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Check location on this Radio Globe
Webb's Radio Globe should find a place in every radio " shack." On
calculations of direction and distance it provides a real check that cannot be
obtained when using ordinary maps. Produced in conjunction with Messrs.
George Phillips & Son every precaution has been taken to ensure accuracy.
International prefixes and I.A.R.U. continental zone boundaries are clearly
marked. Time disc incorporated. The globe is fully coloured, 12" diameter,
and mounted on oxydised copper base, with engraved meridian. Overall
height approximately 14% Price 27/6, post free.

WEBB'S RADIO MAP OF THE WORLD. Invaluable for locating stations and checking
distances from London. International prefixes and standard time zones clearly indicated. In
two colours size 40" x 3o". On heavy art paper, price 4/6, postage 6d. On Linen, price 10'6,
postage 6d.

Morse Key. (Special Model)

Audio Oscillator

Morse Training Equipment in stock
Wireless Telegraphy schools, instructors and all who are training as
operators will find a comprehensive range of equipment in stock at
Webb's.

MORSE KEYS. As an indication of our range which includes British -made Bar -type
Keys of standard " Post Office " pattern, we list three types which are available in quantities
from stock.
SCHOOL pattern in chromium -plated brass on polished wood base, at 8,6.
HEAVY DUTY model in solid lacquered brass on wood base, 15/-.
SPECIAL model with heavy contacts back and front, lacquered brass, wood base, 28,-.
(As illustrated.)

AUDIO OSCILLATORS. Model O.A.I. For private use. This drives one or two
pairs of phones-gives i,000 cycle note and is operated entirely from A.C. Mains. The
cost including two valves is E2 Ss. Od

Model 0.A.2. Produced for class training it has alternative outputs for so or 5o pairs of
High Resistance Headphones, or for two loudspeakers. The NOTE is variable in pitch
and volume. Entirely A.C. mains operated. Supplied complete for E7 10s. Od.

H EADP H 0 N ES. Webb's have available a special light weight headphone manufactured
for training purposes by Messrs. S. G. Brown solely for Webb's at 17/6 a pair. All other
popular headphones are available from stock including the famous Brown's " A " adjustable
Reed at 57/6.

14 SOHO ST. LONDON, W.I. Tel; Gerrard 2089
HOURS OF BUSINESS 9 a.m. to 4 p.m. Saturdays 9 a.m. to 12 noon.
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Price
IT is with great regret that the pub

lishers of this Journal have been
compelled to increase its price from

is. 6d. to 2s. in order to meet the rising
costs of printing and production.

Naturally, we do not dwell on the
difficulties under which we are working
at the present time, but we would re-
mind readers that the printing and
allied trades have lost a large number
of skilled operators and this combined
with the difficulties of supply and dis-
tribution adds considerably to the
troubles of producing a technical
journal in war -time.

Commencing with the February issue,
the number of pages allocated to
editorial matter will be increased, which
will, we think, more than compensate
our readers for the slight additional
cost of the journal.
Binding

Again, the supply of binding material
and the shortage of labour present prob-
lems in the binding of the 1941 issues.
It is possible that some readers would
prefer to bind the journal under its new
title in a separate volume from Elec-
tronics and Television, but the number
of parts issued makes this an un-
economical proposition if the volume is
terminated at December, 1941.

Accordingly, it has been decided to
continue the run of the present volume
into 1942 to enable a uniform size cover
to be used. For those who wish to bind
the whole of the 1941 issues in one
volume, irrespective of the change in
make-up, a limited number of brown

Announcements

[Reproduced by permission of the ACAsituu
Proprietors of " Punch "1

"I've given all my books and papers to
Lord Beaverbrook."

HAVE YOU

There is no need to be so drastic in
clearing out books and papers, but the
fact remains that there are literally tons
of waste paper in old books and catalogues
which could be used as a direct
contribution to the war effort.

Please have a clear -out before the end
of the year and ask your local council to
collect the paper salvage-they will be
quite willing to do so.

binding cases, uniform with those of
previous years, are available at a cost
of 2s. post free.

Readers are asked to make their own
arrangements for the actual binding of
the volumes, as the publishers regret
that they are unable to undertake the
binding at the present time. Inquiries
for binding cases should be addressed to
the Circulation Dept.
Data Sheets

As mentioned in an earlier issue,
binding covers for Data Sheets are
being prepared and will be ready
shortly.

The cover is in stiff blue paper with
a back carrying a number of strings
through which the individual sheets can
be slipped. The case opens flat and
allows the data sheet to be easily read.
The capacity is 24 sheets, and the cost
is 2S. 6d. post free from this office.

For those readers who have not been
able to obtain a complete set of the
issues containing the Data Sheets a
small number of binders can be sup-
plied complete with sheets for 4s. 6d.
post free.

Owing to the paper shortage and the
impossibility of reprinting sheets at the
present time, back copies of the Data
Sheets can only be supplied to readers
taking out a regular subscription to the
Journal.

New Year Greetings
The Editor takes this opportunity of

wishing all his readers a better New
Year with the prospect of even brighter
ones to come,
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Television Picture Storage
A New Method of Electronic Storage Excitation of Television

Receiving Screens
by A. H. ROSENTHAL, Ph.D., F.R.A.S.

At the beginning of 1940 a description of the Skiatron-a new development in television picture projection ;was
given in Electronics and Television." Dr. Rosenthal, the inventor of the method, who was formerly associated

with the Scophony Laboratories in this country, is now a consulting physicist in New York.
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Fig. 3. A diagram of the proposed new method of picture storage.

IN conventional cathode-ray tubes
for television reception the picture
screen* is scanned by a cathode-ray

spot of an area equal to the approxi-
mate size of a picture element.

Each elemental picture area of the
screen is excited for only the duration
of the elemental scan, or, in other
words, at any moment, only one
elemental area is excited.

In optical -mechanical television sys-
tems the corresponding fact of only one
elemental area being illuminated at
any moment, combined with the optical
law that any such illuminated area can-
not have a brilliancy higher than that
of the light source, actually limited
these systems to low definitions. Only
through the use of the supersonic light
modulator which permitted a simul-
taneous illumination of several hundred
picture elements, i.e., by applying the
principal of optical storage could
optical -mechanical television overcome
this serious limitation, and, as de-
veloped in the Sco phony system',
achieve surprising successes for
brighter and larger pictures than had
been possible before with any other
system.

The general importance of optical
storage for television reception, in
analogy to electrical storage for tele-
vision transmission has been uni-
versally recognised, and its applica-
tion in electronic reception system
described.1, '

In systems of this kind the informa-
tion is carried to a storage screen by

 " Picture Screen " in the following denotes various
kinds of screens used in cathode-ray tubes, especially
fluorescent screens, but also screens the transparency
of which can be varied in accordance with the intensity
of the electron beam, as for instance used in the
Siciatron.i

scanning this screen by a single modu-
lated cathode-ray beam, and by some
time-lag properties of this screen the
elemental light values are retained
there for a certain time, or a certain
number of picture elements are simul-
taneously optically active.

Fluorescent screens show a certain
amount of storage caused by phos-
phorescent afterglow and by using
screens with a suitable afterglow char-
acteristic improved television standards
have been aimed at.'

The object of this paper is to in-
vestigate whether electronic picture
screens (and particularly fluorescent
screens) if excited as usual by a single
cathode-ray beam of elemental spot
size show limitations similar to those
found in older optical mechanical sys-
tems, and to discuss ways to overcome
these limitations by the use of elec-
tronic storage excitation.

In such single beam cathode-ray re-
ceiving tubes the area of the scanning
spot will determine the definition
of the picture. If this definition
is to remain unaltered the only
way to increase the intensity of
the picture, for a given accelerating
voltage, is to increase the current dens-
ity of the beam. There exist, however,
severe limits to the possible amount of
this increase. At high beam densities
the active centres of a fluorescent
screen are rapidly destroyed and thus
the life of the screen is seriously
shortened.

But also with undamaged screens the
fluorescent efficiency is 'lowered with
higher current densities as a conse-
quence of the saturation of the phos-
phorescent materials at high current
densities so that no increase of the

screen brightness can be obtained ex-
cept by increasing the spot size, i.e.,
allowing a certain amount of over-
lapping of adjacent picture elements,
and thus impairing the definition.
These diffiCulties become most acute in
the case of icathode-ray tubes for
optical projection. Owing to the rela-
tively small size of the very bright
fluorescent picture the current density
of the cathode-ray spot must be very
great, and usually a certain overlap,
i.e., a compromise with definition, must
be tolerated in order not to impair too
seriously the optical efficiency by sur-
passing the saturation limits of the
screen.

These considerations have been illus-
trated by experiments in which a screen
is scanned by an unmodulated cathode-
ray beam. The spot size is varied ty
defocusing, keeping the total beam
current constant, and thus varying the
current density; the light output and
thus the efficiency fall considerably
when the spot is sharply focused, i.e.,
when the current density is high (a mA
per square millimetre) and the screen
material is saturated.'

Reducing the current density by dis-
tributing the total beam current over a
larger area by defocusing the spot, and
thus reducing the definition is a most
unsatisfactory compromise. The only
reasonable way to effect such a dis-
tribution of the beam current over a
larger screen area without impairing
definition would be the use of many
sharply focused and independently
modulated cathode-ray beams, follow-
ing each other in the scanning direc-
tion, their modulations having the
proper phase differences.

Such a multiple cathode-ray beam
comprising n elemental beams might
for instance simultaneously scan many
n elements of a picture line, and would
effect for any picture element a " stor-
age excitation " of a duration n times
the elemental scanning period.

Before discussing a simple promising
way how to realise this object a simpli-
fied calculation may show what can he
expected.

If excited by a cathode-ray beam of
constant intensity the luminosity L of
a phosphorescent material increases
close to an exponential function and
approaches with increasing time of
irradiation a saturation value Lo. When
the excitation ceases, the luminosity de-
creases, also in many (cases approxi-
mately in an exponential function. Ex-
perience shows that materials with a
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short afterglow also show a fast in-
crease of their luminosity towards
saturation whereas materials with a
long afterglow show a slow increase of
their luminosity during the excitation.
For a simple calculation we may con-
sider an exponential increase and de-
crease of luminosity and equal time
constants for the increase and the de-
crease. The luminosity increases then
according to L = L. (i - e -at ), and
decreases according to L =
where Lo is the saturation luminosity
and L. the luminosity when the excita-
tion ceases.

(a) An elemental scanning cathode-
ray beam may excite a small screen
area during the elemental period is up
to a luminosity L. equal to a certain
fraction r of its saturation luminosity
G o. (Fig. r) :

r=Lm/Lo=1-e ate
After the time to the luminosity L

decreases. The total effective light
output of this area is determined by
the integral over the luminosity curves
from the time zero to infinite :

tel Le co

Ia=fLo . (1 -e- . dt +Pen . e-4'1 .dt

0

the calculation
to

results in :
Y2

log e-
I -1"

(b) Now we regard the storage excita-
tion of a screen area by a multiple
cathode-ray beam comprising n elements
and thus lasting for a time n.te (Fig. 2).
Here the effective light output is :

n.. to cc

Ib-----fLo (1 - e-ca) dt fLn.eat dt

to (i I)

o n.te
where L,, is the luminosity reached
after excitation time n. t e the calcula-
tion resulting in :

(Ib =L0 . 11 . to 1
[(I ---r)n-

n . log e-

Of particular interest is the gain in
light output obtained by this storage
excitation as compared to elemental
excitation :

I I
log e - - [(I --r)n -

Ib n
g- - -n .

Ia
log e

Since r < I a sufficient approximation
is :

I Ilog e- -
I -v

g=n.

log e
1-r

An evaluation of these equations shows
that for excitations leading after the
elemental period t e either to very low
or to very high fractions r of the
saturation g approaches n, or the light
output is multiplied with the same
factor as the excitation time of the
screen area For all intermediate
values of r, the gain factor g is larger
than n and a maximum of g = I.55.n
exists for an r of approximately 70 per
cent., i.e., for such screen material and
current density that a small screen area
has after the element period to reached
about 70 per cent. of its saturation
luminosity.

Fig. I.

The following table shows some
values of r and g:
Y 0 I I0 50 90 99 99.9 100%

g I I.OI I.I 1.55 1.54 1.27 1.17

These considerations may be inter-
preted in two ways :

(I) If the excitation time of a screen
area and the total beam current is in-
creased by a factor n (over the element
period to ) the light output of that area
is increased by a factor at least equal,
generally larger than n. But the cur-
rent density has remained unchanged.

(2) If the excitation time of a screen
area is increased by a factor n, but the
total beam current kept ,unchanged, or,
in other words, the elemental cathode-
ray beam is replaced by a multiple
cathode-ray beam of equal total beam
current, the light output remains at
least the same, and is generally even
increased. But in this case the current
density has decreased in proportion
to n.

Fig. 2.

Generally speaking, such a multiple
beam method permits an increase of the
beam current by a very high factor
without an increase in the current dens-
ity beyond the saturation limit, and
leads to an increase in light output by
an even higher factor without the com-
promise of overlap impairing definition.

