quite so frequently directed 
at reduction of repair time, and only one paper was 
devoted solely to this problem. W. S. Mortley 
described a method of using a television display 
as a fault indicator, and stressed the importance of 
designing with performance monitoring in mind. In 
a large electronic system consisting of perhaps, 5,000 
logic units, two test points are provided for each 
unit, one to indicate the input condition and one 
the state of the unit. If a unit has several inputs 
and outputs, they are combined by logic networks. 
Each rack of units is provided with a sampling unit 
which is fed with d.c. test signals by the monitor, 
each unit feeding its sampler with the results. The 
samplers are then scanned sequentially by the moni- 
tor and the results displayed. The indication is in 
the form of a matrix of pairs of dots, input and out- 
put for each unit, all being visible, but dim. An 
increase in brightness of any dot indicates a fault 
(in analogue equipment, dot brightness gives some 
indication of the severity of the fault), and an audible 
warning is given when the dot reaches peak white. 

R. E. W. Harland presented a paper on the 
economics of unreliability in the Royal Air Force. 
If any one present was feeling at all complacent, 
this paper should have been sufficient to bring them 
back to earth with a dull thud. He said the R.A.F. 

has paid, over the past eight years, £200M to the 
electronics industry, half of which has been for 
spares and maintenance equipment. Maintenance 
costs on operational equipment are two or three 
times the cost of the equipment itself, and even 
with this, many flights are wasted because of 
electronic failures. The cost of accidents alone due 
to electronics is about £5M a year. Paradoxically, 
accidents due to electronics are very few, but only 
because sets are so unreliable that they are seldom 
used in critical functions unless replicated. Stress 
was placed on the need for simpler fault diagnosis; 
even skilled tradesmen are finding themselves out 
of their depth with modern, complex equipment. 

The human factor is, as in any subject, one of 
the imponderables, and it is responsible for many 
difficulties in both assessing and increasing relia- 
bility. Perhaps the most trouble is caused by bad 
reporting of faults and remedies. Improvement in 
reliability is dependent, to a large extent, on feed- 
back from the user to the designer, and if the loop 
is broken, effort may well be directed into the wrong 
channels. The introduction of wired-in valves 
demonstrated another point at which human 
fallibility was causing trouble. As soon as they were 
used in Service equipment, the consumption of spare 
valves dropped rapidly. Evidently the difficulty of 
replacing them encourages service engineers to look 
elsewhere for faults, and often they find them. 

It is felt that the symposium has made a big 
contribution to standards of reliability, in particular 
in drawing attention to the need for a concerted 
attack on standardizing definitions, on reduction of 
complexity, and on the establishment of some central 
body to collect and collate information. The day of 
" It'll be all right on the night" is passing, but is not 
dead yet. The symposium has most certainly helped 
it along. 

1963 Conferences and Exhibitions 
Additions to the list of next year's events published last 

month. Further details are obtainable from the addresses 
in parentheses. 
LONDON 
Mar. 27-30 _ Imperial_ College 

Environmental Engineering Symposium & Exhibition 
(Soc. of Environmental Engineers, 167 Victoria Street, 
S.W.I) 

April 23-25  Imperial College 
Electronic Processes in Dielectric Liquids 
(Inst. of Physics & Phys. Soc., 47 Belgrave Square, S.W.I) 

Sept. 9-13 Imperial College 
The Liquid State 
(Inst. of Physics & Phys. Soc., 47 Belgrave Square, S.W.I) 

Sept. 23-27 _ Savoy Place 
International Telemetering Conference 
(I.E.E., Savoy Place, W.C.2) 

OXFORD 
July 10-12 _ The University 

High Magnetic Fields 
(Inst. of Physics & Phys. Soc., 47 Belgrave Square, S.W.I.) 

