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one in a thousand 
Ten years ago we introduced the first British-made low-loss ceramic. To-day 
the range of FREQUENTITE components covers more than a thousand pieces 
of every shape and size. 
With such a store of manufacturing experience we are able to offer advice 
backed by practical knowledge on your insulation problem. Please consult us 
before you finalize your design. 

STEATITE it, PORCELAIN PRODUCTS LTD. 
Head Office: Stourport-on-Severn, Worcs. Telephone: Stourport III. Telegrams : Steataim St our port 

el. 

The fact that goods made ot raw materials in short supply owing to war conditions are adverti»d in 
this magazine should not be taken u an Indication that they are necessarily available for export. 
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Catliàe coattlis 

T HE cathode is the heart of a 
valve and it is of primary im-

portance that the extremely fine 
limits stipulated by the designer are 
rigidly adhered to in production. 

Our illustration shows the cathode 
being sprayed and a sample being 
weighed to a limit of 0.5 milligram 
(.000017 oz.). 

HIM IIit 
VAR/E5 

STANDARD TELEPHONES AND CABLES LIMITED, FOOTSCRAY, SIDCUP. 
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Value proven 
by long service 

()srant valves 
'MADE DI 
ENGLAND 

for 

INDUSTRIAL APPLICATIONS 
• 

ELECTRO MEDICAL 
EQUIPMENT 

• 

THERMIONIC INSTRUMENTS 
and TEST GEAR 

• 

VITAL COMMUNICATIONS 
and WARNING SYSTEMS 

ETC 

THE GENERAL ELECTRIC CO. LTD. 
Magnet House, Kingsway, London, W.C.2 
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c ...)wi c„) 

THERE IS NO SUBSTITUTE 

FOR 

ENGINEERING EXPERIENCE 

And this is obviously a matter of extent, intensity and time. 

Take Electrical condensers for instance—simple in conception maybe— 

but demanding infinite experience and skill, to satisfy the exacting 

operating conditions of modern requirements. The fulfilment of these 

has meant the whole time occupation of highly skilled specialists, 

working at high pressure, in this way to earn, along with their 

countrymen in other spheres, the right of survival. 

What a wealth of experience and technical excellence will be available 

to all, when happier times arrive ; and nowhere more than in 

Dubilier Condensers. 

DUBILIER 

CONDENSER CO (19251 LID 

c_v ogi 

DAM 
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The AvoMeter is one of a useful range of " Avo " electrical 
testing instruments which are maintaining on active service 
and in industry the "Ayo" reputation for an unexcelled 
standard of accuracy and dependability—in fact, a standard by 
which other instruments are judged. 

Some delay in delivery of Trade Orders is inevitable, but we 
shall continue to do our best to fulfil your requirements as 
promptly as possible. 

THE Model 7 Universal Ayo-

Meter is the world's most 

widely used combination elec-

trical measuring instrument. It 

provides 46 ranges of readings 

and is guaranteed accurate to 

B.S. first grade limits on D.C. 

and A.C. from 25 to 100 cycles. 

It is self-contained, compact and 

portable, simple to operate and 

almost impossible to damage 

electrically. It is protected by 

an automatic cut-out against 

damage through severe overload, 

and is provided with automatic 

compensation for variations in 

ambient temperature. 

Sole Proprietors and Manufacturers: 

AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT Co., Ltd., Winder House, Douglas Street, London, S.W.I. Phone : Victoria 34041 

SILVERED MICA CO NDENSERS 
Incessant progress in methods of 
manufacture and research linked 
with the most thorough mechanical 
and electrical inspection, are reasons 
for the outstanding superiority of 
U.I.C. Silvered Mica Condensers. 
Available in all standardized sizes. 
Suitable for tropical and arctic con-
ditions. Type approved. 

UNITED INSULATOR Vs Li° 
12-22, LAYSTALL STREET, LONDON, E.C.1 

7183 (5 lines) 
TERminus  

Smith London 
Grams: Colonel, ,  

THE PIONEERS OF LOW LOSS CERAMICS 
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0 UR contemporary, Radio News, 
which is published in Chicago, 
has announced its intention for 

the future of referring to the science 
of "pure and applied radio" as 
RADIONICS. 

In a long Editorial note* justifying 
their decision, the word is defined 
literally as " travelling radiation" 
with additional emphasis on the 
" ion " part, denoting a charged 
particle. 
" . . . . The word thus takes on 

a greater significance. We have in 
it radiation, charged particles, the 
coverage for future developments in 
radio technique (an act or process 
using some new ultimate particle) 
The word ELECTRONICS is con-

demned on three counts: 

(1) Its literal meaning is " wan-
dering amber." 

(2) The scientific connotation can 
stand for only a particular 
charged particle, justified pri-
marily by being a fundamental 
charge and historical value 
(sic.). 

(3) There is no implication of 
radio technique as thought 
of by the public, and this 
causes misunderstanding . . . . 

Finally, we are surprised to learn 
that ELECTRONICS is a British 
term, whereas RADIONICS is pure 
American. It is the general im-
pression over here that ELECTRONICS 

• Radio Nays, May 1943, p. 4. 

TELEGRAMS : 

HULTONPRES LUD 

LONDON. 

Words 
was coined by the McGraw Hill Co., 
so we are smarter than we thought. 
Anyhow, whoever coined it, it is 

a most useful word, and we think 
that Radio News should make out 
a better case for abandoning it. On 
the first count, it is not profitable 
to attack the etymology of any 
English word—you never know 
where you may land. Talking of 
etymology, why not start a cam-
paign for altering electrocution into 
electrocussion, which is more 
accurate ? 
The jiistifications in the second 

count seem quite sound. The elec-
tron is both a fundamental charge 
and an historic term, and the 
science should therefore be associated 
with this basic word. 
On the -third count, the muddle-

headed attitude of certain members 
of the public to science is the despair 
of scientists, and it is doubtfu 

Index to Vol. XV. 
A full cross-referenced index for 

Volume XV of Electronic Engineering is 
now available, price 6d., post free. 

Applications should be addressed to 
the Circulation Dept., Hulton Press, 
43 Shoe Lane, E.C. 4., and be accom-
panied by a P.O. or stamps to the 
value of 6d. 

1 mportant 

Subscribers who have their copies 
of the journal sent direct from the 
Circulation Dept. need not apply 
separately for the Index, which will be 
sent in due course. 

whether the use of one term instead 
of another will help to clear their 
brains. It is up to scientists to 
help the public appreciate the true 
meaning of electronic developments, 
and they are not helped in this by 
the ballyhoo which has appeared 
recently in certain publications. 

In judging the merits of the 
two words, we would sooner apply 
the tests suggested by A. P. 
Herbert :t Ask the new word the 
following questions: Are . you in-
telligible ? Are you pleasing Are 
you legitimate ? Are you needed ? 
And judged by these standards, 

we respectfully suggest that 
RADIONICS is an also ran. 

Mr. Hugo Gernsback, of Radio-
Craft, has also taken up the cudgels 
on behalf of ELECTRONICS. There 
is only space to quote the beginning 
and ending of his remarks 4 
" We have noticed an unfortunate 

attempt from several quarters to 
befuddle the public with the term 
RADIONICS. Why this red 
herring should ke dragged across • 
the well-established ELECTRONICS 
trail at this late date seems a 
profound mystery   

In 1924 I coined the 
humorous word RADIOTICS for a 
radio joke column. Maybe that is 
the less befuddling term.' 
Good for you, Mr. Gernsback! 

In the meantime, we should worry. 

What a Word! (Methuen) p. 237. 
t Radio-Craft, May 1943, p. 463. 
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Dust Cored Coils 
Part I. The Development of Dust Core Materials 

A review of the design and applications of dust-cored inductance coils, showing how a detailed analysis of the 
losses enables the performance of a given coil to be calculated from a limited number of test measurements 

By V. G. WELSBY, B.Sc. (Eng.)* 

IT is well-known that if an alter-
nating current is passed through a 
coil surrounding a solid ferromag-

netic core, circulating currents, or 
eddy currents will be induced in the 
core. These currents, flowing against 
the electrical resistance of the core 
material, will dissipate energy in the 
form of heat. The amount of energy 
lost in this way and the resulting tem-
perature rise may be quite insigni-
ficant, but what is usually far more 
important is the damping effect pro-
duced in any resonant circuit of which 
the coil may form a part. Other 
factors being equal, the eddy current 
effect increases approximately e 
the square of the frequency of the ap-
plied voltage, with the result that the 
problem of minimising these losses 
rapidly becomes moie acute as the fre-
quency is raised. At low frequencies, 
eddy current losses can be kept suf-
ficiently small by dividing the core 
into a series of laminations, insulated 
from each other so that the effective 
resistance presented to the eddy cur-
rents is increased. As the frequency 
is raised, the tendency for the losses 
to rise can at first be compensated by 

• Post Office Research Station. 

dividing the core ïnto thinner and 
thinner laminations, but this process 
obviously cannot be continued inde-
finitely. Generally speaking it is not 
practicable to use lamination à with a 
thickness less than about o.002 inch, 
owing to difficulties in manufacture 
and assembly. From the point of 
view of economics, too, the cost would 
rapidly become prohibitive as the 
thickness of the lamination was re-
duced owing to the increased number 
of laminations and the rising labour 
costs. As an alternative, a further 
subdivision of the core can be ob-
tained by imagining the laminations 
as being split into-thin strips separated 
by layers of insulation; in other words 
by building the core up in the form 
of a bundle of insulated wires of mag-
netic material. Such cores have been 
used, (e.g., induction coils used in 
telephone instruments, etc.) but their 
application is limited by cost and the 
difficulty of forming cores with closed 
magnetic paths. 
The idea of building cores of dis-

crete particles of magnetic material, 
each surrounded by insulation, is by 
no means new, but some years 
elapsed before any satisfactory results 

were obtained. The first commercial 
dust-core material was produced in 
America by the Western Electric Co. 
about 1915.1 The magnetic material 
used was iron which was reduced to 
powder by casting it (or depositing it 
electrolytically) in a brittle form and 
pulverising it in a suitable mill; the 
powdered iron was then coated with 
shellac and pressed into ring-shaped 
cores under a pressure of about loo 
tons per square inch. Materials of 
this type were extensively used at 
speech frequencies in loading coils 
for telephone circuits. The next 
step forward was about 1928, when 
the Bell Laboratories in America 
perfected a method of producing 
cores composed of compressed pow-
dered " permalloy " (a high-perme-
ability nickel-iron alloy). The perme-
ability of this material showed an in-
crease of about 50 per cent, over that 
of the iron-dust cores, resulting in a 
corresponding reduction in the dimen-
sions of coils having a given per-
formance. 
The early dust-core materials were 

still not sufficiently finely-divided to 
enable them to be used at radio fre-
quencies, and an interesting material, 

The Illustration-at the head of this page shows • typical selection of dust-cored colts in use at the p nt time. (a) ' pot ' core, (b) pot' 
core with screw adjustment. (e) Cotton.reel' core, (d)'• & I' core, (e) • L' core. (Approximately I full size). 
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known as " Ferrocart,'" was de-
veloped at about the same time in 
Germany in an attempt to overcome 
this difficulty. It was formed by 
sprinkling long thin particles of iron 
on a sheet of paper, orientating the 
particles by means of a magnetic 
field so that they were all lying-
parallel, and then securing them in 
position with a suitable adhesive. A 
number of such sheets were then 
formed under pressure into a solid 
mass which could be worked into any 
required shape. The material was, 
of course, used in such a way that the 
axis of the particles lay along the 
path of the magnetic flux in the com-
pleted coil. The fact that the par-
ticles were widely separated and each 
presented a small cross-sectional area 
at right-angles to the flux enabled the 
eddy-current losses to le reduced suf-
ficiently to make Ferrocart suitable 
for use at frequencies hitherto unat-
tainable with any form of iron core. 
Ferrocart has now been largely super-
ceded by improvements in the tech-
nique of producing finely-divided 
iron dust. Nowadays, iron dust is 
often produced chemically by. the 
" carbonyl " process.' The first stage 
is the formation of a compound of 
iron and carbon monoxide, known as 
iron pentacarbonyl, which exists at 
room, temperatures as a liquid. It is 
easily vaporised, and on further heat-
ing, decomposes once again into car-
bon monoxide and metallic iron. 
Under suitable conditions, the iron 
can be condensed in the form of tiny 
spherical particles ranging in dia-
meter from o.5 to 5.0 microns (1 
micron --= o.00 mm.). Dust obtained 
in this way is particularly suitable be-
cause not only is it finely divided, but 
also the spherical form of the par-
ticles reduces the tendency of the lat-
ter to burst through the insulating 
layers when the core is subjected to 
the forming pressure. " Carbonyl " 
cores are extensively used for radio 
tuning coils and for apparatus (such 
as wave filters) used in carrier tele-
phony. 

Specific Permeability • 
The specific permeability of a 

dust core material is defined as the 
average permeability of a sample 
which is sufficiently large to enable it 
to be regarded as homogeneous. If 
such a sample is placed in a magnetic 
field, the flux will pass successively 
through particles of high permeabil-
ity and insulating layers with a perme-
ability which may be taken as unity. 
It is easy to see, therefore, that the 
specific permeability is going to de-
pend rather on the number and thick-
ness of the insulating layers rather 
than on the permeability it, of the par-
ticles. Fig. ï gives some idea of the 

Fig. 1.1. Relationship be-
tween specific permeability 
and particle permeability 
for different percentages 

of insulation. 
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way in which depends on A, and on 
the percentage of the total volume of 
the material which is occupied by in-
sulation.' It will be noticed that as 
the percentage of insulation is in-
creased, ei tends to become indepen-
dent of eie, so that from the -point of 
view of permeability there would be 
no advantage in using high-perme-
ability alloys in place of iron in such 
cases. 

Effective Permeability 
The effective permeability IL, is de-

fined as the ratio between the induct-
ance of a coil in air and the induct-
ance of the same coil when the core 
under consideration is introduced. If 
the coil could be completely embedded 
in a large mass of the core material, 
P. would obviously be equal to Fie. In 
practice, however, this maximum can-
not be attained,* since, as a result of 
the relatively low specific• permeabil-
ity it is impossible to ensure that all 
the flux linking with the coil will flow 
in the core without any leakage. It 
does not follow that the design of 
core which gives the highest value of 
P. for a given material is necessarily 
the best. This point will be dealt 
with in more detail in Part 2, but the 
broad principle will be stated here 
that the optimum value of p. tends to 
fall as the frequency is raised. Thus 
the pest design for a certain frequency 
might be a toroidal core in which 

= 12; while at some higher 
frequency, better results might be ob-
tained with the same material by 
changing over to a different shape of 
core for which might be as low as 

It can be shown, in fact that a 
limiting frequency exists for a given 
material and coil size, above which no 
advantage is gained by introducing 
the dust core. This limit is reached 
when the increased losses due to the 
introduction of the core begin to out-
weigh any advantages gained by the 
rise in inductance, even for very small 
amounts of core material. 

Other Sources of Power Loss 
Up to now we have considered the 

problem of core materials from the 
point of view of eddy-current losses 

• it can be closely approached in carefully 
designed toroidal (ring-shaped) cores. 

only, but there are two other sources 
of loss which have influenced the de-
velopment of dust cores and which 
will be referred to briefly here. It is 
proposed to discuss them more fully 
in Part 2. Firstly, there is the 
hysteresis loss which takes place when 
any ferromagnetic material is placed 
in an alternating magnetic field. 
Although hysteresis may contribute 
only a small proportion of the total 
losses, nevertheless it may be very 
important because it causes distortion 
of the waveform of currents flowing 
in the coil. This means that if a 
sinusoidal alternating voltage is ap• 
plied to the coil, hysteresis will cause 
distortion of the current wave, result-
ing in the production of components 
at harmonic frequencies which did not 
exist in the applied signal. This pro-
duction of unwanted frequencies may 
cause serious difficulties in apparatus 
such as a multichannel carrier tele-
phone system. The second source of 
loss is, for the lack of a better term, 
usually referred to as the " residual 
loss," although in some literature on 
the subject, the German term " nach-
wirkung " or " after-effect " will be 
found. The exact significance of this 
loss has led to some controversy, but 
it seems to be generally accepted that 
it is due to internal stresses in the 
material, produced by the magneto-
striction effect. Residual loss can be 
minimised by careful annealing of 
the dust particles. The existence ot 
these two sources of loss has led to the 
development of several alloys having 
certain special properties, although. 
particularly at higher frequencies, the 
best results have so far been obtained 
with carbonyl iron dust. 

Types of Core 
Dust cores can be pressed in a wide 

variety of forms, but these can be 
classified roughly as follows: 
I. Solenoid 

The simplest type of core consists 
of a " plunger,' usually of circular 
cross-section, which is inserted 
through the centre of the coil bobbin. 
For reference purposes, this will be 
called the solenoid type. Since the 
magnetic circuit is not closed, the 
effective permeability will be low, so 
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that solenoid cores are most suitable 
for use at high frequencies. The 
plunger is often fitted with a screwed 
brass rod to enable fine adjustment of 
the inductance of the coil to be car-
ried out by changing the relative posi-
tion of the core. 

2. Toroid 

The toroidal or " ring "—core may 
be considered as a long solenoid 
which is bent round into a ring and 
joined up to form a continuous core. 
This type has the advantage that, by 
placing the winding in close proximity 
to the core, the external leakage field 
can be made very small. This means 
that the effective permeability ap-
proaches that of the material and also 
enables the coil to be surrounded by a 
closely-fitting screening-can without 
introducing excessive losses. 

Toroidal cores are used at relatively 
low frequencies where the maximum 
effective permeability is required; a 
typical application being to loading 
coils for telephone circuits. The fact 
that the full permeability can be 
closely approached leads to the use of 
toroidal test cores for the accurate 
measurement of the specific perme-
ability of core materials and also for 
the experimental investigation of core 
losses.' One disadvantage of the 
toroid is the difficulty of applying the 
winding, since this cannot be wound 
on a bobbin and then slipped on to 
the core as with other types. Special 
winding machines have been designed 
for winding toroidal coils, but these 
are limited as to the range of wire 
gauges and the sizes of cores which 
can be dealt with. Another disadvant-
age is the difficulty of obtaining an 

Toroidal filter cans, colle, and duet cores. 

(By courtesy or the Telephone Mfg. Co.) 

accurate final adjustment of the in-
ductance value, particularly when the 
winding consists of only a few turns 
of wire. 

3. Ironclad or" Pot " Core 

In this type the core is extended 
until it completely encloses the bob-
bin. There are several versions which 
differ mainly in the way in which the 
core is split in order that the bobbin 
can be inserted. A central hole is 
usually provided for adjustment of in-
ductance, which can be carried out 
either by placing a suitable piece of 
material in the hole and sealing it in 
position, or by means of a, plunger 
attached to a screwed rod as described 
above. A range of adjustment of 
about to per cent. of the total induct-
ance can be obtained in this way. This 
type of core combines the advantages 
of a fairly high effective permeability 
with ease of construction and adjust-
ment, and it is extensively used at 
medium and high frequencies. 

4. " Cotton-reel " Core 

The shape of this core is explained 
by its name. It may be regarded as 
an intermediate stage between the 
simple open solenoid and the closed 

" pot" core, since it has a central 
core (which may or may not contain 
an adjustable plug and two flanges) 
which give the complete core a " cot-
ton reel " shape. As in the case of the 
" pot " core there are several versions 
which differ in the way in which the 
core is split to enable the bobbin to 
be assembled. 

3. " E and I" Core 

This takes the same form as the 
familiar laminated core. It is simple 
and easy to construct, but its low 
effective permeability make it suitable 
for higher frequencies only. 

d. " L " Core 

This is merely a variation of the 
above type which requires only a 
single mould to form the two parts of 
the core. It has an even lower 'effective 
permeability. Both the " L " and 
" E-and-I " cores cannot be adjusted 
and are often used in transformers 
for use at radio frequencies. 