The advantages of such a multibeam
cathode-ray system appear obvious

after this discussion, but the realisation
of a cathode-ray tube with a great many
scanning cathode-ray beams modulated
independently in proper phase relations
to each other seems hopeless with con-
ventional design. However, available
electronic technique provides means
with which to obtain automatically
such a multi -beam device.5

Use is made of the multi -beam imag-
ing properties of an electronic image
converter tube I (Fig. 3) containing a
photo -electrically active screen 2 and
a fluorescent-or other image screen 6
and in which the electron beams
liberated by an optical image projected
°a to the photo -electric screen can be
imaged point by point on to the
fluorescent screen by electron -optical
focusing devices of an electrostatic
and/or electromagnetic type, 3a, 3b, 3c.

This device is associated with a
supersonic light modulator 14, as used
in the Scophony optical -mechanical
television system (2). This light modu-
lator, which has been described in de-
tail previously, contains a piezo-electric
crystal Is which is energised by high
frequency voltages modulated in
amplitude in accordance with the re-
ceived picture signals from the oscil
lator-modulator 13.

The oscillating crystal sets up in the
liquid r I with which the cell is filled a
travelling train of supersonic waves
carrying these modulations.

A lens 12 collects the light from a
light source 8 and diaphragm 9 which
is diffracted by the waves and thus
passes the stop to, and forms an image
of the moving train of waves on the
photo -electric surface 2. This image
will be that of a portion of a picture
line, representing several hundred pic-
ture elements, their number depending
upon the length of the wave train in
the liquid. But the picture points re-
produced on the photo -electric screen 2
and their electron -optical image on the
fluorescent screen 6 are moving at
speeds depending upon the velocity of
propagation of the waves in the liquid.

Deflecting coils 5 (or electrostatic de-
flection means) move this picture of
part of a line over screen 6 in the line
scanning direction in such a sense and
at such speed that the moving wave
images represented in this line picture
are immobilised with respect to the
screen 6. Deflecting coils 4 move these
line images over the screen in the
frame -scanning direction so that a com-
plete picture is reconstructed on the pic-
ture screen 6. The deflecting means are
energised by time bases 4a and 5a syn-
chronised by the television synchronis-
ing signals.

Thus the total number of elemental
areas of the picture screen which are
simultaneously excited by the electron
beams is equal to the number of picture
points represented in the wave train of
the supersonic light modulator, and the
optical storage inherent in this light
modulator effects a " storage excita-
tion " of each screen area for a time in
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excess of the usual elemental scanning
period by a factor equal to the number
of elements optically active in the
supersonic cell which is usually several
hundred.

The supersonic light modulator may
be imaged on to the photo -electric
screen by a cylindrical lens system in
such a way that the magnification per-
pendicular to the line scanning direc-
tion is larger than in this direction, so
that the line width on the screen z is
considerable. The photo -electric screen
is then imaged on to the picture screen
6 by an electron -optical imaging system,
which in the line direction has a higher
magnification than perpendicular to it
(an anamorphotic* system 6) producing
on the picture screen a line image of
the proper ratio of length to width.
This procedure makes it possible to dis-
tribute the total light flux from the
light modulator over a larger area of
the photo -electric surface, thus reduc-
ing the light flux per surface unit, and
permitting a higher total beam current.

In the arrangement as shown in Fig.
3 both the photo -electric screen z and
the fluorescent screen 6 have to be semi-
transparent. An arrangement illus-
trated in Fig. 4 in which the electron
beams are bent about goo by suitable
magnetic or electric deflection fields 21,
permits the use of opaque (metal)
screens which may be cooled, and which
can be of considerably higher photo-
electric efficiencies than semi -trans-
parent screens.

In a normal image converter ar-
rangement where the image on the
photo -electric screen is stationary this
screen must have a very uniform sensi-
tivity over its surface, a property which
is difficult to combine with highest
photo -electric efficiency. In the present
arrangement, however, where the pic-
ture. points of the optical wave image,
are in motion with respect to the photo
electric surface, any non -uniformity in
the sensitivity of this surface will
equally affect all picture points and
will therefore not appear in the final
picture.

The picture produced on the picture
screen 6 may be utilised for direct view-
ing, or it may be projected optically on
an enlarged scale on to a viewing
screen.

The electron image converter effect-
ing an electronic immobilisation of the
moving wave images offers further the
possibility of an image amplification,
i.e., the brilliancy of the fluorescent
image produced on the picture screen
may be many times greater than that of
the image of the wave trains projected
on to the photo -electric screen 2. This
increase of brilliancy, or in the light
flux depends upon the efficiencies of the
photo -electric screen p and of the
fluorescent screen f, and upon the
accelerating voltage V applied in the
tube.

Anamorphosis : Distorted drawing appearing
regular from one point.--0.E.D. (Ed).

OEFLECTINC1
F/ELO

\ I

FLUORESCNT
SCREEN

6

PS.. SCREEN
2

Fig. 4. Modification to the system permitting
the use of opaque screens

The total light flux radiated by the
fluorescent screen is :

L' = 4ff.p.t.V.L,
where L is the light flux falling on to
the photo -electric screen.

Thus the gain factor for the light flux
is or.p.f.v with a p of 3o micro-
amperes per lumen and an f of 4 candles
per watt, and an accelerating voltage
V of say 30.000 volts the gain factor
would be approximately 45. However,
since the light flux from the fluorescent
screen is radiated in all directions, only
a fraction of it is utilised. For instance,
when projecting the fluorescent image
on to a viewing screen by an optical
system of an aperture f : i, about 5 per
cent. of the light is collected by the
optical system.

In comparing the system with a con-
ventional cathode-ray tube for projec-
tion we can obtain an estimate of the
advantages resulting from the above
considerations relating to the screen
saturation.

Suppose a cathode-ray tube with a
3 in. by 4in. fluorescent picture ob-
tained with a beam of 3 milliamperes.
With a 525 line -standard, in order to
avoid overlapping, the spot area has to
be of the order of 1/50th square milli-
metre, thus resulting in a current dens-
ity of 15o mA per square millimetre, far
exceeding the saturation limit of aver-
age fluorescent screens (about 2 mA/sq.
mm). A considerable overlap with loss
of definition will be required in order
to prevent serious damage to and quick
destruction of the screen. (See also
Reference 4).

In the present quasi -multi -beam sys-
tem the same current will scan with full
definition simultaneously, say 25o pic-
ture -elements - depending upon the
length of the supersonic cell utilised-
and thus be distributed over an oblong
line area of 0.14 x 36 mm., or more
than 5 square millimetres, resulting in
a current density of only o.6 mA per
square millimetre which is far below
the saturation limit.

By using a larger fluorescent screen,
even with a single -beam tube the cur-
rent density could be considerably re-
duced, however, the cost of the optical
projection equipment rises with a high
power of the screen size, and screen pic-
tures much larger than 3 in. by 4 in.
would lead to prohibitive optical costs.

With the above -mentioned photo-

electric efficiency a beam current of
3 mA will require on the photo -electric
screen a light flux of ioo lumens.

Using as mentioned above, optical
and electron -optical imaging systems of
different magnifications in and per-
pendicular to the line direction, in such
a way that the image of the aperture of
the supersonic light control is spread
over a considerable area of the photo-
electric screen 2, of say 4 in. by 4 in.,
the illumination on this screen is
approximately t,000 foot-candles or of
the same order of magnitude as the illu-
mination caused on an outdoor object
by diffuse daylight. A highly sensitive
photo -electric layer, even if of the semi-
transparent type on a glass carrier, can
stand considerably higher illuminations
without harmful effects.

It remains to estimate the light flux
which will pass through, and is con-
trolled by a supersonic cell light modu-
lator of convenient design.

In the plane of propagation of the
supersonic waves the linear aperture,
a of the cell is determined by the num-
ber n of elements optically stored by
the cell, and the velocity of the super-
sonic waves v. If n = 25o and v =
ios, a is 7.5 cm. The angular aperture
a in this plane is determined by twice
the ratio of the wavelengths of the light
to supersonic waves. With an average
light of 5,000 AU and a carrier fre-
quency of zo Mc/s, resulting in a super-
sonic wavelength of 5.10-3 cm, we
obtain dc. = r /50.

In the plane perpendicular to the pro-
pagation of the supersonic waves the
apertures are only limited by optical
considerations. Convenient values are,
for the linear aperture, b = 1.5 cm, for
the angular aperture $ = *.

The light flux L which can be passed
through such an oblong aperture by
suitable optical imaging processes, and
originating from a light source of in-
trinsic brilliance B, is in good approxi-
mation.

L = a.b. 1143.B
with the above values:

L = 7.5 x to -2.B
Using as light source an incandescent
projection lamp of a usual brilliance of
1,600 stilb (cdls per sq.cm.) we obtain a
maximum light flux passing through
the supersonic cell of L = rzo lumens.

These rough calculations show that
with available means, using a projec-
tion incandescent lamp, one can easily
obtain sufficient light, and a suitable
illumination on the photo -electric sur-
face of an ordinary image converter
tube, to result on the fluorescent screen
of this tube in a small picture of high
intensity and full definition, and remain
safely below the saturation limit of the
fluorescent screen.

The conditions underlying these esti-
mates can be considerably improved by
using in the image tube intermediate
secondary -electron emissive screens, on
to which the moving, or the im-

(Continued on p. boo)
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Plastics

in the
Radio Industry

M.-Manufacture
E. G. COUZENS, A.R.C.S., B.Sc., and W.

(Messrs. B. X. Plastics Ltd.)
THE manufacture of a plastic can

be divided into three phases, the
preparation of the basic plastic

s,ubstances, its manipulation into forms
suitable for the manufacture of articles
and thirdly, the actual manufacture of
the article itself.

The first phase consists of chemical
reactions which fall into the following
classes : (I) The preparation of the
cellulose derivatives, e.g., such com-
pounds as cellulose nitrate, acetate or
ether : (2) the formation of " thermo-
setting " compounds by the reaction of
formaldehyde with phenolic substances
or urea; (3) the preparation of thermo-
plastic synthetic resins by a process of
polymerisation of relatively simple sub-
stances containing a " double bond '
(see part i, p. 482) into " long -chain "
substances of great molecular weight.
Examples of these are polystyrene and
polymethyl methacrylate, or "Perspex."

The second phase corresponds to the
differing chemical structures of the
three classes of the first phase. The
cellulosic derivatives by themselves are
only thermoplastic to a limited degree
and have to be " plasticised " or
softened by the addition of a high boil-
ing solvent. They are then manufac-
tured into sheets, rods and tubes, the
raw materials of the final phase of
article -manufacture, by a process known

G. WEARMOUTH, Ph.D
(Messrs. Halex Ltd.)

Fig. 2 (right). Removing
polished celluloid sheet from

polishing " nip."
Courtesy of BX Plastics, Ltd.

as the " celluloid technique," which in-
volves the use of a low -boiling solvent
to assist in mixing.

The second phase of the manufacture
of the formaldehyde compounds is en-
tirely different. Here the object is the
production of a moulding powder and
this is done by processing the raw
material with fillers, colours and
accelerators on hot rolls, followed by
grinding. The casting process is an
exception.

The thermoplastic synthetic resins
are manipulated by processes derived in
part from the celluloid technique or by
casting or by the moulding or extrusion
of powders to form sheets, rods and

tubes, the process depending upon the
nature of the resin, but unlike the cellu-
lose thermoplastics, low -boiling solvent
is not used.

The third phase, the manufacture of
articles, is less diverse, the thermo-
plastic materials whether cellulosic or
synthetic resinoid, being shaped by heat
or machined from some stock form or
moulded from powder, while the
thermo-setting materials are used solely
in a compression moulding process with
the exception of cast resin already men-
tioned and the special case of the
extrusion of tubes.

It is proposed to deal first with two
outstanding examples, Xylonite (cellu-

Fig. I (left). Slicing celluloid
block.

Courtesy of BX Plastics, Ltd.

Fig. 3 (right). Extruding
celluloid tubes.

Courtesy of BX Plastics, Ltd.
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laid) and phenol-formadehyde (Bake-
lite).
Xylonite

The starting material is the
short fibre of the cotton -seed, known
as " linters." After purification and
drying it is treated with a controlled
mixture of nitric and sulphuric acids
and water in stainless -steel vessels pro-
vided with stirrers which are mounted
above a stainless -steel centrifuge. Dur-
ing the process of nitration, cellulose
nitrate is formed. During the process
the cotton appears to be unchanged and
after being discharged along with the
acid into the centrifuge it is spun off
and dropped through an opening in the
bottom of the centrifuge into a large
quantity of water, forming a slurry
which is then pumped into vats, where
it is washed until the acid content of
the water is very small. It is then
boiled with steam to destroy a sulphuric
acid compound which renders it un-
stable, after which it is bleached with
hypochlorite and spun off.

The resulting damp cake of white
nitrocellulose fibre is now washed with

Fig. 6. Laminated
sheet press.

Courtesy of Bakelite, Ltd

Fig. 4. Battery of
resinoid digesters.