OVERSEAS 
Mar. 7-12 Paris 

International Festival of Sound 
(S.I.E.R.E., 14 rue de Stael, Paris 15c) 

Mar. 26-31 _ . Brussels 
Interelectronique: Internationa! Components Exhibition 

Nov. 14-21 Paris 
Mesucora Exhibition & Congress 
(Secretariat, 40 rue du Colisee, Paris 8e) 
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Audio Engineering Society Convention 
SOME POINTERS FROM PAPERS READ AND DISCUSSED IN NEW YORK 

THE Fourteenth Annual Convention & Exhibition 
of the Audio Engineering Society was held in New 
York during the week beginning Octol:>er 15th. Con­
currently with this Convention, an Exhibition was 
held of Professional Audio Equipment including tape 
recorders, disk recorders, microp~ones and control 
equi_?ment. 

There was a change of location of the Convention 
this year, which was held at the Barbizon Plaza 
Hotel for the first time. This hotel has ample 
accommodation in the form of a large lecture hall 
with comfortable rip-up seats, excellent air condi­
tioning and a very goo::i sound reinforcement system. 
At question time, the dexterous handling of the long 
distance directional microphone opera:ed from the 
stage gave ample reinforcement to the individual 
speakers in the audience without the usual fussation 
of ushers handing microphones around with trailing 
leads. 

The responsibility for the organization of the Con­
ven:ion an::i the collection of papers had rested on 
the Executive Vice-President, Mr. H. E. Roys, 
assisted by a team of nine governors, a committee of 
nineteen session chairmen and others. 

Special Sessions 

A JOint session with IRE-PGA (Professional 
Group Audio of the Institute of Radio Engineers) 
was organized and broadcast engineers and others 
provided numerous papers on the to:;Jical subject of 
f.m. stereo broadcasting. An innovation was created 
by the introduction of a session covering the Euro­
pean scene of recording techniques and this was 
considered successful enough to suggest its repeti-
tion next year on an enlarged scale. · 

The subject matter for the Convention papers 
covered a · wide range-microphones, earphones, 
audio electronics, loudspeakers, disk. recording and 
reproduction, music and electronics, magnetic re­
cording, stereophonics (sponsored by IRE-PGA), 
sound reinforcement,_ f.m. stereo broadcast and 
psychoacoustics. Over 100 papers were read at this 
Convention and thus . space will not allow adequate 
detailed reportage of this wide subject matter, so that 
the general trend only will be indicated with high 
spots from a few of the papers. Pre-prints were 
available of 48 of the paoers and were on sale on the 
first day of the Convention. 

The banquet was held half way through the week 
and is an important feature of the Convention, since 
it is at this gathering that the various awards, Hon. 
Membershi'JS and presentations of Fellowships are 
made, and the newly elected officers for the coming 
year are announced. Mr. H. H. Scott presided and 
the Honoured Guest was Mr. G. R. Marek, Vice­
President and General · Manager of the RCA Victor 
Record Division. He gave a racy and interesting 
talk, illustrated by films, slides and tape recordings. 
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His main theme appeared to be encouragement for 
the continued improvement of recording and repro­
duction techniques. To illustrate this he recalled, 
by a varied selection of films and stills, the progress 
from the days of Caruso to RCA's recently opened 
recording studios near Rome. He referred to the 
well-known episode in which Fred Gaisberg took an 
independent decision with regard to the first con­
tract for recordings with Caruso. He reminded his 
audience with some emphasis, that they were in the 
music business and their duty was to re-create sound 
which for the most part, must be in such a manner as 
to be pleasing and restful. Their main objective 
should be to design the acoustic conditions so that 
a good sound could be made in the studio and that 
on reproduction of the recorded sound an equally 
good sound may be re-created. Mr. Marek referred 
to the great progress in recorded sound made in 
England and in the U.S.A and he reminded the 
audience that even in the past five years a very great 
improvement had been achieved and he illustrated 
this by playing comparative recordings. He pre­
dicted that in 10 years' time a further dramatic im­
provement will be made. He gave no hint regarding 
any preferred recording medium and one gathered 
the impression that the disk as we know it to-day 
has a long and useful life ahead. 

Pickup Design 

The sessions on disk recording and reproduction 
were very interesting and were well attended. There 
is a clear indication that more and more attention is 
being paid to the scieruific engineering design of 
pickups. This is most welcome, since these small 
transducers have been a stumbling block for the re­
production and better evaluation of disk records. 

