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N.F. ALLOY POWDER

is now used for practically all radio cores
being manufactured in this country. Itis an
.all-British Product, the result of extensive
research and development work carried
out during the last 15 years.

The use of a finely divided alloy of high
magnetic quality represents a further
advance in the science of Magnetic Powder
metallurgy in comparison with all the
various. grades of iron powder, most of
which previously have been imported.

MAIN ADVANTAGES

" @ Higher permeability.
O Higher particle specific resistance.
© Lower eddy current loss.
© Non-rusting.

SALFORD ELECTRICAL INSTRUMENTS LTD.

PEEL W ORKS, SALFORD, 3. Telephones : BLAckfriars 6688 (6 lines). Telegrams and Cables :
THE GENERAL ELECTRIC Co.

PROPRIETORS:

** Sparkless, Manchester **

Ltd., OF ENGLAND

The fact that goods made of raw materlals in short supply owing to war cond_ltlons are advertised in
this magazine should not be taken as an Indication that they are necessarily available for export.
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A Standard of Zero Loss Angle

VARIABLE AIR CONDENSER TYPE D-14-A

This three-terminal double-screened condenser is provided with a guard
circuit which ensures that the dielectric of the plate-to-plate capacitance is
composed entirely of air. This, together with the special surface treatment
of the plates reduces the plate-to-plate power loss to a quantity which
can be disregarded even when measuring the smallest power factors.

BRIEF SPECIFICATION

CAPACITANCE. 50 uuF min. 1,250 uuF max. SCALE READING. To I partin 5,000 direct reading ; !
LOSS ANGLE. Approximately 1 micro-radian in a dry To 1 part in 20,000 by interpolation.

atmosphere : 7 micro-radians in 75% relative humidity, BACKLASH. Not exceeding 1 part in 20,000.

for the frequency range 50 c.p.s. to 10,000 c.p.s. DIMENSIONS. 12. 7/8” x 10’ x 13 5/8”.
DRIVE. Worm reduction gear, 50: 1 ratio. Write for Bulletin B-537-A giving further particulars.

'MUIRHEAD |

i
i

‘ MUIRHEAD & COMPANY LTD., ELMERS END, BECKENHAM, KENT, TEL: BECKENHAM 0041-2.
FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS

T

C.R.C. 45
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« DELARON ** is also supplied in panels cut and machined to your requirements. Ask too, for details of “HAMOFIL
Connecting Wires and Insulating Sleevings in all types; and our NEW process—the printing of wiring diagrams, instructions,
etc., on “ DELARON.”’

5, Regent Parade, Brighton Read, Sutfon, Surre Telephone: Vigilant 4472
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"Everything
0.K. Sir!”

DIELECTRIC Loss problems in High
Frequency circuits have been solved by the use of
Made in Three Bullers Radio-Frequency Ceramics.

Principal Materials Many years of research and development in our

FREQUELEX —An Insulating Laboratories have brought these materials to a high

material of Low Dielectric Loss. 3

For Coil formers, Aerial Insulators, degree of efficiency.

Valve Holders, etc. They are in constant use for transmission and

PERMALEX A High Permit- L . k 4 ..
n

tivity Material. For the construction reception and play an important part in maintaining

of Condensers of the smallest possible communication under all conditions.
dimensions.

TEMPLEX _A Condenser

material of medium permittivity. For :

theconstructionof Condensershaving ]
aconstant capacityatalltemperatures.

% LOW LOSS CERAMICS
—Z®_  BULLERS,

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

We manufacture Low Loss
Ceramic Parts at least as
good as any on the market
but we regret that we are
at present unable to accept
orders for these as our pro-
duction of these materials
is already being used for

work of national importance
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Head Office : Eastwood, Hanley,
Staffs. London: 85, Streatham
Hil, S.W.2. Factories at Han-
ley, Stone and Longton, Staffs.
Telephone : Tulse Hill 5256-6
and Stoke-on-Trent 5272-4.
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COMMUNICATIONS DEPEND....

BULGIN
FOR

FUSES

The finest Radio and small Elec-
trical Glass-enclosed Fuses in
the world. The comprehensive
range, from 60 MA. to 25 A,
covers every requirement.
Accurate and uniform in
characteristics and made to British
Standard Specification No. 646,
R.M.A.—, and R.C.M.F.—Specifi-
cation. Absolutely fireproof and
safe, sure in action upon 50-75%,
overload.

ON SMALL

PARTS....

In countless instances quite
intricate pieces of apparatus
are wholly dependent on the
proved reputation and relia-
bility of their component parts.

"All products from the House

of Bulgin are pre-eminent for
superior design and workman-
ship, and every article bearing
our Trade Mark has to pass
exacting and exhaustive tests
during the course of its
production.

We ask the kind indulgence
of the public on delivery until
peaceful conditions return.

ALWAYS DEPEND ON

BULGIN

REGISTERED

e TRADE o MARK

A. F. BULGIN X CO, LTD., BY-PASS RD., BARKING, ESSEX

Tel. Rippleway 3474 (4 lines)
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QUALITATIVE EXAMINATION
OF SPECTRA.

The composition of materials used in
the manufacture of
Westinghouse Metal Rectifiers
is determined by examination of a
spectrogram on which’ are photographi-
cally recorded the spectrum lines due to
the elements contained in the sample
In many cases impurities of the order
¢ of 0.00005% are detectable.

With nearly all our output earmarked,
we regret that Westinghouse Rectifiers
are so difficult to obtain. But behind
the ever increasing demands, technicians
work ceaselessly after new developments. After the war
there will be available to industry Westinghouse Rectifiers
of remarkably advanced design—born of the persistant
research now going on.

Uerttimphhonse Rovlgions-

WESTINGHOUSE BRAKE & SIGNAL CO. LTD,,
PEW HILL HOUSE, CHIPPENHAM, WILTS

TRANSMITTERS ¥
POWER PACKS

for priority contracts only

TRANSFORMER CO.

Thornley Street, Wolverhampton Tel: Wolverhampton 22829
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trical terms and definitions

have recently appeared, the
one published by the American
Institute of Electrical Engineers*
and the other by the British Stan-
dards Institutiony (Part 1 only).

While it is obviously unfair to
draw any comparison between the
publications—the American one pro-
duced without restriction on size
and content, and the British one
limited by war conditions—it is per-
missible to compare the definitions
as drawn up by engineers on both
sides of the Atlantic.

What is the object of a glossary?
It is obviously not intended to take
the place of a technical dictionary,
but to crystallise the meaning of cer-
tain ‘technical terms which are
liable to confusion or to regu-
larise others which have crept
into the language. It is not al-
ways necessary to explain a term
in order to define it, and acting on
this dictum, the B.S.I. glossary has
confined itself to as few words as
possible and deals only with essen-
tial terms. This lays the Glossary
open to the usual criticism that what
is non-essential to some readers is
of importance to others. For exam-
ple, it is assumed that Ohm’s Law

TV\/ O official glossaries of elec-

® American Standard Definitions of Electrical
Terms (The American Institute of Electrical Engincers,
N.Y., U.S.A)) $1.25.
Glossary of Terms used in Electrical Engineering
(Section 1), (The British Standards Institution),
BS.205, Part 1. 2/- net.

Glossaries

is so familiar that it is not found
among the fundamental electric and
magnetic terms. But the American
glossary has it between Lenz and
Joule, with a rider that it does not
apply to all circuits.

In the fundamental units the
American glossary gives three or
four pages of explanatory defini-
tions, an example which could well
be followed. These may be found
in any text-book, but it is conveni-
ent to have a master reference book
which will set them out clearly in
relation to one another. As a men-
tal exercise. readers might define
the following without reference to a
book :

Abampere,

Gilbert, Maxwell,

ELECTRONIC ENGINEERING
MONOGRAPHS.

Owing to the demand for copies of the
first Monograph on

‘“ FREQUENCY MODULATION ”
by K. R. Sturley

the initial printing order was exhausted
within a few weeks of issue.

The publishers have now been able to
reprint a further number of copies which
can be obtained through the usual
channels, or, in cases of difficulty, from
this office. The price is 2s. éd. net.

Will readers who have been disap-
pointed in obtaining copies please write
to the Circulation Dept., Hulton Press,
43, Shoe Lane, E.C.4.

A remittance for 2s. 8d. to include
postage should accompany the order.

Newton, and if these are too easy,
try Phot and Apostilb. .

It is not possible to draw a full
comparison in the electrical defini-
tions as the B.S.I. Glossary is pub-
lished in separate parts. The one of
most interest to radio engineers
(Terms relating to Telecommunica-
tion) which comprised sections g
and 10 of the 1936 edition is being
published separately under B.S.
204, 1943.

It is, however, embarrassing to
find that the Rritish electron is
actually fatter than its American
counterpart, even under war-ime
conditions. Here are the figures:
American definition :

An electron is the natural elemen-
tary quality of negative electricity.

The quantity of electricity on an
electron is 1.592 x 10-" coulomb,
or a.774 x 10" electrostatic unit.

The mass of the electron at rest
1S .00 X 10~°° gm,

British definition :

An elementary particle contain-
ing the smallest negative electric
charge (4.803 x 10-" E.S. unit)
and having a mass of g.11 x
10-" gm. at low velocities.

In these days of brains trusts and
quizzes the B.S.1. Glossary is a use-
ful book to carry round where scien-
tists gather. It is pretty sure to
start an argument and it has the
great advantage that the topics are
not on the secret list.
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Dielectric or Puncture Strength of Porcelain
and Other Ceramic Materials

THE dielectric or breakdown
strength of an insulating mate-
rial is that property which deter-
mines its suitability for use as a high
tension insulator. The dielectric
strength may be defined as the voltage
gradient at which the electrical break-
down occurs. The dielectric strength
of porcelain and other ceramic in-
sulating materials—as well as that of
all other solid insulating materials—
is, to a very high degree, dependent
upon the test conditioms. It is cal-
culated by dividing the breakdown
voltage by the thickness of the test
specimen between the electrodes anc
is commonly expressed in volts per
mil or kilovolts per millimetre (1 volt
per mil corresponds approximately to
25 kV per millimetre).

The test values for dielectric
strength of an insulating material
vary to an extent not generally appre-
ciated with :—

(1) The thickness of material.

(2) The duration and rate of in-

crease of the voltage applied.

(3) The characteristics of the volt-

age applied (frequency and
wave shape).

(4) Electrostatic field distribution

(edge  effects,  surrounding
media).
(5) Temperature of the material.
In order to obtain comparable

values for the breakdown character-
istics of the dielectric, the conditions
enumerated above must be exactly
the same for the material tested.

Tests on specimens of different
thicknesses, tests made with different
electrodes, tests made with different
rates of voltage increase, or in dif-
ferent surrounding media, are not
comparable.

The test methods for ascertaining
the dielectric strength of electrical in-
sulating materials at power. fre-
quencies are, therefore, standardised
in various countries, In the United
States, for instance, there are Speci-
fications designated D. 149/40 T. and
D. 116 (Standard Methods of - Testing
Electrical Porcelain) and in Germany
V.D.E. 0303/1929. But since wall
thickness, rate of increase of voltage
and the nature of electrodes are not
the same, the values obtained in ac-
cordance with the A.S.T.M, Methods
and the V.D.E. Methods are not com-
parable—the V.D.E. Method giving
much higher Test Values.

The main difference between the

Fig 1.

By Dr. Ing. E. ROSENTHAL
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Test Specimens. (a) with the electrodes
formed by metal coatings provided on the
surface of two spherical cavities. (b) with one
metal coated cavity and a metal disk with
rounded edges.

American and V.D.E. Methods is as
follows :—The American Tentative

Methods specify (for porcelain)
electrodes having the shape of a
metal disk o.751in.  diameter, with

edges rounded to a radius of §in.
Plain, unrecessed, test pieces of uni-
form thickness are used. The V.D.E.
recommends electrodes formed by
metal coatings deposited on both sur-
faces of a recessed test disk, The test
disk has, therefore, not a uniform
thickness since one or two hemis-
pherical cavities are inserted in the
centre of one or both of the faces of
the disk, the smallest wall thickness
of the porcelain between the two metal
coatings being 2 mm. (Fig. 1). On
the other hand, the American Test
Standards for electrical porcelain
provide for a thickness of a test speci-
men being o.250 in. (6.35 mm.), 0.4 in.
(10.16 mm.), o.75 in. (19.05 mm.) or
11in. (2.54 mm.).

The breakdown in the case of the
German test specimen.. generally
occurs across the shortest distance be-
tween the two hemispherical metal
coatings inserted into the disk. Field

concentrations which may occur in air -

or under oil around the perifiheral
edges of the two metal coatings have
no influence on the breakdown
strength because the porcelain thick-
ness between these two edges is so
much greater than the shortest dis-
tance between the two hemispherical
electrodes that breakdown between
these electrodes occurs before any
edge effects can influence the dielec
tric properties of the test specimen.

In the case of test arrangements, as
specified by the A.S.T.M. Methods,
edge effects under oil develop between
the rounded edges of the electrode
and the test specimen, resulting in
premature breakdown of the specimen.
Relation of Breakdown Strength to

Thickness of Material

Fig. 2 illustrates, the breakdown
voltage of porcelain disks of varying
thicknesses in different surrounding
media, and illustrates the consider-

able influence which the surrounding
media have on the breakdown voltage
owing to edge effects caused by sur-
rounding media having higher break-
down strength and lower dielectric
constant than porcelain.

The same Fig. (Curve 1) shows the
breakdown voltage of porcelain disks
of varying thicknesses when edge
effects are eliminated, that is to say,

the actual breakdown strength of
porcelain.
Curve 2 shows the breakdown

strength of porcelain disks of various
thicknesses ‘in transformer oil of best
insulating quality, Curve 3 shows the
same plates in used transformer oil,
and Curve 4 the same plates in low
resistance oil.

In explanation of the considerable
decrease in dielectric strength per
mil, with increasing thickness of
solid materials, many theories have
been advanced., In the early days this
phenomenon was explained by the as-
sumption that it is much more diffi-
cult to produce thick-walled porcelain
disks than thin-walled ones, and that
the decreasing puncture strength is
therefore caused by the lower quality
of thicker specimens. This explana-
tion is, however, unsatisfactory be.
cause the decrease in puncture
strength can be ascertained with
almost any kind of solid insulating
material and even with those where
thick-walled articles are easier to
manufacture than thin ones. Further-
more, thin slices cut out of an insula-
tor disk have often a higher puncture
strength per mil than that of the
original complete disk. i

Within the last few years physicists
have made pronounced progress in the
study of the dielectric failure, but in
spite of this progress our knowledge
of the phenomena involved is still
very incomplete so far as solid insu-
lating materials are concerned.

In order to form an idea as to why
the dielectric strength of solid insulat-
ing materials decreases with increas-
ing thickness, it may be as well to dis-
cuss at this stage the theory of break-
down.

Theory of Breakdown

Dielectric failure of solid insulat-
ing materials may occur in one of the
following ways, or in a combination
of both:—

(a) 1n disruptive breakdown; and

(b) In thermal breakdown.
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Fig. 2. Breakdown voltage of porcelain disks. (1) With no edge effects (Wagner and Weicker).

(2) Plates in transformer oil (pure).

Disruptive failure is one which re-
sults directly from an electrical over-
stress of the dielectric material with-
out perceptible internal temperature
rise. It is caused by ionisation and
collision within the molecular struc-
ture of the material.

Disruptive failure only occurs in the
case of solid insulating materials
under special conditions, and accurate
test values of pure disruptive dielec-
tric strength for such materials are
not easily obtained. If tests are made
on very thin specimens so that heat
may easily be dissipated by the elec-
trodes and a sufficiently high voltage
is applied to cause instantaneous
breakdown, that there is no time for
heat to develop in the thin section,
the failure is purely disruptive. Im-
pulse tests on thin ceramic sections
cause a breakdown which is pre-
dominantly, or almost purely disrup-
tive. With increasing thickness inter-
nal temperature effects modify the
characteristics of disruptive failure,
The breakdown strength per unit wall
thickness at first decreases slowly
with increasing wall thickness and
then more rapidly when a certain wall
thickness is reached, the breakdown
showing more and more the character-
istics of thermal breakdown with in-
creasing wall thickness.  Heat de-
veloped under the influence of the
alternating electric field between the
electrodes can less easily be dissipated
when the wall thickness increases.
When a certain thickness of the
specimen is reached, a further in-
crease in wall thickness will then no
longer result in an increase of break-
down voltage. The curves (Fig. 2)
show that this critical wall thickness,
the increase of which would not cause
a further increase in breakdown volt-
age, depends not only on the dielec:
tric properties of the test specimen,

(3) Plates Iin transformer oil (used).
resistance oil.

(4) Plates in low

but also on the nature of the surround-
ing medium. Theoretically, the
disruptive breakdown voltage is
proportional . to the thickness of
the test specimen* The curves show
that for commercial frequencies and
for thicknesses such as are used in
actual insulation design, disruptive
breakdown is the smaller and thermal
breakdown the larger of the two com-
ponents causing the actual breakdown,
Disruptive breakdown strength is the
higher .the more homogeneous the
structure of the insulating materials.
Thermal breakdown strength is deter-
mined :

(1) By electrical

(volume resistance).

(2) By thermal conductivity,

(3) Power factor.

(4) Dielectric constant of the in-
sulating material (specific in-
ductive capacity, or per-
mitivity).

The higher the dielectric constant
and the higher the power factor of the
test specimen, the higher will be the
electrical losses and more heat will be
developed. The heat developed de-
creases the volume resistance of the
material and more current will de-
velop further heat until breakdown
occurs.

It is well known that every insulator
coming within the influence of an elec-
tric alternating field consumes a cer-
tain amount of electric energy and
transforms it into heat. The electrical
energy lost in this way is given nearly
enough by the following equation :—

N = V27fC tan §
where V is the voltage

f the frequency

C the capacity of the test
specimen

tan 8 the tangent of the loss
angle, or the power factor
of the insulating material.

conductjvity
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It can be concluded from this
formula that insulating materials hav-
ing a higher power factor possess a
lower dielectric breakdown strength,
particularly at high frequencies and
if the voltage is applied for a long
period, or increased at a small rate,
t.e., if the thermal component of the
actual breakdown is predominant.
The disruptive breakdown, however,
seems to be less dependent on the
power factor,

The curves illustrating the depend-
ence of temperature on the breakdown
strength of various ceramic materials
show the influence of the power factor
on the thermal breakdown strength.
(Fig. s5).