Courtesy of " Plastics."

alcohol in a hydraulic press or in a
centrifuge. The cake still unchanged
in appearance, is now placed in a
special type of mixer rather like a
baker's dough mixer and to it is added
from 25 to 4o per cent. of camphor, to-
gether with the necessary dyestuffs and
a filler if an opaque sheet is required.
The alcohol in the nitrocellulose and
the added camphor form a solvent for
the nitrocellulose and in an hour or so,
with gentle heating, the whole mass be-
comes a soft dough, containing about
40 per cent, of alcohol and some water.
Since the cotton linters always t ontain
some impurities it is now necessary to
filter this dough and this is done in
vertical hydraulic presses with jacketed
cylinders through which hot cater is
passed. The great pressure used, above
two tons per sq. inch, forces the ,loigh
through a cambric filter cloth mounted
on gauzes supported on a bronze per-
forated grid on the underside of which
the plastic emerges in long thin soft

Fig. 5. Impregnating
machine used in the
production of Bakelite

laminated sheet.

rods which are collected in a stainless
steel pot. It is now necessary to reduce
the solvent content of the dough to from
io to is per cent. for the subsequent
processes and this is done by milling on
heated rolls, from which it is eventually
transferred to calendering rolls which
are slightly warmed and which convert
it into firm sheets of plastic which are
trimmed to a standard size and assem-
bled in rectangular piles, which are
then placed on cast iron bases with a
grooved upper surface and pressed into
solid blocks in heated hydraulic presses

Courtesy of Bakelite, Ltd. known as " block presses." The block
of plastic is then mounted on the re-
ciprocating travelling bed of a slicing
machine which, like a plane, slices off
sheets of any given thickness (Fig. t)
from 5/1,000 in. upwards, the solvent
content of the dough being such that
while firm and strong a knife will cut
it readily. As the sheets still contain
solvent, it is necessary to remove this
by stoving for periods which vary from

PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor



January, 1942 Electronic Engineering 583

Fig. 7. Moulding of Bakelite (Loading mould).
Courtesy of Bakelite, Ltd.

a few days for thin sheets to many
weeks for thick sheets.

The sheets, which are usually cut
from blocks of such a size as to be about
4 ft. 6 in. by 2 ft. after the shrinkage
caused by stoving, are now matt in ap-
pearance with fine lines, caused by the
slicing -knife, running the length of the
sheet and to remove these they are
placed in contact with highly -polished
metal plates in steam -heated hydraulic
presses, the plastic being surfaced to a
mirror finish by the highly -polished
metal plate. A matt surface can be
produced in the same way by contact
with sand -blasted plates.

This complicated process is now
highly standardised and can be very
economically operated. One of its out-
standing advantages is that not only by
working in pieces of harder material of
a different colour in the rolls can mot-
tles be produced, but by packing freshly
sliced sheets in various ways, repress-
ing into a block and re -slicing, con-
trolled patterns of great variety and
beauty can be obtained. Ivory used for
knife -handles is made in this way. The
sheet from the calenders can also be
rolled into a cylindrical block for in-
sertion into a hydraulic extrusion press
or cut into cubes for a " screw " ex-
trusion machine, from both of which
tubes or rods can be extruded (Fig. 3).

The thermoplastic nature of Xylonite
permits of its being blown, moulded or
shaped when hot into any form from a
table tennis ball to a battery box, and
separate parts can be readily cemented
together by suitable solvents. With
suitable precautions against firing by
friction, it can also be machined,
stamped or drilled in exactly the same
way as wood or metal.
Phenol -formaldehyde Resins

The starting material for the
phenolic resins is phenol or cresol and
formaldehyde, the latter being in the

D

form of a 40 per cent. aqueous solution,
and the resin is formed by the reaction
of these materials which unlike cellu-
lose have no long chain characteristics
to begin with.

The reaction is carried out by heat-
ing in digesters, i.e., jacketed pots
made of stainless -steel, nickel or cop-
per, fitted with agitators and provided
with reflux condensers, which prevent
the escape of any vapours during the
reaction. A battery of such digesters is
shown in Fig. 4.

In order to promote the reaction be-
tween the phenolic substance and the
formaldehyde a cataylst is used, which
may be either an alkali or an acid, and
the reactants are heated together in the
digester at boiling temperature, for a
short time if an alkali is used, for a
substantially longer time' and some-
times under pressure if an acid catalyst
is employed. On cooling the water
separates from the resinous layer and

Fig. 8. Moulding of Bakelite (Press closing).
Courtesy of Bakelite, Ltd.

may be run off and any remaining water
dried off by distillation in vacuo. The
resin is either dissolved directly in
spirit for impregnation purposes or run
off, cooled and ground.

Two different types of resin called
resoles and novolaks are produced by
alkaline and acid catalysts respectively.
Resoles cure, i.e., pass to the infusible
insoluble or " resite " stage very
quickly by heating alone, but novolaks
or acid -catalysed resins are perman-
ently soluble and fusible resins unless
treated with further quantities of
formaldehyde. Resoles are used in the
production of laminated sheets, a very
important process not mentioned in the
general introduction. Dissolved in
alcohol or emulsified in water they can
be used to impregnate thin wood or
paper (Fig. 5) and on pressing between
heated platens they are consolidated
into boards of any required thickness,

the resole changing by heat into hard
infusible bakelite (Fig. 6). The novolak
type of resin is used for moulding pow-
ders because to form them the incor-
pbration of fillers and colours is neces-
sary and if resoles were used, they
would harden too quickly in the process
of hot rolling required for incorpora-
tion. The easily fusible novolaks are
therefore mixed with filler, which may
be as much as 5o per cent. of the
weight of the finished powder and may
consist of wood flour for cheapness,
cotton flock for toughness and asbestos
for heat resistance. Colours are also
added and the whole finally incor-
porated on hot rolls with hexa-
methylene tetramine, a compound of
formaldehyde and ammonia, which pro-
vides the extra formaldehyde necessary
to convert the novolak into the hard
infusible form when it is finally
moulded. The sheet material from the
roll when cooled and ground to a suit-
able mesh is the raw material for the
moulder, i.e., for the third phase, the
production of the finished article. Three
self-explanatory illustrations are given
(Figs. 7, 8 and 9) which are typical on
a small and simple scale of all thermo-
setting mouldings. The process is
rapid because the press can be opened
hot, and metal inserts of all kinds can
be incorporated in mouldings.

The world production of moulding
powder of the phenolformaldehyde type
is the largest of any one kind of plastic
and amounted in 193t to 6o,000 tons.

The powder can, although thermo-
setting, also be extruded in a special
machine, with a heating cycle adjusted
so'as to give just a long enough heating
period to effect the final change to the
fully heat -hardened resin. (Fig. to).

The production of cast resin will be
dealt with along with other special
processes in a later article.

Fig. 9. Moulding of Bakelite (Finished.
Mouldings ejected).

Courtesy of Bakelite, Ltd.
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Frequency Modulation
Part III. - Methods of Modulating the Frequency or Phase of a

Carrier
By K. R. Sturley, Ph.D., A.M.I.E.E.

PREVIOUS articles have already
discussed the particular features

and advantages of frequency and
phase modulation and we will now deal
with methods of producing these types
of modulation. The close relationship
between frequency and phase modula-
tion has already been shown and only
a very slight circuit modification is
necessary to convert frequency into
phase modulation and vice versa.' The
modification consists of inserting a fre-
quency discriminating network in the
modulator stage. A resistance R and
inductance L connected between the
audio frequency source and the fre
quency modulator (Fig. Ia) results in
a phase modulated output because the
RL circuit makes the A.F. voltage
amplitude directly proportional to its
frequency. This means that a constant
amplitude variable frequency voltage at
AB gives an amplitude- proportional to
its frequency (fm) across CD and the
frequency deviation of the carrier is
directly proportional to fm, the condi-
tion for phase modulation. Similarly
the RC circuit shown in Fig. ib gives
an amplitude across CD inversely pro-
portional to fm for a constant ampli-
tude at AB and this in conjunc-
tion with the phase modulator pro-
duces a phase change of carrier in-
versely proportional to fm, which is the
characteristic of frequency modulation.

Frequency modulation of an oscilla-
tor may be accomplished by varying the
equivalent inductance or capacitance of
its tuned circuit, the magnitude of the
L or C change being controlled in such
a way that the resultant frequency
change of the carrier is directly propor-
tional to the modulating voltage ampli-
tude. The required relationship be-
tween the frequency deviation of car-
rier and the L or C change is
dependent on the magnitude of the
ratio of the former to the carrier
frequency. Probable values of fre-
quency deviation and carrier are ±

f dev
75 kc/sec. and 4o Mc. so that -

f carrier
± .001875; this low value makes sim-
plifications in the analysis possible be-
cause it means that the ratio of change
of inductance (AL) to the total induct
ante (L) of the tuned circuit is also
small. For example, let

to =
I

2tr 4/ LC

= initial carrier frequency (I)
If the frequency deviation of carrier i,
Ai, we have :

Audio
Frequency

Output

A P C

Frequency
Modulator

!rl'A

A -b1)_
Audio Phase

Frequency
Output T Modulator

B D

Fig. 1.
quency

(a) Phase modulated output from a Ire -
modulator. (b) Frequency modulated
output from a phase modulator

to + At = (2a)
27r (L - AL)C

and fc - At = (2b)
2r (L + AL)C

Combining (i) and (2a)-the result is
the same it we use (i) and (2b)

+ At At= I + -= AT-
fc fe

L

AL
I= [1

L
(3)

Expanding by the Binomial theorem
Af AL 3

+
AL z

+-= + - etc. (4)
to 21., 8 L

but since Atlf, is very small it follows

that A L/L is also small; hence (AL/L)2
is negligible and (4) becomes

Af AL
... (5a)

f; 21.

or Af cc AL (5b)
Similarly for a small change of capacit-
ance AC

Af AC
... (5c)

fc 2C
or Af cc AC ... (5d)

Undistorted frequency modulation
can therefore be realised by making the
change in L or C directly proportional
to the amplitude of the modulating fre-
quency. It is not always convenient to
make a direct change of L and it may
be necessary to obtain it by varying an
inductance, or its equivalent, placed in
parallel with L. The following equa-
tions then result :-

te -

fe+ Af -

LL,

L + L,

LL,
27r C (7)

L + L,
where L, is greater than L,

The lower deviation of carrier fe - Al
yields a similar equation, but need not
be considered.

Frequency
Modulated
Output to
Limiter 8

Frequency
Multipliers

Crystal
Oscillator 8

Frequency

Multipliers

(\V3

vVVV

Screen

dq

0H.T

Audio
Frequency
Input

T

Fig. 3. Frequency modulation with stabilised variable reactance valve
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=
At

f,
1

L

L-+
L,
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= [1 +
L+ -
L,

L,

L.
0

Ea
Screen
Voltage

0-+ = -
L,J 2L, 2L1

if L, and L2 > L

At
L 1 i1

thus --=- -
f c 2 L, L,

or Af oc [-I
1--1 (8)

L, L,
For Of to be proportional to the

modulating frequency amplitude, the
latter must be proportional to -
r/L,] and we shall see later that this
result can be achieved.

An electrical method for varying the
inductance or capacitance of the carrier
oscillator tuned circuit is obviously pre-
ferable to a mechanical one. The vari-
able reactance valve (as used in auto-
matic frequency correcting circuits) is
particularly suitable for this purpose
since it acts as a reactance to any volt-
age source connected between its anode
and cathode, the value of the reactance
depending on the grid bias of the valve.
To realise this property it is necessary
to supply the grid with a proportion of
the anode voltage which has been given
a phase shift of 90°. The basic circuit
is that of Fig. 2 ; impedances Z, and Z2
act as a potentiometer to step down and
phase shift the grid voltage. Thus if
Z1 is a resistance R, Z, a capacitance C,
and the valve is :a pentode or tetrode
with a high internal resistance, the ad-
mittance across its anode and cathode
(points A B) is given by

Ia gm Eg

Ea Ea

where ::gm = mutual conductance of the
valve

Y An =

YAB =
gmEaZ, gwZ 2

Z,Z, Z, + Z 2

Ea
goal

+ jRwC
gm gmRwC

5

+(RwC)a + (RwC)
(9)

which is equivalent to a resistance
+ (RwC)2

R AB - in parallel with an
gm

I + (RWC)2
inductance LAB - . Three

gmftw9C

other combinations of R and L or C are
possible and the resultant parallel re-
sistance and reactance components of
It AB are tabulated below

Grid Bias

Fig. 2. Variable reactance valve circuit

From the first and fourth columns in
the table we see that the equivalent in-
ductance is inversely proportional to
gm so that expression (8) above becomes

At 'cc gm, - gm,
and if the gmEg curve of the variable
reactance valve is a straight line

At cc Eg2 - Eg,
Hence by inserting a modulating volt-
age in series with the D.C. grid bias
the resultant variation of inductance
produces a deviation of carrier fre-
quency directly proportional to the
modulating voltage amplitude. Simi-
larly if gm is proportional to. Eg, the
change in capacitance in columns 2 and
3 of the table means that 6,/ is propor-
tional to the modulating voltage
amplitude (see expression 5d).