Professor F . V. Hunt, Harvard University, gave a 
very well considered paper entitled-The Rational 
Design of Phonograph Pickups. The major part of 
this paper has been published in the October, 1962, 
issue of the Journal of the Audio Engineering 
Society. The basic rationale of pickup design is 
re-examined with particular concern for the factors 
which control proper groove tracking. A review of 
fundamentals was ·undertaken to provide guide lines 
for bearing-weight reduction and its conclusions also 
furnished criteria for assessing the performance of 
any pickup design. There were two other papers 
concerned with the design of pickups with a bearing 
weight of 2 grammes or less. An interesting paper 
was read by Mr. P. Kantrowitz, regarding the trans­
lation loss and the reduction of this loss with the 
reduction of bearing-weight. Two well-studied 
papers were oresen~ed by J. G. Woodward and E. C. 
Fox regarding programme level and equalization in 
phonograph recording. 

There were two oaue~s froTil England in the Euro­
pean section, one from Dr. W. S. Percival of E.M.I. 
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Audio Engineering Society Convention 

SOME POINTERS FROM PAPERS READ AND DISCUSSED IN NEW YORK 

T J. HE Fourteenth Annual Convention & Exhibition 
of the Audio Engineering Society was held in New 
York during the week beginning October 15th. Con- 
currently with this Convention, an Exhibition was 
held of Professional Audio Equipment including tape 
recorders, disk recorders, microphones and control 
equipment. 

There was a change of location of the Convention 
this year, which was held at the Barbizon Plaza 
Hotel for the first time. This hotel has ample 
accommodation in the form of a large lecture hall 
with comfortable tip-up seats, excellent air condi- 
tioning and a very good sound reinforcement system. 
At question time, the dexterous handling of the long 
distance directional microphone operated from the 
stage gave ample reinforcement to the individual 
speakers in the audience without the usual fussation 
of ushers handing microphones around with trailing 
leads. 

The responsibility for the organization of the Con- 
vention and the collection of papers had rested on 
the Executive Vice-President, Mr. H. E. Roys, 
assisted by a team of nine governors, a committee of 
nineteen session chairmen and others. 

Special Sessions 

A joint session with IRE-PGA (Professional 
Group Audio of the Institute of Radio Engineers) 
was organized and broadcast engineers and others 
provided numerous papers on the topical subject of 
f.m. stereo broadcasting. An innovation was created 
by the introduction of a session covering the Euro- 
pean scene of recording techniques and this was 
considered successful enough to suggest its repeti- 
tion next year on an enlarged scale. 

The subject matter for the Convention papers 
covered a wide range—microphones, earphones, 
audio electronics, loudspeakers, disk recording and 
reproduction, music and electronics, magnetic re- 
cording, stereophonies (sponsored by IRE-PGA), 
sound reinforcement, f.m. stereo broadcast and 
psychoacoustics. Over 100 papers were read at this 
Convention and thus space will not allow adequate 
detailed renortage of this wide subject matter, so that 
the general trend only will be indicated with high 
spots from a few of the papers. Pre-prints were 
available of 48 of the paoers and were on sale on the 
first day of the Convention. 

The banquet was held half way through the week 
and is an important feature of the Convention, since 
it is at this gathering that the various awards, Hon. 
Membershios and presentations of Fellowships are 
made, and the newly elected officers for the coming 
year are announced. Mr. H. H. Scott presided and 
the Honoured Guest was Mr. G. R. Marek, Vice- 
President and General Manager of the RCA Victor 
Record Division. He gave a racy and interesting 
talk, illustrated by films, slides and tape recordings. 