Although the phenomena causing
breakdown cannot be attributed ex-
clusively to the two factors ¢ disrup-
tive ” and ‘‘ thermal ”’ breakdown,
there is no doubt that these are the
two most important factors and the
breakdowns which occur in practice
are in most cases the result of these
two factors.

Short-time (or impulse) tests are
predominately disruptive in their
nature and long-time tests, high fre-
quency tests and tests at elevated tem-
peratures are predominately thermal.
In most cases, disruptive and thermal
effects combine to produce failure. If
the breakdown is purely disruptive
the breakdown current increases from
a substantial steady value to break-
down in a fraction of a microsecond.

Electrostatic Field Distribution and

Edge Effects

Both in the actual application of
insulation and in the testing of it for
breakdown strength, it is not easy to
avoid conditions which lead to local
field concentrations and similar
effects which reduce the breakdown
voltage.* These are generally re-
ferred to as  edge effects ’ because
they are observed at the edges of elec-
trodes, although field concentrations
are, of course, not limited to the
edges of the electrodes. Unequal
field distribution, concentration of the
field, edge effects, etc., etc., have a
great influence on breakdown voltage.

* E. B. Shand : Dielectric Strength of Glass.
Electrical Engincering Transactions—August, 1941.
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Fig. 3. The breakdown strength of porcelain

with temperature. (a) Impulse voltage. (b).

Voltage increased at the rate of 250 v/sec.

(c) Voltage increased at the rate of 25 v/sec.
(Rosenthal-Mitteilungen 1926)
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Fig. 4. Variation of breakdown voltage of Porcelain with wall thickness and rate of increase of

voltage. (a) Impulse voltage.

(b) Voltage increased by 250 v/sec.

{c) Voltage increased by

S v/sec.

Even in elaborate tests it is not easy
to eliminate electric field concentra-
tions completely. Many discrepancies
in published data on the breakdown
strengths of solid materials result
from small differences in the test ar-
rangements causing edge effects of
various strengths. In addition to the
concentrations at the edges of the
electrodes, these effects are produced
by imperfect contact between the elec-
trodes and the insulation, by scratches
in the electrode surface, when the
electrode is in the form of a thin
metal foil or metal coating, by in-
cluded air-pockets or pores in the test
specimen, and by scratches and other
imperfections of the surface of the
dielectric itself. A special type ot
edge effect is that connected with the
influence of the ambient medium on
the field distribution, such as insulat-
ing oil,

Dielectric tests are frequently made
under oi] in order to eliminate flash-
over of the test specimen. Insulating
oils have a dielectric constant much
lower than that of porcelain and
glass so that the electrical stress in
the oil will be correspondingly higher
than in the material having the higher
dielectric constant. Under these con-
ditions, Corona discharges will form
in the oil long before the breakdown
voltage of the test specimen is ap-
proached. Streamers develop on the
surface of the test specimen, com-
mencing on the edges of the electrode.
The higher the resistance of the in-

(Rosenthal-Mitteilungen 1926)

sulating oil, the more concentrated
are these discharges. These streamers
cause intense voltage gradients along
the surface of the insulation rapidly
causing disintegration. If this action
continues for a certain time a hole
may be bored into the surface of the
test specimen causing dielectric
failure before the actual breakdown
strength of the test specimen has been
approached. This type of failure is
dependent on the dielectric resistance
of the oil, and, to a lesser degree
only on the  dielectric properties
of the test specimen. (Fig. 2) shows
the influence of various oils on the
puncture strength of porcelain, It
can be seen that the higher the dielec-
tric strength of the surrounding
medium,- the lower the breakdown
strength of the test specimen. These
curves show very clearly the great in-
fluence which the dielectric properties
of the surrounding medium have on
the dielectric properties of the test
specimen and that tests made in dif-
ferent surrounding media are not
comparable.

Edge effects, also, play a very im-
portant part in actual breakdown
under normal service conditions. Im-
perfections between the electrode and
the insulator surface produce field
concentration which very often is
largely responsible for breakdown at
voltages far below the actual break-
down voltage of the insulating mate-
rial in question.

In the design of electrical insulators

March, 1943

and components like bushings, etc.,
where metal parts have to be affixed
to the porcelain insulator, these con-
ditions have to be carefully con-
sidered and - field concentrations
avoided as far as possible. This .can
be achieved by suitable design of both
the electrodes and the insulator and
by suitable assembly methods. The
application «of conductive and semi-
conductive coatings on the surface of
the insulator (particularly on curva-
tures with generous radii and by con-
necting the metal coatings with the
metal work) has been used to an in-
creasing extent during recent years in
order to improve field distribution.

In this connexion reference may be
made to the importance of the hard
and non-attackable surface of porce-
lain and porcelain glazes. Surface
irregularities and scratches produced
on the surfaces of the insulator by
metal parts during assembly, may
cause edge effects which may be
responsible for early breakdown.
Fortunately, both porcelain and
porcelain glazes are so hard that
scratches caused by metal parts are
practically excluded. Any imperfec-
tions of the surface (whether they be
due to scratches caused by a tool or
by the live metal-work under service
conditions, or whether they be cavities
invisible to the naked eye caused by
atmospheric conditions and resulting
in a matt surface) are bound to cause
edge effects with the inherent detri-
mental influence . on  breakdown
strength. Very few insulating mate-
rials possess the same hardness and
¢ unattackability > by chemical - and
atmospheric influences as does porce-
lain.

Duration and Rate of Increase of

Applied Voltage

Fig. 4 shows the dependence of
breakdown voltage of porcelain on
wall thickness and the rate of in-
crease of voltage, It can be seen that
for thin sections the influence of dif-
ferent rates of voltage increase is very
small. The influence of rate of volt-
age increase becomes more pro-
nounced with increasing wall thick-
ness. The breakdown strength of test
specimens with great wall thickness is
lower when the voltage is slowly in-
creased, compared with breakdown
strength measured at more rapid rates
of voltage increase. In the case of
impulse voltage, the breakdown
strength is higher than in the case of
tests carried out at commercial fre-
quencies—the more so the thicker the
test specimen. It can be seen, there-
fore, that the rate of voltage increase,
or in other words the time during
which the voltage is applied, is an im-
portant factor in determining break-
down voltage,
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Curve (c) in this Fig. shows the
breakdown voltage of porcelain disks
if the voltage is increased by 25 volts
per second ; curve (b) if the voltage is
increased by 250 volts per second, and
curve (a) under a steep wave impulse.
The tests at commercial frequency
were made in oil, whereas the impulse
tests were made in air. The results
of impulse tests in oil and in air do
not, however, differ very much if the
tests are made under conditions which
exclude edge effects. The effect of
rate of increase of voltage on dielec-
tric strength is more pronounced in
the case of bakelised laminated in-
sulating material (Fig. sa).

The A.S.T.M. Standards provide
for short-time tests and for step-by-
step tests. With regard to the short-
time tests, it is provided that the volt-
age shall be increased from zero to
breakdown at a uniform rate. The
rate of rise is 0.5 or 1.0 kV per second,
depending on the total test time re-
quired and the voltage time charac-
teristic of the material. The step-by-
step test provides that an initial volt-
age will be applied equal to 50 per
cent, of the breakdown voltage in the
short-time test.

The voltage will then be increased
in equal increments as laid down in
the various material specifications.
For testing electrical porcelain the
A.S. T.M. Standards, however, pro-
vide no specifications for the step-by-
step test.

With regard to porcelain and other
dense ceramic materials, it can be
stated that it does not age under the
influence of electrical stress. Tests
carried out show that depreciation
does not take place—at least during a
period of many years at power fre-
quency. For instance, if the break-
down strength of a.test specimen has
been ascertained, a voltage of 10 per
cent., below the breakdown voltage
can be applied to it for. many years
without causing breakdown (of course
if no irregularities are present in the
test specimen),

Effect of Voltage Characteristics on
Breakdown Strength of Ceramics

With direct current the breakdown
voltage of ‘porcelain is 20-30 per cent.
higher than with alternating current
at commercial frequencies.

The breakdown strength of solid
materials is lower at high frequencies
than at low frequencies. It has been
mentioned that as the frequency is in-
creased, the dielectric losses increase
and the temperature in the test speci-
men increases. As a consequence of
the high temperature developed in the
test specimen, the breakdown voltage
drops. The power factor of the
dielectric plays a very important pait
on the dielectric strength of the mate-
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Fig. 5. Upper curves. Variation of breakdown strength of three Clinoenstatite materials

with temperature.
cent. at cfs).

Fig.'5a. Lower Curve.

(1) AlSiMag 196 (p.f. 0.14 per cent. at 60 c/s).
(3) AlSiMag 192 (p.f. 0.20 per cent. at 60 cfs).

The effect of rate of increase in voltage on the dielectric strength of

(2) AlsiMag 35 (p.f. 0.30 per

black varnished cambric.

rials at high frequencies. For in-
stance, the breakdown strength of im-
proved Clinoenstatite bodies is 35-45
kV per mm. at so cycles, and 25-27 kV
per mm. at 1 Mc/s. The breakdown
voltage of this special type of ceramic
body drops, therefore, only by about
40 per cent. (breakdown voltage at
1 Mc/s. compared with that at com-
mercial frequency). In the case of
porcelain the breakdown voltage
drops by s50-60 per cent. and in the
case of most glasses by 70 per cent.,
under corresponding conditions.

The influence of wall thickness on
breakdown strength is more important
at high than at low frequencies. If,
by employing thin sections and mas-
sive electrodes the heat developed by
the high frequency field is quickly dis-
sipated, the breakdown strength per
unit is higher than otherwise. There
are puzzling exceptions to the general
rule that the breakdown strength is
higher at low frequencies than at high
frequencies. Rutile bodies, for in-
stance, have higher breakdown
strength at bigh frequencies than at
low frequencies. This refers to cer-
tain rutile bodies, the power factor of
which is 100 times higher at 800 cycles
than at 1 Mc/s., and 300 times higher
at commercial frequencies than at
1 Mc/s. In such very special cases the
breakdown at low frequencies is
thermal and at high frequencies dis-
ruptive in character.

Influence of the Temperature of the
Material on Dielectric Strength

Fig. 3 illustrates the dependence of

(A.5.T.M. Standards, p.69).

breakdown strength of porcelain on
temperature variations between 20-
160° C. It can be seen that within this
temperature range the breakdown
strength of porcelain at power fre-
quency decreases only very slightly,
and the less so the slower the voltage
increase. In the case of impulse volt-
age the decrease with increasing tem-
perature is more noticeable, From
these curves it can be inferred-that at
a temperature of 160° C. the break-
down is purely thermal under all volt
age conditions.

Fig. 5 shows the dependence of
breakdown strength of three steatite
articles at temperatures varying be-
tween 25-250° C. ‘The decrease in
breakdown strength between room
temperature and about 100° C. is not
considerable in the case of two of the
materials both possessing a very low
power factor.

The decrease in dielectric strength
between room temperature and 250° C.
is only about 15 per cent. in the case
of the material AlSiMag 196, owing
to the extremely low.power factor and
high volume resistance at elevated
temperatures of this special material.
The same breakdown values at high
temperatures are attained with other
Clinoenstatite type materials having
the same power factor and volume re-
sistance. Breakdown strength at tem-
peratures higher than 80% C. is, gener-
ally speaking, better the higher the
volume resistivity at ' elevated tem-
peratures and the. lower the power
factor of the material under test.
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The Synchronisation of Oscillators
By D. G. TUCKER, B.Sc. (Eng.), A.M.LE.E. *

Part I. — The Direct Synchronisation of Feedback Oscillators

Tuned Circuit

Amplifier and

Feedback
Circuit
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Fig. 1.

Baslc Clrcult of Inductance-Capacitance

Tuned Feedback Oscillator. ,

I. Introduction

T is probably well-known that

oscillators may be ¢ locked ’’ in

frequency to some external con-
trolling signal; But the theory and the
practical problems encountered are
comparatively little-known, in spite of
the large amount of mathematical
analysis that has been published on
the subject. The main trouble seems
to be that in recent years little experi-
mental work has been carried out. It
is hoped that the present article will
contribute to the practical understand-
ing of the subject.

The best-known example of oscilla.
tor synchronisation is perhaps that in-
volved in the time-base circuit of a
cathode-ray oscillograph. Here a con-
siderable variety of circuit arrange-
ments may be found,® but in general
the time-base will be derived from =a
relaxation oscillator producing. a
“ saw-tooth ’> wave-form. Such an
oscillator is readily synchroniseed to
an external frequency nof greatly dif-
ferent from its own natural frequency,
and the usual method of applying the
control is, in the case of an oscillator
using a gas-filled triode valve, to con-
nect the synchronising tone or signal
to the grid. If the natural (i.e., un-
synchronised) frequency of the oscilla:
tor is approximately 1/nth of the ex-
ternal frequency, it is possible to con-
trol the oscillator so that its frequency
is exactly 1/nth of the external fre-
quency. However, the range of con-
trol diminishes as the ratio » in-
creases, and in practice ratios above
10 are avoided.

The operation of this control is
quite simply explained by graphical
methods, and involves no more than

* P.O. Researcb Station

the idea of the applied signal “ trig-
gering ’’ the gas-filled valve and thus
controlling  the  charge-discharge
sequence pof the relaxation circuit.
Several articles have been published,
all explaining it in the same manner®
and consequently it is not proposed to
go into further detail here.

The multivibrator® is another type
of relaxation oscillator which is very
readily synchronised to an external
frequency, or to a sub-multiple of it.
This circuit is much used for fre-
quency division, with ratios generally
not higher than 5, although better re-
sults can now be obtained with the
quasi-stable frequency divider® using
what the Americans call ¢ regenera-
tive modulation.”” This process will
be dealt with in a later part of this
article,. The synchronisation of a
multivibrator is effected by injecting
the control signal into the grid or
anode circuit; the mechanism of the
control of frequency is basically the
same as for the single-valve relaxa-
tion oscillator, and has been ade-
quately described in the literature.®

The remainder of this article will be
devoted to the synchronisation of
oscillators other than relaxation oscil-
lators. Of these other types, the most
important is the simple inductance-
capacitance tuned feedback oscillator,
and this will be considered in detail.

2. The Direct Synchronisation of the
Inductance - Capacitance Tuned
Feedback Oscillator

2.1. Methods of Approach to the Problem
An investigation into the mechanism
of  synchronisation of an oscillator
may be made either by a mathematical
analysis or by a graphical process. In
the former case the working is usually
rather complex and involves difficult

Fig. 2. Loop Characteristics of Oscillator of Fig. |.

differential equations. The graphical
method is more useful for general
purposes and enables quite simple
mathematical relationships to be. de-
duced using readily comprehensible
simplifications—this method will be
‘adopted in this article. The mathe-
matical method has been published in
various forms by a number of authors,
One of the best treatments is that pub-
lished by E. V. Appleton as early as
1923,° and the results there obtained
are basically the same as those derived
in this part of the present article.*

2.2,

The circuit arrangement of a con-
ventional type of inductance-capacit-
ance tuned feed-back oscillator is
shown in skeleton form in Fig. 1.
Such an oscillator may be synchron-
ised by the injection of the control fre-
quency into the grid circuit, We must
first consider the operation of the un-

Graphical Treatment of the Problem.

" synchronijsed oscillator, and then de-

termine the changes that occur when
it is synchronised. R is the resistance
of the tuning inductance Z, and C is
the tuning capacitance. £Z. is the
voltage developed across the anode
load R.. E. is the e.m.f. induced in
L from the feedback circuit, and E; is
the voltage developed between grid
and cathode, i.e., the voltage across
C. These voltages refer to a steady
oscillation, and do not, of course, in-
clude any d.c. component,

It is convenient to consider the
oscillator loop circuit in two parts,
one, the amplifying portion from the
grid of the valve to the terminals of
the inductance, i.e., from voltages Z;

*The early work on the subject of synchronisation
of oscillators was concerned with the mutual effect of
two wireless transmitters in relative proximity to
one another.
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Fig. 4. Typical Locking Characteristic; 1 kcfs
oscillator with Q = i5, and Eg = | volt.

(From P.O.E.E.I)

to £.; and the other,.the tuned cir-
cuit, Z.e., from voltages £, to E..
The first is non-linear in that the
amplification of the valve decreases as
the applied voltage increases. The
second may be considered linear for
the present purpose, although in prac-
tice, if the inductance is iron-cored,
there is a slight non-linearity here
also.

Fig. 2 shows the voltage relations
of the loop circuit graphically, If
oscillation is to take place, it is
clearly essential that the two curves
should intersect at some point (repre-
senting the condition of stable oscilla-
tion) remote from the origin; in other
words, the resultant loss or gain round
the loop must be zero in the steady
state, The greater the gain of the
valve at low voltages, the greater is
the voltage to which the oscillation
will build up, in order that the loop
gain may be reduced to zero. Another
fundamental requirement is that the
phase shift round the loop shall be
zero or a multiple of 360°. This can
only be .adjusted by a slight change
in frequency, which changes the phase
relation between £; and E. in the
tuned circuit. This requirement ex-
plains why oscillators rarely oscillate
at the natural frequency of the tuned
circuit. Evidently, it will be neces-
sary to determine the frequency of
oscillation from this phase-shift re-
quirement before the graph of E,
against £, for the tuned circuit can
be plotted in Fig. 2. Having deter-
mined the mode of oscillation of the
unsynchronised oscillator, let us next
consider the circuit relationships if a
synchronising or ¢ locking ” signal,*
E.y. is injected into the grid circuit,
as shown in Fig. 1. If the natural
frequency of the oscillator is «,/27,
then the phase difference ¢, between
E. and the current in the tuned cir-

* Throughout the article the word ‘‘synchronising""
and “ Jocking " will be regarded as synonymous,
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cuit, when the oscillator js unsyn-
chronised is given by tan ¢, =
(wL — t/o,C{R. But if the oscillator
is forced by the injected signal to
oscillate at a different frequency
@50 /2T, then the phase difference be-
comes ¢, where tan ¢,

“’nynL - x/“’sync

R

_ Referring now to Fig. 3, which
shows in (a) the loop gain character-
istic, we can construct a vector dia-
gram as shown in (b). AB is taken as
the direction of the vector represent-
ing the voltage E,; on the grid. By
forcing the oscillator to change its
frequency, we have changed the phase
shift in the tuned circuit by an amount
¢ = ¢ — ¢, and consequently the volt-
age E. across the condenser differs in
phase from £; by an amount ¢. The
direction AG of the vector represent-
ing E. can now be indicated in Fig.
(3b)-

It is convenient to arrange -that
point A of the vector diagram is in
line with OY, and to replot the
straight line graph to represent the
relation between £, cos ¢ and E.. Let
the intersection of this line with the
curve be L. If any horizontal line
through a point M on QY is drawn to
cut the curve and straight line above
L, and from the point of intersection
with the straight line a perpendicular
is dropped to the E. vector line at P,
and from the point of intersection with
the curve a perpendicular is dropped
to the £, vector line at Q, then com-
plete vectors E. = AP and E; = AQ
are obtained corresponding to a cer-
tain value of £.. It is evident that

to ‘“lock > the oscillator stably in
this particular condition at this fre-
quency /27, it is necessarey to add
a synchronising vector E.;u = PQ to
complete the vector triangle,

If less synchronising voltage than
that corresponding to PQ is injected,
then the E. and E; vectors adjust
themselves to a smaller value, and
OM becomes smaller, When the
horizontal line passes through L, the
vector E.y. is vertical. This condition
represents the boundary of the syn-
chronised range of operation; if £,y
is reduced further, the oscillator will
not synchronise. The vertical condi-
tion where synchronisation fails is
generally referred to as the ¢ pull-
out.”