It is not usual to employ the react-
ance valve to modulate an ultra high
frequency oscillator; a lower carrier
frequency is used and frequency multi-
plier stages inserted between it and the
aerial to step up the frequency
to the required 4o Mc/s. This
has the advantage of simplifying
reactance valve circuit design and of
reducing interaction between the oscil-
lator and succeeding amplifier stages.
Furthermore greater oscillator stability
is possible at lower frequencies. The
resistance component 11,.B is undesir-
able because it causes amplitude modu-
lation, but by a suitable choice of R and
L or C and a reduction of the resonant
impedance (L/CR) of the carrier tuned
circuit this effect can be reduced to
small proportions. A limiter may be
inserted before the multiplier stages to
reduce still further any amplitude
modulation. F or example if the oscil-
lator frequency is 1,000 kc/sec. Z1 a
capacitance of 5µµF and Z, a resist-
ance of c,000l2, mean gm = i mA/volt,
and oscillator tuning capacitance 200
µµF.

gm CR
C AB = = 24.4 PAF

I + (RwC)2

total tuning capacitance = 224.4 gpF.

585

the required change of capacitance
AC = ± 224.4.x .00375 = ± 0.80,AF.
(note from the first part of the article
and expression 5c that AN c = 0.001875
and AC/C = 221//f c = 0.00375). This
means a mutual conductance change of

0.84/24.4 = ± 0.0344 mA/volt. The
value of RAE for gm = 1 mA/volt is
40,4000 and it varies from 41,80011 to
39,000,2 If the oscillator coil has a Q
of 5c, giving a resonant impedance of
35,5, the variation in amplitude due
to the variation of RAE corresponds to
a modulation percentage of approxi-
mately 1.6 per cent. The variable re-
actance value can be placed across a
part only of the oscillator coil if de-
sired and this calls for a greater change
of gm to give a specified frequency
modulation. Amplitude modulation by
RAE is slightly increased. The com-
ponent RAE can be made very high by
the use of special circuits in the phase
splitting network Z, Z2 or by' negative
feedback in the oscillator circuit.

When a reactance valve is used as a
modulator it is essential to prevent
change of gm by means other than the
modulating voltage amplitude; varia-
tion of HT, hum voltages due to the
L.T., ageing of the valve, all can con-
tribute to change of gm. The first two
effects can be reduced to small propor-
tions by using two reactance valves in
push-pull, but a more satisfactory
method', 5 of maintaining carrier stabil-
ity is to employ an automatic frequency
correction circuit to control the D.C.
bias on the reactance valve. A basic
circuit is shown in Fig. 3. Valve V, is
the carrier oscillator (Hartley circuit)
and V2, a hexode valve, is the variable
reactance device. The audio frequency
voltage is applied at the firsf grid (the
signal grid when V, is used as a fre-
quency changer) to control the mutual
conductance of the third grid to which
the RC phase splitting network is con-
nected. The third grid (normally the
oscillator grid) is used because its IaEg
curve is more linear for large applied
voltages than that of the first grid, and
to get the required reactance change the
valve must be connected across the
major portion of the oscillator coil.
Condenser C1 is the A.C. coupling be-
tween anode and grid and has a large
value (o. i p.F) whilst R1 has a resistance
(about 0.5 Mil) large compared with the
reactance of condenser C. In the first
article we showed that a frequency
modulated wave consisted of a central
carrier frequency (equal to the un-
modulated value) and sidebands. This

(Continued on page 600)

Z,

Z2

R C R L

C R L R

1 + (RwC)2 I + (RwC)2 Ra + 0.,2L2 R2 + waL2

gm gm (RwC)2 gm w2L2 gm

X.,4
I + (RwC)2

LAB

gm RC
CAB

gm RL
CAB

R2 -F w2L2
LAI:=

gm RCO2C
=

I + (RcoC)2
----=

R2 + w2L2 gm Rw2L
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Secondary Electron Problems
in Beam TetrodesBy J. H. OWEN HARRIES, A.M.I.E.E.

THE critical distance tetrode con-
sists, in essence, of a structure a
section through which is sketched

in Fig. 1. B6ams of electrons travel from
the cathode to the anode as indicated.
The beams are formed by an electron
lens system which exists due to the con-
figuration and relative potentials of the
cathode, control grid and screen grid.
This valve is of a type which first
reached the market in 1935.'* Some
beam tetrodes are provided with " beam
forming electrodes " of cathode poten-
tial such as those indicated by the
dotted lines in Fig. 1. Critical distance
valves were devised by the author in
1931,' and came into wide use under the
name of the 6L6 beam tetrode when this
valve was first marketed by the R.C.A.
in 1936. Bean forming electrodes were
used in these 6L6 valves.

The beam tetrode operates and has a
" dynatron-free " characteristic because
of the effect of a potential minimum due
to space charge between the screen grid
and the anode. In valves of the 6L6
and similar types, the beam forming
plates exercise only a slight effect in
producing the beam; but have an ap-
preciable effect in producing the retard-
ing potential ;-indeed, tubes of this
type first built up by the author in 1932
were looked upon by him as hybrids and
as being somewhere between the pure
beam tetrode and the pentode valve in
which undesirable secondary electron
current is got rid of by the action of a
suppressor grid of zero potential posi-
tioned between the screen grid and the
anode."

o 50 100 150 200 250
Fig. 2. Measured characteristics of critical

distance tetrode.

An outline of the history of the beam
tetrode has already been published.'
Because, for instance, the Radio Cor-
poration of America sells, at the
moment, 17 receiving beam tetrode
types and four transmitting types (in-
cluding certain much publicised ultra-
high -frequency vaves), it is not surpris-
ing that several mathematical theories
have been published. Salzberg & Haeff,
of the R.C.A. research staff, have pub-
lished° one which may be taken as
typical. Broadly speaking, this analy-
sis consists of an ingenious mathe-
matical treatment of a theoretical space

*Figures refer to bibliography at end of article.

Amax

CATHODE

Fig. 1.
distance

BEAM FORMING
PLATE

BEAM OF
ELECTRONS

SCREEN GRID

CONTROL
GRID

Diagrammatic sketch of critical
tetrode showing the electrode

arrangement.

charge due to primary electrons between
the screen grid and the anode, and de-
duces (quite correctly) that there can be
a potential minimum. This was done by
an extension of well-known space charge
theories, such as that published some
years ago with respect to triodes by
Gill' and Tonks.'

It will, however, be shown in the pre-
sent paper that the operation of the
beam tetrode has not in fact been ex-
plained at all. The values of potential
minimum deduced by the published
theories are quite incapable of prevent-
ing a dynatron characteristic being pro-
duced and do not fit the facts in other
ways. In fact, a new approach to the
problem, and one involving other
factors, is required.

The Properties of Secondary Radiation
Certain facts about secondary electron

emission which were published as long
ago as 1922 have apparently escaped
n otice.

Fig. 2 shows typical anode charac-
teristics of a critical -distance valve.

In such a beam tetrode a potential dis-
tribution may be expected somewhat
similar to that sketched in Fig. 3. The
potential minimum Vc corresponds to a
retarding potential ( T-Va/Vc), which
tends to prevent the secondary radiation
from travelling back from the anode to
the screen grid. (It must not be for-
gotten, by the way, that secondary
radiation of an appreciable amount may
travel from the screen grid to the
anode).

H. E. Farnsworth' published in 1922
the values of retarding potential re-
quired between the screen grid and
anode to reduce the ratio of primary to
secondary current to any desired
amount. His method of measurement
needed some slight corrections (after-
wards made by him in 1928)6 but is
substantially correct.

The following table is plotted from
Farnsworth's Fig. 5 of his 1928 paper,'
and shows a typical result for iron. The
results for nickel are much the same.

It is clear that a retarding potential

of a very considerable amount will be
necessary if, when the anode voltage is
raised from the knee value Eh (Fig. 2)
to a value equal to the screen voltage,
the working surface (shaded) of the
anode characteristic is to remain
substantially flat.

TABLE
Relationship between retarding potential

and secondary electron coefficient for iron.
Retarding potential

(1 -Vc/Va).
Secondary radiation
coefficient (Is/Ip %).

0.99 6"
0.95 6.5"
0.8 8.2"
0.7 9.5"
0.6 12.0".
0.5 13.5°,
0.4 16%
0.3 18.5%

Fig. 4 is drawn from Farnsworth's
and other information and shows a plot
of retarding potentials against second-
ary radiation coefficient Is/Ip, for
various anode potentials.

Fig. 5 indicates a typical distribution
of velocity of secondary electron emis-
sion from a metal target. It will be
observed that there is a peak of emis-
sion at a velocity almost .equal to the
primary impact velocity. It has been
shown by Farnsworth and by other
workers° that this peak gets relatively
less in magnitude as the anode voltage
(impact energy on the anode) is in-
creased from a small value up to the
order of at least 25o volts.

Fig. 8. The potential gradients in the critical
distance tetrode. The arrangement of the

electrodes is only diagrammatic.

The radiation coefficient Is/Ip for all
secondary electrons (disregarding their
relative velocities) increases, in the case
of a clean nickel anode, from a value
of about 0.4 at an anode potential of 5o,
volts to about unity at an anode
potential of 25o volts.

Davisson and Kunsman", a° and
Tate" show that secondary emission
from a plate anode travels almost en-
tirely in the direction from which the
primary electrons arrive.

It is clear that unless the retarding
potential in a beam tetrode is very con-
siderable (so that the operation is well
to the left hand of Fig. 4), as the anode
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potential increases from a knee value
up to a value towards the screen volt-
age, the secondary electron current will
increase rapidly and a dynatron char-
acteristic will be found. For instance,
if the knee of the anode characteristic is
imagined to be at 5o anode volts, and if
the retarding potential averages about
0.2, then the order of about 30 per cent.
secondary radiation current will flow
from the anode to the screen grid at
anode potentials intermediate between
the knee and screen voltage. The re-
WIEN II/PACT VELOCITY 1011....117A
MUM [MIMI 11111111.11111111".
In111111 1 °25

MIME 2 "° 11111111111INIVAN
IIIIIIIIII 3

50 111.11...Wa
IMMO 4 184 IIIIIIMENFAIIW ., .
111111111111111110NIMMIIIIIIIIICOIENommummuffirmaaseum .semummErzi---iiiamre, ----..20 Retardin. Potential 1-v

.5 8 7 4 .5 4 3 2 .1

Fig. 4. Re ationsimp between secondary rad-a-
tion coefficient Is/Ip and retarding potential for
various impact velocities on the anode. Impact
velocities are expressed in terms of anode volts

(after Farnsworth and others).
suit will be a very pronou iced
dynatron type dip in the char-
acteristic. The only way in which
linear characteristics can be ex-
plained is by a comparatively
complicated mechanism involving
the use of retarding potentials of
fairly high values at the left-
hand end of Fig. 4. A theory of
this kind is in course of prepara-
tion.

The problem is not merely one
of preventing the passage of
secondary radiation at one particular
value of anode current, anode voltage
and screen voltage. It is, on the con-
trary, that of maintaining a flat work-
ing surface to the characteristic over
wide variations of these quantities.

The previous analyses, if quantita-
tively applied, produce a result such
that, even if the potential minimum
is sufficient at the knee voltage ED (in
Fig. 2), it is hopelessly insufficient
when the operating locus travels down
the load line in the direction of the
arrow, the anode current drops and the
anode voltage rises.

Referring quantitatively to the pre-
vious theories (of which that due to
Salzberg & Haeff is taken as typical),
these workers published a graph (their
Fig. 7) which shows the values of poten-
tial minimum for various values of a
dimensionless parameter P.. P. in-
cludes in itself such factors as the
square root of the anode current and the
reciprocal of the 3/2 power of the screen
grid voltage. The anode current is
therefore proportional to Ps'. It is pos-
,sible from this information to plot quan-
titatively the anode current character-
istics predicted by the Salzberg &
Haeff theory. This has been done in
Fig. 6 of the present paper. In the
author's opinion, it is difficult to see
any resemblance between these pre-
dicted characteristics and those of an
actual beam tetrode. The very large

hysteresis loop effects are not found in
the beam tetrode. For instance, at
Pa = 2, two " knee values " exist at
Va/Vg = 1, and at Va/Vg = o 35
Apart altogether, however, from this
discrepancy, it is clear that for any
" knee " to exist at a value of Va/Vg,
much less than unity (i.e., for a beam
tetrode type characteristic to exist at
all), P. cannot be much greater than
say 1.7 to 1.8 or so.

Moreover, again utilising Salzberg &
Haeff's Fig. 7, it is possible to draw
Fig. 7 of the present paper. This graph
shows retarding potential plotted
against Va/Vg for various values of Pa
which give knees that are below the
screen voltage. Excepting for the left-
hand end of the P. = curve (which is
instable and therefore useless) the re-
tarding potential does not exceed about
o.15 Va. A reference to Fig. 4 of the
present paper shows that there is no
possibility of the valve giving anything
else than a pronounced dynatron char-
acteristic. Apart, however, from this
point, Salzberg & Haeff's theory fails in

z.

