
EDITORiliL COMMENT 

GUARANTEES AND GOODWILL 

Some time ago there was a newspaper story about a disgruntled owner 
of a television receiver. Mter suffering from a series of breakdowns 
and failures to get satisfactory repairs, he took the set back to the 
dealer's shop and hurled it through the plate-glass window. Happily, 
the state of affairs revealed in the subsequent court proceedings hardly 
reflects the typical public attitude towards radio dealers, or, for that 
matter, towards broadcast receiver manufacturers. All the same_, it 
goes to show there is not so much goodwill as we would all like to see. 

Part of this lack of goodwill must be attributed to the unsatisfactory 
nature of the guarantees given by makers of broadcast receivers. As 
our contributor " Diallist " points out, these are far too complicated 
and in some respects appear to the purchaser to be ungenerous, to say 
the least, particularly in regard to valves and c.r. tubes. It will be 
interesting to watch the effect on the public of the recent announce­
ment by the makers of Ambassador and Baird television sets, who are 
now giving an extra year's guarantee with the c.r.ts. 

During last autumn there was a somewhat bitter correspondence in 
The Times on the onerous nature of guarantees. Though some of the 
letters were directed against makers of " consumer durables " in general, 
the radio industry got rather more than its share of reproach. 

It may be argued that there is virtually no difference between the 
terms of the guarantees commonly given with broadcast sets and with 
other comparable articles. That may be true enough, but would 
Wireless World be excessively starry-eyed in thinking the time may well 
have come for the radio industry to lead the rest in trying to establish 
a brand-new kind of relationship between seller and buyer? The 
old legal maxim " let the buyer beware " seems to be utterly outmoded 
in a world where the complex products of modem technology go into 
the homes of buyers whose lack of knowledge leaves them completely 
in the hands of the sellers. 

RADIO MILESTONES 

Heinrich Hertz was born exactly one hundred years ago. Over­
simplifying a little, it is often said that Marconi, by connecting an effec­
tive aerial to Hertz's oscillator, made the first significant step towards 
a workable radio system. It is true enough to say, in the same· vein, 
that the second fundamental advance was made in 1906 when de 
Forest put a grid into Fleming's diode. 

During the past year Dr. Lee de Forest has received many well­
deserved honours to mark the jubilee of his invention. But the triode 
made virtually no impact on radio technique for at least six years. It 
was not until regeneration was introduced in 1912 that the triode 
offered outstanding advantages over existing devices. The regenera­
tive receiver, with a sensitivity vastly greater than anything known 
before, opened up a new world, and also paved the way for the oscil­
lating valve generator. 

According to Armstrong, who opposed de Forest during prolonged 
patent litigation in America, the oscillating triode was the greatest of 
all radio inventions. 
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High-Power 

DEMONSTRATIONS of audio amplifiers built 
round a new range of transistors were given recently 
by the General Electric Company. The demon­
strations were preceded by some .discussion of the 
preferred basic design features of the amplifiers. 

Suitable collector bias conditions are chosen from 
the current/voltage characteristics and it is then 
thought best to measure the small signal a.c. rela­
tionships at these conditions in order ·. to derive 
equivalent circuit parameters. By this method the 
internal feedback, which in transistors can be 
significant at all frequencies, can be more easily 
taken account of. This procedure is not as compli­
cated as it may seem, for several of the · equivalent 
circuit parameters are found to be roughly the same 
in many circumstances. 

Advantages of Class B Operation.-As regards the 
choice between class A or class B there 
are stronger reasons for preferring class B with 
transistors than with valves. In transistors the col­
lector dissipation, and the way in which this varies 
with the input signal, are both considerably different 
for the two types of operation. Thus if we take 
the maximum power limit as that determined by the 
maximum allowable mean collector dissipation, we 
find that the maximum available power for two 
transistors operating in class B push-pull is five 
times that for the same pair . in class A; and is, in 
f-act, five times the allowable collector dissipation. 
If we take the power limit as being that at which 
the distortion starts to increase rapidly (caused by 
alteration of current gain with peak current) similar 
ratios and powers are also obtained. 

Another important consideration is the input 
power required. Owing to the characteristics of 
transistors they can be operated to much lower 
voltages relative to the h.t. supply than the corres­
ponding pentode valves so that the maximum 
theoretical efficiencies for class A and class B 
operation of t and respectively can be very 
nearly achieved using transistors . . Pnder quiescent 
conditions the power drain with class B operation 
of transistors is of the order of 0.1 of the maximum 
output power rising to 1.3 times the maximum 
power when this is being delivered. With class A 
operation there is a continual drain of about four 
times the maximum power. 

Having regard to these two factors of available 
power and power input required, the best use of 
a.f. transistors will be made in class B battery 
amplifiers, i.e., in public address or in ordinary 
commercial battery receivers. Other factors sup­
porting this view are their compactness and the 
low voltage supplies required. . Furthermore, when 
a push-pull class B transistor amplifier is overloaded 
the "clipping" distortion produces little loss of 
clarity -foL public address , purposes. --

The common emitter type is....prefen:ed ·for both 
small and large signal amplifiers. . ·This has the 
highest gain and any disadvantages can be con­
veniently avoided in circuits which reduce this gain. 
For example, the input resistance of such amplifiers 
is often undesirably low (e.g., when using a crystal 
pi'ckup); and in order to increase this the simple 
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addition of a series resistor is most convenient in 
spite of the loss of gain. 

Phase Splitting Circuits.-In most of the ampli­
fiers mentioned a transformer phase splitter was 
adopted. This gives a higher gain than if a 
sistor is used, but the size of the transformer may 
sometimes be a disadvantage. As the impedances 
concerned are low the transformer specification will 
be somewhat different from that in a valve amplifier. 
Thus the minimum primary inductance required for 
good l.f. response will be much less, being of the 
order of 50 millihenrys rather than 50 henryi. On 
the other hand the d.c. resistance must be very low 
necessitating thicker wire. 

If a transistor is used to provide phase splitting 
the coupling condensers tend to charge up, and the 
forward bias on the output transistors necessary to 
t:educe crossover distortion- is decreased. The 
maximum available power is then decreased, though 
the frequency response is improved. 

In such transformer phase splitting circuits with 
transistors, several new types of distortion arise; but 
apart from the normal panacea of negative feed­
back other techniques are available for considerably 
reducing these. Thus the changing input resistance 
as one transistor takes over amplification from the 
other every half cycle (the emitter resistance varies 
inversely with the emitter current) can be avoided 
by a small amount of forward bias to 
the emitter-base junction, so that a positive emitter 
current flows under quiescent conditions. Carrier 
storage effects producing ringing at a high fre­
quency, which occur as well when the signal 
changes sign, can also be largely eliminated by 
bifilar winding of the secondary of the phase 
splitting transformer. · 

Phase changes in the transformers as well as in 
the transistors themselves of course limit the 
amount of feedback that can be supplied; but there 
is no difficulty in obtaining the roughly 7 dB overall 
feedback required to reduce distortion sufficiently 
in class B amplifiers, if an RC feedback loop is 
used to take some account of these phase shifts. 
The application of . feedback in transistor _circuits 
is also important for reducing the effect of variation 
among individual transistor characteristics in mass 
production or replacement. 

Complete Amplifiers.-Seven different amplifiers 
have been made with maximum powers ranging 
from 250 milliwatts to 20 watts. They consist of 
an input amplifying stage, the phase splitting trans­
former, and a push-pull output stage. For the 
class B amplifiers the total harmonic distortion at 
maximum power was %. The 4-watt class A 
amplifier wpich was- demonstrated (corresponding 
to the 20-watt class B amplifier using the same tran-

. sistors) _ had · 0.8 % total harmonic distortion at 
4 watts (0.5 % at 2-! watt$) with 16 dB overall feed­
back. This distortion could have been reduced to 
0.3 % at 4 watts by using a class A push-pull driver 
stage. Power gains for both types of amplifier were 

dB or greater. 
The 250m W amplifier corresponds to the usual 

battery radio valve output stage. However, in normal 
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Amplifiers NEW RANGE OF TRANSISTORS 

use the volume control is often set so as to cause 
overloading; so that an improvement in quality can 
be effected using a 1-watt amplifier, though a dis­
advantage is that the quiescent current drain is nearly 
doubled. There is no corresponding battery valve 
equivalent in this case. 

A very compact battery-operated, 45 r.p.m., record 
player using the 1-watt amplifier was demonstrated. 
The battery life when supplying the turntable as well 
as the amplifier is about 15 hours using 5 U2 bat­
teries. Although this may not seem very much; as 
the G.E.C. representative remarked," 15 hours worth 
of records take a very long time to play! '' 

The 250-mW amplifier for the output of a tran­
sistor a.m. receiver which was also shown in a very 
compact form, used a directly coupled 120-ohm 
centre-tapped loudspeaker voice coil. This increases 
the thermal stability in the output stage because of 
the d.c. resistance, but the application of overall feed­
back in two balanced loops is difficult. A single­
ended push-pull output stage was described as a 
means of rapidly changing to twice the power supply 
voltage for a normal push-pull output stage; but 
there was no direot coupled loudspeaker application 
for this case. 

As regards other applications of these transistors, 
low-noise pre-amplifiers developed include the usual 
bass and treble tone controls; and for a normal 
microphone (600-ohm output impedance) or pickup 
(" variable reluctance" or crystal) input signal, give 
signal to noise ratios of about 60 dB. Concerning 
the possibility of a transistorized tape deck the most 
difficult problem is the provision of erase power. 
Two EW70s (one of the new types of transistor) can 
be used in class B push-pull to deliver 2 watts at 

kc/s, thus largely solving this problem. 
Details of New Range.-The new G.E.C. tran-

COMMERCIAL 
Printed Circults.-An illustrated booklet for engineers 

and technicians on the available types of printed circuits 
and the problems of designing equipment . using them. 
Rigid, flexible and flush-bonde.d types are discussed,. 
incorporated components, heaung elements, and fac1lit1es 
offered for development and production. From Techno­
graph Printed Circuits, 32, Shaftesbury Avenue, London, 
W.l. 

Tape-to-Disc Transfer Service.-Details and prices in 
a leaflet from Sound News Productions, 59, Bryanston Street, 
Marble Arch, London, W.I. 

Sound Reproduction Equipment ("New Orthophonic 
High Fidelity "), including amplifiers, loudspeakers, tuner, 
transcription unit and pickups. Price list from R.C.A. 
Great Britain, Lincoln Way, Windmill Road, Sunbury-on­
Thames, Middlesex. 
. Copper Alloys, contammg . silver, 

cadmi,um, chromium, and tellurium. The last three decrease 
the conductivity slightly but give other desirable properties 
such as increased strength, resistance to wear and 
ability. An informative booklet of 54 pages, containing many 
tables of properties, from the Copper Development Associa­
tion, 55, South Audley Street, London, W.l. 

High-Quality Loudspeaker in Helmholtz resonator 
enclosure measuring 22in X 12in X 13in. Power handling in 
excess of 6 W for low distortion, and level frequency 
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sistors are all of the germanium junction p-n-p type. 
They are hermetically sealed and of all-metal con­
struction; the metal can provides a heat sink, and 
facilitates the attachment of a radiator. The low­
resistance base connection, which is also integral to 
the construction, besides providing good thermal 
contact, also enables the potential h.f. performance 

. to be more fully realized. 
Having regard to their general charaoteristics and 

maximum allowable collector dissipation there are 
essentially three new transistor types. These are 
known as the GET 4 and 6, GET 5 (formerly EW70) 
and the EW57 (provisional); and have allowable col­
lector dissipations (at 45°C) of 50mW, 400mW and 
4 watts respectively. The frequency cut-offs are 

250 Kc/s for the EW57 and greater than 1 Mc/s 
for the others. 

The GET 6 is a low-noise version of the GET 4 
and has a noise level well comparable with that in 
thermionic valves. The EW57 is also subdivided 
into three types according to the supply voltage 
required (6, 12 or 24 volts). All of these transiS'tors 
have been in pilot production for about two years 
and should be in quantity production later this year. 

With regard to the limiting operating conditions 
for these transistors there was thought to be good 
prospects of improvement. At present the maximum 
operating temperature is 50oC, but this can probably 
be increased up to about 70oC. If collector leakage 
currents become embarrassing silicon transistors 
(samples of which should be available before the end 
of the year) would be a complete answer and should 
function to well over 100 o C. 

The power limit should also see a major improve­
ment with operation at high collector temperatures. 
.Moreover experimental samples which maintain their 
current gains at high values of emitter current (an­
other limiting factor) have also been produced. 

LITERATURE 
response over 40-10,000 c/s. Leaflet from RGA Sound 
Services (Plymouth), 6, Conway Gardens, Enfield, Middlesex. 

