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SUPP:11.
SSW -

SWITCH
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...."-- TORSIONAL/'

..--""/' REMOTE CONTROL

.."--,' SHAFT/-

CENTRES OFFSET

CONTROL PANEL

PROBLEM
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The position of a switch in the layout of a certain apparatus,
is such, that'in order to operate it from the front panel an
unusually, Jong operating shaft becomes necessary.

In addition the special function of the switch makes it impos-
sible to guarantee the perfec't alignment of the switch centre
and the operating knob during the period of operation.

SOLUTION
Replace the solid shaft with an S.S.R. Remote Control Flexible
Shaft, capable of transmitting the required torque with a min-
imum deflection.

End fittings for coupling the shaft to the driven and driver
connections can be supplied from the extensive S.S.W. range.

A PAGE FROM THE
SUPPLEMENT TO THE TREATISE
This page is for insertion in the loose -leafed
TREATISE on FLEXIBLE REMOTE CONTROL.
Ira position is clearly indicated by the top
reference

w.I' 23
-,01.01111.11111111311111&

If your copy of this addition to the SUPPLEMENT has not yet been received, may we
suggest that you cut out this page and place it in the correct position ? Better still. of
course, send to us for the sheets to the SUPPLEMENT numbered SUPP. I I, (ii) (iii) (iv).
These are now in process of being distributed to holders of the TREATISE, a copy of
which is still available to those who can put it to good use.

THE S.S. WHITE COMPANY. LTD.. BRITANNIA WORKS. ST. PANCRAS WAY. N.W.I.
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"WE USE EIMAC VALVES EXCLUSIVELY
IN ALL OUR LARGER GROUND STATIONS"

Says Robert F. Six
CONrrNINIAk Aip

Below. a pa, e/figear
valuer i. the poor! of Cootioewlal

grommet ration'reotgeit!,r
both by

roorsofiroL

WI LIOES,
Ilif.

,, ;v:i.,,,,,,,,

It41
Eitel-McCull

iough,

Inc. 19January

9,

Chief
Engineer

8/0 San
Mateo

Avenu/6
San Bruno,

Californa

111

An airline

mmunication
must have

a copendable.Dear
Sir:

system
which ts

absolutely
de

For that
reason,

we scrutinize
with

great
care the the

we keep
on the

Pe

of the
various

components

used In
our transmitting

and receiv

ing equipment.

Included
among

these
records usede

on Eimac
transmitting

vatves-
ex-

clusively
in all

of the
larger

ground

stations
operated

by Continental
Air

Lines.
I am pleased

ton to you
that

these
records

show
that your well

tubes
are averaging

well over

20,000
hours

of service
in our

stations.

Sincerely
yours,

VS/lad

Robert F.
Six

President

?OLLOW THE LEADERS TO

Get woo, ropy of Eleetrooie -Ideal ..the siert,
low page booklet wheel, pee, foodomeettob
of The.. filth. booklet o.,/1 brip
;ramie eogoweeri expiate. the ..beset to larger..
It's voore for the alkiog...00 rest or oblrgat000.
Alailoble too Emettle ...d Spanogb

ROBERT F. SW
Preeedent

Cootteseotal Ale Li.,

EITIL.McCULLOUGH. INC.. 1029 San Mare, Are.. San Brune. (alit.

Monti healed al: San Brun, (al.lornia and Salt Lake City. Utah
f.part Agent, (rotor IL Hamm,

)01 Cloy St.. Son hams.all, CAldern,o Y 1 A

A



574 Electronic Engineering July, 1945

cu

a

BELLING &LEE LTD
CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX

SR

GEo.TUCKER EYELET co.vro.
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THE Model 7 Universal AvoMeter is

the world's most widely used combination

electrical measuring instrument. It pro-
vides 50 ranges of readings and is guar-

anteed accurate to B.S. first -grade limits

on D.C. and A.C. from 25 to 100 cycles.

It is self-contained, compact and portable,

simple to operate, and almost impossible

to damage electrically. It is protected by

an automatic cut-out against damage

through severe overload, and is provided

with automatic compensation for variations

in ambient temperature.

Orders can now only be accepted which bear a
Government Contract Number and Priority Rating

ONE INSTRUMENT
measures :-

Current, A.C. and D.C. (0 to 10 amps.)
Voltage, A.G. and D.C. (0 to 1000 v.)
Resistance (up to 40 megohms)
Capacity (10 to 20 mfds.)
Audio -frequency Power Output (0 to

4 watts)
Decibels ( - 10 Db. to 4- 15 Db.)

Sole Proprietors and Manufacturers :
AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT Co. Ltd.,

Telephone : VICtoria 3404/8.

Reie TradeMoAl

MEANS ACCURACY

The AvoMeter is one of a useful range of
" Avo " electrical testing instruments which
are maintaining on active service and in
industry the " A vo " reputation for an un-
excelled standard of accuracy and depen-
ability-in fact, a standard by which other
instruments are judged.

Winder House, Douglas Street, London, S.W.I

THE "FLUXITE
QUINS " AT WORK
"Quick! Switch the set

off," cried 00. "He'll
wreck it? Then what
shall we do?"

Said 01 " Don't take
fright what it needs

is FLUXITE
And that's a good cure

for the Mew!"

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.
It 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 POCKET BLOW 
LAMP, price 2/6d.

The "Flux. ALL MECHANICS WILL HAVE
it e Gun"
puts ,F!tlyzite

want i t °buy

a simple
pressure.

Price 1/6 or
filled 216. TT SIMPLIFIES ALL SOLDERING

Write for Leaflets on CASE HARDENING STEEL and TEMPERING
TOOLS with FLUXITE also on " WIPED JOINTS." Price Id. each.

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

LOOKING
AHEAD

The day that hostilities cease may be
a little late to start deciding who

shall supply the Transformers and
Chokes for your post-war product.

Why not let us have a rough idea
NOW of what you will want, and let

us submit suggestions and proto-
types ?

Just at the moment we are extremely
busy making hundreds of thousands

of transformers for the battle front,
but we are able to devote a certain

amount of thought and planning for
post-war.

Installed in our new factory is the
very latest in Coil Winding Machines,

vacuum impregnating plant, test
equipment, and everything necessary

for the production of the finest
transformers that are made.

Drop us a line and let us show you
the latest fashions. You are bound

to be interested !

poiTRANSFORMER CO. LTD.

MOXLEY ROAD, BILSTON, STAFFS.
Telephone: BILSTON 41959-0
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MAIN ADVANTAGES
 Greater magnification.  Reduced costs.
 Higher selectivity.  Robust construction.
 Small size.  Simple adjustment.

 Non -rusting.

PEEL WORKS, SALFORD, 3. Telephones : BLAckfriars 6688 (6 lines). Telegrams and Cables : " Sparkless, Manchester"

PROPRIETORS: THE GENERAL ELECTRIC Co. Ltd., OF ENGLAND

MINIATURUr MIDGET

We specialise

in their

anuFacture

THE SCIENTIFIC
VALVE

TititOPS;

HIVAC LIMITED. Greenhill Crescent, Harrow on the Hill. Middx. PhonelAIT,

RACKRI)..SHERNHALLST.WALTHAMSTOW. E17. E -I ARKSWOOD
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The finest rectifier
we know how to build

Thousands can-and will-testify that fifteen
years ago we built rectifiers that are still giving
efficient service . . . and yet today we are
producing better rectifiers than we could have
built even a year ago.
The mass of accumulated experience enables
us to continue pioneering new and advanced
designs and the " Westalite " selenium com-
pound unit is the direct result of years of steady
progress towards even better rectifiers.

WESTINGHOUSE
METAL RECMIFIERS

WESTINGHOUSE BRAKE & SIGNAL CO., LTD..

VPEW HILL HOUSE, CHIPPENHAM, WILTS

SEttW
LOW

LEVELS
in capacity

and aentiation
CO-PY.

Cabies

mean
pew

possibilittes r the
eteCtY0111C

egoprnent
design

both fo

wair
effort and

for the postwar

ic age.
electron

Write for characteristics

BASICALLY BETTER
4/R -SPA CED

sgegilaKelOnatiogill3ELIES
TRANSRADIO LTD. I6THE HIGHWAY. BEACONSFIELD6BUCKS.
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So 111azda
-Ved to break a

alves help traffic

bottleneck
in submarine

cable

Beneath the Irish Sea lies a telephone cable
that now carries double its peak load.

The British Post Office answered the
urgent demand for greater inter -country
communications by introducing a sub-
merged Repeater into the cable which
increased its simultaneous telephone cir-
cuit from 24 to 48.

Weighing nearly a ton, this repeater
must give absolutely reliable service under
these exacting conditions year in and year
out, because to lift it from the sea-bed is a
major and expensive operation.

Standard Mazda SP.41 valves were
chosen for this amplifier following ageing
tests on numerous different types. Checked
,again after 11,000 hours continuous opera-
tion, ,the valves were found as serviceable
as ever.

Mazda are proud of their contribution
to this great development in submarine
cable facilities - proud of the proved
reliability of their standard valve. This is
but one instance of the reliable service
Mazda valves are giving in many spheres
where technical discoveries are hastening
the birth of a new age.

MAZDA valves
FOR INDUSTRIAL, MEDICAL, RADIO, SCIENTIFIC,

TELEPHONIC AND DOMESTIC APPLICATIONS

THE EDISON SWAN ELECTRIC CO., LTD.,
155 CHARING CROSS RD.. LONDON.W.C.2.
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Applied Physics
THE question of whether physics

or electrical engineering is the
parent of electronics is occasion-

ally debated without much convic-
tion. It would be a satisfactory
compromise to say that electronics
was bred out of electrical engineering
by physics, and the offspring favours
one parent or the other depending
on its ultimate career.

For certain branches of electronics,
such as, for example, X-ray research,
a background training of physics to
a higher degree than that usually
given by engineering courses is
essential. On the other hand, in the
application of electronics to heavy
industry a knowledge of electrical
engineering will provide a better
basis on which to discuss processes
and circuit problems.

Whichever branch of electronics
the student intends to take up, there
is no doubt that applied physics has
not received the attention in training
curricula to which its importance

entitles it, and for this reason the
Institute of Physics pressed recently
for an award of a Higher National
Certificate in Applied Physics.

With the rapid growth of physics
in industry and in the different
Government services, it has been
found that the existing courses in
branches of engineering, in chemistry
and so on, do not singly provide
the combination of knowledge re-
quired in some branches of work,
such as, far example,. the physical
testing of materials, and the main-
tenance and use of instruments for

ELECTRONIC ENGINEERING
MONOGRAPHS

A limited quantity of the Monograph
PLASTICS IN THE RADIO INDUSTRY
by E. G. Couzens, B.Sc., A.R.C.S. and W. G.

Wearmouth, Ph.D., F.Inst.P.
is still available.

The Monographs are obtainable through
technical booksellers or direct from the Pub-
lishers at 43 Shoe Lane, E.C.4, price 2/6 or 2/8
post free.

the measurement and control of
processes.*

The new H.N.E. course announced
by the Ministry of Education follows
on the course for the Ordinary
National Certificate, which is a three-
year part-time one. This includes
Mathematics, Phy'sics and Chemistry
and a special course in Workshop
Practice and Drawing. Students are
also encouraged in the writing of
clear and concise reports.

The course for the Higher National
Certificate requires a further two
years part-time, and reaches a
standard in the several branches of
physics corresponding to that re-
quired for a pass degree in the
subject. It will include a special
subject related to the student's
daily work in local industry.

Prospective students can obtain
particulars of the course from their
local Technical Colleges.

* Quoting from the Institute Notice.
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Electronic Sound Effects Generator
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Front and back views of the electronic generator described in the accompanying article. The panels on the
left control individual sound effects, and the power amplifiers and mixer panel are on the right.
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Electronic Sound Effects
Equipment for the Production of Sounds by Purely Electronic Means

Introduction
DURING the war years many

highly technical methods have
been developed for the training

of Service personnel, and the use of
appropriate sound effects has in no
small measure increased the efficiency
and realism of these battle training
courses. The production of sound for
this purpose has been accomplished
in various ways, including disk
recording, sound tracks on film, and
purely mechanical methods; but in
this article it is only proposed to
describe a system which has been de-
veloped for the production of sound
effects by purely electronic means.

The idea was first conceived
several years ago when the need
arose for sound equipment to be in-
corporated in certain Naval training
establishments, where specified ef-
fects were required to occur in
synchronism with other events, and
since these events were to take place
at indefinite intervals it would not
have been practical to utilise ordin-
ary sound recordings for this
application.

Accordingly a method was de-
veloped for producing the necessary
waveforms by electronic means, so
that they could be readily controlled
in conjunction with other operations
in the training schedule. At the same
time other sound effects, required to
operate more or less continuously and
therefore suitable for production by
orthodox methods, were also gener-
ated electronically and incorporated
in the equipment for general con-
venience.

As a result of experience gained in
this specialised field the development
of a more elaborate sound effects
generator was undertaken, for use at
an Army training centre, and this
particular equipment, illustrated by
photographs accompanying the arti-
cle, will now be described in some
detail.

General Description
The complete equipment comprises

i6 separate panels mounted on a
double rack of standard width and
arranged so that any unit may be re-
. Mervyn Sound and Vision Co, Ltd.

By P. D. SAW*
moved from the front after discon-
necting the appropriate plugs. Eight
of these panels  are involved in the
actual generation of the sound effects :
four panels carry the power ampli-
fiers, and the remaining four panels
include the mixing amplifier, the
auxiliary power supply, and two
monitoring loudspeakers-one work-
ing from the mixing amplifier
directly, and the other used for check-
ing the output from the power
amplifiers.

The above forms a complete unit
in that the only external connexions
required are for the A.C. mains input
and external loudspeakers. Sockets
are provided at the side of the rack
for plugging in any number of loud-
speakers up. to 32, and the maximum
power output obtainable is approxi-
mately zoo watts.

The apparatus is entirely auto-
matic in action and once switched on,
with the effects mixed as desired, will
continue to operate without further
attention; the timing and sequence of
the effects being controlled by motor -
driven switches.

Generation of Effects
No attempt will be made to des-

cribe the operation and electrical cir-
cuit of each effect panel in complete
detail as these have been designed to
fulfil an exact requirement, and such
a description would become lengthy
and tedious. Instead a general pic-
ture will be given by the following
list of the actual sounds obtained and
the principles used to achieve these
results.

Aperiodic Generator
Since it performs several important

functions in the basic generation of
the various noises, the function of
this panel will be dealt with first. It
is riot in itself an effects generator
but rather an auxiliary supply to the
effects panels proper, and the unit is
so named because its output consists
of an irregular waveform including
components of all frequencies within
the audio range; but it possesses no
truly periodic component.

This waveform is produced by am-
plifying the random noise voltages
appearing across a small neon tube

carrying a current of about 5o micro-
amperes.

The neon tube and first stages of
amplification tend towards micro -
phonic coupling with the loud-
speakers since the R.C. couplings are
arranged to handle low frequencies;
but this tendency has been overcome
by mounting these items on a sub -
chassis loosely suspended by four
springs stretched outwards from the
corners of the sub -chassis, the whole
being electrostatically screened by a
metal box with detachable rear cover.
(Fig. i.)

Excessive movement of this sub -
chassis, despite the very flexible
mounting, is prevented by hoops
passing through clearance holes, so
that valve replacements and jarring
in transport cannot damage the light
connecting pigtails.

Since the output from this genera-
tor is fed to a number of other panels,
it is first taken through a cathode
follower stage to eliminate unwanted
coupling effects. The effective low
impedance source of aperiodic noise
takes care of this.

The front panel of this unit carries
a meter which is connected through a
diode to form a peak voltmeter. It
is used in initial setting up to check
the average output level of this
generator, and it is interesting to ob-
serve when in operation that the
pointer of this meter is moving con-
tinuously in a completely random
manner, taking some seconds before
repeating a particularly large swing
in one or the other direction.

Distant Shell Burst
This effect consists of a series of

dull explosions with rumbling echoes
sounding at odd intervals and vary-
ing from one another in volume. The
method of obtaining this result will
be described in some detail as it is
comparatively straightforward and
typical of the manner in which the
equipment has been developed.

Fig. 2 shows this circuit in sim-
plified form, and as will be seen the
output from the aperiodic generator,
filtered by R,, C, to remove the higher
frequencies, is fed via C2 to the grid
of V,, which valve is normally biased
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Fig. I. Interior of aperiodic generator showing anti-microphonic mounting
of sub -chassis.

beyond cut-off through R., R., so that
no signal appears at its anode.

A rotating cam wheel having oddly
spaced and shaped teeth operates a
changeover switch so that in one
direction C, is charged via R, to a
positive potential, and in the opposite
direction C. is connected through R,
across C,. This results in the grid of
V, swinging fairly rapidly in a posi-
tive direction, since le8 is small, and
then more slowly returning to cut-off
as R. is comparatively large, thus
producing an envelope shape at the
grid of V, with a steep front and a
slow exponential recovery with the
envelope containing the aperiodic
noise. In other words, R, governs the
" attack " of the sound while R. con-
trols the " decay."

C. is small compared with C. so
that the decay is the same even if
C. is disconnected from C, by the
switch during the decay period.
R1, C,, is a long time constant so that
Cy does not have time to charge fully
to the H.T. potential, but varies ac-
cording to the shape of the cam teeth,
hence the volume of the individual
shell bursts varies also. C, and R,
are proportioned so that R, presents
a relatively high impedance to the
aperiodic noise frequencies, while C,
presents a similar high impedance to
the envelope shape of the effects.

R5 is made adjustable and brought
out to the front panel for convenient
adjustment of the length of echo.

Local Shell Burst with Whine
This differs from the previous

effect in that the explosion is far
louder and is preceded by a whistling
noise, starting at a very high fre-
quency and becoming lower in pitch
and louder until it stops abruptly and

is instantly followed by the shell
burst.

The effect is controlled to give a
salvo of about six bursts within a
period of 30 seconds. The action is
repeated at two -minute intervals.

The shell whine is produced by a
triode connected as a blocking oscil-
lator whose blocking frequency can
be varied from the supersonic region
to several hundreds of cycles per
second by changing the applied grid
bias. When this oscillator stops, the
cathode current in the valve drops to
zero suddenly and this is used to pro-
vide a pulse, applied through a
cathode follower, which discharges a
negatively charged condenser in the
grid of the output valve.

This produces the noise of an ex-
plosion in a similar manner to the
previously described effect.

