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TYPE
APPROVED

OLUME CONTROL. We don't really claim that

Dubilier Volume Controls will deal with thai problem.

Nobody’s found an answer to crying babies yet. But for all

radio and electronic circuits they are probably both

UE!L!?R mechanically and electrically the most reliable volume

E controls produced. Small but robust, they cover ratings from
$ to 2 watt. There is also a model TYPE CT. specially

designed for tropical conditions.

The name ts ... Dubilier

C.R.C.»

The lact that goods made of raw materials In short supply owing to war conditions are advertised In
tMs magazine should not be taken as an indication that they are necessarily available for export.

RN ——
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Frequentite is the most suitable insulating material for all high
frequency applications. Ten years ago we introduced the first
British-made low-loss ceramic, and consultation with us before
finalising the design of new components is a wise precaution.

STEATITE & PORCELAIN PRODUCGTS LTD.

Head Office: Stourport-on-Severn, Worcester, Telephone: Stourport 111, Telegrams: Steatain, Stourport T
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made it e
possible .

Hullo, Red Section, tanks at nine o’clock —
follow me — and as one well-knit unit the flight
goes hurtling down to its target, tied together
with an invisible electronic link. Close command
in the air depends on radio communications,

Many OSRAM valves and at the heart lies the electronic valve.

now Tlnbthe secbret

list wi e available, e

when priority pro- OSRAM VALVES have been in the forefront
duction ceases, to
meet the needs of
electronic designers
In every sphere.

of electronic development during the war, and
will bring to the pursuits of peace many well
tried electronic devices to speed, smooth and

make safer our way of life.

Qsan g6C  ogEm

PHOTO CELLS CATHODE RAY TUBES

Advt. of The General Electric Co. Lud., Kingsway, london, W.C.2.




June, 1945

Electronic Engineering 531

IN COMMUNICATIONS

To-day, wherever Made
Bullers Low Loss in Three
Ceramics are used, re- Principal

ception is clearer and
better than ever before.

Materials:

Years of research in Bullers Labora- FREQUELEX. An insulating

- h . bl h Material of Low Dielectric Loss.
tories nrave develope es¢ materials to suc For Coil Formers, Aerial Insulators,

a high level of efficiency that Dielectric Loss Valve Holders, etc.
is vxrt@y ellmlfxated. B'ullers. Ce'ra.rmcs ae LERMALEX. A High Per-
now playing a vital part in maintaining com- mittivity Material. For the cone

munications under all conditions. struction of Condensers of the

smallest possible dimensions.
BULLERS LIMITED

THE HALL, OATLANDS DRIVE, WEYBRIDGE, SURREY TEMPLEX. A Condenser
Telephone : Walton-on-Thames 2451 material of medium permittivity.
Manchester Office’: 196 Deansgate, Manchester For the construction of Condensers
having a constant capacity at all

B ll temperatures.
“ et s S

LOWwW LOSS CERAMICS -B-
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CERAMIC

"Im

SCZ CAPACITORS
IN SERIES/PARALLEL COMBINATION

extend the useflul range of voltage,

load and current . . . ..

FOB RADID  COMMUNICATION, BROANCASTING,
TELEVISION, NAVIGATION . . . and

HIGH FREQUENCY EQUIPMENT FOR INDUSTRIAL,
MEDICAL, & SCIENTIFIC PURPOSES . . ..

4l|ll|||
ﬁm

Full details on request

UNITED INSULATOR €O. LTD., 12-22 LAYSTALL 8T, EG1

Tel : Terminus 7383 (5 lines) Groms : Calanel, Smith, London.

DR R C ER AMICS

oy

U

TELCON
CABLES

or
HIGH
FREQUENCY

TRANSMISSION
and RECEPTION

Full p'artlculan of all Telcon Products from 1

THE TELEGRAPH CONSTRUCTION
& MAINTENANCE CO. LTD.
Head Offices 22, Old Broad Street, London, E.C.2

Telephone 1 London Wall 314

"UNO”

STENCILS ,

6 Stencils of

6/- each

A. WEST &« PARTN ERS; L™ westuiusren, s.v.

Electrical Symbols
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V-month to pass without reference

to the all-important part that
electronics and radio have played in
bringing about the victory in Europe
and the victory to come in Asia.

Trom the start of hostilities this
lias been referred to as a radio war,
and we have had ample evidence of
the superiority in design and inven-
tion which has enabled us to go one
better than the enemy in nearly
every application of science to
warfare.

Among the army of technical
workers and scientists who have
contributed to victory it is invidious
to single out any one class for
special praise, but there are two
examples that may be cited for
tribute.

First, there are those who, knowing
nothing of radio or engineering at
the outbreak of war, acquired by
intense effort over a period of
months or even weeks sufficient
knowledge of the subject to operate
some of the most intricate apparatus
that has been devised, and who in
many cases progressed so far in this

IT would not be seemly to allow

Victory

IMPORTANT NOTICE
End of Volume

This Journal changed its style and
title in May, 1941, with the result that
the end of the volume was thrown
** out-of-step '’ with the end of the year.

Thus, Vol. XIV covered the 12 issues
from June 1941, to May, 1942, and so on.

During the war period it has not been
thought desirable to make a change, but
with the prospect of increased paper
supply next year it is better to regularise
matters while the bound volumes can be
kept reasonable in thickness.

Accordingly, the current volume
(XVIIl) will continue to December,

1945, and will contain 18 issues,

The next volume (XVIIl) will start
in January, 1946, and will contain
the usual 12 issues.

Until conditions are more stable, a
standard binding cover will not be
available, but ** self-binders '’ holding 24
copies can be obtained from the Circula-
tion Dept., price 3/6, post free.

Binding covers for Electronics, Tele-
vision & Short Wave World, as this
journal was formerly known, can be
obtained price 2/3, post free.

Orders should be accompanied by a
cheque or P.O. and should be addressed
to: Circulation Dept., Hulton Press,
43, Shoe Lane, E.C.4.

new sphere that they were able to
instruct newcomers in the work.

We' hope that their new-found
interest in the science will not leave
them at the end of their service, but
that they will continue to study it
with the keenness that they brought
to it originally and reap the reward
of their trouble in peace-time appli-
cations.

Secondly, there are those who at
the outbreak of war dropped the
career that they had chosen and put
all their energy into solving the
special problems that were set them
—often without a clear indication of
the immediate use of the work on
which they were spending so much
time and trouble.

The lucky ones have seen the
results of their work in improved
weapons, better navigation aids,
safer flying conditions.

With the war over, they are now
returning gradually to pick up the
threads dropped six years ago, and
if they reflect they may feel with
justifiable pride that there are many
walking about to-day-—soldiers and
civilians—who literally owe them
their lives.
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Y first introduction to Fleming
|\ /I was at his opening lecture on

Electrical Technology at Uni-
versity College, London, in 1891,
when my brother (the late Dr. D. K.
Morris) and I entered the college.

It was a breathless affair, for the
rate at which he spoke made it ex-
tremely difficult for us to take notes.
Usually he showed a few experiments
and his enthusiasm about the whole
subject was certainly infectious. This
was the only course of lectures he
gave each session for many years.

I well remember a lecture he gave
after his return from the famous
Frankfurt Exhibition, 18gr. It was
on delineating alternating current
waves. At that time the only reliable
method was that of the Joubert
revolving contact. After describing
this, he passed on to tell how he had
seen at the Exhibition the waveform
of speech waves by the use of a Bell
telephone receiver. A very small
mirror was fixed to the diaphragm
about half-way along a radius, and a
powerful beam of light falling on the
small mirror was reflected on to a
rotating mirror. When there was no
speech current in the receiver, the
image seen in the rotating mirror was
simply a straight line, but when
speech currents flowed, the straight
line broke up into a jagged trace,

especially when consonants were
being transmitted. I can still vividly
remember his ardent enthusiasm

about the whole business, though it

is now more than fifty years ago.
We have to remember that at that

time neither the Duddell oscillo-
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Ambrose Fleming

—His Early Electrical Work and the Discovery
of Magnetic Focusing

By J. T. MACGREGOR-MORRIS, D.Sc. (Eng.), M.I.E.E.

Professor MacGregor-Morris. was one of Sir Ambrose Fleming’s first
students and later became his personal assistant at University College

in

graph nor the reliable cathode-ray
oscillograph has been produced.

Laboratory Equipment and {.E.E. Transformer
Tests Paper

The equipment of his laboratory
was meagre in the extreme; in fact
I bave heard him say on more than
one occasion that all that was pro-
vided for him by the authorities was
a room with a blackboard and a piece
of chalk! Practically all the appara-
tus available was lent by firms.

The first minor piece of research
which he asked my brother and me
to carry out had the object of
showing experimentally that the
hysteresis loop for an iron wire was
only dependent on the net number of
ampere turns in the magnetising coil,
e.g., whether 40 A T. or 420-380 A.T.
were used. (The application of this
to A.C. transformers is obvious.) We
found no difference, except a slight
temperature effect due to the extra
IR loss when the large number of
turns were used. This was in 1892
when he was engaged on an impor-
tant [LE.E. paper, ‘‘Experimental
Researches on Alternate Current
Transformers.”

In those days, the Institution dis-
cussions were adjourned from week
to week if need be, and in this case it
lasted six weeks. All the trans-
formers tested were of the closed
magnetic circuit type—with the one
exception of a Swinburne hedgehog
type.  Mr. (now Sir James) Swin-
burne had constructed a workshop
wattmeter with no metal in it save
the windings, and then when it was
put through the shops a fine instru-
ment making job of it was made, in-
cluding the addition of two lacquered
brass cheeks for the current carrying
coil.  The rather disturbing result
was found by Fleming that though
this instrument measured the open
circuit losses almost correctly of all
the closed type transformers, when
used on a Swinburne (hedgehog)

1894

transformer itindicated that the losses
were only about one-third of their
actual value.

This result was obtained in per-
fectly good faith by Swinburne, but
I can well remember how Fleming
demonstrated  incontrovertibly  the
facts about. this rather partial watt-
meter before his large audience.

Popular Scientific Lectures in the Provinces

During the period from 1894 to
1898 when the present author was
Fleming’s private assistant, Dr.
Fleming gave a number of highly
successful popular scientific lectures
in the provinces, including those for
the Gilchrist Trustees. Most of his
experiments were in the form of
mechanical slides for the sake of
portability.

On one occasion he told me
jokingly that he had given a lecture
to a large audience at the Crystal
Palace entitled ‘“ Magnets and Elec-
tric Currents ””  which included a
lantern slide of a group of nine
pivoted little magnets. A good lady
the next day was asked what she
thought of the lecture. She replied,
¢ It was about Maggots and Currants
and he showed creeping things on a
sheet !’

One of the nearest shaves he had
was in the early days of X-rays, when
he was lecturing to a crowded
audience of nearly 2,000 in the Ports-
mouth Town Hall. During the
lecture it was my duty to ask a
member of the audience to come up
on to the platform, and take an
X-ray shadowgraph of his hand.
This had been done, and on my
return from developing the plate, I

saw at once that something was
wrong. The limelight was failing
and I immediately noticed that

Fleming was putting in padding (for
[ knew the lecture from end to end).
He hastily said to me under his
breath, ‘“ Morris, sce if you can do



June, 1945

Electronic Engineering

anything I’ I at once went to the
back of the hall, and together with
an electrician got on to the top of
the boarding of the entrance (which
was thick with dust) and there we
collected a discarded electric arc and
rapidly wired it up while Fleming
held the fort. I shall never forget
the continuous thunderous applause
which greeted the appearance on the
screen of the X-ray shadowgraph
of the man’s hand taken during the
lecture, thus converting what might
have been a rather dismal ending to
his lecture into a first-class success.

Magnetic Focusing of Cathode Rays

One morning in December, 1896, at
the end of the term, I well remember
Dr. Fleming coming with his quick
step into his laboratory at University
College, and after his usual * Good
morning ” he said, ‘“ Morris, I want
you to try out an experiment on the
effect of an axial field upon the dis-
charge in a vacuum tube.” For this
purpose, he produced a Crookes’ tube
having a Maltese cross near one end,
and I was to use his 10-1n. spark coil
and a strong bar magnet about a foot
long.

The bar magnet applied axially at
the end of the enlarged end of the
tube was expected to reduce the
voltage necessary to excite the tube,
and also produce some changes in
the shadow.

Having got the apparatus working,
Professor (then Mr.) Clinton joined
me, and Dr. Fleming (as he was
always called by staff and students)
had to hurry off and did not reappear
until the late afternoon.

Clinton and I found a slight effect
on the voltages required to excite the
tube, but we were much more interes-
ted in the effect produced on the
Maltese cross shadow by the magnet.
It was apparently most erratic, and
seemed to require great precision in
centring the magnet, and in getting
it accurately aligned with the axis of
the tube.

Continuing
words of Dr.

the account in the
Fleming’s letter to

Figt2.

The Electrician ()January 1, 1897) :—

‘ Mr. Morris and Mr. Clinton, who
were experimenting with it, finally
were led to try a coil traversed by
current, placed round the tube as
shown in Fig. 1, as a substitute for
the magnet.

‘“ The following
were then noticed. When the
coil embraced that part of the
vacuum tube between the metal
Cross and the end wall on
which the shadow is formed, and
when no current traversed the coil,
the shadow of the cross was a dead-

striking effects

black shadow on an apple-green
phosphorescent ground and was
strictly the shadow of the cross

defined by cathode rays as in Fig. 2.
When the embracing coil had a
current passed through it, the shadow
rotated clockwise or the reverse
according to the direction of the coil
current, and the arms of the shadow
were a little distorted or twisted
round so as to resemble Fig. 3, the
leading edge of the shadow being
rather sharper than the trailing
edge. Moreover, the shadow was
altogether smaller than in the
first case. As the current through
the coil was increased, the shadow
cross twisted itsell more round,
and got still smaller as in Fig. 4;
and finally as the coil current was
still more increased the cross shadow
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Fig. 3. Fig. 4.
was further rotated and diminished
until it vanished at this stage
the coil current was increased still
more, and a new and larger cross
shadow made its appearance. This
shadow was not.so well defined, and
the background less uniformly green;
but it too, as the coil current was still
more augniented, screwed itself round
very -slightly.  This second shadow
had its arms more sickle shaped than
the previous one. ol

It will be noticed that at the time
we performed the experiment, no
mention was made of ‘ focusing the
cathode rays,” but now this system is
extensively used in connexion with
all  kinds of cathode-ray tubes
to focus the beam sharply on the
screen.

His unfailing enthusiasm for scien-
tific research continued right up to
the end of a remarkably long
life, and indeed is expressed in an
almost pathetic way in his last letter
to the author, dated a few days before
his gsth birthday. A portion of this
is reproduced below.