2.3, Conclusions from the above work |'™ "

The vector diagram determined
above (which was first published by
U.Bab.’) does not, of course, explain
how ‘“pull-in’”’ and * pull-out”
occur, but it does demonstrate clearly
the magnitudes and phase angles ob-
tained in a synchronised oscillator.
The following properties of the cir-
cuit will be noted :—

(a) The greater the locking voltage
E.y, the greater can be the angle ¢;
and since ¢ is a measure of the differ-
ence between the natural frequency of
the oscillator and the control fre-
quency, it is clear that the greater is
E.y. the greater is the frequency range
over which synchronisation is pos-
sible.

(b) Since the output of the oscilla-
tor will normally be taken from across
the anode load, we can consider the
phase of the output to be determined
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exactly by the phase of £;. The phase
of E; relative to £,y is go° at pull-
out. If E.. remains constant, and
the frequency difference is reduced,
then ¢ is reduced, and the angle PQA
becomes acute. When the frequency
difference is zero, £,y and £, are ex-
actly in phase. As the frequency dif-
ference is increased again in the
opposite direction ¢ becomes nega-
tive, and the phase difference between
E; and E.y. is now of opposite sign,
reaching a limit of —go® at pull-out,

These two properties of the syn-
chronised oscillator generally deter-
mine the practical design of syn-
chronised systems. It is useful to
plot them for any particular oscillator
as

(a) a locking characterfistic; ithis
shows the difference between the
natural and control frequencies plot-
ted against the voltage of control fre-
quency required just to effect pull-in.
A typical curve measured on a certain
1 kc/s. oscillator is shown in Fig. 4.

(b) a phase characteristic; this
shows the phase difference between
E; and K.y, plotted against the fre-
quency difference at a fixed voltage of
control  frequency. The marked
points in Fig. 5 show a typical
measured phase characteristic; the
dotted curve js a calculated character-
istic. (See paragraph s5.2).

Bias
Resnstor

i

3T .

Synchronising Signal

Fig. 8. Injection of Synchronising Signal in a

Practical Case.

In many practical cases, it is neces-
sary only to ensure that the oscillator
never, or rarely, pulls out of syn-
chronism, The drift of the natural
frequency of the oscillator can be
estimated or measured for the periods
of time, and the voltage and tempers-
ture cond;tlons involved, and the
amount of control signal required
to ensure continuous synchronism can
then be readily estimated from the
locking characteristic. In some in-
stances, however, it is necessary to
maintain phase relatlons within cer-
tain limits, and then it will be neces-
sary to inject a greater voltage of con-
trol signal; the required magnitude
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can be determined by considering the
phase characteristic as well as the
locking characteristic,

3. The Effect of Pull-Out

‘When the “voltage of the locking
signal is just insufficient to synchron-
ise the oscillator, the oscillator fre-
quency does not assume its natural
value, but varies cont{inuously
in a regular cyclic manner. A usefut
demonstration of this is obtained by
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beating the output of the oscillator
with the locking signal itself. Typical
beats obtained are shown in Fig. 6,
which shows a series of oscillograms
of the beat of a 6 kc/s. oscillator., In
the first, the oscillator tuning con-
denser has been rotated until the oscil-
lator just pulls out of lock. The beat
obtained is just a series of slow im-
pulses. In between these impulses
the oscillator is apparently synchron-
ised, and the impulse represents a
“slip ”” of synchronism., As the con-
denser is further rotated, the beat fre-
guency increases, although the im-
pulse itself retains the same form.
Finally, the beat note becomes almost
a sine-wave, and has a frequency
nearly equal to the difference between
the injected frequency and the
natural frequency of the oscillator,
Fig. 7 shows this effect in graphical
form. If the external tone were not
injected as a locking signal into the
oscillator, but merely used to obtain
a beat-frequency in some other man-
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ner, the curve of beat-note against ex-
ternal frequency would be merely two
straight lines at 45° to the axes, as
shown dotted. But when the external
tone is used as a controlling signal,
the effect is as shown in full lines, and
over the locking range, the beat-note
is, of course, zero, Some interesting
measurements on this beat-note have
been published by Subra.’

4. Method of Injection of Synchronis-
ing Tone
Although in Fig. 1 the synchronis-
ing voltage is shown injected directly
between the tuned circuit and the
grid, this connexion would not gener-
ally be desirable in practice. It is
better to inject the voltage across a
resistance connected between the

tuned circuit and the H.T. negative,

Electronic Engineering

5. Simple Quantitative Relationships
in Synchronised Feedback Oscil-
lators

Dependence of the Locking-range Charac-
teristics on the Circuit Parameters

Some very useful quantitative rela-
tions may be deduced from the pre-
ceding work. We have stated, ¢o =
(&)oL — l/woC Wo
————  where w,f27 is
natural frequency, and tan ¢,
Oopnle — 1[0,50C

R
controlled frequercy.

Now the angle ¢ of the vector dia-
gram (Fig. 4) is given by ¢ = ¢1 — ¢o.
If all these angles are small, we may
assume that tan ¢ = tan ¢, — tan ¢,
so that

S.l.

the

where w,yn/27 is the

415

1
[2+ Fued
R WoWsynC

It is usual to refer to the Q value of a
coil rather than to its resistance;
therefore we can substitute 1/R=Q /w,L
for convenience. Also, if wen — @,
is small, we can replace 1/w,w.;.C by

Wsyn — Wo

1/w,°C, and since 1/w,’C = L very
nearly, we obtain
Q(@era — @)
tan ¢ = —————— (2L). =
Wo
Q(wsyn—wo)
— (1)
Wy

In the majority of practical cases
the voltage of synchronising signal re-
quired just to lock the oscillator is the
important value in the design of the
synchronising system; only where

a5 ‘showhpin Fig 8. The'value of the Wiyl — 1/0eaC @L — 1/w,C  great phase stability is required will
resistance can be determined by the 3P = - any other value be a design factor. At
nature of the circuit supplying the K R the limit of the locking range, the
synchronising signal.
There are Othe‘r methods of inject- Fig. 9 (right). Locking Characteristic c‘:{z
ing the synchronising tone; one that of 4 kc/s St L= Eg=05 X 1
is sometimes convenient at high fre- _ o - '°°ié
. q 5 1g. 10 (below). Locking Range in [
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vector £,;, is perpendicular to £;; let
the limiting value of E.;u by Euyou
Then

Elyn-l

= tan ¢

1
So that we now have
Wyyn — Wy
E.pny = 2Q Eg (2)
wo
Q is known, but it should not be for-
gotten that allowance must be made
for the damping of R: + K. on the
tuned circuit. £, is known or can be
determined for any particular valve
and loop gain characteristic. The
grid voltage is not constant over the
locking range, and the value of £; in
equation (2) is strictly the value just
before pull-out; but fortunately this
value is related to the amplitude of
free oscillation independently of
Egsu or Q or (Weyn— o) [wo—it is 0.707 x
the free amplitude for a cube law
valve characteristic (see Appendix).
Thus £; above is somewhat less than
the r.m.s, voltage required to cause
the valve to run into grid current.
Thus for a given oscillator circuit
Eiyas & (Woya — @) for small locking
ranges. It is, in practice, found that
the locking characteristic is a straight
line for the usual small ranges, say
0.1 per cent. on the frequency scale of
a normal LC oscillator, as may be
seen in Fig. o.

g N
Another important result to be ob-

served from the equation above is that
for a given locking voltage, but a
variable Q, we obtain (wsyn — @) 4xX
1/Q which means that the greater the
Q (i.e., the lower the resistance of the

Electronic Engineering

measured on a working oscillator, in
which the tuned circuit could be
damped by a parallel resistance as re-
quired. For every reading the loop
gain was adjusted so that the circuit
just oscillated gently, and £; was
kept constant. The valve used was
type SP41 (Mazda). E.;. was kept at
0.025 volts; £; was about 1 volt., The
measured results agree reasonably
closely with equation (1) for small
locking ranges. The tests were car-
ried out at about 10 kc/s, but the lock-
ing range has been plotted as (wuyn —
o) /e x 100, in order to express it in a
convenient form independent of the
actual frequency.

5.2. Derivation of the Equation to the Phase
Characteristic

Referring again to the vector dia-
gram of Fig. 3, it is seen that the
phase angle between the locking
signal and the resultant grid voltage
is ZPQA, which we may designate 6.
Let «/27 be any synchronised fre-
quency and /27 be the frequency of
‘locking signal at which pull-out
occurs, The natural frequency of the
oscillator is wo/27, as before.

From the: vector triangle,

Eﬂyn El

sin ¢ sin (8 + ¢)
since sin (7 —~ 6 — ¢) = sin (8 + ¢) so
that sin 6 cos ¢ + cos 6 sin ¢
= (£, sin ¢)/E,y.
Since ¢ is small, sin ¢ = ¢ and cos¢
1 thus sin 6 + ¢ cos 0 = Ey¢/FEqyn
Using equation (1) of the preceding
section, we obtain

W — We
sin 6 + cos 6.2Q
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and equation (2) gives us (changing
symbols as necessary)

E; W,
220)'= and
Esyn Wy — W,
syn “’o
2Q = —.
Eg W — W,
so that
syn W — Wy W - W,
sin 6 +cos ¢ -
Eg W, — W, W, — @,

and since E,,./E, is generally small,
and since as cos ¢ increases

(0 — a0)

(@ — @)
decreases, we have finally (and ap-
proximately)

O — W,

sin 0 = — (3)
‘I)‘ -

So that the phase characteristic as
described earlier and illustrated in
Fig. 5 should be very nearly a sine-
wave, That this is so in the case of
Fig. § may be seen by comparing the
measured curve (marked with crosses)
with the curve calculated from equa-
tion (3) (shown in dotted lines). The
agreement is very close.

Wo

6. Considerations of Oscillator Out-
put Amplitude

It was seen from the graphical
analysis of Fig. 3 that the working
points on the loop characteristic curves
were altered by the addition of the
synchronising signal. This means
that the output of the oscillator varies

coil), the smaller is the range of fre- Wo as the synchronising tone is varied,
quency over which the oscillator can E; © — W both in magnitude and frequency,
be synchronised. Fig. 10 shows a = .2Q relative to the free oscillation. The
graph of this relation actually aya Wo. exact law relating the output ampli-
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fo = fsyn.

tude with the other circuit conditions
is difficult to work out in a general
form, owing to its mathematical com-
plexity, but van der Pol® has shown
how it may be done, and has given a
very valuable series of results deduced
from his working. The variation of
output (which below the overload
point is readily related to the grid
voltage £;) can be worked out, for any
given valve characteristic, by the
graphical construction of Fig. 4, but a
-considerable amount of work is often
required to obtain each separate point,
and the method is therefore liable to
be very laborious”’

In practice, the theoretical results
.are rarely obtained, owing to second-
ary effects which occur, for instance,
overloading and the change of natural
frequency which occurs due to a
changed harmonic production in the
valve, or the change of inductance (if
iron-cored) with amplitude. It will be
sufficient, therefore, for present pur-
poses, to discuss some typical experi-
mental results, which show adequately
the type of relationship to be expected.
For most purposes, these variations
of output are only of secondary im-
portance. The test oscillator used a
valve Mazda type SP41 with 150 volts
H.T., the maximum r.m.s. grid volts
for no overload being 1 v.; the anode
load was such that grid and anode
overload occurred very nearly at the

same time.
6.1. Variation of Output as the Locking
Voltage Is Varied

In this case we consider the change
in the output voltage of the oscillator
as the locking voltage is increased
from very small to large values, tke
natural frequency of the oscillator
being equal to the control frequency.

Cc

The measured output of the test oscil-
lator is shown in Fig. 11, the locking
voltage being plotted in decibels
below 1 volt in order to accommodate
a large range of values. The output
is expregsed in terms of the output ob-
tained- when the locking tone is
absent. The value of £, for the free
oscillation was in this case very nearly
1 volt; if a smaller amplitude of free
oscillation is used, the change of out-
put is greater, even for the same ratio
of Eeyu/E,, owing to the reduced non-
linearity of the valve at smaller am-
plitudes. The effect of the Q value
of the tuned circuit is a secondary one
only.

If secondary effects are neglected,
this relation of output to locking volt-
age can be calculated fairly readily
provided the valve characteristic can
be expressed as a simple power series.
Suppose the law is a cubic, thus,

E. = a Eg sin ot — B(E; sin wi)’

— Y(E¢ sin wt)’
and that free oscillation takes place at
the natural resonance of the tuned
circuit. We are concerned only with
the terms in the equation which are at
the fundamental frequency. Now
E.? sinot = LE; — 3£ sin 20t

o=
Locking
Tone

>
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Eg sin®ot = 3E£° sin ot — 1E; sin 30
so that, neglecting harmonics and d.c.
components,

V38 = (aEg —3 %YEK:‘) sin wt,

We may now, for simplicity, drop
the *“ sin w¢ >’ and deal only in magni-
tudes.

If E is the grid amplitude of the
free oscillation, we have

Ego = aEgo - %yEsoa
te,a— 1=7vE
With the locking voltage present,
since .. and £; are in phase, we
have
Eg =Eyn + E. = EpntoE,—YES
ie, 3YEP — YE©! . Eq — Esyn = 0

This can be solved analytically, or
graphically, to give E; in terms of
Eg and K. Thence, by applying
once more the non-linear valve equa-
tion, the output voltage £, can be de-
termined. The same result would be
obtained, of course, by the graphical
construction described earlier.

6.2, Variation of Output over the Locking
Frequency Range

If we again refer to the output ot
the oscillator as unity when no lock-
ing tone is injected, then in the middle
of the range the output will be in-
creased above unity by the injection of
the locking signal, but will be de-
creased below unity at the edges of
the locking range. This variation is
larger for larger locking voltages, and
its extent is determinable approxim-
ately from the results of the previous
paragraph. The grid amplitude at
pull-gut is theoretically o.707 times
the free amplitude, except for minute
values of K., and since the non-
linearity is small at this reduced volt-
age, all curves should show a relative
output of, say, 0.75 at pull-out.

Fig. 12 shows three measured curves
for an oscillator with Q = 8 and
natural frequency 8 ke/s. It will be
seen that the maximum overall varia-
tion is less than 2:1 even in the case
where 0.35 volt of locking signal is
used; this voltage represents about
one-third of the free grid amplitude,
and may be considered a fairly high
locking voltage. If a smaller free
amplitude is used, the variation in
output is larger, but the curves become
more symmetrical. This suggests that
the very noticeable lack of symmetry
in the curves shown is due to the fact
that harmonic production in the valve
has caused the natural frequency to
differ considerably from the resonant
frequency of the tuned circuit.

6.3. Change of Lock'ing Effect as the Natural
Amplitude is Varied

In practice it is generally best to
operate an oscillator with as little
feedback as possible, i.e., to have it
just oscillating gently, in order to ob-
tain the best inherent stability. But it
is sometimes necessary to allow a
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much larger natural amplitude, and 1t
is important then to see how this
affects the locking performance. For
convenience, the output of the oscilla-
tor may be called unity in the *“ gently
oscillating ”’ condition. Fig. 13 shows
the output volts when a locking signal
of 0.1 volt is applied to the oscillator
whose natural (i.e., unsynchronised)
output amplitude is varied from 1 to
2; this indicates that the effect of the
locking signal diminishes rapidly as
the natural amplitude increases—a re-
sult only to be expected, of course.
The change of the locking range with
natural output amplitude 1is also
shown. Equation (2) shows that the
locking range is inversely propor-
tional to the grid amplitude, and it
will be seen that considering the valve
non-linearity, the curve supports this.

7. The Effect of Taking the Output
Across the Tuned Circuit instead
of From the Anode

In practice it is advantageous to
take the output to a buffer amplifier
from the terminals of the tuned cir-
cuit. This gives a pure sine wave,
although the output amplitude is less.
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A Hard Valve Single Sweep Time Base
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with the cathode-ray tube, and

particularly with transient pheno-
mena, it is required to operate the
time base once only, the start of the
sweep being synchronised with the
switching of the circuit under test.

After the single sweep has taken
place the beam remains off the screen
until the time base circuit is re-set
ready for a second trace.

In a hard valve time-base circuit of
the Cossor type (O. S. Puckle’s
patent), the single sweep can be ac-
complished by modifying the circuit
as shown in the accompanying figure.

In normal operation the condenser
C, is charged through the pentode V,
the discharge valve V. being biased
negatively by the voltage drop across
the resistance R, in the circuit of the
valve Vs,

When the condenser is charged to
a pre-determined value the cathode of
V. approaches the potential of the
grid and current commences to flow
in the anode circuit. This produces a
voltage drop across R, which is ap-
plied to the suppressor grid of V,,
causing it to become increasingly
negative with respect to the cathode
and reducing the anode current of V..