Radio and Electronics Books including the Philips series 
on valves: etc., listed in a catalogue from the Cleaver-Hume 
Press, 31, Wright's Lane, Kensington, London, W.8. 

Small Capacitors suitable for loudspeaker crossover net­
works, claimed to occupy only 25-30% of space required by 
conventional types. Capacitances between 2 and 16 p.F, work­
ing voltage 150 V d.c. Leaflet from A. H . Hunt (Capacitors), 
Wandsworth Road, London, S.W.18. 

Variable Output Transformers (Regavolt) with self­
aligning brushes to ensure maximum surfac= contact with 
winding. Four new types for normal mains voltages, with 
outputs variable over 0-275 V, currents between 6 and 10 A, 
and one new type for 115-V mains and output of 0-135 V 
at 15 A. Leaflets from the British Electric Resistance Com­
pa.ny, Queensway, Enfield, Middlesex . 

Microphones; crystal, ribbon, carbon and noise-cancelling 
types; also. stands, table bas'es, transformers and other 
accessories. Illustrated cataloglle from Lustraphone, St. 
George's Works, Regents Park Road, London, N.W.l. 

Strain-Gauge Bridge, giving direct reading in percentage 
strain over the range 0.001% to 0.5 %. Accuracy of 
measurement, ± 1%. Leaflet from the Croydon Precision 
Instrument Company, Hampton Road, West Croydon, 
Surrey. 
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George's Works, Regents Park Road, London, N.W.I. 

Strain-Gauge Bridge, giving direct reading in percentage 
strain over the range 0.001% to 0.5%. Accuracy of 
measurement, ±1%. Leaflet from the Croydon Precision 
Instrument Company, Hampton Road, West Croydon, 
Surrey, 
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WORLD OF 
WIRELESS 

l.S.M. Interference 
RADIO interference from industrial, scientific and 

equipment is being considered by a com­
mittee set up by the Postmaster-General to advise 
him on the making of regulations prescribing limits 
of radiation. 

The Wireless Telegraphy Act prescribes that the 
members of such advisory committees should either 
" possess expert knowledge of the matters falling to 
be dealt with •• or "represent persons whose in­
terests are likely to be affected '' by any regulations 
made. The nineteen-man committee of which 
0 . W. Humphreys is chairman, covers 
the interests of those concerned with both the 
cause and effect and includes representatives of the 
B.B.C., I.T.A., equipment manufacturers, air navi­

specialists, production engineers, the 
medical profession and the viewer and listener. 

V.H.F. Coverage 
BY. the opening of three. more v.h.f. broadcasting 
stations · (Wenvoe, replacmg the temporary low­
power transmitter, Sutton Coldfield and Norwich) 
a day or two before Christmas, the B.B.C. made 
goo? its promise to complete the first batch of ten 
stations by the end of 1956. To say "complete" 
is perhaps a slight exaggeration, for the Cardigan­

station at Blae_n Plwy at present has only one 
of Its three transmitters (Home Service) working. 
An eleventh station, at Penmon, was subsequently 
added _to the original. chain, but so far only one 
transmmer has been mstalled and this is radiating 
the Home Service with an e.r.p. of 1 kW. 

The service now reacl:es 84% of the population. 

Light Third Home e.r.p. 
(Mc/s) (Mc/s) (Mc/s) (kW) 

---------
N. Hessary Tor (S. Devon) ... 88.1 90.3 92.5 60 
Sutton Coldfield (Warwicks.) 88.3 90.5 92.7 120 
Pontop Pike (Co. Durham) . .. 88.5 90.7 92.9 60 
Meldrum (Aterdeenshire) ... 88.7 90.9 93.1 60 
Blaen Plwy (Cardigan.) ... 88.7 90.9 93.1 60 
Wrotham (Kent) ... . .. 89.1 91.3 93.5 120 
Holme Moss (Yorks.) ... 89.3 91.5 93.7 120 
Penmon (Anglesey) ... ... 89.6 91.8 94.0 

I 
60 

Norwich ... ... ... 89.7 91.9 94.1 120 
Wenvoe (Giam.) ... ... 89.9 92.1 94.3 120 
Divis (N. lfeland) ... ... 90.1 92.3 94.5 60 

U.K. Display in New York 
THE Institute of Radio Engineers' annual conven­
tion and show, which last year attracted 714 exhibi­
tors, is being held in New York from March 18th to 
21st. The Institute has offered an area of 1 200 
sq for a. collective U.K. display of radio and 

.eqmpment. interested in par­
tlctpatmg should commumcate- at once with the 
Board of Trade, Exhibitions and Fairs Branch 
Lacon House, Theobalds Road, London, W.C.1: 
(Tel.: Chancery 4411, Extn. ·436.) 
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Organizational, Personal and 

Industrial Notes and News 

Tape Recording Patents 
THE Armour Research Foundation has carried out 
extensive research during the past 15 years on all 
aspects of magnetic recording, and has filed over 
one hundred American patents; most of these have 
also been granted in the United Kingdom. 

John P. Skinner, manager of the A.R.F. Develop. 
a subsidiary of the non-profit­

Foundauon, stated during a recent visit to 
country that to make an effective tape deck it 

IS necessary to use principles contained in at least 
one of the A.R.F. patents. 

It is understood on enquiry that licensing agree­
ments have already been concluded by the A.R.F. 

Chicago, Illinois, with 
the followmg companies m this country : Boosey 

Hawkes, Collaro, Garrard, E.M.I., Grundig, 
Stmon, Tape Recorders (Electronics), Verdik Sales, 
Walter (Tape Recorders), and Wright and Weaire. 

Amateurs and TV Interference 
A NEW policy regarding amateur interference with 
sound and television reception has been announced 
by the Post Office. In the past, if complaints were 
received of an amateur causing interference to tele­
vision. reception due to " blocking," the Post Office 
prescnbed that he must not transmit during tele­
vision broadcasting hours. 

Under the new arrangement if an amateur is other­
wise transmitting within the terms of his licence 
but causes interference to sound or television 
tion and it can be demonstrated that a reasonable 
remedy, such as the fitting of a simple filter is avail­
able to the ownec of the receiver, "then amateur 
will be allowed to continue operating after an 
val of one month from the time at which the cure 
is explained and demonstrated to the complainant 
by the Post Office." 

is understood that this will apply to all cases 
of mterference to sound and television reception 
where the amateur's transmissions are found to be 
within the terms of his licence. 

Although B.R.E.M.A. has been informed of the 
new policy no official announcement has so far been 
made on behalf of receiver manufacturers • 

NEW YEAR HONOURS 

A of th.ose who played a leading part in the 
planrung, producuon and laying of the Atlan ·ic tele­
phone cable were recipients of awards in the Ne;_, Year's 
Honours List. They include J. N. Dean, chairman of 
the :relegraph Construction and Maintenance Company 

R. J. Halsey, an assistant engineer-in­
chief. at. the C<;:.M.G.); A. H. Roche, telecom­
mumcatlOn engmeer m charge of Submarine Cable 
System Development and Production Division Stan­
dard Telephones & Cables (O.B.E.); E. F. fore­
man S.T.C. submerged repeater manufacturing shop 
(B.E.M.); and E. V. T. Perrins, technical officer Post 
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I.S.M. Interference 
RADIO interference from industrial, scientific and 
medical equipment is being considered by a com- 
mittee set up by the Postmaster-General to advise 
him on the making of regulations prescribing limits 
of radiation. 

The Wireless Telegraphy Act prescribes that the 
members of such advisory committees should either 
" possess expert knowledge of the matters falling to 
be dealt with" or " represent persons whose in- 
terests are likely to be affected" by any regulations 
made. The nineteen-man committee, of which 
O. W. Humphreys is chairman, therefore covers 
the interests of those concerned with both the 
cause and effect and includes representatives of the 
B.B.C., I.T.A., equipment manufacturers, air navi- 
gational specialists, production engineers, the 
medical profession and the viewer and listener. 

V.H.F. Coverage 
BY the opening of three more v.h.f. broadcasting 
stations (Wenvoe, replacing the temporary low- 
power transmitter, Sutton Coldfield and Norwich) 
a day or two before Christmas, the B.B.C. made 
good its promise to complete the first batch of ten 
stations by the end of 1956. To say "complete" 
is perhaps a slight exaggeration, for the Cardigan- 
shire station at Blaen Plwy at present has only one 
of its three transmitters (Home Service) working. 
An eleventh station, at Penmon, was subsequently 
added to the original chain, but so far only one 
transmitter has been installed and this is radiating 
the Home Service with an e.r.p. of 1 kW. 

The service now reaches 84% of the population. 

N. Hessary Tor (S. Devon) ... Sutton Coldfield (Warwicks.) 
Pontop Pike (Co. Durham) ... 

; Meldrum (Aberdeenshire) ... 
I Blaen Plwy (Cardigan.) 

Wrotham (Kent)   
Holme Moss (Yorks.) 
Penmon (Anglesey)  
Norwich 
Wenvoe (Glam.) 
Divis (N. Ireland)   

Light 
(Mc/s) 

88.1 
88.3 
88.5 
88.7 
88.7 
89.1 
89.3 

Third 
(Mc/s) 

90.3 
90.5 
90.7 
90.9 
90.9 
91.3 
91.5 

Home 
(Mc/s) 

92.5 
92.7 
92.9 
93.1 
93.1 
93.5 
93.7 

e.r.p. 
(kW) 

60 
120 
60 
60 
60 

120 
120 

89.6 91.8 94.0 60 
89.7 91.9 94.1 120 
89.9 9X1 94.3 120 
90.1 92.3 94.5 60 

Tape Recording Patents 
THE Armour Research Foundation has carried out 
extensive research during the past 15 years on all 
aspects of magnetic recording, and has filed over 
one hundred American patents; most of these have 
also been granted in the United Kingdom. 

John P. Skinner, manager of the A.R.F. Develop- 
ment Corporation, a subsidiary of the non-profit- 
making Foundation, stated during a recent visit to 
this country that to make an effective tape deck it 
is necessary to use principles contained in at least 
one of the A.R.F. patents. 

It is understood on enquiry that licensing agree- 
ments have already been concluded by the A.R.F. 
Development Corporation, of Chicago, Illinois, with 
the following companies in this country: Boosey 
and Hawkes, Collaro, Garrard, E.M.I., Grundig, 
Simon, Tape Recorders (Electronics), Verdik Sales, 
Walter (Tape Recorders), and Wright and Weaire. 

Amateurs and TV Interference 
A NEW policy regarding amateur interference with 
sound and television reception has been announced 
by the Post Office. In the past, if complaints were 
received of an amateur causing interference to tele- 
vision reception due to "blocking," the Post Office 
prescribed that he must not transmit during tele- 
vision broadcasting hours. 

Under the new arrangement if an amateur is other- 
wise transmitting within the terms of his licence, 
but causes interference to sound or television recep- 
tion and it can be demonstrated that a reasonable 
remedy, such as the fitting of a simple filter, is avail- 
able to the owner of the receiver, " then the amateur 
will be allowed to continue operating after an inters 
val of one month from the time at which the cure 
is explained and demonstrated to the complainant 
by the Post Office." 

It is understood that this will apply to all cases 
of interference to sound and television reception 
where the amateur's transmissions are found to be 
within the terms of his licence. 

Although B.R.E.M.A. has been informed of the 
new policy no official announcement has so far been 
made on behalf of receiver manufacturers. 

U.K. Display in New York 
THE Institute of Radio Engineers' annual conven- 
tion and show, which last year attracted 714 exhibi- 
tors, is being held in New York from March 18th to 
21st. The Institute has offered an area of 1,200 
sq ft for a collective U.K. display of radio and elec- 
tronic equipment. Manufacturers interested in par- 
ticipating should communicate at once with the 
Board of Trade, Exhibitions and Fairs Branch, 
Lacon House, Theobalds Road, London, W.C.I. 
(Tel.: Chancery 4411, Extn. 436.) 

NEW YEAR HONOURS 

A number of those who played a leading part in the 
planning, production and laying of the Atlandc tele- 
phone cable were recipients of awards in the New Year's 
Honours List. They include J. N. Dean, chairman of 
the Telegraph Construction and Maintenance Company 
(Knighthood); R. J. Halsey, an assistant engineer-in- 
chief at the G.P.O. (C.M.G.); A. H. Roche, telecom- 
munication engineer in charge of Submarine Cable 
System Development and Production Division, Stan- 
dard Telephones & Cables (O.B.E.); E. F. Neve, fore- 
man S.T.C. submerged repeater manufacturing shop 
(B.E.M.); and E. V. T. Perrins, technical officer Post 
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Office Research Station, who has specialized in repeater 
test equipment (B.E.M.). 