PEAK Of EMISSION
AT VELOCITIES ALMOST
EQUAL TO THE PRIMARY
VELOCITY

Va Emission Speed of Secondary Radiation - Volta

Is

Fig. 5. Typical velocity districuuon curve for
secondary radiation. Impact velocity indicated

by Vp.
N....NJ 10
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Ng. 7. Retarding potential according to
previous theory. Plotted from Fig. 7 of

Salzberg and Haeff.
the author'. It is noticeable that the
beam becomes narrower and the elec-
trons more bunched when the control
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Fig. 6. Anode characteristics according to previous theory
Plotted from Fig. 7 of Salzberg and Haeff.

another way, because it is clear that,
even if at some particular point (such
as X on Fig. 7 of the present paper) a
certain amount of secondary radiation
could be stopped, the slightest change
of anode current or anode voltage would
upset these conditions completely.

In other words, the Salzberg & Haeff
theory shows a hysteresis effect which is
not found in actual beam tetrodes; an
insufficient retarding potential to pre-
vent the occurrence of a dynatron char-
acteristic, and, finally, no range of
anode current and voltage over which
suitable values of retarding potential
are maintained to produce the very
large area of substantially flat working
characteristic existing in actual valves
(see the shaded area in Fig. 2). A large
working area is really the principal
justification for the existence of the
beam tetrode as a commercial device. It
will be remembered that this valve was
originally put forward,', z° because it
possessed a flatter working area of
anode characteristic than other multi -
grid valves, and therefore had a lower
level of distortion for a given power
output.

It is an experimental result that no
satisfactory beam tetrode critical dis-
tance effect (i.e., dynatron-free charac-
teristics) can be produced without the
electrons being formed into a beam.
(Fig. 1). The use of a focused beam
for this purpose was first suggested by

grid is made more negative.
This is a very important factor
in maintaining the potential
minimum when the anode current
is reduced in value during
operation.

In this paper the author has
confined himself to pointing out
certain information about second-
ary radiation which is appar-
ently not too well known; and to
a purely destructive criticism of

the existing theories of the critical dis-
tance beam tetrode. What is hoped will
prove to be an adequate theory is in
course of preparation.
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DATA SHEET No. XVIII
The Self Capacity of Coils :-

Its Effect and Calculation

EVERY inductance coil has dis-
tributed capacities between ad-
jacent turns, and turns that are

not adjacent; also every turn has dis-
tributed capacities to surrounding
earthy objects or the screening can. In
addition the coil may be fitted with
terminals or tags and there will also
provide an additional capacity.

The cumulative effect of the above
capacities can in the majority of cases
be fairly accurately represented by a
fictitious capacity across the whole coil.
(Fig. ta). This fictitious capacity is
known as the self -capacity or total dis-
tributed capacity of the coil.

While in some cases when the coil is
connected across a low -loss condenser
the effect of the self capacity may be
absorbed in the tuning condenser, in
other applications such as filters it may
be necessary to provide pure inductance
elements under which conditions self -
capacities will prove very deleterious.
(See Fig. Ia and b). While inductance
coils are not normally employed at fre-
quencies near their natural resonance
./.9;2: t/(27r,%/LC,), this resonance effect
due to the self -capacity will produce ab-
sorption effects in multi -band receivers
unless precautions are taken to prevent
it.

Effect on Inductance and Resistance.
Fig. za illustrates the case of an in-

ductance L whose dissipative losses are
represented by the series resistance r,
and the two are shunted by a loss -less
self -capacity C8

The effect of C, is to alter the ap-
parent reactance of the circuit between
the terminals A and B. For fi e
quencies below resonance this circuit
may be represented by an effective in-
ductance Le and resistance re in series,
given by :-

L(1. -o.PLC,)-Csvi2
Le - (1)

(, apLc 6)2 c .2; (1 - w2Lc, 8)

ri
re = (2)

(I -co2LCe)' w2C601 (I -co2LC8)2

10
=

co2i

iztrVLCsli L 21rA/ LC8
I

eft./
I

(3)

Fig. 1.

So that up to the natural resonance of
the coil the effect of increasing fre-
quency is to increase the effective in-
ductance  and resistance. At fre-
quencies above the natural resonance
the reactance becomes capacitative.
When the dielectric of the component
capacities of the total self -capacity
(such as the coil former, wire insula-
tion, dope, etc.) has not a negligible
loss, a series resistance r, has to be
added to the capacity branch (Fig. 2b)
to account for this loss. This loss
resistance modifies equations (1) (2) and
(3) to

Le=

Ye

Cg (L-- re) - o2LCg2(o - )
Cs Cs

(t -w2LC.)2+0C82(r, -1-Y2)2

ri+0.14L2Cer2d-w2C82r1r2 d -r,)

(I -032LC)2 co2C82 (r,-1 r2)2

co4LC.2r2

(1 - w2LCs)2

fo=
2.7r.V LC L -Coe

(4)

(5)

(6)

With dielectrics that will normally be
encountered the power factor does not
vary rapidly with frequency, so that
over the tuning range of a coil the
power factor remains almost constant.
This implies that r, is approximately
inversely proportional to the frequency.
The second term of the numerator of
the second equation (5), i.e., (04LCs2r,
which represents the equivalent series

Fig. 2

Electronic
Engineering

loss resistance due to the dielectric will
in practice therefore vary only as 13
over the normal tuning range of a coil.

Just as it has been shown that the re-
sistance r, is a function of frequency,
so in the case of the coil resistance r,
it is found that this varies appreciably
with frequency even over the normal
tuning range of a coil. At the lower
frequencies the A.C. component of the
copper resistance r, increases as r at
high frequencies as f 1. Actually it is
not the magnitude of the frequency,
but the magnitude of the product of the
wire diameter times the square root of
the frequency that controls the rate of
increase. In general therefore the A.C.
component of the resistance r, varies
at a rate proportional to some power of
the frequency between f I and r depend-
ing on the constants and the frequency

.of operation.

Calculation of Self Capacity.
There is no known accurate method

of calculating the self capacity of a
coil; however, Palermo (Proc. I.R.E.,
July, 1934) has given a relation for
short coils by means of which a useful
estimate can be made of the value of Cs
when the coil length is at the most not
longer than the diameter of the coil.
Palermo gives :

wD
C8- ILILF (9)

3.6 cosh -1 (P Id)
lTD

(Io)

3.6 loge' si(-1)2 -11 µµF2d
zd

where D is the diameter of the coil
winding between wire centres in cms. p
is the pitch and d is diameter of the
bare wire. (p and d must be in the
same units). The above equation
neglects the effect of the wire covering
and coil former on the self capacity and
will therefore in general give too low
a value.

Equation (9) and (to) have been
plotted on Data Sheet No. 19 for values
of (pi a) up to 2.5 and coil diameters
between 2 and 20 cms. As Cs is directly
proportional to D the self capacity for
larger coils may be easily read off the
curves.
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DATA SHEET XIX
Circuit Noise due to Thermal Agitation

0 F all sources of noise present in
a radio receiver the most funda-
mental and inevitable is that due

to thermal agitation in conductors.
Thermal Agitation Noise is due to the

free charge of any conductor being in
random motion in equilibrium with the
thermal motion of the molecules of the
conductor, and this flow causes a ran-
dom voltage to be developed across the
terminals of the conductor.

The mean square value of this volt-
age is given by

E2 = 4 kTfR(f)df ..
-- c4

where T = absolute temperature of the
generalised impedance R(f) in degrees
Kelvin.

k = Boltzmann's constant 1.37 x io-2'
watt sec. per degree.

R(f) = Resistive component of any
generalised impedance at frequency 1.

If the noise -producing resistance or
impedance R (f) is followed by an
amplifier whose voltage amplification
at any frequency f is given by A(f) then
the mean square noise voltage at the
output terminals of the amplifier is
given by

E2, = 4 k TfRWIA (f)I2(if . . (.2)

- os

0

(1)

If the frequency response of the
amplifier is such that the voltage ampli-
fication is I A I between the frequencies
f, and f, and negligible at all other
frequencies (i.e., perfect band pass
amplifier : see Fig. i) then equation
(2) may be simplified to

E'T --- 4 k T lAlfR (f) d f

Interpretation of R(f).
In equations (I) (2) and (3) (R(f) re-

presents the resistive component of any
generalised impedance at a frequency
f. The simplest possible case is that of
a pure resistance R (see Fig. ia) where
R(f) = R at all frequencies and equa-
tion (3) may be further simplified to

= k T IA12 R f (4)where A f = (f - h) = pass band of
amplifier in c.p.s.

The case of a pure resistance can
only be approximated in practice when
the pass -band of the amplifier is in the
low spectrum at other frequencies the
stray capacities across the resistance
must be taken into account (Fig. ib).
The resistive component of the imped-
ance of the parallel RC combination is
given by

R (f) = R + w2C2R2)
and (3) becomes

E'T- = 4 k T IA12 R
d f

.2c2R,

(3)

0

4
Fig. 1.

0

when the relative pass band is very

1'2 - fnarrow (i.e. 2(i)very small) ex -
t. + 1

pression (6) reverts to expression (4).
The most common source of thermal

noise in receivers is due to the first
tuned circuit (Fig. ic). In normal cir-
cuits the dissipation loss of the tuning
condenser is negligible compared to
that of the inductance, and we can
therefore concentrate all the resistance
in the inductance branch. Under these
conditions the resistive component
R(f) of the impedance is given by

r
R (f) =

(1 - to'L,C)2 w2C2r2

and -E2i 4 k T IA I2

Is r df

J 11
A

However, in (7) the resistance r t4
itself a function of frequency. If as
before the relative pass band is very
small (7) can be considerably simplified
for when the circuit is tuned to reson-
ance,
i.e. (i - 0,2LC) = 0 and
R(f) (.020C2r = Rdyn (q)
where R dyn is the Dynamic Resistance
of the circuit at the resonant frequency
wo = 2

The resultant noise is therefore

= 4 h IA12 Rdy. L f (io)
While the thermal noise output of

any system may be computed by evalua-
ting the integral of (2), in most cases
the result may be estimated from ex-
perimentally obtainable information.

Taking again the case of the tuned
circuit we can consider this from the
point of view that the thermal noise
voltage is wholly produced by the series
resistance r of the inductance L. In
the case of an amplifier with a rela-
tively narrow pass band f this noise
voltage is stepped up to a value V, by
magnification of the tuned circuit Q =
(0.),L) Jr = T RoCr

(7)

(8)

(5) L

(6)

w2LC)2 108C2r2

1111
gpic

Fig. 2.

The mean square noise voltage at the
output of the amplifier is then

EN = 4 k T r (I /0,,,Cr)21A
= 4 k T Rdynv112Pf

as before.
In the more general case where the

relative pass band of the amplifier is
not very small, the square of the volt-
age step-up of the tuned circuit is
given by

(1 - w2LC)2 (wCr)2 (12)

The product of this multiplied by the
square of the voltage gain of the ampli-
fier can be obtained by injecting a small
signal from a very low resistance source
(such as a Q -meter) in series with the
inductance L and measuring the output
voltage V, (see Fig. 2a). (V,Ie)2 is then
plotted against frequency (Fig. 2b) and
the equivalent band width Pf is given
by the width of the rectangle having
the same height as and an area equal
to that enclosed by the (V2le)' curve.
As the resistance r will vary at some
rate proportional to functions of f l and
/2 it is possible to estimate the equiva-
lent value of r over the pass band by
erecting another rectangle of width PJ
for the curve of r against f. (Fig. 2b).

In many cases it is more important
to be able to compare the relative
values of the noise voltages due to cir-
cuit thermal and valve shot effects at
the grid of first valve. To obtain the
mean square thermal noise voltage at
the first valve grid, we divide the
height of the (Vale)2 rectangle by the
square of the amplifier gain at reson-
ance V,/ V, = IA As the height of
the new rectangle so obtained is
(i/csoCr)2 the mean square noise voltage
when r a f is

E92 = 4 h Rol Q f (13)

In general the R.M.S. thermal noise
voltage at the first grid will be given
by

ET r=7.4x (A f)* microvolts (14)

where p f is in c.p.s and R in ohms. At
a room temperature of 200 C.,

T = (273 -f- 2o) °IC and
ET = 1.27 X 10' (6, pit microvolts (15)

The approximate method given above
is quite satisfactory in the usual case
where the pass band is small compared
with the mid -frequency. For greater
accuracy where R(f) may vary appre-
ciably, the (V 21e)2 curve should be mul-
tiplied by the ordinates of the R(f)
curve and the rectangle erected about
the resultant curve to determine At
Equation (15) has been plotted as a
series of curves on Data Sheet No. 19
where the R.M.S. thermal noise in µV
across any resistance R is given for
values of Pf between I,000 c.p.s. and
10,000,000 c.p.s. Thus for example the
noise produced by a, resistance of
io,000 ohms would be 1.27 µV when it
is followed by an amplifier with an
effective pass band P f = 10,000 c.p.s.
and 28 AV when pf = 5,000,00o c.p.s.
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Stable Admittance Neutralisation
IN resistance -coupled amplifiers a
limit is set to the degree of ampli-
fication by the presence of stray

capacity shunted across the anode -load
resistance. A method for reducing the
stray capacity, which may be quite
large, as it is, for example, when con-
tributed to by the capacitative com-
ponent of admittance of a subsequent
valve, has been proposed by Herold, of
R.C.A. As originally suggested by
Herold* the method suffered from the
disadvantage of instability. Briefly, it
was proposed by the use of an auxiliary
valve possessing a negative mutual
conductance to supply the capacity
current that would otherwise require to
be supplied by the valve working into
the stray capacity. The auxiliary valve
is arranged so that the stray capacity
forms part of its input circuit admit-
tance. Any potential applied to its
grid appears in view of its negative con-
ductance as a potential in like phase
upon its anode, and if the latter is the
larger, a current is fed from anode to

Fig. 2. The circuit of Fig. 1 adapted for
balanced input.

grid when an impedance is connected
between the two. If the impedance is
capacitative a capacitative current will
flow to the grid, and if of the right
magnitude, can supply exactly the cur-
rent that would normally be taken by
the stray capacity from the preceding
valve. Thus, if this right magnitude
could be achieved, as far as the pre-
ceding valve is concerned, the stray
capacity would be neutralised. It is
found, however, that before neutralisa-
tion becomes complete, instability sets
in, due to the feedback capacity which
inevitably forms part of the anode load
of the auxiliary valve, bringing about
a phase lag in the anode potential anu
thus a certain degree of regenerative
feedback. in the grid circuit which may
be sufficient to neutralise the positive
resistive component of input admit-
tance.