This in turn causes the grid of V. to
become positive, accelerating the dis-
charge of the condenser through V..
When the condenser is fully dis-
in V.
ceases and the original conditions are
restored until the condenser charges
once more to the point at which cur-
rent commences in V..

From the above it will be seen that
the automatic discharge of the con-
denser is occasioned by the applica-
tion of a negative potential to the sup-
pressor grid of V. If this potential is
prevented from being applied to the
suppressor grid the condenser will

FOR a number of investigations

remain charged and the time base will
not repeat its traverse of the screen.

The suppressor grid is maintained
at a constant potential by connecting
it to the negative line by the switch

1.

The condenser voltage will then re-
main constant until its discharge is
started by applying a negative pulse
to the control grid of V; which has the
same effect as a pulse applied to the
suppressor grid,

This negative pulse needs only' to
be of sufficient duration to enable the
condenser to discharge completely
after which the grid of V. should be
allowed to return to the potential of
the H.T. —ve line in order to allow
the condenser to recharge.

In practice a negative potential of
16 v. can be applied to the control
grid through a fixed condenser of
0.005 u4F. capacity for the slower
speeds of traverse of the time base.
For higher speeds, o0.0002 uF. should
be used.

In the commercial Cossor oscillo-
graph, this negative potential is ap-
plied to the synchronising terminal on
the control panel, the existing con-
denser and resistance (C, and &) in
the circuit being short-circuited by a
switch S..

The external fixed condenser should
be shunted by a resistance of s5.0
megohms to enable it to discharge
between successive sweeps.

The correct value of negative pulse
for full traverse of the screen can be
found by trial, and in the commercial
oscillograph by adjustment of the
‘¢ Synchronising >’ control knob,

This refinement of the time base cir-
cuit is fitted to the latest models of the
Cossor Oscillograph (Model 33g) and
the description of it is given by
courtesy of Messrs. A.C. Cossor.
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The Encephalophone

A New Method for Investigating Electro-Encephalographic Potentials
By C. A. BEEVERS, D.Sc., and Dr. R. FURTH*

The following is a brief description of a new electronic apparatys developed for electroblological research.
which was recently demonstrated before the Royal Séciety of Edinburgh.

:;Telephones
+
170
100
S0
75
VALUES OF COMPONENTS
C, Variable 0 — 200 puF. C; to Cy; inclusive 5 X 10 uuF. R,; and R;, 2 megohms
C, 100 uuF. Ciiand C;; 2 uF. Ry; and Ry, 15 X 10* ohms
C, Variable 0 — 10 uuF. R; to R, inclusive 5 X [0* ohms R;sand Ry 5 X 10% ohms
C, 100 ppF. R; 2 megohms
C; 100 puF. Rg to Ry, inclusive 5. ,10® ohms

resent Experimental Methods.—
PTwo methods are in common

use at the present time for the
observation of the potentials of the
human brain. One method uses
cathode-ray oscillographs in . con-
nexion with voltage amplifiers with
,very high amplification, since the
scalp potentials must be amplified
about a million-fold before being able
to produce a sufficiently large deflec-
tion of the cathode-rays in the oscillo-
graph tube. This method is accurate,
permits long watches to be made of
the activity, and lends itself to photo-
graphic recording. These characteris-
tics suggest that the cathode-ray oscil-
lograph method is ideal for research
investigations, but for clinical use,
and especially for a series of clinical
studies, the method is troublesome and
slow.

The second method in use at the
present time (developed especially in
America) is that of electromagnetic
oscillographs writing with ink directly
on to moving paper strip. These re-
quire the use of power amplifiers as
distinct from voltage amplifiers. The

* Edinburgh Royal Infirmary.

oscillographs themselves are, made
substantial, although the moving parts
must be as light as possible for speed
and sensitivity. The mechanical oscil-
lograph is, therefore, necessarily a
compromise which, however, is fairly
satisfactory for most purposes. The
great advantage of the method is that
it gives immediately and cheaply «
permanent record of the electrical

activity during the whole period of ob- .

servation, This feature has led to the
adoption of this method in most EEG*
laboratories. The installation, how-
ever, comprises quite a large mass of
electrical machinery, and the records
(generally on paper strip 3in. wide
and 1in. long per second’s observa-
tion) soon become so bulky that they
are difficult to manage.

The Scope of Audio Methods

It is felt that there is scope for an
apparatus mainly for clinical as dis-
tinct from purely research purposes
which will convert the potential
changes from the head into appropri-
ate sounds. It would seem that such
an apparatus can be made which is

Q El_ectrqencephalograph or Electroencephalogram
depending on the context.—Ed.

cheap both in its first cost and in run-
ning costs, which can be made read-
ily portabie, and .jn other ways pos-
sesses some convenience compared
with writing. methods, Such an ap-
paratus would be suitable for surveys
of large numbers of cases, appro-
priate ones of which could be ex-
amined by equipment giving a. per-
manent record.

A comprehensive study of the EEG
in unconscious patients would be of
great interest and value, but such
studies are not easily made; largely
owing to practical difficulties in deal-
ing with unconscious patients. Such
patients ' are frequently undergoing
necessary treatment which precludes
their being taken off to a special EEG
laboratory. A portable apparatus in
these circumstances would be of con-
siderable value. In such cases an
audio method would also be more
convenient for the elimination of
artefacts, In the separation of ex-
traneous potentials arising from fric-
tion, from body movements or from
muscle activity or eyelid movement,
it is of the greatest value to be able
to watch a non-co-operative patient
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closely during the actual observation
of potentials. In the visual methods

of observation this is not easy to do,-

whereas in an audio method the ob-
server’s visual perceptions are left
éntirely free to watch the patient.

The Encephalophone. — As men-
tion above, the idea of the new
method is to make the EEG potential
changes audible. It is, however, not
possible to do this simply by connect-
ing the electrodes through an ampli-
fier to a telephone,* as the frequencies
involved are in all cases far below
the range of audibility. On the other
hand, just because of this compara-
tively slow rate of potential change, a
¢“ frequency modulation ’’ method can
be used which consists in the produc-
tion of an electric oscillation in the
audible range which is changed in its
frequency by the change of brain
potential. Thus in a telephone a
steady musical tone is heard as long
as the potential is constant, and the
pitch of the note will go up or down
when the potential is increasing or
diminishing.

After some preliminary experiments
had been carried out on these lines
with good results, an instrument was
constructed which proved to be effi-
cient for the present purpose.' The
authors propose to call this instru-
ment an ¢ Encephalophone.’”?

The circuit diagram of the instru-
ment is shown in the figure. It con-
tains two high-frequency valve oscil-
lators of the Hartley type, each con-
sisting of a triode valve (V, and V3), a
single layer coil of ten turns with
centre tapping (L, and L) and a con-
denser of 100 upF (one of which, C,,
is variable and the other fixed), #: and
R; are grid leak resistances of g x :0'w
and C, and C; are coupling condensers
of 100 wuF capacity. £; is a small
variable condenser of 10 u4F max.
capacity, used for the fine adjustment
of the frequency of the first oscillator.
The order of magnitude of the oscilla-
tion frequency is 5 Mc/sec.

The two high-frequency oscillations
thus produced are electronically
mixed by means of the heptode valve
V, with the help of the two coupling
condensers C¢ and C of 5 x 10' upk
capacity and the coupling resistances
R, and R, of 5 x 10'% each. Cs, Ci,
Cw, Cu are decoupling condensers of
5. x 10' puF capacity and R, Ri, Rs,
R, decoupling resistances of 5 x 10°,
meant to prevent interlocking be-
tween the two oscillators. T is an out-
put transformer and P a potentio-
meter.

The anode current of V, contains
two a.c. components with frequencies

* Some secondary effects, such as the variation of
background noise due to variation of amplification-
factor with EEG potential may, however, be obtained
with such a straight-forward arrangement (Adrian,
1934).
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equal to the sum and to the difference
of the two h.f. oscillations. The latter,
the ‘ beat frequency ’’ can, by proper
adjustment of C; and C, be easily set
to a convenient value in the audible
range and will consequently be heard
as a tone in a telephone connected to
the secondary coil of 7. The intensity
of this tone can be controlled with the
help of P, The ‘ summation tone ”’
is suppressed by the impedance of the
transformer coils.

The advantage of this arrangement
is that evidently a very slight relative
change of frequency of one of the two
h.f. oscillations will result in a con-
siderable relative change ‘of the beat
frequency and hence in an -easily de-
tectable alteration of the pitch of the
telephone tone. If, for example, the
two high frequencies are set to 5 Mc/s,
and 500 c/s. respectively, the beat fre-
quency is 500 c/s. If now the first
oscillation is increased in frequency
by so c/s. corresponding to a frac-
tional change of one thousandth per
cent., the beat frequency drops from
500 to 450 c¢/s. or about 10 per cent.
and the pitch of the tone is lowered by
a whole (small) tone. This also shows
that the lower the beat note the higher
will be the sensitivity of the instru-
ment. Unfortunately it was not pos-
sible to lower the note as much as
would have been desirable in the pre-
sent arrangement, as interlocking be-
tween the two h.f. oscillators took
place if the frequency difference
reached a certain minimum value, in
spite of the decoupling precautions;
but it is hoped that this difficulty will
be overcome’ eventually.

The frequency modulation is
achieved in the usual way with the
help of the valve V,, a variable g-pen-
tode which, as it appears from the dia-
gram, is connected effectively in
parallel to the second oscillating cir-
cuit. A change of the control grid
potential of this valve alters its im-

pedance and hence the oscillating fre-

quency of the circuit according to well
known general principles. Thus .a
change of this potential is eventually
converted into a change of pitch of the
telephone tone as intended. R: the
grid leak resistance of V; has a value
of 2 megohm; the decoupling con-
densers Ci. and Cy, are of 5 x 10' peF
capacity and the decoupling resistance
Rm is § X IO"".

The sensitivity of this arrangement
was measured by applying known
potential differences between cathode
and control grid of V,, and it was
found that a voltage of 0.01 volt could
just be detected by a good musical ear
and a voltage of o.1 volt could be
easily recognised by anybody. But
this is not nearly enough for the pre-
sent purpose as the amplitude of the
normal EEG effect is in the order of
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magnitude of 10-° volts, and it there-
fore is desirable to be able to detect
potential changes of about one micro-
volt.

Thus the potential .changes between
the electrodes must first be amplified
dt least in the ratio 1:1Io,000 before
being applied to the {frequency
changer valve.  The.amplifier must be
specially designed for the amplifica-
tion of very slow oscillations since, in
abnormal cases 3 c/sec. and even
lower frequencies occur; the response
of the amplifier should also be fairly
uniform over a wide range.

In the present experimental instru-
ment a two-stage amplifier was used,
shown in the lower part of the figure.
It consists of two tetrode valves V, and
V,. with resistance-capacity coupling.
The coupling resistances (R and R,y
are 15 x 10'@ each and the coupling
condensers Ci and Cys are of 2 uF
capacity. The control grids of the
valves are biased to 1.5 volts negative
by means of the two cells B, and B. in
connexion with the grid leak resist-
ances Ry and Ry of 2 Mw each, The
reason for this is to reduce the average
anode current of the valves as much
as possible so as to be able to employ
fairly high coupling resistances with-
out being forced to increase the anode
voltage over 200 -volts. R, and R
are screen grid resistances of 5 x 10%.

This amplifier, although satisfying
the conditions stated above, was not
efficient enough, as it gave a voltage
amplification of only about soo. In
actual operation the instrument had
therefore to be used in conjunction
with a pre-amplifier of two stages for
which the first two stages of one of
the amplifier units of an Ediswan
Electroencephalograph were used.
There can, of course, be no question
that a similar instrument can be built
as one single compact unit.

It may be added that all the valves
were indirectly heated, operated by
two small accumulator cells in series

" as the heater battery. All the anode

and grid potentials were provided by
two high tension dry batteries in
series, with various tapping terminals.
S; and S. are the battery and heater
switches. The whole set was mounted
on an aluminium chassis and covered
by a metal shield which also contained
the dry batteries (but not the heater
battery). The leads to the electrodes
were also shielded by an earthed
covering.
Concluded o page 442

1. The general idea for an audio method is due to
C. A. Beevers; the principle of the present method
is due to R. Fiirth, who has also mainly carried out
the construction of the instrument in the Department
of Mathematical Physics of Edinburgh University.
The necessary money was provided hy the Rockefeller
Foundation to whom the authors are much obliged.

A preliminary note describing the encephalophone
has already been published (Fiirth and Beevers,
1943
2, {following a suggestion by Dr. George Dawson.
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Performance of Resistance Capacity

plifier is extensively used in the

lower range of the frequency
spectrum for the amplification of both
sinusoidal and square wave signals.
The most general form of the circuit
is shown in Fig. 1.

Ry represents the coupling resist-
ance which is unavoidably shunted by
the capacity C; and by the capacity C.
in series with the coupling condenser
C.. The capacity C; represents the
anode-earth inter-electrode capacity
of valve V, plus all stray capacities on
the anode side of condenser C,, while
C. includes the-total input capacity of
valve V. (including Miller effects) as
well as all stray capacities on the
grid side of condenser C.. The resist-
ance R. represents the resistance of
the grid leak of valve V. in parallel
with the input (Miller) resistance of
valve V..

When as is often the case Ca> C.
we can simplify the circuit of Fig. 1a
to that shown in Fig. 1b, where C, =
C: + C.. The generalised solution of
Fig. 1b is given by :
E; gR‘

T HE uncompensated R.C.C. Am-

VA

E‘ CiR, 1 R’
VST
C:R, $.R: (1)
and the phase angle by :

| R,
2. _p e
6 = tan—‘l _;il (2)
ClR‘
| + 1
LG
where R; = (1/R, + 1/R.) and R. =

(1R + 1/Ry + 1/R); ps = wCaR, and
P = wCiR..

The time delay —¢ based on phase
delay is given by (8/w) secs.

A better insight into the action of
the circuit of Fig. 2 is obtained by con-
sidering separately the attenuation of
the higher frequencies (given by the
ratio of £:/E,) due to the presence of
C:. This is obtained by letting 2. be-
come infinite,

Similarly the attenuation of the
lower frequencies (given by the ratio
E;|E,) due to the finite value of C; is
given by making C; = o or §; = o.

Performance at Higher Frequencies

With C,R, = ©, p. = 0, we have :
E: ch
—_=— 6

: (3)
E, Vi + (?4)'

Goupled Amplifiers

Figs. la and |b

and the phase angle of £, relative to

E; is:
¢ = tan-" (pg (4)
At the lower frequencies where the
shunting action of the capacity C; is
negligible the stage gain is
—_— = gR‘
1
so that the ¢ Relative Gain ”’ M or the
ratio of the gain at a frequency f to
the gain at very low frequencies is
given by :
1
M 4 = 20 log w———— (5)
Vi + ¢
Equations (4) and (5) have been plot-
ted on Data Sheet No. 45, where in
addition is plotted a curve of time de-
lay. In order to be able to plot a
eneralised time delay curve the time
gelay ( — %) is expressed in the form

tan—"p, ©

fAtx — L=
27 Py

47|

Hectranic

Engineering

where fo = —— 2]
2'77'C:R¢
On Data Sheet No. 45 the curves
are shown up to a value of . = 5. For
higher values of p, the following
simple approximations may be
employed
1
M n o = 20 logw — (8)
P4
The bandwidth for a 1 db. attenua-
tion can be obtained directly from the
gR. = o curve of Data Sheet 43.*

Example |

To obtain the ‘ Relative Gain ” M
and the absolute gain at 15,000 c/s of
an amplifier 'consisting of a triode
having a mutual conductance g of
1 mA/V at the working point and an
Anode A.C. Resistance R. of 35,000
ohms, The anode coupling resistance
has a value of 100,000 ohms with a
total shunting capacity of 200 uF, In
addition R. = 0.5 megohm and (. =
0.005 &F.

We have therefore
Ri=24,700 ohms and R;=25,900 ohms

H]

) and 7, = 247 and p. = 0.465
4
therefore M = — 0.85 db.
and the amplification
E,
= 22.4

1

Performance at the Lower Frequencies

At the lower end of the freguency
scale the rising reactance of the
capacity C; will produce increased at-

tenuation in the network C.R.. This
attenuation is given by :
E, ch
—_— e /8,
E, Ri \s
1+ <—-—>
DRy
ch
= 46, (9)

]
wCz(Rz e Ra)

and the phase angle of E; relative to
Ez is
R
6, = tan-' — (10)
and therefore the time delay — ¢, based
phase delay can be expressed as before
in the form

* See last month’s Data Sheets.
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much space.

If, however, we consider the. case frequently met in practice

fito = ———— (11} when C.R.>» C\R R,= R, than a very simple solution is available,
2P Raf Ry) as follows :
1
where foi=—— ... (12) R T i
277'62(R2 = R;) | : :
As the ratio of E./E, at higher fre- e = EgR, exp{ - ———] — exp(— > (13)
quencies again tends to the value gk, C:(R. + Ry) CiR,

the expression for the ‘¢ Relative

Gain” M is given by

I
M 1o w=20 lbg 10—

Vv ﬁ (_Ra/?zks)z

The equations (10) (11) and (13) are
plotted in Data Sheet No.. 46 for 2,
down to o0.2. For lower values the
following simple approximation may
be used.

R,
M na = 20 logm(———)
R

4

(13)

(14)

Example 2

To calculate the attenuation at so
c/s. of the amplifier given' in Example
1, we have:

DRy

= 0.785. x 1.05 = 0.823
L4

and M = — 3.95 db.

To calculate the time delay we have
fstr = 0.17 therefore ¢, = 2.8 milli-
seconds.

At t, is positive it means that the out-
put voltage of 50 c/s frequency will
lead that of a higher frequency if the
two are applied in phase across the
anode load.

Response to Square Waves

With the aid of the amplitude
response curves and phase angle or
time delay curves, it is possible to cal-
culate the shape of the output wave-
form from the amplifier for any given
waveform of signal at the input grid.
The process is, however, laborious
and for the special cases where the in-
put signal can be resolved into Heavi-
side’s Unit-step Functions a much
more convenient and simpler solution
is available.

Heaviside’s Unit-Step is illustrated
in Fig, 2a where the applied signal is
zero up to time %, at which time it
rises instantaneously to unity value
and remains there.  The applied
signal can always be brought back to
zero by applying a second unit-step
function, negative il sign, at any de-
sired time interval after (Z).