Sir Stanley Angwin, who recently retired from the 
chairmanship of the Commonwealth Telecommunica­
tion Board, and E. M . Jones, director, the Government 
Communications Headquarters, Foreign Office, are 
appointed K .C.M.G. 

Three members of the G .E.C. Research Laboratories 
staff received awards :-0. W. Humphreys, director, is 
appointed C.B.E.; E. G. James, head of crystal valve 
development, O.B.E.; and W. C. Cropper, group 
leader in charge of a special project for the 
Admiralty, M.B.E. 

Among those appointed M.B.E. are Miss B. K. 
Chaplin, executive officer at the D.S.I.R. Radio Re­
search Station; W. H . Hopkins, works manager, E.M.I. 
Factories; G. W. Kilm'ster, first radio officer, R.M.S. 
Arundel Castle; E. L. L ycett, assistant, B.B.C. outside 
broadcasts; H. Starr, signals officer, Civil Aviation Tele­
communication Directorate, Ministry of Transport and 
Civil Aviation; and W. W. Syrett, export manager of 
Ekco's Radio Division. 

Among overseas radio personalities who received 
honours are L . A. G. Hooke, managing of Amal­
gamated Wireless (Australasia), a knighthood for " ser­
vices to the radio industry in Australia"; T . W. Chal­
mers, formerly director of broadcasting in Nigeria, 
C.B.E.; T . V. H ooley, officer-in-charge, Government 
Wireless Station, Falkland Islands, M.B.E.; and E. R. 
Richardson, senior assistant controller of telecommuni­
cations, Nigeria, M .B.E. 

PERSONALITIES 
Sir Noel Ashbridge, who retired from the director­

ship of technical services of the B.B.C. in 1952 and be­
came a director of Marconi's, has been elected an 
honorary member of the Institution of Electrical En­
gineers. The . election is in recognition of his services 
to the Institution, of which he was president in 1941, 
and of "his outstanding contributions in the field 
of radio engineering, particularly in the develop­
ment of the British sound and television broadcasting 
services." 

After what must be a record for service with one 
radio 54 years-R. D. Bangay has re­
tired from Marconi's. In 1952 he celebrated his jubilee 
in the radio industry, the first man to do so. Soon 
after joining the company in 1902 he went to America 
for five years and helped in the installation of the first 
U.S. coastal radio station, at Babylon. He was con­
cerned with the original experiments in air-to-ground 
communication, and in 1914 was placed in charge of 
the company's department established for the develop­
ment of military radio equipment. Mr. Bangay was for 
some years chief of designs, and since 1935 has been 
foreign manager. He was the author of two books 
published by Wireless World many years ago : " The 
Elementary Principles of Wireless Telegraphy" and 
"The Oscillation Valve." 

L. C. Jesty, B.Sc., M.I.E.E., has left Marconi's, where 
for seven_ years he led the television research group, 
and has joined the Sylvania-Thorn Colour Television 
Laboratories at Enfield, Middlesex. He will be in 
charge of colour television research. Whilst at Marconi's 
research laboratories he had been closely concerned with 
the Anglicized version of the American colour system 
which has been used experimentally by the B.B.C. From 
1927 to 1946 Mr. Jesty was on the staff of the G.E.C. 
Research Laboratories where in 1933 he started the c.r.t. 
research group which was responsible for the introduc­
tion of the VCR97. For three years prior to joining 
Marconi's he was in charge of advanced research at the 
Cinema-Television Laboratories. 
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The Radio Communi­
cation and Electronic En­
gineering Association has 
created the new post of 
technical secretary, to 
which J. F. Richardson, 
Grad.I.E.E., has been 
appointed. He will work 
under H. E. F. Taylor, 
r e c e n t 1 y appointed 
executive secretary. Mr. 
Richardson began his en­
gineering training in 1939 
with S.T.C., and since 
1952 has been technical 
assistant to the director, 
Electric Lamp Manu­
facturers' Association. 

Reginald A. Yeo has left the Admiralty Signal and 
Radar Establishment, at Haslemere, · where he was hl!ad 
of the electronics division, on being appointed full-time 
member of the Australian Broadcasting Control Board. 
He was a principal scientific officer in the Royal Navy 
Scientific Service, and was concerned mainly with radio 
matters throughout his government service. He was 
delegate at the conference of the International Telecom­
munication Union at Atlantic City in 1947. 

G. B. Jeffery, M .A., B.Sc., A.M.I.E.E., has left the 
Royal Aircraft Establishment, Farnborough, where for 
four and a half years he has been senior engineer in 
the data rransmission section of the Electrical Engineer­
ing Department, and has joined R. B. Pullin and Co. 
He is technical sales manager of the Pullin-Kearfott 
Division, which, . under a recent licensing 
with the American Kearfott Company, Inc;., will manu­
facture synchros, servomotors and tachometer genera­
tors. During the war Mr. Jeffery was a radar officer, 
R.N.V.R., and was on the staff of H.M. Radar School, 
H .M .S. Collingwood. 

H. L. A. Foy, the new publicity manager of 
Decca Radar, Ltd., has been engaged on the operational 
aspects of J·adar since he joined the company two years 
ago. He was a specialist navigating officer in the Royal 
Navy, and since joining Decca has been particularly 
concerned with the introduction of " True Motion " 
radar. 

C. Hardy and C. B. Speedy, Ph.D., B.E., Grad.I.E.E., 
have been appointed directors of Data Recording 
Instrument Company, Ltd., of Feltham, Middlesex, 
which previously operated as a division of Lion Elec­
tronic Developments, Ltd. Mr. Hardy was for many 
years at the Signals Research and Development Estab­
lishment of the Ministry of Supply, where he was work­
ing on data recording. Dr. Speedy has been engaged 
since 1945 on the study of electronics especially in 
relation to computers. 

J. N. Macleod and C. Metcalfe have been appointed 
directors of Electric and Musical Industries, Ltd. 
Together with E. J. Emery, who was appointed a 
director last February, they have been appointed 
managing directors of the company, responsible, respec-

, tively, for the U.K. Record Division and the Oversea 
subsidiary companies (other than Capitol Records Inc. 
and its subsidiaries), the E.M.I. Electronics Division 
(commercial and industrial equipment), and the 
D omestic Electronics Division. 

H. A. Lewis, M .B.E., T.D., B.Sc.(Eng.), A.C.G.I., 
M .I.E .E., who recently left Marconi's to become 
personal assistant to E. J . Emery, managing director of 
the Domestic Electronics Division of E.M.I., has been 
appointed a director of E.M.I. S,Ues and Service, Ltd. 

D. L. Johnston, who in our October, 1954, issue 
described a transistor replacement unit for hearing-aid 
h.t. batteries, has left Fortiphone, Ltd., where he was 
manager of the component division, and has joined 
Automation Consultants and As.sociates, Ltd. 
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Office Research Station, who has specialized in repeater 
test equipment (B.E.M.). 

Sir Stanley Angwin, who recently retired from the 
chairmanship of the Commonwealth Telecommunica- 
tion Board, and E. M. Jones, director, the Government 
Communications Headquarters, Foreign Office, are 
appointed K.C.M.G. 

Three members of the G.E.C. Research Laboratories 
staff received awards:—O. W. Humphreys, director, is 
appointed C.B.E.; E. G. James, head of crystal valve 
development, O.B.E.; and W. C. Cropper, group 
leader in charge of a special project for the 
Admiralty, M.B.E. 

Among those appointed M.B.E. are Miss B. K, 
Chaplin, executive officer at the D.S.I.R. Radio Re- 
search Station; W. H. Hopkins, works manager, E.M.I. 
Factories; G. W. Kilm'ster, first radio officer, R.M.S. 
Arundel Castle; E. L. Lycett, assistant, B.B.C. outside 
broadcasts; H. Starr, signals officer, Civil Aviation Tele- 
communication Directorate, Ministry of Transport and 
Civil Aviation; and W. W. Syrett, export manager of 
Ekco's Radio Division. 

Among overseas radio personalities who received 
honours are L. A. G. Hooke, managing director of Amal- 
gamated Wireless (Australasia), a knighthood for " ser- 
vices to the radio industry in Australia "; T. W. Chal- 
mers, formerly director of broadcasting in Nigeria, 
C.B.E.; T. V. Hooley, officer-in-charge, Government 
Wireless Station, Falkland Islands, M.B.E.; and E. R. 
Richardson, senior assistant controller of telecommuni- 
cations, Nigeria, M.B.E. 

PERSONALITIES 

Sir Noel Ashbridge, who retired from the director- 
ship of technical services of the B.B.C. in 1952 and be- 
came a director of Marconi's, has been elected an 
honorary member of the Institution of Electrical En- 
gineers. The election is in recognition of his services 
to the Institution, of which he was president in 1941, 
and of "his outstanding contributions in the field 
of radio engineering, particularly in the develop- 
ment of the British sound and television broadcasting 
services." 

After what must be a record for service with one 
radio company—over 54 years—R. D. Bangay has re- 
tired from Marconi's. In 1952 he celebrated his jubilee 
in the radio industry, the first man to do so. Soon 
after joining the company in 1902 he went to America 
for five years and helped in the installation of the first 
U.S. coastal radio station, at Babylon. He was con- 
cerned with the original experiments in air-to-ground 
communication, and in 1914 was placed in charge of 
the company's department established for the develop- 
ment of military radio equipment. Mr. Bangay was for 
some years chief of designs, and since 1935 has been 
foreign manager. He was the author of two books 
published by Wireless World many years ago: "The 
Elementary Principles of Wireless Telegraphy" and 
"The Oscillation Valve." 

L. C. Jesty, B.Sc., M.I.E.E., has left Marconi's, where 
for seven years he led the television research group, 
and has joined the Sylvania-Thorn Colour Television 
Laboratories at Enfield, Middlesex. He will be in 
charge of colour television research. Whilst at Marconi's 
research laboratories he had been closely concerned with 
the Anglicized version of the American colour system 
which has been used experimentally by the B.B.C. From 
1927 to 1946 Mr. Jesty was on the staff of the G.E.C. 
Research Laboratories where in 1933 he started the c.r.t. 
research group which was responsible for the introduc- 
tion of the VCR97. For three years prior to joining 
Marconi's he was in charge of advanced research at the 
Cinema-Television Laboratories. 
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Reginald A. Yeo has left the Admiralty Signal and 
Radar Establishment, at Haslemere, where he was head 
of the electronics division, on being appointed full-time 
member of the Australian Broadcasting Control Board. 
He was a principal scientific officer in the Royal Navy 
Scientific Service, and was concerned mainly with radio 
matters throughout his government service. He was 
delegate at the conference of the International Telecom- 
munication Union at Atlantic City in 1947. 

G. B. Jeffery, M.A., B.Sc., A.M.I.E.E., has left the 
Royal Aircraft Establishment, Farnborough, where for 
four and a half years he has been senior engineer in 
the data transmission section of the Electrical Engineer- 
ing Department, and has joined R. B. Pullin and Co. 
He is technical sales manager of the Pullin-Kearfott 
Division, which, under a recent licensing agreement 
with the American Kearfott Company, Inc., will manu- 
facture synchros, servomotors and tachometer genera- 
tors. During the war Mr. Jeffery was a radar officer, 
R.N.V.R., and was on the staff of H.M. Radar School, 
H.M.S. Collingwood. 

H. L. A. Foy, the new publicity manager of 
Decca Radar, Ltd., has been engaged on the operational 
aspects of .radar since he joined the company two years 
ago. He was a specialist navigating officer in the Royal 
Navy, and since joining Decca has been particularly 
concerned with the introduction of " True Motion" 
radar. 

C. Hardy and C. B. Speedy, Ph.D., B.E., Grad.I.E.E., 
have been appointed directors of Data Recording 
Instrument Company, Ltd., of Feltham, Middlesex, 
which previously operated as a division of Lion Elec- 
tronic Developments, Ltd. Mr. Hardy was for many 
years at the Signals Research and Development Estab- 
lishment of the Ministry of Supply, where he was work- 
ing on data recording. Dr. Speedy has been engaged 
since 1945 on the study of electronics especially in 
relation to computers. 

J. N. Macleod and C. Metcalfe have been appointed 
directors of Electric and Musical Industries, Ltd. 
Together with E. J. Emery, who was appointed a 
director last February, they have been appointed 
managing directors of the company, responsible, respec- 
tively, for the U.K. Record Division and the Oversea 
subsidiary companies (other than Capitol Records Inc. 
and its subsidiaries), the E.M.I. Electronics Division 
(commercial and industrial equipment), and the 
Domestic Electronics Division. 