That he laid the foundations for
electrical engineering in such men as
the late Sir Joseph Petavel, the Earl
of Mount Edgcumbe, the late Roger
T. Smith and |J. W. Meares, to name
only a few, is sterling tribute to the
quality of his work.
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NPROTECTED power trans-
l | formers and chokes with high

voltage windings are extremely
susceptible to breakdown after limited
periods of exposure to humid condi-
tions and tropical temperature
gradients,

Almost all of the breakdowns which
occur are attributable to the penetra-
tion of moisture into the windings,
although a limited number of failures
are caused by the corrosive effects of
chemicals used in protective impreg-
nating solutions and varnishes.

Moisture penetrating to the coil of
a transformer causes one or more of
the following sets of conditions to
arise :—

The paper used for interleaving is
attacked, and water-soluble salts start
electrolytic action on the enamelled
wire. The corrosion proceeds rapidly
until shorting across adjacent turns
occurs or the coil is short-circuited.
The use of varnished paper is only 4
partial solution since the varnish
cracks during the winding operations.
Impregnated paper gives better re-
sults but it has been found more
economical .and practical to aim at
sealing the coil after winding has
been completed.

The presence of moisture leads to
a serious drop in the insulation re-
sistance between windings and from
windings to the iron core. Open-
ended windings are particularly sus-

ceptible to failure due to breakdown,

through the wire covering to the
adjacent iron core.
The collection of moisture on

terminal strips increases the risk of
tracking and flashover which in
bumid air occurs between points with
a comparativély low potential dif-
ference between them.

Table 1 gives two sets of figures

for
formance of an
treated transformer, after both sam-
ples had been exposed to 95 per cent.
humidity at 25° to 40° C. for the

coniparison between the per-

untreated and a

periods stated. The treatment con-
sisted of impregnating the completely
assembled transformer with varnish,
and then applying a finishing coat of
a dip compound.

The varnish impregnation method
of protecting transformers has been in
use for some time, but there is now
sufficient evidence to show that only
a limited degree of protection can be
obtained by this method.

To prevent the ingress of moisture
the varnish must form a complete seal
around all absorbent surfaces and act
as a barrier against moisture percolat-
ing to the crevices between adjacent
turns of the inner winding. The
smallest pinhole will allow a breath-
ing action to take place, and exposed
fabric sleeving such as is often used
for lead out wires, being absorbent
acts as a wick and draws moisture
right inside the coil.

It will be recognised that it is
almost impossible to guarantee a pin-
hole-free coating, and since all var-
nishes tend to be brittle cracks can
easily develop as a result of vibration
and shock.

An overall coat of bitumen com-
pound applied after varnish impreg-
nation partly overcomes the above
disadvantages because the bitumen
provides a thicker and more durable
protective coat, but tests have shown

that on power transformers, fully
reliable protection can only be ob-
tained if the impregnating and

dipping is carried out and inspected
to laboratory standards.

One quite common cause of trouble
is corrosion set up by the solvents

used with the impregnating varnish.
When a coil is impregnated it is at
present necessary 1o use a varnish
which is made as free flowing as pos-
sible by use of a solvent. By drying
processes the solvent theoretically is
evaporated before the varnish coating
sets hard. In practice, however, it is

“extremely difficult to evaporate all

traces of solvent before the varnish
coating begins to set, and as harden-
ing commences on the outer surfaces
of the coil there is a grave risk of free
solvent being trapped right inside the
coil.  Certain solvents attack the
enamel in the wire and. after a few
months breakdown occurs. The de-
velopment of a solventless varnish
would solve this production problem
but apart from claims made with
respect to an American product,
known as Fosterite, no developments
of this nature have been given
publicity.

The practice of varnish impregna-
tion with a subsequent dip-coating of
bitumen is regarded as a satisfactory
method of sealing small transformers
such as inter-valve and microphone
types, but for ldrger power trans-
formers tests have shown that unless
the transformer is running continu-
ously and thus generates heat to drive
off moisture, the only reliable method
to adopt is to hermatically seal the

transformer in a metal can or
neoprene bag.
A hermetically sealed, metal-

enclosed transformer made by Applied
Electronics T.td. is illustrated in
Fig. 1.

The makers of this transformer took
a standard coil and lamination as-
sembly and placed it in the metal
can, subsequently filling the can with
bitumen compound under pressure.
The connexions are brought out
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through ceramic seals which are
soldered to the top plate of the
transformer.

A, transformer of this type will
stand up to the worst possible
conditions of humidity almost in
definitely.

Neoprene bag transformers are also
very satisfactory the general method
of construction being to enclose a
normal transformer assembly in the
bag which is filled with oil and then
sealed. The expansion of oil when
hot is greater than that of bitumen but
the flexibility of the neoprene bag
takes care of the increase in volume.

One important point to note in
connexion with totally enclosed trans-
formers is that the dissipation of heat
is more difficult. [t is as well, there-
fore, to consider designing on more
generous lines so as to keep the heat
generated down to a minimum. If
space is a limiting factor, high per-
meability iron cores should be used.

The temperature rise in a sealed
transformer when measured by the
standard resistance method should
not exceed 35%-40° C. The measure-
ment should be made after the trans-
former has been running for a few
hours,

Polythene and polyisobutylene mix-
tures have also been used experi-
mentally as moulding compounds for
totally enclosing small transformers.
The high shrinkage rate of polythene
however is a disadvantage in this
application because the bulk of mate-
rial is large, and shrinkage usually
manifests itself by a breakaway of the
polythene from tﬁe metal work of the
transformer assembly.

TABLE 1.

Electronic Engineering

Fig. |. An experimental
hermeticallysealed trans-
former adapted from an
existing mains transfor-
mer, filled with bitumen
compound under pres-
sure,

—Applied Electronics, Ltd.

Meters

Meters are not used very extensively
on normal domestic radio equipment
but are usually fitted on special pur-
pose and test apparatus. The
delicate nature of a meter mechanism
makes it very susceptible to deteriora-
tion and breakdown.

Meter failures are usually attribut-
able to one or more of the following
defects :

(a) Corrosion on the pivots, pole-
pieces, and pointer.

(b) Disintegration of the paint on
the scale plate. This paint flakes ofl
and causes a seizure on the moving
coil and pivot. (See Fig. 2.)
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(c) Defective sealing of the glass
window. Glass windows are also
affected on the outside by the growth
of fungus which etches the glass and
impairs  visibility. When fabric
sleeving is used to insulate internal
connexions fungus grows on this
sleeving and spreads over all the
meter mechanism.

The most effective wav to overcome
all these troubles is to hermetically
seal the whole mnovement in a metal
case, and the meter industry is already
engaged in developing prototype
sealed meters. Fig. 3 shows a meter
recently developed by Messrs. Elliott
Bros.

Tropical Test on Treated and Untreated Mains Transformers

(Insulation Resistance in Megohms measured at 500 V D.C. between each winding and all windings connected to core)

Primary H.T. Secondary L.T. Secondary | L.T. Secondary 2
Period of Exposure 200-250 volts 350-0-350 volts 6.3 volts 5 volts
- g Sample A Sample B Sample A Sample B | Sample A | Sample B Sample A Sample B
Before test 9,000 8,000 10,000 9,000 8,000 8,000 10,000 9,000
5 days ... ! 300 7,500 700 2,000 600 4,000 700 700
10 days | 200 5,000 — 500 200 500 150 350
15 days 500 350 500 350
20 days 200 250 150 10
40 days l 150 100 70 I
B Stne oyl o tropical condiioning — Fish test on Sl windings to cors at twice Fated varage -+ 1000 ¥ (50 crgles, AfC:e
ChecE tests = Normal operation for 5 hours every 50 hours. Sample A broke down on H.T. secondary after 6 days’ test.

Humidity and temperature cycle = 25° C. — 40° C. at 95 per cent. relative humidity (10 hou(;'s alt)25° C. —10 hours at 40° C. —2 hours each
rise and fall).
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Performance can be improved by
applying a more durable anti-corro-
sive finish to all parts of the mechan-
1sm paying particular attention to the
pointer, the pivots and the scale.

It is worth noting at this stage
that tests have shown that highly
polished steel surfaces are far less
susceptible to corrosion than surfaces
left rough, and the surfaces of pole-
pieces and magnets should be as
highly polished as possible.

Forscale painting and markiug, the
quality of the product used should be
such that it will adhere firmly to the
metal plate even after long exposure
to humid conditions.  Almost every
meter examined after extended damp
heat tests has to be rejected as unsuit-
able for tropical use because, quite
apart from any other faults which
have developed, the painted surface
of the scale peels oft.

When meter mechanisms are housed
in moulded cases a good deal of the
corrosion which occurs is caused by
ammonia released from the moulding
compound. Phenolic moulding mate-
rials of certain types give off free
ammonia whemn exposed to damp and

Electronic Engineering

Fig. 2}(left). 'A’standard commercial meter,
after; 6 weeks' tropical test. (Temperature
25°C.—40°C. continuous cycle. 95 per cent.
Relative humidity.) Note the almost com-
plete obliteration of the scale markings, and
disintegration of pointer. The rest of the
mechanismjon;this model is cadmium plated,
and has stood up well to the test. Meters
with a less satisfactory finish;corrode vary
badly.

Fig. 4 (right). A standard commercial lever
operated ‘‘on-off'" switch after 6 weeks’
tropical test. Note extensive corrosion of
spring, which eventually failed to operate.
The moulded housing also swelled due to
moisture absorption, and prevented the
switch arm from moving freely.

heated atmosphere and this ammonia
attacks ‘all brass parts of the
assembly.

Switches

Unless they are completely enclosed
or built on generous lines both toggle
and rotary switches are liable to give
trouble in the Tropics.

The contact clearances in toggle
switches for radio use are of neces-
sity very small, and unless precau-
tions are taken water will collect very
quickly between the contacts and
cause a short-circuit.

From the many types tested and
examined after being in use for a
few months the conclusion has been

. reached that totally enclosed types

are quite reliable even when they are
not hermetically sealed, and that the
useful life: of other types can be pro-
longed if care is taken to protect
the spring and operating mechanism
adequately from corrosion. More de-
tailed reference will be made to the
subject of anti-corrosive finishes for
metals under a separate heading.
The finishes adopted for toggle
switches, however, call for special
comment because so many switches are
rendered unserviceable by the failure
of the ¢ quick make and break”

Fig. 3.

Special glass.cased hermetically sealed meter for tropical use.
—Eliott Brothers, Ltd.
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mechanism to operate. Very often it
is impossible for the operator to be
sure that the switch is off or on by
referring to the position of the
operating lever or knob. The
operating mechanism of a standard
commercial switch not intended for
tropical use is shown in Fig. 4. This
was exposed to tropical conditions for
six weeks. After this period the switch
seized up completely and it will be
obvious from the photograph that it
could have been made suitable for
tropical conditions if the metal parts
had been more adequately protected.

Rotary switches as used for wave-
band changing give trouble when
moisture collects on the surface of the
insulation between contacts, and when
the insulation resistance of the wafer
material is lowered by the effect of
absorbed moisture. The cut edges of
inferior grades of laminated sheet
allow moisture to penetrate into the
material and switches made up with
such material are useless for tropical
use.  Quite apart from the loss of
electrical efficiency which occurs when
moisture is absorbed by inferior
laminates, mechanical distortion also
takes place which interferes with the
correct operation of the switch. Only
best quality sheet materials are suit-
able for tropical applications and for
high frequency applications, switches
with glazed ceramic wafers are prefer-
able.  The service life of all com-
ponents made with laminated sheet
material can be extended by the appli-
cation of Bakelite varnish on all cut
edges. The use of varnish is not
necessary if the correct tropical grade
of material is chosen.

The stop mechanism on rotary
switches if allowed to corrode will
render the switch inoperative for two
reasons. The mechanism is bound to
seize up and the corrosion will scale
off and settle in between moving and
fixed contacts causing ‘short-circuits
and wrong switching sequences. It
is therefore essential to ensure that all
metal parts are adequately protected.
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Space Charge and Electron Deflections in
Beam Tetrode Theory

I. Introduction

N this paper the name ‘“ beam
Itetrode ” is used to denote a mem-

ber of the class of valves known
variably as output tetrodes, heam
tetrodes, kinkless tetrodes or bheam
power valves.

As in the conventional pentode, the
object of beam tetrode design is to
prevent the passage of secondary
electrons from the anode to the
screen when the anode voltage is
below the screen voltage, and from
the screen to the anode when the
anode voltage is greater than
the screen voltage. In S.G. valves
with low anode voltages, although
the full number of primary electrons
mnay be incident on the anode, the

loss of secondary electrons from
it causes a marked reduction in
the net current registered in the

anode circuit—indeed the apparent
anode current may reverse in sign.
The effect gives rise to the well-
known ¢ dynatron” /., V. charac-
teristic, and as a result the anode
voltage cannot swing below the
screen voltage without distortion in
the output. In terms of power
efficiency this is not serious if the
screen voltage can be maintained at
a small ratio of the mean anode

* The Cosmos Manufacturing Co., Ltd.
MS. received Feb., 1944,

c

voltage, but then the wmean anode
curren{ will be small compared with
the anode current obtained by operat-
ing at a high screen voltage. It is
seen, therefore, that if the passage
of retrograde secondary electrons can
be avoided very marked advantages
will accrue. One way of suppressing

the effect would be to find some
conducting material for the anode
which did not emit secondary
electrons when bombarded by
pritnaries, but although the value
of vy, the ratio of secondaries
emitted per primary, is sometimes
small, it is theoretically a forlorn
hope' to expect Yy to be zero.
Practically, the situation is worse

than this because of the evaporation
of barium oxide and of bartum from
the cathode during the life of the
valve, so that any initial surface he-
comes changed in its secondary
emitting properties.

The pentode is characterised by the
introduction of another grid, he-
tween the screen and the anode; the
additional grid, known as the sup-

pressor, -is maintained at a Jlow
potential and is usually joined
directly to the cathode inside the
valve.

It is a straightforward solution of
the problem and has the additional
advantage of providing extra screen-
ing between the anode and control

By S. RODDA, B.Sc., F.Inst.P.*

grid which is- important for high-
frequency operation—although  the
‘““ duplex screen ’ of the old Mazda
AC/SG screened grid valve hadsthe
same virtue.

The difference between the S.G.
and the pentode or tetrode /., V.
characteristics can he seen from
Fig. 1. Due to the presence of the
low voltage suppressor grid in the
pentode, secondary electrons emitted
from the anode will have to overcome
a voltage drop AV bhefore they can
enter the suppressor grid to screen
space, and it is only the electrons
which are emitted with sutficiently
high velocities which can do this.
This action does not extend down to
zero anode voltage, since at some
critical anode voltage AV vanishes
and at lower anode voltages the field
between anode and screen directs
the secondary electrons back to the
screen  (Jonker). However, the
critical voltage is so low that the
dynatron kink is entirely removed.