Dimensions of Cores 

It will be shown later that for the 
best results, the power losses due to 
the resistance of the winding and the 
eddy currents in the core should be 
approximately equal. At low fre-
quencies the main problem is to keep 
the winding resistance down, so that 
cores tend to be massive in order to 
obtain the necessary winding space. 
At high frequencies the reverse is the 
case and the cores are kept as small as 
possible to reduce the eddy current 
losses. As a result, cores are made 
in many different sizes, ranging from 
toroids several inches in diameter 
down to tiny solenoids which may be 
only a fraction of an inch in length 
and diameter. 
The table which follows gives some 

idea of the way in which the fre-
quency spectrum is covered by the 
various types of core. The frequency 
ranges have been deliberately left 
vague because no definite limits can 
be set: 
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Freq. Range Material Is Core Type ts 

Power (<100 c/a) Laminations 
Speech (100 c/a-10Kc/s) Permalioy Dust 100 Toroid 100 
Carrier (10Kc/s-500Kc/s) Iron Dust 20 Torold 20 

Pot 6 
E andl 4 

12 Pot S 
Cotton-reel 4 

Radio (>500Kc/s) Iron Dust E and 1 3 
L 2 
Solenoid 1 

Air Core I Solenoid 
or " Slab " 

I 
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ROBERT WILLIAM PAUL was 
born at Highbury, on October 3, 
1869, and died in London on 

March 28, 1943. His father was .a 
London shipowner, whose ships sailed 
out of the Pool of London to the Baltic 
and the Levant. He was educated at 
the City of London School and at the 
City and Guilds of London Technical 
College, newly opened near Finsbury 
Square. During vacations he took 
long trips on his father's ships and 
acquired a taste for travel that en-
dured throughout his life. 
At Finsbury Technical College he 

excelled on the electrical side and dis-
covered his abilities for electrical and 
mechanical design. After leaving 
college he went to Elliots to learn in-
strument-making and also to the fac-
tory of the Bell Telephone Company 
at Antwerp. In 1891 he started his 
own business as an instrument maker 
in small premises in Hatton Garden. 
He kept up his contacts with Finsbury 
Technical College by getting the 
teachers there to suggest and partially 
design instruments. In this way he 
made instruments outlined by Ayrton, 
Perry, Mather, Sumpner, Walmsley 
and others. His personal contribution 
to the designs at this date was mainly 
on the mechanical side, for which he 
early showed great ability. Many of 

Robert W. Paul 

Pioneer Instrument Maker 

and Cinematographer 

By W. H. ECCLES, D.Sc., F.R.S. 

the instruments that spread all over 
the world bearing the above famous 
names owed much of their practical 
and commercial success to Paul's 
genius for soundness in mechanical 
design and workmanship. It is a 
striking fact that his business ex-
panded so fast that the works he 
started in Hatton Garden in 1891 had 
to be augmented by a four storey fac-
tory in Great Saffron Hill close by in 
1894. 
Now in 1894 two Greek showmen 

brought from America to London one 
or two of Edison and Dickson's new 
Kinetoscopes. Charging twopence a 
time for a peep through an eyepiece at 
the short " living picture " given by 
a film of 40 feet arranged as an end-
less belt, the showmen had difficulty 
in dealing with the crowds that be-
sieged their shop near Liverpool 
Street station. They sought out Paul 
and asked him to make six similar in-
struments; this was permissible as 
Edison had not patented it this side 
of the Atlantic. During the next year 
Paul made sixty more with improve-
ments. As the American originators 
naturally refused to supply new pic-
tures for use in these machines, Paul 
started from scratch on the design, 
manufacture and use of cameras for 
taking pictures. He was thus the first 

cinematographer in this country. Then 
he designed a machine for perforating 
the film so that it engaged the 
sprocket wheels without undue wear 
and tear. At each stage, it has been 
stated by users, he introduced new 
ideas and great improvements. Some 
of his pictures were shown at the 
Earls Court Exhibition of 1895. Here 
the sight of the queues of people wait-
ing for their turn at each of the fifteen 
machines on show, roused Paul to the 
endeavour to project living pictures 
on to a screen, a feat as yet un-
attempted or, at any rate, unachieved. 
The principal difficulty was to give 

the film a step-by-step motion such 
that it was standing still for a large 
fraction of the time, for only thus 
could sufficient light be transmitted 
through each picture or " frame " in 
turn. He worked at the problem with 
great energy and towards the end of 
1895 he obtained success with a 
mechanism consisting of a finger 
wheel rotating uniformly which en-
gaged with slots in a star wheel. This 
is on the same arbor as the sprocket 
wheels, moves forward one frame-
length at each engagement with the 
finger wheel and is held stationary be-
tween whiles. Embodying this in a 
form which could be attached to the 
standard pattern of lecture lantern he 
was then manufacturing, he fed the 
intermittently moved film from a 
spool through the stage of the lantern 
and collected it in a basket beneath. 
The light was made suitably inter-
mittent by an oscillating shutter 
which, through gearing, opened each 
time the film came to rest. With this 
first machine he gave a demonstration 
at the Finsbury Technical College 
Conversazione on February 2o, 1896. 
As it happened the Lumiere Brothers, 
who had been working independently 
at the same problem in Paris, gave an 
exhibition with their projector at the 
Regent Street Polytechnic the same 
evening. Paul patented his projector 
on March 2, 1896 (patent No. 4686). 
This patent covers in particular the 
star wheel with slots, now called the 
Maltese Cross intermittent motion, 
which is to-day universally used, hav-
ing driven nearly all rivals off the 
market. 
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Drawings from Paul% Patent Specification showing the Maltese Cross Mechanism (Pat. No. 
4686, 1896). 

Paul now began to receive pressing 
invitations to give a show at various 
public places. For instance he was 
engaged by the Alhambra manage-
ment to give an item in the evening 
programme lasting ten minutes. The 
engagement was for a fortnight only 
as everyone knew that the public 
would soon get tired of living pic-
tures, even under the new name of the 
Animatograph. To test the public 
taste, however, a short playlet was 
staged on the flat roof of the 
Alhambra and " shot " by Paul. It 
was called " The Soldier's Court-
ship," occupied 8o feet of film and 
Nvas -a roaring success. In the making 
of this film Paul met his future wife, 
who comes of an old theatrical family, 
and who played the principal char-
acter. With amazing energy Paul 
also shot topical events, for instance 
the Derby of 1896 when the Prince of 
Wales's horse Persimmon won the 
race. On the following day the film 
was shown at the Alhambra in the 
presence of the owner. The public 
enthusiasm was overwhelming; Paul 
was called before the curtain many 
times and received a great ovation. Of 
course by this time the original two 
weeks engagement had been exceeded; 
actually it extended itself two years. 
An obvious result of these striking 

proofs of popularity was that a great 
demand arose for projectors and 
finished films. It came from every 
European country, from Kings and 
from professional entertainers, from 
variety theatres and fair ground show-
men. He therefore enlarged his factory 
and engaged a staff of photographers. 
The office and works were besieged by 
would-be purchasers speaking every 

language, who waited impatiently foi 
equipment and meanwhile took 
lessons in a school for operators which 
Paul improvised. Over a hundred 
projectors were sold at a price of £8o 
each in twelve months—and when 
cameras, films at ninepence per foot, 
and fees earned by shows, were added 
into the account the turnover was 
L18,000. Paul had accomplished this 
without borrowing any outside 
capital; it grew out of his own few 
hundreds with which he started his in 
strument works in 1891. But as busi-
ness was expanding so rapidly he and 
some friends tried to float a company 
to take over the cinematograph side 
of his interests, patents and all. It 
was a fine opportunity for the public 
to get in " on the ground floor " of 
the vast cinema industry of the future. 
But the subscription was so small that 
the company did not go to allotment. 
The cautious investing public did not 
believe in " living pictures." 
During 1897 a fatal fire at a cinema 

demonstration (not Paul's) in Pari3 
made him redesign his projector so as 
to be encased in sheet steel and the 
film after passing through the pro-
jector was wound on an internal 
spool. Various troubles in driving 
this spool were admirably overcome. 
Meanwhile he frequently headed his 
photographic staff when shooting 
topical events, and always did the 
evening round of sonic half dozen 
London music halls where he had a 
turn, Nevertheless he found time to 
develop new electrical instruments 
and improve old ones for use in uni-
veisity laboratories and in industry 
In 1897, also, he found time to get 
married. Thereafter his wife was pro-

ducer, stage manager or principal 
lady in many a playlet for which her 
expert knowledge eminently fitted her. 
In the same year he bought a field at 
Muswell Hill fpr the erection of a 
special studio—the first of its kind in 
Europe. It comprised a miniature 
stage, a movable hanging bridge, 
many trapdoor's, a trolley system for 
running the camera to and fro at 
speed, and means for turning the 
camera accurately .on its axis. There 
was also a scene painting room, where, 
at first, Paul himself painted all the 
scenery at night "after the day's 
work was over " as he said. Actors 
from the T.ondon theatres came to the 
studio to play their parts. Gradually, 
at this studio the " trick film " was 
developed; ghosts, •ogres, fairies, 
dwafts and giants became everyday 
products. Deep sea divers found boxes 
of treasure with live fishes apparently 
swimming round them. A very great 
success was a collision between two 
trains on an embankment beside a 
lake; this was so realistic that tbe 
audience usually screamed. It was 
pirated in many countries, especially 
in America, as sale of the film in 
T.ondon was outright. A great author-
ity on the history of the cinema has 
said " Paul's trick films were the first 
and best of their kind in England and 

Original Maltese Cross Mechanism incor-
porated in a film projector. 
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The Development of the Animatograph. 

An illustration from an early booklet issued by Paul, describing his ' machine for projecting pictures in 
the most perfect manner.' 

eclipsed anything produced through 
out the world." 

In 1898, feeling that the amount of 
light passed by his existing intermit-
tent motion and shutter was less than 
it might be, Paul invented and de-
veloped an ingenious improvement 
which is described in patent specifica-
tion No. 487 of 1899. It eliminates 
jerkiness in the motion and is capablc 
of working at high speeds. He also 
developed a high speed camera cap-
able of taking 120 pictures a second. 
This was employed by Vernon Boys 
for making slow-motion photographs 
of sound-wave shadows. It was also 
used by Worthington for making pic-
tures of the splashes produced in a 
still water surface by falling objects. 
Another set of historic scientific films 
was made in collaboration with 
Silvanus Thompson, who made the 
necessary numerous drawings for 
illustrating the motion of lines of 
force in changing magnetic fields. 
This last led to the making of cartoon 
films—a long-distance forerunner of 
Walt Disney's present-day speciality. 
By this time the amount of film Paul 
was processing for public exhibition 
was about 8,000 feet a day. 
Although the cinema side of his 

business was rising to a profitable 
crescendo between 1905 and 1910, Paul 
resented the fact that it distracted him 
from electrical instrument making. 
But this side was also growing. He 
was a master of design and his instru-
ments were distinguished by their 
mechanical as well as electrical quali-
ties. About 1903, in the midst of the 
rush of work described above, he in-
vented the famous " Unipivot" table 
galvanometer. The conventional in-
strument had a cylindrical iron core 

fixed between the jaws of a permanent 
magnet for the purpose of concentrat-
ing the field and had a cylindrical 
moving coil carried by top and bottom 
pivots so that its sides moved in the 
spaces between the core and the jaws. 
The new uni-pivot form of instrument 
had a spherical iron core fixed be-
tween embracing jaws and had a cir-
cular moving coil. There was a 
vertical hole drilled from the top to 
the centre of the sphere and the single 
jewel was fixed at the bottom of thi, 
hole very accurately centred. An in-
ward radial spike starting from the 
top of the coil rested with its pivot-
point on the jewel, and control was 
obtained by two external helical 
springs carrying current in and out of 
the coil; the coil and its attachments 
were accurately balanced to bring the 
centre of gravity to the pivot point. 
This construction besides its advant-
ages in use permitted the clamping of 
the movement for transport; fre-
quently this clamping .was ar-
ranged to be done automatically 
as the instrument was lifted oft 
the table. This design eliminated 
levelling, reduced friction, and 
deservedly became a great com-
mercial success. From 1905 Paul 
reduced his attention to the 
cinema and developed instru-
ments suggested or invented by 
Campbell, Darling, Duddell, 
Drysdale, Irwin, Jolley, and 
others. Many of these instru-
ments sold well ; indeed he had to 
set up a •brancti works in New 
York in 1911. But he frequently 
assisted rese ,rch workers by 
building non-such instruments of 
a kind never likely to sell. It 
was in connexion with two or 

three such research instru-
ments for high frequency 
that the writer first met Paul. 

In 1904 his instruments 
were awarded the gold 
medal at St. Louis, and in 
1910 the gold medal at Brus-
sels. In this latter year he 
made up his mind to drop 
the cinema department, 
which he had always called 
a " side-line," and to concen-
trate on instrument making. 
He burned his large stock of 
film and disposed of the 
special plant. He then laid 
out his works for the more 
intensive production of elec-
trical instruments with the 
result that output was rising 
fast in 1913-14. The war 
caused the demand for test-
ing and measuring instru-
ments to come mostly from 
government departments 
during the next four years. 

Paul's personal contributions to new 
devices included suggestions and 
models for acoustic mines and mag-
netic mines, and the apparatus for the 
location of mines and submarines. 
And, of course, his factory turned out 
a great volume of testing instruments 
needed by the Services. At the end of 
the war an amalgamation with the 
Cambridge Scientific Instrument Co. 
was arranged. Thereafter Paul grad-
ually withdrew from the drawing office 
and the factory and concerned him-
self more with the finance and 
economics of the industry. And he 
took up again his reading of classical 
and modern literature in which he was 
very well grounded. 
Although semi-retired, his construc-

tive energy surged up strongly if a 
practical problem were put before 
him. In response to one suggestion 

Moving coil system of 
3600 Paul's " Unipivot " gal-

vanometer, which greatly 
improved the robustness 
and reduced friction. 

(By courtesy of the 
Cambridge Instrument Co.) 
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he equipped his car with an excellent 
forced ventilating system; he also de-
signed and made a very neat non-
electrical petrol gauge. He entered 
the loud speaker field with the new 
idea of a diaphragm of balsa wood. 
When Sir William Bragg placed be-
fore him the problem of keeping the 
lungs of a paralytic friend going, Paul 
produced a machine, which he called 
the " pulsator," which has since been 
made by the dozen for hospitals. 
Again, when the Faraday Centenary 
Exhibition was planned he offered to 
make up replicas of early apparatus 
from the descriptions published by 
Faraday and others, and produced a 
magnificent display. All these and 
many other mechanisms he made up 
with his own hands in his workshop at 
home; there is no doubt he was hap-
piest when he was constructing things, 
and constructing them well. All his 
life he hated clumsy work. It is re-
lated that on going round the works 
one morning he came to the bench 
where quite 4 good workman had been 
struggling for some weeks with an 
elaborate recording apparatus, adding 
here and changing there. The result 
by this time was a mess; so Paul sud-
denly picked it up, took a big swing 
and threw it against the wall. 
" Now," said he, " start again." He 
had, it reminds one, a keen sense of 
humour. 

" England produces the 
first moving picture on 
screen" . It was in 
London in February, 
1895 that the first 
moving picture was 
thrown on a screen. 
About 3 a.m. policemen 
in Hatton Garden heard 
shouting, and running 
to astudlofound Robert 
Paul and his workmen 
shouting with delight 
at having successfully 
thrown a clear moving 
picture on the screen 
for the first time. 

The story of Paul's 
very incomplete if his 
were forgotten. Many 
never disclosed fully 
friends. Others, such 

Paul's Cinematograph 
Camera (1896). 

This machine was used 
by Paul for Riming 
Queen Victoria's Jubi-
lee In 1897, for which 
purpose a special stand 

was designed. 

life would be 
charitable acts 
of these were 
even to close 
as supporting 

individual research workers who for a 
while had fallen on hard times, came 
to one's knowledge accidentally. 
Other public spirited actions are 
known more widely. For example he 
organised and financed the Appren-
tices' Prizes at the Physical Society's 
Annual Exhibition of Apparatus. He 
founded a Scholarship which is 
awarded by the Institution of Elec-
trical Engineers. To this Institution 
he presented a beautiful painting of 
Volta, and to the Franklin Institute 
of Philadelphia he presented a full 
size replica of Faraday's statue in the 
Royal Institution, London. But his 
reserve and shyness and a kind of 
talent for fading away unnoticed were 
exceptional. For instance, probably 
no voluntary worker did nearly as 
much for the Faraday Centenary Ex-
hibition as did Paul; but in the long 
list of acknowledgments to persons 
who helped the Exhibition, even by 
attending a sub-committee meeting, 
the name of Paul does not appeal.. 
Again, many of those who knew how 
great he was in the world- of the 
cinema did not know of his contribu-
tion to applied physics—and vice 
versa. For these reasons, possibly, 
few honours came his way. Two he 
appreciated greatly were the Vice-
Presidency of the Physical Society and 
the Duddell Medal of 1938. When 
more is known of his benefactions, it 
will be recognised that he was a great 
philanthropist, as well as a great 
leader in the applications of science. 
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Physics and the Static Characteristics of Hard Vacuum Valves 
by J. H. FREMLIN, M.A., Ph.D., F.Inst.P. * 

A Paper read before the Electronics Group of the Institute of Physics on April 6th, 1943, 

at the Royal Institution. 

THE characteristics of hard 
valves have been considered in 
detail by many hundreds of 

people for a large part of their work-
ing lives. It is likely, therefore, that 
I shall omit all mention of many 
points that seem to some to be of out-
standing interest. 
I propose to confine myself mainly 

to the most essential valve properties 
and shall not say much about second-
ary emission for example, or anything 
at all about such things as contact 
potentials, cathode coating character-
istics, grid emission or especially, 
noise. 
Now the physical laws involved in 

hard valve design are mostly known 
to adequate accuracy. The problems 
lie largely in the application of well 
known laws to complicated systems. 
This is not always easy. In order to 
get results of practical value it is often 
necessary to make drastic approxima-
tions. )3y this I do not mean merely 
that we have to consider theoretically 
structures that are much simpler than 
those in which we are really inter-
ested. We have also to employ 
physical concepts which are known to 
be incorrect, in the not invariably mis-
placed hope that the errors so intro-
duced will be negligible, and the suc-
cess of the physicist in valve design 
depends less on his knowledge of the 
details of natural law than on his 
knowledge of when any such laws may 
be neglected with impunity. 

Thus, most elementary theory of 
thermionic valves can proceed quite 
adequately on the assumption that 
current as well as potential distribu-
tion is continuous through space. 
Knowledge of the particulate nature of 
electricity, which was gained before 
two, is not used and is, except by 
those who have the courage to work on 
the vexed question of noise, often 
effectively banished from mind. I hope 
to give here some indication of the 
limits within which such simple con-
ceptions are useful. These limits are 
surprisingly wide and it is to me very 
striking that we even now only occa-
sionally need to advance from the con-
tinuous fluid theory of electricity to 
the particulate theory and that the 
further advance to the higher forms of 
continuous function provided by wave 
mechanics seems unlikely to be called 
on extensively for a while yet. 
• Messrs. Standard Telephones & Cables, Ltd. 

Now from a practical viewpoint the 
characteristics of a valve may be re-
garded as the relations determining 
the currents to the various electrodes 
of the valve as a function of the volt-
ages supplied to these electrodes. 