H. A. Lewis, M.B.E., T.D., B.Sc.(Eng.), A.C.G.I., 
M.I.E.E., who recently left Marconi's to become 
personal assistant to E. J. Emery, managing director of 
the Domestic Electronics Division of E.M.I., has been 
appointed a director of E.M.I. S^les and Service, Ltd. 

D. L. Johnston, who in our October, 1954, issue 
described a transistor replacement unit for hearing-aid 
h.t. batteries, has left Fortiphone, Ltd., where he was 
manager of the component division, and has joined 
Automation Consultants and Associates, Ltd. 
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The following appointments are announced by Belling 
and Lee: D. W. Rippin, who has been outside technical 
representative, becomes export manager; J. E. Bailey, 
B.Sc., and R. E. Meldrum join the company as tech­
nical- representatives to manufacturers, and A. Fender 
is appointed technical sales representative to the trade 
in the area centred on Newcastle-upon-Tyne. 

L. C. Smith has resigned from Plessey's which he 
joined ten years ago as technical representative. During 
the last war he was lieutenant-commander in the elec­
trical branch of the Royal Navy and specialized in the 
maintenance of asdic. Before the war he ran his own 
service business in Birmingham for five years, prior to 
which he was a service technician with E.M.I. His 
address is 122, Whitaker Road, Derby. 

Peter E. M. Sharp, A.C.G.I., B.Sc.(Eng.), A.M.I.E.E., 
whose three-year contract with China Engineers, Ltd., 
has ended, has returned to this country. He joined the 
Telegraph Construction and Maintenance Company in 
1951, subsequently transferring to their agents in the 
Far East. His home address is 46, Hyde Vale, Lon­
don, S.E.10. 

OUR AUTH ORS 

Dr. E. L. C. White, of the research division of E.M.I. 
Electronics, who recently addressed members of the 
Television Society on alternatives to the American 
television system, contributes an article on page 75 
covering some of the points discussed. Dr. White has 
been with E.M.I. since 1933 and was closely associated 
with the late A. D. Blumlein in developing the Marconi­
E.M.I. television system adopted by the B.B.C. During, 
and to some extent since, the war, he has been con­
cerned with the development of radar display systems, 
but has more recently worked on colour television. 
Before joining E.M.I. he was for three years at Caven­
dish Laboratory, Cambridge, working on pulse methods 
of ionospheric research. He is 47. 

Michael P. Beddoes, contributor of the articie on an 
improved sync separator, went to Canada a few months 
ago, and is now assistant professor in electrical 
engineering at the University of British Columbia. 
After graduating in electrical engineering at Glasgow 
University he spent seven years in industry, and then 
in 1953 went to the City and Guilds College where he 
worked on television band-compressing systems. His 
industrial experience started at G.E.C., Coventry (as a 
post-graduate apprentice), and after service as a senior 
engineer at Plessey's he became assistant chief engineer 
of McMichael's radio division. 

IN BRIEF 

During November the number of television licences 
increased by 142,345 bringing the total to 6,433,417. 
Broadcast receiving licences, including those for tele­
vision and 310,690 for car radio, totalled 14,424,236 at 
the end of November. . 

Brit.I.R.E. Constitution.-An extraordinary general 
meeting of members of the British Institution of Radio , 
Engineers is being held on January 30th, at which it 
is proposed to redraft the constitution. It is under­
stood that the whole of the articles of association are 
being revised to give emphasis to the Institution's 
coverage of electronics. 

"Wireless World" Index.-The publication of the 
Index for 1956 has been unavoidably delayed; it will 
be available towards the end of February. Cloth 
binding cases with index cost 7s 6d (postage 6d). Our 
Publishers will undertake the binding of readers' own 
issues, the cost per volume, including the index and 
binding case, being 22s 6d, plus ls 6d postage on the 
bound volume. 
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Bilingual Television.-The system for transmlttmg 
two sound programmes in a single sound channel 
described on p. 79 has actually been developed for use 
by the French television service in Algeria, which has 
both French and Arabic viewers. A complete descrip­
tion, with a photograph of the "decoder" unit, appears 
in the January issue of the French journal Television. 

American TV in Germany.-Television on American 
standards is being radiated from two transmitters in 
Germany for the benefit of U.S. service men. The low­
power stations, which operate in Band IV (470-585 
Mc/s), are at Bitburg and Landstuhl. They trans­
mit films, provided by the Armed Forces Television 
centre at Limestone, Maine, for seven hours a day. 

The French Components Show will be held from 
March 29th to April 2nd at the Pare des Expositions, 
Pone de Versailles, Paris. 

America's Institute of High-Fidelity Manufacturers 
is sponsoring a Hi-Fi Show in Los Angeles from 
February 6th to 9th. 

An electronic computing service for industrialists 
and scientists has been introduced by the Battelle In­
stitute at Frankfun/Main, Germany. Enquiries 
regarding the service · and the facilities provided are 
being handled in this country by the Electronics 
Division of Remington Rand, Ltd., Commonwealth 
House, 1-19, New Oxford Street, London, W.C.l. 

Interference Suppression.-Another conference on 
radio interference (the third) is being organized by the 
Armour Research Foundation of Illinois Institute of 
Technology. It will be held in Chicago on February 
26th and 27th. 

Colour Television.-Sales of R.C.A. colour television 
receivers were expected to reach the forecast 200,000 
for 1956. It is anticipated that half a million colour 
receivers will be produced by R.C.A. this year. 

Special courses in higher technology, being held during 
the spring and summer terms at colleges in London 
and the home counties, are listed in a bulletin issued 
by the Regional Advisory Council for Higher Tech­
nological Education. It costs 1s 6d and covers a wide 
variety of courses, including radio and allied subjects, 
being held at twenty-nine colleges. 

I.o:M. Television.-A permanent television station, 
to replace the temporary one which has been in use 
since December 1953, is to be built by the B.B.C. at 
Carnane, near Douglas, Isle of Man, by the end of 
this .. year. The original plan to build the permanent 
station on Snaefell has been dropped. 

Peterborough is having a three-day audio fair starting 
on January 22nd. It is being organized by Camera 
and Cine Centre, of 14, Long Causeway, at the Grand 
Hotel where lectures and demonstrations are being given 
by representatives of audio equipment manufacturers. 

Each Saturday from 10 to 12 noon demonstrations 
of audio are being given by Pamphonic 
Reproducers at their showrooms at 17, Stratton Street, 
London, W.l. 

An inexpensive ·(25s) single-stage transistor 
amplifier, intended for working with a crystal receiver 
is being made by Warren's Radio, 88, Wellington Street 
Luton, Beds. 

A bibliography of high-fidelity sound reproduction 
has been compiled by K. J. Spencer; and is available 
from the Library Association, Chaucer House, Male! 
Place, London, W.C.l; price 2s 6d. Approximately 
three hundred references, mostly later than 1947, are 
given. A more extensive bibliography of the sub!ed 
is being prepared. 

" Portable Transistor Superhet."-The germaniulll
1 

diode detector in this circuit (January issue) has been 
drawn with the wrong polarity of connections. It shouJOI 
be reversed, so that a positive-going a.g.c. voltage is 
applied to the base of the 1st i.f. transistor. 
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The following appointments are announced by Belling 
and Lee; D. W. Rippin, who has been outside technical 
representative, becomes export manager; J. E. Bailey, 
B.Sc., and R. E. Meldrum join the company as tech- 
nical representatives to manufacturers, and A. Fender 
is appointed technical sales representative to the trade 
in the area centred on Newcastle-upon-Tyne. 

L. C. Smith has resigned from Plessey's which he 
joined tea years ago as technical representative. During 
the last war he was lieutenant-commander in the elec- 
trical branch of the Royal Navy and specialized in the 
maintenance of asdic. Before the war he ran his own 
service business in Birmingham for five years, prior to 
which he was a service technician with E.M.I. His 
address is 122, Whitaker Road, Derby. 

Peter E. M. Sharp, A.C.G.I., B.Sc.(Eng.), A.M.I.E.E., 
whose three-year contract with China Engineers, Ltd., 
has ended, has returned to this country. He joined the 
Telegraph Construction and Maintenance Company in 
1951, subsequently transferring to their agents in the 
Far East. His home address is 46, Hyde Vale, Lon- 
don, S.E.10. 

OUR AUTHORS 

Dr. E. L. C. White, of the research division of E.M.I. 
Electronics, who recently addressed members of the 
Television Society on alternatives to the American 
television system, contributes an article on page 75 
covering some of the points discussed. Dr. White has 
been with E.M.I, since 1933 and was closely associated 
with the late A. D. Blumlein in developing the Marconi- 
E.M.I. television system adopted by the B.B.C. During, 
and to some extent since, the war, he has been con- 
cerned with the development of radar display systems, 
but has more recently worked on colour television. 
Before joining E.M.I. he was for three years at Caven- 
dish Laboratory, Cambridge, working on pulse methods 
of ionospheric research. He is 47. 

Michael P. Beddoes, contributor of the article on an 
improved sync separator, went to Canada a few months 
ago, and is now assistant professor in electrical 
engineering at the University of British Columbia. 
After graduating in electrical engineering at Glasgow 
University he spent seven years in industry, and then 
in 1953 went to the City and Guilds College where he 
worked on television band-compressing systems. His 
industrial experience started at G.E.C., Coventry (as a 
post-graduate apprentice), and after service as a senior 
engineer at Plessey's he became assistant chief engineer 
of McMichael's radio division. 

IN BRIEF 

During November the number of television licences 
increased by 142,345 bringing the total to 6,433,417. 
Broadcast receiving licences, including those for tele- 
vision and 310,690 for car radio, totalled 14,424,236 at 
the end of November. 

Brit.I.R.E. Constitution.—An extraordinary general 
meeting of members of the British Institution of Radio 
Engineers is being held on January 30th, at which it 
is proposed to redraft the constitution. It is under- 
stood that the whole of the articles of association are 
being revised to give emphasis to the Institution's 
coverage of electronics. 

"Wireless World" Index.—The publication of the 
Index for 1956 has been unavoidably delayed; it will 
be available towards the end of February. Cloth 
binding cases with index cost 7s 6d (postage 6d). Our 
Publishers will undertake the binding of readers' own 
issues, the cost per volume, including the index and 
binding case, being 22s 6d, plus Is 6d postage on the 
bound volume. 

Bilingual Television.—The system for transmitting 
two sound programmes in a single sound channel 
described on p. 79 has actually been developed for use 
by the French television service in Algeria, which has 
both French and Arabic viewers. A complete descrip- 
tion, with a photograph of the " decoder " unit, appears 
in the January issue of the French journal Television. 

American TV in Germany.—Television on American 
standards is being radiated from two transmitters in 
Germany for the benefit of U.S. service men. The low- 
power stations, which operate in Band IV (470-585 
Mc/s), are at Bitburg and Landstuhl. They trans- 
mit films, provided by the Armed Forces Television 
centre at Limestone, Maine, for seven hours a day. 

The French Components Show will be held from 
March 29th to April 2nd at the Pare des Expositions, 
Porte de Versailles, Paris. 

America's Institute of High-Fidelity Manufacturers 
is sponsoring a Hi-Fi Show in Los Angeles from 
February 6th to 9th 

An electronic computing service for industrialists 
and scientists has been introduced by the Battelle In- 
stitute at Frankfurt/Main, Germany. Enquiries 
regarding the service and the facilities provided are 
being handled in this country by the Electronics 
Division of Remington Rand, Ltd., Commonwealth 
House, 1-19, New Oxford Street, London, W.C.I. 

Interference Suppression.—Another conference on 
radio interference (the third) is being organized by the 
Armour Research Foundation of Illinois Institute of 
Technology. It will be held in Chicago on February 
26th and 27th. 

Colour Television.—Sales of R.C.A. colour television 
receivers were expected to reach the forecast 200,000 
for 1956. It is anticipated that half a million colour 
receivers will be produced by R.C.A. this year. 

Special courses in higher technology, being held during 
the spring and summer terms at colleges in London 
and the home counties, are listed in a bulletin issued 
by the Regional Advisory Council for Higher Tech- 
nological Education. It costs Is 6d and covers a wide 
variety of courses, including radio and allied subjects, 
being held at twenty-nine colleges. 

I.o.M. Television.—A permanent television station, 
to replace the temporary one which has been in use 
since December 1953, is to be built by the B.B.C. at 
Camane, near Douglas, Isle of Man, by the end of 
this year. The original plan to build the permanent 
station on Snaefell has been dropped. 

Peterborough is having a three-day audio fair starting 
on January 22nd. It is being organized by Camera 
and Cine Centre, of 14, Long Causeway, at the Grand 
Hotel where lectures and demonstrations are being given 
by representatives of audio equipment manufacturers. 