'Knobs are mounted on the front
panel of this effect to adjust the rela-
tive volume of the whine and the
length of echo of the explosion.
Local Machine Gun

This effect sounds as a series of
short bursts taking place at odd
intervals. Two triode valves are con-

Aperiodic
Noise

HT+

Out

C4
Length of Echo

Cam
Ra RS

Fig. 2. Circuit for producing noise of distant
shell burst.

fleeted to form a multivibrator with
a common cathode resistance and
unequal time constants in the grid
couplings. This arrangement pro-
duces across the cathode resistance a
large positive pulse followed by a
smaller positive pulse, and this wave-
form is applied to the grid of another
triode normally biased to cut-off. A
small amplitude of aperiodic noise is
also fed on to the grid of the control
valve, and the envelope shape pro-
duced at its anode when the multi -
vibrator is running contains compo-
nents of high audio -frequency.

The double pulse gives the charac-
teristic tutta-tutta " while the
aperiodic components produce a more
staccato " bark."

In controlling this effect care has
been taken that the multivibrator
remains quiescent, when not firing,
always in the same direction, so that
when the effect is initiated it starts
off first with the large pulse fol- .
lowed by the smaller pulse.

The number of " rounds per
second " is :.djustable from the front
panel by means of a control to vary
the time constants of the multivi-
brator.

Distant Machine Gun
Except for a plain envelope shape

without aperiodic noise components,
and lacking in high audio -frequencies,
this is very similar to the previous
effect.

Teleprinters
These sound as two separate

machines. One in the background is
" ticking " continuously while a
louder one starts and stops at irregu-
lar intervals controlled from the
initiation switches.

Each teleprinter sounds as a series
of " clicks " recurring at a preset
average frequency, although the
interval between any two adjacent
" clicks " is not fixed.

This result is obtained by using a
triode, connected with a transformer

2 ARAI- Alotor'll' RRAI.-Motor(.
Contacts wired in series

Fig. 3. Typical cams for varying timing of
salvo of six shells. The segment cam pro-
duces a random "dud" at intervals, and has
contacts wired in series with the main cam.
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Fig. 4. Oscillograms of : (a) Sound of shell whine and burst, (b) Distant machine gun, and (c) Motor -cycle ticking over.

as a blocking oscillator, to produce
the clicking effect. Each time the
system recovers it oscillates at a high
audio -frequency for several cycles
then blocks again, which alone would
give a fixed repetition rate governed
by the time constants of the circuit.
However, by taking the output from
the aperiodic generator and clipping
it through a diode, biased back so
that only a few pulses or peaks get
through per second, there is a means
available for eliminating the regular
repetition rate of the oscillator.

In practice these oddly spaced
pulses are injected on to the grid of
the oscillator through a small time.
constant, so causing the valve to trig-
ger a little sooner than would be the
case if it were running on its own,
and since the triggering pulses are
irregular the general pattern of the
effect is also irregular except that it
largely depends for its average repe-
tition rate upon the recovery time of
the oscillator so that there is no pos-
sibility of two " clicks " occurring
one immediately after the other.

There is a separate oscillator for
each teleprinter, and to prevent the
triggering pulses from tripping both
teleprinters in unison, one teleprinter
is triggered by the positive peaks of
the aperiodic noise, while the other
is triggered by the negative peaks,
which do no necessarily coincide with
the positive peaks. Another valve is
then needed to invert the negative
peaks.

A front panel control is provided to
adjust the average repetition rate of
this effect.

Tank Effect
This effect gives the sound of a

tank approaching, passing, and fad-
ing away into the distance. The
exhaust note and track clatter are
heard and the engine speed is varying
constantly.

The noise of the engine is produced
by applying a saw -tooth waveform
with a steep front to a valve biased
back almost to cut-off, while modu-
lating the grid of this valve with the
output from a separate oscillator
running at a fixed frequency to repre-
sent the " ring " of an exhaust note
which is due to an organ -pipe effect.

The saw -tooth waveform is
generated by using positive pulses
from a blocking oscillator to charge
a condenser through a ,diode rectifier
The condenser then discharges more
slowly through a resistance. Using
this method the engine speed can be
conveniently varied by altering the
bias applied to the blocking oscil-
lator, this oeing done by a motor -
driven contact and a long time
constant.

The track clatter is simulated by
filtering certain bands of frequencies
from the aperiodic generator output
and adding these to the exhaust note,
while the slow fade-in and fade-out
of the effect is controlled by another
valve with a long time constant in
its grid -bias circuit also operated by
a motor -driven contact.

Front panel controls are brought
out for setting the average engine
speed and the relative volume of the
track noise as for travelling over
hard or soft ground.
Aeroplane Effect

When this effect is initiated the
sound of an aeroplane flying low is
heard approaching, passing overhead
with the attendant " Doppler " effect
or apparent change in engine speed,
then dying away into the distance.

The fundamental engine note is
produced by an LC oscillator contain-
ing certain harmonics which is
running the whole time and fed
through two control valves in cas-
cade. The first control valve is nor-
mally biased to cut-off so that nothing

is heard, then when the effect is
initiated by the appropriate motor -
driven contact the negative bias on
the valve is reduced, the valve com-
mences to conduct and the sound
fades -in. When the volume reaches
a maximum the same valve draws
grid current which loads the oscil-
lator, thus reducing the frequency
slightly and producing the "Doppler"
effect. From this point the initiating
voltage, still going slowly more
positive, carries the cathode of the
second control valve up above earth
potential, causing that valve to con-.
duct less until the sound fades -out
completely.

Controls are provided on this panel
to vary the duration time of the effect
and the average engine speed.
Motor -Cycle Effect

This is intended to give the impres-
sion of a motor -cyclist starting up,
riding off and changing gears ; then
fading -out into the distance. Also
riding up, slowing down and
stopping.

The engine note is obtained in a
similar manner to that of the tank
effect except that the " ring " of the
exhaust is more pronounced in this
instance. The impression of changing
gears is produced by relays which are
set to operate when certain points are
reached by the slowly rising control
voltage which has already started the
engine and raised its speed. These
relays switch into the grid circuit
of the blocking oscillator suitably
charged condensers so that momen-
tarily the oscillator is stopped and no
exhaust note produced, then when it
recovers it rises in frequency again,
but more slowly this time, to imitate
an engine accelerating in a higher
gear. Fading -in and fading -out are
done by another control valve, and
controls for adjusting the maximum
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Fig. 6. Diagrammatic wiring of motors and cams in initiaticn control panel, showing
method of preventing motors from keeping in step.

engine " revs " and exhaust note are
accessible from the front panel.

Before leaving the actual effects
generators it might be as well to point
out that this part of the equipment is
running under very favourable condi-
tions. Apart from several diodes and
two pentodes on the aperiodic genera-
tor, triodes are used throughout, and
the high tension current for these
averages just under one milliampere
per valve.

Component values ate not critical
and 20 per cent. resistors and con-
densers are used everywhere. Preset
controls are used for initial setting up
and these do not appear to require
further attention even after valve
replacement.

Initiation Control
As will be seen from the photo-

graph of this unit, it carries five small
synchronous motors geared down to
drive the switch operating cams at
speeds ranging from one revolution
in 30 seconds to one revolution in
18 minutes. Four of these motors
carry an extra cam apiece which at
each revolution of the camshaft inter-
rupts the mains supply to the adjacent
motor for several seconds, so that one
motor runs continuously while the
others are stopped ,at intervals by the
previous motor in the chain as shown
in Fig. 6.

This means that if a number of
effects are set up to operate at the
same time, the pattern will not repeat
itself for a very long period. Con-
tacts are also chosen so that indi-
vidual effects do not repeat the same
sounds. A typical instance is that of
the local shell burst where one motor
drives a switch to select a 3o seconds
period at two -minute intervals ap-
proximately, while another motor
drives an irregularly shaped cam to

initiate the actual shell bursts during
that period, and since these two
motors do not keep in step with one
another a different pattern is formed
for each salvo. (Fig. 3.)

It should be realised that this motor -
driven unit is only required in this
instance to allow the equipment to
function automatically, and that a
series of manually operated switches
or push -buttons could equally well be
used to initiate the effects as wanted.
Such a scheme would be more suitable
for studio work or the presentation of
stage plays.
Mixing Amplifier

The outputs from the eight effects
already described can be separately
controlled at the mixer panel, the out-
put from which is then passed
through a voltage and driver ampli-
fier to feed the four power amplifiers.

There is also incorporated an auto-
matic limiter stage which enables any
one effect to develop the full power
output from the equipment, while if
two or more such effects happen to
occur together the overall gain of the
amplifier is reduced to prevent over-
loading. Another feature is the pro-

vision of a thermal delay switch in
the heater supply to the driver valves
which is necessary to prevent any
signal from reaching the loud-
speakers until such time as the
various effects have settled down to
normal working voltages, which pro-
cess takes about a minute.
Power Amplifiers

These follow conventional practice,
each consisting of a pair of tetrodes
operating in Class AB and supplied
from a . built-in power pack mounted
on each chassis. Speaker outlets are
arranged to match into Soo -ohm lines,
making long speaker runs possible
without appreciable attenuation or
loss of quality, while dummy loads
are  automatically switched in to pre-
serve matching when speaker jacks
are withdrawn. Extension speakers
supplied with the equipment are fitted
with controls for individual volume
setting.

Conclusion
Although, as will be seen from the

foregoing description, this apparatus
has been designed to cover a specific
requirement, the method of sound
generation used is very flexible and
the effects mentioned are only repre-
sentative of what can be achieved by
this means.

The possible range of effects is, of
course, limited by practical considera-
tions such as complexities of circuit
and number of valves used, so that
complex sounds like human speech
are unlikely to use this system in
preference to recorded sounds.

However, where it is practical to
produce a sound effect electronically
the following advantages are ap-
parent :

Ready means of modifying the
effect as required, ability to syn-
chronise with other events, and free-
dom from wear and tear over long
periods.

Fig. S. Initiation control panel, showing small motors.
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An Electronic Stimulator in its commercial form.
- The Edison Swan Electric Co., Ltd.

Electronic Stimulators
For Medical and Physiological Purposes

By W. GREY WALTER, M.A.,' and A. E. RITCHIE, M.A., M.B., Ch.B.!

ELECTRICAL stimulation of the
human body is as old as the
history of electricity itself. Until

the last few years the methods used -
for such stimulation have kept pace
with the development of physical
science (Galvanism, Faradism, Con-
denser discharges, Thyratrons). At
the present time most of the apparatus
in routine use is twenty years out of
date. Moreover, anyone wishing to
use modern methods for their accuracy
or convenience has had to design and
build for himself an apparatus which
any electrical instrument maker could
construct quickly and cheaply if he
were given the specification and
do ign.

Early Methods
The theoretical basis of stimulation

studies is the conception of excita-
bility as a function of time. The
earliest observers found that damaged
nerves and muscles responded less
readily to shocks from an induction
coil (" Faradic stimulus ") than to a
direct current (" Galvanic current ").
This is crystallised in the classical
test for nerve lesions which make the

* Burden Neurological Institute. Bristol.
t Dept. of Physiology, University of Edinburgh.

injured muscle unresponsive to a
" Faradic " shock, but leave it re-
sponsive to a " Galvanic " one. The
explanation for this has been investi-
gated very thoroughly by Lapicque
(1926), Keith Lucas (1917), Adrian
(1917), Bourguignon (i923). The
detailed interpretation of some obser-
vations is still controversial, but
there is complete agreement that if
stimuli of varying strengths and
durations are applied to a muscle or
nerve so as to evoke in each case a
response (contraction or sensation) of
the same magnitude, the relationship
betWeen strength and duration of the
stimuli can be represented by a'curve
of the form shown in Fig. la. From
this curve-which by a change of co-
ordinates could represent any excit-
able tissue-it is clear that : (i) Below
a certain strength of stimulus, termed
the " rheobase," no response occurs.
(ii) If the stimulus lasts an indefinitely
long time it can be quite weak.
(iii) Beyond a certain length of stimu-
lus there is no increase in efficacy.
(iv) As the stimulus is .shortened, it
must be increased in strength to re-
main effective. (v) When the stimu-
lus is extremely short it must be
extremely large. When the excitable

tissue is ddmaged the form of the
curve is found to be different, as in
Fig. ib. The most striking change
is not in the rheobase value but in
the efficacy of short stimuli, which for
a given duration must be larger than
in the normal case. The Galvanic -
Faradic test is simply the fixing of
two points on this curve ; the Galvanic
current is a pulse of indefinitely long
duration, with which the rheobase
may be measured, and the Faradic
shock has the time relations of an in-
duced current, that is, it is a brief
transient with some damped oscilla-
tions, the precise duration depending
upon the characteristics, of the coils
and core. Usually, the Faradic
stimulus may be considered as a
roughly exponential pulse with a
physiologically effective duration of
about one millisecond. The induc-
tion coil is clearly most unsuitable for
exact measurements since, in the first
place, the duration of the pulse is not
independent of its magnitude and,
secondly, the strength of the stimulus
for a given setting of the controls will
vary with the load, that is the resist-
ance of the patient, owing to the poor
regulation of the secondary coil.

Graded condenser discharges were
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favoured by the French school, but
here again it is difficult to ensure that
the strength and duration are inde-
pendent of one another and of the
patient's resistance. The Cambridge
workers generally used a calibrated
contact -breaker in a low resistance or
" constant voltage " circuit. This
method is accurate, but inconvenient
for clinical application.
Electronic Methods

The design of electronic stimulators
has in the main followed the develop-
ment of time -base potential generator
circuits, wherein pulses of controllable
frequency are produced ; in the time -
base application of such circuits the
repetitive potential change is applied
to a high impedance load consisting of
the cathode-ray tube deflector plates,
whereas for biological application
the pulses caused by the discharge of
the condenser through the low imped-
ance of the trigger mechanism are
made use of.

Daly (1924) and Cullen (1940 have
described neon -tube relaxation oscilla-
tors for nerve stimulation, but their
output voltage is too low to be of
general use.

The " squegging oscillator " of
Appleton, Watson Watt and Herd
( 1926) was adapted by Campbell
(1929) as an alternative to the induc-
tion coil, and is a very simple and
reliable device, which can be satis-
factorily operated from a raw A.C.
supply. With the introduction of the
gas -filled triode a large number of
time -base circuits rapidly developed,

and many of these have been adapted
for excitation of living tissues.

Schmitt and Schmitt (1932) des-
cribed the original basic form as a
single valve relaxation oscillator;
more elaborate designs incorporating
such refinements as a pentode charg-
ing control, " magic -eye " indicator,
and power output valve have been
used by Fender (1939), Delaunois
(1939), Connerty and Johnson (1942),
and Thorpe and Robinson (1943).
While these circuits afford reliable and
controllable alternatives to the induc-
tion coil, it is important to realise
that they have little biological
superiority ; as has been described,
the most exact measurement of
excitability is in terms of pulse
duration and pulse intensity, and
frequency variation as such is of little
physiological significance. Moreover,
with all the above circuits variation
in frequency over wide limits is
accompanied by variation in the
duration of the pulse (which is of
condenser discharge form), and the
employment of a power output valve
and output transformer tends to im-
pair rather than improve the physio-
logical value.

Hard -valve pulse generators can be
adapted for biological stimulation in
almost any of their standard time -base
forms, subject to the limitations just
mentioned ; hard -valve generators
specifically designed to deliver pulses
variable an duration, intensity and
frequency have been employed by
Bauwens (1941), Denny (1944) and
Ritchie (1944) as discussed below.

For particular biological problems,
where exact assessment of excitability
must give way to other requirements,
a number of electronic designs have
recently been used. Stimulation of
deep-seated structures in the intact
and conscious animal can be done by
means of a buried coil and some form
of " transmitter " operated at a dis-
tance; various methods or achieving
such stimulation of internal structures
have been used by Louchs (1933),
Chaffee and Light (1934), Fender
(1941), and Greig and Ritchie (1944

The production of electric stimuli
in the form of spark discharges which
could be applied to very minute areas
of skin has been successfully used by
Bishop (1943) in an investigation of
the separate sensory organs in human
skin.

Electronic stimulators may there-
fore be divided into two main cate-
gories :

,. Those designed mainly for
qualitative work or therapy where
exact measurements are not required
(Thorpe and Robinson, 1943).

2. Those intended for measurements
of excitability as described above.

There is no reason why instruments
in Category 2 should not be useful
also for therapy or qualitative obser-
vations, but the reverse does not
apply.

Instruments in Category 2 have
never been readily available because
there has been no agreement as to the
precise design to be adopted. The
main virtue of modern apparatus is
its accuracy, hence uniformity of
range, scales, and calibration is
essential if the full value of the new
methods is to be obtained.
Essential Requirements

The essential feature of any quanti-
tative stimulator is that it should
generate pulses of which either the
voltage or the current is constant
within 20 per cent. at any output
setting for a range of load resistance
from 5,000 to ioo,000 ohms. This
means that the internal resistance of
the stimulus output circuit should be
either of the order of 1,000 ohms
(" constant voltage " or c/v.) or of
the order of .1- megohm (" constant
current " or c/c.). The amplitude of
the pulses should be adjustable from
o-io volts c/v. (0-2 mA c/c.) on a
" low " control, and o-ioo volts c/v.
(0-20 mA c/c.) on a " high " control.
The duration of the pulses should be
adjustable in steps from o., sec. to
0.02 msec. c/v., or O.1 sec. to o.i
msec. c/c. The repetition rate
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should also be adjustable from about
pulse per second to about r,000

pulses per second. The pulse shape
may be either rectangular or expo-
nential but calculations are simpler
in the former case. There should be
a minimum of spurious transients in
the pulse waveform. These con-
siderations limit the possibilities
somewhat, but there are many prac-
tical designs. At one extreme there
is very great accuracy and flexibility
combined with bulk and expense; at
the other, adequate accuracy, res-
tricted application, portability and
cheapness. Most of the theoretically
possible patterns have actually been
made and used. All employ valves
to generate pulses of electrical energy
of suitable amplitude, duration and
repetition rate. All can be made
entirely mains -operated and safe for
the operator and subject. Most of the
technical experiments in this country
have been made by Bauwens (x941),
Denny (1944), and Ritchie (1944, 1945)
The most promising circuits have
recently been tested against one
another and the results of these tests
have cleared the subject of some
uncertainties and established prin-
ciples upon which an accepted design
and procedure may be based.
Expression of Results

The reality and importance of the
stimulus strength -duration (S/D)
curve are accepted by all, but the
best way of expressing results is still
debated. Lapicque suggested that the
most convenient measure of the time
relations of excitability is the shortest
effective stimulus of twice rheobasic
strength. This he called the " chron-
axie." The value of " chronaxie " is
obtained simply by measuring the
rheobase strength, doubling it, and
reducing the duration until it is only
just effective. The value may be ob-
tained graphically from a S/D curve
as shown in Fig. I. The degree of
confidence which may be placed in
this measurement depends upon
whether or not significant variations
in S/D curves are such as to produce
significant, variations of chronaxie.
On the whole they are, but it would
appear more satisfactory to plot the
whole curve from observations and to
use the chronaxie value as a brief
indication of the position and shape
of the curve. (Lasalle (1928) proposed
another index which takes into ac-
count both the time relations of
excitability and the rheobase value.
This is (rheobase squared multiplied
by chronaxie) and has the dimensions

of energy; a more logical representa-
tion, perhaps, of empirical data.
Effect of Load

An important factor which seems to
have been overlooked by many
physiologists and most technicians is
that living tissue presents a highly
reactive load to the stimulator. Thus,
Denny (1944) mentions " the patient
circuit which may be considered as
a purely resistive load." In fact, the
simplest equivalent circuit which is
found empirically to represent a
living load of the type actually en-
countered is a resistance of, say,
,o,000 ohms shunted by a capacitance
of about 0.02 µF. The values of both
elements vary in different individuals
and the variations in vector im-
pedance have been studied for their
own interest by several workers
(Vigouroux 1888, Gildermeister 1919,
Brazier 1933, Horton and Van Ravens-
waay 1935), but the capacitative

SUPPLY WAVEFORM 10 M SEC. 0-02 M SEC.
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Fig. 2. Waveform of current and voltage in
living load with Constant Voltage (c/v) and

Constant Current (c/c) generators.

reactance is always present to about
the extent indicated. The effect of
this reactance upon the waveform of
an electrical stimulus is, of course,
quite striking.