In both tetrodes and pentodes the
lay, V. curves are characterised by
having a rising portion when the
anode voltage is increased from zero.
At some anode voltage, designated
the ¢ knee voltage,” the characteris-
tics flgtten out more or less abruptly.
In order to permit the anode voltages
to swing to low values it is desirable
that the knee voltage should be as
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low as possible. In this survey
relatively much attention is given to
the problem of the steeply rising
ipitial portion of the 7., V. charac-
teristic, because of its fundamental
physical interést, and in spite of the
fact that in normal operation this
domain must be excluded from the
working range. The anode voltage
in the course of its swing will reach
low voltages when the control grid
is most positive, and in this region
the deleterious effects of secondary
emission must be removed.

2. Methods of Suppression

In beam tetrodes also the annul-
ment of secondary emission -effects is
achieved by ensuring in the screen-
anode (S.A.) space a sufficient de-
pression in voltage AV below the
anode. There are two methods which
may be employed :—

1. Space charge suppression.

The presence of negative charges,
viz., the electrons projected into the
S.A. space, will reduce the potential
at any given point in the space.

2. Electrostatic field suppression.

In the parts of the S.A. space not
traversed by primary electrons the
potential reduction due to space
charge will be insufficient; or again,
if the density of negative charge in
the beam is too small it may become
necessary to supp‘lement the voltage
depression due to space charge with
the voltage depression due to addi-
tional electrodes maintained at a
voltage lower than the anode, e.g.,
by an earthed plate system.

We may look on the S.A. space as
forming an enclosure, which may
contain electrodes to which potentials
are applied. Electrons are projected
into the enclosure forming regions of
negative space charge density. In
principle, one can calculate the dis-
tribution thronghout the given enclo-
sure from a knowledge of

(1) The potentials of all parts of its
bhoundary surfaces and electrode sur-
faces' within the enclosure.

(2) The density of charge at all
points throughout the volume.

(3) The Green’s function for the
enclosure.

The relevant expression.for poten-
tial V» at any point P is

Vp =
oG

ffv(- ——)dS ¥ 4" f Gpdr (1)
on

where G, Green’s function, is the
potential at the volume element 47
if a positive charge 1/47 were located
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at P, with all boundary and electrode
surfaces at zero potential,
V is the potential applied at the

oG
—-~> is the
on

normal intensity at the surface due
to a charge 1/47 at P.

p is the actual space charge density
in the volume.

The first integral in this expression
gives the potential due to the elec-
trodes, the second integral gives the
potential due to space charge. Since
G is positive throughoug the enclo-
sure, and since p for electrons is
negative, there is some voltage de-
pression everywhere due fo space
charge; but if P is well outside the
beam, G will be small inside the
beam, and therefore the second term
will be small.

Fig. 2 shows various forms of
tetrodes which have been proposed.
The first tube (a) was described by
Harries in Pat. Spec. 385,968, and
later in the Wireless Engineer.* It
was a sliding anode tube which was
used to demonstrate how the desired
tetrode characteristics could be ob-
tained by changing the screen to
anode gap; with gaps greater than a
certain ‘‘critical distance’ secondary
emission suppression could - be ob-

surface clement, <

MAZDA

AC/SG.
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vs - 250V —
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Fig. | (a).
secondary emission loss if Ya <{ Vs.

la, Ya characteristics of 5.G. showing

Fig. | (b). Characteristics of tetrode. Pentode
usually has more rounded knee.
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tained. The Harries Hivac tetrode
is shown diagrammatically in Fig. zb
(Wireless World, 1935).°

Two forms of tetrode with earthed
side plates proposed by Shoenberg,
Bull, and the author® are shown in
Fig. 2c and 2f. It was recognised
that in a valve of normal construc-
tion, with grid and screen support
rods, it is impossible to avoid regions
where space charge is absent. These
regions are 1n line with the supports
and may be termed ‘‘shadow areas”;
as shown above, within the shadow
areas the depression of voltage due
to space charge in the beams is rela-
tively feeble, so that secondary
electrons emitted at oblique angles
from the anode are. not prevented
from traversing these areas and
arriving at the screen. By dividing
the anode into sectors as shown in
Fig. 2c, earthing the side sectors to
cathode and also inserting earthed
side plates near the screen supports,
a relatively low potential is obtained
in the shadow areas, sufficient to act
as a barrier to secondary electrons.**

If the field near the suppressor
grid wires of a pentode is determined
it will be found to be very non-
uniform. Now if a voltage depres-
sion AV is sufficient to inhibit the
passage of secondary electrons, is
there any advantage in having non-
uniform barriers? With regard to
the transport of secondary electrons
across the barrier, the answer must
be that a potential distribution going
down to zero voltage must be, if
anything, an advantage, but it is
offset by the fact that primary elec-
trons which are directed at the
suppressor grid wires must them-
selves be reflected back towards the
screen. It was realised therefore
that the tetrode construction would,
eliminate this effect. The direct cap-
ture of primary electrons by the
screen can be minimised by the cor-
rect alignment of screen and control
grid wires; - therefore in a tetrode
with aligned grids the screen to
anode current ratio can be reduced
to very low values indeed.¥

In Fig. 2d is shown a cylindrical
form of construction suggested by
Bull and Keyston.” In this valve a
‘“ supportless ”’ grid and screen con-
struction is employed; thus the
‘“ shadow areas '’ have been avoided,
and it is now no longer logically
necessary to itroduce earthed elec-
trodes into the screen to anode space.

Moreover, by using a cvlindrical
construction in which the ratio of
anode radius to screen radius is
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fairly large the field strength at the
anode becomes small—in the purely
electrostatic case the intensity at any
point between concentric cylinders
is inversely proportional to the radius.

Wing and Young, in the Proceed-
ings of the Institute of Radio
Engineers, Tan., 1941, have described
an interesting U.H.F. high voltage
beam tetrode in which an aligned
grid and screen structure of vertical
slats is utilised, without additional
electrostatic suppression.

Fig. ze shows a slatted anode struc-
ture which was an early suggestion
for suppressing secondary emission.
Even with the anode voltage well
below the screen voltage the field
within the partial enclosures formed
by the anode and its slats is very
small; also, a proportion of secon-
dary electrons will be intercepted by
the sides of the slats. On the other
hand, the field strength along the
inner edges of the slats is intense so
that secondary electrons will easily
Jeave the edges and reach the screen.

In Fig. 2g is shown an experi-
mental tube, suggested by the author,
in which the earthed electrode con-
sists of a cvlinder closely surround-
ing a gridlike anode. If the anode
is made positive each anode wire will
bear a positive charge, so that the
potential diminishes in all directions
from the wire. An emitted secondary
electron will therefore be attracted
back to the anode wire.

3. Concerning Secondary Emission

So far we have accepted the thesis
that if in the screen to anode space
a voltage depression is established
below the anode voltage, then a
fairly high fraction of the secondary
electrons will bhe returned to the
anode. This statement would cease
to be true, for example, if the
secondary electrons were projected
directly back towards the screen with
initial velocities as high on leaving
the anode as they possess on striking
it—or, in fact, if they have velocities
greater than that acquired by an
electron in falling through a poten-
tial AV volts. It has, however, long
been known that for small velocities
of bombardment a relatively large
number of ‘‘full velocity’”’ secondary
electrons are returned, so that the
primary electrons merely appear to
be ‘¢ reflected ”’ without loss of velo-
city at the target. (lenard, His-
torisches =zur  FElektronenreflexion )™

A method for determining the total
secondary emission ratio y is shown
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Fig. 3. Method of dete.rn?ining total secondary

emission.

in Fig. 3. A primary beam of narrow
divergence is projected at a target T,
maintained at a fixed voltage Vr
above the cathode potential. A higher
positive potential is applied to the
spherical collector, so that all the
secondary electrons are drawn away
and collected. If i 1s the current in

the collector and iy the cutrent

measured in the target circuit, then
25

Y = ——, since ir is the difference
i1+ 1x

between the incident primary current
and the emitted secondary current.
The experimental results for vy show
the following general features:—

1. The value of Y increases with
increasing target voltage, passes
through a maximum at voltages of
the order of hundreds, and at still
higher target voltages it gradually
diminishes.

2. For metals, the bombarding
voltage at which maximum secondary
emission is obtained is approximately
proportional to the square root of the
density of the metal.

3. Secondary electron emission is
greater for oblique angles of inci-
dence on the target. (Aollath, 1937,
see L. M. Myers, Electron Optics, p.
304.) These general results are
understandable if one supposes that
the faster primary electrons pene-
trate deeper into the target, so that
the secondary electrons they liberate
from atoms within the metal have a
smaller chance of leaving the surface
owing to collisions and scattering on
the way out. Obliquely ‘incident
electrons will not penetrate deeply,
but will liberate electrons from near
the surface.

4. The value of v is very suscep-
tible to surface conditions, e.g., ad-
sorbed gas, and for complex layers
it may reach high values, over 15
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For nickel anodes in valves Yma< is
of the order of 1.5—2, and Y a can be
represented approx. by 0.03V®’y up to
200 volts or so.

In addition to a knowledge of the
total secondary emission at a given
bombarding voltage Vr, a full des-
cription entails a determination of
the distribution-in-velocity and the
distribution-in-direction of the emitted
secondary electrons. A large spherical
collector does not discriminate in re-
gard to the angle of ejection; if,
therefore, its potential is negative
with respect to the target it will
collect all the secondary electrons
which have a sufficient velocity of
emission to overcome the potential

drop between the target and the
collector. With a plane electrode
arrangement, the resolved velocity

along the axis must he sufficiently
great. In a cylindrical system, with
the collector of smaller radius than
the target, it can -be shown that the
collector potential may have to
exceed the target potential by a con-
siderable degree hefore all the
secondary electrons are captured. In
this case by no means all of the fast
retrograde secondarigs will be trans-
ferred across the potential barrier
formed by a potential minimum, but
some will return to the anode because
of their oblique angles of emission.
(Fig. 4.)

4, The Potential Distribution in the Screen to
Anode Space in the Absence of Space Charge
If the enclosure forming the screen
to anode space is sufficiently long the
potential distribution simplifies to a

two-dimensional problem, obeying
T.aplace’s equation :—
o'V oV
+ — =0
o' ¥
Solutions appropriate to a given
electrode ‘arrangement, when the

electrode potentials are given, may he
determined in several ways:—

1. By calculation for various simple
electrode systems.

2. By step-by-step mathematical
methods.® *
3. By wusing a ‘‘rubber drum ”

method in which a rubber membrane
is stretched over a model of the
electrode system.”

4. By plotting with the electrolytic
trough @ B 1

As an example of (1) the potential
distribution in the cylindrical system



544

depicted in Fig. 2c_may be repre-
sented by an expansion.
0

V = bn
¢ + alogr + E art + —>cos "8

n
1
where the coefficients an, 5. are found
by Fourier analysis. They are such
that the boundary conditions around
the screen and the anode are satisfied.

By selecting only a few terms in
the expression, new equipotential’
shapes can be determined which will
give almost the same potential distri-
bution in the region occupied by the
beam.

It is possible to transform any
given electrode arrangements in a
two-dimensional system by using a
conformal transformation. Let x and
y be the Cartesian co-ordinates of a
point in the first system, and .Y, ¥ of
the second; then if in general

(X +i¥) = f(x + jy)

where j = V — 1

the point (., ¥) corresponds to the
given point (¥, ) and 1t can be shown
that the potential at (XX, ¥} will be
the same as at (¥, y) when the cor-
responding electrodes have the same
potentials. If the potential distribu-
tion in one system can be found, by
any means, the result can be trans-
ferred to get the potential distribution
in the new system.

S. The Potential Distribution due to Space

Charge

When electrons are projected
through a screen into the screen to
anode space the negative charges
produce a potential depression in the
space, but the problem of calculating
the potential distribution is difficult
except for the plane-parallel and
cylindrical electrode arrangements
with the earthed plates omitted. The
potential distribution for the plane-
parallel system was obtained by Gill
in 1925," and by Bricout™ in 1926,
who also treated the cylindrical case.
These results have been amplified by
various authors with special reference
to beam tetrode systems—for example,
by Plato, Kleen and Rothe, and by
Salzberg and Haeff."-* The simplest
system to consider is the plane-
parallel arrangement with a ‘“beam”’
of infinite lateral extent so that there
are no edge effects. Let the screen
plane be maintained at an effective
potential Vi, the anode at a potential
Vi, with the gap x. cm. (Fig. 3).

Assume that electrons are normally
projected  with  uniform velocity
through the screen plane into the
screen to anode space.
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The derivation of the potential
distribution depends on Poisson’s
equation

A2V
- AP i ggels e (1)

dx*
p is evaluated from the condition
that the current density /a = 1up,

where # ‘= the velocity of an electron
at the plane where the potential is V.

2
~Now u = \/ —F if V is the poten-
m
tial above- cathode (ESU).
&V a7la
Hence — = ——— ... (2)
dx 2¢
—V
n
This equation can be integrated,
and the conditions imposed that
dV|dx = zero at some potential mini-
mum V.

Suppose that the origin is taken at
the potential minimum position, then
the solution can he written

5
Jati— = (2 + 22.)(v — wa)'® ... (3)
%o
vV Vu
where » = \/—, Vi = a|—
Vi v,
/a
and /g = —
I

/p is equal to the current density
which flows in a plane-parallel diode
of gap equal to the screen to anode
gap, with its anode potential equal
to the tetrode screen voltage. l.et
the potential minimum to screen
distance be 1, and the potential mini-
mum to anode distance ..

Xie
Then [a'* —=(14+22u)(1 —va)""* (4)
a
7
/4 —= (2220w —v0)' " (5)
¥

so that on summation, since x,+ .=,

/.‘II'.' = (l A 27],..)(1 A 7jm)ll'.'
+ (22 + 2va)(1: — va)'* (0)

It may happen, however, that the
apparent position of the potential
minimum lies beyond the anode—this
applies when the current density is
too low to give a rcal potential
minimum between the screen and
anode.

In this case . k) ¥y

sothat /4'* = (1 + 2va)(1 — zm)"/?
—(v: + 2va)(7: — wa)'? (7)



June, 1945

The justification for writing /, in
terms of /n» as the unit of current
density appears in the relative sim-
plicity of Equation (6). This unit /p.
which might be called ¢ the diode
unit,”’ is in practical measurements
cqual to

0.234V.*"®

mA /cm.?
Za?
when V, is expressed in volts and *.
in mm. It is important to understand
that in practice /4 will be given, so
that the valve designer has to adjust
/v to get the appropriate value of / |

Finally, if V. is ascertained trom
Equation (6) we can go back to
Fquation (3) and solve for v e‘(pll-
citlv in terms of ¥. The solution is:

/.\xzz JA'Y/Z
'+ ot M
b 205 x.’

the

P =

where 2° is the distance from
potential minimum.

In Fig. 6 are shown the values of
I7.,/V. plotted against /. for various
values of V:fV..