Consider first the simplest type of 
valve, the diode. It has been shown 
by Langmuir' that the current in space 
charge limited conditions will always 
be proportional to the three halves 
power of the voltage, whatever the 
shape of the electrodes. This has been 
shown to be true still more generally 
by Wheatcroft, using the method of 
dimensions, for all cases in which the 
velocity of a current element at any 
point is proportional to the square root 
of the potential at that point. This 
criterion will cover certain forms of 
gas discharge as well as hard valves. 
The range of validity of this argu-
ment is not, however, quite clear. I 
cannot see how the required limita-
tion to space-charge limited conditions 
comes in. 
The constants of proportionality for 

plane and cylindrical diodes have, as 
is well known, been calculated by 
Child and Langmuir. The physical 
laws involved are solely those des-
cribed in the fundamental definitions 
of charge and potential, as expressed 
in Poisson's equation V 2 V = itirP 
together with the Newtonian laws of 
mechanics. The way in which the 
proof is written out usually obscures 
the fact that a particulate theory is 
unnecessary so long as the ratio ot 
charge to mass of electricity is cor-
rectly included. 
Some difficulty is sometimes found 

with the assumption of zero emission 
velocity on the grounds that in this 
case there will be no emission at all 
with zero or negative field at the 
cathode and saturated emission with 
the smallest positive field. This diffi-
culty is, however, merely the familiar 
one of determining by inspection the 
value of e. In fact, the emission with 
zero field and zero emission velocity 
is indeterminate in the absence of fur-
ther information; it is quite incor-
rect to say that emission is obviously 
zero. Its value depends upon the space 
charge considerations given by Child 
and Langmuir, for if the current fell 
below their calculated value a positive 
field would exist and full emission 
would occur till space charge between 
anode and cathode just neutralised the 

field, while if the current were too 
great a negative field would occur and 
the current would cease entirely until 
this field had vanished. The indeter-
minacy is, therefore, resolved by the 
fact that any current differing by a 
finite amount from that calculated is 
quite certainly not in equilibrium. 
For an infinite parallel plane diode 

with anode cathode distance d we have 
the current density i. given by 

2.34 x io-' 
i. -   mil/sq. cm. 

d' 
for zero emission energy. A similar 
formula for the current per unit 
length in an infinite cylindrical diode 
is also obtained. For reasonably large 
voltages these formulat hold satisfac-
torily up to the largest current densi-
ties which the cathode can give with-
out saturation. For small voltages, 
even if allowance is properly made for 
contact potentials, the current is found 
in experimental tubes to be persis-
tently larger than predicted by the 
Child-Langmuir formula, and current 
actually continues to flow when the 
anode is at a slightly negative volt-
age. We can, however, say that ex-
periments on diodes have shown that 
over a wide range it is not usually 
necessary to take account of the par-
ticulate nature of electrons and can 
therefore proceed with some confid-
ence to neglect it in our first considera-
tion of more complicated valves. 
While neglecting it we must not, how-
ever, forget it. 
Consider now the triode. Even with 

the drastic simplification suggested it 
is not possible to solve Poisson's 
equation for the boundary conditions 
existing in an ordinary triode. It is 
difficult even to write down what the 
boundary conditions are until we have 
left out the grid supports and insula-
tors and considered an infinite parallel 
plane or cylindrical system to elimin-
ate all edges and ends. With the 
austerity triode thus_produced, we can 
write down the conditions, but we still 
cannot solve the equations. Resort is 
usually made, therefore, to a subter-
fuge. The system usually employed 
is to determine, by intuition or other-
wise, the dimensions and electrode 
potentials of a diode, "equivalent" to 
the triode with which we are con-
cerned, in terms of the geometry and 
electrode potentials of the triode. The 
meaning and means of determining 
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"equivalence " merit some discussion. 
It is clear that, to the approximation 
previously decided upon, the current 
emitted in each valve must be such as 
just to reduce to zero the normal elec-
tric field at the .cathode surface. It is 
often stated, therefore, without more 
ado, that the equivalent diode is 
simply a diode which in the absence of 
space charge has the same electric field 
at the cathode surface. Now the elec-
tric field at any point on the cathode of 
a triode can normally be found, and is 
found to be a linear function of the 
grid and anode voltages V. and V. 
respectively. If the cathode is far 
enough from the grid for the electric 
field at its surface to be uniform, it 
may be written 

+ DV. 

1. + Dl. 

where D is a function of the grid 
geometry and position which we shall 
call the " penetration factor "; /d is 
the distance between grid and cathode 
and 4 the distance between anode and 
cathode. Any diode with a cathode-
anode distance K(1. + D1.) and anode 
voltage K(V. + DV.) would give this 
cathode field. We can, of course, de-
fine equivalence in any way we like, 
but if, as is normally the case, we wish 
to use the diode to forecast the cur-
rent density in the triode, we must uot 
assume that all such diodes will re-
quire the same current to neutralise 
their admittedly identical cathode 
fields. This is clearly not the case; 
if we look for a moment at Child's 
equation, 

- 2.34 X 10— V 3b 
i   

d' 

we see that it can be written 

2-34 X 10—'D/5 

-  mA/sq.cm. 
Vd 

where E is the normal cathode field 
in volts/cm., and this clearly depends 
upon d as well as upon E. We have, 
therefore, to find some Purther 
criterion to tell us which of the in-
finite series of possible diodes to use. 
There is no prior reason for assuming 
that the same distance may be chosen 
for all currents but there is experi-
mental evidence that current is pro-
portional to (V. + DV.)"/din a plane 
triode, so we shall add one more to 
our list of assumptions by supposing 
that the diode distance /d is indepen-
dent of the voltage. We can then find' 
what the distance is quite readily by 
considering the potential distribution 
in the triode when the grid is positive 
at such a potential as to be itself un-
charged, when, of course, the poten-
tial is al'/. Hence 

)4/, 
I + D(— 

/d = 

.11 +D(-1. ) f 
and frO-rn this we find the total emis-
sion current density 

2.34 x to-s(Vd+DV.) 312 
i= mA. per sq.cm. 

/. )4i31"/i 
/,' + D(— 

1. 1 
Now there is no theoretical justifica-

tion for the supposition that there ex-
ists at all an equivalent diode of in-
variable dimensions. In fact, it has 
been pointed out, by Roddie and by 
Dow' that such a diode is certainly 
non-existent. The analysis which I 
have given assumes that D remains 
constant, which is untrue if space 
charge exists between grid and anode, 
and Rodda gives a formula allowing 
for the variation of equivalent diode 
dimensions with voltage which for 
large current densities and large grid-
anode spaces gives appreciably dif-
ferent results from the formula which 
I have given above. I think, however, 
that the non-uniformity of current dis-
tribution in the grid plane, which has 
been neglected in both formulœ, may 
yell be as important as the differences 
between them. In man cases, as Dow 
has pointed out, it is quite accurate 
enough to take the equivalent diode 
distance simply as l + Dl.. As in 
the case of the diode, this formula 
breaks down for very small emission 
current densities; it has also an extra 
and independent condition in which 
breakdown occurs, i.e., when V. is 
positive and V. is small or negative. 
This is quite apart from the effects of 
secondary emission. 
I want now to go back a little to 

say something about the determination 
of the penetration factor D in the 
absence of space charge, which is 
necessary before any of the triode 
formula: can be used. Apart from 
mathematical methods, which I do 
not intend to discuss here, it is pos-
sible to do this in many cases by the 
use of mechanical models, particu-
larly by the use of a stretched mem-
brane in a state of uniform tension as 
proposed by Dr. Moon—hereafter re-
ferred to as a rubber sheet—or by an 
electrolytic trough. As I have worked 
myself with the former' and as I shall 
want to mention it in other connex-
ions, I will describe shortly its main 
properties. 

If the sheet is stretched tightly in 
a horizontal plane and if points on it 
are then slightly displved vertically 
by suitably applied pressure, any 
points op the free parts of the sheet 
will conform to the equation 

avt 
---- = Ci 

ay' 

where h is the vertical displacement 
of the point from the horizontal plane 
containing the co-ordinate axes of x 
and y. This equation is of the same 
form as Laplace's equation-for a poten-
tial distribution independent of the z 
axis, the displacement h taking the 
place of the potential. We can then 
determine the form of the potential 
distribution for any system of elec-
trodes whose geometry varies only in 
two dimensions by applying models of 
such electrodes to the stretched sheet, 
their displacements being proportional 
to the potentials intended to be car-
ried by the electrodes. The slope of 
the rubber sheet at any point, for ex-
ample at the edge of the " cathode " 
model, will then be proportional to the 
electric field at the corresponding 
point in the real valve. We can there-
fore measure D quite easily by 
measuring the height through which it 
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Fig. I. DE is the electrostatically calculated 
value of the penetration factor at a point on 
the cathode surface. The curve shows the 
variation of this according to theory with the 
distance x measured from a point immediately 

below a grid wire. The points® were obtained 
experimentally on the rubber sheet model. 
The dotted line shows the value of D obtained 
from the Schottky-Miller formula. 

d --- 0.0322a, Ig 0.40a, la - I.40a 

is necessary to move the grid model to 
compensate exactly the effect, on this 
slope at the cathode, of moving the 
anode model through one unit of 
height. A small piece of mirror at-
tached tu the sheet and reflecting a 
spot of light on to a fixed scale gives 
a convenient and sensitive method foi 
detecting small changes of cathode 
field. 
This method ha-, been used to check 

a calculation of the change of D along 
the cathode when the distance between 
cathode and grid is small compared to 
the grid pitch (see Fig. 1), to check a 
calculation of the effect on D of hav-
ing the grid-anode distance small com-
pared to the grid pitch (see Fig. 2) 

and to compare the formulae given by 
various authorities for the penetration 
factor in triodes with very thick grid 
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wires. Incidentally, the best of these 
would appear to be that given by 
011endorff which also lends itself con-
veniently to the construction of a 
nomogram for its application. 
The rubber sheet method has also 

been applied to the measurement of 
inter-electrode capacities and again is 
capable of dealing with cases which 
are entirely intractable mathematic-
ally. To show that the space-charge-
free result of rubber sheet experi-
ments may be of practical value, Fig. 
3 gives the electrostatically calculated 
value of i/D midway between grid 
wires, for small grid-cathode dis-
tances, together with the results from 
a real triode, in which the electrodes 
were mechanically adjustable. 
I think I have said enough to sup-

port my claim that D can be deter-
mined; for cases which cannot be 
treated on the rubber sheet, the elec-
trolytic trough may be used.' ° We are 
not yet, however, quite out of the 
wood. The field at the cathode may 
not fie uniform, either because the grid 
is too close or because the cathode is 
in filamentary form; so that every 
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Fig. 2. Variation of penetration factor DE 
calculated by electrostatic image theory, 
from the value given by the Schottky-Miller 
formula (Obeli). as the grid anode distance 
becomes small. Points obtained from the 

rubber sheet model 

point of the cathode would appear to 
require its own private equivalent 
diode. When the grid is too close we 
can for small current densities use the 
calculable cut-off value of penetration 
factor,' but for larger currents the 
mean amplification factor increases 
rapidly and the current may increase 
far more rapidly than would be sug-
gested by the inverse square law. 
When the cathode is filamentary we 

can most conveniently assume it to 
be flat with an " effective area " de-
pendent more upon the distribution of 
filament limbs than upon their own 
surface area; I must confess that I 
do not know of a satisfactory general 
method for determining this 
" effective area " except by direct 
experiment. 

Now the difficulties «which I have 
mentioned so far are not physically 
very important. That is to say, they 
are difficulties due mainly to com-
plexity of detail rather than to inade-
quacy of the physical laws assumed 
to hold. If I shot a bucket of assorted 
ball bearings down a flight of steps, 
my inability to determine their 
exact tracks by calculation would not 
be materially affected by my using 
Einstein's laws of motion rather than 
Newton's. 
The simplification of assuming the 

space current in a valve to behave 
like a uniform fluid is quite close 
enough to the truth within limits. I 
propose now to consider these limits 
a little more closely. I think that 
we shall be able to see that many of 
them will be pushed back a very con-
siderable distance by taking into ac-
count our physical knowledge of the 
particulate nature of electrons. 

It has been known for many years 
that when the voltage on the anode of 
a diode is reduced to small values, 
the three-halves power law is not 
obeyed and that current continues to 
flow, falling off exponentially with 
anode voltage, even when the anode 
is negative with respect to cathode. 
This may readily be explained on a 
particulate theory, on the assumption 
that electrons are emitted with ran-
dom energies distributed according to 
the normal Maxwellian laws where 
the number having energy greater 
than any given value eV falls off as 
-eV 
CkY . We can get an immediate 
check on this by looking at the mag-
nitudes involved; thus experiment-
ally, the energies of the electrons 
would have to be of the order of 
tenths of a volt to explain the ob-
served effects. If we take the energy 
as 'corresponding to i/to volt, or 
1/3,000 ESU, the energy of the elec-
tron will be e/3,000. This must, if 
the hypothesis be true, be of the order 
k7' where k = 1.4 x to-" and T is, 
say, 1,000° Abs. Hence e must be of 
the order 1.4 x 3 x 10' x io-" or 
4 x to-1° ESU, which is, of course, 
in adequate accord with our know-
ledge of the electronic charge. Thus 
we are able to use the improved 
physical theory to give a quantitative 
explanation of an effect which could 
not even be qualitatively explained 
by the more elementary laws pre-
viously supposed. For exact calcula-
tion of current in a diode we turn 
again to Langmuir.' 
This point is of importance in tri-

odes as well as in diodes. The simple 
theory suggests that we could make a 
triode of infinite slope if we could 
only make grids of fine enough pitch 
and put them close enough to the 
cathode. Consideration of the un-

uniform nature of the current soon 
shows, however, that the engineer 
may not be required to make grids of 
µ wire 5 µ from the cathode, which 

will no doubt prove a great disap-
pointment to him. There will in fact 
be a limiting slope which will not im-
prove as the spacings are reduced, 
but will depend upon cathode tem-
perature alone. For normal present-
day cathodes this limit is in the 
region of io mA./v. per mA. It might 
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Fig. 3. Variation of penetration factor D 
and the corresponding amplification factor 
IL with cathode grid distance when this is 
small compared to the grid pitch. The curve 
is calculated from electrostatic image theory 

and the points 0 are the values found near 
cut-off in an experimental valve 

d = 0.005 cm., la — Is 0.539 cm., a = 0.155 cm. 

appear, therefore, as if triode design 
in the future will have to be done by 
the chemist rather than by the valve 
engineer though the usefulness of even 
attainable slopes may be limited by 
the high corresponding capacity. 
Consider next the limitation upon 

the triode formula! which I mentioned 
above, when the anode becomes nega-
tive. The total emission current will 
then be collected by the grid, but will 
be in nearly all cases several times 
less than that obtained from the 
formula. This is not easily explic-
able on the continuous fluid picture 
of current, but is readily explained 
on the particulate theory by suppos-
ing that most of the electrons miss 
the grid wires on their first transit 
and are reflected back by the anode 
into the grid cathode space; they may 
oscillate from one side of the grid to 
the other a large number of times 
before collection and thus increase the 
space charge in the cathode grid 
space a number of times. This be-
haviour may be examined very easily 
by the use of the rubber sheet which 
I have already mentioned; if the up-
ward vertical displacements are 

1 
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o 0.5 10 1.5 

Fig. 4. Variation of mutual conductance gm 
per unit area with cathode grid distance 
(The equation numbers refer to Ref. 2). 

taken as corresponding to negative 
potentials it can easily be shown that 
the track of a small steel ball on the 
sheet will correspond to that of an 
electron in the valve, though friction 
makes long paths inaccurate and 
space charge cannot be simply 
allowed for. 
Now the cases in which the elec-

tron theory is required for dealing 
with the static characteristics of tri-
odes and diodes are relatively few 
and to most valve workers of small, 
though perhaps of increasing, import-
ance. 
But when we go on to consider 

briefly multi-electrode valves the 
position is markedly changed. The 
most important characteristics of a 
pentode, for example, are seriously 
different from those which would be 
forecast from the first approximate 
theory. We can, of course, use the 
same methods as earlier to calculate 
the inner and overall amplification 
factors, and it may be noted in pass-
ing that the " inner " of a tetrode 
or pentode is often appreciably dif-
ferent from that calculated for a 
triode with plate in a position cor-
responding to the screen in the multi-
electrode valve, and is given with 
very fair accuracy by the formulœ 
based on electrostatics. (See Fig. 5). 
In a tetrode, the total emission cur-
rent may also be given by a formula 
similar to that which I have given for 
triodes. If we attempt to determine 
the current distribution between 
screen and anode, however, we find 
ourselves often very far from the 
truth, owing to the " focusing " 
action of the control grid. The use 
of the electron theory, with the help 
of the rubber sheet, enables us to de-

sign lined up tetrodes in which the 
current distribution may be of any 
type desired. 

In a pentode, the situation is a 
good deal worse still for those who 
like their currents smooth. Not only 
is the current distribution between 
screen and anode only estimable after 
repeated recourse to the rubber sheet, 
but the total emission itself is appre-
ciably reduced by the space charge due 
to electrons reflected by the sup-
pressor. Even more disturbing, the 
overall amplification factor, which for 
simpler valves has always been close 
enough to the electrostatically cal-
culated value, fails us. This is in 
part due to the increase of space 
charge as a result of the reflected 
electrons which I have just men-
tioned, but it is in much greater part 
due simply to the change in current 
distribution between the screen and 
the anode. The potential distribution 
between screen and suppressor is con-
siderably affected by the anode poten-
tial and, as the anode potential in-
creases, the number of electrons re-
flected back to the screen decreases 
with a consequent increase of anode 
current which is quite independent of 
any change in total emission. Here 
again, then, we have a phenomenon 
which cannot be explained even 
qualitatively without an understand-
ing of the particulate nature of elec-
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plate in the same position as the screen grid 
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tricity. As evidence for the explana-
tion which I have just described, Fig. 
6 shows the anode current character-
istic of a. pentode which was obtained 
by counting the numbers of steel 
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balls reaching the anode of a rubber 
sheet model. The amplification 
factor calculated by purely electro-
static means was about 3,300 The 
effective amplification factor deter-
mined from the rubber sheet results 
depends on the current, but at zero 
control grid bias it would be 97, or 
33 times lower than would be the case 
if reflexion did not occur. I think it 
is clear from this why the impedance 
of pentodes is often lower than that 
of beam tetrodes and much lower 
than would at first sight be expected. 
It seems, too, that the design of sup-
pressor grids merits more attention 
than has usually been given tp them 
in the past. 

A further example pf this pheno-
menon occurs in the pentagrid con-
verter, where the electrons reflected 
in the outer parts of the valve may 
seriously upset the proper working of 
the inner. The reflexion from the 
suppressor can, incidentally, be 
turned to good account; in the transi-
tron oscillator a negative resistance 
independent of frequency has been 
obtained by its use. 

Now I have attempted to show you 
some of the limits of the very simple 
theory normally used in considera-
tion of valve characteristics. It is to 
me always surprising that one can 
get results so close to reality over 
such a wide range as one does, when 
it is realised that in a quite reason-
able electron stream of, say, to mA./ 
sq.cm. at 250 volts, the average dis-
tance between individual electrons is 
about .00l in., the diameter of a thin 
grid wire. I have tried to show some 
of the improvements resulting from 
the application of the next approxima-
tion to reality, and I am looking for-
ward with some interest, not unmixed 
with apprehension, to the time when 
this has been sufficiently well worked 
out to justify the consideration of 
some of the really very well estab-
lished non-particulate properties of 
the electrons themselves. 

REFERENCES 
1 I. Lamm:Int. The effect of space charge and of 

residual gases on thermionic current flow in diodes. 
Phys. Reo. II, 450 (1913). 

d J. H. Pnwartzw. Calculation of triode constants; 
Electrical Communication, July 1939. 

• S. RODDA. Notes on paper on " Calculation of 
Triode Constants." Phil. Meg. 29, 801 (June 1940) 

d W. G. Dow. Equivalent electrostatic circuits 
for vacuum tubes. P.1.R.E. 28, 548 (Dec. 1940). 

5 See for example :—D. B. Lawassont " An Electro-
lytic Trough for Tracing Electron Paths." Nature 
139, 1058 (1937, June 17th). 

▪ X. ROWMAN-MANIPOLD and F. H. Mc= " An 
Electrolytic Field-Plotting Trough for Circularly 
Symmetric Systems." Nature 142, 39 (2.7.38). 

I I. Lawcarowt. The effect of space charge and 
initial velocities on the potential distribution 
and thermionic current between parallel plane 
electrodes. Phys. Rosh 21. 419 (1923). 

The Effect of Lightning on Receiving 

Aerials 

Extract from a paper read before the 

by J. F. 
Institution of Electrical Engineers 

Shipley, on 44 The Protection of Structures against Lightning" * 

I
N spite of the fact that the 
majority of dwelling houses and 
offices are now equipped with radio 

receiving aerials, and that these to a 
large extent correspond to lightning 
protective systems, although generally 
of an unsatisfactory kind, the number 
of cases in which trouble occurs is not 
of importance. 

The author is indebted to Mr. R. A. 
Price for particulars of some 500 cases 
of damage "to wireless aerials which 
occurred during the four years ending 
1939. The following facts emerge 
and from them certain conclusions can 
be drawn. 