The effects are of more than
academic interest, however. If the
living excitable tissue presented a
purely resistive or ohmic load to the
output circuit, measurements made
with a c/v. and c/c. circuit would be
identical in the same circumstances.
Since, in fact, a capacitative re-
actance is present, the current wave-
form will tend to the differential of
the voltage waveform with a constant
voltage output circuit, while the
voltage waveform will tend to the
integral of the current waveform with
a constant current output circuit.
This is illustrated diagrammatically
in Fig. 2. It is seen that the current
and voltage waveforms are similar in
the case of the c/v. circuit only at

short durations and in the case of the
c/c. circuit only at long durations of
pulse. The physiological effect of
this is that in the c/v. case long pulses
are " wasted " while in the c/c. case
short pulses are apparently more
effective. When this effect was
measured it was predicted that the
apparent chronaxie as measured with

.c/v. instruments should be about one -
tenth that obtained with c/c. circuits.
This has been confirmed. A rough
average value for normal motor
chronaxie measured with constant
voltage pulses is 0.02 msec., while
with constant currents it is about 0.2
msec. A further effect of the tissue
reactance is that with a c/c, circuit
the voltage can rise to high values if
the tissue impedance is high. This
occurs if the skin is too dry or
unusually thick, and in these circum-
stances the c/c. stimulus may be quite
painful. A characteristic of the c/v.
stimulus is that it is relatively unob-
jectionable over the range of voltages
used for nerve and muscle testing.
These phenomena are of considerable
theoretical interest but need not be
considered further here.
A Practical Design

With these considerations in mind,
and remembering also the limitations
imposed by war conditions, an instru-
ment has been designed to fulfil the
following functions :

(a) Excitability measurements on exposed brain,
nerve and muscle, either on the operating
table or in the laboratory.

(b) Excitability measurements on nerve and
muscles through the skin for diagnosis and
prognosis in the clinic or for research.

(c) Qualitative stimulation (single shocks or
tetanic ") for exploration or experiment or

teaching.
(d) Therapeutic stimulation (" Faradism ") of

perves and muscles.
(e) Therapeutic stimulation (" Galvanism ") of

nerves and muscles.
( f) Iontophoresis by direct current.

Widespread use of such an instru-
ment is expected to :

(a) Improve the accuracy of diagnosis and prog-
nosis in cases of peripheral nerve injury and
disease.

(b) Decrease the discomfort to the patient during
such examinations.

(c) Make possible, investigations and tests beyond
the range of equipment at present in use
(e.g., excitability measurements on the
exposed cerebral cortex, for which independent
control of amplitude duration and repetition
rate are essential).

(d) Standardise the scales and units used for
excitability measurement, enabling the various
centres to compare results and to follow the
progress of patients after transfer from one
centre to another.

(e) Elucidate the various effects and anomalies
familiar to clinicians, physiologists and
physiotherapists, but unintelligible as yet
because of the variations and fundamental
inaccuracies of present methods.
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C, 8.0 pf. R, 10M.0 R7 11<12

C2 8.0 tif. R I MO R 120M0
C 0.01 1.4.F. R. 100K0 R, 35Mo
C, 0.002 p..F. R, 47Ko R, 35M12
C, 0.0015 liF. R5 I OKi2 R 7Mil
C, 0.0015 p F. R, 4.7K0 R,2 4.7M0

Component Values
R 3.3Mo R,
Ri, 330Ku R211

R, 3,00052 NI R2,
R,, 166.60 NI R2,
R1,. 1.5000. Pot.r.
R,, 50 mA Shunt

1,3501 NI
1,880o NI

40012 NI
3,30012 RMA.8

Push-button switches : " a " suffix, indicates upper wafer ; " b " suffix, indicates bottom wafer

This apparatus can replace and
supersede the following equipment :

(a) Induction coils and interruptors used for
" Faradism."

(b) Batteries and eliminator units used .for
" Galvanism."

(c) Batteries and eliminators used for ionto-
phoresis.

" Chronaximeters," using condenser dis-
charges or contact breakers.

(e) Stimulators for neuro-surgery such as those
using thyratrons or contact breakers.

(1)

The instrument is basically the
same as that described by Ritchie
(1944), and is a power multivibrator.
The only alterations are : (i) The pro-
vision of a single small condenser in
the frequency control circuit with
variation by means of selected re-
sistors together with alteration in the
bias resistor (Fig. 3). (ii) Provision

VI Mazda UU.5
V2 Mazda PP.5,400
V3 Mazda PP.5, 400
PL I 250 V Neon
M I 0-5 mA Meter
L, Choke 20 H. at 70 mA
TI Mains Transformer
El High Impedance

Diaphragm Type Earphone

is also made for direct current II

switching off one valve altogether.
(iii) For direct stimulation of brain
and other exposed tissues a low -
voltage setting is provided. In it;
commercial form it is manufactured
by the Edison -Swan Electric Co.,
Ltd., to the authors' specification.

(Continued on p. 6o8.)
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Space Charge and Electron Deflections in
Beam Tetrode Theory

6. Formation of a Virtual Cathode
IN order to explain what happens

when a larger current is projected
through the screen than can be

transported to the anode it has to be
supposed that a part of the current is
reflected back to the screen. If the
electrons are projected normally
through the screen they could reverse
their trajectories in the screen -to -
anode space at a plane where the
potential falls to zero, i.e., if a
" virtual cathode " were formed. At
a virtual cathode a sorting action
takes place, owing to the initial
spread in velocities associated with
thermionic emission, so that the fast
electrons are transmitted to the anode
and the slow electrons are reflected
back to the screen. In the virtual
cathode -to -screen space the returning
electrons will add to the space charge
density due to the forward electrons.

Let the virtual cathode plane be
distant x, from the screen and x2 from
the anode; suppose that Jr = total
current density projected through the
screen and that IA = current density
reaching the anode. At the virtual
cathode position dV [(ix = zero and
V = zero, as for a real cathode. (See
Fig, 8.)

Hence x, =
m/ V,3"

97T V zIT - IA
as for a diode with space charge
density due to the sum of IT forward
and (Ir - IA) back.

m V2s"

(I)

XT =
NirA

So that on summing :
rl + x2 = xe

( :T
I- V,'" 11,"

')%r VIA (2)I-V2/T - /A
If this equation is rewritten in

Part 2
By S. RODDA, B.Sc., F.Inst.P.

Fig. 8. Potential distribution when
cathode is formed.

terms of "

a virtual

diode units " we get :

V,'"= VIA
V/A

(3)
V2./T /A

If /T is made infinitely large a
rational solution is now given,

o, so that the virtual cathode is
formed close to the screen and the
limiting anode current is that of a
diode of gap x. and anode voltage V,.

It is clear that in general V, and
/A will increase together from small
values, but an examination of the
Equation (3) shows that when
/A = 2/92 - (2/T)2" the slope of
the /A, V, curve is infinitely steep,
and that for higher values of /A the
slope is negative, so that the JA, V2

3

J.,

/I A..40

lf.6;PT

. :CPT
j

i
4

01

Jr. 1.0

3o. os.

a
Ji.  ViG-

&TOWING HYSTERESIS

+ V,

Fig. 9. ja plotted against V2/VI.

curve begins to bend back. The cor-
responding value of V2, denoted by
V0. at which the curve becomes infi-
nitely steep is given by the relation :

TI u = [(2/T)1" (4)

where TV, = -
V,

It is supposed that the negative
resistance region is unstable, and that
it can be a cause of oscillations in a
positive grid triode." We may assume
that when V2 = V0. the anode current
jumps to its full value IT and that V
is therefore the knee voltage " cor-
responding to V,. This should he
compared with the value :

Wk = Up" -
assigned to the " knee voltage " on
Gill's theory.

The results of the two theories are
shown by the curves of Fig. 9, in
which IA is plotted against the ratio
V./ V,

Suppose, for example, we start
with /T = 2.5 units and a high value
of anode voltage. As the anode
voltage is reduced the anode current
will be unaltered until the boundary
curve aa is reached. The total cur-
rent can no longer be fully trans-
ported, so that the system should
jump to the virtual cathode mode and
should remain in this until the anode
voltage is raised above V0. The
behaviour of the ' system . is thus
apparently characterised by an
enormous hysteresis loop.

Unfortunately for the truth of the
virtual cathode theory the quantita-
tive agreement between the actual
knee voltages and the calculated knee
voltages is very poor-the calculated
values are much too high."
For Jr = 2.5, Wo. is experi-
mentally approximately 0.2 instead of
0.5 and therefore is nearer the limit-
ing value set by the curve aa. As a
consequence the hysteresis loops are
not nearly so large as the synthesis
of the virtual cathode theory and the
Gill theory would indicate, although
small loops.can sometimes be demon-
strated by taking dynamic charac-
teristics on a cathode ray oscillo-
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graph, especially when the A -S gap
is large.

Another difficulty is presew.ed by
both theories since they indicate that
if /t is low the value of WA is zero.
In practice, Wk follows the curve a'a'
instead of aa, and is roughly o.1 even
at low projected current densities. It
will be shown that these difficulties
can be overcome if it is assumed that
the electrons are not all projected
normally through the screen but that

. they enter the screen -to -anode space
over a range of angles to the normal.

A similar conclusion has already
been drawn by Strutt and Van der
Ziel in an important paper entitled
" Uber der Elektronen raumladung
zwischen ebenen Elektroden, unter
berucksichtigung der Anfangsge-
schwindigkeit and Geschwindigkeits-
verteilung der Elektronen," pub-
lished in Physics, 1939," if it is borne
in mind that the velocity distribution
of electrons projected into the S -A
space arises from deflections at the
grid and screen wires.

It would be an error to suppose that
such a velocity distribution arises
from the drop in potential between
screen wire turns, except in so far
as deflections are produced in the
local fields around the wires. The
field beyond the screen rapidly be-
comes .uniform (unless the distance
between adjacent turns is large) so
that all electrons crossing a given
plane will have the same total
velocity, and they will therefore have
the same forward velocities unless
they have been deflected.

Electron Deflections
The role played by electron deflec-

tions in a positive grid triode, al-
though referred to by Tonks, was
first worked out by Below' who
showed that the initial rising part of
the IA, V. characteristic could be
ascribed to the effect of electron de-
flections at the grid. Consider a plane
triode with grid at a positive poten-
tial V,, and suppose that an electron
enters the grid -to -anode space in-
clined at an angle 0, to the forward
direction. If no further transverse
forces act on the electron during its
flight it will retain a constant trans-
verse velocity. Hence if 0 is the
inclination of the electron trajectory
at the plane where the potential is
V, Vasin20 = constant = Visin20,. At
the position where the voltage V is
Visin28i, 8 will equal goo, so that the
electron will be brought to rest in the
forward direction, and will begin to
reverse its trajectory. The condition

1.0

09

0

0-'

05

0-4

o

o

0-1

0-05 010 0.15 0 20 025
+ V.

0)0 035 0-40 0.50.50
- 10

Fig. 10. Effect on characteristics of increasing
relative space charge density, by increasing xa.

in the plane case that an electron
shall reach the anode is that there
should be no potential between screen
and. anode lower than :

Vasinsei
In a tetrode the same considerations

apply if by Vi, ei are understood the
potential of the screen and the angle
of entry of the electron into the S -A
space.

9, will, however, arise as the result
of deflections by the control grid
wires and by the screen grid wires.
If, now, one could measure the pri-
mary current incident on the anode as
a, function of the potential minimum
voltage V., the current collected will
be due to those electrons whose
deflections range from zero to
sin --'1/ V./ Vi ; the more widely de-
flected electrons will be reflected back
to the screen.

An immediate consequence of such
a distribution -in -angle of the elec-
trons projected into the S -A space is
that the virtual cathode condition
cannot be attained, since with a zero
potential minimum all the electrons
must surely be reflected. It is there-
fore necessary to modify the virtual
cathode theory by postulating that
V. must be of sufficient height to
transmit, at a given value of V2, the
observed anode current. Precisely
the same mechanism is arrived at if
it is considered that the initial rising
part of the /A / V. characteristic is a

Fig. II. Method of demonstrating deflections.

consequence of Below's theory"
which must be modified by replacing
the anode potential, V2, by the poten-
tial minimum V. produced by space
charge. An experimental result
which illustrates the effect of space
charge is shown in Fig. io, where a
fixed current is projected into the
S -A space. Since the screen and con-
trol grid voltages are kept constant
the deflections of the electrons will be
constant, except in so far as the de-
flections vary slightly with the elec-
trostatic intensity on the anode side
of the screen. If the S -A gap is made
large the knee voltage greatly
increases, but not to the value pre-
dicted by the virtual cathode theory
(W0. = 0.36 when /t = 2.1).

In order to demonstrate the magni-
tude of electron deflections in actual
valves the author has employed the
simple method shown in Fig. t i."

The anode of the tetrode has a
small hole drilled in it. Electrons
which emerge from the hole impinge
on a fluorescent target. If the anode
and the target are maintained at the
same potential the electrons will
travel in straight lines from the hole
'to the target. The results when
current flows are indeed spectacular
in that a long thin line appears on
the target, showing that some elec-
trons are -greatly deflected in the
plane normal to the grid and screen
turns. (The fact that the line remains
thin demonstrates that the effect
cannot be due to space charge repul-
sion in the beam of the anode -to -
target gap.) It is not essential that
the anode should be kept at the target
potential. If the potentials are
unequal, the trajectories in the anode-
target space will be parabolic.

It is a disadvantage with unequal
screen, anode and target voltages that
the hole will behave as an electro-
static lens. With a very small hole
this is not serious except at low anode
voltages.

Experiments show that the maxi-
mum angular deflection varies
greatly with control grid voltage, as
the following table shows :

V1 =135 volts

Vg s1n2 V,sin 61

- 7.5 0.06' 8.1- 5.0 0.10 13.5- 2.5' 0.15 20.2
0.0 0.17 23.0

+15 0.06 8.1

Near cut-off the deflections are
small; with bias approaching zero
they rise to a maximum and then with
increasing positive bias the deflec-
tions decrease again. This behaviour
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is what one would expect on electron
optical considerations,
7.2. Deflection at the Control Grid

The simplest approach to the prob-
lem of calculating the deflections at
the control grid is to ,,uppose that the
apertures between adjacent grid turns
form cylindrical electron lenses. If
the potential distribution is known,
taking into account the presence of
space charge, the precise trajectories
can be determined step by step using
Gabor's formula for the curvature 

Vian-= cos(* --
R 2V

The potential gradient av/an,
makes an angle 4' with the axis, and
the normal to the electron trajectory
an angle 8 at a point where the
potential is V. The co-ordinate sys-
tem is taken with its axis a straight
line normal to the grid plane passing
midway between adjacent turns; the
Y axis may be taken normal to this,
in the grid plane.

When the control grid turns bear no
charges the electrons are uninfluenced
by the presence of the grid. The grid
niust then 'be at the (positive) poten-
tial Vf which would be found at the
grid plane in the absence of the grid.
When the control grid is at a negative
potential the lens is convergent and
the electrons are strongly deflected
inwards towards the axis, but the
beam cannot occupy the whole width
between adjacent turns, since the
electrons cannot come nearer a grid
wire than to a zero equipotential. It
seems reasonable to suppose that in
this case the electron which has the
maximum transverse velocity im-
parted to it is one which has been
turned inwards from the zero equipo-
tential and crosses the axis almost at
right angles near the grid plane, -
where the potential is V. Actually
such an electron would swing across
from one grid wire to the neighbour-
hood of the adjacent wire and be
repelled inwards again, so that its
transverse velocity is less than that
acquired by falling through a poten-
tial difference V. When the control
grid is positive, the outer electrons
are turned inwards from positive equi-
potentials. The maximum lateral
velocity will therefore not exceed its
value at zero grid bias, and for
V, = Vi it will diminish to zero.
Again, for bias values which are
negative the transverse velocities
must diminish, since V decreases.
Finally, just at the point of
cut-off when the emitting width

Fig. 12. Electron trajectories in neighbour-
hood of screen wires, showing divergent lens

effect.

is zero, the beam width through
the lens is so small that the extreme
deflection becomes very small indeed.

It is interesting that instead of find-
ing the trajectories in the actual
system one can use a conformal
transformation to a new geometrical
system. The potential should at
corresponding points be equal to
that of the old system divided
by the square of the modulus of
transformatibn at the point consi-
dered. The new trajectories are the
conformal transforms of the trajec-
tories in the first system (Gabor"). The
most convenient and practical method
of examining the trajectories is to use
the rubber drum model, which is
illustrated, for example, in the paper
by Jonker already referred to.
7.3. Deflection at the Screen

After an electron has escaped from
the locally disturbed field near the
grid plane its angle of inclination to
the forward direction will decrease in
such a way that Vsinze remains con-
stant. The value of 8 when V =
will be referred to as the reduced
value of 8. At the screen there will
be an additional angular deflection.
(Fig. 12.)