Each Saturday from 10 to 12 noon demonstrations 
of audio equipment are being given by Pamphonic 
Reproducers at their showrooms at 17, Stratton Street, 
London, W.l. 

An inexpensive (25s) single-stage transistor audii 
amplifier, intended for working with a crystal receiver 
is being made by Warren's Radio, 88, Wellington Street 
Luton, Beds. 

A bibliography of high-fidelity sound reproduction 
has been compiled by K. J. Spencer; and is available 
from the Library Association, Chaucer House, Malet 
Place, London, W.C.I; price 2s 6d. Approximately 
three hundred references, mostly later than 1947, are 
given. A more extensive bibliography of the subyect 
is being prepared. 

" Portable Transistor Superhet."—The germaniuff 
diode detector in this circuit (January issue) has been 
drawn with the wrong polarity of connections. It shoulo| 
be reversed, so that a positive-going a.g.c. voltage is 
applied to the base of the 1st i.f. transistor. 
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R.S.G.B. Membership.-The annual report of the 
Radio Society of Great Britain records that whereas 
during the past five years membership had declined by 
nearly 5,000, last year's decrease was only 57. The 
number of licensed amateurs in the Society actually 
increased by 95, bringing the total to 5,141. Non-trans­
mitting members total 2,961. 

Winriing Design in the competition sponsored by the 
British Plastics Federation " to encourage young crafts­
men to design articles ih plastics materials " was for a 
17-in portable television cabinet. The designer, E. J . 
Arundell, of Liverpool, receives 50 guineas. 

Two 16mm Mullard sound films-one on cathode-ray 
tubes (lasting 32 minutes) anq another on quality valves 
(27 minutes) are now available on free loan · from the 
Central Film Library, Central Office of Info.rmation, 
Govermnent Building, Bromyard Avenue, Acton, 
London, W.3. 

The products and services of over seven thousand 
member firms of the Federation of British Industries, 
listed alphabetically under more than 5,400 headings, 
as well as lists of trade marks and trade names, are 
included in the 1957 edition of the "F.B.I. Register of 
British Manufacturers." French, German and Spanish 
glossaries are also incorporated in the Register, which 
is obtainable from our publishers, price two guineas, 
post free. 

E.I.B.A.-A number of radio manufacturers are listed 
as donors to the Electrical Industries Benevolent Asso­
ciation in its 1956 Year Book. In addition, the Radio 
Industry Council gave £500, the B.B.C. £158, and the 
Radio .Industry Clubs of London and · Glasgow £350 
and £ 140, respectively. The object of the Association 
is to assist deserving and necessitous persons who an:, 
or have been, in "any branch of an electrical industry." 

BU SI NESS NOTES •. 

Nine film scanners, each employing two film projectors 
and two teleyision cameras, have been ordered by the 
B.B.C. from Pye. A feature of the equipment is 
that by the use of movable mirrors (!ither camera can 
be focussed on a projector, thus minimizing the possi­
bility of breaks in transmission. 

An underwater television camera, which can be held 
by a frogman or diver, towed or fitted to a vessel, has 
been prpduced by Pye. Spherical in shape, it is in­
tended . for use at depths down to 3,000 feet. It 
incorporates a depth indicator from which readings are 
conveyed to observers on the surface. 

Type approval, covering humidity and temperature, 
has been granted by the Joint Service Radio Com­
ponents Standardization Committee for Ferranti's 2-m 
sealed instruments-voltmeters, ammeters and milli­
ammeters. Their 2!-in and 3!-in instruments ' are 
classified as " design approved." 

Communication on six v.h.f. channels is provided 
in the air traffic control system recently installed by 
International Aeradio· at Vickers-Armstrong's airfield at 
Wisley, Surrey. 

Two limiter stages are incorporated in the new 
Orthophonic high-:-fidelity f.m. tuner being produced 
by RCA Great . Britain. The circuit employs seven 
valves, two crystal diodes and a tuner indicator. 

Sales abroad accounted for £33M of . the E.M.I. 
group's £53M turnover during the year ended June, 
1956. The year''3 total was an increase of £11.4M on 
the previous twelve months. 

Orders for millimetre-band telecommunication test 
equipment valued at over £25,000 have been placed 
With M arconi Instruments by the Ministry of Supply. 
Each 6-ft rack-mounted assembly comprises electronic­
ally regulated power supply and a frequency stabilization 
system. 
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A distribution centre, in ::luding showrooms and ser­
vice information department, for Ambassador and Baird 
receivers, has been opened at 131, Great Suffolk Street, 
London, S.E.1 (Tel.: Hop 0791). K. H. Yandell, sales 
director of Ambassador Radio and Television, Ltd., and 
F. Duer, southern area sales manager, are now at this 
address. 

Shirley Laboratories, Ltd., which was formed in 1954 
by A. W. Wayne (a contributor to Wireless World) for 
the manufacture of amplifiers, tuners and electronic 
instruments, has moved to 3, Prospect Place, Worthing, 
Sussex. (Tel.: Worthing 30536.) 

Tape Recorders (Electronics), Ltd., have recently 
started production at their second factory at 784-788, 
High Road, Tottenham, London, N .17. The price of 
their Sound Cadet recorder has be-en reduced to 39 gns. 

S.S. Electronics, Ltd., recently moved from Harrow 
to Chiltern Works, Severalls Avenue, Chesham, Bucks. 
(Tel. : Chesham 8909.) 

The midland office of Marconi Instruments, for­
merly situated at 19, are now at 24, The Parade, 
Leamington Spa . . 

Goodmans loudspeaker cabinet, formerly known as 
the Viscount and recently renamed Canberra, is now 
called Sherwoo.d. 

OVERSEAS TRADE 

Since the formation of Decca Radar og Navigator 
A/S, Bergen, the Norwegian subsidiary of the Decca 
Radar and Navigator Companies, in February, 1955, 
orders have been secured for radar installations in more 
than 300 Norwegian ships. It has also established a 
chain of service depots. The company's new general 
manager is F. I. Willoch. He has taken over from 
E. Tyler who has returned to the London office. 

According to a recently completed analysis of places 
to which Britain exports radio and electronic gear, 
the United States was the largest buyer of British 
radio in the first six months of last year. 
The value of U .K . radio exports to the U.S.A. was 
£1.6M, nearly 8 per cent of the industry's total over­
seas trade. Incidentally, tbe bulk of this was for sound 
reproducing equipment. ' · · . · 

Marconi's are installing a temporary 2-kW medium­
wave broadcasting transmitter at Brunei, on- the north­
western of Borneo, preparatory to setting up a 
permanent 20-kW transmitter on Tutong, some 35 
miles from the town. The permanent transmitter will 
be fed by a frequency-modulated radio link from Brunei. 
A receiving station with double reversible rhombic 
aerials in dual diversity for the reception of B.B.C. 
and Australian stations, and dipole arrays for the recep­
tion of less distant stations, is also being built. 

A contract for a v.h.f. multi-channel radio-telephone 
system for India's Western Railways has been placed 
with Marconi's. The radio-telephone links, which will 
have a capacity of 48 two-way channels, will be between 
Bhavnagar and Surat, and J amnagar and Rajkot. 

Pye "Ranger" v.h.f. radio-telephone equipment, 
employing channel spacing of only 15 kc/s, was recently 
demonstrated in Toronto. This equipment is being 
made available immediately for those countries where 
there is intense frequency congestion. 

Kelvin-Hughes echo sounders and radar have been 
fitted in the 47,000-ton tanker Evgenia Niarchos, the 
biggest yet built in this country. 

Representation of U .K. manufacturers of loud­
speakers, selenium rectifiers and tape recorders is being 
sought by John R. Tilton, Ltd., of 51, McCormack 
Avenue, Toronto 9, to whom illustrated literature, with 
ex-works and, c.i.f. 'Canadian port prices in Canadian 
dollars, should be sent. 
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R.S.G.B. Membership.—The annual report of the 
Radio Society of Great Britain records that whereas 
during the past five years membership had declined by 
nearly 5,000, last year's decrease was only 57. The 
number of licensed amateurs in the Society actually 
increased by 95, bringing the total to 5,141. Non-trans- 
rnitting members total 2,961. 

Winning Design in the competition sponsored by the 
British Plastics Federation "to encourage young crafts- 
men to design articles ih plastics materials " was for a 
f7-in portable television cabinet. The designer, E. J. 
Arundell, of Liverpool, receives 50 guineas. 

Two 16mm Milliard sound films—one on cathode-ray 
tubes (lasting 32 minutes) and another on quality valves 
(27 minutes) are now available on free loan from the 
Central Film Library, Central Office of Information, 
Government Building, Bromyard Avenue, Acton, 
London, W,3. 

The products and services of over seven thousand 
member firms of the Federation of British Industries, 
listed alphabetically under more than 5,400 headings, 
as well as lists of trade marks and trade names, are 
included in the 1957 edition of the " F.B.I. Register of 
British Manufacturers." French, German and Spanish 
glossaries are also incorporated in the Register, which 
is obtainable from our publishers, price two guineas, 
post tree. 

E.I.B.A.—A number of radio manufacturers are listed 
as donors to the Electrical Industries Benevolent Asso- 
ciation in its 1956 Year Book. In addition, the Radio 
Industry Council gave £500, the B.B.C, £158, and the 
Radio Industry Clubs of London and Glasgow £350 
and £140, respectively. The object of the Association 
is to assist deserving and necessitous persons who are, 
or have been, in " any branch of an electrical industry." 

BUSINESS NOTES 

Nine film scanners, each employing two film projectors 
and two television cameras, have been ordered by the 
B.B.C. from Pye. A feature of the equipment is 
that by the use of movable mirrors either camera can 
be focussed on a projector, thus minimizing the possi- 
bility of breaks in transmission. 

An underwater television camera, which can be held 
by a frogman or diver, towed or fitted to a vessel, has 
been produced by Pye. Spherical in shape, it is in- 
tended for use at depths down to 3,000 feet. It 
incorporates a depth indicator from which readings are 
conveyed to observers on the surface. 

Type approval, covering humidity and temperature, 
has been granted by the Joint Service Radio Com- 
ponents Standardization Committee for Ferranti's 2-m 
sealed instruments—voltmeters, ammeters and milli- 
ammeters. Their 2)-in and Sj-in instruments are 
classified as " design approved." 

Communication on six v.h.f. channels is provided 
in the air traffic control system recently installed by 
International Aeradio at Vickers-Armstrong's airfield at 
Wisley, Surrey. 

Two limiter stages are incorporated in the new 
Orthophonic high-fidelity f.m. tuner being produced 
by RCA Great Britain. The circuit employs seven 
valves, two crystal diodes and a tuner indicator. 

Sales abroad accounted for £33M of the E.M.I. 
group's £53M turnover during the year ended June, 
1956. The year's total was an increase of £11.4M on 
the previous twelve months. 

Orders for millimetre-band telecommunication test 
equipment valued at over £25,000 have been placed 
with Marconi Instruments by the Ministry of Supply. 
Each 6-ft rack-mounted assembly comprises electronic- 
ally regulated power supply and a frequency stabilization 
system. 
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A distribution centre, including showrooms and ser- 
vice information department, for Ambassador and Eaird 
receivers, has been opened at 131, Great Suffolk Street, 
London, S.E.I (Tel.; Hop 0791). K. H. Yandell, sales 
director of Ambassador Radio and Television, Ltd., and 
F. Duer, southern area sales manager, are now at this 
address. 

Shirley Laboratories, Ltd., which was formed in 1954 
by A. W. Wayne (a contributor to Wireless World) for 
the manufacture of amplifiers, tuners arid electronic 
instruments, has moved to 3, Prospect Place, Worthing, 
Sussex. (Tel.: Worthing 30536.) 

Tape Recorders (Electronics), Ltd., have recently 
started production at their second factory at 784-788, 
High Road, Tottenham, London, N.17. The price of 
their Sound Cadet recorder has been reduced to 39 gns. 

S.S. Electronics, Ltd., recently moved from Harrow 
to Chiltern Works, Severalls Avenue, Chesham, Bucks. 
(Tel.: Chesham 8909.) 

The midland office of Marconi Instruments, Ltd., for- 
merly situated at 19, are now at 24, The Parade, 
Leamington Spa. 

Goodmans loudspeaker cabinet, formerly known as 
the Viscount and recently renamed Canberra, is now 
called Sherwood. 