It is also found,, however, ghat a
highly useful degree of neutralisation
can be obtained by working very near
to the oscillating point; but this is not
a commercial proposition, since small
fluctuations in the valve constants due

Fig. 1. Neutralisation by means of a special
valve.

to fluctuations in supplies, for exam-
ple, are likely to occur in normal cir-
cumstances, which will cause the cir-
cuit to pass over into the oscillating
state. It has now been suggested by
Herold that this difficulty can be over-
come by stabilising the auxiliary valve
by the proper application to it of a
sufficient degree of anti -phase, that is to
say, purely degenerative, feedback.

Various ways in which the stabilisa-
tion can be carried out are indicated in
the figures shown.

Fig. i shows an arrangement in which
a special valve co-operates with a photo-
cell, where for the sake of uniform
sensitivity over a wide range of fre-
quencies, it is quite clear that stray
capacity should be removed as far as
possible from across the load resistance
of the photo -cell. The special valve
is of a dual character, and provides two
outputs, one with a positive and one
with a negative transconductance. It
consists of a cathode surrounded by two
screening grids, between which lies a
control grid, and outside these grids
lies the anode A, having a positive
transconductance associated with it.
the anode indicated as A, is located be-
tween the cathode and the innermost
screening grid, and actually consists of
two conductors arranged on either side
of the cathode. In operation, as the
potential of the control grid becomes
increasingly negative, less electrons
pass on to the anode A but more are
reflected back to the anode A,. Thus
the anode A, has associated with it a
negative transconductance, and by con-

* Proc. I.R.E., November, 1937, P. Fig. 4. The special valve of Fig. 1 replaced by
1399. two valves in cascade.

netting it to the control grid through the
condenser C. neutralisation of capacity
associated with the control grid can be
carried out to a large degree. Between
the anode A, and the control grid it
will be noticed that there is a degenera-
tive feedback connexion through the
condenser Co, and this has the necessary
effect of stabilising the current in the
valve.

Fig. 2 simply shows a circuit of the
kind as described, but adapted for work-
ing with a balanced input.

Fig. 3 indicates a slight modifica-
tion, feedback being obtained by a re-
sistance connected in the cathode lead
of the valve. So that degenerative
feedback is not applied to the auxiliary
portion of the valve, that is to say, so
that there is no negative feedback from
the anode A,, a condenser is arranged
to by-pass current from the anode A,
directly to the cathode, so that it does
not flow through the cathode resistance.

Fig. 4 illustrates an arrangement

Fig. 3. A modified circuit in which feedback is
obtained from the cathode resistance.

where the functions of the special valve
are performed by an arrangement of
two valves, V, and Vz, in cascade.
Both valves have applied to them nega-
tive feedback to stabilise their char-
acteristics, this feedback being obtained
by cathode resistance, and the capacity -
neutralising currents are fed back from
the anode of V, to the control grid of
V through condenser Cm.

With circuits such as have been
described, it has been found possible to
reduce stray capacity to such an extent
that an increase in gain of some forty
times can be achieved as compared with
conventional circuits. This increase in
gain is equivalent to an additional
stage of amplification, and in the
arrangement of Fig. r it has been
found possible to employ a load resist-
ance for the photo -cell of 23 megohms
for a cut-off frequency of 20,00o cycles
per second.

The fact that goods made of
raw materials in short supply
owing to war conditions are
advertised in this magazine
should not be taken as an in-
dication that they are necessarily
available for export.
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A

GERMAN
PORTABLE

TRANS/WIT En

The photographs show two views
of the interior of a single valve
portable transmitter used by
enemy agents.

The aerial tuning coil is wound
on a Steatite former and
connexion to the batteries is
made by the multicore cable seen
on the left of the upper photo-
graph.

The valve used is the Tele-
funken K L2.

(By permission of the Ministry of Aircraft
Production)

BOOK REVIEWS
Thermionic Valves in Modern

Radio Receivers.
A. T. Witts, 213 pp. 135 figs. (Pitman -10/6

net.)
This is the second edition of this

book, which first appeared in 1936.
Notes have been added on the output
tetrode and beam valves in addition to
negative  feedback. An entirely new
chapter on mains rectifiers has also been
included in this edition.

The book deals with the theory and
practice of valves and valve circuits in
a thorough and practical manner, com-
mencing with the theory of thermionic
emission and dealing in turn with de-
tectors, high- and low -frequency ampli-
fiers, output valves and frequency
changers. - The chapter on push-pull
output stages is particularly good and
covers Class A and Class B operation
and the variety of paraphase circuits.

Some of the diagrams would be im-
proved by the addition of typical com-
ponent values, but there is an excuse
for omitting these in a book which aims
to deal with fundamentals rather than
specific design.

I

The criticism sometimes made by
American reviewers that there are in-
sufficient diagrams in British textbooks
cannot be levelled at those of Mr.
Witts. There is a diagram on every
other page, which adds considerably to
the value of the book to the student.

Radio Upkeep and Repairs for
Amateurs.

By the same Author. 212 pp. 136 figs.
(Pitman -6/6 net.)

The popularity of Mr. Witts as an
author is shown by the fact that this is
the fifth edition, the first appearing in
1933.

Chapters are included on common
faults and how to clear them, testing
components, care of batteries and ac-
cumulators, and fitting pickups to
receivers.

A new and useful chapter has been
inserted at the beginning on test equip-
ment and how to construct it, giving
full details on the assembly of a uni-
versal meter and test box. A second
new chapter deals with design of mains
receivers.

The book is full of useful suggestions
which will be appreciated by the service
engineer in addition to the amateur-in
fact, the last two words of the title
might be omitted from future editions !

Radio Engineers Pocket Book.
F. J. Camm. 132 pp. (Geo. Newnes

-3/6 net.)
Many readers who collected the

tables and data sheets issued some time
ago in Practical Wireless may not ap-
preciate that this pocket book contains
that information and more in a con-
venient booklet form. In addition to
the usual radio design data the book
contains tables of physical constants,
logs, and mechanical data (B.A. sizes,
twist drills, etc.).

The copper wire and eureka wire
tables are particularly useful with the
inclusion of a column. of. ." inches per
ohm " and " pounds per ohm." On
p. 84, however, in the table of musical
frequencies, the author has not altered
the scale to conform with the new stan-
dard A 44o (C' 523) which was agreed
internationally in 1939. No doubt this
will be corrected in the next edition.
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VIBRATORS for Dependable Power

Representing the results of several years
research into vibratory technique, they
embody the most recent development of
British and American design, and are
manufactured in this country by
British craftsmen.
If you have a " vibratory "
problem our technical staff
will be pleased to co-op-
erate in its solution.

Maniifactured tinder " OAK,, Patentsn 460470 etc., etc.

WRIGHT & WEAIRE LTD.
(WEARI TE COMPONENTS)

HIGH ROAD, TOTTENHAM, N.I7. Telephone : Tottenham 3847-8-9

Resolution on Quality
In January most men's thoughts turn
quasi -seriously to resolutions. Off -hand, we
don't remember if January 1 st saw the
first Gardner Transformer, but we do know
that we made a resolution that it would
be as good as the finest materials, coupled
with human skill, could achieve. And that
resolution is renewed, not each January,
but with the m aking of each Transformer.
So when next you are needing really good
small Power Transformers up to 4 kva.
we'll gladly co-operate with you-the
resolutions included, of course,

qUALITY MANS RANsFoRMERS
IMON1111111111.101111MMI.M.

GARDNERS RADIO LIMITED
Somerford  Christchurch  Hants

Spare -Time Training
by Post in all

Electrical Subjects
The International Correspondence Schools, largest and most successful
institution of its kind in the world, offers thoroughly sound Courses of
instruction to cover the following subjects -

Complete Electrical Electric Illumination and Heating
Electrical Designing Hydro -Electric
Electric Lighting Oil -Power Electric
Electric Power Power -House Attendants
Electric Traction Steam Electric
Electrical Transmission Telegraph Engineering

and Distribution Telephone Engineering
Also the following Examinations -

Associate Membership, I.E.E.
City and Guilds Elec. Eng. Practice, Elec. Installation and

Telecommunications
P.M.G. Certificate for Wireless Operators
Provisional Certificate in Radio Telephony and Telegraphy

WRITE FOR OUR SPECIAL FREE BOOKLET

(Use this Coupon. Penny stamp on unsealed envelope)

INTERNATIONAL CORRESPONDENCE SCHOOLS
LIMITED

Dept. 68, International Buildings, Kingsway, London, W.C.2.
Please send your Booklet " Electrical Engineering " (72 pages).

I am especially interested in

Name Age

Add ress
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An Improved Hard Valve Time Base
by M. G. Saunders

0 NE of the first successful hard
valve time bases was the well-
known " squegger " circuit of

Watson -Watt, Appleton and Herd. The
main disadvantages lay in a slightly
more complex layout and difficulty in
synchronisation. Further, the output
voltage was small, necessitating ampli-
fication in most cases.

Reid* has described a modification of
the " squegger " which has a far
greater output voltage, is more stable
and can utilise the high negative volt-
age across the cathode-ray tube to
charge the time base condensers

Fig. 1.

117+

HT.

through a resistance. The basic cir-
cuit is shown in Fig. i and for further
details the article referred to should be
consulted.

With a pentode (Fig. 2) in place of the
triode, Reid used the suppressor grid
as a point at which to inject the syn-
chronising signal. The suppressor
grid is connected to the cathode con-
denser however, and it is across this
that the sweep voltage develops, result-
ing in feed -back to the synchronising

*(Wireless World, April 14, 1938, P.
334).

Fig. 2.

source and if this is the vertical ampli-
fier it causes serious intermodulation.
To overcome this the following circuit,
with a separate synchronising valve
may be used. (Fig. 3).

This circuit is a further modification
of Reid's in certain respects-the time
base valve is now a triode and
the anode coil is parallel fed,
with an H.F. choke as the anode
impedance. The synchronising valve
is fed from a resistance common
to the two valves and acts as a modu-
lator, an impulse on the grid varying
the anode current and so the voltage

Fig. 3.

drop across the resistance. This in turn
varies the sweep voltage and hence the
sweep frequency; with a sweep fre-
quency similar to (or a multiple of)
the synchronising frequency there will
be strong locking between the two.

A circuit used in practice is shown in
Fig. 4. Any valves will do provided
that V, will oscillate at high fre-
quencies; V, can quite well be a small
output pentode. Coil L consists, in this
case, of 8-ip turns of i6 gauge copper
wire, tapped to earth at a point to give
maximum sweep voltage. The choke is

fig. 4.

-0-HT+

an Eddystone U.S.W.H.F'. type, R,
some 5,000 ohms, R, to suit the sync.
valve and R, a potentiometer to vary
the sweep voltage.

The sweep voltage is high, up to half
or more of the anode voltage. The
speeds can vary from the lowest to two
or three megacycles with careful de-
sign; the synchronising voltage is very
low with negligible power consumption,
locking sweep frequencies twenty to
thirty times slower, and finally the fly
back is practically invisible except at
excessive brilliance.

ARDUX
WELDS PLASTICS
- APPROVED FOR AIRCRAFT USE ----

MADE BY

AERO RESEARCH LIMITED
PIONEERS OF SYNTHETIC ADHESIVES

DUXFORD CAMBRIDGE TELEPHONE
SAwS TON 109

"COSMOCORD"
CRYSTAL
PICK - UP

FOR
CLARITY
AND
TONE

LICENSED BY BRUSH
CRYSTAL CO., LTD.,
under Brit. Pat. Nos.
366,252 and 454,595

Retail Price 27/6 Plus Tax
Trade only supplied.

SOLE SELLING AGENTS
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_S -et.

A hand beckons . . . the wood' describes
a graceful arc and comes slowly to rest.
With Mullard, too, the beckoning hand of
world events shapes a course for progress
to follow. And Mullard technical skill is

guided and directed towards that end. The
new developments in electronic technique
taking place in Mullard laboratories and
factories today will determine the trend
of manufacturing policy for years to come.