His main theme appeared to be encouragement for 
the continued improvement of recording and repro- 
duction techniques. To illustrate this he recalled, 
by a varied selection of films and stills, the progress 
from the days of Caruso to RCA's recently opened 
recording studios near Rome. He referred to the 
well-known episode in which Fred Gaisberg took an 
independent decision with regard to the first con- 
tract for recordings with Caruso. He reminded his 
audience with some emphasis, that they were in the 
music business and their duty was to re-create sound 
which for the most part, must be in such a manner as 
to be pleasing and restful. Their main objective 
should be to design the acoustic conditions so that 
a good sound could be made in the studio and that 
on reproduction of the recorded sound an equally 
good sound may be re-created. Mr. Marek referred 
to the great progress in recorded sound made in 
England and in the U.S.A. and he reminded the 
audience that even in the past five years a very great 
improvement had been achieved and he illustrated 
this by playing comparative recordings. He pre- 
dicted that in 10 years' time a further dramatic im- 
provement will be made. He gave no hint regarding 
any preferred recording medium and one gathered 
the impression that the disk as we know it to-day 
has a long and useful life ahead. 

Pickup Design 

The sessions on disk recording and reproduction 
were very interesting and were well attended. There 
is a clear indication that more and more attention is 
being paid to the scientific engineering design of 
pickups. This is most welcome, since these small 
transducers have been a stumbling block for the re- 
production and better evaluation of disk records. 

Professor F. V. Hunt, Harvard University, gave a 
very well considered paper entitled—The Rational 
Design of Phonograph Pickups. The major part of 
this paper has been published in the October, 1962, 
issue of the Journal of the Audio Engineering 
Society. The basic rationale of pickup design is 
re-examined with particular concern for the factors 
which control proper groove tracking. A review of 
fundamentals was undertaken to provide guide lines 
for bearing-weight reduction and its conclusions also 
furnished criteria for assessing the performance of 
any pickup design. There were two other papers 
concerned with the design of pickups with a bearing 
weight of 2 grammes or less. An interesting paper 
was read by Mr. P. Kantrowitz, regarding the trans- 
lation loss and the reduction of this loss with the 
reduction of bearing-weight. Two well-studied 
papers were oresented by J. G. Woodward and E. C. 
Fox regarding programme level and equalization in 
phonograph recording. 

There were two oanc-s from England in the Euro- 
pean section, one from Dr. W. S. Percival of E.M.I. 
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describing a correlation meter for checking the 
poling of stereo signals, and the other from Mr. John 
Walton of Decca which described the effect of tip 
mass on elastic and plastic deformation. In this paper 
some excellent electron-micrographs of stylus tracks 
on the grooves were illustrated. Dr. Percival's paper 
is considered topical owing to the importance of the 
correct stereo channel phasing in operating a com­
patible stereo radio system. 

There were two sessions on f.m. stereo broad­
casting but these dealt with operational experience 
and the radio equipment with little if any direct 
interest to the audio engineer. The large number of 
papers contributed, however, indicates the interest 
stereo broadcasting has aroused, stimulated no doubt 
by the success of the stereo disk record business. 

Magnetic Recording 
Magnetic recording occupied a full morning 
session of seven papers. There was no startling news 
in this quarter. One might have expected some new 
ideas on slow-speed cartridges for tape records, but 
surprisingly enough there is nothing to report on 
this subject. There were two useful papers on tape 
noise and reproducer amplifier noise but no indica­
tion of improved tape media. John McKnight of 
Ampex showed experimental results which suggest 
that the improved erasure with double gap erase 
heads is due to the re-recording of the incoming 
signal from the lead-in edge of the head on to the 
tape at the trailing edge of the head. This clears 
up a little mystery that has bothered many of us for 
some time. 

The session on loudspeakers and microphones, 
though containing useful papers, did not excite any 
special interest. 

The session on sound reinforcement and acoustics 
was particularly interesting and included pauers on 
the measurement of reverberation time. The new 
RCA I taliana Recording Studios, Rome, were des­
cribed by Mr. E. R. Hanson. 

During a panel discussion on the subiect of 
"What Hath Stereo Wrought" a great deal of sound 
common sense was exuressed with regard to the pur­
pose of stereo recording. One speaker said that with 
mono recording the illusion of deoth could be 
produced by controlling the ratio of direct to rever-

INFORMATION SERVICE FOR 
PROFESSIONAL READERS 

The reply-paid forms introduced fast month to 
replace the postcards hitherto included have proved 
to be very helpful to professional readers, judging 
by the number of forms returned to us. This im­
proved Wireless World service is therefore being 
continued. 