Several remarkable conclusions can
he drawn from these curves: —

(1) For a given current density
there are in certain ranges two possi-
ble values of Vn, and so two possible
potential distributions, which will
allow that current density to be
carried in the screen to anode space,
e.g., if /o = 6.5 units, the valve can
be either 0.5 or 0.1 (in both cases the
full current density is transported
across the space, so that the two cases
cannot be distinguished by readings
of anode current). It must be borne
in mind that the solutions are steady-
state solutions. The conditions for
switching from one Vn, to another
must be examined under transient
conditions, in which the instantaneous
total current is no longer equal to
the electron convection current, but
includes the time dependent displace-
ment current.

(2) For given values of V., V: there
is a maximum value of current
density which can be transported
across the space.

This value is got by differentiating
Equation (8) with respect to Va. The
possible / is a maximum when

k23
»w = —— and is equal to (1 + 22)°
1 4+
units. .
This raises the question as to what

occurs when this maximum current

P
a2, &
4x."
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density is exceeded, as although there
is this limitation on the current which
can be transported, there is clearly no
restriction on the current which can be
projected into the screen to anode
space.

(3) In order to ensure the existence
of a potential minimum over the
whole range of anode voltage it is

necessary that /, should exceed :
diode units. The actual value of /a
which  just forms a  potential
minimum is easily found. At low
current densities there will be
no potential minimum, but the

potential will continuously rise from
the anode to the screen; then as the
current density is increased a poten-
tial minimum will appear just at the

/a

anode plane, and will just equal the
anode voltage. The corresponding
value of /, is obtained by putting
Ve = V. in Equation (8).

Tn Fig. 7 are shown the values of
Vu/V: plotted against V,/V, for
several constant values of /a. For
comparison purposes a straight line
of unit slope 1is drawn passing
through the origin-=its ordinate gives
the value V./V,, so that the difference
of any curve from this straight line
is a measure of the voltage depres-
sion. For /i = 5.2 the depression is
large in value, but the curve does

rot extend below V,/V, = 0.6, For
, = 2.0 the depression vanishes
when V:/V, =o0.25. For Ja= 15

(shown in short chain line) there is
a slight depression at low values of
V.; over the range V./V, = 0.1 to o.5
there is no potential minimum at all,
while above o.5 there is voltage de-
pression again.

The long chain line also shown
indicates the typical effect produced
by earthed side plates, in the absence
of space charge. Below some critical
anode voltage, lower than the screen
voltage, there is no potential mini-
mui; above the critical anode
voltage the potential depression be-
comes increasingly large, so that
when V., = V, electrostatic suppres-
sion is the important factor, i.e., in
the region where the secondary
emission loss in the S.G. valve is
most severe. At low anode voltages,

Wl 35 -
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space charge depression is the more
important factor. It should be em-
phasised that Gill’s equations tell us
nothing about the shape of the rising
portion of the /., V. characteristic—
the theory applies to the full trans-
port conditions, and can only indicate
the lowest value of F, at which full
transport is possible; a value which
we can tentatively assume might be

the ¢ knee voltage’ 1. If this is
so it can be shown that
W= []7" = W arcire (9)
Vi
where MW« is the ratio -
v,
(To be contmuea’)
J;A""E B /Ax
(7)m3 + Vm... (8)
%.* 4x.? .
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Circuit
Diagrams

By
L. H. BAINBRIDGE-BELL

The of
modern circuits makes their oper-

increasing complexity

ational
difficult to follow.

diagrams correspondingly

In this article the author suggests
some rules for laying out diagrams
to show as clearly as possible the

the operation of the circuit.

HE circuit diagrams, which ac-
T company the textual descriptions
in technical handbooks on radio
apparatus,
if they are

need careful preparation
to present a correct visual
impression of the working of a cir-
cuit. The importance of this need is
realised in some American organisa-
tions, where a ‘* Delineator ’ plans
and appends his signature to the
diagrams.

The following notes, intended as
guides to the delineator, are the result
of considerable experience of the
planning of circuit diagrams,

The object of a circuit diagram is
the explanation of the operation of
the circuit. Attempts to make the
diagram fulfil the additional réle of
a wiring diagram, or of a diagram
showing the relative positions of com-
ponents, usually result in obscuring
the electrical operation of the circuit.

This principle has been followed
for many years by telephone engi-
neers who do not - attempt to draw
contacts near to the relays which
operate them, but use, instead, the
system known as the ‘‘ detached con-
tact >’ system, in which the contacts
are put near to the circuits which
they open or close.
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If a knowledge of the physical
position. of a component will help the
understanding of the circuit, the
delineator of the circuit diagram is
faced with two alternatives. He
might either place the component in
its proper functional position, and
add a note explaining its physical
position, or he might place the com-
ponent in its physical position and
draw (possibly) long leads from the
component to_the proper part of the
circuit. 7'he first alternative is alway;
to be preferred.

Connexions

The next principle concerns the ar-
rangement of connecting wires in the
diagram.

The underlying idea is that the eye
follows smooth curves easily and that
the direction of flow of effects can
be suggested by imagining that the
wires are roads along which fast-
moving vehicles are intended to
travel in one direction as easily as
possible. The planner of roads will
avoid sharp corners and bends, he
will make an easterly road fork to the
north by joining the north to the east
road by a curve, he will make a road
between two places follow as tar as
possible the direct route. Conversely,

b

With acknowledgments to the Pye Radio Advert'isemenl
smooth runs of lines which are notf
the path of ‘* cause ”’ to ““ effect ’’ are
misleading.

The delineator of diagrams should
try to follow similar methods. Exam-
ples will be given later.

If the delineator confines himself to
the use of straight lines (possibly
radiused at the corners and bends),
the following examples will show
what the writer means by his refer-
ence to the voad planner.

1. A common path dividing into
two or more should be shown:—

thus —o—<— and not
__E o1 =i s o
.

2. A common current feed should
be shown :—

i ' Iandnot I |

Ai A
If the diagram is complicated, the
““reader ” who wants to find the
direction of the source from which
A is fed is guided to the left by the
preferred driawing.
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The use of curved lines must be
treated with judgment, but if the rule
is observed that no two ‘‘ incidents
must occur at the same place (for
example, there must not be a sudden
change of direction in one wire at
the point where two wires cross) it is
surprising how easy it is to follow
by eye the run of a smoothly curved
wire among a number of intersecting
wires,

The qualification ‘‘ by eye '’ in the
above sentence needs some explana-
tion and introduces the next important
principle.

1

A diagram should be drawn so that the run
of every connexion can be followed by a
reader whose hands are tied behind his back.

In other words, it should not be
necessary to trace leads with pencil or
finger.

The following suggestions are
made with this object in view:—

1. The equal spacing of more
than four wires (so ‘‘ admired ' by
some draughtsmen) should be avoided.
The wires should be broken up into
groups which are functionally re-
lated; the wider space on each side
of the group should be preserved
along the whole run of the group :—

—l——l premm—

1l

2. The use of coding marks should
be encouraged. These enable dif-
terent ‘‘services’’ to be distinguished,
and can well consist of various
** arrow '’ shdpes, which can perform
a second function: the indication of
the direction of the flow of the
‘“ cause "’ to the * eftect.”

For instance, if two channels are to
be distinguished, they can be shown

e

and
P

3. It will be found that the use of
curved lines, as described in the pre-
vious section, will be of considerable
assistance.

Conventions of Direction

The reading of circuit diagrams is
facilitated by the adherence to certain
logical conventions which can be
classed as conventions of direction.

I. Left-to-Right Conventions

The main flow from cause to effect
should be from left to right. This
does not necessarily mean the conven-
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tional current flow, or the increas-
ingly used electron flow. In doubtful
cases the ambiguity can be resolved
bv considering what would happen if
a connexion is broken, and the ques-
tion is asked ‘‘ does the apparatus to
the right or left of the break cease to
function ?”” If the answer 1s ‘* to the
right,” all is well.

In certain cases where there is a
flow in two directions (e.g., a multi-

vibrator) the convention must be
broken. This involves a subsidiary
convention.

1(a). ‘““If the above convention

cannot be adhered to, arrows must be
used to indicate the direction—cawuse
to effect.’”” NoTB.—That the main
flow is referred to; it will usually be
sufficient to adhere to this convention
as regards the more difficult functions
ot a circuit.

(For example, the -synchronising
em.f. to a multivibrator would come
from the left, but the H.T. from the
power-pack might well come from the
right without confusing the diagram.)

2. Up-and-Down Conventions

In dealing with circuits carrying
D.C. the more positive potential
should be indicated by going ‘“up”
the paper, and wice versa.

For example: A conventional
cathode-ray oscilloscope with ampli-
fier would be drawn with the anodes
of the amplifying valves above the

. earth line, and the filament of the

C.R. tube (at, say,
below the earth line.
2(a). As an appendage to this con-

2,000 volts)

. vention, components in which there is

no distinctly high-potential terminal
should be drawn with their terminals
in a horizontal line.

Conventions for Indicating that Wires
do or do not make Contact at
Crossings.

From time to time much discussion
has taken place with regard to the
method to be employed for distin-
guishing between the facts that wires
(shown as crossing on circuit dia-
grams) make contact or do not make
contact. The use of the * bridge,”

- |
[

to show that leads do not make con-
tact at a crossing, is subject to a
sharp différence - of opinion. Some
circuits make use of a straight cross-
ing for ‘‘ non-contact’ and a dot at
the crossing for ‘‘ contact.”” Others
use a bridge for ‘‘ non-contact ’’ and
show *‘ contact '’ either by a straight
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crossing or, more usually, by a dot.

The sight of a bridge for ‘‘ non-
contact ’ may make the reader think
that the straight crossing of the first
method is a ‘ contact,’”” and the op-
posite  significance . of the two
‘“ straight '’ conventions may cause
confusion.

If one or other convention were
universally used, no confusion would
occur. Failing this, an organisation
could ensure that all its recruits were
drilled in the use of the method used
by that body. Owing to the wide
variety of sources of information on
radio and thermionic circuits, and to
the variety of educational experiences
of those who have to use circuit
diagrams, no single convention can
be imposed. It should therefore be
the aim of the designer of circuit dia-
grams who realises these facts to see
that the conventions used by him do
not confuse the readers who aie
accustomed to either of the convén-
tions. .

The writer here submits his solu-
tion, together with the reasons for his
decision.

‘* Non-Contact "

(1) In circuits showing a number of
groups crossing which have a similar
function (e.g., a lead crossing ten
leads coming from a multipoint
switch) no confusion can arise if the
‘“ straight ’’ convention is used. This
situation often arises in telephone cir-
cuit diagrams.

An example is appended. Here
it is clear that no one could think that
the A leads shorted all the B leads.
It is fortunate that confusion cannot
occur, as this diagram would be very
difficult to follow if bridges were
used.

G 2

-
A

(2) In circuits showing a number of
isolated crossings of leads with diff-
erent functions (as in a radio receiver)
the ¢ bridge " is used.

In this case there is nothing to
suggest that ‘‘ contact ’’ is unlikely;
attention is drawn, therefore, to the
‘‘ non-contact ”’ condition by using a
bridge.

‘ Contact "’

(3) With the above conventions 1n
use, it might be thought that a dot
on the crossing would be satisfactory:
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the writer suggests that there is nv
need to draw two leads which make
contact in the form of straight lines
crossing at an angle (right angle or
otherwise).

An examination of circuit dia-
grams showing ‘‘ contact’ crossings
will show that these are rare, and
that they are, in most cases,
accidental. An example will show
what is meant by this expression.

l
AAAA
\AAd

1

¥ Sl

R is the grid leak of a valve. C is
connected to earth. Due to con-
venience in drawing or to a mistaken
idea of economy in ¢ dots,”” C and R
are taken to the same pointl in the
earth lead and so produce a ‘‘contact”
crossing. If the circuit is re-drawn

e
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as in the right-hand sketch, the
‘¢ contact '’ crossing has disappeared.

In the left-hand sketch the. ‘‘ con-
tact’”  crossing has two disad-
vantages : —

(2) It might be a carelessly drawn
or badly printed ‘' non-contact’’
cross which had become blurred at
the crossing.

(b) 1t can give a misleading wisual
impression that R and C are func-
tionally connected, i.e., that R is con-
nected to C for some particular

reason.
rL
X
T
=
Suggestions tor avéiding straight-
fine *“.contact crossings.”
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The push-pull cathodes form .
‘“ staggered '’ cross-road junction.

The separation of the points x x
is sometimes nnpossible, as it may be
necessary to emphasise that two leads
are connected to the same point in
the earth lead.

The sketch shows the recommenda-
tion. The diversion should be quite
marked in order to avoid confusion
with a bridge.

Finally, in view of the perpetual
controversy  which  the  subject
arouses, it is interesting to note the
result of a census recently carried out
by the author on British and
American periodicals and text-books.

Half the number of periodicals
examined used the ¢ bridge’’ in cir-
cuit diagrams, and in the books
the proportion of ‘‘bridges’ to
‘““straights ’’ was as high as 4 to 1.

 e-
e

=49

Note: Components marked A
are grouped.

Vi

> O>

—s
| ~ -~
A
Ik
_ x<—1%8
3

3

A circuit diagram drawn in. a conventional way, and according to the author's recommendations
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Dor’t mention it!

WHY say ‘‘polyvinyl chloride” when
all you need say is “BX P.V.C.”’? That is,
if you are needing a plastic material for
cable and wire covering and conduit
tubing made to Specification G.D.E.S.
No. 18 1944.*

BX P.V.C. has many advantages. It
is tough and non-inflammable ; resistant
to chemical attack and corrosion. It can
be supplied in black or colours for various
needs as an extrusion compound and in
calendered flexible sheets or rolls up to
36 inches in width.

wE will gladly tell you more about
BX P.V.C. and discuss its unlimited post-
war possibilities, which will extend in
every direction as Controls are relaxed.
Why not make an appointment for one
of our technical experts to meet you at
our Exhibition Rooms, 6 Hanover
Square, London, W.1. Just telephone
Larkswood 4491.