OVERSEAS TRADE 

Since the formation of Decca Radar og Navigator 
A/S, Bergen, the Norwegian subsidiary of the Decca 
Radar and Navigator Companies, in February, 1955, 
orders have been secured for radar installations in more 
than 300 Norwegian ships. It has also established a 
chain of service depots. The company's new general 
manager is F. I. Willoch. He has taken over from 
E. Tyler who has returned to the London office. 

According to a recently completed analysis of places 
to which Britain exports radio and electronic gear, 
the United States was the largest buyer of British 
radio equipment in the first six months of last year. 
The value of U.K. radio exports to the U.S.A. was 
£1.6M, nearly 8 per cent of the industry's total over- 
seas trade. Incidentally, the bulk of this was for sound 
reproducing equipment. 

Marconi's are installing a temporary 2-kW medium- 
wave broadcasting transmitter at Brunei, on the north- 
western coa§,t of Borneo, preparatory to setting up a 
permanent 20-kW transmitter on Tutong, some 35 
miles from the town. The permanent transmitter will 
be fed by a frequency-modulated radio link from Brunei. 
A receiving station with double reversible rhombic 
aerials in dual diversity for the reception of B.B.C. 
and Australian stations, and dipole arrays for the recep- 
tion of less distant stations, is also being built. 

A contract for a v.h.f. multi-channel radio-telephone 
system for India's Western Railways has been placed 
with Marconi's. The radio-telephone links, which will 
have a capacity of 48 two-way channels, will be between 
Bhavnagar and Surat, and Jamnagar and Rajkot. 

Pye "Ranger" v.h.f. radio-telephone equipment, 
employing channel spacing of only 15kc/s, was recently 
demonstrated in Toronto. This equipment is being 
made available immediately for those countries where 
there is intense frequency congestion. 

Kelvin-Hughes echo sounders and radar have been 
fitted in the 47,000-ton tanker Evgenia Niarchos, the 
biggest yet built in this country. 

Representation of U.K. manufacturers of loud- 
speakers, selenium rectifiers and tape recorders is being 
sought by John R. Tilton, Ltd., of 51, McCormacfc 
Avenue, Toronto 9, to whom illustrated literature, with 
ex-works and c.i.f. Canadian port prices in Canadian 
dollars, should be sent. 
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·output T .. anslo ... e .. Jess 

THOSE of us who are in search of perfection in 
audio amplifiers must often have looked askance at 
the output transformer. In general it would be pos­
sible to reduce the non-linearities in an amplifier 
below any desired value by the application of a suffi­
cient amount of feedback. However, as is well 
known, the output transformer produces undesirable 
phase shifts at the extreme ends of the audio spec­
trum which limit the amount of feedback which can 
be applied before instability sets in. These phase 
shifts also decrease the effective feedback at these 

. extreme frequencies and this causes increased dis­
tortion in these regions. Varying core losses, hys­
teresis effects, matching variations, and incomplete 
coupling between the primaries also more directly 
increase the distortion, and this increase also is more 
pronounced at the frequency extremes. 

Modem transformer design techniques of sec­
tionalized windings, and particularly the use of 
C-cores, have to a large extent overcome these dis­
advantages in practice; but this has naturally given 
rise to an increase in price, and the fundamental 
limitations still remain. 

Increased Possibility of Class B Operation.­
Using loudspeakers of normal efficiency and impe­
dance (15-ohm) in an average living room an 
accepted peak power requirement from the ampli­
fier is of the order of fifteen watts. In this case -if 
there is no output transformer we will obviously 

· require currents of the order of one ampere from 
the output valves. 

The problem of oblaining trese currents is some­
what eased because in transformerless amplifiers 
class B operation of the output valves becomes ·more 
feasible than such operation is in an amplifier with 
an output transformer. Normally in class B opera­
tion using an output transforme:f incomplete coup­
ling between the two half 'primaries produces 
transients when the valves cut off. These transients 
produce distressing audible distortion and are very 
difficult to eradicate, though a special bifilar trans­
former . with both cathode and anode feeds designed 
by Mcintosh and Gow1 does succeed in doing so. 

In class B operation owing simply to the higher 
outputs the general distortion is higher but this is 
not seriously so and can, of course, be reduced ·by 
increased feedback. 

High-Impedance Loudspeakers?-Allied to the 
difficulty of obtaining sufficient current from the 
output valves is that of matching, without too much 
distortion, the comparatively high valve impedance 
(of the order of a . few thousand ohms) to the low 
impedance of the loudspeaker voice coil. 

An obvious solution to both these problems is 
to use loudspeakers of higher impedance, but here 
the necessity of using thinner wire to keep the voice 
coil weight down produces its own problems. A few 
speakers of impedances in the range of 200-500 ohms 
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have, however, been marketed, but there is not the 
usual variety of models available. Readers will 
realize the possibility that the newer electrostatic 
speakers will fit more smoothly into S\lCh a system, 
though their capacitive nature increases the matching 
problem. 

In general by suitably paralleling output valves a 
transformerless amplifier for high-impedance loud­
speakers can be adapted for low-impedance ones, so 
that the general features of the various designs can 
be considered without regard to the voice-coil im­
pedance. 

Straightforward Methods.-A first approach is 
simply to use normal circuits with the loudspeaker 
directly replacing the output transformer or load/ 
bearing in mind that it will often be more con­
venient to connect the speaker in the cathode or 
low-voltage side of the valve. 

Such designs generally involve capacitive coup­
ling to the loudspeaker or direct current through 
the voice coil. Capacitive coupCng requires almost 
impossibly high values of condenser for good low:-. 
frequency response and small phase shift in the 
case of low impedance loudspeakers, and may pro­
duce distortion due to in the condenser. 

Direct current in the voice coil would move it 
toward the positions of non-linearity for the sus­
pension and non-uniformity of the magnetic field 
and in practice give a considerable increase in dis­
tortion. The possibility of increasing the linearity 
of the suspension (and thus decreasing the distor­
tion), while maintaining sufficient restoring force to 
allow the required audio power to be developed, 
has already been largely exhausted in the design of 
conventional loudspeakers. 

Distortion caused by a non-uniform magnetic 
field could be avoided by making the voice-coil 
longer than the field so that the same length is 
always immersed in the field. This arrangement 
is often used in bass loudspeakers where the in­
creased weight of the voice-coil is less important. 
An equivalent method would be to lengthen the 
magnetic field but the larger magnets required would 
increase the cost. The alternative of having the 
voice-coil initially asymmetrical with respect to the 
magnetic field would require a change in the initial 
displacement for different amplifiers and is thus 
rather impracticable.3 

This simple approach also unfortunately needs a 
centre-tapped voice coil . for normal push-pull 
operation. For "ultra-linear'' oper3tion two more 
tappings are even necessary! From the point of view 
of requiring as little and as practical a change as 
possible in existing loudspeaker design this approach 
is seen to be inadequate. 

Some sort of balanced arrangement whereby 
direct current in the voice coil is avoided would be 
an improvement. A straightforward circuit along 
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In class B operation owing simply to the higher 
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impedance of the loudspeaker voice coil. 

An obvious solution to both these problems is 
to use loudspeakers of higher impedance, but here 
the necessity of using thinner wire to keep the voice 
coil weight down produces its own problems. A few 
speakers of impedances in the range of 200-500 ohms 
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toward the positions of non-linearity for the sus- 
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and in practice give a considerable increase in dis- 
tortion. The possibility of increasing the linearity 
of the suspension (and thus decreasing the distor- 
tion), while maintaining sufficient restoring force to 
allow the required audio power to be developed, 
has already been largely exhausted in the design of 
conventional loudspeakers. 

Distortion caused by a non-uniform magnetic 
field could be avoided by making the voice-coil 
longer than the field so that the same length is 
always immersed in the field. This arrangement 
is often used in bass loudspeakers where the in- 
creased weight of the voice-coil is less important. 
An equivalent method would be to lengthen the 
magnetic field but the larger magnets required would 
increase the cost. The alternative of having the 
voice-coil initially asymmetrical with respect to the 
magnetic field would require a change in the initial 
displacement for different amplifiers and is thus 
rather impracticable.3 

This simple approach also unfortunately needs a 
centre-tapped voice coil for normal push-pull 
operation. For " ultra-linear " operation two more 
tappings are even necessary! From the point of view 
of requiring as little and as practical a change as 
possible in existing loudspeaker design this approach 
is seen to be inadequate. 

Some sort of balanced arrangement whereby 
direct current in the voice coil is avoided would be 
an improvement. A straightforward circuit along 
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this line is described by Fletcher and Cooke.' The 
authors . use a simple push-pull cathode follower 
arrangement shown schematically in Fig. 1. In 
order to obtain 12 watts of peak power in a 16-ohm 
loudspeaker 16 6AS7Gs were necessary. No dis­
tortion figures were quoted, and the damping was 
not very good (the output impedance was 23 ohms) 
but the authors did not use any overall negative 
feedback. In such cathode follower circuits low­
impedance loudspeakers have an advantage in that 
the voltage requirements from the driver · are not 
so serious as is usually the case. 

Series Connected Output Stages.-Most other 
circuits use a series connected output stage, with 

diagrams for these are shown in Figs. 2 and 3. In 
both cases the signal from the lower output valve 
is fed to the grid of the upper so that the input signal 
varies the voltage across the output valves in oppo­
site directions. More complicated power supply 
arrangements could have avoided the necessity of 
capacity connections to the loudspeakers. The 
circuit of the Stephens amplifier shows how d.c. con­
nections between early stages may . be arranged in 
this type of circuit. The resistor A provides nega­
tive feedback and serves to stabilize the bias on the 
2A3s. With about 40 dB of feedback 3rd harmonic 
distortion is of the order of 0.4 per cent for 20 watts 
r.m.s. output into the 500-ohm load. Unfortunately, 
in both these amplifiers the voice coil does not 
provide a sole common load for the two output 
valves because they also partially load each other. 
Although cancelling of even harmonic distortion 
products could still be obtained by arranging for 
the output valves to ·give equal amounts of such 
distortion in the voice coil, this balancing would be 
difficult if not impossible, with the few variables 
available. 

Push-Pull Series Connected Output Stages.-The 
last-mentioned disadvantage does not apply if the 
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Fig. 3. Philips output stage. 
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either a single or push-pull input to this stage. In SIGNAL 

either case since the valve outputs in the load add 
together the optimum value for this load is less than 
half of that in the conventional push-pull arrange-
ment. This type of circuit thus considerably eases 
the matching problem. It is also often easier to 
arrange d.c. connections between earlier stages and 
the output valves which improves the low frequency 
response and decreases the phase shift in this region. 

Using a single input, series connected, output 
stage two commercial amplifiers have been de­
veloped, by Stephens5 and Philips, 6 both for capacity · 
connected high-impedance loudspeakers. Schematic 
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fig. 4. Dickie-Macovski output stage. 
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this line is described by Fletcher and Cooke.4 The 
authors use a simple push-pull cathode follower 
arrangement shown schematically in Fig. 1. In 
order to obtain 12 watts of peak power in a 16-ohm 
loudspeaker 16 6AS7Gs were necessary. No dis- 
tortion figures were quoted, and the damping was 
not very good (the output impedance was 23 ohms) 
but the authors did not use any overall negative 
feedback. In such cathode follower circuits low- 
impedance loudspeakers have an advantage in that 
the voltage requirements from the driver are not 
so serious as is usually the case. 

Series Connected Output Stages.—Most other 
circuits use a series connected output stage, with 
either a single or push-pull input to this stage. In 
either case since the valve outputs in the load add 
together the optimum value for this load is less than 
half of that in the conventional push-pull arrange- 
ment. This type of circuit thus considerably eases 
the matching problem. It is also often easier to 
arrange d.c. connections between earlier stages and 
the output valves which improves the low frequency 
response and decreases the phase shift in this region. 

Using a single input, series connected, output 
stage two commercial amplifiers have been de- 
veloped, by Stephens5 and Philips,6 both for capacity 
connected high-impedance loudspeakers. Schematic 
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oUtput valves are series connected with push-pull 
input. In this case the optimum output impedance 
is one quarter of that for normal push..,.pull opera­
tion. If, however, the phase splitter and output 
valves are not correctly designed together it is diffi­
cult to retain equal drive in the output valves as the 
loudspeaker impedance changes. -

An example of this difficulty arises in an amplifier 
described by Dickie and Macovski. 7 Omitting a 
push-pull driver stage the phase splitter and output 
stages are schematically as in Fig. 4. Here it will 
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be seen that the voice-coil load is coupled so that it 
provides feedbHck to the grid of the upper . valve. 
Thus the input to this valve has to be increased 
and the resistor R 1 is made greater than R 2• How­
ever the variation of voice-coil impedance over the 
frequency range (which may easily be of the order 
of 5 to 1) prevents exact adjustment by this means 
except over a narrow frequency band. In this 
amplifier the effect of this impedance variation is 
reduced by suitably shunting the · voice coil; an 

of such a shunt being simply a .01-f.lF con­
denser and a 16-ohm resistor in · series. This prevents 
the rise in impedance at high frequencies produced 
by the inductive voice coil and thus avoids instability 
caused by increased feedback and phase shift. The 
anode loads of the push-pull driver stage could also 
be adjusted to give better balance. 