By the use of the Expansion
Theorem we can obtain a general
solution with a unit-step input for
equation (1). The setting down of the
equation would, however, require too

where ¢; is the instantaneous response
at, the output after a time interval ¢,
resulting from the application of a
“unit-step function of magnitude £,
"and ¢ is the time interval that has
elapsed after Z.

Just as in the case of the sine wave
input we can separate the effect of the
high frequency cut-off due to C; from
the low frequency cut off in the net-
work C.R..

H.F. Attenuation

We obtain the effect of high fre-
quency cut off alone on the response to

Fig. 2. Heaviside’s Unit- Step Functions

a unit step by making C.2,— 00 which
gives :

¢
€. = E:gR;I-I = exp(— _>:| (16)
C\R

- 141 4

L.F. Attenuation

Similarly the effect of low-frequency
attenuation alone can be obtained by
letting C; > o, when

¢
—
C:(R: + Ry

When the final amplitude of ‘the
pulse is not required to fall by more
than say 10-15 per cent. of its initial
value it is possible to re-write Equa-
tion (17) in a form which does not
require the use of exponential tables
for its solution.

If we let X denote the difference in
amplitude of the pulse (expressed as
a ratio) after a time “ ¢’ from its

initial value at a time ‘“ #,,”” we have :
14

€3 = ElgR-l exp(—

WS
Cz(R'.' + Rs)

C:(R'.' s R:;) ~ t/K

The general effect of high-frequency
attenuation alone is shown in Fig. 2b,
low-frequency attenuation alone in
Fig. 2c, and combined effects (equa-
tion 15) in Fig. 2d.

and

Stages in Cascade

It is important to realise that in
general the equivalent time constant
of two similar R.—~C. coupled stages
in cascade is not always given by
halving the CR value of one stage.
Thus in the case of two cascaded
stages of the type shown in Fig. 1b,
with C, = o the output would be :

4
bl
Ca(R: + Ry

-t
exp [—]
C:(R: + R3)

This is only equivalent to halving
the time constant of a single stage
when the values of K do not exceed
0.1-0.15, as

Eexp(—2) =1 — 2 + 3§ 2"~
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IT WAS HARD TO BELIEVE JOHN HATFIELD

9000000000000 0000000
“ae

®0v00000000s.
9000000000000 0

John Hatfield was a soldier under William III. One night when on guard duty at
Windsor Castle he was accused of being asleep at his post. He stoutly denied this,
saying that far from being asleep he had actually heard St. Paul’s Cathedral clock
strike thirteen. Independent evidence eventually proved his case—but his story
was hard to believe at first.

There is rather a HATFIELD quality about the claims of DISTRENE (Regd.).
This modern insulating material has such outstanding merits that electrical and
radio engineers may be forgiven for regarding them a little quizzically. The data
below condenses the story; may we send working samples for practical verification?

SPECIFIC GRAVITY : 2 : 106 COMPRESSION STRENGTH 7 TONS PER SQ. IN.

WATER ABSORPTION S . | NIL COEFFICIENT OF LINEAR .EXPANSION . ‘oool

DIELECTRIC CONSTANT  60-10° CYCLES 2°60—2 70 POWER FACTOR UP TO 100 MEGACYCLES "0002—'0003
SURFACE RESISTIVITY (24 HOURS IN WATER) . 3 X 10%° MEGOHMS

We are the distributors in this country of DISTRENE (Regd.). It is made in
sheets, rods and tubes and also in powder form for injection moulding. Owing to
its low density, it gives more mouldings per pound of material, and has a faster
moulding cycle than any other class of injection moulding powder.

BX PLASTICS LTD., LONDON, E.4 AND ELSEWHERE

R AT NS S e T R U P e e e T e S e R e VR e TSR (]
Lund Humphries/BX 168
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Experimental Demonstrations for Radio Training Classes

II.—The Valve as an Amplifier
By T. J. REHFISCH, B.Sc. (Eng.)*

TJo CRO.
X Plate

ol

Fig. I.

Circuit for examining the voltage amplification properties of a triode, under Class A

operating conditions.

HE performance of a given
I valve as an amplifier of low-
frequency A.C. may be predicted
from its D.C. characteristics. To be
complete, such an analysis is
laborious. An easier course is to in-
vestigate the actual performance with
an A.C. input, when the results ob-
tained may facilitate the comprehen-
sion of more advanced ideas.

The most important aspect of a
thermionic valve is the fact that varia-
tions of voltage between grid and
cathode (or filament) produce changes
in thé anode current, and hence volt-
age changes across a load in the anode
circuit. A continuous alternating
P.D. may thus be amplified into a
larger P.D. across the load imped-
ance. Further, A.C. power (= volts

. x amps.) is developed in the load. A
valve may thus be used as a voltage
or a power amplifier. Nearly always
in the former, and frequently in the
latter case, it is necessary that the
wave-form of the output
should be a faithful image of.the in-
put. This condition is met by ¢ Class
A ”’ operation. In voltage amplifiers
the R-C coupled type preponderates,
at least at low frequencies, and an
ohmic resistor between H.T.+ and
anode provides the load in this case.
The latter, however, presents much
the same resistance to D.C. as to 'A.C.
and thus makes the effective anode
potential, V., appreciably lower than
the H.T. voltage supply. In power
amplifiers the effective impedance of
the load is always larger than the
D.C. resistance between anode and

* Northampton Polytechnic Institute, London.

voltage |

H.T.+, for example, where a loud-
speaker is coupled into the anode cir-
cuit through a transformer. Separate
experiments to investigate voltage and
power amplification are therefore
required.

Voltage Amplification

It was decided to investigate the
output voltage as a function of (a) in-
put voltage, and (b) load resistance,
for a triode and a pentode valve.

The circuit for the triode is shown
in Fig. 1. Several practical points
may be of interest. The A.C. input
was derived from the 5o-cycle mains
via the 4v. secondary of a mains
transformer of the type used in
receivers. In the first part of the ex-
periment only a small constant alter-
nating input of about 0.1 V.rms was
required. As the usual A.C. voltmeter
(e.g., an Avo-meter) is not calibrated
for voltages less than 0.5 v.rms a
potential divider had to be used, as in-
dicated in Fig. 1. Here the output
from the transformer is applied across
resistors R, ‘and A, in series and is
measured by the Avo. Only a frac-
tion, (R:/(R: + K))), of it being ap-
plied to the valve. R, and R, are re-
sistors of a known value, and were
obtained by a ratio box. The circuit
of Fig. 1 is completed by adding a
bias battery, and bias potentiometer,
a D.C. voltmeter, an H.T. battery, a
D.C. milliammeter, and a decade re-
sistance box R to act as the load.
The L.T. was obtained from another
low voltage secondary of the mains
transformer referred to above. A high
impedance valve voltmeter, of the
type that is not affected by D.C. volt-
ages, was connected across R,. It was
found necessary to insert a switch in
the valve-voltmeter connexion .as it
was recognised that this might very

¥, VOLTS rms

Vg YOLTS rms

ARRARE
Outptln Vv::ltsl rms

N

F:

VOLTS & CURRENT

N
D

o 10 20 30 40 50

LOAD RESISTANCE A, in ohms

60 70

Fig.2a.
Anode load = 25 m{2

Output volts v. input volts on constant load.

H.T. = 120v. Eg.

Fig. 2b. Output volts v. Load Resistance Ry, and Anode d.c. v. R, on constant input.

Circult of Fig. | with valve type MH4
la = 1.6 mA,

= - v,

(For

conditions of Fig. 2a but input volts constant at .25v. r.m.s.).
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20 Ve

Fig. 3a.
load as for Fig. 2a but using a pentode type
MSP4, with Vg. = 2v.,, H.T
volts =

Fig. 3b.
and anode and screen d.c. v. R, on constant
input for conditions of Fig. 2b, but with con-

Electronic Engineering

Output volts v. Input volts on constant

. = |50 v. Screen
Suppressor grid connected to
cathode.

75 v.

Output volts v. Load Resistance Ry

stant input voltage = .075 v. r.m.s.

¥y in volts rms
[

%Y
N

Ui Ll

3rd Harmonic Distor tion Y
set

|

volts

[ 3

'S

%
D\\

"!
N4,

¥, in volts rms

N

' inmAl

/s InmA

I 1]

(o} [le] 20 30 40

R, in ohms x 0%

50 60 70 80 90

well distort the output voltage. A
double-beam C.R.O. was available,
and both the input and output voltages
could be observed by connecting its
A, and A, terminals to the points in-
dicated in Fig 1. By adjustment of
the amplifier coutrols on the C.R.O.
both traces could be made equally
large, and any distortion thus readily
observed.

With the conditions specified in
Figs. 1 and 2(a), the output voltage,
V., was measured as the input was in-
creased from zero. The output volt-
age remained undistorted up to a
point well beyond the range of the
valve-voltmeter. When the input
voltage just exceeded 2.6v. in this ex-
periment the negative half of the out-
put voltage became noticeably dis-
torted. The wave-form on the C.R.O.
did not include the distorting effect
which the valve voltmeter would have
had throughout, as the latter was dis-
connected for each observation. Fur-
ther, it is known from theory that the
input voltage and the output voltage
across a purely resistive load should
have a phase difference of 180°. This
is borne out by the traces on the
C.R.O. screen, where they appear in
phase by virtue of the construction of
the deflector plate system in double-
beam tubes itself producing a 180°
phase displacement.

The experimental procedure out-
lined above was now repeated for
varying load resistances the input
wvoltage being kept constant at o.25v.
The results are shown in Fig. 3(a).

Both parts of the experiment were
repeated for an MSP4 pentode valve,
which replaced the MH4 triode. The
screen was fed from a tapping on the
H.T. battery, no further modification
to the circuit of Fig. 1 being neces-
sary. The results are shown in Figs.
2(b) and 3(b).

It must now be stressed that with no
value of input voltage or load was it
possible to obtain a perfectly undis-
torted output wave-form from the
pentode circuit. The positive half
was always more *‘ compressed ’’ than
the negative half, a type of distortion
which the mathematician attributes
essentially to the presence of 2nd har-
monics. The point at which the other
half of the output wave-form also be-
came distorted is marked in Fig. 3(b).
It introduces a 3rd harmonic, and
indicates an overload point.
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—‘ ‘gmv9 b
() %3
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5 ANA
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1 - . gV,
. fy ~ 9% R
S c

Fig. 4. A.C. equivalent circuits of Class A

amplifiers. (a) and (b) are rigid equivalents,

(¢) a simplification which usually holds well for

pentodes. (a) Is most suited for use with
triodes.

Discussion of Results
An analysis of D.C. valve charac-

teristics' leads to the well-known
expression
FVQRL
output voltage, V, = (1)
R+ R.

where # and R, are the amplification

factor and internal A.C. resistance of

the valve respectively. Hence the
voltage amplification factor
Vo LRy

[m]= - r——

Ve Ry +R.

= slope of Fig. 2a or 3a

Using the nominal value R.=11,000%

for the MH4 triode and the known

values of R, and | m |, equation (2)

gives u = 36 compared with the

nominal value of g = 40 for this

valve. The discrepancy may be at-

tributed to the valve specimen or the

valve-voltmeter which was used to

measure V,. At any rate, the results

of Fig. 2(a) indicate that » is con-

stant in a given circuit, over the range
of input volts investigated.

Similarly, the results shown in Fig.
2(b) satisfy the requirements of equa-
tion (2). For Ry = R. = 11 KQ, V, =
3 #Ve and from this equation =
36 x0.25/2 = 4.5v., a value somewhat
less than that actually obtained. When
Ry is much greater than R. we should
expect V. to be approximately equal
to pVg, i.e., to gv. The highest value
actually observed was 8.6, which was
not very far off the theoretical value.

(2)

To CRO.
X

To CQOJ

Fig. 5.

Circuit for examining the properties of an amplifying circuit under Class A operating

conditions.
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Fig. 7. Output power

Bias Volits Eg

v, load resistance

Drive Volts Vg
for max. undistorted power output with each value of Ry n = I8,

Of course, Vo, = ¥V, can never be ob-
tained in practice, because distortion
will eventually set in as R, is further
increased.

The A.C. Internal resistance. The
curve of Fig. 2(b) is similar to the
curves of output-voltage vs. load im-
pedance for a source having internal
resistance. ~ (cf. the curve with those
in the first of these articles). Hence
the A.C. properties of a Class A
amplifying valve circuit may be re-
presented by means of a valve
‘“ equivalent circuit.”’ In the version
suggested in Fig. 4 a negative sign
has been attached to the internal
e.m.f. so as to account for the pre-
viously noted phase difference of 180°
between V, and V,, and a circle en-
closes R, and —uV, to indicate their'
presence within the valve. No difficul-
ties arise in regarding the valve as a
simple A.C. generator if one bears in
mind that the equivalent circuit refers
to A.C. only. Distortion, input im-
pedance, feedback, etc., can always be
accounted for by suitable modification

of the three constituents of Fig. 4.
Second harmonic distortion, for ex-
ample, may be introduced by insert-
ing a generator of twice the frequency
of V; in series with the one actually

shown. (See Terman  ‘“ Radio
Engineering ”’ for details of this
method).

Comparing the two valves, the out-
standing feature of Fig. 2(l,)) is that
its slope is over twice that of Fig. 2(a)
although the mutual conductance of
the triode (3.6 mA/v) is greater than
that of the pentode (2.4 mA/v). A
_greater sensitivity is therefore obtain-
able with the pentode. This valve,
however, gives greater distortion than
the triode. Hence, where distortion-
less amplification is vital, as in audio
work, pentodes may only be used 1t
great care is taken to compensate for
their inherent distortion, for example,
by negative feedback and push-pull
circuits.

The V, — R; characteristic, Fig.
3(b) for the pentode is of the same
general shape as for the triode. The
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fact that it is so obviously more linear
is due to the greater value of R, com-
pared to A; for the pentode. As a
matter of fact, equation (2) may be re-
written as

—tVRL[R:  —guRiVs

I+RL/R|
gm]\)l. 8
for the usual pentode amplifier. Thus
V. is approximately proportional to
R, A form of A.C. equivalent cir-
cuit most suitable for pentodes is
shown in Figs. 4(b) and 4(c). The
current /,(=~ — gnV,) flows into the
parallel combination of X. and R,
the: proportion flowing into the ex-
ternal resistance £, depending on the
ratio Ry,/R.. Usually, the shunting
effects of R. may be neglected, and
the simplified circuit of Fig. 4(c)
may be used.
Power Amplification

Fig. 5 is a diagram of the circuit
for investigating the properties of a
Class A power amplifier. It is simi-
lar to the circuit, Fig. 1 previously
used, except that the load is now of
the coupled type; the small universal
transformer described in the first
article was used to couple the load R,
into the anode side of the valve. A
double-beam C.R.O. was again turned
to good account in comparing the
wave-forms of the input voltage with
the voltage developed across Ri (and
hence also the current in R;). Output
power was measured in the usual way
(volts x amps). The alternating in-
put, V,, was derived from a 1,000 c/s.
audio oscillator, and its magnitude
could be both adjusted and measured.
The only additional feature worth
noting in Fig. 5 is the resistor placed
in series with the grid. Its value is a
few thousand ohms, and its purpose is
to make noticeable the flow of grid
current in the case of the applied
alternating P.D. driving the grid
positive. If this occurs the actual grid-
cathode P.D. becomes disturbed, and
hence the output voltage. This, of
course, is what happens in an actual
power amplifier excited by a source
of appreciable internal impedance. A
2-volt battery ¢ power’’ triode—
actually a Mullard PM2A—was used
in these experiments,

In the first part, moderate grid
bias, £, and drive, V,, were used and
kept constant as the load R . was
varied. The resulting load current,
Iy, was observed. The output power
({.’R.) was calculated, and is shown
plotted against R, in Fig. 6. This was
repeated for another transformer
ratio, z.

In the second part of the experi-
ment the output current and output
power were again measured as Ki was
varied, but this time for-any given
value of Ry, both V,; and £; were ad-

1+ Ry R.

~
~
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Fig. 8.

justed for maximum undistorted out-
put power. The latter condition was
actually met by observing the trace o1
the output voltage on the C.R.O.
screen, and, each time, increasing
V¢ and simultaneously adjusting £,
until distortion became just noticeable
at both top and bottom of the output
wave-form. This procedure may ap-
pear somewhat difficult, but provided
a picture of the input wave-form is
also obtained on the screen it becomes
quite simple after a short while.

The following headings of the list
of observations may help, as the num-
ber of dependent variables in the ex-
periment are large :—

Anode d.c. and Anode efficiency v. load resistance R; for conditions of Fig. 7.

which, with correct matching, be-
comes a maximum of magnitude
(#Vs)[4Ra;
here p=13, V¢=1.1v, and R.=5,000{
‘. maximum output power,
(13 x 1.1)*
(PL)mlx el =
4 X 5,000
which checks up well with Fig. 6,

In the second part of this experi-
ment, however, it was seen that more
output power is obtainable if the grid
be driven harder for a given load. The
grid drive is limited on its positive
peaks, though, 'by the condition
(Ve) veax = £;, and, at the negative

10 mW,

R A | R he | oy
volts volts m = IRy 7
pone r.ms. r.m.s. mW ‘ s -
100 Py, end, by the bottom curvature of the

(-

<= X 100 %)
total power supplied
The more important results and their

derivatives are plotted against Ay in
Figs. 7 and 8.

—-) is the ‘¢ efficiency ”’
1.Va v
output power

Discussion of Results

The relationship between output
power, Py, and load resistance, Ry, in
the case of constant grid conditions
is analogous to the case of the simple
A.C. generator with internal resist-
ances, R, already referred to in the
previous article. It was stated there
that the output power, Py, is a maxi-
mum when the load, Ay, is equal to
Ri|n*. With the valve, ki = R., and
the calculated condition for matching
is shown in Fig. 6 for two different
values of transformer-ratio, ». The
value K. = 5,0002 was obtained from
the D.C. characteristics of the valve
specimen actually used.  Moreover,
the output power is

1V .
= e — x RL,
R. + Ry,

dynamic mutual characteristic. In-
spection of Fig. 7 indicates that this
danger region recedes until R = 508
as the® load is increased. @ When
Ry = 502 the output power de-
creases, and at this point the peak of
the drive woltage approaches the
value of the static cut-off bias,

Thus, when V; and AR, both in-
crease, we can state that there are two
conflicting results so far as power is
concerned. In the former case, the
total A.C. power generated increases,
but when Xy is increased the total A.C.
power generated decreases, although
a larger share of this power is then
developed in R,.