The terms are on the last two pages of the 
issue, inside 'the back cover, and are designed so 
that information about advertised products can be 
readily obtained merely by ringing the appropriate 
advertisement page numbers. Space is also provided 
for requesting more particulars about products 
mentioned editoriaily. 

By the use of these forms professional readers 
can obtain the additional information they require 
quickly and easily. 
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berant sound .. but with two channel stereo the im­
pression of breadth and spatial layout could be 
achieved with the addition of what he called a desir­
able acoustic frame within which to contain the 
sound picture. In some circles this acoustic frame 
is referred to as ambience. The early trend of the 
"ping-pong" effect of emphasized left and right has 
given way to the more sober concerted sound to fill 
the vjrtual sound stage. Much comment was made 
regarding the poor salesmanship for stereo records. 
The dealers demonstrate equipment which they 
know nothing about, in most inadequate rooms and 
without adequate explanation to the customer of the 
advantages of stereo. Further, there was a general 
plea for a better technical liaison with the public 
with regard to the choke of equipment and its 
operation. G. F. D. 

National Lending Library 
For Science and Technology 

.SIX years ago a lending library unit was formed by the 
Department of Scientiii-: & Industrial Research. This 
was the nucleus of what has now grown into the 
~ational Lending Library for Science and Technology 
at Boston Spa, Yorkshire, which was officially opened 
by Lord Hailsham, Minister for Science, on November 
5th. No fewer than 22,000 periodicals frvm 109 
countries, toget'-ler with 25,000 books, totalling in all 
some 350,000 volumes, are in the library which is housed 
in convened mumtion stores on a 60-a:.re site. This 
library has been built up from three main sources :-
1. The Science Museum Library (which because of lack 
of space and the expans.on of the Imperial College 
of Science and Technology was unable to develop its 
loon service); 2. Collections by the N.L.L. since its 
inception; and 3. Presentations from univers:ties, 
organizations and private libraries such as this journal's. 

A survey was undertaken by the D.S.I.R. a few years 
ago to assess the potential demand for scientific litera­
ture and it was found that although traditionally books 
are " the main vehicle " in advanced science, " the more 
immediate method of communi~ation " is through 
journals and these account for about 90% of the N.L.L.'s 
collection. The survey also revealed . that ·Russian 
scientific literature in this country was "particularly 
incomplete." This has now been rectified and the 
N.L.L.'s collection of Russian journals is the largest in 
Western Europe and its Russian books outnumber those 
in English. It also collects translations from the 
Russian and co-ope"ates with the National Science 
Foundation in the U.S.A. in a joint cover-to-cover trans­
lating programme of Russian journals. 

The main purpose of the library is to supplement the 
internal library resour:es of industrial and research · 
organizations by providing a rapid "same-day" loan 
service. The library lends only to organizations (to 
avoid the necessity of chasing individuals far the return 
of publications) and 1~500 are registered as "approved 
borrowers." Application must be made to the director, 
Dr. D. J. Urquhart, to be placed on the "approved" 
list. Applications for loans are made on special request 
forms sold in pads of 50 for £3 to cover cost of postage 
on borrowed volumes. At the present time some 3,000 
loan requests are received each week. In addition to 
approved organizations there are also some 50 libraries 
of local authorities and techni:al colleges who are in a 
positiCin to borrow journals,. etc., from the N.L.L. 