Suppose that just before reaching
the screen plane, the reduced angle
of inclination is 8g, due to deflection
at the grid, and that the electron is
given a further angular deflection O.
near the screen wires. The total
inclination after emergence from the
screen plane will be (8 + O.), so that
the transverse velocity in electron
volts :
V. = Visin2(01 V,(8, + 0.)2 (i)
if the angles are small. Thus if
O. = eg the overall value of V, is four
times the value attained at the control
grid alone. At the screen Calbick's

formula'," for focal length / can be
used, since the aberrations are small.
An electron traversing the screen
plane at a distance y from the axis
of a lens will experience an angular
deflection y/f radians. If we assume
that the charge induced on the screen
wires is mainly due to the electro-
static intensity in the control grid to
screen space, then t 2/2 where 1, is
the grid -to -screen gap. Hence the
value of 8a is y/2/2.

Let N. = t.p.cm. of the screen wind-
ing; the maximum value of y, cor-
responding to an electron trajectory
passing close to a screen wire, is
1/2N., so that the maximum angular
deflection is 1/4N./2 radians. As an
example, let N. = to t.p.cm., /2 = 0.1
cm.:

- radian
4

When the grid and screen turns
are aligned the beams transmitted
through the control grid aperture
will pass through the screen windings
midway between the adjacent turns,
and if the focusing action at the con-
trol grid is suitably contrived, the
beam width at the screen plane will
be relatively small; hence y is small,
and the angular deflection is also
small. If, however, the screen and
grid turns are unaligned, y will have
different values throughout the length
of the tube, i.e., y will depend on n
where n is the aperture between the
nth and (n + i)th screen turns, count-
ing from one end. Any value of y
lying between - 1/2N. and + 1/2N.
is equally likely, consequently, in
summing up throughout the tube all
the beam sections which enter the
screen plane at an inclination 8g,
they will emerge over a range of
angles lying between eg + and
Og - 8..0.... Since Og can range in
value from - to + the
emergent electrons will range from :
-Pg. max + 8..] to+ [egmar + Os max]

Suppose that 4(8) represents the
current transmitted through the grid
with (reduced) angular deflection
from - 00 up to 8 radians. Then.
owing to the spreading out effect just
described, the distribution -in -angle of
the current leaving the screen plane
Mill be:

01 + 0-
I,'(8,) = 1'g(e)de... (2)

2 - m.
where 1.(8,) is the current trans-
mitted through the screen with total
angular deflections from - 00 up to
81. I, (e), I.'(0,) are the differentials
of Ig(0),1.(8,) with respect to 8 and 81
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respectively. The primary current
reaching the anode will be equal to 

+e
.1.'(c)dei

_ e,
if limiting 8, is put equal to

Vi, i.e., to V V./V, if V.
is small.

0 8

is°
0

0.2 Iv vcRsus M. coannercw,ancs.

(3,

In es *An.. ...ns

n es 0.3

nu= o nou o

-Valve
W 0. E....4,

Fig. 13. Effect of deflections in modifying the
anode current v. Vw/Vi characteristic.

Now it is interesting to see that
I-.quation 7.3. (2) converts a flat-topped
rectangular distribution for .1'(o) into
a trapezoidal distribution for I,'(9,).
Thus, although there is assumed to
be a sudden jump to zero in /g'(0),
there is no such sudden jump in 1.'090
and therefore there is no dis-
continuity in the slope of the
anode current versus V., charac-
teristic, which could be supposed to
correspond to a sharp knee voltage.
This is illustrated in Fig. 13.

It is to be inferred, therefore, that
because of cumulative deflections at
the control grid and screen the
maximum transverse velocity may be
large, but at the same, time the ex-
tremely deflected electrons are com-
paratively sparse, so that the IA, V.
curve approaches the full current
value gradually and without sudden
changes in slope. The explanation
of sharp " knees " must therefore lie
in the properties of space charge.

(To be concluded.)
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Degassing of Light Metal Alloys by
Sonic Vibrations

W. ESMARCH, T. ROMMEL and K. BENTHER
(W.V. Siemens Werke, Werkstoff Sonderheft, Berlin, 1940, pp. 78-87)

1
l' is well known that the passage
of an ultrasonic wave in a liquid is
accompanied by the formation of

`as bubbles. These bubbles are partly
due to the coalescenceof microscopic
bubbles already present in the liquid
and are reinforced by previously
dissolved gas being liberated in the
low-pressure regions of the sound
wave.

Kruger in 1931 took out a patent
for degassing metallic melts by this
method (German Patent No. 604486),
ultra sonic waves being generated in
the melt by a dipper controlled by a
inagnetostrictive oscillator. The main
difficulty in this process was the
provision of suitable material for the
dipper. Ceramic materials rapidly
disintegrated while metallic dippers
only proved suitable in rare instances.
In addition the process of wave
generation in the melt is very
inefficient, a considerable proportion
of the energy of the oscillator being
lost by reflexion at the surfaces of
separation or absorbed by the dipper.

It appears that the only way of
making the process commercially
possible would be the generation of
high -frequency waves directly inside

. the melt. Now in the high -frequency
electric furnace, the heat production
is due to the formation of eddy cur-
rents in the charge. These eddy
currents, 'moreover, are subjected to
electrodynamic forces due to the
magnetic field of the turnace circuit
and cause the well-known rotary
motion of the melt in induction
furnaces.

This rotary motion favours the
absorption of air by the molten ma-
terial and therefore counteracts to
some extent the degassing effect of
the use in temperature.

By superimposing a steady mag-
netic field on the high -frequency field
of the furnace (the resultant field
being in the direction of the coil axis)
mechanical vibrations can be induced
in the melt, the force at each point
being proportional to the product of
the local current density and field
strength and acting radially to the
coil axis. Moreover, by suitable
choice of bath dimensions, resonance
effects can be produced which in-
crease the intensity of the vibrations.

\\ c thus have a method of generating
high -frequency waves in the melt
without the need of a dipper. On the
other hand, th.a frequency range is
restricted to that of the alternating
current feeding the furnace.

'The authors are, however, con-
vinced from preliminary experiments
that there is no advantage from the
degassing point of view of employing
frequencies in excess of io,000/sec.,
provided that the intensity of the
vibration is sufficient.

In their experiments, therefore, an
A.C. generator of this frequency was
employed for feeding the furnace
coil, the average current consumption
being of the order of too A. The
superimposed steady magnetic field
was produced by 45o direct current
fed with the same coil, the D.C.
generator being protected by the
insertion of suitable chokes and con-
densers. The total energy consump-
tion amounted to about 15 kW, of
which to kW were supplied by the
high -frequency generator. With a
specially designed heating coil, the
energy consumption for the steady
magnetic field could have been re-
duced very considerably.

The experiments were carried out
with 8-10 Kg. melts of pure
aluminium and aluminium -magne-
sium alloys, the temperature being
kept constant at 7000 C. Samples
were drawn off every to minutes and
the gas content determined by the
well-known vacuum method.

It appears that alloys containing
Seven relatively_ large per cent. of
Mg can be completely *degassed by
this method in 3o -6o minutes, pro-
vided the surface of the melt is
protected by a fused salt layer and
that dry air or nitrogen is directed
on to the surface during the treat-
ment.

Suitable salts can be obtained from
the I.G. under the trade names
Hydrosal and Elrasal. A laboratory
product utilised by the authors and
giving equally good results has the
following composition :-

K Cl 4o per cent.
Na Cl 3o pet cent.
Ca CO2 15 per cent.
NaF 15 per cent.

(By courtesy of R.T.P. Section,
M.A.P.)
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The Frequency

THE curves given in a concise
forte in this Data Sheet enable
the overall frequency response

and time delay to be obtained for a
resistance -capacitance coupled am-
plifier in its pass frequency range.

They are derived from the expres-
sions given in Part III of the author's
articles on " Low Frequency Ampli-
fication " (ELECTRONIC ENGINEERING,
January, 1945, p. 335).

Each curve is accompanied by a
typical example, showing the method
of obtaining the results. This exam-
ple relates to a triode having the

 following circuit constants :
Amplification factor (µ) 5o
Slope resistance (R.) 5o,0002
Anode load (Ro) zoo,000n
Coupling capacitInce (CO o.005 µF
Grid leak of succeeding 1.0 meg

valve Rg
Stray capacitance (CO
Frequency Response

This is obtained from the curves
overleaf (Figs. 2 and 3) relating to
the low and high ends of the fre-
quency range.

The calculation of the constants
/?' X', R", and X" is given in the
table of symbols under the curves.
Phase Angle and Time Delay (Fig. Si

The time delay of an amplifying
stage is a function of the phase angle
displacement of a given output volt-
age component relative to its input
component of the same frequency
after passing through the same stage.

Phase angle displacement is con-
verted into time advance (h) or time
delay (esb) in microseconds by using
the formula :

Time advance
or delay

0.0005 µF.

Sts° x le
microsecs.

36,o
where f is the frequency in c/s.

For calculating the curves the fre-
quency corresponding to R' I X' or
R" X" = t is assumed to be r c/s.
At R' I X' or R" X" = TO it is taken
as to c/s.

To apply the curves to a particular
case, the horizontal frequency scale
is located so that fio or fho,* calcu-

 flo is the low frequency at which the total
equivalent resistance R' of the valve and anode
circuit is equal to the reactance of the coupling
capacitance Cc, i.e., at which R'/X'=1.

fho is the high frequency at which [the ,total
equivalent resistance A' of the valve and anode
circuit is equal to the reactance of the stray capaci-
tances G, s.e., at which .12"

(Continued on A. 596.)

DATA SHEET
Response of R.C. Coupled
By .10c R. STURLEY, Ph.D.
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Formulae and Instructions
Loss of amplification at high fre-

quencies compared with that at me-
dium frequencies.

Loss (db.) = - zo

= - 10

Am = Amplification
quencies

lop, +[R-"]2)
X"

at medium fre-
RoRg

A

R.+R.
R.R.

R. +
+ R.

Ah = Amplification at high frequen-
cies.

Calculate fh. as shown in Col. iii

and set fho = c/s. on the fre-
27C.R"

quency scale against R"/X" = 1.

-ss 471-4 =1 7C -fire& = riqurnh

moon= ms on mos== E
-:

41" Main ...Hp

sii

UMW

20

Kr.

Symbols
A = Amplification factor of valve.

R. = Slope resistance of valve.
R. = Anode load resistance.
R. = Grid resistance of the succeed-

ing valve.
X" = Reactance of total stray ca-

pacitance, C., across the anode
circuit to earth

2171h"
Cs = CirE CcE CgE

Ca E = Valve anode -earth capacitance.
E = Wiring -earth capacitance.

CcE = Capacitance to earth of C..

5

5?
I0 20 30

Cos = Input grid -earth capacitance
of succeeding valve.

R" = Value of slope resistance, load
resistance and grid input re-
sistance (assumed to be the
grid leak, Rg) of the next valve
all connected in parallel

R.R.R.

R.R. + R.R. + RoRg
Example

= 50, Pa = 50,00012.
R. = 200,0001E, R. = 111111.
C. = 0.0005 isF.

5o x 166,666
Am- =38.4.

216,666
R" = 38, 50012.

fho

I Op

27TC.R" 6.28 x 0.0005 x 38, 500
= 8,26o c/s.

Thus loss at 5,000 and io,000 c/s.
is - 1.35 and - 3.9 db. respectively.
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lated as in the example, registers
with the ordinate R'/X' or le"IX"=1.

A vertical logarithmic time ad-
vance or delay scale of the same
dimensions as the abscissa scale has

12 5,000
also to be located, so that or

fJo

125,000

/ho 
microsecs. time advance or

3

2

10
3 4 5 6 7 8910

FREQUENCY
20 SCALE Fig. 4'

delay registers with the abscissa
125,000. Thus on Fig. t a time ad-
vance of 4,08o microsecs. registers
with the abscissa 125,000 and we read
time advances of 1,72o and 472
microsecs. at 5o and too c/s. respec-
tively. On Fig. 4 a time delay of
15.1 microsecs, registers with the
abscissa 125,000 and we read off 17.2
and 14.2 microsecs. at 5,000 and
io,000 c/s. respectively.

July, 1945

Time Delay Error Curve (Fig. 4)
Fig. 4 shows that for the high fre-

quency part of the range the time
delay is almost constant at 159,000
microsecs. up to R"/X" = 0.5. It is
thus possible to construct a time
delay error curve of general applica-
tion by plotting the difference be-
tween i59,000 microsecs. and the
time delay curve of Fig. 4.

This time delay error curve is given
in Fig. 5.

The vertical logarithmic time
delay error curve represents .an ad-
vance error because the frequency
component is insufficiently delayed.
The actual error is obtained by
locating a logarithmic time error

34,000
scale, so that - microsecs. regis-

fho

ters with the abscissa 34,000 micro -
secs. (the error at R" I X" = i). In

34,000
our. example - 4.11 microsecs.

8,260
on the sliding scale is located against
34,000 microsecs. on the fixed abscissa
scale, and time errors of 1.95 and 5.3
microsecs. are read at frequencies of
5,000 and io,000 c/s. The importance
of Fig. 4 lies in its application to
television transmission because it
provides a measure, of the displace-
ment and blurring of the fine detail
of the picture.

It is not possible to construct_a
similar curve for the low frequency
end of the range since time advance
steadily increases as frequency is de-
creased and is infinite at zero
frequency
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M As IA
A patented Metalastik suspension

system having many valuable applications
This system is extensively used in the vibration -insulating mountings
of instruments and other important apparatus.

As the drawing shows, the supports are so located that their main
axes of resistance pass through the centre of gravity.

Thus, disturbing effects in all directions are elastically cushioned
in a controlled manner which imparts stability and prevents 'flop'.

The resilient mountings support the load, without tilting, by compress-
ion, with deflection characteristics which limit the range of movement.

The smaller diagram shows the undesirable result of using resilient
mountings without adequate study of the basic principles involved.

Metalastik experience and collaboration is at the disposal of all who
have problems arising from vibrations of any frequency or amplitude,
known or unknown.

METALASTIk
LTD., LEICESTER
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Tropic -Proof
Radio Apparatus

Part 3 By W. J. TUCKER

RADIO frequency tuning coi,..
transformers and chokes are
more sensitive to attack by

moisture than the inductances used
in power -frequency circuits.

In the latter the requirements are
that a high insulation resistance is
maintained and breakdown is pre-
vented between high voltage points.
In radio frequency circuits the effici-
ency of the coil as part of an induct-
ance -capacity circuit must also be kept
at the proper level. Variable effici-
ency will lead to unreliable perform-
ance and instability.

Developments in the production of
low loss insulating materials for coil
formers have enabled the radio
industry to produce high efficiency
coils for all frequencies, but the
advantages of the improvements which
have been made in the design of
high -Q inductances are lost if mois-
ture is allowed to penetrate into the
windings.

It has been shown that in humid
conditions the Q of unprotected coils
drops very rapidly, often to as low as
a tenth of the value of a coil which
is thoroughly, dry. Moisture penetra-
tion leads to deterioration of wire -
covering and interleaving materials,
and encourages the growth of fungus.
The insulation resistance between
coils and terminal plates drops con-
siderably after a few hundred hours'
exposure to a damp atmosphere.

The use of materials which are not
susceptible to attack by moisture is
one way of improving the service life
of coil assemblies, and in this con-
nexion it should be noted that all
forms of cellulose covering or inter-
leaving are definitely unsatisfactory.

In the opinion of some authorities
the use of a cellulose acetate film for
interleaving between windihgs is a
satisfactory method, and it is cer-
tainly far better than any fabric
materials, varnished or otherwise, for
the purpose.

Cotton, paper and viscose rayons
are definitely unsuitable for interleav-
ing or wire covering.

To resist the effects of moisture
 penetration it is customary to treat

Fig. 4. A moulded group
board designed and used
by Messrs. A. C. Cossor
Ltd. The special soldering
tag for insertion in the

board is shown below

coils with a protective compound. It
follows that any such compotnid must
possess electrical properties which are
equal to those of the other insulating
materials employed in the construction
of the inductance assembly.

Both wax and varnish compounds -
are used as protective coatings and
at the' present time there is much
controversy over the relative merits of
each of these classes of material.
Whichever material is used a process
of thorough impregnation must be
adopted. Merely applying an outer
protective coat is not an effective way
to seal against moisture penetration.

In favour of waxes it can be said
that they penetrate well and form a
thick pliable coating of high electri-
cal efficiency at radio frequencies.
They are also easy to apply. The
opponents of waxing processes, how-
ever, hold that waxes are only suit-
able for use over a limited tempera-
ture range and most of the types at
present, available have a soft surface
which is receptive to the accumula-
tion of dust and other impurities,
which form a thin surface film which
absorbs moisture. Surface leakage is
thus increased. It is also pointed out
that it is difficult to make wax adhere
to metal and other such smooth sur-
faces with the result that a leakage
path for moisture penetration is
always formed where the wax is
insufficiently bonded to connecting
wires and tags.

Tests carried out on waxed coils
show that, despite the excellent elec-
trical characteristics of waxes, most
of the above objections are substan-
tiated. It is also proved that certain
waxes, particularly those of vegetable
origin, encourage the growth of
fungus.

Varnishes form a more durable
coating and can be exposed to severe
variations of temperature without
having their efficiency as a water-
proofing medium impaired by such
exposure. The electrical properties
of most varnishes, however, are in-
ferior to those of the waxes. Further-
more, varnishes form a hard brittle
surface which is easily cracked by the
flexing of connecting wires and by
vibration.

Recent developments in the produc-
tion of waxes have led to the intro-
duction of improved mineral waxes
which possess a hard durable surface
over a wide temperature range.

Tests are in progress on mixtures
which include proportions of polyiso-
butylene, polythene and chlorinated
naphthalene, and the results obtained
so far are very promising.

The author's view is that waxes,
although at present viewed with dis-
favour in many authoritative quar-
ters, will be more acceptable if they
can be made to present a tougher
surface and can also be made to ad-
here more satisfactorily to metal.
Ninety per cent. of the breakdowns
occurring with waxed coils are due
to the penetration of moisture through
the gap between the connecting wires
and the inner surface of the wax
coating.