In terms of algebra,” total A.C.
power = (#V,)’'/R. + R.. This in-
creases when R; is constant and V; in-
creases, but decreases if V; is con-
stant and R, is increased. ~ At the
same time the power in X is a frac-
tion of the total A.C. power given by
= Ry, [R.+ Ry, which increases as' Ry
increases. Thus a larger share is de-
veloped in Ry as RL increases, When
these contrasting properties are con-
sidered for an idealised valve (i.e.,

* circuit.
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one whose characteristics are straight
lines without bottom curvature) it can
be shown that R, = 2R, is the condi-
tion for maximum output power.
The expression for the latter then
becomes

(#Ve) x 2R, wv?

L= =

(R + 2R.)? 4.5 Ra
Fig. 7 indicates that this condition
obtains with R, = 30f.
By calculation,

2Rs  2x5,000
RL = P e —— |, — 30.89.
n' 18
The output power Py, by calculation
13" x 3.5°
=——— =92mW,
4.5 X 5,000

and actually came to g1 mW on the
graph. The maximum permissible grid
drive was about 4v r.m.s., and could,
of course, have been forecast from the
D.C. characteristics of the valve.

D.C. and A.C. Efficiencies

The anode d.c. values and anode
efficiency are shown in Fig. 8. The
maximum efficiency reached is 17.5
per cent., which is somewhat less than
the theoretical 25 per cent. for an
idealised valve. It should be noted
that this max. efficiency occurs at u
load larger than that corresponding
to max. A.C. efficiency. As Ry is in-
creased beyond the value 2R./»* and
the grid is biased further back, the
D.C. power supplied to the anode falls
off more rapidly than the A.C. power
output until a point is reached when
no further appreciable increase of V;
drive is possible. Remembering that
practically all the D.C. power not
converted into A.C. power is dis-
sipated at the anode in the form of
heat, it is not surprising that much
effort has heen spent on devising more
efficient methods of amplification such
as Class B, Class C, and push-pull

-operation.

In conclusion, it should be noted
and stressed that these considerations
do not in any way indicate faults in
the equivalent A.C. circuit of the
valve. It is still correct for A.C.
power relations in the actual valve
In order, however, to obtain
information on just how large ¥, and
how small /, and £, (the anode volt-
age) can be made the D.C. character-
istics of the valve must be studied or
an experiment performed. It is as ab-
surd to maintain that this means a
breakdown in the equivalent valve cir-
cuit as to say that the electrical cir-
cuit diagram of an amplifier is incor-
rect because the weight of its chassis
cannot be deduced from it!

Thanks are due to Mr. M. Nelkon,
B.Ssc., AX.C., for his help with the
M.S.
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if the usual tolerances were allowed.
three tolerance figures—-+209%,, 4-10%, and +59%,.

Electronic Engineering

Standard Values of Resistors

In an Editorial note last month it was stated that the manufacturers of moulded fixed resistors had agreed to
the adoption of standard values which would cover the full range of resistance values from 10 ohms to 10 megohms

March, 1943

The table below gives the values of the resistances to cover the range for

It should be noted that the standard value 4209, Is a *‘ preferred value *’ and should be used wherever possible.
A tolerance of 4109, is to be used only where essential, and for 59, authorisation from the appropriate Supply
Department is required.

The schedule applies only to new development projects and not to existing orders for equipment or spares.

A quick reference chart similar to the table shown is in preparation and will be supplied to firms engaged on work
of national importance, price 3d. Application should be made to the manufacturers.

+20%  £10%  459% +20% 4109 +5% +20%  410% 5%
10 10 10 1000 1000 1000 100000 100000 100000
I 1100 110000

12 12 1200 1200 120000 120000

13 1300 130000

15 15 15 1500 1500 1500 150000 150000 150000
16 1600 160000

18 18 1800 1800 180000 180000

20 2000 200000

22 22 22 2200 2200 2200 220000 220000 220000
24 2400 240000

27 27 2700 2700 270000 270000

30 3000 300000

33 83 33 3300 3300 3300 330000 330000 330000
36 3600 360000

39 39 3900 3900 390000 390000

43 4300 430000

47 47 47 4700 4700 4700 470000 470000 470000
51 5100 510000

56 56 5600 5600 560000 560000

62 6200 620000

68 68 68 6800 6800 6800 680000 680000 680000
75 . 7500 750000

82 82 8200 8200 820000 820000

91 9100 910000

100 100 100 10000 10000 10000 1.0 Meg. 1.0 Meg. 1.0 Meg.
110 11000 1.1 Meg.

120 120 12000 12000 1.2 Meg. 1.2 Meg.

130 13000 1.3 Meg.

150 150 150 15000 15000 15000 1.5 Meg. 1.5 Meg. 1.5 Meg.
160 16000 1.6 Meg.

180 180 18000 18000 1.8 Meg. 1.8 Meg.

200 20000 2.0 Meg.

220 220 220 22000 22000 22000 2.2 Meg. 2.2 Meg. 2.2 Meg.
240 24000 2.4 Meg.

270 270 27000 27000 2.7 Meg. 2.7 Meg.

300 30000 3.0 Meg.

330 330 330 33000 33000 33000 3.3 Meg. 3.3 Meg. 3.3 Meg.
360 36000 3.6 Meg.

390 390 39000 39000 3.9 Meg. 3.9 Meg.

430 43000 4.3 Meg.

470 470 470 47000 47000 47000 47 Meg. = 47 Meg. 4.7 Meg.
510 51000 5.1 Meg.

560 560 56000 56000 5.6 Meg. 5.6 Meg.

620 62000 6.2 Meg.

680 680 680 68000 68000 68000 6.8 Meg. 6.8 Meg. 6.8 Meg.
750 75000 7.5 Meg.

820 820 82000 82000 8.2 Meg. 8.2 Meg.

910 91000 9.1 Meg.

10.0 Meg. 10.0 Meg. 10.0 Meg.
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One too many

N these days of high endeavour the manufacturer must sometimes

feel rather like an anxious juggler, half wondering whether the
next ticklish problem will be one too many for him. With all his
ingenuity in organization he may find it impossible to increase
output still further without some impairment of quality. It is here
that Simmonds can help.

The Simmonds products were designed to solve precisely
this problem and solving it they are, all over the country. They
are calculated to save time, to save material and to simplify assembly:
in a word, to speed up production all round without fuss or delay.

SIMMONDS

The Creative Impulse in
AERONAUTICAL, INDUSTRIAL & MARINE
’ Construction

THE SIMMONDS NUT -+ PINNACLE NUT - SPIRE NUT
SIMMONDS GAUGES, INSTRUMENTS AND CONTROLS
FRAM OIL & ENGINE CLEANER

SIMMONDS AEROCESSORIES LTD.
GREAT WEST ROAD, LONDON

A COMPANY OF THE SIMMONDS GROUP

P.r4 LONDON, MELBOURNE, PARIS, NEW YORK.
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A Circular Aerial for U.H.F.

Summer Convention of the In-

stitution of - Radio Engineers,
M. W. Sheldorf described a ‘*‘circular
end-loaded folded dipole”” “which
radiates equally well in all horizoptal
directions and has very little vertical
radiation.

Designed mainly for f.m. broadcast-
ing, the aerial is as simple as possible
in construction and can be mounted on
an earthed metal pole. Individual
aerials can be stacked to form a multi-
unit system. While the resonance
characteristic is not broad enough for
television transmission it is suffi-
ciently good for wide-band frequency
modulation. The resonant frequency
is adjustable after installation.

!. T a paper presented before the

(From Q.S.T.—Nov. 1942)

il e |

having capacity loading, as shown in
Fig. 3.%

The final system used is shown in
Fig. 4. Because the radiation re-
sistance of a circular aerial such as
that shown in Fig. 3 is quite low, a
second element was added to provide
a step-up impedance transformation,
using the principle of the folded
dipole.* The effective length of the
elements, including the loading of the
end capacity C, is one-half wave-
length overall. Point D, Fig. 4, is at
earth potential and the aerial there-
fore can be mounted directly on a
metal supporting pole at this point,
without insulation. In the practical
aerial the elements are made of steel
pipe formed into a circle having a dia-

|
)
)
_  VERTICAL =
o ERTGe
PATTERN
]

.
e

Fig. 3. Simple loop aerial. To obtain a

true circular pattern in the horizontal plane

the total length of loop must be small

enough in comparison with the 3-wavelength

so that the current is substantially the same
in all parts.

The final aerial design was evolved
from a cubical aerial consisting of two
horizontal sets of four half-wave ele-
ments each, the elements of a set be-
ing arranged in the form of a square.
Subsequent work showed that the
same effect could be secured by re-
placing the square set of four ele-
ments by a pair of elements arranged
in the form of a V having a go-degree
opening, as shown in Fig. 1. This
gave the horizontal pattern also showa
in Fig. 1; the shape could be con-
trolled by altering the angle between
the arms of the V, an angle smaller
than go degrees giving an improve-
ment over the pattern shown. How-
ever, the ‘aerial was still bulky and
the elements had to be insulated from
the support.

The next step is shown in Fig. 2,
where the aerial consists of two quar-
ter-wave sections: each bent in the
form of a U having sides of equal
length, the two sections being fitted

Fig. 1.

together in the form of a square with
two of the sides overlapping. This
gives a circular radiation pattern,
since the currents in the overlapping
sections are in phase and the resultant
¢ effective ” current tends to be uni-
form around the square. This type of
aerial is also obviously much smaller
than the V or cubical arrangements.
Because of the capacity between the
adjacent sections of the aerial, the
overlapping square aerial is prac-
tically the equivalent of a loop. aerial

©

’ il
..||II||||MI

FOLDED A€RIAL

* A

Current Distribution |

END CAFACITY ADDED

@
il

i

Fig. 5. The evolution of the circular aerial
from a folded dipole.

90° V-aerial and radiation pattern,
Fig. 2 (below). - Overlapping square aerials,

In Neutral Plane
[

Perp to
Neutrsi Plane

Fig. 4. The circular aerial described in

the text.

meter of 33 inches, for a centre fre-
quency of about 46 Mc/s. This com-
pares with a length of slightly over
1o ft. for a half-wave dipole at the
same frequency.

Fig. 5 shows the development of the
aerial from the plain folded arrange-
ment. In the top drawing, the cur-
rent distribution is close to that char-
acteristic of an ordinary half-wave
aerial. By adding end capacity,
Stage 2, the current distribution is
made more uniform because an ap-
preciable current flows into the end
capacitors. In the final stage the
aerial system is formed into a circle
with the end cabacitors facing each
other to form a condenser.

The relative diameters of the two
elements A and B determine the mag-
nitude of the impedance step-up. It
has been found experimentally that
a wide range of impedance change
can be obtained. In the commercial
design the terminal impedance is
about 35 ohms, at resonance at’46
Mc/s. when the aerial is mounted on
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HE practice of using X-rays as

a method of inspection in indus-

try is rapidly being adopted, and
numerous new applications are con-
stantly being found, with the result
that X-ray equipment is now being
designed for specific types of work.
An example of this is the new M.100
Industrial X-ray Unit developed by
Messrs. Philips LEamps, Ltd., Shaftes-
bury Avenue, London, W.C.z2.

The cquipment consists of an H.T.
Transformer, a shockproof and ray-
proof X-ray tube and a portable con-
trol table. The shockproof X-ray
tube is provided with forced air cool-
ing and connexion to the H.T. Trans-
former is effected by means of two
shockproof H.T. cables. The H.T.
transformer is accommodated on the
base of a mobile trolley and the
shockproof X-ray tube is mounted on
a vertical column, provided with uni-
versal movements so that the X-ray
tube can be angulated in virtually any
direction, For ease in transportation,
the control table is mounted on an
angle iron frame over the H.T. trans-
former, and can be removed and
placed if desired, on a bench in an
adjoining room, Alternatively, the
frame which is also removable can be
used as a stand. Connexion to the
H.T. transformer from the control
table is made via a multi-core cable.

This type of equipment is capable
of delivering up to 100 kVp, and the
controls are of a very simple nature.
With this apparatus it is possible to
examine up to 2 in. steel and 4 in, of
aluminium by the radiographic
method. It is.eminently suitable for
the inspection of electrical ussemblies,
thin gauge spot welding and plastic
materials, etc. The unit design of the
equipment readily lends itself for in-
corporation in a conveyor belt system
for the continuous visual inspection of
such. commodities as sparking plugs
and moulded assemblies,

Electronic Engineering
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A New: Industrial X-Ray Unit

A Circular Aerial (continued)

a 4-inch diameter steel pole, With
poles of larger diameter the radiation
resistance decreases because of out-
of-phase currents induced in the sui-
face of the pole.

Since the aerial is appreciably
smaller than an ordinary dipole, some
loss of signal strength is to be ex-
pected as compared to the latter. How-
ever, it turns out that this loss is only
one decibel as compared to a vertical
dipole (which also has a uniform
horizontal pattern). The aerials can
be stacked vertically to increase the
field strength, and it has been found
that optimum gain is obtained when
the spacing between units is about one
wavelength. The gain in decibels
over a vertical half-wave aerial, as a

a
IN| db.

CAIN

function of number of aerials or
‘“ bays,” is shown in Fig. 6. It can
be seen that doubling the number of
elements results in approximately 3
db. gain. This is to be expected in
view of the fact that the mutual im-
pedance between aerial units or bays
has been determined experimentally
to be very low, when the spacing is
one wavelength, hence the bays act
almost independently of one another.

REFERENCES.

1 A. Alford and A. G. Kandoian, * Ultrahigh-
Frequency Loop Aerials * A.I.LE.E. Trans. Sup-
plement, 1940. d

2 P, S, Carter, “ Simple Television Aerials," RCA
Rey. October, 1939.

Fig. 6. Gain of circular antenna over a
vertical half-wave dipole. Bay spacing is
| wavelength.
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Straight Line Rotating Plate Condensers with Large

for ultra short wave engineering

special rotating plate condensers
are desirable for selecting from a
large number of u.h.f. channels. They
should fulfil the following require-
ments :

(a) small space

(b) high accuracy of tuning

(c) easy adjustment

(d) large angle of rotation

(e)-linear relation between capacit-

ance and angle of rotation.

How these requirements may best be
fulfilled is described in a recent pub-
lication of E. Leider and O. Zinke.*
In the following an abstract is given
of its principal contents.

With the usual shape of stator
plates covering one quadrant and
having a circular face neither a rotor
with  regularly stepped circular
quadrants nor one in which the circu-
lar faces were replaced by spirals
gave a straight capacitance character-
istic. An improvement is obtainable
by cutting the stator face as well as
the rotor face in a spiral.

Fig. 1 and 2 show the usual type of
a rotating plate condenser if instead
of the customary angle of 180° an
angle of 270° is chosen for the rotor
while the stator angle is go®° In
Fig. 1 the rotor face has three circu-
lar steps, while the stator face is also
circular. In Fig. 2 the rotor faces are
formed by spirals, As is shown in
Fig. 3 the capacitance is by no means
proportional to the angle of rotation.
Calling C = capacitance

e = the dielectric constant
the active area
the sum of stator and
rotor plates diminished
by 1
- distance of plates.

IN high grade special appliances

~
i

&,

eFn

/

Fig. | (left). Condenser with stepped circular
faces of rotor, stator face circular.

Fig. 2 (right). Condenser with spiral faces of
rotor, stator face circular.

®  Elektrotechnische Zeils. 63, pp. 433-436, Sept. 24,
1942

F

Angle of Rotation

Stator
Angle of rotation 0° | 30° 60° 90°
a '
K- 0 0.48 0.96 I.44
ast
a
r 4+ K- (cm?) 1.0 1.48 1.96 2.44
ast
" ’ (cm) 1.0 1.22 1.40 ‘ 1.56
Rotor
Angle of rotation 0° 30° ‘ 60° 90°
a
K- 0 0.48 [ 0.96 [.44
ast ,
a
RERGL K (cm?) 2.44 292 | 340 3.88
agt
R {cm) 1.56 171 | l4 | 1.97
|
__Angle of rotation 120° 150° 180°
a
K- 1.92 2.40 2.88
ast,
a
R + K- (cm?) 4.36 4.84 5.32
ast
R (cm) 2.09 2.20 2.31
~ Angle of rotation 210° 2400 | 270°
a
K- 3.36 3.84 4.32
asg
a
Ry + K - (cm?) 5.80 6.28 6.76
gt
R * (cm) 2.41 2.51 2.60

As we require a linear relation be-
tween capacitance C and angle of
rotation a we get

K K
F = —a and therefore dF = — da

2 2
The constant X /2 is then given by the
relation

K Cmax 4

2 €1 QO max

and has the dimension of an area.

Calling the variable rotor radius #
and the variable stator radius » and
referring to Fig. 4 we see that the
arez F for a certain angle of rotation
a is given by the relation

[ ] [ ] a
R 7
=f—da— —da:«g-/‘(R’—r’)da
l\2 [ 2 o

therefore
aF
R -1 =K]/2

da

or for a given angle a
R=r+K

Similar relations are found for the
second and third quadrant.

In order to get'a smooth transition
when passing through e ='go® or—
more general—through a.., i.e., the
angle of the stator plate, it is essen-
tial that 7 at angle a.. equals Z,. The

0 tad
4
A 7 L~
[ = v
CF“G ,l” P
2
i s
4
2
v’
0 0 _ s 2w i
Fig. 3. Characteristics with clrcular stator

face.
(!) Rotor face stepped circular.
(2) Rotor face stepped spiral.
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Fig. 4. Area F determined by g, R and r,
actual curve for the stator face may
be chosen at random, but it is prefer-
able to use a linear slope for the
square of the radii as shown in Fig. ;5
which represents the connexion be-
tween the face curves of rotor and
stator for three quadrants correspond-
ing to a total angle of rotation of 270®
(with ase = 0. If for the stator
angle 30° is chosen it is even possible
to design a condenser with a total
angle of rotation of 330°. In Fig. s
the index 2 indicates that a lies be-
tween a;¢ and 20.¢; the index 3 that
a lies between 20.¢ and 3a...