, The number of cases reported was 
5oo. Outside aerials were struck in 
405 of them, chimneys or roofs in 79 
cases, trees to which aerials were 
attached were struck in 12 cases, and 
lightning entered houses by other 
means in 4 cases. 

Of the 405 cases in which lightning 
struck outside aerials, receiving sets 
were damaged in 206, house property 
was damaged in 14, fire was caused in 
61, and life endangered in one case 
only. When the chimney was struck 
the inside aerials in attics were 
damaged in 2r cases, and in the re-
maining cases outside aerials or some 
other form of conductors were in-
volved. Thirty-five receiving sets 
were damaged, 12 fires were caused, 
and there were two cases of danger 
to life. 
There were a few cases of lightning 

entering houses by means of electric 
light, telephone or relayed wireless 
wires, and in one case the earth neu-
tral of the electric lighting system 
was most probably the route of entry. 
In one case, 41 receiving sets were put 
out of order simultaneously. Metal 
clothes-lines were involved in two 
cases, and where sets were damaged 
the electric light system was invari-
ably involved, with small damage to 
the wiring, switches, meters, etc. 

Aerials almost always meted or 
burned into small lengths when 
struck, whether they were indoor or 
outdoor. Indoor aerials when strung 
in the roof or attic were invariably 
used as part of .the lightning path, 
with consequent destruction of equip-

ment and danger to property. The 
down-lead was sometimes melted, but 
usually formed a jumping-off place 
for the lightning stroke to damage the 
building and to set fire to some of the 
contents. The change-over switch 
was nearly always useless, whether 
used as intended or not. There are 
several accounts of the switch being 
fused in position, and in one case 
blown to dust. Earth leads, when 
traversed by the lightning stroke, 
were usually melted. Earth connex-
ions were almost always defective, 
there being many cases of the pipes to 
which they were connected being 
damaged, with consequent fire or 
other trouble. In one case an earth 
"pipe" was reported as being blown 
out of the ground. The general 
opinion formed is that radio earths 
were unsatisfactory from a lightning-
protection point of view. 
From the above the following con-

clusions can be drawn :— 

(a) Unless . the aerial down-con-
ductor, earth wire and earth conform 
to the requirements of the new Regu-
lations for Lightning Conductors, 
cases similar to those reported will 
occur. 

(b) Unless a change-over switch 
commensurate with the size of down 
ronductor recommended and with 
much wider isolating gaps, is in-
stalled it will be of no use for the 
protection of the set in a lightning 
storm. The only use for the eormal 
kind of change-over switch is to dis-
charge the normal earth-air current in 
fine weather. Beyond this the idea 
that they provide safety is illusory. 

(c) The provision of adequate 
equipment satisfying (a) and -(1)) 
would be uneconomical for the aver-
age subscriber. Even if (b) were 
possible there would still remain the 
disadvantage that during the passing 
of the transient flash the set would be 
raised to an excess voltage which 
might cause alarm. 

(d) The use of a very short aerial 
in the immediate neighbourhool of the 
set is recommended to ensure mini-
mum risk from lightning. 

• To be published. 
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Mass Radiography 

fri(i 

The photograph at the head of this page shows equipment for mass radiography installed in a 

large industrial concern for examination of the workers, who attend voluntarily. The tube is of 

the rotating anode type, withstanding a load of 85 kV. peak at 400 mA. for I.10th sec. A 

camera tunnel is mounted on the screen carriage and the patient's identification card is photo-

graphed simultaneously with the image. Electrical interlocking ensures that the film is in 

position and the shutter closed before making the exposure. Considerable experimental data 

on the essentials for this work has been supplied by Ilford Limited and the apparatus was 

designed and manufactured in commercial form by Watson & Sons (Electro-Medical) Ltd. 

Units have also been made by Stanley Cox, Ltd., The Solus Electrical Co., Ltd., and others. 

(Left) The subject in place for taking a radio-
graph. A black cloth cover is worn on the 

chest. 

(Above) Examining films for technical imper-

fections. Two frames from the length of film 

are shown at the left of the page. 

(Photographs by courtesy of Messrs. Hoover, Ltd., 
Ilford Ltd., and the Ministry of Information). 
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Aerial Characteristics and Coupling Systems 

THE theory of radiation from an 
aerial is too complex a subject to 
be treated in complete detail in 

this series of Data Sheets. It is 
therefore proposed to arrange them in 
the form of notes, providing informa-
tion on various aspects of aerial per-
formance, and to include a biblio-
graphy from which further informa-
tion can be obtained. 
Most of the modern work on aerials 

in the English language has been pub-
lished in The Proceedings of the 
Institute of Radio Engineers and to a 
lesser in the Journal of the I.E.E. 
and on this information the author 
has drawn freely. 
Input Impedance 
For the design of matching net-

works coupling the aerial to the 
transmitter or to a transmission line, 
it is essential to know the input im-
pedance of an aerial at its drive point. 
However much it may offend the 

purist, a useful (if only approximate) 
picture of the change of input imped-
ance with aerial length may be ob-
tained by considering the simple 
aerial as an open circuited transmis-
sion line (see Fig. 1). If we let Z, be 
the input impedance and Z. the 
characteristic impedance of this trans-
mission line, then by normal trans-
mission line theory 

Zs = Z. coth (a + Jo ... (I) 
where (a + jf3) = P, the Propagation 

Constant 
and a • = Attenuation Con-

stant of the line 
P = Phase Constant of 

• the line 
Z = Length of line. 

If we write L., C., R., Go-, for the 
inductance, capacity, resistance and 
conductance per unit length of line 
respectively, then when wL. r•-•••• R. 
and øC, > G. (as is usually the case 
with short aerials). 

a = Val R.G. ... (2) 

f3 = 6.)VL.C. = 71X cVL.C. (3) 

= V LoIC. (4) 
as X/ = c = 3 x io metres/sec. : the 
velocity of light. Now the velocity of 
propagation (y) of a wave along a low 
loss line is (0//3) so 

—   ••• (5) 
V L, C, 

and if we neglect the retardation of 
the wave along the wire, that is, make 

y = c, then /3 = 2irpt 
and al = G = eir//X radians 

= 36o//X degrees (6) 
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Fig. I. (a) Grounded vertical aerial of length 
. (b) Vertical dipole aerial of total length 
21. (c) Equivalent circuit repr eeeee ed by an 
open circuited e ission line of character-

istic Impedance Zo. 

represents the electrical length of the 
line or aerial.* - 

'With normal aerials G. is very 
small and for short aerials up 
to about G = 6o° or l = X/6 the input 
reactance of the aerial is large com-
pared with the resistance. Neglecting 
the resistance term we can simplify 
equation (I) to 

Xi = — Z. cot G (7) 
which is shown plotted in Fig. 2. 
From this it will be seen that the in-
put reactance of a simple aerial is 
capacitive up to an aerial length of 
= X4 (or G = goo) and then becomes 

inductive between l = X/4 and /=X/ 2 
(or between G = goo and G = 1800). 

• The use of O for electrical length should not 
be confused witlia„ for conductance, but as O, is 
usually neglected; this should not cause the reader 
any difficulty. 

Fig. 2. Input Reactance of open circu t 
transmission line. 

Electronic 
EnginEering 

The cycle is then repeated as the 
aerial length is increased or the 
operating wavelength reduced with a 
given aerial length. (See also Data 
Sheets No. 6 to 1). 
The transmission line equations em-

ployed above are derived on the as-
sumption of uniformly distributed 
parameters (i.e., Lo, C., etc.) with the 
resulting sinusoidal current distribu-
tion. 

With the exception of long hori-
tital wire aerials and conical aerials 

the distributed parameters vary in 
magnitude along the length of the 
aerial. However , the distributed para-
meter-. ti ncl to become more and more 
constant along the length of the 
aerial as the cross-section becomes re-
duced. Whatever the shape of the 
aerial member, if we make the cross 
sectional dimensions sufficiently small, 
the distribution of current along its 
length will tend to be sinusoidal. As 
Z. LoIC, we see that with the 
majority of aerials the characteristic 
impedance is a varying quantity. If 
we make the cross-sectional dimen-
sions sufficiently small we can, how-
ever, approximate the solution by 
making use of an Average Character-
istic Impedance of the aerial which 
we will designate by ZaA where 

ZOA = —/Z.(,) dy 
l-10 

where Z.(,,) is the value of Z. for an 
infinitesimally short length of the 
aerial a distance " y " from the drive 
point (see Fig. i) and " " is the total 
length of a grounded aerial and half 
the total length of a dipole in free 
space. 
On Data Sheet No. 5i is given the 

expression for ZoA for a number of 
aerial forms both of the grounded and 
free space variety. With the excep-
tion of No. 5 and No. to the expres-
sions are taken from Schelkunoff; No. 
lo from Morrison and Smith. In the 
case of the conical aerials the dis-
tributed parameters are constant and 
therefore Z. is constant, that is 
ZOA = ZA. 

It Will be seen that the expression 
for Z00 for a cyindrical grounded 
aerial is different from that due to 
Howe (Z0A --=6o (log. lla — 1)) usually 
quoted in text books. The thinner 
the aerial the more nearly will the two 
expressions be equal. 

D 
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FREE SPACE ,RIALS GROUNDED ,RIALS 
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BI -CONICAL 
or 

HOURGLASS 

Zo = /20 log e Ecot.(0/A ohms 

When cone angle 20 is small : 

21 
Zozs /20loge[2/0] :::•. /20loge[7 ] ohms 

6 
INVERTED 

CONICAL 

Zo = 60 loge [cotV/4 

When cone angle is small 

Zof:e6Ologe[2/18] x6OlogeVid ] 

ohms 

: 

ohms 

2 
THIN 

SPHEROIDAL 

ZoA = 120 loge[1]ohms 

a = radius at base. 
7 

THIN 

SPHEROIDAL 

Z0,-= 60 logeN ohms 
a 

a = radius at base 

3 
THIN DOUBLE 

DIAMOND 

21 
ZoA = 120 loge[ 7 ] ohms 

a = maximum radius. 
8  

THIN « 

DIAMOND 

Z0A= 60 Iogelo e[i]ohms 

a = maximum radius 

4 THIN CYLIND- 

RICAL WIRE 

2 
ZOA = 120[Ioge /---1] ohms 

a 

a = radius of wire. 
9 

CYLINDRICAL 

WIRE 

9 
Z0A= 60 [loge f:---/a -1] ohms 

a = radius of wire. 

5 
THIN CYLIND- 
RICAL WIRE 

V-TYPE 

ZoAee /20 loge[-2.9 ] ohms 

20=average separation; a =radius of wire. 

10 
INCLINED 

THIN CYLIND- 
RICAL WIRE 

- 
Zoe...•.. 60 logeL2a-121 ohms 

I 
D=average height a=radius of wire 

I 

With the exception of ConicalAerials these expressions only apply to aerials with very small cross sectional dimensions logex=23 logiox 

In Data Sheet 51 the distance between the two elements of the free space 
aerials is assumed to be very small and the same assumption is made for the 
distance between the bottom of the grounded aerial and the ground. 

With free space aerials, the aerial is assumed to be a considerable distance 
(several wavelengths) from the ground so that capacity-to-ground effects are 
negligible. 
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d and calculated capacity to ground of a r dia, vertical grounded rod mounted on a metal plate 3 ft. 

The measured values were taken at 1.0 Mc./s. by Foster & Mountjoy (R.C.A. Review Jan., 1939) 

Input Capacity of Short Aerials 

From equations (4) and (5) we can 
write 

z. = 
yC, 

when y = c we can express the static 
capacity C. in /.1µF by 

313 
C. — µµF. per cm. 

... (8) 

Z. 

For aerials whose length does not ex-
ceed 600 the input capacity can be cal-
culated from equation (7). 

For very short aerials when Z. cot 
27/1/X Z.X/zgr/ the input capacity 
C. of the aerial becomes 

C. C./ (io) 
33.31 
 .,e/ÁF. 
Z. 

where C. and C. are calculated from 
Zo, where necessary. . 

In Fig. 3 are plotted the calculated 
and measured capacity to ground of 
an A in. diameter grounded rod. Two 
calculated curves are shown one using 
Schelkunoff's expression (see 9 in 

-• (9) 

Data Sheet No. 51) and the other 
using Prof. Howe's expression. A 
curve showing the results of measure-
ments carried out by the RCA at 
Mc/s. where equation (to) is applic-

able is also shown. 

In order to save labour a number of 
curves have been drawn on Data 
Sheet No. 52 from which the values of 
ZoA given in Data Sheet No. 51 can be 
obtained. It should, however, be re-
membered that these expressions are 
for ZOA are only applicable for thin 
aerials. 

Example. The average Character-
istic Impedance of a dipole of cylin-
drical wire A cm. in diameter and 5 
metres total length (21) at a wave-
length of zo metres is (211a =. 2 ,000) , 
Zok = 792 ohms and the input react-
ance is therefore 

( 360 ° 

Xi= — 792 cot — I — 792 ohms 
8 / 

which is equivalent to a capacity of 

C. — = 114 NIF• 
X 1.5 x 16' x 792 

125 
400 

by 6 ft. 

In the above expression the resistive 
loss has been neglected; but with any 
aerial the radiation resistance is 
always present even if the dissipation 
losses are reduced to zero. 

The expression for the attenuation 
constant where R. is not neglected, 
but G. -= 0 and Rol 1, is: 

a = R.I2Z. 

If we designate the radiation re-
sistance referred to the current anti-
node or loop by RL, it can be shown 
that when I = '0%4 (where n = 1, 3, 
5, etc.) 

2Ri, 11 

Provided, therefore, that Z. or Z., 
is large (as is the case with thin 
aerials) the approximation due to 
neglecting the resistive component is 
justifiable. 

If in Example i the diameter of the 
rod were increased to 4 cm., thus mak-
ing 1/a 125, then ZUA 540 ohms and 
therefore XJ —540 ohms. 

It will be shown in later Data 
Sheets that the accurate solution for 
this low value of lla gives 
ohms. 
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Valvés and Vehicles 
The connection between valves and vehicles 

is frequently a very direct one — the contact pad 
in the road surface which controls the operation 
of traffic lights. 

The equipment consists of electron tubes and 
relays, so arranged that when the contact pad is 
depressed a current impulse is released into the 
relay circuit and initiates the light sequence. 
The apparatus automatically resets itself after a 
time interval, or after the cessation of further 

impulses. Sometimes, however, even the 
mechanical connection is eliminated. Then a 
" proximity " link is used, consisting of a parti-

cular arrangement of valves and circuit design 
which is sensitive to the proximity of vehicles. 
In other words, it can " feel" the approach 
of traffic. 

This is yet another example of the indis-
pensable services rendered to the community by 
the ubiquitous Thermionic Valve. 

MULLARD 
THE 

A Valve 
DOMESTIC COMMERCIAL 

MASTER VALVE 

for Every Purpose 
INDUSTRIAL • SCIENTIFIC MEDICAL • EXPERIMENTAL 

THE MULLARD WIRELESS SERVICE CO. LT D., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.z. (55B) 
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The Synchronisation of Oscillators 
By D. G. TUCKER, B.Sc. (Eng.), A.M.I.E.E.* 

Part IV. The Discrimination of a Synchronised Oscillator against 

I. Introduction. 

Fig. shows a simple feedback 
oscillator of natural angular fre-
quency 63., with a locking tone E.,. 
sin 6.1„,„1 injected into the grid circuit, 
and a stray, unwanted signal E. sin 
to.t in series with it. In practice, such 
a condition arises where the control 
tone is transmitted from a distance, 
over a telephone circuit or radio link, 
for example; circuit noise and cross-
talk then represent stray signals. In 
the particular case of carrier tele-
phony, the control (or " pilot ") tone 
is generally transmitted over a line 
already carrying a number of com-
munication channels, so that direct or 
modulated speech signals at levels 
comparable with that of the control 
tone are stray signals of importance. 
The effect of these signals on the syn-
chronisation of carrier telephone cir-
cuits may be to produce a " flutter " 
on any transmitted speech or other 
signal; this matter will not be pur-
sued in this article, but it is worth 
pointing out that a synchronised oscil-
lator produces sufficient suppression 
of the unwanted signal in the carrier 
generating circuit to ensure that no 
flutter occurs under ordinary working 
conditions. Another similar case 
arises in radio practice, where a 
modulated carrier tone may be in-
jected into an oscillator in order to 
extract a fairly pure carrier for auto-
matic tuning purposes.' 
Here we will investigate only the 

actual response of the synchronised 
oscillator itself to an unwanted fre-
quency in the locking circuit. It will 
he assumed that the output of the 

• P.O. Research Station. 

800 

Unwanted 

Fig. I. Oscillator with locking signal Esyn and 
stray signal Es. 

oscillator is taken from the anode cir-
cuit. Paragraph 5 discusses the effect 
of taking the output from the ter-
minals of the tuned circuit. 

It will be seen that the oscillator 
is effectively an amplifier to the in-
jected signals, with tuned positive 
feedback applied to such an extent 
that oscillation takes place in the ab-
sence of an injected signal. The in-
vestigation is made in three sections, 
according to the frequency of the 
stray tone relative to the control fre-
quency :— 

Signals mixed with the Control Tone 

(a) ce. is sufficiently different •to 
0." to allow the positive feedback at 
the angular frequency w, to be 
neglected. 

(b) co. is sufficiently near to cu.,, to 
make the positive feedback important, 
but is not within the pull-in range of 
the oscillator. 

(c) ca• lies actually in the pull-in-
range. 

2. The case when the positive feedback 
at angular frequency 6.). may be 
neglected. 

2.1. The effect of the amplitude of casyn on 
the amplification of We 

In this case the problem reduces 
to one of determining the amplifica-
tion to a signal on the grid, E. sin 
w.t, in the presence of the lacked 
oscillation signal Eg.,. sin 'co.,„t. The 
amplitude of the latter in the absence 
of E. sin oat is generally a known 
quantity, and can in any case be de-
termined approximately as discussed 
in Part 1. We must know the valve 
characteristic relating output (anode) 
voltage to grid voltage; this is gen-
erally of the form 

E. = aLeg PE1' — 7E1' . . . . etc. (i) 

Since Eg = Eg.,„ sin ca.y.t+E, sin w.1, 
we have, considering only the first 
three terms, 

E. = a[E.., sin 6)."/ + E. sin to.t] + 13[Eg."' sin' + E.' sin' 64t + 2E..„ 

E. sin wmt•sin (0.n 7[E,.,.' sin' co."1 + E.' sin' CM E. sin' 

osrat. sin 0.t + 3E1." E.' sin Oeynt• sin' a).€] 

Now sin 20 .-=î sin 0 — -} sin 30 and sin' = — sin 20. 

Therefore the output of the two fundamental frequencies is given by 

[a—I y E1.72- 1/2 y E.'] E1171, sin to.y./ + [a -1 r E.' —'12 y Eg.,.1 E. sin co.t. 
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Fig. 2. The effect of Esyn. 
Es = 0.1 volt, fsyn — 8,000 
cis, fa = 7,000 cis, Q = 10. 

In general, E.<< E..", and the 
effect of E. on the output of w." may 
be neglected. But the second term 
shows that the effect of E11,. on the 
output of ca• is considerable. We have 
that the amplification to co, is 

a — Y E.' — '12Y E..on' (2a) 

Almost always we may neglect fE.' 
compared with 3/2 so the 
amplification to (J1 becomes 

a — 1/2 y E.„„' (2b) 

It is sufficient for most practical 
purposes to use this simple relation 
which neglects the terms in equation 
(i) above the cube term. If, however, 
relatively large values of E..„ are in-
volved, appreciably greater accuracy 
is obtained if the 5th power term is 
included. It should be noted that the 



August, 1943 Electronic Engineering 115 

even powers do not influence the 
amplification of the fundamental fre-
quency. One objection to taking 
higher powers is the difficulty of 
evaluating their coefficients from 
measured valve characteristics. 
2.2 Other non-11 ffects—Intermodulation 

products and harmonics. 