The only completely satisfactory
way to protect radio -frequency coils
is to hermetically seal them in metal
cans, using a technique similar to
that described for power transformers
and chokes.

There are, however, many snags in
connexion with completely sealing
these coils. Iron -cored types of .high
Q need adjustment in various stages
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of assembly, and intermediate fre-
quency assemblies incorporate trim-
ming capacitors which must be
readily accessible for adjustment. In
many instances, therefore, complete
sealing is not practicable and it is
therefore necessary "to fall back on
wax or varnished impregnation or a
combination of both.

One very satisfactory way to solve
the problem of waxes versus varnish
would be to wax -impregnate the coils
and subsequently dip or spray them
with varnish. No doubt this will be
done as soon as a varnish which is
suitable for application over a wax
is developed.

When waxed or varnished coils are
enclosed in screening cans, the latter
should be adequately ventilated to
provide drainage for the moisture
which collects as a result of conden-
sation. If it is not possible to seal
against the ingress of moisture, steps
should certainly be taken to prevent
an accumulation of water to remain
adjacent to the coil.
Variable Resistors

The variable resistor illustrated in
the first article in this series (May,
1945) is offered by the Morgan
Crucible Co., Ltd., as a fully tropical
component. This resistor is very
extensively used at the present time,
and is successful because of the care
taken to ensure that the materials
used are as corrosion -proof and stable
as possible, and the moulded cover
forms an adequate seal against
moisture penetration. Various other
features have been incorporated in
variable resistors. One improvement
is the addition of a pair of neoprene
rings on the rotating spindle. These
rings are let into grooves in the
spindle and press against the inner
wall of the bush, thus forming an
effective seal against moisture per -

Fig. I.

colating along the spindle into the
interior of the component.

Wire -wound variable resistors give
trouble when the former, used for the
resistance winding, is made of fabric -
base synthetic resin sheet. This
material absorbs moisture and, when
thin sheets are used, the distortion
which takes place is sufficient to
throw the resistance winding out of
alignment with the contact arm. As
the distortion increases, so the spindle
arm becomes more difficult to operate.
The final outcome is a complete
seizure. An improvement in the
design of wire -wound resistors can be
made by using moulded or ceramic
formers ; the latter material is pre-
ferable. Alternatively, a sealed type
of, construction should be adopted. A
number of manufacturers in this
country are at present developing
completely sealed types.
Fixed Resistors

Fixed resistors of the carbon type
are subject to wide variations in value
when exposed to humid conditions,
but complete stability is usually only
required in special instances, and
most carbon resistors are acceptable
to limits of ± io to 20 per cent.
High stability resistors are made by
sealing the element in a glass tube
with metal end disks which are
soldered to the glass. In order that
this soldering can be carried out the
ends of the, glass tube are metallised.
with a silver deposit.
Variable Capacitors

Air -dielectric tuning capacitors give
very little trouble. Faults which do
occur are usually attributable to fun-
gus growth between fixed and moving
plates and to corrosion on unpro-
tected brass parts. Other causes of
reduced efficiency are corrosion on
the bearings and surface leakage
across insulating spacers and end

Moisture collects
between separate

insolatiorm "- ®sheets of

,ba
ChassisWRONG

Spacing pillars

as long as CZ)
possible \

Chassis
RIGHT

Fig. 3. The wrong and right way to assemble
component group boards.

plates. Some synthetic resin bonded
laminated paper sheets absorb mois-
ture to a degree serious, enough to
make them unreliable as a spacer for
capacitors, and glazed ceramic is a
preferable material. Glazing is
specified because the surface of un-
glazed ceramic absorbs moisture.

Mica dielectric compression capaci-
tors have been found to be un-
satisfactory in many instances.
Air -spaced or enclosed ceramic
trimmers are preferable.

Tuning dial and pointer mechan-
isms, however, are particularly sus-
ceptible to failures most of which are
caused by the use of unsuitable
materials.

Twine or cord used for pointer
mechanisms must be treated to stop
rotting and prevent the growth of
fungus. Special " dopes " are now
available for this purpose.

Springs must be treated to prevent
rust. A rusty spring soon fails to
provide the right degree of tension
or compression. On the pulley and
pointer type of indicating mechanism
springs play a vital part in the design
and the failure of these will stop the
mechanism from working. Scales
and transparent windows must be
made of materials which will not
warp when wet. Cellulose acetate
windows are definitely unsuitable.
Transparent urea -formaldehyde plas-
tic (Beetle Scarab or " Mouldrite
windows are more satisfactory.
Methyl-methacrylate (Perspex) is also -
more suitable than the acetate pro-
duct. Scales if painted on metal
should be produced with a paint
which remains adherent to the metal
in very humid conditions, and when
exposed to a temperature of
40P -5o° C. For opaque scales a
method of solving the problem of long
service life is to utilise the specially
marked resin' bonded paper laminate

Fig. 2.
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material (Bakelite, Tufnol, Paxolin,
etc.) which is processed by the Uni-
versal Engraving Co., Ltd. Samples
of labels and scales produced by the
company have been subjected to
1,500 hours' tropical test (95 per cent.
humidity 250-4o° twenty-four hours
continuous cycle) and have not shown
any signs of deterioration or fading
after this period.

Fixed Capacitors
To deal adequately with the subject

of fixed capacitors and their suita-
bility for tropical use would entail
writing a special article on the sub-
ject. There are so many existing
types to be considered and an almost
equal number of new and improved
types ready to come off the produc-
tion line.

The present position is that paper
tubular condensers protected only by
the wax are being replaced by metal -
encased types with synthetic rubber
end seals, and an even later develop-
ment is the glass -encased type with a
silvered -glass seal to metal; silvered -
mica wax -protected types are being
replaced by ceramic or moulded types ;
and various miniature types of tubu-
lar construction are being made
available. Capacitors of higher value
than obtainable in any of the fore-
going forms are still being made in
rectangular metal cases, but it is
generally recognised that too per
cent. efficiency can only be obtained
with ceramic bushes foe lead -out con-
nexions. Trouble has been experi-
enced due to moisture penetration
around and through the moulded
plastic type of terminal bush.

Wax finishes are now unpopular
because of the difficulty of getting
wax to maintain a good seal when
subjected to the combined effects of
humidity and vibration. Moulded
capacitors must be made with a
material which has a very high re-
sistance to the penetration of water
vapour and mica -filled compounds
are best in this respect. Also great
care must be taken to ensure that an
effective seal is made where the con-
necting wires leave the body of the
moulding. Many breakdowns have
been attributable to moisture penetra-
tion along these wires. It is advis-
able to apply a coat of varnish over
all moulded capacitors, particularly at
the points mentioned, after the com-
ponent has been assembled and wired
in its final position in the equipment.

The best type of moulded capacitor
is one in which the plate assembly is
immersed in wax and then enclosed

in the moulded outer cover. Since
this wax is not exposed to the atmo-
sphere it need not be judged or re-
jected by the considerations set out
against the use of wax as a protective
agent.

Electrolytic capacitors are almost
all enclosed in metal cases and are
satisfactory provided that sealing is
adequate and they, are not exposed to
extreme cold (which causes a drop in
the capacity value) or a high tempera-
ture, which will dry out the active .
elements and reduce the life of the
component.

Gramophone Pick -Ups and Earphones

On both these components failure
is usually due to low insulation re-
sistance from coils to frame or metal
work. General deterioration is
caused by fungus growth on unpro-
tected coils, collapse and distortion of
acetate bobbins, corrosion on magnet
and pole pieces, and with pick-ups,
perished rubber buffers around the
armature assembly. Earphone cases
when made of a zinc alloy corrode
very badly, and the zinc -oxide which
is formed powders off and interferes
with the free movement of the vibrat-
ing disk.

Figs. i and 2 show a pick-up and a
earphone assembly after i,000 hours'
tropical test (95 per cent. humidity
250 C. -4o° C. continuous 24 -hour

'cycle). No fungus is evident on
these samples because they were
tested for resistance to humidity only.

Component Group Boards, Panels and
Valveholders

It is in connexion with these com-
ponent parts and the methods of
assembly by which they are incor-
porated in receiving and transmitting
equipment that the most sweeping
changes will have to, be made in
present practice.

The most popular method of as-
sembling resistance and capacitors is
to mount them on a board made of
synthetic resin bonded sheet (Bake-
lite, Tufnol, Paxolin., etc.), into
which soldering tags have been eye-
letted. This assembly method is
satisfactory only if paper (not fabric)
laminated material is used, spacing
between tags is adequate and the
complete board is stood away from
the chassis or other adjacent surface
by at least a in.

A common method of assembly is to
provide a thin backing or insulating
plate which is affixed to the rear face

of the tag board and then mount the
complete assembly flat on the chassis.
This is a highly dangerous practice.
Moisture is trapped between the rear
of the tag board and the insulating
plate, and very soon causes surface
leakage and tracking between the
connecting tags. Many cases are on
record of equipment which has ceased
to function as a result of leakage and
breakdown on group board sub-
assemblies. The correct and only
way to mount these boards is to space
them away from the chassis, deleting
the backing plate altogether. The
right and wrong assembly methods
are illustrated in Fig. 3. Some radio
firms have developed their own types
of group board. One of these, a
product of A. C. Cossor, T.td., is
illustrated in Fig. 4.

This panel is moulded, and as will
be seen is designed so that the maxi-
mum leakage path exists between
tags. The layout and construction is
arranged so that the panel is mounted
to stand at right angles to the mount-
ing surface.

Valveholders made up of sand-'
wiched synthetic resin bonded lamin-
ated material are unsatisfactory, and
should never be used. Moisture
collects between the' sandwiched mate-
rial, and cause surface leakage and
tracking. Moulded val;eholders are
more satisfactory, and for high fre-
quency circuits loaded polythene and
ceramic types give good service.
With phenolic moulded valveholders
there is the ever-present danger of
tracking due to accumulation of fun-
gus and moisture. The voltage
handled by ordinary receiving valves
is quite adequate to start a " track "
across from one pin to another, and
many instances of breakdown are
attributable to this type of fault.
One way of overcoming this is to use
valveholders moulded with a non -
track material, such as the urea -
formaldehyde resins (Scarab) or
Panilax.

We have now dealt with all major
components, and are left with only
miscellaneous items, finishes, general
wiring and assembly details to dis-
cuss. These will be dealt with in the
next and final article in this series.
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An Electronic .Musical Instrument
With a Photo -Electric Cell as Playing Manual

By W. SARAGA, Dr.Phil.
This paper, from which the following is an abstract, was delivered at a meeting of The Electronic Music Group

which was held on May 12, 1945

IN this article a " first model " of
an electronic musical instrument
is described which the author built -

some years ago. Like Martenot's1
" Ondes Musicales," Theremin's'
" Aetherophon " and Trautwein's'
" Trautonium," it is a homophonic
or single -note instrument possessing
an electronic audio -frequency genera-
tor, the output current of which pro-
duces in a loudspeaker a musical
tone; the player controls pitch and
loudness of this tone by varying fre-
quency and amplitude of the audio -
frequency current.

A photo -electric cell is used as
playing manual for controlling the
pitch, the amount of light falling on
this cell determining the frequency of
the oscillation produced.* Thus the
player can play on this instrument by
varying the amount of light falling
on the cell by moving his hand be-
tween the cell and a source of light.
This playing technique is in some
aspects similar to that employed in
Theremin's instrument ; but there are
some important differences which will
be discussed, and it is hoped that the
new playing technique will provide
players and composers with new,
hitherto unknown or technically im-
possible, methods of expression.

The loudness of the tone produced
can be controlled by means of a pedal
which actuates a variable resistance
or potentioineter. In a more elabor-
ate form of the instrument it is
intended to control the loudness by
varying the amount of light falling
on a second photo -electric cell. It is
expected that this method of loudness
control will be useful also in con-
nexion with other electronic musical
instruments.

For starting and stopping the tone
the player uses a switch held in one
hand which opens or closes the loud-
speaker circuit. This switch is neces-
sary because the loudness control by
means of a pedal is rather slow.
Instead of using a switch the player
can close the- loudspeaker circuit by
touching two metal contacts with his
* The use of a photo -electric cell as a manual for
controlling the oscillator of the instrument, as
described above, should not he confused with the
well-known use of a photo -electric cell as part of a
photo -electric scanning generator in some electronic
organs

hand, using the hand as a conducting
link.

With photo -electric loudness con-
trol it will probably be possible to
dispense with special start -stop con-
trol devices. At the same time photo-
electric loudness control will provide
the player with a very flexible means
to alter at will the starting and de-
caying characteristics of his tones.

The audio -frequency oscillations
generated in the instrument in
present form are very rich in har-
monics and therefore the timbre of
the tones produced can easily be
modified by emphasising or eliminat-
ing certain harmonics or groups of
harmonics; for example, by employ-
ing formant circuits in the way
described by Trautwein.' However,
the object in designing the new in-
strument was to obtain experience
with the new method of playing made
possible by employing a photo-
electric cell as a playing manual.
The timbre of the tones produced is,
at present, more or less accidental and
therefore of secondary importance.

Musical Object of the Photo -Electric
Cell Instrument
In Theremin's Aetherophon two

supersonic valve oscillators are used
to generate in a mixer circuit the
required audio -frequency current.
Since a small relative frequency
variation of one of the supersonic
oscillations produces a much larger
relative frequency variation of the
audio -frequency current, the pitch of
the tone produced by the instrument
can be controlled by a comparatively
small variation of the tuning capaci-
tance of one of ,the supersonic oscilla-
tors. This variation of capacitance
is performed by the player by varying
the distance of his hand from a metal
rod which forms part of the tuning
circuit of this oscillator.

Theremin had a definite musical
aim in building such an instrument.
He is of the opinion that the player
of a musical instrument, when trying
to express his musical intentions, has
to struggle with the instrument, to
overcome its resistance and inertia.
Therefore, as Theremin believes, there
is always a gap between the inten-

tions of the player  and the Music
actually played. Theremin set him-
self the task of finding means to re-
duce this gap and he believes this
can be done if the player is given an
instrument which requires a move-
ment of the player's hand in the air
only.*

However, practical experience with
Theremin's instrument shows that its
playing technique, while relieving the
player from the resistance and inertia
of the instrument, increases the re-
sistence and inertia of his own hand
because the hand has to be moved
freely in the air for long periods with-
out any physical support and without
any visible indication of the correct
positioning of the hand. Moreover,
the pitch produced depends not only
on the position of the hand but, to
a smaller degree, also on the position
of the whole body. Furthermore,
the character of the electrostatic field
of the rod in which the player moves
his hand is such that it is very diffi-
cult to produce a linear pitch scale,
i.e., to make the pitch proportional
to the distance of the hand from the
rod.

The object of the new instrument
described in this article is to elimin-
ate these disadvantages of Theremin's
instrument. For this purpose the use
of a photo -electric cell as -playing
manual for determining the pitch or
the loudness of the musical tonest
seems to be particularly convenient,
because the geometrical relations of
light beams' and light and shadow
which determine the amount of light
* Many musicians hotly contest the basic idea of
this argument. They believe that " fighting against
matter is the very basis of true art. Without
taking sides in this argument, we can state the fact
that Theremin has done pioneer work in the field of
new playing techniques and his example has started
a great amount of interesting experimental work in
this field. Only the future will show whether
musicians, composers as well as performers, will
make use of these new playing techniques and thus
ultimately Justify their creation.
t Martenot seems to have been the first who has
had the idea that a photo -sensitive device might be
used as a manual in an electronic musical instrument.
In a patent specificationla which deals with various
types of variable condensers, coils and resistors for
controlling the pitch or the loudness of the tones
produced in such instruments he briefly mentions
that a selenium cell can be used as one such type of
variable resistor. Martenot has become very well
known in the field of electronic music by instruments
based on other ideas11, 12, 14 originally published in
the same patent specification, but it seems that he
has never pursued his idea of employing a selenium
cell as manual any further.
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falling on the cell when the hand of
the player is in a certain position are
much simpler, and much easier to
control, than the geometrical rela-
tions of electrostatic fields which
determine the hand capacitance in a
certain position of the hand.
Technical Principles of the New

Instrument
The primary effect produced by

variation of the amount of light
falling on a vacuum or gas -filled cell
is a correponding variation of cur-
rent. If the cell is used in series with
an ohmic resistance and fed by a d.c.
battery, the effect is a variation of the
voltage drops across cell and re-
sistance.

This primary variation of voltage
has to be used for controlling the
frequency or amplitude of the altern-
ating current produced in the audio -
frequency generator of the electronic
musical instrument. The problems
here involved are similar to two well-
known problems in communication
engineering : (i) modulation, con-
trolled by a modulating signal volt-
age, of the frequency of an oscillator ;
(2) amplitude control in amplifiers
in accordance with a given control
voltage.

The instrument actually built by the
author employs a photo -electric cell
manual for pitch control only, and an
ordinary potentiometer pedal for
loudness control. The variation of
the d.c. resistance of a valve con-
trolled by the primary photo -electric
voltage variation is used to vary the
frequency of a relaxation oscillator,
the frequency of which depends on the
value of resistance and capacitance
employed.

The basic circuit of the instrument
is shown in Fig. 1. It can be derived
from art ordinary glow -lamp relaxa-
tion oscillator (Fig. ta), in which the
resistance R is replaced by a valve V.
If the amount of light falling on the
cell increases, the current flowing
through the cell increases. There-
fore, the grid voltage of the valve V
becomes more negative and the d.c.
resistance of the valve increases,
lowering the frequency of the tone
produced in the relaxation oscillator.

In the first experiments carried out
by the author' the photo -electric cell
was laid on a white sheet on a table
in diffuse daylight, and the player
covered a smaller or greater portion
of the cell with his hand. This gave
too much ambiguity in the relation
between pitch and distance of the
hand from the cell, and in further
experiments the cell was put into a
box of the shape shown in Fig. 2

4 4, LIGHT4.4.4,4
g

Direction of Movement of Hand

Fig. I (above). Basic circuit of the instrument,
derived from the glow -lamp relaxation

oscillator shown on the right (Fig. Ia).

Fig. 2. Box for controlling light incident on
the photo -cell.

which the light can enter through a
slit only ; the interior of the box was
painted white and the position of the
cell was so chosen that indirect and
diffuse light only could fall on it.