Since there is at present no lack of space at the 
N,.L.L., micro-film holdings are restricted to literature 
difficult or impossible to acquire in its original form. 
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describing a correlation meter for checking the 
poling of stereo signals, and the other from Mr. John 
Walton of Decca which described the effect of tip 
mass on elastic and plastic deformation. In this paper 
some excellent electron-micrographs of stylus tracks 
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International Radio 
Communications 

OuR comment last year, that amateurs had gained a 
lead over professionals in transistor applications, 
was even more to the point at this year's exhibition. 
Transistors are, of course, ideally suited to mobile 
equipment where valve-type gear would need inter­
ference-producing power supplies, but they are now 
used in receivers and transmitters for their own sakes, 
not merely as devices which can replace valves when 
power supplies are difficult. The former limitation of 
transistors, low cut-off frequen:::y, seems to be no 
problem at all and many v.h.f. and even u.h.f. receivers 
were shown. 

Receivers 
Perhaps the most advanced receiver was A. L. 
Mynett's Silver Plaque-winning design for 23 and 70cm. 
Commercial diodes and transistors are used throughout 
and the receiver covers the bands 432-436Mc/ s and 
1,296-1,300Mc/s. Triple frequency changing is used, 
the 1st i.f. being 28Mc/ s; the 2nd is tunab!e over the 
range 2-4Mc/s, and the final i.f. is 456kc/s. By making 
the second local oscillator the variable one, a very 
stable and reliable low-frequency circuit ·can be 
designed. On the 79cm band, T2028 transistors are 
used in a two-stage common-base r.f. amplifier feeding 
a GEX66 mixer, while at 23cm no r.f. amplification is 
used, a 1N21 silicon tungsten diode mixer tapped into 
a capacity-tuned quarter-wave line being employed. 

Several transistor mobile receivers were seen-two 
very neat ones on the stand of T . Withers. Models are 
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(Right) Eddystone 940 
communications re­
ceiver seen on Webb's 
Radio stand. Two r.f. 
stages are used, and 
push-pull output gives 
< 5% distortion at 
/W. 

A. L. Mynett's first-prize winner. 

Exhibition 
NEW AMATEUR EQUIPMENT 

made to cover the "top band" (1.8-2Mc/s) and the 
2m band. Eight transistors are used in the latter model, 
while in the "Twomobile," a further four transistors 
comprise a 2-metre converter. In this way, a tunable 
i.f. is provided, with its inherent reliability. 

Another example was shown by Minimitter-the 
T.R.7 160m receiver. Seven transistors are employed, 
and a Q-multiplier circuit offers variable selectivity. 
The 9V battery and loudspeaker are built-in, the speaker 
pointing downwards for dash-board mounting. 

The Q-multiplier circuit just mentioned need not 
necessarily be built into a receiver, and the Heathkit 
QPM-1 is a convenient add-on unit. An effective Q 
of 4,000 is obtained by positive feedback, the selectivity 
then being comparable with that of a crystal filter, 
with the advantage that the peak is tunable. It is also 
possible to remove unwanted signals over a narrow 
band by means of a tunable notch, obtained by con­
necting the Q-multiplier to a negative-feedback ampli­
fier. If the gain control of the multiplier is increased, 
the circuit oscillates and a b.f.o. is obtained. 

Eddystone's new h.f. receiver, the 940, uses a cascode 
r.f. amplifier, with a consequent reduction in noise and 
intermodulation troubles. Three switched selectivity 
positions are provided, with a crystal filter in the 
narrowest. The crystal . phasing control for positioning 
the notch at either side of the peak is brought out to 
the front panel. Separate detectors are used for a.m. 
and c.w./s.s.b., a mixer detector being used for the 
latter reception mode, which incorporates a ± 3kc/s 

M-0 Valve Company I ,300Mcjs narrow-band converter. 
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(Left) D. W. Goodyear's 7-
valve television camera. 

(Right) Bach-Simpson absorp­
tion wavemeter shown by 
Aveley Electric. 

(Below, right) r: Withers 
2-metre. I W output, mobile 
receiver. A model is available 
for 160-metre working. 

b.f.o. The receiver covers 450kc/s-30Mc/s in five 

bands. 