A full analysis of the general prob-
lem of harmonic production and inter-
modulation in amplifiers has been 
published by Espley.' For present 
purposes it will be sufficient to state 
the products obtained assuming that 
the valve characteristic is sufficiently 
represented by the cubic equation (1). 
Second harmonic terms are 

Eg.,.' sin 2co.,t-i--?2 13E.' sin 2coot (34 

Third harmonic terms are 

:IyEg.,.* sin r.,„t+IYE.' sin r.t (3b) 

Second order intermodulation product 
terms are : 

13 Eg.,. E. cos (w.y. — w.) t 

- Elm, E. cos (w.y. + 64)1 (3c) 

Third order intermodulation product 
terms are : 

shows that if î E.' is small compared 
with '/2 Eg.y.', as is nearly always the 
case, then the amplification of co1 is 
independent of the value of E.. That 
is to say, if E.,., and consequently 
Eg.,., is maintained constant, then the 
amplification of the stray signal is 
linear. 

3. The case where:the positive feedback, 
at angular frequency w, may not be 
neglected, but w, does not lie in the 
pull-in ' range. 

We have seen in the previous para-
graph that the amplification of co, with-
out positive feedback is linear owing 
to the fact that SE.' is small compared 
with '/2 Eg.,.'. In this section we are 
concerned with values of co, for which 
the positive feedback may not be 
neglected. We must, therefore intro-
duce a new term Eg. to represent the 
grid amplitude of co• as distinct from 
the injected amplitude E.. The condi-
tion for linear amplification of co, now 
becomes that ,ÏE„.' is small compared 
with 3/, Eg.,.'. Since, in practice, 
E. is never likely to exceed E.,, in 
this range, and will generally be 

îl'Eg.y.' E. cos (2w.r. — co.)t —1yEg.,.' E. cos (2w.,. 

ÏYEgeyn E.' COS (244 — W.y.)t E.' cos (244 4- W.y.)e (3d) 

The phases relative to the funda-
mental have been neglected. 
2.3. Experimental results. 

Fig. z shows the results of an ex-
periment on the non-linear effect. The 
oscillator used in all the experimental 
work described in this part had a 
valve type Mazda SP41 and 8o volts 
H.T. The anode of the oscillator 
valve was coupled to the grid of an 
output valve by means of a very high 
ratio potentiometer, and the voltage 
applied to the second valve was so 
small that distortion in it may be 
neglected. The output millivolts 
shown in the figures are the output of 
this buffer valve. In Fig. z the direct 
measurements are shown plotted 
against E.,., the voltage of injected 
locking signal, which is, of course, the 
direct cause of the changes shown. It 
will be seen how rapidly the output of 
co, falls as E.,, is increased. 
2.4. Results when cosy. and coo are not the same 

The tests described above were car-
ried out with the natural frequency 
equal to the control frequency. When 
these are not equal, the output of co• 
is increased owing to the smaller 
value of Fig. 3 shows the re-
sults of a test carried out under the 
identical conditions of Fig. 2 with 
E.,. = E. = 0.1 volt. The ratio of 
output of co. to output of co.,, is greatly 
worsened (i.e., increased) as co.,, de-
parts from co,,. 
2.5. The amplification of co, I. linear when 

co,, is constant. 

One other important relation is to 
be noted in this section. Equation (2) 

Fig. 3. The effect of(tor, — cosy»). 

Fi,se10 .— ciEs volt. fsyn 5, fs = 7,000 cis 
Q — 10. 

60D 

""•¡:,e4 
o 
o 
o 
co 
.-2113D o 

circuit is evidently capable of free 
oscillation at this frequency. These 
conditions are the same as those con-
sidered in Appendix z of Part 2, and 
lead correspondingly to the relation 

E. 

4 _ Q2( 2..2)2 

(1 — + — 
(4) 

This gives the effective gain due to 
positive feedback at a frequency de-
fined by x. = (0.1(0.. Apart from this 
gain, the effects described in para-
graph z apply equally to the present 
case. 

In Fig. 4 curve (a) gives the gain 
characteristic calculated from equa-
tion (4) for a Q value of 15. Curve (b) 
shows a measured characteristic of the 
output voltage of co, relative to the 
output of for the same Q value 
(note that co. = co.y, in this test), and it 
will be seen that the agreement is 
quite close, considering the difficulty 
of determining exactly the effective Q 
of the tuned circuit under its operating 
conditions. For comparison, the 
response of the tuned circuit itself is 
shown in curve (c), considered as a 
selective circuit in a constant-current 
path. 

CID 
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o o 

20 
o 

I  

—01 2 -0.8 0 +04 +08 , +1.2 
100 x (fsyn— fo)A 

much smaller, we may consider this 
condition to hold provided co, is out-
side the pull-in range of the oscillator. 
The use of a linear amplification 

law greatly simplifies the analysis. It 
enables us to neglect the presence of 
the locking signal provided this is 
maintained constant, and the positive 
feedback circuit may be worked out as 
though co, were the only frequency 
present, although the loop gain at the 
resonant frequency is unity, since the 

It can be seen from equation (4) that 
if r. is very nearly unity, so that 
• Q' — x.')'<<1 and •(i — 
Q' — x.')', then at a given value of 

gain due to feedback cc iffl (5) 

4. The case where w, lies actually in 
the pull-in ' range. 

4.1. Analysis. 

In this case co, is so close to we,, that 
the amplification of each is dependent 
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on the amplitude of the other, and, 
consequently, no simplifications are 
justifiable. The analysis becomes very 
involved, and is not likely to be very 
useful in practice; therefore only an 
indication of how it can be effected is 
given here. 
From paragraph 2.1 we have that 

the amplification of w, is 
a - îyEs.2 - 'is yEs.y.2 and that the 
amplification of e..y, is a - ty Es.y.2 
- 2/I Y Egs2. (The term Ego has been 
substituted for E. as described in para-
graph 3). 

It is convenient to consider the co-
efficients a and y as representing the 
loop gain characteristic, i.e., from 
grid back to the output of the grid 
coil. Thus we obtain the relation-
ships: 

Es. = Es + (a 

and 

&my, = Eayn + (A + jB) [a - p Easy, 

i j(2(1 — .2'82) 

where a + jb = 

and A + jB = x.y. 

+ Q2(1 - x„2)2 

I+ jQ(1-x.,02) 

+Q'(1 -x.,2)2 

where r. w./w, and x.y. = yn /0o 

(not necessarily unity). 

Also, Eg, is complex; assume that 

Es. = e.. + je.. 

Similarly Ego», = e.>01 + je.re 

If these expressions are substituted in 
equations (6a) and (6b), and in each 
equation the real and imaginary terms 
are made into separate equations, then 
we evidently obtain four simultaneous 
cubic equations with the four variables 

e.., ea, e.y.i, and e.y.z. 
and if all the other terms are known, 
these equations can theoretically be 

24 08 
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Esyn n db relative to 
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o 

Fig. 5. The effect of varying Esyn when fo = 
fsyn = 8,000 c/s and fs = 7,950 c/s, Es = 0.1 volt, 

Q = 10. 

+ jb) [a - 1-1 Y I Es. - '12 I E.g.) , 12] Es. ... (6a) 

- E 12] Egityn (6b) 

solved for these voltages. The moduli 
Ego I and I Egroy, I can then be ob-

tained, and also the phase angles, if 
required. In practice, the solution is 
a matter of some complexity. 

4.2. Experimental results. 

Some experiments were made to de-
monstrate the behaviour of the oscil-
lator under these conditions. The re-
sults afford ample evidence of the 
physical nature of synchronisation, 
i.e., that when a locking signal with-
in a suitable frequency range is ap-
plied, the free oscillation is sup-
pressed due to the non-linear amplifi-
cation of the circuit (see Appendix 

09 0.94 

a 

; 

515/4,0 

098 FO 

Fig. 4. Frequency response: of locked oscillator ; (a) calcu 
lated, (b) measured, (c) response of tuned circuit alone. 

Q IS, Eg.syn = 0.7 volt, Esyn = Es = 0.1 volt. 
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of Part 2). If two locking signals are 
applied (which is the case we are con-
sidering here, since co1 and w.,, both 
lie within the locking range), then 
these both produce forced oscillations 
at amplitudes depending on one an-
other and on the relation of their fre-
quencies to the resonant frequency of 
the oscillator tuned circuit. 
In Fig. 5 is shown the variation in 

the output of a tone of frequency 
7,950 cis as the input level of a tone 
of frequency 8,000 c/s is varied. The 
natural frequency of the oscillator was 
8,000 c/s, and the input voltage of 
7,95o cis was 0.1 volt. The Q of the 
tuned circuit was to. This low value 
was used in order that the locking 
range might be relatively large, and 
at the normal locking voltage of o.1 
volt might allow the use of testing 
frequencies sufficiently different to be 
measured separately on a wave 
analyser, without error or undue diffi-
culty. When Esyn was o.1 volt (i.e., 
- zo db on the scale) the output of co.,. 
was 520 mV. It will be seen that as 
E.y., is reduced, the output of w. in-
creases, and by the time E.,, is only 
about o.oi volt, the output of w, has 
reached its maximum value, and is 
now independent of Egiya. In spite of 
the fact that to., we see that w1 
is now effectively the synchronising 
tone, and i.e.,, behaves as a stray 
signal. 

Fig. 6 shows the variation in out-
put of the 7,950 c/s and 8,000 cis tones 
as the natural frequency of the oscil-
lator is varied. Esyn and Es were both 
maintained constant at o.1 volt. When 
the natural frequency is roughly half-

8000 c/s 

t-300 
a_ 
t-

o 
200 

100 

7950 c/s 

o  
-12 -08 -04 0 +0.4 +08 _ +1.2 

- 10 0 x (tsef0)ft0 

Fig. 6. The effect of — ‹,,se,) when (syn = 8,000 c/s and 
fs — 7,950 c/s, Esyn -= Es = 0.1 volt, Q =- 10. 
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way between 7,950 cfs and 8,000 c/s, 
the outputs of the two frequencies are 
equal. 

It will be seen that the idea of 
selectivity of the synchronised oscil-
lator, suggested by the work of para-
graph 3 and Fig. 4, can hardly be ap-
plied in practice to the case where ca0 
lies within the locking range, since 
variations of natural frequency (which 
are bound to occur in practice) over-
ride all other considerations. 

5. The effect of taking the output from 
the tuned circuit terminals instead 
of from the anode circuit. 

In Fig. 4, the frequency response of 
the oscillator was shown in terms of 
the amplification of an unwanted 
signal injected into the grid circuit. 
The response of the oscillator tuned 
circuit was also shown for comparison. 
From these curves it will be quite 
evident that the effect of taking the 
output from the terminals of the «lined 
circuit will not greatly modify the fre-
quency response of the oscillator in 
that region where the positive feed-
back is effective. Over the rest of the 
frequency band, the response will be 
that of the tuned circuit, instead of 
being flat. The effect of the valve 
non-linearity is unchanged. 

It will be seen that it is advantage-
ous in practice to take the output from 
the tuned circuit in those cases where 
interference from frequencies remote 
from we,,, is to be expected. This is a 
less common problem, however; it is 
generally those frequencies near 01,.„ 
which are found troublesome in prac-
tice. 

6. Sideband pull-in. 

An interesting effect that is of some 
importance in radio work is known 
as " sideband pull-in." If a tone of 
angular frequency ca.,,, ± c..)5 is injected 
into an oscillator of natural angular 
frequency to0 which is modulated by 
an angular frequency vi,„ then the 
oscillator can be synchronised to the 
angular frequency 64). if — w.) is 
sufficiently small. The mechanism of 
this " sideband pull-in " is clearly 
similar to ordinary direct synchronisa-
tion, and depends on the intermodula-
tion terms (i.e., the even power terms) 
in the valve equation (1). A graphical 
treatment (without experimental evi-
dence) has been published by Bab.' 
7. Conclusions. 

The work described in this part has 
shown that the analysis of the problem 
of unwanted signals mixed with the 
control tone can be dealt- with quite 
simply by considering two factors :— 
(a) valve non-linearity and (b) the in-
creasing positive feedback as the un-
wanted frequency approaches the 
wanted frequency. These two factors 
may be considered quite independently 
over the whole frequency range ex-
cept for that vei y small part lying 
more or less in the locking frequency 
range. 
The main conclusions affecting the 

practii al design of synchronising 
‘,ystern-, are :— 

(a) If the level of locking tone alone 
is increased, the voltage ratio of 
wanted to unwanted frequency in the 
output is increased. 

(b) If the input levels of lock-
ing and stray frequencies are both 
raised by the same amount, the above 
ratio may be increased or decreased 
according to circumstances. 

(c) Other things remaining constant, 
the output of unwanted frequency if 
taken from the anode of the oscillator 
valve, is constant over most of the fre-
quency range, but over a small range 
(the extent of which is greater for 
lower Q values in the oscillator tuned 
circuit) the positive feedback becomes 
effective, and an increased output is 
obained depending on the smallness 
of the difference between wanted and 
unwanted frequencies. 

(d) Within the locking frequency 
range the influence of the unwanted 
and wanted locking frequencies is of 
the same order relative to their input 
levels, and, because of drifting of the 
natural frequency in practice the 
ratio of the two outputs is variable and 
not easily computed. 
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Synthetic Reverberation 
By D. W. ALDOUS 

M
ANY methods have been de-
veloped for adding synthetic 
reverberation, which can be 

defined as a means of artificially pro-
du%ing any desired rate of sound de-
cay, to recording material. Until 
very recently reverberation chambers 
and reverberation pipes, staggered or 
offset tracks, and endless steel or film 
tapes with a number of time-displaced 
reproducing heads, have been used 
for this purpose with considerable 
success. 
Now a device known as a " Rever-

berstat" has been made available, 
designed for this purpose. Mr. J. K. 
Hilliard, of M.G.M. Studios in 
America, recently gave members of 
the Society of Motion Picture Engin-
eers some details of this new instru-
ment. 

It consists essentially of a perma-
nent magnet loudspeaker actuating a 
rocker-arm to which springs are 
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attached, and these set into vibration 
a piezo-electric crystal. The springs 
are surrounded by tubes of oil that 
provide the necessary damping. The 
vibrations of the crystal produce an 
electric current, which is then ampli-
fied and combined with the original 
signal. The time of leverberation is 
controlled by the length of the 
springs and the oil damping around 
the springs. The device is con-
structed as a compact unit, with 
dimensions approximately 4 ft. long, 
6 in. wide, and 3 in. deep. A cross-
section of this unit is shown in the 
accompanying figure. 

It is apparent that it does not 
occupy much space as compared with 
the conventional acoustic chambers 
necessary for most of the other 
methods, and it is not susceptible to 
external noises to the same degree. 
As many as three such units are used 
at one recording session to create the 
desired reverberation in dialogue and 
music tracks, using different equal-
isers, depending upon the type of 
reverberation required. 
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Television After the War 
A continuation of the discussion which took place at a meeting of the Wireless Section of the I.E.E. 

part of which was given in the July issue. 

Mr. T. E. Goldup (Mullard W. S. Co.). 

In considering the particular 
aspect of the television problem raised 
by Mr. Edwards in his opening re-
marks, we must at the same time take 
into consideration many other rele-
vant factors, such as the improve-
ments in the ¡cathode-ray tube, 
especially as regards spot size and 
screen colour, the circuit design as a 
whole, and last but not least the 
economics of the manufacturing 
problem. 
During the war we have been able 

to enlarge our experience and know-
ledge with regard to the use of very 
high frequencies, and when the time 
comes for a television system to be 
installed at carrier frequencies of the 
value suggested by Mr. Edwards, we 
shall find that the valves and tlie com-
ponents will be available, together 
with accumulated practicer experi-
ence in their use. 

If we are to progress in post-war 
television on the lines indicated by 
Mr. Edwards, there will have to be 
close liaison between the circuit 
engineer and the valve engineer. Too 
often there has been evidence of lack 
of this liaison which we valve people 
have so much desired. We find often 
that we design experimental valves to 
go into circuits, and when these cir-
cuits are put into production recervers 
they develop a number of defects 
which then have to be cleared up. 
These would not be present if the 
valve engineer had been working with 
the circuit engineer from the outset. 

In his opening remarks, Mr. 
Edwards refers chiefly to television as 
an entertainment, but we must also 
consider in the post-war period some 
of the possible commercial applica-
tions of television. Those of us who 
are thinking about this problem can 
name quite a number of successful ap-
plications for television in industry, 
and we agree that a vast field of work 
and research lies before us. 
I personally would like to see a 

more intensive interest by the Wire-
less Section of the I.E.E. in the sub-
ject of television generally, together 
with more informal meetings of this 
character dealing with other aspects 
of television. 

Mr. D. A. Bell (A. C. Cossor): 

In considering the band-width re-
quired for colour television, it should 
be remembered that in monochromatic 
television the minimum frame fre-
quency was fixed on grounds of flicker 

rather than reproduction of rapidly 
moving objects. The eye is more 
sensitive to absolute changes of in-
tensity than to changes of colour, a 
fact which is utilised in the flicker 
photometer, so that it may not be 
necessary to increase the total number 
of frames in the same ratio as the 
number of colours transmitted. There 
is, however, no doubt that a substan-
tial increase in band-width is essen-
tial for adequate colour television and 
would therefore necessitate an in-
crease in the carrier frequency above 
the values in use. 

Mr. J. Rhys-Jones (Plessey Co.) 

I regret to note that the previous 
speakers show a lack of a commercial 
mindedness which would have been 
so evident at a, meeting of this type 
held before the war. 
I would suggest that the problem 

industry will have to face, is to sup-
ply the public with a service which is 
to be as good as possible at a price 
which is as low as possible. 
The solution- of this problem is 

purely one of economics, and the 
economic requirements can be con-
sidered under two headings, namely, 
customer economics and supply 
economics. The more important group 
is, of course, that referring to the 
customer. 

It is possible that cheaper receivers 
can be supplied by not fitting facili-
ties which a high definition transmis-
sion makes possible, e.g., a high de-
finition receiver requires a large num-
ber of low gain stages of amplification 
owing to the large band-width cover-
age required. The time bases may 
become slightly involved owing to the 
large number of lines used together 
with inter-lacing features, etc. A 
cheap receiver could, however, be 
built using higher gain, smaller band-
width amplifying stages, thus effect-
ing economy in the receiver and per-
haps still further effecting economy 
by not attempting to achieve an inter-
laced picture. 

Dr. R. C. G. Williams (Murphy Radio) 

In considering this matter of. the 
best choice of transmission constants 
for post-war television, we should be 
careful not to lose sight of the asso-
ciated economic problem and it might 
be useful to review briefly the history 
of television receiver prices up to the 
outbreak of war. 
When the Alexandra Palace service 

first started, the various television 

manufacturers marketed only a small 
number of hand-made sets, selling at 
round about eo each. This was fol-
lowed by an interim period of semi-
tooling for about two years before the 
war when what was perhaps the most 
popular model, the console type 
cabinet with a 9 in. cathode-ray tube, 
was being sold in fair quantities by a 
number of manufacturers at about 
£30. Over both the initial develop-
ment period and this interim period 
little tooling was carried out and the 
selling prices were effectively sub-
sidised in order to bring them within 
reach of the public. The stage we had 
reached immediately before the out-
break of war was that nearly all the 
radio manufacturers had tooled and 
were ready to go into, what was for 
television, large scale production on 
a " bread and butter " television 
specification selling at about £3o. I 
think all companies were hoping that 
with the tooling and the larger quan-
tities, these prices would make tee-
vision manufacture self-supporting. 
The future then appeared to lie in an 
extension to the television service 
which would increase the viewing 
public and a progressive improvement 
in manufacturing efficiency of sets, 
valves, and components, to get the 
price of this " bread and butter" 
model as low as possible. It was 
generally the experience of the indus-
try that the bigger sales of radio sets 
were in the £10 to Liz category and 
we had yet to find the corresponding 
optimum price/specification compro-
mise for television. 
. At this stage the war intervened and 

further work has been at a standstill. 
As I see it, wartime developments lead 
to the possibility of three lines of 
action :— 

(a) Leaving the transmission stan-
dards as they were pre-war and 
making use of all the manufac. 
turing improvements which 
have resulted from the war, 
particularly in the greater use 
of plastics and die castings to 
produce sets more efficiently 
and sell them to the public at a 
lower price. This, combined 
with an extension to the tele-
vision transmission services, 
would probably result in the 
most rapid immediate extension 
of the industry. 
To make use of the improved 
radio technique which has been 
developed during the war to re-
consider our transmission and 
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reception standards and pos-
sibly lay the foundations of a 
service with improved picture 
quality in the years to come. 
The proposals made in Mr. 
Edward's opening remarks are 
directed at one important aspect 
of this line of action. 