It was also found that, because of
its inconstancy, it is not practicable
to use daylight for operating the
photo -electric cell.
The "First Model "

Based on the experience obtained
during the experiments described
above, a " first model " of a musical
instrument possessing a photo -electric
cell manual was built. This model
consists of three units :

(i) A main case with attached
lamp reflector, enclosing the audio -
frequency generator, its high ten-
sion battery (15o volts), its low ten-
sion accumulator (4 volts), and the
photo -electric cell (in a separate
compartment).

(z) A pedal for loudness control,
actuating a potentiometer.

(3) A start -stop switch, operating in
the output circuit of the oscillator
(alternatively two metal rails, prefer-
ably along the light slit, which can
be electrically connected by the hand
of the player).

The pedal and the switch are con-
nected to the main case by flexible
leads. The output terminals of the
instrument have to be connected to
an audio -frequency amplifier feeding
a loudspeaker (use can be made of
the amplifier and loudspeaker con-
tained in any wireless receiver set).

For a musical instrument a pitch
range between the lowest possible and
the highest possible tone of at least

three to four octaves appears desir-
able. The highest tone is produced
by the instrument. when no light is
falling on the cell and the lowest
tone is produced when the maximum
amount of light available is used:
Since a very weak source of light (one
to three 4 -volt incandescent bulbs) is
employed, it is necessary, in order to
obtain the desired range, to make the
photo -electric cell circuit very sensi-
tive. This can be done by making
the resistance in series with the photo-
cell very high; its actual value (5o
megohms) depends, of course, on the
type of cell employed. That part of
the circuit which comprises the cell
and this resistance has to be
screened very carefully in order to
prevent it from causing a high noise
level. For the sake of simplicity the
complete circuit has been screened by
using a metal case for the whole set.

There is a slit on the top side
of the case through which light
can fall into the compartment
containing the photo -cell.

The slit is very narrow in order to
exclude, as far as possible, any light
not coming from the lamp attached
to the set. Moreover, an adjustable
screen is provided along one side of
the slit, and the instrument should be
set up in such a position that the main
light source in the room is screened
off from the slit. The cell employed
is red -sensitive which provides an
additional protection against day-
light. Stray light falling on the cell
from an incandescent bulb fed by
5o cis. current, in addition to varying
the direct current output of the cell,
would produce a too c/s. hum in the
output. This hum can be practically
eliminated by shunting the co megohm
resistance with a condenser Or
o.000t µF ; if a larger condenser were
used, the pitch would not follow
instantaneously the movement of the
hand of the player. The width of
the slit can be decreased and its con-
tour can be altered by means of hard
paper sheets which can be shifted,
and fixed in any desired position, on
the slit plate.

The circuit of the " first model "
shown in Fig. 3, which is basically
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the same as the circuit in Fig. 1,
comprises a number of variable cir-
cuit elements which enable the player
to adjust and tune the instrument.
These elements are designated as
L and T,, T,, T,, T4, T,. L is the
level control, a variable potentio-
meter, by means of which the maxi-
mum loudness (when the pedal
potentiometer is in its maximum
position) can be adjusted. T1, L,
T., T4, T. are tuning controls. The
condensers T,, T., T. transpose the
pitch range, i.e., the range within
which the pitch can be controlled by
varying the amount of light falling
on the cell without any substantial
change of the interval between the
lowest and the highest tone. The
variable resistance T. can be used to
vary this interval. If T, = o, the
variation of the resistance of the
valve V has the greatest effect on the
frequency and therefore the maximum
interval is obtained ; the larger T. is
made, the smaller becomes the effect
of varying the resistance of V and
the smaller the maximum interval.
The variable potentiometer T, can be
used for altering the grid bias voltage
of the valve. In this way the shape
of the curve representing the d.c.
resistance of the valve as function of
its grid voltage, and therefore also
the shape of the curve representing
the pitch of the tone produced as
function of the position of the hand,
can be altered. By adjusting the
controls T, to T. as well as the width
and the shape of the slit and the
position of the lamp, a linear pitch
scale can be obtained, i.e., the
logarithm of frequency becomes a
linear function of the displacement of
the hand.

The pedal is so arranged that, if no

Lamp. P Photo -cell. G Glow -lamp.
,_- Start -stop switch.

pressure is exerted by the foot, the
loudness is a minimum; if the pedal
is pressed downwards, the pedal
potentiometer increases the output
correspondingly. A strong spring
turns the potentiometer back to its
minimum loudness position as soon
as the pressure on the pedal is dis-
continued.

The start -stop switch is of the bell
push-button type. It can be held in
the hand, attached to the case of the
instrument. In order to avoid a
clicking noise when the switch con-
tact is being closed, a piece of felt,
soaked with turpentine, is inserted
between the two metal plates of the
contact.

No provision has been made
in the present model for a va-
riation of tone colour or timbre.
However, timbre control equipment
could easily be added if and
when so desired. The lack of
such equipment in the present model
does not mean that the character of
the tones produced by it cannot be
altered at all. The character of a
musical sound does not depend on its
steady state qualities (i.e., its timbre)
only, but also on its starting and
decaying characteristics. These
characteristics, though depending on
the type of instrument employed, are
to a very high degree under the con-
trol of the player.
Practical Results

The author, not being a musician,
depends on the collaboration of
musicians, players as well as com-
posers, for a study of the musical
features of the instrument, there-
fore very little can be said at
present about practical results. The
player can move his hand either on

the slit plate or in the air above the
plate. In the first case the position
of the hand itself, in the second case
the position of the shadow of the
hand, determines the pitch produced.
A kind of gliding over the slit plate
without any pressure, but feeling the
plate and making use of its support
if so desired, is probably the most
comfortable mode of playing. The
performer may also hold a piece of
stiff paper in his hand and play with
the shadow of the paper. This has
the advantage that the piece of paper
can be made to have a straight edge
which the human hand has not ; how-
ever, holding a piece of stiff paper
keeps the fingers in not too comfort-
able a position, which may adversely
affect the delicacy of control.

It is easy to learn to play simple
tunes, and tremolo passages as well
as trills can easily be produced. -
After the player has learnt to co-
ordinate the movements of his hands
(one determining the pitch and the
other operating the start -stop switch)
he will be able to play not only
glissando but also legato and staccato.
It must, however, be emphasised that
considerable training, corresponding
to the training a violinist would need,
will be necessary before a high tech-
nical standard of playing can be
attained. It is not the purpose of an
electronic musical instrument to make
training superfluous.
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Correcting for Voltmeter Load
A method of allowing for the error introduced by measuring voltage with

current -operated meters

IT is often necessary to find out the
voltage, under working conditions,
between two points in a D.C. cir-

cuit, when the only available volt-
meter gives incorrect readings be-
cause of the effect of its connexion to
the circuit.

By taking two readings, one with
the voltmeter connected normally
and the other with a resistance in
series with the voltmeter, the " work-
ing " voltage can be deduced.

Two methods, described below,
called the " fixed resistance " and the
" variable resistance " methods,
enable this to be done. Theoretically,
the results can only be trusted if the
apparatus contains sources of e.m.f.
which can be regarded as constant
sources in series with ohmic resist-
ances, and resistances to which
Ohm's law can be applied (linear
resistances). In practice, however,
the results will usually be sufficiently
accurate when dealing with apparatus
which contains rectifying valves. The
reason for this is that, over the
greater part of its working range, a
rectifier can be represented approxi-
mately by a constant resistance in
series with a source of constant e.m.f.
The "Fixed Resistance " Method.

Let the resistance " looking in " to
the two points be. R ohms and the
working voltage (that is, the voltage
with the voltmeter disconnected) be
V volts.

Then, by Thevenin's theorem, the
apparatus behaves (as far as can be
ascertained by measurements at the
two points only) as a resistance -less
source of e.m.f. V in series with a
resistance R.

iLet the resistance of the meter be
M.

The voltage between the points
when the meter is connected will be
VM/(M+R); call this V,. Now repeat
the measurement with an added series
resistance equal to that of the meter
(M).

VM
The voltage read will be

2M+R
call this V,.
We have

VM
V1=

M+R

M
V2=

2M+ R

M+R t I 2M+R
or = .

V, V IW V, V M

Subtracting
I I I i2M+R M+Ri

V, V, V t IV IV 1

in other words V (the working
voltage) is the reciprocal of the
difference of the reciprocals of the
two voltage readings.

A simple Abac or Alignment chart
can be made which avoids the neces-
sity for calculation.

Two lines OX, OY are drawn at
right angles. OX is marked with a
linear scale corresponding to that of
the voltmeter. Call this V,. OY is
marked with a linear scale :-

VI

extending to, say, four times the volt-
meter range. (Call this V.)

A straight line OZ (corresponding
to V,) is marked out in the following
way :-

Suppose that OX = Too volts and
OY = .too volts,

I I 5

too 400 400 8o
At x=8o on OX draw a perpendicu-

lar to cut XY in Z. Join OZ.
If OZ is divided into 8o parts (this

can be done by drawing perpendicu-
lars to OX through the points
marked on OX) this is the scale for
V,.

If, now, V, and V, are measured as
before and a straight edge is put
through these points on OX and OZ,
it will cut OY at the point which
corresponds to V.

The " Variable Resistance " Method
In this case a variable resistance

with a pointer and specially marked
scale is used.

V, is read as above, and the
resistance is increased from zero until
the voltage reading is Vi/2.

If the added resistance is X
The second reading will be

VM/(M+R+X), and the denomina-
tor must be equal to z(M+R) if the
second reading is half the first.

That is X = M+R.
M X

Then V= V, =V1.-
M

If the variable resistance is pro-
vided with a scale marked in units of
" meter resistance " (that is, if the
meter resistance is ioo,000 ohms, the
point corresponding to loo,000 ohms
will be marked " r " and 2oo,000

ohms will be marked " 2," etc.), its
pointer will read directly the quantity
which can .be called the factor (F).

The rule, then, is :-
Put the variable resistance at zero,

note the, volts (V,), turn the pointer to
halve the voltage reading, note the
factor, multiply this factor by V,. The
answer is the working voltage.
NOTE : -
(1) It is, of course, unnecessary to

calibrate the scale between o
and I.

(2) The internal resistance of the ap-
paratus is (F-
If a multi -range voltmeter is
used, it will be necessary to mark.
a number of scales to correspond
to the different ranges; it is not
usually convenient to use the
same resistance with more than
two voltmeter ranges.

(3)

'1
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The Harmonic Analysis of Distorted Sine -Waves
-concluded from p. 559

By R. C. de HOLZER, D.Sc.(Tech.)
3. Wave Containing Even and Odd

Harmonics
TH E presence of even harmonics
is manifested by a distortion of
the symmetry of the waveform

(see Part I). If the actual content of
the even harmonics can be ignored,
determine the algebraic mean of the
absolute values of the 45°, 135°, 225°
and the 315° ordinates and consider
this mean value as d, and proceed as
explained in Section 1, Part 1. The
absolute values of the o0 and 180°
ordinate must be equal and the de-
viation from zero of the 9o0 and the
2700 ordinate should be disregarded.

If the values of the even harmonics
need to be calculated a schedule must
be drawn up as shown in Fig. 5.

Insert the eight measured ordinates as
indicated,. calculate the arithmetic
mean of the 45°, 1350, 2250 and
315° ordinates (= di) and find the
differences between this mean and the
ordinates. From each pair of the
latter differences, as well as from as
and as, the sum (M, MR M3) and the
difference (A, A, AO must be
found. The further procedure is
similar to the determination of the
amplitudes for the curve containing
odd cosine terms only (see para-
graph i). For two pairs of ampli-
tudes use Table i given previously;
for the third pair a similar Table (5).
All the operations are indicated in the
schedule of Fig. 5.

As example the curve of Fig. 4 is
calculated :

In introducing the phase -angles of
the harmonics, i.e.,

B.
tan Sbn - - (i6)

A.
and for B. smaller than A.

A.
K

COS (kii

for B. larger than An
B.

K. -
sin On

Table 4 shows this calculation for
this particular example :

(18)

ORDINATES AT 0° & 180°

ao. +50

ORDINATES AT 9d & 270°

af +5
a6= -7

23' -2 +12

ORDINATES AT 45° 135: 225:& 315°

-d1 =

+ =

at= +22

a3= -20

as= -36

a7=+14

+3

MI= +2

ad
1

-d, =
Sum of absolute
values*of a3
as :!7_-i

I + 921 -4

Q/= -4

-/3

-9
-22 - -4

= +23

50
40
30
20
/0
0

=

A3

+ 46%

d = +100
1

= +5

from
Table I

from
Table I

from
Table 10

B; = +82.51.%.=
83. = +17.5 }al=

 = +120.7 ].(f21)=

19; = -20.7 ] (zo .

4(4+42)

-q =

8; = +2.751-2B2)=

Bl = + 4125

B3= + 8.75

A = +7.24

A3= +124

A2= -2.00

B2= + .50

Bo = -2.75

= -2.25].(-282)= [!5'4 = +2.25

*Only
if a, a7 positive and a3 a5 negative; otherwise calculate:(31- a3-as+a7)

/0

-20
30

-40
50

45 90
1,?5 /80 0?5 2

3/5 360

Fig. 4. Example of complex waveform analysed
by the schedule (Fig. 5) given above.

Thus Fourier's series for this curve
is :

y = - 2.8 + 41.9 cos (a + 80°)
- 2.1 cos (2a - I4.°) + 8.8 cos
(3a + 82°) + 2.3 cos 4a.

TABLE 4
m An Bn BSA 0 sin 9 cos 91. "Kn

I + 7.24 +41.25 + 5.71 +80° 3' .985
-.970

+41.87
2 - 2.0 + .5 - .25 - 14° 2' - 2.07
3 + 1.24 + 8.75 + 7.05 +81° 56' 9-90 - + 8.84
4 0 + 2.25 + cc +90° 1.00 - + 2.25

Appendix
Mathematical Deduction

(a) Curve Containing Odd Cosine Term
Only
The Fourier's series is:

For a

For a

For a = 90°

=O.

= 45°

y = B, cos a + B3 cos 3 a

do = + B. (At)

d, = s(B, - B.) ..... (A2)

= o
S = cos 45° = 707

adding and subtracting (i) and (2)
di

-
di

=
S

in writing
d. =

B,/d. =
Bs/do = B2'

(A3)

(A3')

(A4)
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Substituting in (3)

B,' = + -.4' (A5)
2S

B3' = 2 - (A6)
2S

-= .707
2S

These two functions of d,' are
calculated in Table I.
(b) Separation of Component Curves
(a) Separation of odd and even,

harmonics.

Fourier's series can be written
a' = + K, sin (a + 9Si) + K3 sin

(za + 03) + K3 sin (3a + Oa) + .

The ordinate for (a + 18o°):
a" = K. - K, sin (a + 01) + K, sin

(za + 02) - K3 sin (3a + 03) + - .

Adding both equations :
2e = a' + a" = 2[K, + K, sin (2a

+ 562) + K, sin (4a + 04) + . . .1 (A7)
Subtracting both :

211 = a' - a" = 2[K, sin (a + 02)
+ K, sin (3a + 0s) + . . .1 (A8)

Thus in adding each pair of ordi-
nates of the complex curve (which
have intervals of 1800 between them)
all the odd harmonic components
disappear; in subtracting them, all
even harmonic components disappear.
(The constant term remains with the
even harmonics.)
(13) Separation of sine- and cosine -

terms of odd harmonics.
Fourier's series for a wave contain-

ing only odd harmonies is :
b' = A, sin a + A3 sin 30 +

+ B, cos a + Ba cos 3a + . .

The ordinate for the supplementary
angle (18o - a) is :

b" = A, sin a + A, sin
B, cos a - B3 cos 3a -

Adding both equations :
ze = b'+ b"

= 2[A, sin a + A, sin
30 + . .1 (A9)

Subtracting both :
zd = - b"

= z[B, cos a + Bs cos

3a

30 + .1 (Aso)
Thus in adding all supplementary

ordinates of a complex curve contain-
ing only odd harmonics the cosine -
terms disappear; in subtracting them,
the sine -terms disappear.
(y) Separation of sine- and cosine -

terms of even harmonics.
Fourier's series for a wave contain-

ing only even harmonics is :
e' = A, sin 2a + A, sin 4a +

+ B. + B2 cos za + B4 cos 4a + . . .

TABLE 5
for g', positive read downwards

g'i I3' B', g', B', B',

0.0 + .25 4-- .25 6.0 + 3.25 2.75

.2 .35 .15 .5 3.50 3.0

.4 .45 .05 7.0 3.75 3.25

.6 .55 .05 .5 + 4.0 3.50

.8 .65 .15 8.0 4.25 3.75

1.0 + .75 .25 .5 4.50 4.0

.2 .85 - .35 9.0 4.75 4.25

.4 .95 - .45 .5 5.0 4.50

.6 1.05 .55 10.0 -I- 5.25 - 4.75

.8 1.15 .65 .5 5.50 5.0

2.0 -I- 1.25 - .75 11.0 5.75 5.25

.2 1.35 - .85 .5 6.0 5.50

.4 1.45 .95 12.0 6.25 5.75

.6 1.55 1.05 .5 -1 6.50 - 6.0

.8 , 1.65 ,1.15 13.0 6.75 6.25

3.0 4- 1.75 - 1.25 .5 7.0 6.50

.5 2.0 1.50 14.0 7.25 6.75
4.0 2.25 - 1.75 .5 7.50 7.0

.5 2.50 - 2.0 15.0 -I- 7.75 - 7.25

5.0 + 2.75 - 2.25 .5 8.0 7.50

.5 3.0 .- 2.50 16.0 8.25 7.75
6.0 ' + 3.25 - 2.75 .5 + 8.50 - 8.0
g,. B', Bo el B', 8,

for g', negative read upwards

Table Values : B', = .25 + .5 g',
B', = .25 4 3

The ordinate for the supplementary
angle (18o - a) is :

e" = - A, sin 20 - A, sin 4a - .

B. + B, cos za + B, cos4a + . .

Adding both equations :
2g=e'+er

= 2[B. + B, cos
242 + B, cos 4a +.

Subtracting both:
2f = e' - e"

= 2[A, sin
2a + A, sin 4a + . . .] (Ai2)

Thus, in adding all supple-
mentary ordinates of a complex curve
containing only even harmonics, the
sine -terms disappear; in subtracting
them, the cosine -terms disappear.
(8) Separation into components of 45°

ordinates.
The complex curve is given by

. 1 ( A )

B', .50 '

B'n B', + B', = 1

the o° ordinate a,,

)3 450 3)
etc.