T ransmitters 
Simplicity of construction was the keynote of a num­
ber of M-0 Valve Company exhib.i:s. Thus in a 
1,300Mc/s narrow-band converter trough line rather 
than coaxial circuits are used, strip lines are used in the 
driver and output stages of a 430.\1.cfs 10-watt amplifier, 
and a square rather than cylindr~cal box radial cavity 
is used to tune the output stage of a 150-watt 430Mc/s 
output sta5e. (See also the article on p. 56~ ~f this 
issue.) Another feature of some of these exh1b1ts was 
the use of a pin-based valve (A2521) at frequencies as 
high as (in the converter) 1,300Mc/ s. . 

An interesting detail of the Green and Dav1s 
"Falcon" 2-metre transmitter is the use of an ordinary 
relay as an inexpensive "coaxial " type. The two outer 
contacts are earthed to provide the shield, the two centre 
contacts are connected to the aerial coaxial inner, and the 
two intermedia:e contacts are connec'"ed to the trans­
mitter and receiver respectively. This arrangement 
provides earthing of the transmitter and receiver, 
depending on which is not in use, and has an insertion 
loss on:y about 1dB greater than a coaxial relay. Other 
ununal features of this transmitter are that the per­
centage modulation as well as grid drive and anode 
current in the final stage can be monitored, and that 
provision is made for plugging in two alternative 
internal as well as an external crystal. 

The U.S. Information Service exhibit included­
appropriately-a mockup of the amateur's satellite 
OSCAR 1 which had been used to check for spurious 
emission and r.f. cross coupling. This satellite uses 
a 2N1493 tramistor cryf't11-controlled 92.5}-.;c/s oscil­
lator followed by a 2N1506 amplifier and Pac.ific Semi­
conductors 115- 10 variable-cap1city-diode frequency 
doubler giving lOOmW output. The oscillator is keyed 
by a transistor multivibrator and counters. 

Test and Measurement 
A neat little probe-type test oscillator, imported by 
Relda Radio, contains a battery-powered transistor 
oscillator which produces a harmonically-rich audio fre­
quency waveform. Sufficient harmonics are produced 
for the device to be used at r.f., and the probe is simply 
applied to the input of each stage working back from 
the output, in the manner of a signal-generator. Four 
pen-cells are used, and a pilot light indicates when the 
batteries are due for replacement. 

One of the smallest absorption wavemeters seen for 
some t.ime was shown by Aveley Electric-the Bach­
Simpson 77-380. This instrument uses plug-in coils 
to cover the range 1Mc/s-56Mc/s and can be used 
to measure field strength, v.s.w.r. and modulation depth. 
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Societ:es and Services 
The British Amateur Television Club showed a selec­
tion of home-built g:!ar, ue outstanding example being 
a self-contained seven-valve vidicon camera. This is a 
very simple design by D. Goodyear, and uses a free­
running line multivlbrator (random interlace) and a 
mains-driven field scan. The unit is designed for 405-
line, positive-modulation operation, and the output is · 
in Band I. The camera was shown feeding a commer­
cial receiver and the picture quali:y was remarkably 
good. The construction of the camera is excellent, 
and in fact it looked so professional on the stand that 
it was at first mistaken for a commercial product. 

The R.S.G.B. stand held a wide range of amateur­
produced communications and test equipment. Prize­
winning exhibits in::luded a 160m tramm~tter-receiver 

by J. C. Huntlt:y (G3PPI), wh.ich was awarded the Free­
man Trophy. The K.W. Electronics KW77 rece~ver, 

which was described in our January 1962 issue, gained 
the Manufacturers Silver Trophy, while the two Out-of­
Town awards were won by P . Lumb (G31RM) for an 
electronic key and a paddle key, and R. Stanifor::h 
(G3EGV) for a 70-cm transmitter-receiver. 

Each of the three Services was represented at the 
show where they exhibited standard communications 
equipment but, of course, the main objective of their 
participation was the recruiting of personnel and of 
members for their respect~ve amateur radio societies. 
The R.A.F. also featured its recently formed Tape 
Recording Society. 

For the first time the City & Guilds of London 
Institute participated and among the syllabuses avail­
able was that for the recently introduced Electronics 
Servicing Examination. This was dr~wn uo bv the 
Joint Advisory Committee of the C. & G . and ihe Radio 
Trades Examination Board. 
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