(c) The possible political conse-
quences of the war which should 
result, and I think we all hope 
will result, in a greater degree 
of international co-operation 
and the possibilities of using 
the *same picture standards, at 
any rate over much of the con-
tinent of Europe. 

I must apologise for broadening the 
discussion well outside the scope of 
the title of the meeting, but I do think 
it is important to bear these matters 
in mind as a background to the very 
interesting discussion which is taking 
place. My own view is that the change 
to 525 lines would provide a degree of 
picture improvement hardly sufficient 
to justify compromising the advant-
ages of bending all our efforts to 
economical and rapid production un-
less it were associated with interna-
tional standardisation, but this must, 
of course, remain as a purely personal 
opinion. 

In conclusion, I would like to say 
that my own view, which I believe is 
shared by a very great number of pre-
war viewers, is that the picture stan-
dard was of high entertainment value, 
and that I would want to consider 
very carefully the associated added 
cost to weigh against the advantages 
of any suggested improvement. In 
short—we might do a great deal worse 
than revert to our pre-war standards. 

Mr. E. E. Shelton (Mullard) 

Whatever the system and defini-
tion decided upon, the cathode-ray 
tube in the receiver has to be capable 
of reproducing the picture satis-
factorily. 
The cathode-ray tube designer is 

therefore called upon to produce a 
spot which will resolve the lines of 
the raster. If, then, the circuit 
engineer designs his circuits so that a 
chequer board black and white pattern 
of squares, with sides equal to the 
width of a line, is reproduced by only 
a sinusoidal variation of brightness 
(i.e., the usual method of calculating 
the required frequency band), he is not 
doing his part towards giving the 
viewer a picture with the resolution 
of which the system is capable. The 
difference in resolution of detail in the 
vertical and horizontal directions was 
readily observable in certain com-
mercial television receivers before the 
war, but the effect was much reduced 
or absent in the " monitor " pictures 
at Alexandra Palace. This difference 

is to be expected, for any failure in 
the receiver to provide response o-ver 
the required frequency band reduces 
only the definition along the lines, the 
vertical resolution is assured since 
the lines are bound to be discrete. If 
the early contributions to this discus-
sion mean that the circuit engineer 
now finds himself able to provide an 
increased frequency band at the old 
gain per stage, 1 suggest that the 
first step should be, not to increase the 
number of lines in the picture, but to 
make full use of the possible- defini-
tion by increasing the resolution along 
the lines. 

Mr. 0..1. Russell (communicated) 
In my view the whole question of 

television has been overshadowed by 
an unconscious comparison with the 
cinema. This is very clearly indi-
cated by the fact that the choice of 
screen shape has been dictated by the 
format of the cinema screen. More-
over, this obsession with the cinema 
is clearly indicated by the whole his-
tory of articles and discussions upon 
television from the aspect of home 
entertainment. Upon the beginning 
of the Alexandra Palace television 
service, the comparisons of images 
was constantly referred to the cinema. 
The position of television appears 

to be exactly analogous to the early 
days of the cinema, when comparison 
with the legitimate stage peppered 
every article upon the future of the 
cinema. The cinema, however, has 
by now largely outgrown this early 
inferiority complex, and it is clear 
from the writing of critics that the 
function and technique of the cinema 
is by virtue of its technics inherently 
different, although allied to, the stage. 
It is time, therefore, for the realisa-
tion that television is not merely a 
cinema show produced by a rather 
more clever technical process. The 
public are not interested in technical 
miracles, they judge the product 
finally upon a purely entertainment 
basis. 

If television is to have a value and 
art of its own, rather than to be 
merely a novel and inefficient form of 
cinematograph, the balance of tech-
nical and aesthetic and psychologital 
factors may have to be drastically 
altered. Purely upon a technical 
basis the cinema is streets ahead of 
anything that television can do when 
imitating the cinema. Television, if 
it is to become a vehicle for a new 
art form, must appreciate its limita-
tions and capitalise upon its advan-
tages. 
The writer is in favour of boldly 

abandoning the present picture for-
mat, which in itself is a miserable 
legacy from the cinema. From the 

point of view of presenting programme 
material of an intimate nature, and 
hence operating largely in closeup or 
semi-closeup poses, the present pic-
ture ratio is wasteful. For the trans-
mission of the proposed material we 
could use a picture aspect ratio in • 
which the picture height is greater 
than the width in the ratio of 3 : 2. A 
little experiment will prove that 
almost any head and shoulders por-
trait can be comfortably framed in 
this picture ratio. Moreover, from 
the point of view of aesthetic satisfac-
tion, which text-books on photography 
take so much space in expounding, 
such a frame provides a neat and un-
obtrusive surrounding for a face. 

Practically all portraits are trained 
in a ratio approximating to this pro-
jected 2 : 3 ratio, and the general 
effect is one of general satisfaction. 
No use of ratios analogous to the 
present cinema shaped screen for por-
trait work occurs to me, and, in tact, 
such a use would in general be inar-
tistic and inadmissible. Technically, 
the use of such a ratio is even more 
important, for a little calculation will 
show that if we are interested in in-
creasing detail, the number of lines 
can be increased by about 40 per cent. 
without increasing the bandwidth, 
giving a worthwhile increase in de-
finition, while in cases where the face 
and expression of the speaker are of 
major importance the face could be 
made to fit the picture aperture ex-
tremely closely, with a consequent 
further slight improvement in overall 
definition. Even if we decide to radiate 
a full colour picture we can do so on a 
four-hundred line basis without a 
materially increased bandwidth. In 
fact,, for the same bandwidth as occu-
pied by the Alexandra Palace station, 
a full colour picture may be radiated 
using the a: 3 ratio picture with a 
definition of approximately 390 lines. 
However, it might well be objected 

that the subject matter radiated by 
the television station of the future 
should not be tied down to a a: 3 
ratio frame, although this can be 
utilised for scenes involving more 
than one performer. The writer is 
firmly of the opinion that the present 
5 : 4 ratio should be scrapped. Thus 
a good case might be made out for a 
square picture ratio, especially as this 
enables the most efficient use to be 
made of the round end of a cathode-
ray tube. The increase in definition 
thus obtained works out at about 12 
per cent, for the same band width. 
This picture ratio also reflects the 
trend of modern camera design, where 
the 21 inch square negative represents 
a very effect compromise of many fac-
tors, and efficiently utilises the cir-
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BUT IN? 
WHAT 
MODE 

• 

Some time ago we were approached 

n connection with a steam pipe 
which was continually being fractured 

as a result of vibrations excited by 
the flow of the steam. Simple pre-
cautions had not afforded a satis-
factory solution and we were asked 

whether we could throw further 

light on the problem. 

We supplied a portable Vibration 

Analyser which resolved the vibration 
into its component parts and dis-

closed an unsuspected mode of 
vibration. An examination of the 
structure of the pipe and its housings 

quickly showed where this vibration 
could arise, and steps were taken to 
damp out this particular mode, with 

the result that the trouble was cured. 

This is just another example of the 

way in which electronic technique can 
be brought to the aid of industry. If 

you have a problem let us see what 
we can do. All we ask is your 

patience if we take longer than we 
should like, owing to the heavy 
demands on our facilities just at 

present. 

iviez 
LABORATORIES LTD. 

BOREHAMI WOOD 
HE PIS 

TELEPHONE • ELSTREE 1138 

Bandwidth and Definition for Various Frame Ratios 

Video Band Plain Stereo 

780 

Full Colour Stereo Full Colour Format 

7.6 Mc s. 

I 100 760 520 2 : 3 

1000 710 690 480 4 : 5 

896 640 620 430 SQUARE 

800 570 550 380 5 : 4 

3.2 MO. 

2.5 Mc/s. 

1.9 Mc s. 

714 500 490 340 2 : 3 

656 470 450 310 4 : 5 

590 

525 

420 

370 

410 280 SQUARE 

360 
-... 

250 • 5 : 4 

632 450 440 300 2 : 3 

592 420 410 280 4 : 5 

520 370 360 250 SQUARE 

465 

551 

330 320 220 5 : 4 

2 : 3 390 380 260 

490 350 340 230 4 : 5 

453 

405 

320 310 220 SQUARE 

5 : 4 290 280 i 190 

Note : Owing to uncertainty as to the exact factor, values for colour and stereo 
pictures are calculated to the nearest ten lines). 

cular field of view of the camera lens. 
However, bearing in view the personal 
and intimate aspect of television en-
tertainment, a ratio that has much to 
commend it both for ability to cover 
a large variety of subjects and effec-
tive use of bandwidth might be a com-
promise between the square picture 
and the 2 : 3 format. The fact that 
by using a new picture shape, the use 
of colour becomes in the realm of 
practical application without loss of 
detail is also a point that should be 
considered. To present these facts, 
the table given above shows the num-
ber of lines required for black and 
white pictures, stereo-pictures, full 
colour pictures, and stereo-colour pic-
tures. The figures for colour images 
are based on a factor derived from 
the fact that the frame frequency need 
not be so great as expected, owing to 
the rarity of purely monochromatic 
subject matter. Stereo figures are 
based upon the transmission of two 
complete images for the normal frame 
frequency. The advantage of 
colour over a plain black and white 
picture would appear on these figures 
to outweigh any considerations of 
stereo images, and the introduction 
of colour may well prove to be one 
of the factors that will really popu-
larise television as a public entertain-
ment. 

Man-made Earthquakes 
(From The Daily Telegraph) 

M R, PURBRICK, the white-
haired bespectacled M.P. for 

Walton, pursues with benign per-
sistence his design of discomfiting 
the enemy by induction of earth-
quakes. He has already given the 
House of Commons a laugh by sug-
gesting that this might be accom-
plished by dropping a bomb down the 
crater of Vesuvius. 

Yesterday he gave it another by ask-
ing the Government to investigate. 

" the application in America whereby a 
neutraliser man-made electrical disturbance more 
powerful than the greatest storms of thunder and 
lightning can be reduced to a whisper," and to 
" consider the applicability of this method for the 
artificial promotion of seismic disturbances, 
volcanic eruptions, &c." 

Mr. A. S. L. Young, a Government 
Whip, solemnly replied that further 
information was being sought, though 
the Government were advised that the 
device was unlikely to be of use as a 
generator of seismic or volcanic 
disturbances. 
The following exchange then 

ensued: 
Mr. Austin Hopkinson: " Can the Hon. Gentle-

man explain the exact meaning of the phrase 
' neutraliser man-made electric disturbance' " 
Mr. Young (apologetically) : " I am afraid that 

is beyond me.. ' 

Don't worry, Mr. Young, its beyond 
us, too. 
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Frequency Modulation in Record Reproduction 
The following account of the use of a frequency modulation system for reproducing gramophone records 
is taken from the paper by G. L. Beers and C. M. Sinnett in t-he journal of the Society of Motion Picture 
Engineers (April 1943). The original paper contains a detailed analysis of the various factors in design 

of reproducers which has had to be omitted in this abstract. 

T
HE remarkable increase in the 
sale of phonograph records dur-
ing the past few years is a de-

finite indication of the returning pub-
lic interest in records as a medium of 
home entertainment. If the present 
interest in phonograph records is to 
be maintained, on a permanent basis, 
it is essential that the reproduction of 
sound from records be at least com-
parable to or preferably better than 
that which be obtained from radio 
broadcasting. 
During the past few years, an in-

vestigation was conducted to deter-
mine the prospects of materially im-
proving the overall performance of 
record-reproducing systems. One 
phase of the invesirgation was 
directed toward the possibility of re-
producing frequencies up to to,000 or 
12,000 cycles from standard shellac 
records without the introduction of ob-
jectionable surface noise. In the 
course of this investigation, the pos-
sibilities of producing a frequency-
modulated signal by means of a 
special pick-up and associated cir-
cuits was investigated. Fig. t shows 
in outline form the general construc-
tion of an experimental frequency 
modulation pick-up. A metal frame 
or mounting block is provided as a 
support for an insulated plate which 
is the high-potential side of the pick-
up. To this mounting block is also 
attached a thin metal ribbon. The 
ribbon, which is mounted in a plane 
parallel to the insulated plate and 
spaced from it by a small air-gap, is 
placed under tension in order to in-
crease the natural resonance f re-

+300.v 

STEEL WIRE ANCHORED 

INSULATED N  • ool5 RIDDCW 

IN SI OCIC MOUNTING 
BLOCK 

METAL PLATE 
STYLUS sTEEL WIRE , 

ATTACHED TO RigaON 

Fig. I. Experimental frequency modulation 
pick-up. 

quency of the system. The stylus. 
supporting wire is anchored to the 
mounting block at its upper end. It 
is attached to the ribbon at approxi-
mately the mid-point of its length and 
its free end is bent in a plane essen-
tially parallel to the record groove. 
The sapphire which is used as a stylus 
is attached to the end of the wire. The 
por tion of the wire between the ribbon 
and the sapphire provides sufficient 
vertical compliance to minimise 
mechanical noise and to reduce dis-
tortion due to pinch-effect. From the 
figure it is apparent that displacement 
of the stylus laterally results in a 
change in the position of the ribbon 
with respect to the fixed plate and 
thus produces a change in capacity. 
The overall length of the mounting 
block shown in Fig. r is approxi-
mately one-half inch. The normal 
spacing between the fixed plate and 
the ribbon is approximately o.004 
inch. 
From a purely theoretical stand-

point it is essential that in a frequency 

Flg."2. Oscillator and Frequency-discriminator-rectifier:circuit. 

modulation pick-up the change in 
capacity with displacement of the 
stylus be such as to produce a linear 
relationship between frequency 
change and motion of the stylus. In 
other words, the variable capacitor 
formed by the elements of the pick-up 
should, in radio terminology, be of the 
straight-line frequency type. From a 
practical standpoint the distortion in-
troduced by a pick-up constructed 
along the lines .indicated in Fig. 1, 
when used with circuits to be des-
cribed later, is sufficiently low as to 
to be substantially negligible. 

Circuit Considerations 
The essential circuit considetations 

which are involved in the design of a 
frequertcy-modulation record repro-
ducing system may be stated as 
follows : 

(1) The carrier frequency to be 
employed. 

(2) A suitable oscillator circuit for 
use with the pick-up. 

(3) The type of frequency dis-
criminator-rectifier combination 
to employ. 

A study of the question of the 
operating frequency to use in a fre-
quency modulation phonograph sys-
tem leads to the conclusion that car-
rier frequencies as low as those used 
in the intermediate-frequency ampli-
fiers of radio receivers and as high as 
those employed for frequency modu-' 
lation broadcasting will give satisfac-
tory results. If the phonograph is to 
be used in combination with a radio 
receiver there may be some advantage 
in using a carrier frequency which 

20 SO 100 200 SOO 1003 WOO 

Fig. 5. Calculated response characteristic of pick-up and arm. 
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permits the use of one or more of the 
intermediate-frequency amplifier cir-
cuits as a frequency-discriminating 
network for converting the frequency-
modulated signal into amplitude 
modulation prior to detection. How-
ever, if the phonograph is designed as 
a separate device it may be desirable 
to use a frequency in the neighbour-
hood of 30 megacycles, particularly in 
case some frequency in this region is 
assigned by the F.C.C. for diathermy 
machines. If a carrier frequency is 
used in a band thus allocated by the 
F.C.C. no special shielding would be 
required to prevent interference with 
other radio services. The signal level 
provided at the discriminator by the 
frequency modulated oscillator can 
readily be made quite high, so there 
is no likelihood of diathermy 
machines or other electrical equip-
ment causing interference with the 
phonograph. 
Since the oscillator and frequency 

discriminator-rectifier circuits are to 
a considerable extent interdependent, 
they will be discussed together. Fig. 
2 is a schematic diagram of circuits 
which have given very satisfactory re-
sults. The circuit problem in con-
nexion with the oscillator is to pro-
vide an arrangement which will have 
sufficient frequency stability from the 
standpoint of line-voltage variations, 
temperature changes, etc., and at the 
same time enable the pick-up capac-
ity variations to produce the desired 
frequency change. 
From the standpoint of obtaining 

the maximum frequency change for a 
given variation in capacity at the 
pick-up, it is desirable that the pick-
up be connected directly across the 
oscillator tuned circuit. This can, of 
course, be accomplished by mounting 
the oscillator tube and associated cir-
cuit elements at the pick-up end of the 
tone arm. 
This arrangement has not been 

found to be particularly desirable be-
cause the tone arm is made unduly. 
large and the heat from the oscillator 
tube causes the end of the tone arm, 

Figs. 3 and 4 (left). Equiva-
lent circuits for high and low 

frequencies. 

Fig. 7 (right). Variation of 
d and a with stylus radius. 

N 

Flg. 6 (below). Stylus seated 
In record groove. 
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which is handled by the user, to be 
come uncomfortably hot. The same 
result, however, can be accomplished 
by mounting the oscillator tube on 
the main instrument chassis and con-
necting it to the pick-up through a 
resonant transmission line, which is 
used as the oscillator tuned circuit. It 
has been found that by connecting the 
pick-up previously described through 
a relatively low-capacity line to a con-
ventional oscillator circuit as shown 
in the diagram a sufficient frequency 
shift is obtained to give the desired 
audio-frequency output. In this case 
the transmission line is treated as a 
lumped capacity. The line is included 
as an integral part of the tone arm. 

It will be noted that the oscillator 
tube employed is of the 6SA7 type. 
This tube permits the use of electronic 
coupling between the oscillator and 
discriminator circuits. The oscillator 
frequency is adjustable by means of 

Fig. S. Tracking ou atr,000 es. for various 
radii of etylus., 

an iron core which is associated with 
the inductance L. shown in the dia-
gram. 
A simple resonant circuit is utilised 

as the means for converting the oscil-
lator frequency variations into 
changes in the amplitude of the signal 
applied to the diode portion of the 
6R7 tube. A powdered-iron core asso-
ciated with inductance L. is used to 
tune this circuit so that the mean 
oscillator frequency falls at approxi-
mately the 70 per cent. response point 
on one side of the selectivity charac-
teristic. The rectification of the r-f 
signal by the diode develops an audio-
frequency potential across the resistor 
Re. This audio-frequency potential is 
then amplified by the triode section of 
the 6R7. The output voltage which 
appears across resistor R. in the plate 
circuit of the 6R7 is applied to a suit-
able audio-frequency amplifier and 
loud speaker. 
The audio-frequency output of the 

circuit shown in Fig. 2 is a function 
of :— 

(i) The oscillator voltage applied 
to the discriminator. 

(2) The frequency variations in this 
voltage which are produced by 
the pick-up. 
The slope of the discriminator 
network. 
The audio voltage gain obtained 
from the 6R7. 

An experimental pick-up employed 
in the circuit shown in Fig. 2 has 
given an rms potential of 6 to 8 volts 
across resistor R. when reproducing 
a 40o-cycle record cut at a groove 
amplitude of o.00r inch. 

Response Characteristics of Pick Up 
and Tone Arm : 
Making use of the equivalent dia-

grams in Figs. 3 and 4 the overall 
response characteristic of the system 
can be calculated. From these figures 
it can be seen that current 4 repre-
sents the velocity of the ribbon with 

(3) 

(4) 
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Last Straw 

AS the pace of production quickens, the care-laden manufacturer 
must often feel like a camel contemplating the approach of the 

last straw. Can his oft-revised schedule carry yet another complication ? 
Can he increase output still further without some impairment of 
quality ? 

The Simrnonds products were designed to solve precisely this 
problem, and solving it they are, all over the country. Experience 
abundantly proves that they save time, they save material and they 
simplify assembly. They make it possible, in short, to quicken the 
tempo without detriment to the temper. 