» 315° »
This measurement is to

from an x-axis so laid that
= - (A14)

. The ordinates of the component
curve containing only odd harmonics
are from (8) and (13) :

2b. = a,
=

21), = a,
2b, .= a,

- a, = zao
- as
- a,
-

be made

and those containing the even har-
monics, from (7) and (13) :

zeo = + a, = o
ze, = + a5
ze, = a, + a,
2e3 = a, + a,
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The component curve of the odd
sine -terms, from (9):

Co = o
2c1 = b1 + bo
c2'= b2

and those of the odd cosine -terms,
from (To):

d. = b.
2di = ba - ba
da = o

The component curve of the even
sine -terms, from (12):

fo o
2fi = e1 - es
to = o

and those of the even cosine -terms,
from (II) :

g. = eo = o
2gi = + es

=
Substituting the original ordinates

as given above :
ci = i[(a, + a.) - (a. + 122)]
ca = i.(a2 - a.)
do ao
d, = 1[(a1 - a.) - (a. -
f,'= - as) +(a. - as)]
g, = + a.) + (a, + a7)1
go = i(cio + do)

(A14)
(Ars)
(Ai6)
(A r7)
(At8)
(A19)
(A2o)

(c) Schedule for the Calculation of Odd and
Even Harmonics

(a) The odd cosine -terms.
di' is obtained from (4), (16), and

(i7) from which in Table I the values
of Ba' and Bo' may be read [Table
is calculated from (5) and (6)].
((3) The odd sine -terms.

The Fourier's series for this par-
ticular case is obtained from that for
odd cosine -terms by reversing the
sequence of the ordinates and chang-
ing the algebraic sign of B3.

The same Table I may be used if
for (4) is written :

di" = ioo (A21)
ci and c2 are found from (14) and (15)
and in Table I the values of B." and
B.". The amplitudes are :

A; '= Bi"
A3' = - B."

(y) The even sine -terms.
Fourier's series for the

nates is :

= A2 sin 9o° + A. sin 180°
or

A. - fi (A23)
fi is found from (18).
(8) The even cosine -terms.

Fourier's eries for the o°, 45° and

(A22)

45° ordi-

900 ordinates, if the real values of the
trigonometric functions are intro-
duced, are:

go = B. 4 Ho + B4
gi = Bo -
g2 = Bo - B2 +

The amplitudes become :
Bo = ;(go + 2g, + g2) (A24)
B2 = i(g. - g2) (A25)

= - 2g1 + g2) (A26)
It has been
go=o

shown above that
(A27)

Writing
gi = g2
Bo' = Bo/g2
B.' = B4/g2

and substituting (27)
to (26),

B.' = .25 + .5g, (A29)
B2 = - (A30)
B. =  25 -  5gi' (A3r)
g2 is four d from (20),
gi from (19), (2o), and (28). Insert

this value in Table to which is cal-
culated from (29) and (31) and read
the values of B.' and B.'.

To obtain the real amplitudes the
latter has to be multiplied by g2 or
by (- 2B2).

(A28)

and (28) in (24)

ELECTRONIC STIMULATORS (Contd. from p. 588)

Description
The following controls are pro-

vided (Fig. 4):
1. Push-button selector panel.

When any of the buttons grouped
under " stimulation " or " ionto-
phoresis " is pressed, the instrument
is switched on to that mode of opera-
tion. It is switched off by pressing
the central " mains off " button.

2. The central dial is the voltage
output control and is calibrated in
volts up to too. When the low voltage
" io V." button is pressed, the output
voltage is one -tenth of that shown
on the dial. The neon pilot light is
incorporated with the hairline.

3. The lower left-hand knob con-
trols the frequency or pulse repetition
rate which can be set to 1.5, 5, to,
5o, 70, too or r,000 cycles per second
(c/s.).

4. The lower right-hand knob
controls pulse duration, which can be
set to 0.02, 0.05, 0.I, 0.5, 1.0, io or
Too msec.

At the top centre is the D.C. output
meter calibrated from o to 5 mA. This
range is correct when the "ionto-
phoresis 0-5 mA " button is pressed.

When the 0-50 mA button is pressed
the output is ten: timesthat shown on
the meter.

Looking at the back, the socket for
the output leads is at the. right. The
cathode and anode are marked, the
cathode being on the left. The anode
is connected to the case, and is there-
fore " earthy." The socket is keyed so
that the leads plug cannot be inserted
incorrectly.

On the top of the case is a water-
proof tray under the lid. This is for
storage of leads and electrodes.

Adjustment for various mains
voltages is provided on an engraved
connecting block mounted on the
underside of the chassis. The two
flexible leads must be inserted in the
appropriate sockets labelled with the
voltage of the mains supply avail-
able -I to to 25o V. Alternating
current only can be used, at a fre-
quency from 4o to 6o c/s.

Behind the front panel is fixed a
telephone earpiece which is perma-
nently connected across the output
circuit. This gives an audible click
for each stimulus so that the operator
can judge when to expect a response.
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PAINTON
VITREOUS

RESISTANCES
From the time of its incorporation
Painton & Company has concentrated
on the manufacture and supply of
electrical components of the grade
required by transmission engineers in
equipments designed for telephone
administrations, broadcasting com-
panies, etc. We will gladly send you
particulars:

PAINTON & CO LTD
NORTHAMPTON

ELECTRICAL CONTACTS
IN PRECIOUS METALS

OR PRECIOUS METAL ALLOYS
JMC electrical contacts are in demand for war service in all
types of electrical equipment in all theatres of war, but we
endeavour to maintain our advisory service to customers and
give the benefit of our wide experience in the application of
precious metals and their alloys to all kinds of contact
requirements.

Enquiries should be headed " Contact Enquiry "
and addressed to Head Office.

JOHNSON, MATTHEY & CO.
LIMITED.

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

SILVER. PLATINUM

GOLD. GOLD -SILVER

PLATINUM -GOLD -SILVER

PALLADIUM -SILVER

PALLADIUM -COPPER

ft..41

SILVER -COPPER
PLATINUM -IRIDIUM
PLATINUM -RUTHENIUM
AND OTHER ALLOYS

Users of electrical
contacts who do not
possess a copy of
our earlier reference
booklet No. 112, are
invited to apply for
a copy of the ab-
breviated war -time
edition illustrated
reference No. 114
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A New Swiss Electron
Microscope

Various electron microscopes which
have been ronstructed up to now
have used either electrostatic or elec-
tromagnetic focusing exclusively. It
is considered by Swiss engineers that
a combination of electrostatic and
electromagnetic lenses should avoid
the aberrations usually associated
with magnetic focusing, and the
results of their experimental work
are found in the Triib-Tauber Elec-
tron Microscope.
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Balanced Amplifier Circuits
It is often necessary to feed

unbalanced signals to an amplifier
feeding a balanced output circuit.
For example, in the case of a saw -
tooth generator driving a balanced
amplifier feeding the deflecting
plates of a cathode-ray tube, it is
important to ensure that the scanning
potentials applied to the plates vary
equally and oppositely. For this
reason, the valves of the amplifier
are often provided with a common
cathode resistance of high value, and
the driving signal is applied to the
control grid of one valve, while the
control grid of the other valve is held
at a fixed potential. This gives the
desired balanced output, but requires
a comparatively high anode voltage
supply due to the large voltage drop
across the cathode resistance.

An alternative method avoiding
this disadvantage of the high cathode
resistance is to drive one valve of the
amplifier directly and to develop the
drive for the other valve by feeding
a fraction of the, output of the first
valve to the control grid of the
second valve. This arrangement is,
however, susceptible to changes in
supply voltages and valve charac-
teristics, but by the introduction of

Transformer negative feedback it can be rendered

As the diagram shows, a cold
cathode is used in conjunction with
two electrostatic lenses supplied with
5o kV from an oil -immersed trans-
former. An electromagnetic lens is
used for focusing on to the object,
the stage being specially constructed
for fine adjustment of the object. It
is claimed that an accuracy of setting
of t/io,000 mm. can be obtained.

The objective is a composite lens
system, the electrostatic lens provid-
ing a fixed degree of refraction and
the magnetic lens giving a fine ad-
justment of focus. Another electro-
static lens acts as the projector. The
photographic arrangements are ac-
cording- to the usual practice.

-F. Neuratk.

very stable.
A typical circuit is shown in the

drawing. Valve V, has the scanning
signal applied to its control electrode
and develops a saw -tooth output
across resistance R5, one deflecting
plate P, of a cathode-ray tube T
receiving this output from the anode
of V,. Valve V, is driven by a frac-
tion of the output voltage derived
from the anode of V, via resistances
R, and R4 and its output voltage de-
veloped across resistance R3 and fed
to deflecting plate P2 of the tube T.
To maintain balance, a further re-

. sistance R, is connected between the
anode and control grid of V,, so intro -

(Continued in next column.)

Photo -Mechanical
Oscillators

Addendum
Owing to an oversight, the figure

referred to in the letter from Baldock
and Grey Walter in the last issue
was omitted from the text. This
record is to demonstrate that in the
instrument developed by them (re-
ferred to in the correspondence on
this subject) an important feature is
that the several components of a
complex waveform can be displayed
separately at the same time as the
resultant.

\r\VINV/V4/

7^~1
In the figure the top tracing shows

the synthesis of the " wave and
spike " formation diagnostic of
minor epilepsy. This waveform is
built up from to sine components,
of which the fundamental is much
the largest and forms the wave. In
the second channel the fundamental
is omitted, leaving only the harmonic
components responsible for. the spike.
Further channels are used in practice
to display the separate components
in their respective amplitudes.

Balanced Amplifier Circuits (contd.)
ducing negative feedback which
tends to prevent any change of the
amplitude of the anode voltage of
V, from equality with the amplitude
of the anode voltage of V,. By suit-
able choice of the values of R3, R4
and R, the swings on the anodes of
V, and V2 can be made equal and
opposite.

As shown in the drawing, the feed-
back coupling passes both A.C. and
D.C. so that in addition to ensuring
balance of the A.C. amplitudes the
mean potentials of the plates will
also be stabilised. If this A.C.
stabilisation is not required, it is only
necessary to introduce a series capa-
city into the feedback. path. On the
other hand, should the D.C. stabilisa-
tion be reqtkired without the A.C.
stabilisation, the feedback circuit
must be arranged to pass D.C. and
not A.C., as, for example, by includ-
ing series inductance.

-Communicated by E.M.I.
Laboratories,
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THAT'S Fixed THAT!
Type CA 725.

Fixing knobs to shafts. Sounds simple but
if you're a radio manufacturer you know
what a headache it can be. The Spire
fixing was designed to solve that parti-
cular problem. The CA 725 is made to
measure for shafts of various diameters.
Then it is snapped into position in the hub
of the knob and the knob pushed straight
on to the shaft.
Don't think of Spire as a ' kind of nut '. It
is a great deal more than any nut. It is a
simplified and sure method of fixing.
Especially awkward fixings !

Every time a designer or production

engineer decides to use some form of Spire fixing, he

puts a few thousand (or a few million) nuts and washers

out of a job. No more fumbling and holding the bits

together with one hand while you get to work with the

other. Spire fixing can tackle and simplify most light

assembly jobs. The best thing is to send us the job - or

the drawings. If a Spire fixing will improve the job

we'll design it for you and show it to you in a week

or two. Then you can judge for yourself.

Af- A BETTER way of fixing
Simmonds Aeroce3sories Limited Great West Road London A Company of the Simmonds Group

3
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WIRES TO

RESISHETANCE
T FINEST

SIZES

MOLYBDENUM

VAC -STEEL

PLATINUM

SHEA-THED

GAS-FREE
NICKEL

WIRES, TAPES,

BARS, MESH AND

VALVE PARTS

VACTITE WIRE
CO., LTD.

19 QUEEN ANNE'S GATE,
WESTMINSTER, S.W.I.

Telephone : WHITEHALL 2552.

ABSTRACTS OF
ELECTRONIC LITERATURE

CIRCUITS
The Circuit Design of Intermediate

Frequency Amplifiers
(C. P. Beanland and G. L. Grisdale)

This .article summarises the consi-
derations and methods applied in the
design of an intermediate frequency
amplifier for a receiver; it presents
the salient features of practical de-
sign, already available, though not
in such compact form, in various
papers and books.

-Marconi Review, No. 77, April -
June, 1945.

Electronic Alternating -Current Power
Regulator

(L. B. Cherry and R. F. Wild)
An electronic A.C. power regulator

is described which is instantaneous
and independent of frequency. The
theory and design considerations
governing a conventional circuit
using gaseous discharge tubes ere
presented. The effect of the extent
of voltage limiting by the gas tubes
on the degree of regulation is dis-
cussed. A bridge -type circuit is des-
cribed and its theory developed and
the effect of the degree of unbalance
of the bridge circuit on the degree of
regulation considered. The applica-
tion of these circuits for regulation
of low power, particularly when used
in electronic apparatus, is studied
and performance data on both cir-
cuits are given.

-Proc. I.R.E., April, 1945, p.
262.*

Frequency Meter for Use with Geiger -
Muller Counter

(L. F. Curtiss and B. W. Brown)
An improved circuit is described

for reading the rate of pulses from
a Geiger-MUller counter. Based on
the usual .procedure of levelling and
rectifying the pulses to charge a con-
denser, the improvements concern a
bridge -type vacuum -tube voltmeter
to read the voltage on the condenser
and an arrangeinent to compensate
parasitic potentials developed in the
rectifier for the pulses. An adequate
source of potentials from one small
transformer is described, which ren-
ders the circuit useful in portable
instruments. Particular care has been
taken to design a circuit that is
independent of the voltage of the
A.C. mains.

-J. Res. Nat. Bur. Std., January,
1945, P. 53.*

ELECTRON OPTICS

Additional Stabilisation for the Beam
Current in the R.C.A. Type B Electron

Microscope
(H. R. Crane)

A circuit which gives additional
stabilisation of the electron beam in
the R.C.A. Type B electron micro-
scope is described. By means of a
one -tube circuit the fluctuations in
filament emission are reduced by a
factor of at least ten. In this way
the fuzziness of the photograph pro-
duced by beam fluctuations and the
unsymmetrically charged wax coat-
ing on the aperture diaphragms is
reduced.

-Rev. Sci. Inst., March, 1945,
p. 58.

A 100 -kV Electron Microscope
(L. Marton)

A transmission -type of electron
microscope with magnetic lenses is
described. The electron speed can be
varied between 30 ekV and too ekV.
Magnification is produced in three
stages and the instrument has im-
proved air locks, hydraulically
operated stage movement and a
stage -tilting device up to ± r 520.
It is also provided with means for
bright and dark field illumination
and for conversion into a diffraction
camera. Improved electrical circuits
provide the necessary stability of the
power supplies.- App. Phys., March, 194.5, p.

131.*

INDUSTRY

An A.C.-Operated Leak Detector and
Ionisation Gauge

(R. B. Nelson)

Small leaks in vacuum systems
may, be found by observing the
change in temperature -limited ther-
mionic emission of a tungsten fila-
ment in the vacuum as oxygen is
blown over the leak. An apparatus
is described for regulating the fila-
ment heating power so that the
emission is not affected by line
voltage fluctuations. The apparatus
also operates as an ionisation gauge
with emission control.

-Rev. Sci. Inst., Vol. 16 (March,
1945), P. 55-

* Abstracts supplied by the courtesy of Metropolitan
Vickers Electrical Co. Ltd., Trafford Park, Manchester
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Hermetically sealed to resist heat and moisture-
Manufactured
capacities
to and
voltage
effective
are important

B.I.

in a wide range of designed
and for working voltages up extremely

including 6,000 D.C. For high- perature and
operation they provide the most in three sizes
solution where size and weight tags at each

considerations and are soldering tag

MOULDED TUBULAR CAPACITORS

to operate
arduous

humidity.
and supplied

end, or alternatively
and a stud

conditions
continuously

Manufactured
with

for base

in
of tem-

soldering
with one

fixing.

14

Manufactured by
BRITISH INSULATED CABLES

LIMITED
PRESCOT LANCASHIRE

PROBLEMS WE HAVE SOLVED-NO. 2

THE PLUG RUNNER

THE increasing number of
sparking plugs used in

modern aircraft, and their gen-
eral inaccessibility, has raised
the risk of losses, due to dam-
age during overhaul, to a very
high degree. Apart from dam-
age to the plug itself, there
is also risk of stripping the
thread in the cylinder head.

At the request of the Air Minis-
ry, our research engineers set

about designing a handy and
compact electrically driven tool
capable of use on the usual
sparking plug sizes.The tool, they
decided, must have a predeter-
mined torque limit, which could
be adjusted to suit individual
sizes of plugs.

Accordingly, they developed a
plug runner that in its final de-
sign can be supplied to work on
either A.C. or D.C., and for any
voltage. It is only 16f inches in
overall length and five inches in

diameter. The
motor drives
through a single -
stage ,4 -to -1 spur
gear to a hollow
shaft, which in turn drives the
worm of a straightforward type of
worm gear, giving a total reduc-
tion ratio of 78 to 1. The worm
wheel has a hexagonal spindle
into which is inserted a loose
adaptor with a box -type spanner.

Incorporated in the drive is a
spring overload release which is
adjustable up to 60-ft-lbs. for
removal of plugs, and 25, 30, and
40-ft-lbs. for the fitting of 12 mm.,
14 mm., and 18 mm. plugs respec-
tively.

This is only one of the many
technical problems which we
have been called upon to solve.
We specialize in supplying non-
standard electrical devices for
particularpu rposes. The resources
of our research laboratories are
available to manufacturers who
have a special problem.

SMALL ELECTRIC MOTORS LTD.
(A subsidiary of Broadcast Relay Service Ltd.), BECKENHAM, KENT

C)

CO' -_excksee",,e
to Wee t(--axieciees-

'LAX IK
SSA/ ETC III -III

tes_e
Manufactured by

BRITISH CO., LTD.
KEIGHLEY YORKSHIRE
London Office : 25 MANCHESTER SQUARE, W.I.
Phone : Welbeck 7941 Cables : Enesef -London

[71
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BOOK REVIEWS
Television for Everyman
A Non -Technical Exposition

F. W. Kellaway. (John Crowther. 5s. net.)
55 pp.

I am Everyman, or, to be more
precise, Everywoman, and after read-
ing this book three times (a feat re-
quiring a great deal of willpower)
I find there is much I still do not
understand. In fact, so far from
increasing my interest in the subject,
Mr. Kellaway has effectively stifled
it at birth. (Lest he point out that
his book is for " the intelligent
amateur," let me hasten to say,
without undue modesty, that school
and university have done their best
for me, and if intelligence tests are
anything to go by, I may consider
myself in the top 7 per cent, of the
population in that respect.)