* This material can only be_ obtained on allocation from
Plastics Control,

LARKSWOOD WORKS, LONDON, E.4.
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Principal Graphical Symbols adopted as Standard by

AERIAL \i/ | circuITs | | rame
===l EART
- Conductor - = = [lluminating :®
: Conductors
— Transmitting \f/ crossing —l—— FUSE -O><0-—| —Indicating ®
— Receiving \Y —Alternative -—>— Calvanometer ® L'SNES - —a—
— Screen
~ Transceiving \*/ — Tappings —L—T— GE';?ATOR —@— ~ Alternative| =====:
~ Dipole | — Common L
meeting >l/ —(:)— — Multi-core | =——
Vertical I point of "o R B T
— Dipole ey
Jumper | HEADPHONE i
Horizontal —"—_ k . o S—ﬂ' Ak Open|—o \-—
— Frame o ‘ ) LOUDSE R
Q s, Urlgox — Alternative —[}5- = Genera;u(q m
o [-;-a/me ; <I> — Boundary |=—-—-— INSULATION’ @) |— Condenser :Eﬂ
alance !
BARRETTER |G| CONDENSER| mhe | INDUCTANCE| Ay |~ (aoving <ol
) T (Ener gised
= Pied Field)
Battery —||----l|— —  Variable # — Iron cored | (Y | _ Mo eoil :BI:]
Bell = |- T lji. ~Dust cored| OU0 L pjcrogiectrid Eﬂ
— Variometer
253+ Mg : METER
Buzzer R_ Differential #.l‘. W'?./’tal%%'t?; O
: riate r
t 3 g)serted: Y
— detailed Eﬂ — Preset # Interruptor G}Y Voitmeter v
Ammeter A
I_J__'.'. , | Ohmmeter n
CELL —-II-—— — Electrolytic _'__ JACK q VESE &requency ;
> avemeter
0.C.— AC~
G gk R A Motor —
Counterpmse,/_/7 = Crystal _,?_ = Morse ?l\’ Generator @g

Important Note : These symbols have been extracted from the Handbook of Inter-Services
those already in use by the Service and from the B.S.S., 530 (1937) to meet the needs of present
Symbols, the Glossary of which is at present undergoing revision. These symbols are published
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the Services for use in Telecommunication Circuits

]
MICROPHONE RELAY —Electro - :EI
Ceneral |—OF CoILS dynamic | —2] — Beam
= B T heriRS— U Tetrode
— Carbon "@" releasing '::—_—. couple
Indirectly
' Qa = Slow- EI;IZ heated — Rectifier
— Condenser :
CReRiRg Directly heat'ﬂ—‘Q‘- - full wave
T
— Electro- - With two THERMIONIC
dymame | Hemh— windings E:I:] TUBES
— Crystal .@_ RESISTOR AW} — Diode hﬁ:\&- gas-
Micro- . Photo-elec-
telephone IFU — Variable WA : — Triode tric cell
PICKUP SCREEN oA Cathode-ray
— General _O— ; g S tube
' i ~ Triode P
— Electro- SOC - ; 1
magnetic —@— KEY @ ,’,’:’tre%dg y
=1 metal coa
— Crystal —@-— — Screened {\ ; R IISFGRMERg g
PLUGC —— SWITCH _.)'._ — Tetrode . i
o— — with dust n
Standard % o core !::
3-point — Alternative o—no ]
—e—™—| — Pentode ‘
— Multi-pin @ < Doable< C — Auto- |- QQA *
see Socket pole —
Q
Press button Q Non -linear
Press to makel —02? =WetSr Ype o % ‘ element ;
Rear view — Heptode :
Press to break —o"; TELEPHONE O Variable-mu Eldmant S0 .
ECEIVER asymmetrical
R conductivity: (Rectifier),
RECORDER | —{— | — Condenser| —[& Sliding T
- Double- contact
diode
Relay _o/t —Thermal :E Pentode Q’ Ganging /Z‘— —/

Standard Graphical Symbols, by permission of the Symbols Committee, They have been selected from
requirements. It should be pointed out that they do not necessarily agree with the British Standard
for the convenience of Service readers who require them in a convenient form for reference.
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The standard Spire nut is only
one form, and the most elementary

form at that, of fixing by the Spire

method. There are already over 300
special Spire designs, each of which

" ”n
made to measure,’’ for some

has been
particular job. In most of them no
separate nut or washer is needed. The
Spire fixing is part of the component
itself. It is pretty safe to say that Spire
can simplify moast assembly jobs. Send
us along any ordinary assembly-parts or
drawings. We'll see if we can't cut out
some of the bits and pieces and reduce
the operational time by designing a
Spire assembly. No charge for this. If
it works we’ll get your order If it
doesn't we'll tell you so and there’s

no harm done.

% TR IEER VD U AP STV TN SR VT YT 520 I STV AT CHR € PN STV TP £ TR PR 20 I T8 P

THAT'S Fixed THAT! NP |506.
Aircraft manufacturers and coachwork builders
employing stressed skin construction are saving
time and money and material by the use of this
simple Spire fixing. It
serves to hold the tack
bolts in position until
riveting ofskin sections
has been completed. It
1s quicker to use than
theusualsquare pressed
nut and is easily remov-
edforfurther use when

i its ‘holding job " is done.
p m % A BETTER way of fixing

Simmonds Aerocessories Limited - Great West Road « London - A Company of the Simmonds Group
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Finished unit.
View of chassis.

Fig. 4 (above).
Fig. 3 (right).

S TS s —_

T ¢
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industrial  electronic  apparatus

there is and has always been a
demand for a relay operated by a
small signal such as that from a
photo-cell or other source of small
power capacity; up to the present
time this demand has been partially
satisfied by the numerous thermionic
amplifiers which have been placed on
the market, both in this country and
the United States.  However, there
exists a prejudice against electronics
which has gained support from the
fact that while it is relatively easy
tuo cohjure up an electronic device to
perform almost any intricate function,
ig 1s not easy to design the device so
that it can be relied upon to operate
satisfactorily, through long periods of
unattended service. The majority of
these electronic controls have had one
fundamental eakness which has
helped to foster the idea that elec-
tronic apparatus requires the constant
attention of a skilled engineer if it is
to give satisfaction; this weak link is
the hot cathode tube which is used in
these controls.

In every case where a hot cathode
tube is used it is necessary to make
allowance for one or both of the
following factors :

¢ Ferrantt, Ltd.. Hollinwood.

IN the rapidly developing field of
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‘a) The cathode must be maintained

at or near normal operating
temperature at all times.

fb) There is a delay period when

the tube is first switched on;
this is necessary to allow the
cathode to reach normal tem-
perature.

In the majority of relay apphcations
the active time is only a small fraction
of the passive ‘‘alert’ period, yet
the cathode has to be continuously
heated in order to be ready for anv
impulse which may arrive; conse-
quently the valves are deteriorating
even though they are inactive; and
to reduce the possibility of failure a
routine replacement programme has
to be employed. Despite the rela
tively long life of modern valves it is
not uncommon for failure to occui
after only short periods, although the
average life may be of the order of
3,000 hours; this failure is usually due
to fracture of the filament or heater.
The question of starting delay is not
usually serious, but there are a few
instances where it is necessary to
arrange delayed switching so that a
machine cannot be put into operation
before its associated control unit is
operative.

It will be evident that there exists
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a large market for a device which is
inherently free from these defects.
The first and obvious step towards a
solution is to find a substitute for the
hot cathode tube without introducing
other faults. For several years a
number of trigger relays with cold
cathodes have been available. In
these tubes the emission is obtained by
the use of an ionised discharge in an
inert gas and a low work function
surface on the cathode. It is not
possible to substitute a cold cathode
directly for a hot cathode tube since
there are several vital differences in
the characteristics. The two main
factors to be taken into consideration
are that the cold cathode tube has
only a small difference in breakdown
value for positive and negative volt-
ages, and that while the grid can
initiate current flow between anode
and cathode it is normally unable to
control the discharge when once it has
started, unless the circuit is so de-
signed that the anode voltage is
momentarily reduced to zero or driven
to negative values. A simple and
reliable circuit has been developed
which allows the grid to start and
stop the current, this circuit is based
on the well tried time-base generator
used in cathode ray sweep circuits.
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It is well known that a condenser
connected ' across the anode and
cathode of a gas-filled tube may be
used as the basis of an oscillator,
the frequency of oscillation being
controlled by the capacity of the
condenser and the value of the series
resiStance in the charging circuit; if
the gas-filled tube is a triode it is
possible to start and stop the oscilla-
tion at will by variation of the grid
voltage; and by interposing a suit-
able electro-magnetic relay in the
anode circuit the change in grid volt-
age may be converted into a switching
sequence. Fig. 1 shows this basic
circuit which forms the foundation for
the control units to be described later.
It will be obvious that when used as a
control the frequency of oscillation
must be selected so that it is not so
low that the relay contacts chatter,
nor so high that the grid loses con-
trol; for most purposes a range of
from 10 to 5o c/s. has been found
suitable, the value being determined
mainly by the telephone relay charac-
teristics.

The cold cathode triode is essenti-
ally different from high vacuum hot
cathode tubes in that the grid voltage
required for triggering is positive and
usually not very much less than the
anode voltage; this means that if the
grid is connected to a tapping on a
potentiometer across the anode supply
the tube can be triggered by variation
of this tapping point, this variation

being achieved by mechanical or
electrical means. It will now be
apparent that by combining the

oscillator-relay circuit with a suitable
impulsing means we have a new type
of control with many uses; to illus-
trate this, two typical control units
will be described. :
The class of control in most com-
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+
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fL iy &
Fig. 1
mon demand and for which this

circuit was expressly developed is
that in which a ray of light is used to
provide the trigger pulse which
operates some device; this may be
only a counter or may be a motor per-
forming some operation; in fact, any
one of the many and varied photo-
electrically  operated equipments.
Fig. 2 is a circuit diagram of a
cold cathode unit' designed for this
class of service. The light beam,
which is furnished by a small car
type lamp, is focused on to the photo-
cell V; and as a result the potential of
the grid of the cold cathode tube V, is
maintained at a low positive value
determined by the resistance of V:
relative to (#: + R.); this voltage is
below that required to trigger V..
When the light beam is interrupted
the photo-cell resistance increases
with the result that the grid voltage
rises until the triggering potential is
exceeded; V, then commences to
oscillate and the relay contacts close.
These contacts are arranged to do two
things; first, one set of contacts re-
moves part of the photo-cell load
resistance K., this is equivalent to a
locking action and prevents false
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operation of the relay when the beam
is interrupted by slowly moving ob-
jects.  Second, the other pair of
contacts are connected to the switch
S in order that the unit may be used
as a self-contained counter or may
control external equipment. In one
position of the switch, operation of the
relay discharges the condenser C;
through an electro-magnetic counter;
in the other position the relay may
control any external device, -as, for
instance, the trip coil of a motor
starter. In order to make the unit
independent of Mot cathode tubes the
H.T. supply is derived from a metal
rectifier V,, there are thus no com-
ponents which suffer serious deteriora-
tion during stand-by periods.

Using standard telephone type
relays and counters this circuit will
easily record up to 15,000 pulses an
hour and yet it is equally capable of
operating at intervals of days or weeks
depending on the duty which it is
performing. The life of the unit is
determined by the point at which the
cathode of V, has become so denuded
of active material that the tube
refuses to trigger. A minute amount
of material is removed from the
cathode at each flash, the amount is
proportional to the current in the
discharge and its duration. The rated
life of the cold cathode tube used in
this equipment is 300 mA /hours, and
by designing the circuit so that the
current and time of each flash are re-
duced to minimum values, the life of
‘the tube can be reckoned in hundreds
of thousands of flashes; hence it will
be seen that for all practical purposes
the unit has unlimited life.

The overall size of the complete unit
in cabinet is only 10 in. x4 in. x 4 in.,
which includes the counter; Fig. 3
shows the chassis removed from the
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cabinet, while the
finished unit.

Although the unit was primarily
intended for photo-cell operation other
types of input circuit may be used to
suit the needs of the particular con-
trolling function required. For some
purposes it is necessary to have
a record of the number of times
that the load in a circuit ex-
ceeds a predetermined value; it
is possible by a slight modifica-
tion to the control unit of Fig. 2
to arrange for this; the altered circuit
is shown in Fig. 5. In order to oper-
ate the unit it is necessary to convert
the load cuitent changes into voltage
differences; this is conveniently
arranged by inserting a small resist-
ance in one of the supply leads and
connecting a small transformer and
metal rectifier as shown. The voltage
output of the rectifier is proportional
to the current in the lead and to the
value of Ry, hence by adjusting R it
is possible to arrange for any specified
current to trigger the cold cathode
tube. Thus if a number of units are
connected to the driving motors of
machines (e.g., power presses) in
which the load varies between idling
and working strokes, it is possible to
obtain a record of the actual working
operations of each machine in a
central record office.  This record
shows the number of working strokes,
the number of idle stiokes and the
time when shut down,

This circuit can be used in most
applications where there is necessity
to record or control a variable quan-
tity from which a voltage pulse may
be derived; naturally it is of greatest
use in remote unattended operation
where maintenance would be difficult
or expensive. To the two uses
described there may be added the
following short list to illustrate the
versatility of the circuit:—
Automatic door opener.
Automatic speed indicator.
Automatic weighing.

Maximum safe load indicator for

cranes, etc.

(5) Safety fence and burglar alarm
applications.

(6) Water level remote indicator.

(7) Radio frequency pulse remotely
operated devices.

(8)

(9)

I'ig. 4 shows

Factory chimney smoke control.
Pinhole indicator in strip pro-
duction.
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A Note on'Audiometry

By C. J, GOLLEDGE, F.R.E.S.*
\

depends upon more than one

hearing test. - The advent of
the electric audiometer is not in'itself
an argument for discontinuing the use
of the tuning-fork tests; rather must
it be regarded as a supplementary
test and as a time-saver. JAudiometric
tests aim to determine Bow much the
listener can hear, not how well the
examiner can run the instrument nor
how quickly he can record results.
The manufacturer is not an otologist
and he need not understand the clini-
cal interpretation of the results; but
the more he is aware of the great
variations which may be secured in
audiometric tests, the more critical he
will be and the more valuable his

A CCURATE diagnosis in otology

services. One of the principle uses
of the audiometer is to determine
whether the acuity of hearing is

changing and to do this it must be
possible to know how accurate are the

results in repeated tests when no real’

change has occurred. The develop-
ment of the audiometer -has made
possible the very important standard-
1sation of records, the lack of which is
a great disadvantage of the tuning-
fork tests.

The wusual instrument enabling
measurements to be made both on
normal subjects and on persons suffer-
ing from any degree of deafness short
of complete loss of hearing comprises
a tone source of continuously variable
pitch, the output from which is fed to a
high-fidelity head-telephone ear-piece
through an adjustable attenuator.
The apparatus is primari]y intended
for measurements by air conduction,
but arrangements are made for meas-
urements by bone conduction methods
to be made over a more limited range
of pitch and intensity. The tone
frequency range used is from 100 c/s.
to 10,000 cfs. Such an instrument is
made by Marconi Instruments, Ltd.
(TF 4444). v

There has recently been published
a bookt which embodies the experi-
ence of twenty-five years of research
and teaching in psychology and
physics, and in otolaryngology, which
though of special value to the
otologist should interest the instru-
ment manufacturer.  The first three
chapters deal with the tuning-fork

* Marconi Tnstruments, Ltd.

t Clinical Audiometry. By C. C. Bunch. (St.
Louis, C. V. Moshy Co.; London, Henry Kimpton,
1943.) 21s.

test, the modern audiometer, and the
technique of the audiometric tests.
The sound-proof room and its con-
struction and use, conductive-type
deafness, and perceptive-type deaf-
ness aré each accorded a chapter, and
Chapter VII deals with the use of the
audiometer in selecting a hearing aid.
‘Then follows discussion of the use of
the residual hearing, with case-audio-
grams. The final chapter is an his-
torical account of the development of
the audiometer, and there is a bibli-
ography of 114 titles. A tentative
standard procedure for evaluating the
percentage of useful hearing loss in
medico-legal cases is appended. This
is based on threshold measurements of
acuity of hearing for air-conducted
sound. ““ The following decibel
losses, as measured by an accepted
standard audiometer, represent 100
per cent. loss of useful hearing :

128 256 512 1,024 2,048 4,096 c/s.
65 8 8 95 ‘95 9o db.
Percentage ‘losses corresponding to
measured decibel losses in the .octave
intervals are shown on a chart.”