In this amolifier there is one amplifying 
stage before the phase solitter and 3 6082 valves (2().5 
volt versions of the 6AS7G) operating nearly in class 
B in the output stage. With 40 dB of overall feed­
back the harmonic distortion was 0.4 per cent for 25 
watts r.m.s. into a 16-ohm load. 

Essentially the same balancing difficulty arises in 
a variation of the circuit of Fig. 4 described by 
Onder. 8 Here instead of simply paralleling output 
valves to give Jncreased power they are in 
a bridge circuit (shown schematically in Fig. 5) 
which increases the optimum load to four times that 
for a parallel arrangement. Diagonal valves are run 
in phase, suitable driving voltages being obtained 
from a push-pull stage as in Fig. 6, this arrange:":" 
ment giving the necessary greater input to the tipper 
tubes. An ordinary "concertina" phase splitter with 
suitable tappings on the loads could, of course, also 
be used. Here a1.5ain using a balancing poten­
tiometer as in Fig. 6, d.c. connections become 
possible. 

In this amplifier there is a " see-saw" type of 
phase inverter before the driver, and 2 6AS7G 
valves operating in class A in the output stage. With 
about 15 dB overall feedback the intermodulation 
distortion was 0.7 per cent for 9 watts into a 400-ohm 
load. 

Equalization of Drive in the Output Valves.-If 
we return now to Fig. 4 equal drive in the output 

·valves can be obtained very simply as described by 
Futterman, 9 by returning the. earthy end of R2 to 
the junction of the output valves as in Fig. 7. In 
this case both output valves are acting as cathode 
followers so that the requirements from the 

_ phase splitter are large. However, the load is in the 
input to this valve in the correct sense to provide 
positive feedback so that a much lower voltage is 
actually required. 

In the amplifier described in this reference (Ref. 9) 
there is a pentode, high gain, voltage amplification 
stage before the phase splitter. The cathode return 
from this pentode is taken to the tap of a poten­
tiometer across the load so that varying amounts of 
negative feedback may be applied. There was in 
fact some difficulty in obtaining sufficient gain to 
give enough feedback to reduce the distortion .suffi­
Ciently, but a phase splitter giving gain could be 
used. Using 14 type 12B4 valves operating in 
class B in the output stage, with 48 dB of overall 
feedback the harmonic distortion was 0.1 per cent 
for 20 watts into a 16-ohm load. Square wave tests 
on this and the amplifier of reference 7 already 
described give very impressive results even _ at 
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ment giving the necessary greater input to the upper 
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possible. 

In this amplifier there is a " see-saw" type of 
phase inverter before the driver, and 2 6AS7G 
valves operating in class A in the output stage. With 
about 15 dB overall feedback the intermodulation 
distortion was 0.7 per cent for 9 watts into a 400-ohm 
load. 

Equalization of Drive in the Output Valves.—If 
we return now to Fig. 4 equal drive in the output 
valves can be obtained very simply as described by 
Futterman,9 by returning the earthy end of R2 to 
the junction of the output valves as in Fig. 7. In 
this case both output valves are acting as cathode 
followers so that the voltage requirements from the 
phase splitter are large. However, the load is in the 
input to this valve in the correct sense to provide 
positive feedback so that a much lower voltage is 
actually required. 

In the amplifier described in this reference (Ref. 9) 
there is a pentode, high gain, voltage amplification 
stage before the phase splitter. The cathode return 
from this pentode is taken to the tap of a poten- 
tiometer across the load so that varying amounts of 
negative feedback may be applied. There was in 
fact some difficulty in obtaining sufficient gain to 
give enough feedback to reduce the distortion suffi- 
ciently, but a phase splitter giving gain could be 
used. Using 14 type 12B4 valves operating in 
class B in the output stage, with 48 dB of overall 
feedback the harmonic distortion was 0.1 per cent 
for 20 watts into a 16-ohm load. Square wave tests 
on this and the amplifier of reference 7 already 
described give very impressive results even at 
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20 kc j s, with very short rise times and no overshoot. 
A more complicated way' of obtaining this equal 

balance, by applying extra · feedback to the lower 
output valve in Fig. 4 is described by Coulter10 and 
illustrated in Fig. 8. Here the upper output valve 
is fed directly from the input. A suitable fraction 
of this input has its phase inverted by another valve 
and is then applied to the grid of the lower output 
valve. By taking the cathode feed for the phase 
inverter from the tap of a potentiometer across 
the load, negative feedback is applied to this inverter 
and thus to the lower output valve. The amount . 
of this negative feedback is adjusted to compen­
sate for that produced by the load in the upper 
valve. 

A disadvantage of this arrangement is that the 
distortion in the input to the lower valve is greater 
than that to the upper as this input has to pass 
through an extra voltage amplifying stage (the 
phase inverter); and the even harmonics of this 
extra distortion cannot be cancelled in the output 
stage. Furthermore, the degeneration caused by 
the . speaker varies wit_h its impedance, whereas the 
feedback is a constant fraction of the output voltage. 

This general · type of output stage has been 
recently applied to a transistor circuit by Cossor's. 11 

Transistors _ have an encouraging future in trans­
formerless amplifiers as their voltage requirements 
are much lower, and a considerably higher overall 
efficiency should be possible. In the Cossor circuit 
equal drive in the output transistors is obtained by 
an input transformer. This transformer also avoids 
d.c. unbalance in these transistors but is contrary 
to the general philosophy of such amplifiers. 

Returning again to Fig. 4, perhaps the best way 
obtaining balanced inputs to the output valves 

1s, as described by Peterson and Sinclair,12 to take 
supply for the phase-splitter . from the 

JUnction of the output . valves as in Fig. 9. In this 
case the input voltages to -the output valves are 
always developed between cathode and grid, so that 
the load does not produce a follower effect 
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Fig. 9. Peterson-Sinclair output stage. 

in either valve and there is no unbalance. A dis­
advantage is the negative feedback produced by 
the load on the supply voltage for the phase.,. 
splitter. This circuit also is susceptible to d.c. 
connection. 

The authors give a general discussion of this type 
of amplifier using transformers solely as matching 
devices. No practical details of a strict transformer­
less amplifier are given. 

Extended Class A?-Another novel type of circuit 
that may perhaps be of value in these amplifiers 
was the name, " extended class-A," by - the 
author. 1 3 Here a triode and tetrode are run in 
parallel with their grids and anodes directly con­
nected. The valves are biased · for normal class A 
operation for the triode and this usually cuts off 
the tetrode, so that the arrangement acts as a triode 
for small signals. When the signal becomes 
sufficiently large (usually about one third of the 
maximum) the tetrode starts drawing current and 
increasingly controls the operation. This gives the 
transfer characteristic a slight curve but this is not 
serious. The circuit should combine the advantages 
of the low output impedance of triodes with the 
high current carrying characteristic of tetrodes. The 
idling anode current also is only about one third 
of the usual amount; or, in other words, for a given 
valve the maximum power obtainable is greatly 
increased. 

Power Supplies.-It will be noted that the 
schematic diagrams in many cases envisage more 
than the usual number of power supplies, especially 
when those for screens and grids are worked out, 
and particularly if d.c. connections are desired. 
This complication is not as great as may be 
imagined when voltage doubling circuits, the avoid­
ance of mains transformers, and direct series running 
of the heaters are considered. Moreover, due to 
the large amounts of negative feedback used, the 
hum in the output is generally reduced so much 
that chokes need not be used in the supplies. In 
fact, such chokes are often undesirable, as the im­
pedance of the h.t;. supply to the output valves must 
be low . compared with the load to avoid loss of 
power. 

Practical Choice_ of Output Valves.-To return tQ 
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20 kc/ s, with very short rise times and no overshoot. 
A more complicated way of obtaining this equal 

balance, by applying extra feedback to the lower 
output valve in Fig. 4 is described by Coulter10 and 
illustrated in Fig. 8. Here the upper output valve 
is fed directly from the input. A suitable fraction 
of this input has its phase inverted by another valve 
and is then applied to the grid of the lower output 
valve. By taking the cathode feed for the phase 
inverter from the tap of a potentiometer across 
the load, negative feedback is applied to this inverter 
and thus to the lower output valve. The amount 
of this negative feedback is adjusted to compen- 
sate for that produced by the load in the upper 
valve. 

A disadvantage of this arrangement is that the 
distortion in the input to the lower valve is greater 
than that to the upper as this input has to pass 
through an extra voltage amplifying stage (the 
phase inverter); and the even harmonics of this 
extra distortion cannot be cancelled in the output 
stage. Furthermore, the degeneration caused by 
the speaker varies with its impedance, whereas the 
feedback is a constant fraction of the output voltage. 

This general type of output stage has been 
recently applied to a transistor circuit by Cossor's.11 

Transistors have an encouraging future in trans- 
formerless amplifiers as their voltage requirements 
are much lower, and a considerably higher overall 
efficiency should be possible. In the Cossor circuit 
equal drive in the output transistors is obtained by 
an input transformer. This transformer also avoids 
d.c. unbalance in these transistors but is contrary 
to the general philosophy of such amplifiers. 

Returning again to Fig. 4, perhaps the best way 
of obtaining balanced inputs to the output valves 
ts, as described by Peterson and Sinclair,12 to take 
the anode supply for the phase-splitter from the 
junction of the output valves as in Fig. 9. In this 
case the input voltages to the output valves are 
always developed between cathode and grid, so that 
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was given the name, "extended class-A," by the 
author.1 Here a triode and tetrode are run in 
parallel with their grids and anodes directly con- 
nected. The valves are biased for normal class A 
operation for the triode and this usually cuts off 
the tetrode, so that the arrangement acts as a triode 
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maximum) the tetrode starts drawing current and 
increasingly controls the operation. This gives the 
transfer characteristic a slight curve but this is not 
serious. The circuit should combine the advantages 
of the low output impedance of triodes with the 
high current carrying characteristic of tetrodes. The 
idling anode current also is only about one third 
of the usual amount; or, in other words, for a given 
valve the maximum power obtainable is greatly 
increased. 

Power Supplies.—It will be noted that the 
schematic diagrams in many cases envisage more 
than the usual number of power supplies, especially 
when those for screens and grids are worked out, 
and particularly if d.c. connections are desired. 
This complication is not as great as may be 
imagined when voltage doubling circuits, the avoid- 
ance of mains transformers, and direct series running 
of the heaters are considered. Moreover, due to 
the large amounts of negative feedback used, the 
hum in the output is generally reduced so much 
that chokes need not be used in the supplies. In 
fact, such chokes are often undesirable, as the im- 
pedance of the h.t;. supply to the output valves must 
be low compared with the load to avoid loss of 
power. 

Practical Choice of Output Valves.—To return to 
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some earlier remarks, one of the biggest practical 
difficulties is simply that of obtaining output valves 
that can pass the necessary current. Here from the 
cost point of view more than one valve will almost 
certainly be required for each side of the output 
stage. Bearing in mind that certain valves can be 
obtained very cheaply, it may be more economical 
to use a large number · of one valve rather than 
fewer of another. Valves made primarily for other 
purposes, such · as television line scan or current 
stabilization, can also sometimes be of use. The 
resultant optimum load should, of course, be .made 
as small as possible, though increased distortion due 
to mismatch may be removable by sufficient feed­
back. 
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cost point of view more than one valve will almost 
certainly be required for each side of the output 
stage. Bearing in mind that certain valves can be 
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to use a large number of one valve rather than 
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sum £237,269 went to the Post Office for rental of lines. 

Of the £7M expended on television, 42% (£2.95M) 
was debited to engineering. Over half a million pounds 
was paid to the Post Office for lines. 

The Post Office received, in all, nearly £1M from 
the B.B.C. for the rental of lines during the year ended 
last March. 

During 1955-56 the gross licence income was 
£25.736M. Of this sum the Treasury took £2.75M 
and the Post Office retained £1.784M, leaving the 
B.B.C. £21.2M. 

Thirty-nine high-power, short-wave transmitters and 
177 aerials are used for the B.B.C.'s external services. 

Over 20,000 hours of B.B.C. recordings were trans- 
mitted in 1955, and during the last five months of the 
year tape accounted for 70% of the total. 

These facts and figures are culled from the " B.B.C. 
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llulom.cllic Co.mponenl Assembly 
By K. M. McKEE* 

B.Sc., A.M.I.E.E. 