The truth is, of course, that this
book was not written for Everyman
at all, that term generally implying
the man in the street, but for those
of the men in the street who have
more than a nodding acquaintance
with physics, mathematics and the

science of wireless telegraphy. The
author does suggest that the first
chapter, on the physics involved, may
be omitted if desired and hints that
it is not essential to follow the
mathematical calculations, but, while
finding the first chapter more inter-
esting and instructive than any other,
Everyman would have been spared
much exasperation if Mr. Kellaway
had categorically stated his mathe-
matical conclusion as, in fact, he
stated his original equations (p. 25).

I cannot help feeling that the
author has been more concerned with
keeping his title in line with that of
his previous book, " Wireless for
Everyman," than with explaining
the science of television in a form
intelligible to the public for whom
he ostensibly writes.

M. M. CAIRD.

Books reviewed on this page or ad-
vertised in this Journal, can be obtained

from

H. K. LEWIS & CO., LTD.
136 Gower Street, W.C.I

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

Sound Film Projection
F. W. Campbell, T. A. Law, L. F. Morris,
A. T. Sinclair. (Geo. Newnes, Ltd. I8s.
net.) 225 pp. fully illustrated.

This book has been written by four
engineers from the well-known sound
projection firms-B.T.-H., British
Acoustic Films, Western Electric,
and R.C.A. Photophone, under the
editorship of E. Molloy.

After a preliminary description of
the principles of sound recording and
reproduction, four widely used sys-
tems of sound projection are dealt
with in detail by the specialist in
each system.

Succeeding chapters give particu-
lars of portable equipment, installa-
tion and maintenance, and fault
tracing. The installation, of sound
reinforcing equipment in theatres is
also mentioned.

The book is obviously an authorita-
tive account which should be of great
value to the projectionist and to
students taking up projection work.
The explanations are clear and well
illustrated by photographs and line
drawings and the book is one to be
recom mended.
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WHAT'S " ERG " ?
ERG is the trade mark identifying a line of
products that will be available when we've
finished the biggest job of all.

ERG RESISTORS LTD.
ERG1021a, FINCHLEY ROAD

LONDON, N.W. I 1

Phone : Speedwell 6967
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NIFE All -Steel
Alkaline Batteries
are now in use
wherever the Ser-
vices require --
MAXIMUM RE-
LIABILITY. After
the War, they will
be available for
peace -time radio
requirements.

NIFE BATTERIES LTD.  HUNT END REDDITCH WORCESTERSHIRE

RADIO SLEEVINGS
INSULATING TUBING
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AND CABLES --------
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CLASSIFIED ANNOUNCEMENTS.

The charge for miscellaneous advertisements
on this page is 12 words or less 4/. and 4d.
for every additional word. Box numbers
count as four words,plus 1/- extra for replies.
Remittance should accompany advertise.
ment. Cheques and P.O.'s payable to
Hulton Press Ltd., 43 Shoe Lane, E.C.4. Press
date -15th month for following issue.

FOR SALE
IN STOCK, Rectifiers, Accumulator Chargers,
Rotary Converters, P.A. Amplifiers, Mikes, Mains
Transformers, Speakers of most types, Test Meters,
etc., Special Transformers quoted for.-University
Radio, Ltd., 22, Lisle Street, London, W.C.2.
Ger. 4447.
PHOTO -ELECTRIC CELLS, Sete on gold -alloy,
super -sensitive to light, gasfilled, permanent, operate
relay direct or with valve amplifier, perfect reproduc-
tion of speech and music, etc., from sound track of
films ; large tube 34 in. from glass top to valve pin
base, in. dia., 38/-;_ medium size, 24 in. long, 35/ - ;

small tube, 2 in. from top to terminal base, in. dia.,
30/- ; miniature cell, t in. overall glass top to cap
base, in. dia., thin flex leads, 281- ; all cells operate
on 40 -zoo volts. Connections diagrams free.

PRECISION OPTICAL SYSTEM, producing
knife-edge line of light from any car headlight bulb,
for scanning sound track of film direct into photo cell,
brass tube 2 in. long, in. dia., in. focus, 52/-; full
instructions free, goods by return. CEFA INSTRU-
MENTS, 38a, York Street, Twickenham, Middlesex.
Phone : POPesgrove 6597.

LOUDSPEAKERS

LOUDSPEAKERS-We carry on. Sinclair Speakers,
12, Pembroke Street, N.1.

LOUDSPEAKER repairs, British, American, any
make, moderate prices. --Sinclair Speakers, 12,
Pembroke Street,

MISCELLANEOUS
WE WILL BUY at your price used radios, ampli-
fiers, converters, test meters, motors, pick-ups,
speakers, etc., radio and electrical accessories. Write.
Phone or call, University Radio Ltd., 22, Lisle
Street, London, W.C.2. Ger. 4447.

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, xo/6,
post 6d.-Webli's Radio, it, Soho Street, London, W.1
Phone : GERrard 2089.

MORSE Practice Equipment for Class -room or
Individual Tuition. Keys, Audio Oscillators for both
battery or main operation. Webb's Radio, 14, Sobo
Street, London, W.z. Phone : GERrard 2089.

RADIO -ELECTRIC PATENTS. Well known
London Radio Component manufacturers are open to
consider patents or designs for post-war period.
Write : Progress c/o Alfred Bates and Son, Ltd., 130,
Fleet Street, London, E.C.4.

PUBLIC ADDRESS and cinema amplifiers. 9o-wat
A.C. amplifiers, three only, complete multi -stage
9 -valve circuit, outputs for any number of speakers
£6o each. 45 -watt amplifiers complete in attractive
black crackle cabinets fitted chromium carrying
handles; pre -amp. stages, 8 -valve circuit, separate
volume controls for mike and gramophone inputs ;
outputs for 3, 8 and 15 ohms, £30 each. 15 A.C./D.C.
amplifiers, six only, circuit as above, but in compact
portable black and chromium cabinets; 5 -valve
circuit; outputs for 3, 8 and 15 ohms ; 190-260 V A.C.
or D.C., f, is each. High quality 4o -watt amplifiers of
exceptional power and fidelity. Frequency response
superb from 30-15,000 c/s ; x5 and 3o ohms butput ;
matching transformer for any impedance supplied on
request ; grey enamel and chrome, £35 each. Scott
Phantom 18 -valve luxury receivers, chromium -plated
chassis, separate amplifier, Theatre Sonic Speaker, £75
each. Marconi all -wave radio and television console,
list price 45 ens. Motor -tuned 23 and 26 valve
radios, highest fidelity achieved 'by separate amplifiers
and speakers for bass and treble frequencies, prices on
application. Industrial radios and radiograms avail-
able from stock against priorities ; factory " music
while you work " installations produced to specifica-
tion. A large range of mains and output transformers
available from stock, including push-pull output for
75 and roo watts, all designed and built to an exception.
ally fine standard. United Electronics Company,
Swan House, 133, Oxford Street, London, W.'
(GERrard 9347).

Classified Announcements (Contd.)
TELE-RADIO (1943) LTD. for brand new good
quality components at manufacturers' list prices.
Suppliers to professional constructors and amateurs
who want only the best. Weston meters, 24o micro amps
centre zero reading, £3 5s. ; mA £2 /OS. ; 0-500
micro amps £3 ; o-roo micro amps £3 15s. ; 0-50 micro
amps £4 Jos. r mA instrument rectifiers, 12s. 6d. " Spot-
on" wire -wound precision resistors, plus or minus o.o5 per
cent., 5s. 6d. each (up to 5o,000 ohms only). Single -
pole I2 -position switches, 3s. 6d. each ; 4 -pole 3 -way,
3s. 6d. each. Cathode Ray Tubes, G.E.C. 4 in.,
£2 15s. ; COSSOI 230, 21 in., £3 6s. ; Cossor 26D, 44 in.,
£6 ros. Cossor GDT4B gas -filled triode, 245. 4d.
High voltage rectifiers and condensers. Potentio-
meters carbon, 4s. 6d. ; with switch, 6s. 6d. ; wire
wound, 6s. 6d., all usual values. Crystals, zoo Kc/s.,
45s. (P.O. Permit). Rothermel crystal pick-ups,
£3 13s. 6d. and £3 I8s. 9d. (high fidelity Red Label, xos.
extra). Celestion and Vitavox speakers, o.0005 2 -gang
condensers, ceramic insulation with s.m. drive, I6s. 6d.
Comprehensive stocks of British and American valves.
Steel racks, chassis, panels and cabinets, any specifica-
tion (callers only). Postal inquiries acknowledged
same day. Cash orders, if in stock, 24 hours service.
Postage and packing extra on all goods. Tele-Radio
(/943) Ltd., 177A Edgware Road, London, W.2.
'Phone, Pad. 6116.

BE SURE AND WRITE NOW for our latest large
Mail Order List. Included in the hundreds of bargains
and " short -supply " lines available at once from stock
are the following : Instrument type Cabinets in ,8 -
gauge steel. Chassis panels, complete racks. Con-
densers, coils, volume controls, heavy duty chokes, etc.
Send now for Mail Order List " E," 24d. post paid.
Waveband Radio Ltd., 63, Jermyn Street, London,
S.W./.
BERRY'S (SHORT WAVE), LTD., for prompt
delivery of Quality RADIO AND ELECTRONIC
COMPONENT'S, including : C.R. Tubes, xi in., 55s. ;
4 in., £3 6s. ; 45 in., £6 12S. I.F. Transformers,
7s. 6d. Crystal mikehead, 75s. Crystal Pick-up,
78s. 9d. o -I Meters, 59s. 6d. 8-1 Slow-motion drive,
station -named dial, escutcheon and glass, 8s. 6d.
Metal cabinets, finished crackle black with hinged lids,
chassis and panels, 39s. 6d. and 63s. Speakers, 24 in.,
27s. ; 3 in., 3os. ; also 6 in. to 12 in. Jacks and Jack -
plugs, 2S. 6d. - each ; also Crystal filters, Ceramic
tuning, reaction and differential condensers, trimmers,
standoffs ; Ceramic Amphenol, Paxolin and Bakelite
valve bases (all types). For detailed Catalogue send
S.A.E. for Radio and Electronic Equipment List " E,"
to Berry's (Short -Wave), Ltd., 25, High Holborn,
London, W.C.1 (Telephone : HOLborn 623x).

THE PLESSEY COMPANY LIMITED of Ilford,
Essex, have pleasure in announcing to the Trade that
they are now manufacturing Mallory Vibrators under
the following Patent Numbers :-549231, 550975,
566537, 5682oo, and Patent Application Numbers :-
21759/43, 21760/43, 8614/44, 11936/44, 14460/44,
21972/44, 25335/44, 3350/45, 3545/45, 5343/45,
5344/45, 6372/45, 6373/45, 8406/45, 9416/45, 10254/45,
and that inquiries are invited.
COIL WINDING. Vacuum/Pressure Impregnating.
Godfrey Industries, Limited, Brundall, Norfolk. Tele-
phone : 9o.

ELECTRICAL JOURNALIST edits or prepares
brochures on war -time achievements, and technical
publicity. Box No. 743, "Electronic Engineering."
THE TECHNICA CAMERA CO., 21, William IV
Street, W.C.2, consulting photographic engineers to
H.M. Government Departments, undertake the solving
of photo -electric and other problems.
MECHANICAL ENGINEERS to the Electronic
Industry. Precision and Optical Instruments of all
types designed and constructed in collaboration with
Electronic Engineers. Tecnaphot Ltd., Mile Lane,
Coventry.
WINDING WIRE, SURPLUS ODDMENTS,
14 swg to 5o swg enamelled and/or silk/cotton, offered
to Wireless and Electrical Retailers. Box 734,
" Electronic Engineering."

SITUATIONS VACANT
A.M.I.E.E.,City and Guilds, etc., on "NO PASS -
NO FEE" erms. Over 95% Successes. For full
details of. modern courses in all branches of Electrical
Technology send for our 112 -page handbook-FREE
and post-free. (Dept. 337B), 17 Stratford
Place London, W.z.
RADIO VALVE ENGINEER required. University
trained with at least io years' experience of valve
development and manufacture. Must possess initiative
to follow a new type through to the shop and ensure
economical manufacture. Appointment when relevant
restrictions are withdrawn. Write in confidence to
Box 7192, A.K. Advg., 212a, Shaftesbury Avenue,
London, W.C.2.

Classified Announcements (Contd.)
CATHODE-RAY TUBE ENGINEER required.
University trained with at least ro, years' experience of
Cathode -Ray Tube development and manufacture.
Must possess initiative to follow a new type through
to the shop and ensure economical manufacture.
Appointment will be made after relevant restrictions
are withdrawn. Write in confidence to Box 7195,
A.K. Advg., 2,2a, Shaftesbury Avenue, London, W.C.2.
ELECTRICAL INSPECTORS (Ex -Service Men)
required with experience in radio by firm of Com-
munication Engineers in S.W. London district. Write
with full particulars to Box No. 737, " Electronic
Engineering."
DEVELOPMENT ENGINEER required for S.W.
London firm engaged in the development of radio
frequency generators and applications equipment.
Interesting work calling for wide mechanical, physical
and electrical experience. Box No. 741, " Electronic
Engineering."
SENIOR RADIO DESIGN ENGINEER required
in London for active leadership of existing development
team. Experience necessary both of high quality
mass-produced domestic receiver design (home and
export types) and medium-sized transmitters. High
technical qualifications essential. Congenial con-
ditions, with good salary and prospects for man capable
of upholding position of responsibility. Write stating
qualifications, experience and salary required, to
Box No. 738, " Electronic Engineering."
RADIO MANUFACTURERS in London offer staff
position to a competent technical writer with a know-
ledge of radio engineering, and the ability to write
lucidly and grammatically. Should be conversant
with design of domestic receivers, communication
equipment and electronic apparatus. Responsibilities
would include writing technical articles, preparing
technical sales leaflets and catalogues, editing of
instruction books and service manuals. Previous
experience of the radio manufacturing industry and
free-lance journalism an asset. Good prospects for
right man. Write, stating age, salary required and
details of experience. Specimens of work, if enclosed,
will be returned. Box No. 739, " Electronic
Engineering."
VACANCY EXISTS in well -established trade service
depot for engineer to take charge of winding depart-
ment. Every support and assistance to extend and
develop given by directors. Our own staff know of
this advertisement. Box No. 740, " Electronic
Engineering."
LABORATORY ASSISTANTS (female) required
for routine testing, research and development work
associated with high vacuum technique over a wide
range of application. Two grades are required, one
with educational standard up to Matriculation and the
other Inter.B.Sc. (Physics or Engineering) or equivalent
technical standard. Industrial laboratory experience
for both grades desirable with experience of Scientific
measurements and familiarity with Physical or
Engineering research. Salary up to £250 and £350 for
the two grades respectively. Posts are permanent and
interesting with superannuation opportunities and
every encouragement for advancement. This advert-
isement is published by permission of the Ministry of
Labour and National Service under the Control of
Engagement Order, 1945. Box No. 744, " Electronic
Engineering."

SITUATION WANTED
ENGINEER. Experience : Administration, organi-
sation, research, development and patents in radio,
television, valve, C.R.T., telecommunications and
industrial applications. Wants post with scope.
Now under E.W.O. Box No. 729, " Electronic
Engineering."

TEST GEAR
ELECTRONIC TEST EQUIPMENT designed and
built to meet your individual requirements. Relaxa-
tion of Government demands enables us to undertake
limited production for commercial users. Banks
(London) Ltd., III Clapham High Street, S.W.4.

WANTED
BUSINESS MAN with intimate knowledge of
Europe, leaving shortly for France, Holland, Belgium
and Central Europe, can accept propositions from three
or four well -established first-class firms-surveys,
agencies, buying, selling. Box No. 735, " Electronic
Engineering."
MANUFACTURERS are invited to submit details
of audiometers and other hearing test equipment,
miniature earpieces, microphones, plastic cases for
hearing aids. Box 736, " Electronic Engineering."
A COPY of " Electronic Engineering " for March,
1945. Copy must be in good condition. F. C.
Roberts, " Inglenook," South Brent, Devon.
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A.F. VOLTAGE AND SMALL -POWER TRANSFORMERS AND
CHOKES FOR ALL TYPES OF ELECTRONIC APPARATUS, IN ALL
NORMAL RATINGS AND IN A DIVERSITY OF PHYSICAL SIZES

I-Heavily silver-plated non -rotatable solder -tags for connexions.

2-Tropic-grade synthetic -resin -bonded tag boards for high insulation
resistance under all conditions.

3-Colour-coded leads, welded to instrument -wire in bobbin.

4-Layered and sectionalised windings of highest -grade h.c. instrument
wire.

5-Synthetic-resin bobbin holding windings in immovable formation.

6-Bobbin and Windings vacuum-impregnated and coated waterproof
materials.

7-Core shrouded and tightly clamped with maintained iron -circuit
and fixing centres.

cAoice of Critics

(The name "BULGIN" is a Registered Trade Mark)

A. F. BULGIN & COMPANY LTD.
BYE PASS ROAD, BARKING, ESSEX

Tel.: RIPPIeway 3474 (5 lines)

Wrley
TRANSFORMERS

AND CHOKES
fir AVictiiiiieft

OLIVER PELL CONTROL LTD
CAMBRIDGE ROW'WOOLWICH 'S'E IS

TELEPHONE: WOOLWICH 1422

i 1 TWO-STEP
) j RELAY

J
(Heavy Silver

Contacts)
First impulse 'ON'
Second impulse'OFF'
Also Aerial Change -

Over Relays
Ask for leaflet 88A/EO

LF/FS

ONDE X LTD
AimuFACTuRRS OF RELAYS

20T MIERIET ROADLONDOWSE20 syst=isw,

HERMETIC CERAMIC
AND

GLASS SEALS

EXCLUDE MOISTURE and DUST

ENQUIRIES ACCOMPANIED
BY DETAILS INVITED

OXLEY DEVELOPMENTS Co. Ltd.
ULVERSTON

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

[W. BRYAN SAVAGE LTD. 1
Westmoreland Road, London. N W 9 Cohndale 7131

TRANSFORMERS L COILS
to specification

MANUFACTURED or REWOUND
STANLEY CATTELL, LTD.

9-11, East Street, TORQUAY, DEVON
Phone Torquay 2162
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WEBB'S RADIO. 14 SOHO STREET.
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