MILLARD
THE MASTER VALVE

TRANSMITTING AND RECEIVING VALVES FOR COMMUNICATIONS BROADCASTING

TELEVISION SOUND AMPLIFICATION ELECTRO - MEDICAL EQUIPMENT INDUSTRIAL EQUIPMENT

I HE MULLARD 1RFLESS SERVICE CO. LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2
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Frequency Modulation (Continued from page 5,)))

Crystal

Oscillator
tor

Carrier
Frequency

audio 7,1

Frequencyj
Input

o Carrier

vz

 HT +

ro Limiter
8 Frequency

Multipliers

Phase Modulated
Output

B

Phase -shifted
SA:Wands

Fig. 5. Circuit diagram showing production of phase modulation.

" central " component is applied to an-
other hexode V, (acting as a frequency
changer) together with the output from
a very stable crystal oscillator (multi-
plied up if necessary). The difference
frequency is passed to a discriminator,
in this case two circuits tuned about
kc/s above and below the difference fre-
quency and two detectors giving oppos-
ing D.C. voltages which provide bias
for V, through the grid leak R1. When
the original carrier frequency is correct,
the difference frequency is exactly cen-
tred between the two discriminator cir-
cuits and there is no D.C. voltage
across XX. If the carrier frequency
component wanders, a voltage, positive
or negative, is produced and automatic-
ally adjusts the D.C. bias on the react-
ance valve to correct for this. The car-
rier frequency component has then
practically the same stability as the
crystal oscillator.

Phase modulation can be achieved by
separating the two sidebands of an
amplitude modulated carrier from the
carrier and passing them through a
phase adjusting network which places
their resultant at goo to the carrier
vector as shown in Fig. 4. This method
does not completely suppress amplitude
modulation (a limiter can be incor-
porated to remove amplitude modula-
tion) and the phase change is not ex-
actly proportional to the modulating
voltage amplitude, but if its maximum
value is limited to about ± 250 distor-
tion of the modulation does not exceed
5%3. Now if 30 c.p.s, modulation is to
produce a carrier frequency deviation cf
+75 kc/s at 4o Mc/s, a phase change of

75,°°o x
143,2000 is required, so

3o x 2C
that the phase change of 25° must
be multii.lied 5,720 times, i.e., the
original carrier frequency must be
40/5,720 = 7 kc/s. Actually it is
rarely necessary to cater for full modu-

lation at 30 c.p.s. and a more normal
carrier frequency wculd be 70 kc/s fol-
lowed by frequency multiplier stages
stepping up to 4o Mt/s. A circuit show-
ing this type of phase modulator is
given in Fig. 5. The carrier frequency,
obtained from a crystal controlled
master oscillator is fed to two channels,
one which amplifies and one which
modulates, suppresses the carrier and
phase changes by goo the sideband re-
sultant with respect to the original car-
rier. The modulator is of the balanced
push-pull type; the carrier frequency,
being connected in the common grid
lead, produces cancelling voltages in
the anode and is suppressed. The side -
band frequencies obtained by inter-
action between the carrier voltage and
the audio voltages applied through the
centre tapped transformer Ti, add at
the output circuit, the primary of the
centre tapped transformer T,. The in-
ductive reactance of the latter is can-
celled by condensers C, and C, so that
the output circuit acts as a resistance
and the sideband current I, in the
primary is in phase with the carrier
grid input. The required go° (or 270°)
phase shift of the sidebands is, however,

realised at the
secondary because
the voltage across
AB is goo (or 2700,
depending on the
direction of wind-
ing of the second-
ary with respect to
the primary) out of
phase with respect
tb the current I,.

The sideband voltage is amplified
in V, and mixed with the original
carrier frequency in the anode of
V4, after which the resultant phase
modulated wave is amplified and passed
through frequency multipliers bringing
the carrier up to its required ultra high
frequency value.

Fig. 4.

BIBLIOGRAPHY.
1 " Amplitude, Phase and Frequency Modu-

lation," H. R. Roder, Discussion, Proc.
I.R.E., May, 1932, p. 887.

2 " A Method of Reducing Disturbances in
Radio Signalling by a System of
Frequency Modulation," E. H. Arm-
strong, Proc. I.R.E., May, 1936, p. 689.

" Armstrong's. Frequency Modulator,"
D. L. Jaffe, Proc. I.R.E., April, 1938,
P. 475-

' " Reactance Tube Frequency Modula-
tors," M. G. Crosby, R.C.A. Review,
July, 1940, p. 89.

5 " A New Broadcast Transmitter Circuit
- Design for Frequency Modulation,"

J. F. Morrison, Proc. I.R.E., October,
1940, P. 444.

Television Picture Storage
(Continued from page 580)

mobilised images are successively
focused. Finally, the photo -electric
screen on to which the wave images are
projected, could be used in the form of
a photo -electric control grid to control
electron beams issued by a thermionic
surface and passing through this grid.

Using these latter means it will be
possible to obtain a considerably higher
light output from the fluorescent screen
and/or to use a considerably smaller
light flux as well as illumination on
the photo -electric screen.

The system just described in prin-
ciple is equivalent to a multi -beam
cathode-ray tube of several hundred :n -
dependent scanning beams. At any
moment an area of the picture screen
representing a considerable part of the
picture line is struck by a fan -shaped
beam of the exciting electrons. The
total beam current, instead of being
concentrated in a spot of element size,
is distributed over this oblong area of
several hundred elements, which is
swept over the picture screen, exciting
each element for a time period of the
order of the line scanning period with-
out any compromise to sacrifice defini-
tion. Consequently, even with much
higher beam currents than feasible in
single -spot cathode-ray tubes, it is pos-
sible to remain safely below the screen
saturation. This will result not only
in an increased life of the screen and
in a fully defined picture the brightness
of which, as quantitatively outlined
above, will be considerably increased,
but also improve the tone gradation in
the high -lights since the image screen
is no longer saturated.

BIBLIOGRAPHY.
1 A. H. Rosenthal, Proc. I.R.E., May, 1940,

Electronics and TekvisionFebruary and
March, 1940, pp. 52, 117.

2 A. H. Rosenthal, Electronics, October,
1941, P. 41.

D. M. Robinson, Proc. I.R.E., Aug.,
1939.

3 DuMont Proposals, Electronics, February,
1940, p. 22.

Television, R.C.A. Institutes Technical
Press, October, 1937.

F. Bruche, 0. Scherzer, Geometrische
Electronen Optik, pp. 130, 199, Berlin,
1934.
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Made in Three
Principal Materials

FRE QU ELEX-An Insulating
material of Low Dielectric Loss.
For Coil formers, Aerial Insulators,
Valve Holders, etc.

PERMALEX-A High Permit-
tivity Material. For the construction
of Condensers of the smallest possible
dimensions.

TEMPALEX-A Condenser
material of medium permittivity. For
the construction of Condensers having
a constant capacity at all temperatures.

"Everything
O.K. Sir !"

DIELECTRIC Loss problems in High

Frequency circuits have been solved by the use of
Bullers Radio -Frequency Ceramics.

Many years of research and development in our
Laboratories have brought these materials to a high
degree of efficiency.

They are in constant use for transmission and
reception and play an important part in maintaining
communication under all conditions.

Bullers
LOW LOSS CERAMICS

BULLERS, LTD. THE HALL, OATLANDS DRIVE, WEYBRIDGE, SURREY
Telephone : Walton -on -Thames 2451. Manchester Office: 196 Deansgate, Manchester
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RADIO III
BOOKS

CATHODE RAY TUBES
By Manfred Von Ardenne. In this book a very wide
field is covered and the book deals with fundamental
principles and early developments as well as with
present day methods and apparatus. It describes

the theory and construction of the cathode-ray
tube ; and deals with the principal accessories,

including the mains equipment, the pre -amplifier
for increasing the sensitivity, the time deflection
apparatus and photographic recording equipment.
42s. net.

CATHODE RAY OSCILLOGRAPHS
By J. H. Reyner, B.Sc. (Hons.), A.C.G.I., etc. Here
is an easily understood guide to the practical applica-
tion of Cathode Ray Tubes to numerous purposes,
including the examination of oscillations or wave-
forms. Radio men, and particularly those about to
enter the services, will find this book a genuine and
invaluable guide. 8s. 6d. net.

SHORT WAVE RADIO
By J. H. Reyner, B.Sc., A.C.G.I., etc. This book
gives an account of the tremendous progress
which has been made in the field of short-wave
radio telegraphy during the last few years, and
shows how many of the problems formerly
regarded as insuperable have been overcome.
Second edition. 10s. 6d. net.
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PITMAN'S PARKER

Precision plus reliability has been behind
our products for more than twenty years,
this is now being devoted almost entirely
to National requirements. We are still
anxious, however, for you to benefit from
our experience relating to all forms of
variable resistances-

How can we help you ?

RELIANCE
Manufacturing Co. (Southwark) Ltd.,
Sunderland Road, Higham Hi11,1

Walthamstow. E. 17.1

Telephone-Larkswood 3245

ABSTRACTS OF
ELECTRONIC LITERATURE
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The relatively long-time constants of
even highly sensitive indicating instru-
ments make the latter unsuitable for
measuring current surges of the order
of milli -seconds. The author describes
the adaptation of the cathode-ray tube
to indicate current changes just pre-
ceding breakdown of heptane and
various oils. The apparatus, which is
capable of applying zoo micro -second
impulse voltage waves with gradually
increasing unidirectional voltages to
the specimens, is described, and results
of such tests tabulated.

-El. Engg., August, 1941, page 855.*
The Equivalent Characteristics of Valves

Operating in Feedback Circuits
U. H. Pratt)

A graphical method of determining
the, effects of feedback upon the char-
acteristics of a valve amplifier is
described, depending upon the fact
that the characteristics of valves may
be considered to be changed by feed-
back.

The method of obtaining valve Char-
;...cteristics with feedback from the
normal characteristics is described, and
a number of examples of " feedback
characteristics " for various per-
centages of positive and negative feed-
back of both the voltage and current
type are illustrated.

-R.C.A. Review, Vol. VI, No. r,
July, 1941, page 102.

Circuits
4 -Valve Band -Switching Receiver for

A.C. Mains
(S. K. Lewer)

A receiver is described in which the
novel features incorporated are-
selector switches in tandem and a

ganged condenser with both large and
small sections.

The receiver gives complete cover-
age from roo kc/s to 26 Mc/s has a
directly calibrated dial. A full circuit
diagram is given together with a com-
plete list of components.

-T. and R. Bulletin, Vol. 17, No. 5,
November, 1941, page 16o.

Electro-Medical
Three-phase Electrocardiograph Mixing

Circuit
(W. H. Jordan)

An electrical mixing circuit which
permits the use of an ordinary cathode-
ray tube having two sets of deflect-
ing plates was suggested by the
circuits used to change three-phase
A.C. to two-phase A.C., and was tested
by applying three-phase A.C. to the
grids and observing a circular pattern
on the screen of the cathode-ray tube'.
The resistance net -work was tapped at
two places and connected to the vertical
and horizontal deflecting plates. The
position of the taps was chosen as
shown in order to obtain the correct
phase and amplitude relationships, i.e.,
when three-phase A.C. is applied to the
grids, two-phase A.C. will be obtained
on the deflecting plates. Pentode type
valves were used to increase the gain.

High gain amplifiers similar to those
described by Hollman and Mann were
used in the input circuit and were
Y -connected to the conventional three -
body leads. The output of the three
amplifiers is connected to the three
grids of the mixing circuit as shown in
the diagram.

RI and R2 1 meg.
Ra and Rb. 50,000 ohms.
CI and C2 2p Fd.
C3 8p.Fd.
Tappings (A) 0.58 Rb. (B) 0.33 Ra.

-Rev. Sci. Inst., Vol I2, No. 9,
September,, 1941, page 449.

* Supplied by the courtesy of Metro-
politan -Vickers Elec. Co., Ltd., Trafford
Park, Manchester.
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AN investigation into the effects of
temperature changes upon the
various elements in the disk re-

cording process, with special reference
to the effects of temperature on electro-
magnetic and crystal cutting devices,
was undertaken some time ago by the
technical staff of The Brush Develop-
ment Co., Cleveland, Ohio, U.S.A.,
directed by Dr. S. J. Begun.

It was found that the number of
factors affecting cutting -head perform-
ance, could be considerably reduced
by maintaining the temperature of
the cutting -head constant. This will
stabilise the characteristic of all the
variables inside the head, and leave the
external resistance component
only variable, representing the varia-
tions due to depth of groove -cut and
differences in record material. If this re-
maining variable resistance component,
for the frequency range considered, is
small compared with any of the other
three components, it can have little
control upon the overall characteristic
of the cutting -head.

salt
crystals

devices utilising Rochelle salt
crystals are the special interest of The
Brush Development Company, the in-
vestigations were continued with the
object of producing a crystal cutting -
head posessing temperature stability.
The practical outcome of these experi-
ments was a design of crystal cutting -
head with the desirable feature of tem-
perature stability obtained by means
of a built-in heating element with
thermostat control. ( See Fig.)