The following quotation from p. 175
should act as a challenge to British
science and manufacturers alike: -

‘“ A brief search through the litera-
ture is sufficient to convince one that
the greater part of the present-day
studies in audiometry has originated
in America. However, several reports
have recently come from England.
One outstanding study by Bdrdny has
recently come from Sweden. He
states, ‘ In Europe, electrical audio-
meters and bone-conduction receivers
have not yet come into general use
even as research tools and only a few
non-clinical papers using them for
bone-conduction work have been pub-

lished.” Another study, also from
Sweden, by Holmgren, appeared
recently. He presented an audio-

meter which produced all tones from
62 to 15,000 cycles, reading in one-
decibel steps, from the threshold of
acuity to an intensity of 125 decibels.
With existing conditions in Europe,
it cannot be expected that many
scientific studies of this type will be
forthcoming from these countries for
some time. A careful perusal of the
American journals will for the most
part keep the student informed of the
progress in this field.”



556

Electronic Engineering

June, 1945

The Harmonic Analysis of Distorted Sine-

Summary :—

Waves

By R. C. de HOLZER, D.Sc.(Tech.)

. Atable is given for the calculation of the first and third harmonics from two measured ordinates in which the ratio of
these harmonics can be read at a glance.
2. From an assumed equation for the harmonic spectrum of continuously converging waveforms, formulze are derived
which make it possible, without measuring more ordinates and without any calculation, to read in a diagram the odd

harmonics up to the seventh.
2 per cent.

Four examples (triangular, rectangular, sinusoidal and pulse-wave) show a maximum error of

3. In cases where even harmonics are present a simple method is given for such calculations up to the fourth

harmonic.

HE  following  mniethods ot
Tanalysis will be found useful in

cases where only the percentage
content of a few sub-harmonics needs
to be calculated.

If the ordinates of the wave at 45°
intervals are measured, it is possible
to - calculate the fundamental and
third harmonic (if even harmonics
are present, also the constant term,
and the second and fourth).

If the wave is.symmetrical to ordi-
nates of 18c° interval, it contains
only cosine-terms. If in addition the
x-axis becomes an axis of symmetry
after one half-wave is displaced for
180°, the wave contains only odd
cosine-terms.

But in these stated compositions it
is assumed that the zero-ordinate is
one of the axes of symmetry and for
the twofold symmetry curve that the
r-axis is halfway between the curve
maximum and minimum.

|. Wave containing odd Cosine-Terms only.
(Ordinates at 45° Interval.)

After making sure that the above-
stated symmetries are  present,
measure the ordinates at o0° and
at  45° (at go® the ordinate is
zero). If possible, modify the
scale so that the 0° 'ordinate is
equal to 100 or a submultiple.

For example, suppose

the o© ordinate ......... do=50
the 45° ordinate ...... 1=23
Calculate the per cent. ratio of
d,
these two ordinates 4’:=100 . (1)
do
in this example
4’y = 46 per cent.
Find in Table 1 in the column

headed 4’y the value calculated. The
two amplitudes are in the same line
(for 4’: positive read downwards, for
4’: negative read upwards).
In this example
B’, = 82.5 per cent.
B’y = 17.5 per cent.

100

| ' 5 IEREERNEAEEENN®
S?Kf)‘m‘; Yl T ol Undistorted contlmously convergq
Wav;t uise (& X |\Distorted: brezk from cutoff filter
Q 4\~ istorted: maximum from band-pass
\ = K\ Y filter
] .
% - ™ Tt
T | N, A [ th-
Figs. | and 2 (inset) 50 | O
o | 5 9 23 27 23l
Harmonic spectra. 4;{ ——No OF HARMONIC—‘
H\ % A
=] Y % |
=4 L3 e
] B \Q -
A — |
<[ % e
IC) IV\ i H:
1 3 7 13 1S

-] 9 1l
—NUMBER OF HARMONIC —

thus the curve contains 82.5 per cent.
of the fundamental and 17.5 per cent.
of the third harmonic.

These values presuppose an o0°
ordinate of 100, thus the real values
of the amplitudes are

dy

Bi=——1F, (2)
100
ds

Rn .B’ft ,,,,,,,,, \3)
100

or in this example:

Bi=41.25
Bq——— S. 75
2. Correction of the Calculated Amplitudes

(estimation of the fifth and seventh).

In the preceding calculation all
harmonics above the third have been
ignored. But if such harmonics are
present the values of the amplitudes
of fundamental and third harmonics
found by this method will be erro-
neous. Theoretically, oscillations
when they are generated or distorted
by electronic or other physical de-
vices always contain higher har-

monics than the third. Generally, the
harmonic spectrum converges con-
tinuously and attains zero at very
high (theoretically  infinite) har-
monics. Only cases where, ari:-
ficially, by means of a cut-off filter
all frequencies above a certain vajue
arc practically eliminated, will the
curve of the harmonic spectrum have
a break.

In the case of a band-pass filter or
of certain current generators, some
high harmonics will be predominant;
and the curve of the spectrum has
there a maximum. Fig. 1 shows these
three kinds of spectra.

Below is shown a method which for
the generality of cases (i.e., when the
harmonic spectrum converges con-
tinuously to zero) corrects the errors
of the harmonic analysis for the
fundamental and third harmonic, and
makes it possible to find the fifth and
seventh harmonics without measuring
more than two ordinates.

Four examples calculated with this
method prove that the resulting error
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is less than 2 per cent.; thus it can B e, amplitude of nth har- all spectra considered here must lie
be considersed negligible. monic between these two.)
Any curve of a continuously con- oo number of odd harmonic (¢) The triangular wave represent-
verging harmonic spectrum can be ) 2.1828 ing a peaked curve.
approximately represented by the &, e L s (d) The rectangular wave repre-
equation B el constant determining the genting a flat-topped curve.
Rk A Lo (4) Y ST e i Fig. 2 shows the spectra of tifese
As examples the following four four curves.
where curves will be taken:— In Tabl g
8, - . n Table 2 are compare or
= f ] e G) o (8) e smusioxd}z]xl \vav?, as the ihece four curves the exact values
B, cxtreme case ol the smallest con- o the ratios of the amplitudes
vETgience: with those _alculated from Equation
no— 1 (b) The infinitely short pulse-wave (4). The values of # have been de-
A= e s (0) as the extreme case of the largest termined -from the third harmonic
2 convergence. (Thus assuming that with Equations (7) and (8).
TABLE |
) For d’, positive 1 ¥ For d‘, positive 1)
| | 2 0 I 2 0 I 2 A 2
d’ B’ B’y d’ B’ B, d’, B’ | B’ d, B, By
o | %00 | 500 S0 854 146 700 95 |+ s 90 | 1136 136
2 | sts | 483 | 8.l | 139 20 96 | 4 2| 1S 15.1
4 52.9 47.1 2 86.8 13.2 4 99.8 2 4 | 1165 16.5
6 54.2 45.8 3 87.5 12.5 ) 99.9 R 6 117.8 17.8
8 55.7 443 4 88.2 l 1.8 .8 100.1 A 8 119.3 19.3
— | /) - —
10 | 57.1 4.9 55 89.0 | 11.0 71.0 1002 2 100 120.7 20.7
2 ‘ 58.5 41.5 6 897 | 103 5 100.6 6 2 122.2 222
4 59.9 40.1 7 90.4 9.6 720 | 100.9 9 4 123.6 23.6
6 60.3 397 8 | 9LI | 8.9 3 101.6 1.6 6 124.9 24.9
8 | 627 | 373 9 | 919 | 8l 4 102.3 23 8 126.4 26.4
20 | 41 | 359 0 | 924 76 5 1030 |- 30 o 1278 - 278
2 | es6 | 344 | 93.1 69 6 1037 37 2 | 1293 | 293
4 | 670 | 330 2 93.8 6.2 7 104.4 4.4 4 130.7 |+ 307
6 68.3 37 3 | 945 5:5 8 105.1 5.1 6 132.0 32,0
8 698 | 302 4 52 | 48 9 105.8 5.8 8 1335 | 335
30 71.2 28.8 65 '\ 96.0 4.0 80 106.6 6.6 i 120 1348 — 348
2 727 27.3 6 | 967 313 | 107.3 7.3 2 1363 36.3
4 74.0 25.9 7 97.4 2.6 ) 108.0 8.0 4 137.7 377
6 754 24.6 68.0 98.1 159 3 108.7 8.7 6 139.0 39.0
8 768 | 232 S5 | 985 1.5 4 109.4 9.4 8 140.5 |+ 40.5
40 783 | 217 69.0 | 988 i@ 8 | 101 10.1 10 | 1419 |~ 419
2 | 798 202 2| 989 Ll 6 1108 | 108 2 | 1434 43.4
4 81.2 8.8 4 99.1 9 7 1.5 I.5 4 144.8 44.8
6 82.5 17.5 6 99.2 8 8 2.1 12.1 6 146.1 46. |
8 84.0 16.0 .8 99.4 .6 9 1128 12.8 8 147.6 47.6
50 | 854 : 14.6 700 995 | 5 9 | 1136 13.6 140 149.0 |- 49.0
dll . BI, l-g VB’;lgi — 7dl_’— - BIa ! Bll-_ dtl Bl3 Bll -—1 dlrl = éls | Bll
0 2 | 0 2 | 0 2 I 0 2 [
4 I P IS | S— — el
iz —— For d’; negative = |_ B 4 For d’, negative g '
/cf)-o i l] Table Values .
T 7 180° " B’, — 50 + .707 d, B, — 50 — .707 d’,
P o e 270° 360°
|
l
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Lx vooone exact value of amplitude-
ratio.
R amplitude ratio calcu-
lated from (4).
Vi Je— error in per cent.
N Bll
The amplitude-ratio 1s L. =
B,

The deviation between calculated
and real amplitudes (A) is thus less
than = per cent. (2 per cent. about
represents the accuracy with which
the ordinates of a curve is normally
measured).

Supposing

= ()
the ratios (L’.) of the amplitudes, cal-
culated from (s5) and (6) (ignoring the
algebraic sign), are:—

= L’,} £ [ .ohbssnn
L’; =17 .. 3
D 20| St o Vo - etesissiie @
| L2 | =1 — V7
where
B’H
LR S i e IO i (8")
B

If an harmonic analysis is made,
for which only two ordinates have
been measured (at o° and 45°) the two
amplitudes

B”y and B

will be found.

If an analysis of the same curve is
made for which four ordinates are
measured (0%, 2249, 45° and 6749) the
four amplitudes

B! I).’ B' )[3, B’ 1’5 and B! )11
will be found.

It is obvious that the first two
results of the second calculation
differ [rom those of the first (if 5" ”;
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B”az-'B’ »3+[}; ”B

Supposing that the vesults of the
harmonic analysis with four measured
ordinates are identical with the result
of the Equations (8) and (8) we can
substitute B “n of (9) for L'a of (8)
if all amplitudes are positive.

Bh=B, (2—¥7)
B =8 (2—r—V7)
or
B% 2—r—V7
———— (10)
By 2-V7r
if the algebraic signs of the ampli-
tudes change alternatingly, i.e.,
B’ 7, and B’ are negative
B mB, 7
B, =8 (\/—r_— 7‘)

TABLE 2
| Sinusoid H Pulse wave Triangular wave Rectangular wave
At Ln L'n A Ln L'n A Ln L'n A Ln L'n A
k | -0 - © .18 .405
Ist 1 i o | I 0 | | 0 | | 0
3rd | 9 [0 © 1 I 0 UL N ) 333 333 0
S5th 0.0 0 I I 0. 040 .057 1.7 200 .183 1.7
7th | 0o 0 o | I 0 020 .039 1.9 143 126 17
TABLE 3
Triangular wave ! Rectangular wave
Harm. |Corrected|/Theoretical | Differ. | Harm. lCc:rrec:ted Thcoretical‘ Differ
analysis value value ’ in% analysis ' value value in 9%
Ly 1.000 1.000 1.000 0 + 1.000 +_I 000 [+ 1.000 0
La 472 115 Hil 5 - .72 |- .330 |- .333 .3
Ly — .060 .040 2 + .184 |4+ 200 1.6
L, — .040 .020 2 - A28 = 143 1.5

! [Bs‘l
6 I -8,
/
| e
'5 E d z e
H % 3 d
= =
+8, 3 //
= % 3 e
: 2 8 /| &
Q = n P>
a , ~
[« 4
3 : 7
= +65 r/_B ]
z? 7 I’
& /|
< 7 —
l.,il M /4/
N~ // ~1- I
[~ ~ .
20 40 50 Co) 70 86, 80 6o WO 120 T
<— ORDINATE RATIO d)—»
Fig. 3.
‘and B’ are not zcro); but it can  or
be proved that ¥, Vies
F: A, g — ) e .. opopE YRR Y (1)
and: 000 Foanaeeswass {9) B, V7

Thus from the two measured ordi-
nates, the values of B” and B” can
be found (in Table 1}, With the
IEquations (10) and (11) 7 can be cal-
culated and then from (8) the four
amplitude-ratios.

The real values of the four ampli-
tudes (/#’.) can be calculated from the
relations

do=B"+ B+ B%+ B ... \12)
and if
do
=8=1+L%+ L+ L" (13)
B,
then
do
Bom——— L' ovirnviiinniinnn. (14)
S

Table 3 shows the waves chosen as
examples for the accuracy of the
result.

In Fig. 3 the ratios between
the third, fifth and seventh har-
monics and the fundamental can be
read directly as a function of the radio
between the 45° and the o° ordinate.
After having calculated with the slide
rule the ordinate ratio 4./do in per
cent.,, find 7% L’ and 1’5 on the
vertical line which corresponds 1o
this ratio; L’y is always unity.
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BOOK REVIEWS

Hyper and Ultra-High
Frequency Engineering

Sarbacher & Edson. John Wiley and
Chapman & Hall. Price 33s.