In high service to 
AERONAUTICAL, INDUSTRIAL & MARINE 

Construction 
THE SIMMONDS NUT • PINNACLE NUT • SPIRE NUT 

SIMMONDS INSTRUMENTS, CONTROLS & ELECTRONIC PRODUCTS 
FRAM OIL & ENGINE CLEANER 

SIMMONDS AEROCESSOR1ES LTD. 
GREAT WEST ROAD, LONDON 

A COMPANY OF THE SIMMONDS GROUP 

LONDON MELBOURNE MONTRF.AL PARIS NEW YORK 
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respect to the insulated plate and cur-
rent i, represents the velocity of the 
stylus. The ratio of to i1 will pro-
vide the response characteristic of the 
pick-up with respect to fiequency. 
For high-frequencies this can be cal-
culated from the following formula 

= é 

Cs + C3) \ — (2/F/)2L,C2C3) 
-rs+C, 

For 10;v frequencies, the response 
characteristic may be obtained from 

CZ -I- Ci) (27rer-3(Cs-1- ) 

  X   

It will be noted that two peaks in 
response oct ur, one at tone-arm reson-
ance and one at the high fre,quency 
resonance•of the pick-up moving sys-
tem. Fig. 5 shows the response char-
acteristic as calculated from the above 
equations. 

Tracking Weight Required to Overcome 
Vertical Force due to Lateral Velocity : 

For proper tracking the stylus must 
have sufficient vertical force exerted 
upon it to overcome the vertical com-
ponent of force due to the lateral 
velocity of the modulated record 
groove. Calculations have been made 
which show the vertical forces exerted 
upon styli of various radii when 
seated in a standard groove having an 

• 88-degree included angle, a 0.0023-inca 
radius cutting stylus and a groove 
width at the top of 0.0069 inch. In 

• addition to the vertical forces, con-
sideration has also been given to the 
variations to be expected in pinch-
effect with different sizes of reproduc-
ing styli. 

Fig. 6 illustrates a stylus seated in a 
tecord groove of the above dimen-
sions. Two Important factors which 
change the diameter of the stylus are: 
the tracking diameter (d) and the 
wedging-angle (a). Tracking dia-
meter d has a direct bearing upon 
both pinch-effect and the high-fre-
quency response and should be kept 
as small as possible. On the other 
hand, the wedging-angle a, which de-
termines the tendency of the stylus to 
climb the groove wall should be made 
as large as possible for specified 
grooves. From this it is obvious that a 
a compromise must be made. Fig. 7 
shows the variations ih d and a with 
stylus radius, and from observation it 
can be seen that the stylus radius 
should not be less than o.0025 inch or 
greater than 0.0042 inch. Furthermore, 
since the curve for angle a is flat from 
a stylus radius of o.0025 inch to 0.0042 
inch and the curve for diameter 
d is risipg rapidly over this range 
it appears desirable, when record 
groove variations are considered, 

to use a stylus radius of about 
0.003 inch 

As the stylus radius is increased, it 
is apparent that for , a given groove 
velocity the output to be obtained at 
high frequencies will decrease. Cal-
culations have been made of the ex-
pected loss at high frequencies, and 
Fig. 8 shows the curt. e for this track-
ing loss at 7,000 cycles for styli from 
0.0015 inch radius to moos inch radius. 
It will.again be noted that a stylus 
radius of 0.003 inch is indicated. 

Overall Response Characteristics 

Fig. 9, curve A shows the ovetal I 
response characteristic of the pick-up, 
tone arm, and discriminator as 
obtained from a frequency record 
having a 500-cycle crossover point 
between constant amplitude and con-
stant velocity. The rounded portion of 
this curve at the crossover frequency 
is due to the limitations imposed by 
the electrical network used to provide 
the recording characteristic. For the 
purpose of comparison the calculated 
response characteristic previously 
shown in Fig. 5 is included in this 
figure as curve B. The departure 
from linearity of this curve represents 
a distortion of approximately 2 per 

•oe2 •oo I 0 •ool .0432 

DISPLACEMENT OF STYLUS  

Fig. 10. Diode current and stylus disp acernent. 
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Fig. 9. Overall Frequency response of F.M. 
pick-up and discriminator. 

cent. second harmonic and 0.1 per 
cent, third harmonic. The change in 
frequency which corresponds to the 

o.00t5-inch displacement of the 
stylus is ±- 15,000 cycles. 

Change in Diode-Current with Stylus 
Displacement 

Fig. to shows the overall linearity 
existing between current in the diode 
resistor and displacement of the 
stylus. This curve shows the com-
bined effect on linearity of the follow-
ing factors: 

(0 Change in the capacity of t'he 
pick-up with displacement of 
the stylus. 

(.2) Change in frequency of the 
oscillator with change in capac-
ity of the pick-up. 

(3) Change in output of the fre 
quency disc' iminator-rèctifter 
combination with change in fie-
quency. 

Conclusion 
An experimental frequency-modula-

tion record-reproducing system, of the 
type describa, has been in use for 
some time. All the evidence to date 
indicates that the system is a practical 
one and is not adversely affected by 
changes in temperature, humidity, or 
line voltage. 
The experimental frequency modu-

lation pick-up meets the requirements 
of a satisfactory pick-up to a degree 
which has not previously been attained 
in a relatively inexpensive device. The 
general performance characteristics of 
a pick-up of this type can be cal-
culated within reasonable limits. 
From the listener's standpoint, the 

experimental frequency modulation 
phonograph system which has been 
described makes it possible when using 
conventional shellac records to extend 
the frequency range of a record-repro-
ducing system to to,000 or 12,000 
cycles with surprising freedom from 
surface noise, mechanical noise, and 

distortion. Further 
reduction in surface 
noise can now be ob-
tained with shellac 
records if they are 
recorded with a high-
frequency accentua-
tion characteristic 
which is comparable 
to that used in tran-
scriptions. 
The writers wish 

to acknowledge the 
valuable assistance 
of Messis. H. Belar 
and R. Snepvangers 
during the develop-
ment of the fre-
quency - modulation 
.record - reproducing 
system. 
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It will be news to most people that 
many vitally important inside parts of 
a modern wireless set are of Bakelite 
Plastics. Bakelite Laminated — a 
material made by compressing paper 
or fabric, impregnated with Bakelite 
Synthetic Resin, into a homogeneous 
mass—is used for these parts because 
of its special electrical insulation 
properties, coupled with its tough-
ness and the ease with which it can 
be machined. This is a typical in-

stance of how Plastics serve the needs 
of modern industry. 
Most forms of Bakelite Plastics are 
to-day playing an important part in 
equipping our fighting forces and are 
therefore not available to private 
users. The experience gained in 
these new wartime fields will, how-
ever, prove invaluable to manufac-
turers in a great many industries 
when we can once again turn our 
minds to peacetime problems. 

BAKELITE LIMITED, í8 GROSVENOR GARDENS, LONDON, S.W. I 

NEFOU. 

BAKELITp .E. PLASTICS 
Pioneers in the Plastics World Gz3 
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BOOK REVIEWS 
The Cathode Ray Oscillograph 

in Industry 
W. Wilson, D.Sc. 144 pp. 156 figs. (Chap-
man & Hall, 12/6 net). 

In his preface emphasising the ever-
widening field of industrial applica-
tion of the cathode-ray oscillograph, 
the author outlines his intention of 
meeting the need for guidance of those 
who could profitably employ the 
oscillograph, but who are not nor-
mally workers in this field. 

The book deals with both types of 
tube, metal and sealed-off glass, and 
after describing their construction and 
the various accessories, discusses the 
various measurements which can be 
undertaken with the tube,, including a 
number of less usual ones. 

Two novel additions to the contents 
are a chapter on the Electron Micro-
scope, and one on the care and main-
tenance of the tube and its accessories. 
This is particularly useful for those 
who use the tube as an instrument and 
have no previous experience of oscillo-
graph practice. 

Unfortunately, after reading this 
work, one cannot feel that the undeni-
able need for a book dealing with the 
oscillograph from the user's point of 
view has been really met. To succeed 
in this aim, a book must be explicit 
in the extreme, and as those for whom 
it caters are not likely to be able to 
correct errors and inconsistencies in 
the text for themselves, these are to 
be particularly avoided. 

One is only too well aware of the 
difficulties of the author of a technical 
book under war-time conditions, but 
it is disconcerting to find errors in 
such abundance. For example, on 
p. g there is the peculiar physical con-
cept that it is the vacuum and not the 
atmospheric pressure that holds a 
joint together, whilst in the same 
paragraph the term "high voltage" 
is used in mistake for "high vacuum." 

Origin distortion is discussed on 
p. it and p. 36, but the two references 
do not appear consistent, nor do they 
fully explain the effect. The treat-
ment of aberrations generally seems 
unsatisfactory as, apart from conspicu-
ous omissions (such as the use of sym-
metrical deflection not only to avoid 
trapezium distortion, but also to mini-
mise defocusing), the explanation on 
p. 38 for trapezium distortion takes 
into account only the second order 
effect of electron velocity and neglects 
the more important refractive aspect. 

The reference to this effect in the 
description of the Cossor double-beam 
oscillograph is consequently at vari-
ance with the facts, whilst a little 
later in the description of this instru-
ment the deflection coils are accused 
of being in between the inner and 
outer mu-metal shields, a statement 
which is neither true nor technically 
acceptable. 

In addition to these there are un-
fortunately a great many more obvi-
ous errors, such as a referencé to the 
ultimate vacuum of a rotary oil pump 
as o.5 mm. Hg., and a statement on 
p. zo that the vapour préssures of oil 
and mercury are id and to' mm. re-
spectively. Lissajous' name is also 
mis-spelt throughout. 

In conclusion, one feels that in 
order to serve the purpose of this book 
best the author would have been 
better advised to include more detailed 
and accurate expressions of the funda-
mentals of the cathode-ray oscillo-
graph and to rely on a complete 
bibliography to introduce workers in 
individual fields to the best way of 
applying the technique to their par-
ticular problems. 

T.D.H. 

- Experimental Electronics 
í. ‘P7Muller, R. L. Garman and M. E. 

Droz. 322 pp. (Prentice Hall, Inc. N.Y. 
n29/6 English Price). 

A remarkable thing about this book 
is that it is written by three professors 
of Chemistry. Not that they may not 
be fully qualified to write on such a 
subject, but there is the same feeling 
of surprise as if Professor G. W. O. 
Howe had written a book on Experi-
mental Chemistry. 

The authors acknowledge their in-
debtedness to standard works on elec-
tronics and radio engineering, such as 
those of Terman and Reich, and there 
are references to technical literature 
throughout, including a few British 
journals. • 

The introduction to the experimen-

Books reviewed on this page 
or advertised in this Journal, 

can be obtained from 

H. K. LEWIS & Co. Ltd. 
136 Gower Street, W.C.I 

If not in stock, they will be obtained 
from the Publishers when available 

tal work covers the usual elementary 
theory, and the experiments are then 
set out neatly with a preliminary note 
giving the purpose of the experi-
ment, materials required, and proce-
dure.. A list of supplementary read-
ing and problems is given at the end 
of each section. The series is com-
plete and includes nearly all the work 
on valves which would be done by a 
third-year telecommunications student. 
Some of the experiments need days to 
make up, such as the three-stage in-
verse feedback valve voltmeter, or a 
beat-frequency oscillator, in which 
the student is apparently expected to 
start from scratch. This, of course, 
is all to the good, provided that the 
time is available in the course, and 
one wonders how the students and re-
search workers in chemistry, biology 
and engineering at New York Univer-
sity find time to do it all. 
As a guide for instructors or "home. 

study" workers it is one of the best 
books of its kind, and if all the ex-
periments were diligently performed 
there would not be many practical 
applications of vacuum tubes that the 
teader would hesitate to tackle. 

G. P. 

X-Rays in Research and 
Industry 

H. Hirst. 91 pp. 82 figs. (Tait Publish-
ing Co. Pty., Melbourne, 7,6 English price). 

A handy book which describes the 
problems for which X-ray methods 
are of use, and the practice and cal-
culations of X-ray technique. 

After a description of the produc-
tion and properties. of X-radiation, 
there are chapters on crystal structure 
and crystallographic examination, in-
vestigation of alloys, castings, etc. . 
The text is interspersed with numer-
ous tables of data and the book is 
well illustrated. There Is also a 
short bibliography. The whole work 
is a good summary of the application 
of X-rays to industry and is useful to 
have for reference. 

Electrical Technology for Tele-
Comm unications 

W H. Date (Longmans, Green & Co. 5s.) 

ln the review of this book which 
appeared in last months' issue, we 
regret that the title was given in error 
as " Electrical Technology for 
Radio Communications." The correct 
title is as given at the head of this 
paragraph. 
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NOTES 
FROM THE INDUSTRY 

R.S.G.B. 
New Headquarters 

The Council of the Incorporated 
Radio Society of Great Britain, an-
nounces that new headquarters have 
been established at New Ruskin. 
House, Little Russell Street, London, 
W.C.i (Holborn 7373)„ at which ad-
dress the General Secretary (Mr. John 
Clarricoats) will be pleased to meet 
visiting amateurs. 

Since September, 1939, the member-
ship of the Society has increased from 
3,500 to 5,500. Nearly 4,000 members 
are on active service. 

R. W. Paul's gift to Research 
In his will the late R. W. Paul has 

set aside a sum of over Lioo,000 for 
the endowment of a fund to pay for 
the design, construction and mainten-
ance of novel physical instruments 
and apparatus required by research 
workers. 
The trustees are particularly in-

structed to favour the construction of 
apparatus which gives no prospect of 
financial return. 
The Committee entrusted with the 

administration of the fund will con-
sist of six members appointed by the 
Royal Society, The Physical Society, 
The Institution of Electrical En-
gineers, and The Institute of Physics. 

Cellophane 
A Registered Trade Mark 

DEAR Sik,—We have read the 
article, entitled "Safety with X-Rays 
—The Detection and Measurement of 
Radiation," by A. G. Long, which 
was published on pages 52-54 of the 
July issue of ELECTRONIC ENGINEER-
ING, and we were interested to note 
the references to Cellophane, which 
appear in the particulars relative to 
Figures 4, 6 and 7 of the article. 

It seems to us, however, that in 
those references the word Cellophane 
has been used in such a manner as 
might tend to create the impression 
that Cellophane is the name of a 
material. 
One of the objects of this letter is 

to point out that Cellophane is not 
the name of a maTerial, but that the 
word "Cellophane" is our registered 
trade mark, and denotes, exclusively 
and distinctively, the brand of cellu-
lose sheets and films manufactured 
and supplied by us. 

It is, of course, damaging to a trade 
mark that it should be used as the 
name of a material, and we feel sure, 
therefore, that you will not disapprove 
our writing to you to explain the posi-
tion.—Yours faithfully, 

BRITISH CELLOPHANE., LTD. 

ABSTRACTS OF 
ELECTRONIC LITERATURE 

RADIO 
The Determination of the Location and 
Frequency of Thunderstorms by a 

Radio method 
(J. S. Forrest) 

A method is described of continu-
ously recording atmospherics in order 
to obtain warning of the outbreak of 
a thunderstorm and to determine the 
distance of the storm from the record-
ing site. 
The apparatus consists essentially 

of a radio receiver tuned to approxi-
mately 150 kc/s and connected to a 
continuous chart output recording 
meter: a modulated oscillator is in-
corporated in order to maintain con-
stant the characteristics of the re-
ceiver. The paper gives the results 
of three years' experience with this 
recording technique. 
By correlating the output recorder 

deflections with the known locations 
of electric power system breakdowns 
due to lightning, the relation between 
the recorder output and the storm 
distance has been determined. For 
distances up to 600 km. the equivalent 
field strength of atmospherics at 15o 
kc/s, has been found to be inversely 
proportional to the square root of the 
distance of the source. 
—lour. Roy. Met. Sec. Jan., 1943, 

page 33. 

Voltage Regulated Power Supplies 
(A. B. Bereskin) 

This paper discusses problems in-
volved and develops an orderly pro-
cedure for designing and constructing 
these voltage regulated power sup-
plies for specific applications. The cor-
relation between design data and 

tests on finished model is shown. 
—Proc. I.R.E., Vol. 31 (1943), p. 47. 

Loop Antennas for Aircraft 
(G. F. Levy) 

Characteristics, requirements and 
design considerations which are asso-

ciated uniquely with aircraft loop 
antennas operating in radio range or 
beacon band extending from 200-400 
kilocycles are discussed. 
The " low-impedance " and the 

" high-impedance " types of air-core 
aircraft loops are considered in detail. 
Both types are analysed mathematic-
ally on the basis of their receiving effi-
ciency and directive properties. 
Actual polar characteristic curves 

are given for a number of loop 
antennas of both types. Iron-core loop 
antennas are considered separately 
and comparison is made with the more 
widely used air-cored types. 
—Proc. I.R.E., Vol 31 (1943), p. 56. 

I NDUSTRY 
The Production of Fixed Carbon 

Resistors 
(F. C. Carter) 

The method of production of the 
various types of carbon resistor in 
common use in radio and line com-
munication equipment is described. A 
feature is the employment of auto-
matic machines producing large quan-
tities of resistors of standard values. 
—P.O.E.E.1., 36 (1943), Pt. 1, p. 6. 

Metallising Plastics 
(E. E. Halls) 

Some of the wide applications of 
meiallised plastics are described; it is 
emphasised that metal coatings now 
have specific uses and are not used 
for decoration alone. A summary of 
the methods of applying the films is 
given and certain types of films dis-
cussed in detail, viz., films applied by 
means of metal powder in varnish or 
lacquer medium and cellulose lacquer 
films. Types of powders are dis-
cussed together with the best form and 
media in which they may be applied. 
Moisture proofing with aluminium is 
considered in conjunction with the 
electrical properties of organic bonded 
aluminium powder finishes. 

—Plastics., June, 1943, p. 235.* 
Heating Wood with R.-F. Power 

(J. P. Taylor) 
Radio-frequency power (of the order 

of 1-10 Mc/s) may be used to provide 
heat for various wood processes, such 
as seasoning, drying„ etc. The 
method may also be adapted for plas-
tic plywood and impregnated mate-
rials. A brief account of the theory 
of radio-frequency heating is given 
and the factors which determine its 
applicability discussed. Data for the 
calculation of power required, time 
cycle and operating costs are given. 
—Trans. A.S.M .E., Ap. 1943, p. 201.* 
Resistance Welding Speeded and Im-

proved Tube control 
(G. W. Garman) 

Two of the most important factors 
in welding are duration of current 
flow and the magnitude of the current. 
Details are given of the application 
of electronic control to the regulation 
of these quantities and the beneficial 
effects that have been obtained. A 
brief, sketch of the development of 
a.c. electronic control is given from 
the first adoption of hot-cathode thyra-
trons to the modern water-cooled sys-
tems. Voltage adjustment and flexi-
bility of the apparatus are described 
and energy storage welding discussed. 
—Electronics, March, 1943, p. i17.*  
• Supplied by courtesy of Metropolitan-Vickers, 

Electric Ço., Trafford Park. 
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fitYcKE)Ç 
MOULDINGS FOR 
INSULATION 

MOW 
Aluminium Alloy shrunk on 
to a finished MYCALEX 
rod, making a perfect point 
for terminals, etc. big 

The fact that MYCALEX mouldings can 

be integrated with metal parts affords many 

opportunities for simplified design and 

greater efficiency of insulation. 

In addition MYCALEX has excellent electrical 

qualities, resists heat up to 400° Centigrade 

and is impervious to weather conditions 

involving heat, cold or pressure. It can be 

readily machined to fine limits. 

MYCALEX CUT PIECES 

Delivery from stock 

Stock sizes of MYCALEX can be dispatched 

within a few days. Price list will be sent on 

application. 

MYCALEX 
CONDENSERS 

For high duty work, high voltages and high 

frequencies. Enquiries invited. 

Good deliveries can now be effected. 

MYCALEX LTD. CIRENCESTER, GLOS. 

We have over 25 years' experience 

in designing and manufacturing a very varied range of 
Small Electric Motors, Alternators, Generators and Electro-
Mechanical apparatus. 

Our products are known throughout the world for reliability 
and stability under the most exacting conditions. In addition 
to producing special designs in quantity at competitive 
prices, we are interested in your experimental needs. As 
soon as they are released from the claims of war production 
our research and design laboratory together with our manu-
facturing resources will be at your disposal. 

Write for particulars of pny special type of apparatus that inter-
ests you:.we will forward details and literature when available 

SMALL ELECTRIC 
MOTORS LTD. 
BECKESHAM, KENT 

A subsidiary of 

BROADCAST RELAY SERVICE LIMITED 

TELCON 
CABLES 

for 

HIGH 

FREQUENCY 

TRANS M ISSION 

and RECEPTION 
e 

Full particulars of all Telcon Products from 

THE TELEGRAPH CONSTRUCTION 

& MAINTENANCE CO. LTD. 