¥ ——
R/I' m N:'ZK
A "1~
}7-_1.-.-____«
4510‘."' ;
g 2
R, r', iR /ﬂ/lt
v 1 - 1
14 L4 3]
9 3 i
i Y 1]
Q=0 Qe 2y Ja |
Fig. 5. (right) Connexion between the face

curves of stator and rotor.

Fig. 6. (left) Actual face curves for con-
denser with total angle of rotation of 270°

Fig. 6 shows the actual face curves
for stator and rotor for a total angle
of rotation of 270°.

With the linear slope mentioned
above the radii "are given by the
following expressions

a

r=,\/ 7. + K

Qs¢

a
R =\/ R: + K
Ast

with other words the radii ihcrease
with Ve,

For a condenser of Cmax = 10pF
having one stator and two rotor plates
and 7, = 1 cm. the table on page 434
give the radii of stator and rotor for
a maximum angle of rotation of 270°.

R. NEUMANN,

Electronic Engineering

March Meetings

Institution of Electrical Engineers
Ovrdinary Meetings.

On March 25 at 5.30 p.m. at the
Institution, Sir Frank Gill, K.C.M.G.,
O.B.E., will give an address on
‘ Engineering Economics.”” This will
be a joint meeting with the Institu-
tions of Civil and 'Mechanical
Engineers.

Wi ireless Section.

At a meeting to be held on March 3
at the Institution at 5.30 p.m., a paper
will be read on ‘‘ Amplifying and
Recording Technique in Electro-
biology ’ by G. Parr and W. Grey
Walter, M.A. The paper will be fol-
lowed by a demonstration of the
electrical potentials produced by the
human brain,

On March 16, also at 5.30 p.m. at
the Institution, an informal meeting
will be held and a .discussion on
‘“ Factory Testing of Radio Equip-
ment '’ will be opened by F. L. Hogg.

Institute of Physics.

The next meeting will be held on
March 17 at 2.30 p.m. at the Royal
Institution, Albemarle Street, London,
W.1. This wi]l be a joint meeting
with the London and South-Eastern
Counties section of the Institute of
Chemistry. The address will be given
by E. D. Eyles, B.Sc., A.Inst.P., of
Messrs. Kodak, Ltd., on ¢ High Speed
Kinematography.”

British Kinematograph Society.
At a meeting to be held on March 17
at the Gaumont British Theatre,
Wardour Street, Wi, at 6 p.m., a
paper will be read by Dr. N. Fleming

on ‘“ Acoustics and the Motion
Picture.”

Notice is hereby given that a
special “general meeting of active

members of the Society will be held
at the small theatre, Film House,
Wardour Street, W.1, at 5.45 p-m.,
to consider whether an election of
officers and committee shall, as re-
quired by the Constitution, be held
this year.
Brit. I.R.E.

The next meeting will be held on
March 26, at the Institution of Struc-
tural Engineers, 11 Upper Belgrave
Street, London, S.W.1, when thé ad-
dress will be given by L. C. Pocock,
on ‘‘ The Functions and Properties of
Acousto-Electric Transducers.”

Do realise that a poor view is taken
of the ‘¢ heavy-hammer-and-a-light-
heart ’ method of working. If things
stick or get tight suddenly, there’s an
obstruction somewhere to be cleared.
As in dentistry, courtship and sardine-
tin opening, persuasion is better than
force.

(From a de Hawilland Aircraft Co.
Advt.)
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WIRES, RODS
& TAPES

for
Lamps, Valves
and Furnaces

exact to Specifications

VACTITE WIRE Co L

19 QUEEN ANNE'S GATE, WESTMINSTER, S-W.1

TELEPHONE: WHITENALL 2552
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NOTES FROM

" THE INDUSTRY

B.S.l.
British Standard Electrical Glossary

At the outbreak of war a revision of
the B.S. Glossary of Terms used in
Elegtrical Engineering had already
commenced. The progress has neces-
sarily been slow, but it has now
reached a stage where publication in
sections can begin. Under present
conditions the main portion of the
work will be issued in & parts.

Terms relating to Telecommunica-
tion, which were given in Sections g
and 10 of the 1936 Edition of the
Glossary will be issued separately in
due course as a revision of B.S. 204.

Each part will be published at 2s.
Part 1 is now ready, the others will
follow at short intervals, Orders for
other parts may now be placed.

Copies may be obtained- from the
Publications  Department, ' British
Standards Institution, 28 Victoria
Street, London, S.W.1,

Inserted Tip Drills for Economy in
High Speed Steel

The idea of using drills with in-
serted tips is not new, but in view of
the wurgent need for the utmost
economy in high speed steel, it is sug-
gested that the principle might with
advantage be applied more extensively
at the present time,

It is true that the drills have certain
limitations. They cannot, for instance,
be used for drilling from the solid,
although they are perfectly satisfac-
tory for opening out holes produced
by a pilot drill, or by piercing.

One type of drill has two flutes and
the other four. The fluted stem and
tapered shank in each instance are
manufactured from carbon steel, and
the inserted tips are made from 18 per
cent. tungsten high speed steel.

The 2-flute drill is provided with a
tube for carrying cutting fluid to the
cutting edge.

The saving in high speed steel will
be appreciated from the following
figures : —

The 2-flute drill is 2 inches ‘in dia-
meter, and the overall length is 21
inches. The total weight is 20 1b., of
which only 6 oz. is high speed steel.
The 4-flute drill is 25 inches long over-
all, and 2.70 inches in diameter. 1 1b.
of high speed steel is used for the tip
and 46 1b, of carbon steel for the body
and shank of the tool.

Production and Engineering Bul-
letin, Vol. 2, No. 4, 1943.

Conference on X-Ray Analysis

The Institute of Physics’is arrang-
ing a second conference to take place

Electronic Engineering

In the new R.C.A,
research labora-
tories the optical
laboratory bays
have hatches in
the walls to per-
mit of long focus
set-ups for tele-
vision testing. The
benches are fitted
with numerous
electrical outlets
as shown and in
addition are piped
for air gas, water
H. and O.

in Cambridge on April g and 10. The
provisional programme includes a lec-
ture on ‘“ Future Developments in X-
Ray Crystallography ’’ by Prof. J. D.
Bernal and discussions on ¢ Quanta-
tive Treatment of Powder Photo-
graphs,””. ‘ The Fine Structure of
X-Ray Diffraction” and ‘ Line
Broadening.”

Further particulars may be-obtained
from the Secretary of the Institute of
Physics, The University, Reading.

Catalogues Received
Resistances and Reslstance Networks

Messrs.  Muirhead’s  publication
C.102A gives full information on the
range of resistance boxes, slide wires
and attenuators manufactured by
them. Their ¢ Munit ”’ construction,
in which the various components are
assembled in metal boxes with drilled
flanges on two sides, enables appara-
tus such as Wheatstone bridges,
special attenuators, etc., to be made
up in semi-permanent form from stock
components.

Precision slide wires of constant in-
ductance can be supplied in circular
form with resistances from o.5-10 .

There is also an attenuator avail-
able wound to 75 ohms impedance for
use with H.F. cables at frequencies
up to several Mc/s. Muirhead & Co.,
Elmers End, Beckenham.
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Potentiometers and Stud Switches

Messrs. Painton & Co. (Kings-
thorpe, Northampton) can supply stud
switches of instrument quality with
beryllium copper brushes (if required).
It has been found, that the use of these
brushes lowers the contact resistance
appreciably and that the ‘ noise ”’ on
rotating the switch is reduced.

The type CV.25S potentiometer is of
massive construction with a substan-
tial metal shielding case. Resistances
from 100 to 50,000 ohms. Dissipation
25 watts. Vitreous enamelled and
other types of fixed resistances are also
manufactured.

Further Letter fror;1 Dr. J. R. Baker

SIR,—A friend has pointed out to
me that one sentence in my letter in
the January number of ELECTRONIC
ENGINEERING implies that Prof. J. D.
Bernal introduced contradictory pas-
sages into his book, Tke Social
Function of Science, from unworthy
motives. I wish to retract this im-
plication as to Prof. Bernal’s motives.
The retraction is particularly neces-
sary because the discussion has been
closed and Prof. Bernal is thus pre-
vented from answering in your
columns.—Yours faithfully,

JoHN R. BAKER.
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RUBBER-TO-METAL WELD

plus

'ETALASTIK pioneered the high-duty
rubber-to-metal weld, thereby vastly increas-
ing the scope of rubber in combating vibration.

But the attractions of that manufacturing
technique must not be allowed to obscure
the fundamental requirement; sound design
based on knowledge of the behaviour of rubber
under all conditions.

That knowledge we possess ; it is at the dis-
posal of all who have vibration problems, and
it is always increasing.

The photographs show stages in the manufacture of
our patent ‘cross’-type mounting : the smallest size is
suitable for instruments and carries a pound load, the
largest, for heavy machines, carries a ton ; this range
covers a variety of frequencies. This simple design has
outstanding features; the bonding areas on inner and
outer members are equal, stress concentrations are
avoided ; the rubber is stressed in shear, and is thus
used to the best advantage.

YOUR VIBRATION PROBLEMS ARE WELCOME
Metalastik Ltd. Leicester.

ANTI-VIBRATION yNITs

ACientitic a,z,zlication

.
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OF

ELECTRONIC LITERATURE

TELEVISION

Analysis, Synthesis, and Evaluation of
the Transient Response of Television
Equipment
(A. Y. Bedford and G. L. Fredendall)
The sharpness of detail in a tele-
vision picture is directly dependent
upon the capability of the transmitter
for the transmission of abrupt
changes in picture half tone. A suit-
able test signal is a square wave of

sufficiently long period.

Rules are deduced for the evalua-
tion of the subjective sharpness to be
expected in transmitted pictures and
may be applied when the square wave
response of the transmitting apparatus
is known, Rapid chart methods have
been devised for (1) the analysis of a
square wave output into sine-wave
amplitude and phase response and (2)
the synthesis of a square wave
response from a given set of ampli-
tude and phase characteristics. Analy-
sis furnishes an immediate solu-
tion to the familiar but troublesome
problem of finding the sine-wave char-
acteristics of television apparatus.
The four aspects of the application of
square waves to television, ‘.e.,
measurement, analysis, synthesis and
evaluation are presented as a basis for
a unified and complete technique.

The authors hope that this paper
will be a contribution to the general
problem of working out electrical
specifications for television transmit-
ters and other television apparatus,
giving information regarding the
steepness of rise and the amplitude of
overswing of the square wave
response.

—Proc. I.R.E., Vol. 30,

(1942), page 44o.
A Portable High Frequency Square
Wave Oscillograph for Television
(R. D. Kell, A. V. Bedfl':).r)d and H.W. Kozanow-
SKi

A portable high frequency oscillo-
graph for television is described by
which a square wave (1oo-kilocycle)
response may be viewed as a dotted
wave and readily recorded as a series
of readings. The dots are spaced at
1/30—(or 1/20) microsecond intervals.
No electrical connexion is required
between the oscillograph and the
square wave generator other than that
established through the apparatus
under test since the synchronous
sweep and timing dots are derived
from the square wave respouse of the
apparatus. Circuit diagrams of the
square wave generator and square
wave oscillograph are given.

—1bid., page 458.

No. 10

THERMIONIC DEVICES

A Diffraction Adapter for the Electron
Microscope

(J- Hillier, R. F. Baker and V. K. Zworykin)

An adapter has been developed
which allows a conventional electron
microscope to be used interchange-
ably as an electron diffraction camera
or an electron microscope. The adap-
ter comprises a unit which takes the
place of- the projection lens unit of
the microscope, and includes a newly
designed microscope projection lens,
a specimen holder and a focusing lens.

To transfer the instrument from a
microscope to a diffraction camera (or
vice versa) it is necessary only to
transfer the specimen from the regu-
lar object chamber to the adapter. Dif-
fraction patterns may be obtained by
either reflexion or transmission. As a
result of the excellent reproducibil-
ity of voltages and.currents from the
regulated power supplies used in the
electron microscope, the diffraction
camera holds its calibration to within
o.1 per cent. over long periods. Using
a calibration determined by measure-
ments of gold patterns, lattice spac-
ings of a number of common matenials,
were determined and found to agree
with X-ray values to within o.5 per
cent.

—[our. App. Phys. Vol. 13, No. g

(1942), page 571.
Electronic Counter for Rapid
Impulses
(B. Wellman and K. Roeder)

In a circuit for the biological study
of nerve potentials this thyraton cir-
cuit scales down the incoming pulses
so that 600 impulses per second can
be counted,

—Electronics, Vol.

(1942), page 75.
An Electronic Circuit for Studying
Hunting
(M. J. Deherno and R. T. Basnett)

A method for the determination of
the power angle oscillations of a syn-
chronous motor during hunting is
described. Mirrors, arranged 360
electrical degrees apart on the motor
coupling, reflect a beam of light on
to a photo-electric cell which is so®
connected, as to discharge a condenser
every time it receives a light flash.
The condenser cycle is observed with
an oscilloscope with a specially
arranged non-repeating sweep such
that the envelope of the resultant
oscillogram indicates the hunting
characteristics.

—FEl. Engg.

page 603.*

No. 10

15,

December, 1942,

Operation of a_Thyratron as a Rectifier
(L. A. Ware)

The half-wave thyratron rectifier
circuit is treated theoretically taking
into account the difference between
the firing potential and the tube drop
during conduction.  Four loads are
considered ranging from a pure re-
sistance to a pure inductance, the
impedance angles being o, 359.15,
85.6 and go®. The first three of these
are checked oscillographically and
good correspondences are obtained
between (1) calculated average cur-
rent and measured current, and (2)
oscillographic waveshape of current
and calculated waveshape. It is also
noted that errors in current calcula-
tion due to erroneous values of Ef
(firing potential) are higher for loads
of higher impedance angle.

—Proc. I.R.E., Vol. 3o,

(1942), page so0.
INDUSTRY

An Instrument for Measuring Surface
Roughness
(C. K. Gravley)

A tracer instrument for the meas-
urement of surface -roughness is
described, and details of the main
parts are given. These are a pickup
using a bimorph element of piezo-
electric Rochelle salt, a three-stage
amplifier with a gain of approxi-
mately 100,000 and a direct inking
oscillograph.  The calibration and
checking of the instrument are des-
cribed and examples are given of its
use.

—FElectronics,

page 70.*
Magnetostriction made Visible
(S. C. Leonard)

It is suggested that the audio-sound
of iron-core apparatus is due to
magnetostriction. An optical method
of measuring the effect of a magnetic
field on the Iength of a specimen in
the direction of the applied field is
described. Elongation or contraction
of from o.5 to 80 x 10-° ins. can be
observed and a photoelectric-record-
ing type fluxmeter records magneto-
striction against flux-density directly.
No exact correlation between audio-
sound and magnetostriction is derived.
Other uses of the instrument, e.g.,
for tensile strength and temperature

No, 11

November, 1942,

coefficient measurements are men-

tioned

—G. E. Rew., November, 1942,
page 637.*

* Supplied by the courtesy of Metropolitan-Vickers
Electrical Co. Ltd., Trafford Park, Manchester.
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PRODUCTS FOR THE
ELECTRICAL INDUSTRY

INCLUDE

PRECIOUS METAL CONTACTS of all descriptions .

BI-METAL CONTACTS AND CONTACT MATERIAL

SUPERFINE WIRES FOR RESISTANCES AND FUSES

PURE SILVER FUSE WIRES :

SILVER BRAZING ALLOYS for low temperaturc ]omt—
ing of metals

PRECISION DRAWN TUBES in ﬁne d1mens1ons .

For information regarding the availability of any of these
products you are invited to write to :—

JOHNSON, MATTHEY

& CO., LIMITED.

73/83, HATTON GARDEN,
LONDON, E.C.1

Telephone : HOLborn 6989

71/73, Vittoria Street, Oakes, Turner & Co., Ltd.
Birmingham 75/79, Eyre Street, Sheffield, 1

WHEN THE FLOOD OF WAR HAS
SUBSIDED. ...

the bird of Peace will bring with /% for ducts to assist in the enjoyment
of freedom and security, Goo? / lndustnes thcn e -war days,” will be able to

concentrate on “ The Attainmen}/ i Ideal "—the pcrfect\reprod tion of sound.

In the meantime the whole of ou gamsanon is,devoted to sign an producuon of the
best possible acoustic apparatus{ T ‘tdﬁ

The best of today will-in turn lea I\

Industries - will maintain their: reputatlon fong taLjrdy design for high

fidelity -sound reproducers. . \ /

INDUSTRIES LIMITED * LANCELOT ROAD % WEMBLEY x MIDDX.

o somethmg better stxﬂ in t e fubure inf which Goodmans

GOODMANS
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The information and' illustrations on this page are given with the permission of the Con-

flecting coils upon the screen grid of a
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PATENTS
troller of H.M. Stationery Office.
CIRCUITS
i ®  pentode.
Carrier-Signal Frequency-Detector

System

The ideal detector for frequency
modulation is one which not only
faithfully reproduces the true form of
the f. m. components, but also is un-
responsive to amplitude fluctyations of
the carrier signal.

This invention is to provide an im-
proved frequency detector system
which, while of general application, is
especially suitable for use in a fre-

The mutual conductance of the
amplifier varies in the same sense as
the screen grid potential. Thus dur-
ing the interval of trace the anode to
cathode resistance of the pentode de-
creases by a relatively small amount,
but during the retrace interval a rela-
tively high negative potential peak is
impressed on the screen grid through
a condenser. The anode to cathode
resistance of the pentode arises to a

quency-modulated carrier-signal re- high value, This means that the cur-
ceiver. rent in the primary winding of the out-
= s I A
| | I
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w [T \E ta 1: | 0
fo esl L |
T ITE T
L] 1 T T L st [
= qL li 4 ! “‘_]?_ II: _L' T : AMPLIFIER
3 - 28
< RecTiFiER | 2 S % |
|, (0 ol !
B ] |
| |
e o el % el 1 R i

The output of the i.f. amplifier 14 is
applied to an additional stage of i.f.
amplification 15 which may be biased
to operate to limit to a predetermined
amplitude level carrier signals trans-
lated by this amplification stage. The
carrier signals developed across load
impedances 23 and 24 at the nominal
frequency of the carrier signal are of
opposing ‘phase, but of equal intensity
and are, therefore, balanced voltages
with respect to earth. These are ap-
plied to a frequency selective stage 16
consisting of a pair of impedance net-
works 27 and 28.