The great and growing practical
importance of microwaves is be-
ginning to be reflected in the pub-
lishers’ lists, particularly in the
U.S.A. This is a healthy state of
affairs since war-lime conditions
have, quite properly, forced most
~cientists to concentrate on wupera-
tional needs rather than on an orderly
development of this new science.
This concentration has led to the
existence of a large body of young
research workers who have a vast
practical knowledge of microwaves
but very little theoretical knowledge.
The situation is rendered more dif-
ficult by the fact that the basic
theoretical foundation of microwave
technique was laid by followers of
Hertz and Maxwell around 1goo when
the properties’ of respnant cavities
and lines were first investigated.
Since the whole emphasis of physical
theory shifted first to Relativity and
then to Quantum Mechanics this
knowledge was lost sight of until
around 1935 when Barrow at M.I.T.
and Southworth at Bell Laboratories
started their investigations on wave-
guides.

The need for a thorough theoretical
approach is therefore great and the
title of the book under review raised
great expectations.

The book talls into two sections,
the first, of rather over 4o0 pages,
dealing  with the derivation of
Maxwell’s Equations from the em-
pirical laws of electricity and apply-
ing them to the theoretical analysis
of waveguides, lines, and cavity
1resonators and horns. In addition to
this some practical applications and
measurement techniques arce briefly
described: and many experimental
cesults, taken from pre-war publica-
tions, are included. This section of
the work should prove very valuable.
It starts off from basic principles
which are familiar to every physicist
and engineer and the symmetry of
electrostatic and magnetic relations is
well displayed.  Vector analysis is
introduced in such a way as to make
its advantages obvious, and the most
important results are given in vector
and in long notation. The theory is

then applied to the physical system.
No steps are left out in the mathe-
matical derivations which may be a
help to some readers but makes the
reading somewhat tedious. This sec-
tion should be of the greatest value
to students or researchers who wish
to bridge any gaps in rheir theoreticai
knowledge’

The remaining 200-odd pages deal
with video amplifiers and microwave
generators. The section on video
amplifiers is rather long and quite out

of place. The space could have been
used in bettering the section on
generators. It is clear that the

authors have attempted to give an
abstract of the literaturc in this field
and the picture they give is very
unreal.  Quite apart from material
which may have had to be omitted
on security grounds a much more
critical attitude should have been
adopted, and students should have
been told that valve theory is not
nearly as pat as the authors make out.
The chapters on magnetrons and
velocity modulation tubes are particu-
larly deficient in this respect. For
example, in spite ot the fact that
Brillouin’s paper on the Magnetron
published in the Physical Review
appears in the bibliography, several
of the figures show incorrect electron
paths. One of Kilgore’s photographs
obtained using gas to make similar
paths visible is reproduced without
comment on the possible effects of
gas.  Again, one finds that the
Webster analysis of klvstron bunch-
ing appears in part but is cut short
by deriving a very approximate value
for the catcher current. This in spite
of the fact that the necessary mathe-
matics is no more complicated than
that used freely in earlier parts of the
book. No calculation of the efficiency
is given. Active workers in these
fields will find something to criticise
on nearly every page of this part, and
one wonders whether it is not actually

Books reviewed on this page
or advertised in this Journal,
can be obtained from

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

If notin stock, they will be obtained
fromthe Publishers when avallable

misleading. 1t should be possible to
give a clear physical picture of
transit time valves even under present
conditions by using material already
published and mentioned in the really
excellent bibliography.

The book could have been whole-
heartedly recommended if it had been
limited to the first part; as it is, one
can only say that gratitude 1s due to
authors who can write as good a book
in war-time, and wait for a good book
on transit time electronics.

A. H. B.

The Radio Amateur’s
Handbook

(Twenty-second edition — 1945), by the
Headquarters staff of the American Radio
Relay League. 728 pages, 1,278 illustrations,
133 charts and tables. Price $1.00 US.A_,
81.50 elsewhere. American Radio Relay
League, West Hartford, Conn., US.A.

The new 1945 Handbook is a com
prehensive digest of the older,
familiar phases of radio theory and
practice with which has been com-
hined material covering the - more
advanced techniques of the future.
While the basic treatment of the
theory section has not been ma-
terially changed, many of the latest
phases of radio have been covered in
completely new additions to the text,
thus paving the way for the post-war
amateur development with its new
techniques.

The ten chapters under Equipment
Construction contain practical infor-
mation on the design and construc-
tion of all types of amateur receivers,
transmitters, associated equipment
and antennas:  This portion of the
handbook includes complete details
covering all types of tested amateur
communication equipment. The de-
signs shown represent the best pos-
sible arrangement for their respective
jobs.

Another featurc of previous hand
books retained in this edition is the
topical index, found.in the rear of the
book, containing some 2,300 items
and comnprising practically a glossary
of radio terms as well as a nieans for
readily locating every topic discussed
in the text material,
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CLEVER PEOPLE, THESE CHINESE ...
though in the case of this imposing object the dexterity belongs to two firms on
'these small islands, to wit, Bakelite Limited who made the Bakelite Laminated
and Messrs. J. Burns Ltd. of Chadwell Heath who so skilfully machined it. The
pagoda-like result is in reality a gauge for measuring the internal accuracy of shell

noses, one of the many war products being made from Bakelite Laminated.

TREFOIL

BAKELITE & PLASTICS

REGD. TRADE MARKS

Pioneers in the Plas}ics World

BAKELITE LIMITED, I8 GROSVENOR GARDENS, LONDON, SWI
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A Balanced and Repeating Time Base |NDUSTRY

C.R. TUBES

Improved Electron Gun for C.R. Tubes
(L. E. Swedlund)
Cathode-ray  oscilloscope  tubes
with improved operating characteris-
tics have recently been designed.
The improvement is achieved by the
use of a modified electron gun which
requires no first-anode current and
gives sharper focus. The beam is
also less subject to stray fields
capable of causing variation in spot
brightness. Several constructional
advantages are inherent in the de-
sign of the - electron gun.

—FElectronics, March, 1945, p.
12z
CIRCUITS
Notes on the Stability of LC
Oscillators
(N. Lea)

The paper deals with the problem
of the stability of LC oscillators,
largely from the point of view of the
development engineer, and is based
on the author’s experience within a
limited field.

Some familiarity with the art is
presumed, though - references are
given to a number of the more im-
portant publications.

Sections are devoted to the two

fundamental oscillator components,
namely, the amplifier and the
resonator.

Methods of thermal compensation
are discussed and the importance of
humidity is emphasised, a diagram
for the permittivity of moist air
being included.

The paper concludes with a des-
cription of the performance of the
Franklin oscillator and with experi-
mental oscillators which have been
built.

—four. I.E.E. (to be published).

Zero Phase Shift Amplifier Design
(L. R. Malling)

Equations and circuits are given
for the design of wide-band ampli-
fiers having extended frequency
ranges of flat phase and amplitude
response.  Negative feedback be-
tween successive stages is shown to
be simpler and as effective as con-
ventional shunt inductive and capa-
citative compensation.

—FElectronics, March,

136.*

1945, P-

of Novel and Compact Design
(F. 0. Mason)

A balanced time base using thyra-
trons, and capable of repeated opera-
tion at speeds up to 200 times per
sec., is described. Several useful
features are incorporated in the
design, including sweep times vary-
ing from about 1 #sec. to 3,000 usec.,
sweep voltages ranging from 250 V
to over 2,000 V, beam trapping and
modulating voltages and provision
for beam positioning on both the x
and y axes of a cathode-ray oscillo-
graph. The characteristics of the
circuit used and the effect of changes
in circuit constants on the operation
of the unit are also described.

—four. Sci. [nst., Vol. 22 (1945).
p- 87.

MEASUREMENT
Supersonic Measurement
(W.S. Erwin)

A supersonic instrument is des-
cribed for rapidly measuring the
thickness of metal sections in the
approximate range 0.02—0.40 in.

with a maximum error of less than
2 per cent. [t requires contact with
only one surface of the object to be
measured. The simplicity of the
instrument is due to the fact that it
measures the frequency at which the
work is set into resonant vibration.
Since this resonant frequency in the
plates of a given metal is directly
related to the thickness, the measure-
ment of frequency  determines the
thickness.

—Steel, 5[3/1945, p. 131.%

Dielectric Constant Meter
(F. C. Alexander)

Simple method for measuring
dielectric constant by utilising the
plate current characteristic of a
crystal osctllator as it is tuned
through its oscillating range. The
meter can be made automatic for
industrial applications or it can be

used to measure capacitance.
—Flectronics, Vol. 18,

(1945), p. 116.

No. 4

Induction Heating—A History of its
Development

(F. T. Chesnut)

Induction heating has emerged far
from the developmental stage and
induction furnace equipment of a
total installed capacity exceeding
300,000 kw. is in use. This article
gives an account of the early develop-
ment of the process, commencing
with the initial work done by Dr.
Edwin F. Northrup in 1916. The
first high frequency generators were
spark gap oscillators; motor-genera-
tor sets came into commercial use
about 10 years later and vacuum tube
oscillators in the period between.
The author traces the work of the
Ajax Electrothermic Corporation as a
pioneer company in induction heating
applications and points out future
possibilities for this type of heating.

—Iron Age, 22/4]1945.*

An Oscillographic Method for the
Photometry of Photographic
Flash Lamps
(T. H. Projector and L. E. Barbrow)

A method for the photometry of
photographic flash lamps with a
cathode-ray oscilloscope is described.
The circuits required to obtain curves
of luminous flux versus time on the
oscilloscope are given.  Accurate
timing is obtained through the use
of beam modulation. Some of the
precautions necessary to assure accu-
racy are discussed.

Rev. Sci. Inst., Vol. 16, March,
1945, p. 51 ’

Symposium on Cellulose and
Cellulose Plastics

A symposium of six papers on
Cellulose and Cellulose Plastics,
presented before the American
Chemical Society in New York, is
included in this issue. The titles of
the papers are: Recent Progress in
Cellulose Chemistry; Weather Re-
sistance of Cellulose Ester Plastic
Compositions; Cellulose Moulding
Compounds; Interchain Order and
Orientation in  Cellulose Esters:
Impact Testing of Plastics; and
Paper-Base Laminates.
—1Ind. and Engg. Chem., March,

1945, p. 226.%

* Abstracts supplied by the courtesy of Metropolitan
Vickers Electrical Co. I.td., Trafford Park, Manchestec
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MOULDINGS

AW
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\—Q_r//\/

MYCALEX COMPANY LIMITED -

Much to our customers’ relief we do
not go in for this type of moulding,
but we do make all kinds of Mycalex
mouldings. So why not send us your
enquiry ?

o Accurate

e Rigid

e Heat Resisting
e Metal Inserts

e Low Loss e Non Absorptive

Send for illustrated brochure

CIRENCESTER -+ GLOS.

MY9

Measurement has become a science in itself. In electrical
communications it must encompass the globe, yet remain
accurate to very much less than a hairbreadth; it must
daily serve the communications engineer yet anticipate the
trend of development and research.

Thus to describe measurement in communications is equally
to define the function of Marconi Instruments, Ltd., makers

of the highly specialised equipments which have reduced once
complicated testing problems to the level of routine operations,

We spare just a moment to review with satisfaction our
endeavours of recent years—the tasks of to-day are no less
vital and the expectations for to-morrow no less momentous
in a world where communications will spread the truth to
the far corners of the earth.

MARCON I @ INSTRUMENTS, LTD.

ELECTRA HOUSE

VICTORIA EMBANKMENT

LONDON W.C.2
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MEETINGS

NOTE.—In general, visitors are admitted to the meetings of scientific bodies on the invitation of a member, or on

application in writing to the Organising Secretary at the address given.

In certain cases (marked *) tickets may also be

obtained on application to the Editorial offices of this fournal.

Institute of Physics
Electronics Group
Date: June 9. Time: 2.30 p.m.
Held at:
Fyvie Hall, The Polytechnic, 309
Regent Street, London, W.1.
Discussion on:

In stitution of Electronics

North-West Branch
Date: June 1. Time: 6.30 p.m.
Both meetings held at:
The Reynolds Hall, College of
Technology, Manchester,

London Branch
Date: June 4o Time: 35.30 p.m
Held at:
The Royal Society of Arts, John
Adam Street, Adelphi.

¢ Glass-to-Metal Seal Design.” Lecture : Lecturey . ) —
Opened by : ‘“ Design of Electron Guns of B Principles ot Triode Design.

W. J. Scott, B.Sc.(Eng.), M.I.LE.E. Radial Symmetry.” y: .
and 1t SRRl SN s s Y J. H. Fremlin, M.A., Ph.D.
DiSCUS'SiOH on : D-r, H. Moss. The Secre[ary:

“ High-Vacuum Pumps.” \ . , 64 Winifred Road, Conlsdon
Opened by Dr. R. Witty. Note. T'his s a joint meeting wilh Surrey.

the Manchester and District Brauch

Group Secretary :
of the lustitute of Physics.

A /. Maddock, M.Sc., F.Iust.P.,
Messrs. Standard Telephones and

The Association for Scientific
Photography*

Cables, Ltd., Oakleigh KRoud, Date: [une 30. Time: 2.30 p.m.
disp Held at:
EoiiiRy ke 1 Date¥ July zz “Tifies’ 6go pu A(lli‘:lnce Hall, Westminster, S. W.1.
Bradford Electronics Society [.ecture : eSS
Date : June 7. Time: 7 p.m. * Rectifiers and Inverters.’ " Make the Photograph Tell a
Held at Bradford Tech. College. By : Story."!
Lecture: Dr. R. Feinberg. B
¢ Construction and Maunufacturing y

H. \White, F.I.B.P., F.R.P.S.

The Secretary: A.S.P., 34 Twyford
Avenue, Fortis Green, London, N .2.

General Secretary :
L. F. Berry, 105
Chadderton, Lancs.

Technique of Radio
Valves.”

By N. McAdam.

Receiving

Bireh Avenue,

¢¢ Post-War ”” Television

In the post-war period, backed by the Technical advances that
bave resulted from the war years, TELEVISION will again spring to
life and offer opportunities, as never before, to the trained man.

Now is the time to prepare for this new * market.”” Our Home-study
** Telavision ” Course is comprehensive, up-to-date and suitable both
for the amateur and experienced Radio Eungineer,

We definitely guarantee
“SATISFACTION—OR REFUND OF FEE "

You are advised to send for details of this special Television Course
Immedintely, to Investigate Its possibilities. Detalls will also gladly be
sent of AM.ILE.E. and A.M.Brit.I.R.E., Examinations and other
courses In all branches of WIRELESS ENGINEERING, including
particulars of our speclal SHORT WAVE and RADIO SERVIC.
ING COURSES which are in such demand —Free.

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

ENERGY

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

BRAY CERAMIC INSULATORS

for LF. and HF. Components: also capacitor dielectrics

REGULATORS

Our Publication R.12/16 describes this important technical
development—an instrument that varies continuously any electric
load from zero up to its rated capacity, giving closer control than
the resistance method. Energy Regulator Control is used
successfully for hot plates, muffles, furnaces, drying rooms, etc.
Write to-day for your copy of the above technical publication,
free on request.