WITH the remarkable rate of growth of the elec­
tronic industry during the past twenty years it is 
not really surprising that the production side has 
had little time to investigate fundamentally new 
methods of circuit construction. . Development en­
gineers have. been more than fully occupied incor­
porating in their designs improved components and 
rapidly developing circuit techniques, and at the same 
time in maintaining prices at a level which com­
pared favourably with competitors. 

The conventional form of the electronic circuit 
appears to have been derived from the larger and 
more robust electrical power installation, in far as 
both consist essentially of independently mjlnufac­
tured units interconnected by wires. While this 
form of electronic circuit offers flexibility in con­

its .reproduction in quantity inyolves a mul­
titude of point-to-point wires, tern.Unals, insulators 
and metal fittings. The result has been a high labour 
contept and the existence of numerous possible 
sources of error in assembly. It is significant that 
on a normal assembly line in the radio and tele­
vision industry one inspector is required for every 
five ·Operatives. 

A further difficulty lies in the fact that random 
effects. due to minor differences in wiring layout 
make It hard to obtain consistent standards of per­
formance, particularly where high frequencies are 
mvolve-d. Moreover, the variable and complex 
nature of the layout itself allows very limited scope 

employing mechanical aid to improve the rate 
and··general efficiency of assembly. 

. Advent of the Printed Circuit.- It has become clear 
that if industry is to meet the demand for an in­

volume of more complicated electronic cir­
at-· reduced cost, the basic form of circuits 

* Geo. Tucker · Eyelet Co. Ltd . 
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Fig. I. Automatic in-line 
conveyor with fourteen com­
ponent inserting stations, and 
board loading and unloading 
machines. · 

ECONOMICAL PRODUCTION OF 

COMPLICATED ELECTRONJC . EQUIPMENT 

would have to undergo a radical change in order to 
introduce the machine into every stage of produc­
tion. Various schemes have been evolved using a 
variety of methods, several of which have involved 
producing . complete electronic circuit assemblies 
from basic material. In this connection it has proved 
not at all easy to reproduce in the circuit elements 
that go to make up these assemblies the reliability 
and tolerances . associated with orthodox com­
ponents. After all, the of standard 
components have been built up as a result of years 
of development and production experience. 

The form of assembly that has now gained wide . 
acceptance is the combination of standard com­
ponents and printed-wiring boards. 
boards etched from copper-clad phenolic laminate 
have the great merit from the production standpoint 
that all conductor terminations are fixed in position 
and in a single plane. Above all, mechanized pro­
cessing can be applied in turning out identical wir­
ing boards, so forming a suitable basis for ,automatic 
assembly and subsequent mechanized 

It has been estimated in the reporti of a compre­
hensive survey conducted on behalf of the U.S. 
Navy that with assemblies produced in this way, 
the labour content is reduced thirty times in com­
parison with conventional methods; in both ·· cases 
production capacity and rate were assumed to be 
constant. To assist in achieving this remarkable 
saving in human effort, the report recommends the 
adoption of automatic multi-station in-line 
machinery for the assembly of standard components 
on . the printed-wiring boards. 

Automatic Assembly Machinery.-Fully auto­
matic assembly machinery may be divided into two 
types; programmed single-station machines and 
multi-station in-line conveyor systems. Programmed 
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single-station machines have a relatively low rate of 
output, are costly, and complicated in concept and 
action. Accurate programmed tapes are neces­
sary; though once tr_e tapes have been made, no 
other machine setting-up routine is necessary. The 
field of application lies chiefly. in the assembly of 
batches of very short production runs. 
· The alternative is the multi-station in-line con­

veyor system where the intricate assembly operation 
is broken down into a number of easy stages, which 
in turn implies a series of simple and reliable 
mechanisms. Separate pre-set machines are 
mounted on a transfer conveyor, each machine (or 
station) inserting a single type of component into the 
printed-wiring boards as they pass down the line. 
The machines are arranged to operate simul­
taneously so that on completion of each machine 
inserting cycle an assembled wiring board emerges 
at the end of the line. Although the movements 
of an in-line transfer conveyor could hardly be 
described as fast, surprisingly high output rates of 

Fig. 2. Conveyor pallet complete with printed-wiring board 
and assembled axial-lead components. 

Fig. 3. Simplified diagram showing the circulation of 
paflets on the forward and return conveyor belts. The 

,electrical control system is illustrated comprising micro­
switch units and machine-control panels at each station, 
together with the conveyor-control panels on the end 
sections. 

PALLETS 

AUTOMATIC 
. BOARD 
LOADER 

up to 1,200 assembled boards an hour can be regu­
larly maintained. What is more, the conveyor may 
be extended to accommodate any number of addi­
tional machines without change of output rate; 
though a line of forty . stations is now regarded as 
th.e practical upper limit. ·· 

Application in Industry.-Early in 1956, eighteen 
in-line transfer conveyors were in regular opera­
tion in the factories of leading United States 
electronic manufacturers. The most widely used 
system was that incorporating " Dynasert " auto­
matic equipment. This machinery2 is now being 
developed and manufactured in this country, and is 
being made available to the British electronic indus­
try by the Geo. Tucker Eyelet Company under the 
" Dynasert " trade mark. 

The first of these conveyors to be installed· in the 
United Kingdom is at present in production on a 
commercial basis at the Ekco factory at Southend, 
and a second is shortly to be in operation in the 
works of another well-known British radio and tele­
vision manufacturer. During the past year, as a 
preliminary step to full automatic assembly, six other 
manufacturers have purchased machines modified 
as manually operated bench machines. These 
mac!-.ines (which will later be described· in greater 
detail) can readily be converted for use on a fully 
automatic conveyor. ··' 

Conveyor Operation.-The conveyor, Fig• ·1, con­
sists essentially of a transfer machine for transport­
ing the printed-wiring boards, and bringing each in 
turn into an accurately located and firmly locked 
position beneath the inserting machine heads at 
every station. The phenolic laminate material of 
the printed-wiring board is unfortunately inclined 
to be dimensionally unstable, particularly after hav­
ing been subjected to unavoidable temperature cycles 
during the etching and punching process. It has 
been found tl:at mounting the board on a light alloy 
frame or pallet for assembly, as shown in Fig. 2, 
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single-station machines have a relatively low rate of 
output, are costly, and complicated in concept and 
action. Accurate programmed tapes are neces- 
sary; though once the tapes have been made, no 
other machine setting-up routine is necessary. The 
field of application lies chiefly in the assembly of 
batches of very short production runs. 

The alternative is the multi-station in-line con- 
veyor system where the intricate assembly operation 
is broken down into a number of easy stages, which 
in turn imphes a series of simple and reliable 
mechanisms. Separate pre-set machines are 
mounted on a transfer conveyor, each machine (or 
station) inserting a single type of component into the 
printed-wiring boards as they pass down the line. 
The machines are arranged to operate simul- 
taneously so that on completion of each machine 
inserting cycle an assembled wiring board emerges 
at the end of the line. Although the movements 
of an in-line transfer conveyor could hardly be 
described as fast, surprisingly high output rates of 
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Fig. 2. Conveyor pallet complete with printed-wiring board 
and assembled axial-lead components. 

Fig. 3, Simplified diagram showing the circulation of 
pallets on the forward and return conveyor belts. The 
electrical control system is illustrated comprising micro- 
switch units and machine-control panels at each station, 
together with the conveyor-control panels on the end 
sections. 

up to 1,200 assembled boards an hour can be regu- 
larly maintained. What is more, the conveyor may 
be extended to accommodate any number of addi- 
tional machines without change of output rate; 
though a line of forty stations is now regarded as 
the practical upper limit. 

Application in Industry.—Early in 1956, eighteen 
in-line transfer conveyors were in regular opera- 
tion in the factories of leading United States 
electronic manufacturers. The most widely used 
system was that incorporating "Dynasert" auto- 
matic equipment. This machinery2 is now being 
developed and manufactured in this country, and is 
being made available to the British electronic indus- 
try by the Geo. Tucker Eyelet Company under the 
"Dynasert" trade mark. 

The first of these conveyors to be installed in the 
United Kingdom is at present in production on a 
commercial basis at the Ekco factory at Southend, 
and a second is shortly to be in operation in the 
works of another well-known British radio and tele- 
vision manufacturer. During the past year, as a 
preliminary step to full automatic assembly, six other 
manufacturers have purchased machines modified 
as manually operated bench machines. These 
machines (which will later be described in greater 
detail) can readily be converted for use on a fully 
automatic conveyor. 

Conveyor Operation.—The conveyor, Fig. I, con- 
sists essentially of a transfer machine for transport- 
ing the printed-wiring boards, and bringing each in 
turn into an accurately located and firmly locked 
position beneath the inserting machine heads at 
every station. The phenolic laminate material of 
the printed-wiring board is unfortunately inclined 
to be dimensionally unstable, particularly after hav- 
ing been subjected to unavoidable temperature cycles 
during the etching and punching process. It has 
been found that mounting the board on a light alloy 
frame or pallet for assembly, as shown in Fig. 2, 
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Fig. 4. Loading end of the .. 
conveyor with stack of empty 
pallets and loading unit for 
mounting·printed-wi·ring boards 
on pallets prior to component 
assembly. 

assists accuracy of loca­
tion and enables a range 
of board shapes and sizes 
to be accommodated 
without adjustment to 
the conveyor. 

A simplified drawing 
illustrating the action of 
the conveyor and the cir­
culation of the pallets is 
shown in Fig. 3. Pallets 
are stacked at the left­
hand end of the con­
veyor and are released 
one at time on to a set 
of twin conveyor belts 
(see C in Fig. 5) which 
are continually in motion 
while the conveyor is in 
operation. At the next 
station, printed-wiring 
boards are automatically fed beneath the ram plate 
of a pneumatic press, Fig. 4, which thrusts the board 
downwards between the spring clips on the pallet. 
The board is firmly held on the pallet by steel pins 
which fit into accurately punched location holes at 
the edges of the board, Fig. 2. One of the holes 
must be round, the remainder may be . drawn to 
allow for any change that may have taken place in 
the lateral dimensions of the board. 

The pallet with the board is now released and 
transported by the conveyor belts to the first insert­
ing station, where it is lifted from the belts and 
solidly locked beneath the machine head. On com-

----
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pletion of the in1:ierting cycle, the pallet is once more 
released. In this way, a series of pallets carrying 
printed-wiring boards proceeds down the line until 
the board-unloading station is reached at the distant 
end. Here the reverse of the loading process takes 
place, with the boards being pushed from the pallets 
by a ram press acting from underneath. Fingers 
on arms incorporated in the unloader unit lift the 
boards, which then slide off down a chute (not 
shown). The empty pallets are tripped off the 
forward moving belts and descend by another chute · 
to the lower return conveyor, where they pass back 
to the head of the line.. It will be observed that 
only a small number of pallets is required to main­
tain circulation, plus a few extra to form a reserve 
in the stack. 

The sequence of action in the conveyor is con­
trolled electrically by timing relays in the master­
control box indicated in Fig. 3. A micro-switch is 
mounted on the conveyor at each station, M in 
Fig. 5, which is tripped by a projection on the side 
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fig. 4. Loading end of the 
conveyor with stack of empty 
pallets and loading unit for 
mounting printed-wtring boards 
on pallets prior to component 
assembly. 
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The board is firmly held on the pallet by steel pins 
which fit into accurately punched location holes at 
the edges of the board. Fig. 2. One of the holes 
must be round, the remainder may be drawn to 
allow for any change that may have taken place in 
the lateral dimensions of the board. 

The pallet with the board is now released and 
transported by the conveyor belts to the first insert- 
ing station, where it is lifted from the belts and 
solidly locked beneath the machine head. On com- 

pletion of the inserting cycle, the pallet is once more 
released. In this way, a series of pallets carrying 
printed-wiring boards proceeds down the line until 
the board-unloading station is reached at the distant 
end. Here the reverse of the loading process takes 
place, with the boards being pushed from the pallets 
by a ram press acting from underneath. Fingers 
on arms incorporated in the unloader unit lift the 
boards, which then slide off down a chute (not 
shown). The empty pallets are tripped off the 
forward moving belts and descend by another chute 
to the lower return conveyor, where they pass back 
to the head of the line. It will be observed that 
only a small number of pallets is required to main- 
tain circulation, plus a few extra to form a reserve 
in the stack. 

The sequence of action in the conveyor is con- 
trolled electrically by timing relays in the master- 
control box indicated in Fig. 3. A micro-switch is 
mounted on the conveyor at each station, M in 
Fig. 5, which is tripped by a projection on the side 
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