This temperature -controlled cutting -
head consists of a four -ply crystal ele-
ment mounted in a metal casing on
" kbroseal " pads. The " koroseal "
pads are the damping and not only pro-,
vide a stiff mounting support but, be-
cause of their damping charactenstic,
practically eliminate the natural fre-
quency peak of the cutting -head The
stylus chuck, which has a V -groove bent
into the form of an arc thus allowing
the stylus to rest on two points, is con-
nected to one end of the crystal element.
The stylus is pressed against the V -

METAL

- NNER CASE

DAMPING
MATERIAL

CLAMPING
SCREW

A New
Temperature -

controlled
Crystal

Cutting Head
by

D. W. ALDOUS

groove by a set -screw mounted in the
head casing. The axis of the set -screw
is located on the neutral axis of the
torsional motion of the crystal element.
Two heating pads are fitted close to the
head housing sidewalls, controlled by a
thermostat which rests upon and has
good metallic connection to the cutting -
head housing. The heater coils are de-
signed for operation from the usual
power supply. The complete unit is
enclosed in another heat -insulated
metal shielding to ensure that any
draught or air motion in the recording
room will not affect the temperature
stabilisation of the crystal inside the
housing.

After connecting the heater coils to
the power supply the temperature of the
cutting -head will rise and usually above
the limit set for the thermostat. A de-
finite time is required_ for. heat equalisa-
tion, due to heat conductiOn thus caus-
ing this temperature overshooting, but
soon the thermostat operates and within
io to 12 minutes the cutting -head arrives
at the proper temperattire. The crystal
element itself introduces a small
amount of distortion which changes
with temperature, but this distortion is
small at and above 35 deg. C. and ac-
cordingly a temperature of that value
has been adopted for stabilisation pur-
poses. No hum problems have been en-
countered, as electro-magnetic induc-
tion cannot take place in a crystal unit
and, where electro-static influences are
concerned, the cutting -head is com-
pletely screened in its housing.

The capacity of the crystal until is
0.004 µF. and to extend the range for
constant -amplitude recording to 9,000
c/s the head should be fed from a 4,000
ohms impedance with 6 to 8 watts of
output power. If a constant -velocity
characteristic is desired for a turnover
point of 500 c/s, the necessary output
power from an amplifier may be as low
as 2 to 3 watts. Portable equipment,
for exterior recordings, fitted with this
new cutting -head, can now operate with
the same stability as studio equipment.

The dictionary of mythology
contains no reference to this
extraordinary animal which is
perhaps understandable since
he belongs to the world of
technical jargon used by

transformer designers.
Familiarity with these factors
such as kilolines per sq. inch,
leakage reactance, surface

dissipation and so on contri-
bute to the production of the
sound and trouble -free designs
for which Bryce transformers
have a well merited reputation.
Our years of experience have
resulted in designs and manu-
facturing technique capable of
giving continuous satisfaction.
If you are requiring trans-
formers or chokes up to 25
KVA you will find us at your
service.

W NOR .1 & COMPANY ITO

BOREHAM WOOD
HER T S.

TELEPHONE  ELSTREE 1871
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THE PIONEERS OF LOW LOSS CERAMICS are still
in the forefront in the development of radio -frequency
ceramics.

U.I.C. Ceramic parts, coil formers, valve holders, trimmer bases,
bushings, etc., offer the following advantages :

Low dielectric loss.
Complete stability.

Dimensional accuracy.
Unaffected by temperature

and humidity.
Full details and advice gladly given

12-20 LAYSTALL STREET, LONDON, E.C.I.
'Phone : TERminus 7383. Grams : CALANEL, SMITH, LONDON.

CONTRACTORS TO G.P.O. AND GOVERNMENT DEPARTMENTS. ON A.I.D. APPROVED LIST.
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RELAYS
For A.G. and D.Q.

2V.A. coil consump-
tion, from 2-600
volts, tested to 2000
volts. Time lag re-
lays, High Sensitive
Relays, Synchronous
Process Timers, and
complete Control
Plants.

Synchronous Ti me
Delay Relay PRL-
Models ranging from

2 secs. to 28 days.

Ask for leaflet
SPN/EO.

LONDEXLIMITED
Electrical Remote Control Engineers & Mftrs.
Anerley Works, 207 Anerley Rd., London,

S. E.20 'Phone : Sydenham 6258/9

TELEVISION:
Concise Postal Course of
Instruction for Radio Engineers

Apply ---
BRITISH RADIO
ENGINEERING COLLEGE

179, CLAPHAM ROAD, LONDON, S.W. 9

(Do not delay. Be conversant
with subject now and prepared
for business after the War.)

aael
Quality
Components

I.F. TRANSFORMERS
WIRE WOUND RESISTANCES
L.F. CHOKES & TRANSFORMERS
MAINS TRANSFORMERS
DELAY SWITCHES

Varley (Prop. Oliver Pell Control Ltd.)
Cambridge Row Woolwich, S.E.18

BOOKSELLERS TO THE WORLD 21
New and secondhand Books on every subject.

Join The Scientific Book Club!
113-125 Charing Cress Road, London, W.C.2

Telephone: Gerrard 5660 (16 lines)

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

W. BRYAN SAVAGE LTD.
Westmoreland Road. LO,d011. N W 9 Colrndole 7131

TECHNICAL BOOKS
English and Foreign Books on Radio and Electrical
Engineering supplied from stock or obtained

promptly to order.
(Lists post free on application.)

LENDING LIBRARY
Annual Subscription from One Guinea.
Details of revised terms free on request.

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

Telephone : EUSton 4282 (5 lines)

"AFTER THE WAR" TELEVISION
With the coming of Peace, and backed by the Technical
advances that have resulted from the war years, TELE-
VISION will again spring to life and offer opportunities,
as never before, to the trained man.
Now is the time to prepare for this new " market." Our
Home -study " Television " Course is comprehensive,
up-to-date and suitable both for the amateur and ex-
perienced Radio Engineer.

We definitely guarantee
"SATISFACTION-OR REFUND OF FEE "

You are advised to send for details of this special Television Course
immediately to investigate its possibilities. Details will also be sent
of A.M.I.E.E. and A.M.I.Brit.R.E. Examinations and other courses
in all branches of Wireless Engineering. Our literature Is quite free
while stocks last.

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
Principal : Prof. A. M. Low.

337, Shakespeare House, 17/19, Stratford Place, London, W.I.

ELECTRADIX
"Nitnday" Mains Chargers. A range for all jobs.
The Lesdix Nitndays are the best and cheapest
trouble -free chargers. Any A.C. mains voltage to
2, 4, 6 or 12 volts. Steel chassis. Safe for ever.
MODEL N/A.2.I/2 is Radio Home Charger for
2 volts 3 amp. 15/6. MOD. NA.6.1 2 3 -cell Trickle
6 volts 3 amp. 22/-. MOD. N.B. 6;1 Car Trickier
6 volt lamp 30/-. MOD. N.B. 6/I. 12 Car Trickle
6 volts If amps. 34'6. MOD. N.C.6 2 Car Charger
46,'6. MOD. N.D.! 2 1 H.M.car Charger I2volts lamp.
476. MOD. N D.122 NK Car Charger 12 volts
2 amps. 68 6. Special MODEL N.E. 2 Doubler
Twin Rate Charger 6 volts and 12 volts 2 amps 81.'6.
Tungar Type 70 volts 6 amps. E12 10 0.
A few larger Westinghouse Chargers for trade
charging re -conditioned and guaranteed. Type
R.G.C. I 1E30. R.G.C. 7 E22. R.P.I0 El6 10 0

PETROL ELECTRIC ENGINE SETS.
Pelapone 500 watt 2 -stroke water cooled Engine
50/70 volts 10 amps. D.C. Shunt Dynamo. Supplies
limited now. A.B.C. Twin Air Cooled Set with
50/70 volt 25 amps. Specilaly lightweight for portable
work. Twin 23 h.p. Engines.
MICRO -MOTORS. As fitted to push-button sets.
A.C. split phase motors, squirrel rotor. Dog clutch
drive to spur reduction gear from 2,000 to 50 r.p.m'
double shafts. Voltage 15'20 volts 50 cycles reversible
enclosed 8 DYNAMOS & MOTORS.

Stamped envelope with all enquiries, please.

ELECTRADIX RADIOS
19 BROUGHTON STREET,

QUEENSTOWN ROAD,
BATTERSEA, LONDON, S.W.3.

Phone : Macaulay 2159.

More is required for protection than merely
a detachable device to hold the fuse wire in
circuit. The SLYDLOK Fuse is designed to
meet the needs of to -day- questions of
vibration, neglect, space, identification
and adaptability are all answered by the
SLYDLOK design.

VIBRATION -PROOF FUSES
Whilst producing to
maximum capacity,
orders can be dealt
with in rotation. IIr & CO LTD

Sharston Road, Wythenshawe, MANCHESTER

EDWARD

Great Possibilities for
TECHNICALLY QUALIFIED ENGINEERS
KEY MEN IN WARTIME AND AFTERWARDS
The finest posts and the majority of posts in
this war are technical and when the war is
over, the immense increase in technique and
mechanisation created for war purposes will
be applied to reconstruction and commerce.
An age of great possibilities for qualified
engineers is here. Study at home with The
T.I.G.B. and take a Recognised Engineering
Qualification such as C. & G., A.F.R.Ae.S.,
A.M.I.Mech.E., A.M.I.E.E., etc. in which
examinations T.I.G.B. Students have gained
25 FIRST PLACES and hundreds of passes.
Write now for "The Engineer's Guide to
Success " -200 Courses - covering all
branches - Aeronautical, Tele-communi-
cation, Mechanical, Electrical, Chemical, etc.
etc.
THE TECHNOLOGICAL INSTITUTE OF GREAT BRITAIN

160, Temple Bar House, London, E.C.4.

UNIVERSAL ELECTRICAL CO.
221 CITY ROAD, LONDON, E.C.1

Telephone: CLERK 7030

ROTARY CONVERTERS
" E.D.C." 230 D.C. Input 230 v. A.C. Output in Silence -soundproof

Cabinet and Radio Filter Unit, 180 watts 10

Ditto as above, 120 watts 10

Ditto as above, 60 watts ... ... ES IS
"Westinghouse" 110 D.C. Input, 110 A.C. Output, 750 watt E12 10
" E.D.C." 230 A.C. Input, 230 D.C. Output, 100 watts ... EIS 0
" E.D.C." 240 D.C. Input, 230 A.C. Output, 500 watts E12 10
" Crypto" 440/460 D.C. Input, 285 A.G. Output, 12.5 KVA E30

Photo -Electric Cells ... ... each IS
" Crypto " 2 H.P. 415 v. 3 Ph. 50 c. 710 r.p.m. S/Ring with

Starter LI7 10
" Hackbridge " Transformers, 100/110 to 200/230, or

200/230 to 100/110, 2 KVA ... .. ES 0

" Brooks " 15 h.p. Motor, 240 v. S./Ph. 50 c., with Starter E20 0
" E.D.C." 460 D.C. Input, 230 v A.C. Output, I KVA ... El I 10
" Crypto " 230 D.C. Input, 230 v A.C. Output, 2 KVA E14 10
" Mackie " 100 D.C. Input 100 v A.C. Out. 500cs 500 watts E12 10

ALL TYPES OF ROTARY CONVERTERS SOLD AND PURCHASED

0
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Band-pass crystal filters

are available on both the

EDASTONT /358/&/400/

WEBB'S
RADIO

SPECIAL MODELS
1-1 the Eddystone " 358 " Communication
Receiver, and its counterpart the medium
frequency Model " 400 " are available with
circuits incorporating band-pass crystal filter
units. Full details will be sent on request.
Both these special models are supplied to
priority order only.

STANDARD MODELS
of the Eddystone " 358 " and the Model " 400 " are in
full productjon. The ability of both these receivers to
give a high signal to noise ratio under adverse conditions,
their reliability and robustness, make an outstanding
contribution to British Communication Receiver design.

EDDYSTONE "358" COMMUNICATION RECEIVER
Specification. The receiver employs one stage of R.F. amplification,
frequency changer, two I.F. amplifiers, a separate beat frequency oscillator,
octal base Mullard or Osram 6.3 volt valves. Frequency range is continuous
from 22M, CS to 1.25 111/CS using four fully screened interchangeable coil
units. Five additional coil units extend the range to 35 m; r$, and go It, cs.
Illuminated dial is accurately calibrated with four standard coils. Additional
coils supplied with separate graph. To simplify maintenance a metre and
test switch is fitted. Main tuning control incorporates fly wheel drive
and spring loaded Tufnol gearing (ratio 70-t). Logging scale supersedes
the old type band spread control. Separate Power unit assures freedom
from drift.

MEDIUM FREQUENCY MODEL "400"
A highly sensitive receiver covering medium frequencies only.
Siniilar to the " 358 " but is provided with four coils only covering
frequency range from 13o k/cs to 2,2oo k,'cs. Optimum gain is secured
with very high signal to noise ratio.

SUPPLIED TO PRIORITY ORDER ONLY,

I 4, SOHO STREET, OXFORD STREET, LONDON, W.
Telephone: GERrard 2089 Hours of Business 9 a.m. to 4 p.m. Sats. 9 a.m. to 12 noon
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