Head Office: 22, Old Broad Street, London, E.C.2 

Tek.hone t London Wall 3141 
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A Note on the Puncture Strength of Porcelain, etc. 
By Dr. Ing E. ROSENTHAL 

In connexion with a recent article 
by the author: "Dielectric Strength 
of Porcelain and other Ceramic 
Materials,"* Mr. C. W. Marshall, of 
the Central Electricity Board, has 
pointed out that the value of the 
graphs would be increased if indica-

- tions of the spread of the individual 
observations were made. 
The following notes are therefore 

appended for reference: 
In order to obtain a reliable aver-

age value of the puncture strengths of 
a material, it is necessary to make a 
considerable number of tests. The 
American S.T.M. Standards only 
-,pecify for porcelain a number of five, 
but a greater number gives a more 
reliable average. 
The spread varies (a) with the Jre-

quency, (b) with th è temperature, (c) 
with the duration and rate of increase 
of the voltage applied, (d) with the 
wave shape, and (e) with the electro-
static field distribution. 
The spread is smaller at high fre-

quencies and larger at low frequen-
cies, and it is smaller at elevated 
temperatures compared with room 
temperatures. 

In carrying out impulse tests, one 
observes a greater spread of punc-

e Eledronie Engineering, March 1943. 

4 020 
e 
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o 
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'Curves lore of Room Temp 15°C 

.Curves 150 °C 

tures than at commercial frequencies. 
The punctures lie closer together 

when the test arrangement excludes 
edge effects as far as possible. Edge 
effects tend to increase the spread of 
the observations. 

It would, therefore, appear that 
there is a smaller spread in values in 
the case of thermal breakdown than is 
the case when the breakdown is pre• 
ponderantly disruptive. 

August, 1943 

At normal power frequency (5o 
cycles per second), the spread can be 
as much as 25 per cent, up or down, 
although if the rate of voltage in-
crease prescribed by B.S.S. 137, 
namely, ro KV per second, is adhered 
to, the variation will only be of the 
order of ± 124 per cent. In other 
words, the more slowly the voltage is 
increased, the greater the spread of 
observations. 
The graph given herewith was pre-

pared by repeating twenty times tesfs 
at various rates of voltage increase. 
The horizontal ordinate indicates the 
number of seconds used for increasing 
the voltage by i KV. The twenty 
readings so obtained were added to-
gether and divided by twenty in order 
to obtain the average value. The 
highest figure above this average was 
then recorded above the horizontal 
ordinate, and the lowest figure below 
the average was recorded below the 
•horizontal ordinate. 

Curve (i) is for porcelain at room 
temperature (15° C.), and curve (2) 
is for porcelain at a temperature of 
15o0 C. Although at first glance the 
spread of puncture values in the case 
of porcelain seems to be rather con-
siderable, it is smaller than in the case 
of most insulating materials. 

The NEW 

" HYPERLOY" 
TRANSFORMERS AND CHOKES 

A range of high-performance, space-saving Com-

ponents designed to meet the exacting requirements 

of modern Electronic and Communications equipments. 

Small in size. 

Weighing only 2 ozs. 

Meeting the most rigid Tropical Specification. 

Easily mounted in any position. 

Manufactured in a variety of windings to 

meet many diverse applications. 

WRIGHT L WEAIRE LTD. 
HIGH ROAD, TOTTENHAM, N.I7 

Telephone: TOTtenham 3847-8-9 
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To-day the products of industry conform to rigid 
specification. In Radio, component and final 
assembly alike are tested,anclre-tested,their per-
formance measured against exacting standards. 
It is the special function of Marconi Instruments 
to find the answers to testing problems; to 
provide the means for determining specific 

• performance in communication equipments. In 
this specialised work the Marconi organisation 
brings unrivalled resources to bear and a wealth 
of experience accumulated since the pioneer 
days of wireless communication. New demands 
are made and met with the traditional skill and 
craftsmanship of Marconi creative engineers. 

)çm Instruments Ltd 
ST. ALBANS HE R TS TELEPHONE 4 3 2 3 

WHAT PRODUCTION MODIFICATIONS IN 
SOLDERING PROCESSES ARE NECESSARY 

WHEN USING WAR-TIME ALLOYS 

_ 

This, and numerous other queries are answered in reference sheet 2 of " Technical Notes on 

Soldering," published by the manufacturers of Ersin Multicore—the A.I.D. approved solder 

wire with three cores of non-corrosive Ersin activated flux. 

Firms engaged on Government contracts are invited to write for a copy of this reference 

sheet and samples of ERSIN MULTICORE SOLDER wire. 

The Solder Wire with 3 cores of Non-corrosive Ersin Flux 

MULTICORE SOLDERS LTD., BUSH HOUSE, LONDON, W.C.2. TEMpleBar5583/4 
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ELECTRADIX BARGAINS 
DYNAMOS, MOTORS, ROTARIES 

As you know, we have many In stock for quick de-
livery • do any of these interest you f Fine modern 
A.C. HP Induction motors, self-start, 1,450 revs, 
as new. D.C. Motors, 2 HP, 110 volts and 220 
volts, shunt, 1,750 revs. D.C. Motors, I HP, 230/250 
volts, shunt, 700 revs. L.H. D.C. 2 HP, 110 volts, 
2,000 revsW. Another D.C. 2 HP 250 volts, 1,050 
revs. N. 5 HP ditto, 230 volts, 2,100 revs. ; etc., 
etc. 
ROTARIES FOR RADIO. E.D.C. and Crypto, 
etc., Various D.C. Inputs and 50 cycle A.C. output 
for mains A.G. Receivers and Radiograms on D.C. 
CHARGING MOTOR GENS. D.C. Output 
8 volts 250 amps. coupled to 3 HP 220 volt D.C. 
motors. Another fine charger D.C. output 9 volts 
50 amps. for 220 y D.C. mains. Smaller output 
16 volts 5 amps. coupled to 220 volt motor, also 
for 110 volt motor. A.C. type charger for 50 cycle 
210/220 volt mains with generator, output 15 volts 
12 amps., 1,400 revs. ; another with 220 volt, 5 amps. 
D.C. output. 
GENERATORS. We can still supply small 6 volt 
and 12 volt, high speed dynamos ; 17/6 carriage 
paid England and Wales. 
MOTOR CONTROL FLOOR FOOT 
SWITCHES. Ironclad 5 to 50 amps., I0/-. For 
other switchgear, see last month's advertisement. 
METERS. We have some full size switchboard 
meters, 4 in. and 6 in. dials, etc., A.C. and D.C. ; 
at low prices to callers. 
INDICATORS. Water level for tanks, with 
ball-float geared to watch-dial panel gauge. Range 
9 in. rise or fall, 7/6. Battery Charge indicators 
" Mentor" thermal type, red light, 2à. in. flush 
panel case 6 or 12 volts, 5/-. 
PRESSURE GAUGES. Air or Oil, to 4 lbs, 2/6, 
to 50 lbs, 3/6, to 90 lbs, 4/-, to 120 atmospheres, 
10/6. 
LABORATORY GEAR. We can still supply 
Wheatstone Bridges, Sullivan and Tinsley Mirror 
Guisos, Scales and Stands ; Siemens high-speed Relays, 
Radlogonlometers, Wavemeters, Meggers, A.G. Panel 
Voltmeters, Rotaries and Alternators, 10.000 ohm. 
Relays, etc. 

Note our new address. Visit our Showroom. 

ELECTRADIX RADIOS 
214, Queenstown Road, Battersea, London, S.W.I3 

Telephone : Macaulay 2159. 

FACT 
In the near future our Offices 
and Works will be transferred 
to larger premises in Petty 
France, Westminster, SW. I. All 
customers will be notified in 
due course. 

FICTION 
Because the name of Dr. N. 
Partridge has long been pre-
eminent in connection with special 
transformers, individually de-
signed and produced, there are 
some who have the notion that 
PARTRIDGE TRANSFORMERS 
are manufactured only in small 
numbers. This idea is very much 
out of date. 

If you are interested in large 
quantities—so are we. 

9LP 
.I.E.E.King's Bldgs., Dean Stanley St., 

LONDON 

Makers of Transformers and Chokes 
I). B M Brit I S.C., M 

Telephone : VICtoria 5035 

® 

S.W.I 

Classified Announcements 

The charge for miscellaneous advertis•m•nts on this 
page Is 12 words or lass 3/, and 3d. for every 
additional word. Single-column hich rate displayed, 
f I. All advertisements must be accompanied by 
remittance. Cheques and Postal Orders should be 
made payable to Hulton Press, Ltd., and crossed, and 
should reach this office, 43, Shoe Lane, London, E.C.4, 
not later than the 15th of the month previous to 

date of Issue. 

FOR SALE 

IN STOCK, Rectifiers, Accumulator Chargers, 
Rotary Converters, P.A. Amplifiers, Mikes, Mains 
Transformers, Speakers of most types, Test Meters, 
etc., Special Transformers quoted for.—University 
Radio, Ltd., 238, Euston Road, London, N.W.I. 
Ger. 4447. 

LOUDSPEAKERS 
LOUDSPEAKERS —We carry on. Sinclair Speaker., 
170, Copenhagen Street, N.1. 

LOUDSPEAKER repairs, British, American, any 
make, 24-hour service; moderate prices.—Sinclair 
Speakers, 17o, Copenhagen Street, N.,. • 

MISCELLANEOUS 
WE WILL BUY at your price used radios, ampli-
fiers, converters, test meters, motors, pick-ups, 
speakers, etc., radio and electrical accessories. Write, 
phone or call, University Radio Ltd., 238, Euston 
Road, London, N.W.,. Ger. 4447. 

WEBB'S Radio Map of the World enables you to 
locate any station heard. Size 40 by 30« a colour heavy 
Art Paper, 4/6, post 6d. Limited supply on Linen, 10/6, 
post 6d.—Webb 's Radio, 14, Soho Street, London, W., 
'Phone : GERrard 208e. 

FULL range of Transmitting Keys, practice sets and 
other equipment for Morse training.—Webb's Radio, 
14, Soho Street, London, W .I. Phone : GERrard 2089. 

ADVERTISER wishes to get into touch with 
Physicists and Engineers (Radio or Electrical) having 
designs or ideas for development in the following 
fields: (1) Radio, Television, V.H.F., (2) Industrial 
and general electronic equipment, and (3) Electronic 
test equipment for all types of applications, particularly 
as in No. r above. Assistance, financial or practical, 
would be available to those originating suitable 
projects and any information given would be treated 
in the strictest confidence. Write, giving fullest 
possible details to Box 664, " Electronic Engineering." 

SITUATIONS VACANT 
A.M.I.E.E., City and Guilds, etc., on " NO PASS-
NO FEE" terms. Over 95% Successes. For full 
details of modern courses in all branches of Electrical 
Technology send for our ,12-page handbook—FREE 
and post-free. B.I.E.T., (Dept. 33713), 17 Stratford 
Place, London, W .I. 

TECHNICIAN WANTED for research and develop-
ment work in connection with Radio Condenser 
manufacture for Government. Also Works Manager 
capable of handling labour. Applicants need not have 
actual Condenser manufacturing experience but 
electrical knowledge essential. Box No. 662, "Electronic 
Engineering." 

WANTED 
WE OFFER cash for good modern Communication 
and all-wave Receivers.—A.C.S. Radio, 44, Widmore 
Road, Bromley. 

HANK BUSHES and screws to your specifications 
(Repetition Work). Quick deliveries. D.T.Co., 
" Electronic Engineering," Box No. 654. 

FIRM of Electrical Engineers engaged on essential 
work in Earl's Court area require x Time and Motion 
Study and Estimating Engineer, liSenior Draughtsman 
(Chief) to take charge of Drawing Office and I Superin-
tendent for Training School. Write withlull details to 
Box 66o, " Electronic Engineering." 

RADIO VALVE manufacturing facilities wanted by 
London Research firm. " Electronic Engineering, 
Box 659. 

RUNBAKEN•MANCHESTER•1 

Makes 30 Im-
portant tests, 

100 to 750 volts. A.C. 
or D.C. Ideal for Radio 
Engineers. From Whole-

salers or direct. Send for Leaflet L24. 

GALPINS ELECTRICAI STORES 

" Fairview" London Road, Wrotham, Keni 
TERMS : Cash with order. No C.O.D. 

(Eire and Northern Ireland orders cannot be 
accepted.) 

HEADPHONES, 120 ohm, Secondhand, complet 
with headband and cords, in perfect working ordei 
Price 7/6 per pair, post free. 

INSTRUMENT METAL RECTIFIERS, by fame... 
makers, 10 N/A full load working. Price I5/- eaci 
post free. 

TUNGSTEN CONTACTS, 3/16 in. dia., a pal 
mounted on spring blades also two high quality pur 
silver contacts, 3/16 ins, dia., also on spring blades, fi 
for heavy duty, new and unused, there is enough bas 
to remove for other work. Price the set of fou 
Contacts, 5/-, post free. 

MOVING COIL ampmeter, 2à in. dia., pane 
mounting, reading 0-20 amp., F.S.D. 15 M/A. Pric 
30/- post free. 

ZENITH Vitreous resistances, size 5 in. x 1 In 
5,000 ohms. 100 and 150 N/A (two sizes). Price 4, 
each, post free. 

ELECTRIC LIGHT CHECK METERS, well-know 
makers, first-class condition, electrically guarantee( 
for A.C. mains 200/250 volts 50-cy. I phase 5 amp. loa 
I0/- each ; 10 amp. load, 12/6, carriage 1/-. 
I.K.W. FIRE ELEMENTS, mounted, six 
16 x If x I Ins., for 220 volts A.C. or D.C., as ne, 
6/-, post free. 

I WATT WIRE END RESISTANCES, new an 
unused, assorted sizes (our assortment), 6/6 per don 
post free. 
VOLTMETERS, 2¡ in. dia., panel mounting, movin 
coil, range 0-120 volts, F.S.D., very low, moder 
meters by famous makers. Price, 32/6 post free. 

AMPMETERS, description as above, range 0.1 
amps., Price, 25/- post free. 

KLAXON MOTORS, for 220 volts D.C., shun 
wound, ball bearing, fitted reduction gear givin 
speed of 700 r.p.m. High-grade job. Condition a 
new. Price, 50/- carriage paid. 

D.C. MOTORS, shunt wound, ball bearing, h.p 
high grade. Condition as new. Can be offered fa 
110 volts or 220 volts as required. Price eithe 
voltage, 40/- carriage paid. 

THE BOOKS foi 

- 1 YOU I 
EXPERIMENTAL RADIO ENGINEERINI 
By E. T. A. Rapson, A.C.G.I., DIC., etc. Assisted b 
E. G. Ackermann. This book sets out a number 
experiments and methods of measurement suitable fc 
a three or four years' course in radio engineering at 
Technical college. A few of them require rathe 
specialised apparatus, but the majority may be carrie 
out with standard laboratory equipment. es. 6d. ne 

PROBLEMS IN RADIO ENGINEERINI 
By E. T. A. Rapson, A.C.G.I., DIC., etc. A classifie 
collection of examination questions set from time t 
time by some of the more Important examining both( 
in Radio Communication, together with some useh 
notes and formulae bearing on the different groups 
questions, and answers to those questions which ar 
capable of a numerical solution. Fifth Edition. Ss. ne 

WIRELESS TERMS EXPLAINEI 
By " Decibel." An Invaluable guide to the technic 
terms used in books and articles on wireless, and i 
manufacturers' catalogues. It explains the meaning 
every term in the fullest and clearest manner, wit 
numerous illustrations, and gives additional inform: 
tion where this may prove useful. Second EditIo 
3s. net. 

Send for FREE Technical Cata-
logue from Pitman's. It contains 
details of over thirty books on 
Radio, and will cure any techni-
cal headache. Get one to-day. 

39 PARKER STREET, KINGSWA' 

PITMAN 
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Wartime installations 
show more conclusively 
than ever that 

you can 

To priority order only 

30-watt Amplifier with Radio. 
There are TRIX amplifiers 

from 5-500 
watts. 

giX ELECTRICAL CO. LTD., 65, Bolsover St., 
indon, W.I. 'Phone EUS 54'7 1/-' 

'Grams : Triradto, Wesdo, Lora's*. 

LAMINATIONS & SCREENS 
RADIOMETAL • PERMALLOY 

SILICON ALLOYS 

Electrical Sound & Television Patents Ltd. 
12 PEMBROKE ST., N.I 

' SYSTEMATIC RADIO SERVICING" 
A practical method devised and employed by J. 
Bull. Also a catalogue of many Radio Service Aids 
including " History of Faults," " Job Cards," 
which almost repair the sets, " Valve Base Data 
Cards," and perhaps, most important, a Rectifier 
which will replace any of the popular Universal 
valves such as l2Z3, 25Z5, IDS, U30, 40SUA, etc. 
Price Is. 7d post free. 
V.E.S. (A), Radio House, Melthorne Drive. 

Ruislip. 

* BOOKSELLERS TO THE WORLD 4 . 
Nearly 3,000,000 new and Second-hand Books on 

Engineering and every other subject. 
Books Bought 

119-125 Charing Cross Road, London, W.C.2 
Tel.: G d 5660 (16 Ilnes). Open 9-6 Inc. Sat. 

ruzimmmaeirm 

to customers' specifica-
tions or in accordance 
with standard list. 

W. BRYAN SAVAGE LTD. 
Westmoreland Rood. London. N.W 9 Colodole 711i 

BONDED PAPER INSULATION OF HIGH MECHANICAL 
STRENGTH AND MOULDED RESIN WITHOUT FILLER. 
8018 HAVE EXCELLENT ELECTRICAL PROPERTIES. fu ,...-•»&... 

N .N.',.•.ts.. `*.e.`sa— ' iltt 
MICANITE & INSUUTIIRS 

LIMITED COMPANY 

IfOU can trust Ardux because others trust 
their lives to it. Ardux has been used 

for joining stress-carrying aircraft structures. Ardux 
is, of course, officially approved for aircraft use. 
Here is an independent test report from a well-
known aircraft firm :— 

" Of the many adhesives on which we have 
carried out tests of mechanical strength Ardux is 
to date the only one in which there was no failure 
of the adhesive layer. In addition Ardux 
proved equally good with either a smooth or 
rough surface of sheet, thus showing it to be an 
adhesive in the true sense. Fatigue tests suggest 
that there is no weakening of the bond under 
vibration." 

AERO RESEARCH LTD., DUXFORD, CAMBRIDGE 

Telephone : Sawston 167-8 

THIS series of Taylormeters represent the 
" very latest in multi-range measuring instrument 
design and construction. 

WAIT FOR IT! 
- and when normal conditions are re-
stored, Reliance Potentiometers, incor-
porating our many years of experience, 
will again be available. 

Until then National requirements must 
come first. If we can help you in this 
connection, we will. Therefore do not 
hesitate to write us. 

RELIANCE 
Manufacturing Co. (Southwark) Ltd. 
Sutherland Road, Higham Hill, 
Walthamstow. E. 17. 

Telephone -Larkswood 3245 

METERS 
Write for complete specification to :— 

TAYLOR ELECTRICAL INSTRUMENTS LIMITED, 
419-424 Montrose Avenue, SLOUGH, Bucks. Tel.: Slough 21381 (4 lines) 

Lyreentsood 
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THE SYMBOL 

RELI BILITY 

We quote (and substanti e on test) figures giving the 

sensitivity, selectivity a d general performance of 

the " 358X " receiver, ut this is only half the story. 

Service requirements di tate the highest reliability, 

made possible in this receiver by many years' 

Communication Receiver 

experience in the d *gn and production of 

specialized radio com onents and apparatus. 

The continuous reliab— ty exemplified by the 

" 358X " is the °Woo e of efficient over-all 

design allied wiii e me attention to elec-

trical and -,-techanic details. Complete 

technical ç1-tails avail e in 30 page Instruc-

tional aooklet on " 58X" including all 

cir..‘it values. Pri 2 6, post free. 

14, SOHO ST. OXFORD ST. LONDON WI. Telephone GERRARD 2089 

Shop hours: 

10 a.m. 

to 

p-m. 

Sats. 

10 a.m. 

to 

12 noon 
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