SUNVIC CONTROLS LIMITED,
STANHOPE HOUSE, KEAN STREET, LONDON, W.C. 2,

§ iy jittn)
"-u.m.ul"”""m"“""lum||1|M||"'"mm""'"Ilnuul""""@l|"""Imm|l||"“" ""'"Iumlll""" II""'Ilumml

TAs[sc.zs.

made by

GEO. BRAY :z CO. LID. LEEDS, 2

Established 1863 Phone Leeds 2098!
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Technical Reasons Why

y #ERSTIN
MU LT ECORERS O'TD ER

Is the Finest Cored Solder in the World

3 CORES
OF FLUX

solder walls than otherwise.

| Three Cores of Flux ensure flux con-

tinuity. No lengths without flux are
wasted. Consistent high quality joints
are obtained with comparatively unskilled
labour. Exactly the correct proportions
of solder to flux are provided. Separate
fluxing operations are obviated and no
extra flux is required. The three cores of
flux being evenly distributed over the
cross section of the solder provide thinner
This gives rapid melting and

speeds up soldering. The flux does not tend to run out of
the cores ; so there is always a supply available for the next

joint. The utmost

P’ ERSIN N

2

SOLDER

have been in stock

economy of solder and flux is achieved.

Ersin, contained in the three cores of Ersin
Multicore Solder, is the fastest non-
corrosive flux. Possessing all the non-
corrosive advantages of rosin, it enables
joints to be speedily made on oxidised
or *difficult ”’ surfaces such as nickel.
Ersin not only avoids oxidation during
soldering but removes surface oxide
already  present—this is particularly
advantageous in respect of materials that
or apparatus that is being serviced. The

use of Ersin Multicore, with correct soldering technique,
avoids *“ HR *’ or dry joints.

22 SWG

Double actual size.

Virgin
Tin&Llead

Technically, Ersin
other cored solder.

laboratory or production test
will demonstrate this and show

you that itis the m
cal solder to use.

The majority
of British and overseas manu-

Ersin Multicore Solder is made in most
gauges between |0 and 22 S.W.G.
(+128—028") (3-251—7109 m/ms). For
general radio and electrical production
and maintenance |3 and 16 S.\W.G. are in
most demand.

Five alloys of Ersin Multicore Solder, made
from virgin metals, are available—all
antimony free. Under present circum-
stances 459, tin and 559% lead is the
most widely used alloy.

Muiticore Solder is far superior’ to any
A practical e
Single reel rate nominal |

1 lb. reels.
4/10 ’

13 SWG -
16 SWG - 53 ‘

ost economi-

Above prices subject to

facturers already enjoy the usual trade discount.

advantages of Multicore. If | 4 cwi.—ton lots at bulk
you downot, and are engaged | rate. 6d. cartons for home
upon Government contracts, | U9, :;’(;!éa’-';fd oy
write for further technical | 205 o ironmongers, etc.

information and free samples. —

MULTICORE SOLDERS LTD. Commpeonwealih

New Oxford St.,

London, W.C.1 Tel.: CHAncery 5171-2

P~ )(5 FO)(*) L‘rD“)
HORSFORTH, YORKSHIRE

FOR STANDARD OR SPECIAL TYPES OF—
TOROIDAL
POTENTIOMETERS

THE HARBORO'RUBBER CU.LTD.. MARKET HARBOROUGRES S

Great Possibillties for Technically Quallfied Engineers
KEY MEN IN WARTIME AND AFTERWARDS

The finest posts and the majority of posts in
this war are technical and when the war is
over, the Immense Increase in technique and
mechanisation created for war purposes will
be applied to reconstruction and commerce.
An age of great possibilities for qualified
engineers is here. Study at home with The
T.1.G.B. and take a Recognised Englneering
Qualification such as C. & G., A.F.R.Ae.S.,
A.M..Mech.E.,, A.M.LE.E., ete. In which
examinatlons T.1.G.B. Students have gained
35 FIRST PLACES and hundreds of passes.
Write now for ** The Englneer’s Guide to
Success "' — 200 Courses — covering all
branches — Aeronaucical, Tele-communi-
cation, Mechanical, Electrical, Chemical, ete.
118

THE TECHNOLOGICAL INSTITUTE OF GREAT BRITAIN
160, Temple Bar House, London. E.C.4.

World's best choice of
Courses in Engineering

TRANSFORMERS

POWER, AUDIO, INPUT AND
OUTPUT TRANSFORMERS
' > available from Stock

" | Type K450 (as illus.)
i 450-0-450 v. 200 ma., 0-4-5 v. 4 amp. 47 6
2 and 6.3 v. 6 amp. ct.

T Our OPI2K, multi-ratio, 50-watt output

unit is excellent for large amplifiers.

We supply driver transformers to suit

Send 24d. stomp for List OPI2K... 49/6

“EE.” It gives detoils of RADIO INSTRUMENT Co.

ou il ronge of Trons-
L 'dKChi . 294 Broadway, Bexleyheath, Kent
formers on gEEs: Telephone : Bexleyheoth 3021
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just because they give no trouble—

don’t forget

DALY

ELECTROLYTICS

DEALERS—Don't pay more than 2/9
for your DALY 8 M.F. 500 P.v.
DALY (CONDENSERS) LTD.
Condenser Specialists for over 20 years
West Lodge Works, The Green, Ealing, W5
Telephone : Ealing 4841

Designers & Manufacturers of
RADIO AND ELECTRONIC
DEVICES

TRANSMITTERS * RECEIVERS

Specialists in
HIGH SPEED TELEGRAPHIC
EQUIPMENT

ROMAC RADIO CORPN. LTD
THE HYDE - HENDON * LONDON N.W.9

THE PYROBIT
TESTER
pat. appl. for.
For Wireless
Engineers, An in-
dispensable Tool
for Continuity
Test, Earth Con-
nection,Leakages,

Polarity, etc.

L P—yY

THE ACRU ELECTRIC TOOL MFG. Co. Ltd.,
123, Hyde Road, Manchester-Ardwick
Tel: Ardwick 4284.

* This New
Dual Model

indicates 2 to 30
volts and 100-750
volts. Send for interesting leaflet
L 24 on ** Testing.”’

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 I/- 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—I5th 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 3} in. from glass top to valve pin
base, 1 in. dia., 38/-; medium size, 2} in. long, 35/-;
small tube, 2 in. from top to terminal base, § in. dia.,
30/-; miniature cell, 1 in. overall glass top to cap
base, § in. dia., thin flex leads, 28/-; all cells operate
on 40-100 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 carryon, Sinclair Speakers,
12, Pethbroke Street, N.1.

LOUDSPEAKER repairs, British, American, any

make, moderate prices.—Sinclair Speakers, 12,
Pembroke Street, N.1.
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 Radlo 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 ¢0” by 30 2 colour heavy
Art Paper, ¢/6, post 6d, Limited supply on Linen, 10/6,
post 6d.—Webb's Radio, 14, Sobo 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, Soho
Street, London, W.1. 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 aud Son, Ltd., 130,
Fleet Street, London, E.C.4. ‘

TELE-RADIO (1943), LTD.—for brand new good
uality components at manufacturers’ list prices.
uppliers to British and Allied Services and Government

Departments, professional constructors and amateurs

who want only the best.

Weston meters 0—I mA, £2 10s., 0-500 micro amps, £3.

0-100 micro amps, £3 15s. 0-50 micro amps, £4 10S.

1 mA instrument rectifiers, 12s. 6d. " Spot-on ' wire

wound precision resistors plus or minus .05 per cent.,

5s. 6d. each {up to 50,000 ohms only). Single pole 12

position switches, 3s. 6d. each, 4 pole 3 way, 3s. 6d.

each. Cathode Ray Tubes, G.E.C., 14 in., £2 15s.

Cossor 23D, 2} in., £3 6s. Cossor 26D, 43 in., £6 10s.

Cossor GDT4B gas flled triode, 24s. 4d.  High voltage

rectifiers and condensers. Potentiometers carbon,

4s. 6d., with switch, 6s. 6d., wire wound, 6s. 6d., all

usual values. Crystals 100 Kc.,, 45s. od. (P.O.
Permit). Rothermel crystal pick-ups, £3 13s. 6d., and
'3 18s. 9d. (High ﬁdelit& Red Label, 10s. extra).
elestion, Goodman and Vitavox speakers. Wearite
P. coils and 1.F. Transformers. Wavechange switches,
variable condensers and trimmers, etc. Cormprehensive

stocks of British and American valves. Steel racks,

chassis, panels and cabinets—any specification (callers
only). Unlimited resources for technical information
to callers, Postal inquiries acknowledged same day.

Cash or C.0.D. orders, if in stock 24 hours service.
Postage and packini extra on all goods.
TELE-RADIO (1943), LTD., 177a, Edgware Road,
London, W.2 (Corner of Edyware Road and Sussex
Gardens). Phone : Pad. 6116. Telegraphic address :
** Goahead," Padd., London.
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Classified Announcements (Contd.)

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
18 gauge steel. Chassis, panels, complete racks.
Condensers, coils, volume controls, heavy duty chokes,
etc. Send now for Mail Order List *“ E,” 2id. post
paid. WAVEBAND RADIO, LTD., 63, Jermyn
Street, London, S.W.1.

BERRY'’S (SHORT-WAVE), LTD., for prom{)l
delivery of Quality RADIO AND ELECTRONIC
COMPONENTS including : C.R. Tubes, 14 in., 55/ ;
23 in, £3 6s.; 44 in., £6 128, I.LF. Transformers, 7/6.
Crystal mikehead, 75/-. Crystal Pick-up, 78/9. o-1
Meters, 59/6. 8-1 Slow motion drive, station named
dial, escutcheon and glass, 8/6. Metal cabinets,
finished crackle black with hinged lids, chassis and
panels, 30/6 and 63;-. Speakers, 24 in., 27/-, 3 in,,
30/-, also 6 in, to 12 in. Jacks and Jackplugs, 2/6 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 List
“E,"” to Berry's (Short-Wave), Ltd., 25, High Holborn,
London, W.C.1. Telephone : Holborn 6231.

THE TECHNICA CAMERA CO., 21, William IV
Street, W.C.z, consulting photographic engineers to
H.M. Government Departments, undertake the solving
of photo-electric and other problems.

SITUATIONS VACANT
A.M.1.LE.E,, City and Guilds, etc., on “NO PASS -
NO FEE* terms. Over 95% Successes. For full
details of modern courses in all branches of Electrical
Technology send for our 112-page handbook—FREE
and post-free. B.1.LE.T., (Dept. 337B), 17 Stratford
Place London, W.1.

REQUIRED, TECHNICAL ASSISTANT for
Commercial Department of Radio Valve Works, North
London district, A good knowledge of radio-engineer-
ing is essential and some commercial experience is
desirable. No ofter of engagement can be made until
regulations permit. Applications with details of
qualifications, age, experience, etc., to Box No. 731,
‘" Electronic Engineering."

CONSULTANT ELECTRONICS ENGINEER
required. A firm in West of London engaged in the
application of high frequency heating would like to
retain consultant electronic engineer for advice on
problemns connected with ‘above and other electronic
matters, Box No. 728, * Electronic Engineering.”

SITUATIONS WANTED
ENGINEER. Experience: Administration, organisa-
tion, research, development and patents in radio,
television, valve, C.R.T., telecommunications and
industrial applications. Wants post with scope. Now
under EEW.O. Box No. 729, '* Electronic Engineer-
ing."”

DEVELOPMENT ENGINEER with industrial
electronic experience wishes to contact a progressive
firrn with view to employment. London area desirable.
Box No. 730, * Electronic Engineering.”

YOUNG MAN in University, physics and radio
training, and considerable experience in miniature
electronic research (Earticularly hearing aids), desires
technical post in ngland or abroad, Box 732,
‘' Electronic Engineering.”

ELECTRONICS. Sales Engineer desires contact live
concern interested in industrial electronics. Wide
commercial  experience ; extensive  connections
numerous industries. Box 733, * Electronic Engineer-

ing."”

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

HILL £ CHURCHILL

Booksellers
SWANAGE, DORSET

ENGLISH & AMERICAN
BOOKS IN STOCK ON
RADIO AND
TELECOMMUNICATION

-

Catalogue on Application
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For the past |5 years we have
devoted our energies exclusively
to the manufacture of Trans-
formers and Chokes. Although
we continue to be very active in
the field of Research and
Development, we are neverthe-
less giving much of our attention
to increasing our range of
mounting facilities.

lllustrated above is one of the
varied range of styles shown in
our Catalogue (Price Id.) which
is now in preparation. If you
would like a copy, please write
to us and we will send you one
immediately it is ready.

Telephone: Abbey2244

PARTRIDGE

TRANSFORMERS LTD

76-8. PETTY FRANCE. LONDON, S.W.I.

THE TRIX ELECTRICAL CO.. LTD
1-5. MAPLE PLACE. TOTTENHAM CT. RD.

LONDON w.I.
TELE:MUSEUM: 5812 CRAMS & (ABLES: TRIXADIO. WESDO.LONDON

Electronic Engineering

CERAI\/lICS

| T |

OF ALLTYPES

IWZKI

TAY _OR

5CO, LTD

Head Office : Eastwood, Hanley Staffs.
London : 125, High Holborn, W.C.I.
Factories at Hanley, Stone and Longton,
Staffs.  Telephone :  Holborn 1951-2

and Stoke-on-Trent 5272-4.
TAS/TT.50

BOWLER
HATTED

we hope shortly
toservein peace
as in war. ..

RELIANCE

Manufacturing €o.(Southwark)Ltd.
Sutherland Rd., Higham Hill,
WALTHAMSTOW . E.I7

Telephone Larkswood 3245

RADIO RECEIVER CIRCUITS HANDBOOK

Containing practical notes on the Opera-
tion of Basic Modern Circuits. By E. M
Squire. A useful guide to circuits for members
of the radio Industry, and radio amateurs. By
dealing with the receivers in stages the author
has achieved the utmost clarity and conciseness.
The text is liberally illustrated with circuit
drawings and other diagrams. Third Edition.
és. net.

EXPERIMENTAL RADIO ENGINEERING

By E. T. A. Rapson, A.C.G.l, D.IC., etc.
Assisted by E. G. Ackermann. This book sets
out a number of experiments and methods of
measurement suitable for a three or four
years® course in radio engineering at a Technical
college. A few of them require rather
specialised apparatus, but the majority may be
carried out with standard laboratory equipment.
Third Edition. 8s. éd. net.

RADIO SIMPLIFIED

By John Clarricoats. Provides a useful back-
ground of fundamental radio knowledge. There
are many clear, interesting diagrams and
chapters dealing with such subjects as Series
and Parallel, the Measurement of Current, etc.
Second Edition. 4s. 6d. net.

N.B. Paper rationing means a
shortage of books. Those you want
may be temporarily out of stotk.

PITMAN

PITMAN HOUSE, Parker St., Kingsway,
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