The output is applied to a rectifier
stage 17 which includes a pair of pen-
tode valves biased near to cutoff to
operate as anode current rectifiers for
detecting amplitude variations. Modu-
lation components are applied to the
input of the a.f. amplifier.

—Hazeltine Corp.. (Assignees of
H. A. Wheeler). Patent No.
549,342.

Beam Deflecting Circuit for C.R. Tubes

Means for reducing the flyback in
magnetic scanning.

In the invention means are provided
for applying alternating potentials
developed across the secondary wind-
ing of the output transformer and de-

put transformer drops to a low valuc.
This value 1is theoretically zero,
though in reality, due to the capacity
of the transformer windings, the cur-
rent drops back quickly to the value
it had at the beginning of the trace
period.

Consequently, the rate of change of
current in the transformer is
accelerated appreciably gnd the anode
to cathode resistance of the valve ex-
erts a reduced dainping effect upon
the deflecting coils.

—The British Thomson-Houston

Co., Lid. Patent No. 548,463.

Attenuation Equaliser

Transmission circuits often require
the wuse of variable attenuation
equalisers which may be regulated to
compensate for attenuation changes
caused by changes in the temperature
or other weather conditions. Under
some circumstances it is desirable that
the equaliser be continuously adjust-
able to provide a family of similar
loss characteristics all of which pass
through a common point. To make the
equaliser more useful it is sometimes
required that the family of curves be
extended into the region of transmis-
sion gain.

According to the invention the net-

Complete copies of the Specifications can be obtained
from the Patent Office, 25, Southampton Buildings, London, W.C.2, price Is. each.

work comprises a number of sections
connected in parallel at their input
ends and coupled at their output ends
by means of a potentiometer to a high
impedance load. The potentiometer
may be of the condenser type and the
output load the input circuit of a
valve, The equaliser sections are pre-
ferably of the constant resistance type
and one or more of the sections may
be designed to provide a voltage gain
over part of the useful frequency
range. The individual sections may
be so designed that their loss char-
acteristics over the useful frequency
range are substantially straight lines
having different slopes, some positive
and some negative, but all having the
same loss at some reference frequency.
Under these circumstances by an ad-
justment of the potentiometer there
may be selected any one of an infinite
family of loss characteristics all of
which are linear and in effect pivot
about a fixed point.

—Standard Telephones and Cables,
Ltd. (Assignees - of W. R.
Lundry). Patent No. 549,926.

TELEVISION

- Electron Camera

To correct for irregularities in the
photoelectric surface of a cathode in
a dissector’ employed as a line scan-
ning apparatus.

This is effected by an arrangement
in which a distorted line image from a
continuously moving film js-formed
on a photosensitive cathode surface by
means of a lens combination which is
slightly cylindrical about a horizontal.
axis. The effect of the cylindrical
lens is to spread the line image ocut
into a broad band covering a large
number of granules of the photo-
sensitive surface.

A vertical slit is provided in the
dissector to scan the electron stream
from the cathode instead of the square
aperture usually used, in order to pick
up simultaneously all electrons emit-
ted from an elemental transverse strip
of the band. The effect .of any irre-
gularly sensitised spot of the photo-
electric cathode is thus minimised by
being combined with the effects from
a large number of other spots, the
image current depending on the aver-
age effect.

—Standard Telephones and Cables,

Ltd, (Assignees of H. E. lves).
Patent No. 549,890.
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BRITISH INSULATED CABLES 'LTD..

Head Office:- PRESCOT — LANCS. Tel N




442

Electronic Engineering

The Encephalophone—Continued from page 420.

Because of the high value of the
time constant of the amplifier it takes
a considerable time (in the order of
magnitude of one minute) before
normal conditions are established
after the electrodes had been handled
or the instrument had been switched
on. During this period the pitch of
the telephone tone changes and finally
becomes steady. Only then the sen-
sitivity -of the instrument reaches its
normal value. With the two-stage
amplifier alone the waving of a

charged insulator (fountain pen) at a,

distance of about 10 cm from the un
earthed electrode transforms the
steady tone into a trill, and with the
pre-amplifier in operation (normal
sensitivity) the same effect is obtained
at a distance of about 6o cm.

Disturbances from 50 c/s. alternat-
ing currents are heard as a kind of
roughness of the telephone tone, which
makes the observation of small altera-
tions in pitch difficult. Such disturb-
ances must therefore be avoided as far
as possible by working at some dis-
tance from leads carrying a.c. and by
having such leads shielded by earthed
metal tubes. Otherwise the instru-
ment is remarkably steady in its opera-
tion and corrections in the setting of
the different controls are hardly
necessary once they have been pro-
perly done.

The experimental model of the
Encephalophone described above has
been tried out in Edinburgh Royal
Infirmary for a period of a month. It
gives a readily perceivable and often
very striking indication of the brain
potentials.

Some of the finer dewails of wave
forms are, of course, beyond the
analytical capacity of the listener’s
auditory mechanism, such details are,
however, so far of little diagnostic
value. It seems therefore likely that
the apparatus will provide an adequate
method for clinical purposes. The
most important feature of the EEG is
the frequency of the waves, and this
is directly heard on the encephalo-
phone; it can with experience be esti-
mated with accuracy sufficient for
most practical purposes.

Finally, the following future de-
velopment of the instrument may be
suggested In its present form the
audio method does not permit a very
accurate megasurement to be made of
the size of the activity, but this can be
improved by fitting the instrument
with an artificial source of very small
potential changes which can be made
to produce the same «changes in pitch
as the EEG, and measured by means
of a potentiometer. Also it is often
important to observe the EEG poten-
tials beiween more than. one pair of

March, 1943

electrodes simultaneously, in order tc
study phase relations between the
activity in different parts of the brain.
In the standard methods of examina-
tion this is accomplished by using a
number (usually three) of ‘‘channels”
simultaneously. In the audio method
the simultaneous observation of two
regions could be carried out by ising
two independent channels and lead-
ing the outputs of these to the two
ears of the observer. If the activities
of the two regions were entirely dif-
ferent the observer would probably
find it difficult to analyse the two
sounds together. However, in normal
subjects the two hemispheres of the
brain are always very similar, show-
ing waves of the same frequency, size,
wave-form, and phase. A departure
from identity in any of these features
provides evidence suggestive of dys-
function, so that if the two audio
channels were used symmetrically on
both hemispheres an experienced ob-
server would readily detect any asym-
metry of electrical activity.

ACKNOWLEDGMENTS.—We thank
the University of Edinburgh and Mr,
Norman M. Dott for the opportunity
of doing this work, and the latter for
advice and encouragement.
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/ SOLDERING PROCESSES A

WHEN USING WAR

This, and numerous other queries are answered in reference sheet 2 of ** Technical Notes on
Soldering,”" published by the manufacturers of Ersin Multicore-—the A.l.D. approved solder
wire with three cores of non-corrosive Ersin activated flux.
Firms engaged on Government contracts are invited to write for a copy of this reference
sheet and samples of ERSIN MULTICORE SOLDER wire.
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The Solder Wire with 3 cores of Non-corrosive Ersin Flux

MULTICORE SOLDERS LTD., BUSH HOUSE, LONDON, W.C.2. TEMple Bar 5583/4
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PAINTON

COMMUNICATION
COMPONENTS

STUD SWITCHES

PAINTON & CO. LTD. NORTHAMPTON

BELLING ¢ LEE LTD

CAMBRIDGE ARTERIAL ROAD. ENFIELD. MIDDX

(6874)

THE “FLUXITE QUINS*
AT WORK
* I'd just like to meet the young
kite
Who fixed this without FLUXITE
We should all be in bed
But we're working instead

In a blue, blind, blank blustering
night 1"

For all SOLDERING work—you need FLUXITE—the paste flux—
with which even dirty metals are soldered and * tinned.”” For
the jointing of lead—without solder ; and the * running” of
white metal bearings—without * tinning ** the bearing.

jt is suitable for ALL METALS—excepting ALUMINIUM-—and
can be used with safety on ELECTRICAL and other sensitive
apparatus.

With Fluxite joints can be ** wiped '* success-
fully that are impossible by any other method.

Used for over 30 years in Government Works, and
by leading Engineers and Manufacturers, OF ALL
IRONMONGERS—IN TINS—8d., 1/4 and 2/8. Ask
to see the FLUXITE SMALL SPACE SOLDERING
SET—compact but substantial—complete with

full Instructions, 7/6.

e o R ALL MECHANICS WILL HAVE\

FGUN" puts'
i FLUXITE where :
{you wantitbya:
i simple pressure. :

i Price 1/6, or i
filed2/6 ¢ IT SIMPLIFIES ALL SOLDERING

Write for Leaflets on CASE HARDENING STEEL and TEMPERING TOOLS
with FLUXITE aiso on ** WIPED JOINTS.'® Price id. each.

FLUXITE LTD. (Dept. T.V.) Bermondsey Street, London, S.E.1

o
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GALPINS 5™
21 WILLIAM ST., SLOUGH, Bucks.

Phone : Slough 20855.

(Elre and Northern lreland orders cannot be
accepted.)

Terms: Cash with order.

ELECTRIC LIGHT CHECK METERS, well-known
makers, first-class condition, electrically guaranteed,
for A.C. mains 200/250 volts 50-cy. | phase 5 amp. load
10/- each ; 10 amp. load, 12/6, carrlage I/-.

LK.W. FIRE ELEMENTS, mounted, size
16 x 1§ x | Ins., for 220 volts A.C. or D.C,, as new
6/-, post free.

POWER PACKS for 'smoothing, etc., consisting
of two 300 ohm Choker and two 2 MF Condensers.
Price 8/6, post free.

ROTARY CONVERTOR, D.C. to D.C., Input
12 voles ; Output 1,100 voles at 30 M/A, Ex R.ALF.,
new. Price 50/-, carriage paid.

HEAVY DUTY Knife Switches, D.P., D.T., quick
break, 100 amps., in flrst-class conditlon. Price
20/-, carrlage paid.

LOUD RINGING BELLS, working on 100 volts
D.C., 8 in. dia.. gong (bell metal), plated, waterproof,
absolutely as new. Price 30/-, carriage 2/-,

HEAVY DUTY CABLE, V.LR., and braided, In
first-class condition, slze 37/13, lengths 30 to 40 yards
Price by the length 6/- per yard, or 8/- per yard for
short lengths, carriage paid.

+ WATT WIRE END RESISTANCES, new and
unused, assorted sizes (our assortment), 6/6 per doz.,
post free.

EPOCH SUPER CINEMA SPEAKER, 20 watt,
i5 in. Cone, |5 ohm. speech coil, 6 volt field, (no
energising), weight 65 Ibs. Price £7 .10s., carriage
paid

ROTARY CONVERTERS, D.C. to D.C., permanent
magnet fields, small size, windings not guaranteed,
ball bearing, contained in cart aili box, size 12in. x 4in.
x 4in. Price I5/-, carriage paid.

2 M.F. CONDENSERS, 250 volt working T.C.C,,
type, | doz. lots only. Price I5/-, per doz., post free.
TWO-GANG Variable Condensers, small
capaclty .0005. Price 3/-, post free.
DYNAMO, output 20 volts, |5 amps., shunt wound,
slow speed, ball bearing, condition as new. Price
£3 10s. 0d., carriage paid.

size

| v arieV

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

Electronic Engineering

®LOUDSPEAKERS~

WE CARRY ON

SINCLAIR SPEAKERS
170 Copenhagen Street, London, N.I

TRANSFORMERS

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

W. BRYAN SAVAGE LTD.

Westmoreland Rood. London. N.W.9.  Colindate 7131

LONDEX for RELA

for A.C. and*D.C.

TWQ STEP RELAY LF/FS
= (Heavy Sliver Contacts)

Flrst Impulse
*“ ON ** Second
Impulse”* OFF **
Also Aerial
Change - over
Relays.

Ask for leaflet
88a/EOQ

LONDEX - LTD

MANUFACTURERS OF RELAYS
ARFLLRY 207-ANERLEY ROAD - LONDOM S E-20 sromtintise o

EDWARD
ileoX
& CO. LTD.

Sliding-interlockingand
vibration-proof contacts

For immediate and comprehensive adapt-
acknowledgment ability are characteristics of
quote our de- interest to designers of un-
partmental sym- usual schemes in these
bol SDJAB. unusual times,

Edward Wllcox & Co.,, Ltd.,, Sharston Road,
Wythenshawe, Manchester.
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Classified Announcements

The charge for miscellaneous advertisements on this
page Is 12 words or less 3/-, and 3d. for eve

additlonal word. Slingle-column inch rate displayed,
£1.  All advertisements must be accompanled by
remittance. Cheques and Postal Orders should be
made payable to Hulton Press, Ltd., and crossed, and
should reach this office, 43, Shoe Lane, Lopdon, E.C.4,
not later than the I15th of the month previous to
date of Issue.

CAPACITY AVAILABLE
CAPACITY will. be available at well established

-engineers for production and assembly or part assem-

blies of light Electrical Equipment and Apparatus.
Essential work only. ‘ Electronic Engineering,”

Box No. 651.
FOR SALE
IN STOCK, Rectifiers, Accumulator Chargers,
Rotary Converters, P.A, Amplifiers, Mikes, Mains
Transformers, Speakers of most types, Test Meters,
etc., Special Transformers quoted for.—University
Radio, Ltd., 238, Euston Road, London, N.W.r.
Ger. 4447.
200 G.E.C., P.M. SPEAKERS with Transformer in
stock, complete in metal cabinets, {2 5s. each, ¢.w.o.
plus 1/- carriage and packing. Brand new in maker's
carton. A. Imhof Ltd., 112 New Oxford Street, W.C.x.
LITERATURE
7,000 MEMBERS of the Scientific Book Club believe
that Knowledge is Power. Are you a member ?
Particulars from 121, Charing Cross Road, London,

W.C.2.
LOUDSPEAKERS
3,000 SPEAKERS P.M. and energised 4" to 14,
ncluding several Epoch 187, Sinclair Speakers,

170, Copenhagen Street, N.1.

LOUDSPEAKER repairs, British, American, any
make, 24-hour service; moderate prices.—Sinclaii
Speakers, 170, Copenhagen Street, N.1.

MISCELLANEOUS

WE WILL BUY at your price used radios, ampli
fiers, converters, test mcters, motors, pick-ups,
speakers, etc., radio and electrical accessories. Write,
phone or call, University Radio Ltd., 238, Euston
Road, London, N.W.1. Ger. 4447.

MORSE EQUIPMENT
FULL range of Transmitting Keys, practice sets and
other equipment for Morse training.—Webb's Radio,
14, Soho Street, London, W.1. Phone : GERrard 2089.

RADIO MAP
WEBB’S Radio Map of the World enables you to
locate any station heard. Size 40" by 30” 2 colour heavy
Art Paper, 4/6, post 6d. Limited supply on Linen, 10/6,
post 6d.—Webb's Radio, 14, Soho Street, London* W.1
Phone : GERrard 2089.

WANTED
WE OFFER cash for good modern Communication
and all-wave Receivers.—A.C.S. Radio, ¢4, Widmore
Road, Bromley.

DIRECTOR OF RESEARCH and development, to
take complete charge of these departments, required
by a London firm of Electrical Engineers manufacturing
radio frequency, acoustic and electrical instruments.
First class qualifications in Physics or Electrical
Engineering essential, coupled with wide industrial
experience, Write, stating full particulars, to
‘“ Electronic Engineering,"" Box No. 65z.

CHIEF DESIGNER (mechanical) required
development department of a firm of Communica
Engineers. Good experience in the design of electrical
instrumnents and apparatus essential. ~Write giving
full details to ** Electronic Engineering,” Box No. 653.

CLARKES (Redaih) LI

REDDITCH

ON.A.L D. APFROVEDLIST TEL.100

ENGLAND ESYA_B{!SID_

COMPANY
MIC %
WALTHAMSTOW LONDON, E.17

MY
REGISTERED TRADE MARK

N\
NMNNS \\\§

LATORS
LIMITED

b

Telephone:‘ LARKkswood 1044 (Pte. Br. Exch).

.
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HEWLETT-PACKARD

Resistance Tuned Oscillators
Model 200, covers the Frequency
Range of 7-200,000 cycles per second
Write for full details of the series.

21,JOHN ST., BEDFORD ROW,
INSTRUMENTS LTD _  conconwer

" TELEPHONE: CHANCERY 8765

CLOUGH-BRENGLE* BOONTON< FERRIS=BALLANTINE-HEWLETT-PACKARD

ADVANCE

ConstMoltne wi

c£0.TUCKER EYELET co.uro. - T DRIERE

Line Voltage Variations of

o foar o ! Y% d 1%
WALSALL ROAD, BIRMINGHAM, 22 P IRl 1
' Orteput Voltage ...© 230 v. - 1%. 8

p/)Oﬂe.' B/RCh{/.Q/dS 5024 iy Max. load 150 watts.

Input power factor over go%.
Prices on application.
Write for details.

ADVANCE COMPONENTS LTD.
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Typical Webb’s Services

SPECIAL PRODUCTS DEPT. This Department offers
very useful facilities for the construction of specialised
equipment for transmission and reception. One of its recent
productions—a 75 watt ’phone and C.W. Transmitter is
illustrated above.

SHORT WAVE COMPONENTS. We are still able to
offer practically any component required by the Short-wave
enthusiast at our Retail Sales Dept., 14, Soho Street. If you
are unable to call, our Mail Order Dept. provides a very
efficient and careful service.

SERVICE OF COMMUNICATION RECEIVERS. A
restricted service can now be given on all types of Communi-
cation Receivers but please do not despatch instruments
without first communicating with us.

: March, 1943

Practically every component the short-wave worker is
likely to want is in stock at Webb’s, and where equipment
of a specialised nature is required for official work
: In facty if it is

. . see Webb’s
about it.

WEBB'S

Wartime Service

WEBBSB'S RADIO, 14, SOHO ST.,, LONDON, W.L
Hours of Business 9 a.m.—5 p.m.

Webb’s have facilities for constructing it.
anything to do with short wave radio .

Phone: GER. 2089
Saturdays 9 a.m.—12 noon.
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