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N.F. ALLOY POWDER.
GECALLOY NF ALLOY POWDER

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

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

MAIN ADVANTAGES of
GECALLOY NF ALLOY POWDER

and RADIO CORES.

I. Higher permeability.
2. Higher particle specific resistance.
3. Lower Eddy Current Loss.
4. Non -rusting.

Please send your enquiries to:-

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

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

The fact that goods made of raw materials in short supply owing to war conditions are advertised in
this magazine should not be taken as an indication that they are necessarily available for ezport.
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cox /belie/it
IN COMMUNICATIONS

To -day, wherever Bullets

Low Loss Ceramics are used,

reception is clearer ;and better

than ever before.

Years of research in Bullets Laboratories

have developed these materials to such a high level of

efficiency that Dielectric Loss is virtually eliminated.

Bullets Ceramics are now playing a vital part in

maintaining communications under all conditions.

BULLERS LIMITED

THE HALL, OATLANDS DRIVE, WEYBRIDGE, SURREY

Telephone : Walton -on-Thames 2451

Manchester Office : 196 Deansgate, Manchester

Butlers

Made
in Three
Principal
Materials:

FREQUELEX. An Insulating
material of Low Dielectric Loss.
For Coil Formers, Aerial Insulators,
Valve Holders, etc.
PERMALEX. A High Permit-

tivity Material. For the construction

of Condensers of the smallest

possible dimensions.

TEMPLEX. A material of

medium permittivity. For the con-
struction of Condensers having a

constant capacity at all temperatures.

LOW LOSS CERAMICS
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FLEXIBLE TORSIONAL REMOTE CONTROL

Here illustrated are some of the very many
End -Fittings available with S. S. White Flexible

Torsonial Remote Control. They exist in such

numbers that virtually any problem of
attachment can be, solved without delay or

difficulty. But whilst we endeavour to standard-

ize on certain of these End -Fittings in the

interest of production, we are only too pleased

to devise the particular method for the

particular purpose.

May we suggest you send your problems and

rough sketches to us for solution?

THE TREATISE. This subject is fully described and combined with a
mass of technical data and information, in the now well known Treatise
upon Flexible Remote Control published by the Company. A copy of this
standard work will be sent to all those genuinely able to make use of it.

In applying mention
should be made of the
name of your concern
and your status.

THE S.S. WHITE COMPANY  BRITANNIA WORKS. ST. PANCRAS WAY  CAMDEN TOWN  LONDON NAA/.1
Cable Address: WHICODENTA, WESDO, PHONE, LONDON Telephone: EUSTON 4758-4759.

W.T. l3.
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* Metal construction-for strength and durability.
* Electronic action-nothing to wear out.
* Unlimited life-proved by 15 years' experience

of operation.
* 80 % efficiency-from *th load up to full load.

Send 1/- to Dept. E.c.
for descriptive
pamphlet No. II

Westinghouse Brake & Signal Co. Ltd. Pew Hill House,
Chippenham, Wilts.

CONSTANT
VOLTAGE

A NEW ADVANCE IN TRANSFORMER DESIGN

Line voltage variations of
+ 15% reduced to ± 1%

Stabilize your Electrical Instruments by using an
" ADVANCE " Constant Voltage Transformer

TYPICAL SPECIFICATION :
Input Voltage: .. 19o -26o v. 5o c.
Output Voltage: .. 23o v. ± r %.

I5o watts.Max. load:
Input power factor over 90%.

Write for details. Price on application.

ADVANCE COMPONENTS LTD.,
Back Rd., Shernhall St., Walthxinstour, London, E 17
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LEADERSHIP
To radio technicians the name-Mazd has

always been synonymous with all that is

progressive in valve development. i
In design and performance MAZDA AD10

VALVES will ,always merit the/ to

leadership . . the proud position they

have held so long.

RADIO

VALVES
THE EDISON SWAN ELECTRIC CO. LTD.

155 CHARING CROSS ROAD, LONDON, W.C.2

For full particulars write to Technical Sales Department.

AIMM11111111h
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Planned Research
SHOULD scientific research

be centrally planned? Dr.
J. R. Baker (of the Department

of Zoology, Oxford University)
thinks not, and his fellow members
of the Society for Freedom in
Science agree with him.

In a recently published book* he
sets out his views at some length
and in an entertaining style. There
are two fundamental reasons, in his
opinion, why science cannot be com-
prehensively planned. Firstly, the
obvious one that scientists are not,
and cannot be replaced by, crude
machines. Secondly, and more
important, discoveries often come
by way of a surprise and. not as a
result of meticulous attention to a
plan ; for the end of a research can-
not be envisaged when the plan is
being made.

" It is not the slave to a plan,
but the person with a mind that is
prepared for the unexpected, who
becomes the great discoverer "-
and this argument is supported by
numbers of instances from the lives
of past and present scientists.

Dr. Baker draws a clear distinc-
tion between science, the acquisi-
tion of as complete a knowledge as
possible of the material universe,
and technology, which serves man's
material needs directly.

The magnification of technology
at the expense of science is de-

" The Scientific Life " (Allen and Unwin)

plored. In science, every discov-
ery is of permanent value, but
technological discoveries are often
ephemeral. In Dr. Baker's view
" If science disappeared and only
technology remained, knowledge
would be a hotch-potch instead of
an ordered system.  ."

This is called " an astonishing
statement " by The Scientific
Workert in which a critique of Dr.
Baker's book and views appears.
He is denounced as an " Anti -
Planner " and his book as revealing
an out-of-date conception of the
world to -day.

A great deal seems to depend on
the precise definition of the word
" planned ". The critique re-
ferred, to quotes as an example of
successful planned research the
work of Langmuir in improving the
emission of thermionic cathodes.

Surely this is not the " planned
research " referred, to by Dr.
Baker. No worker undertakes re-
search without a coherent plan in
his mind as to the rough course it
will take. Dr. Langmuir under-
took the research with a definite
aim, but it is exceedingly improb-
able that it was planned for him.
And the aim of Dr. Baker's book
(if it has been interpreted correctly)
is not to attack method or system
in research but rather to attack
those who would give scientists

T (The Journal of the Association of Scientific
Workers) July, 1942.

" assignments," to use an expres-
sive term.

Dr. Baker is not the only one who
is uneasy about the future of scien-
tific research. Dr. C. Kellogg in a
paper on " Scientists and Machin-
ery of State "§ says, " In the area
of his special competence the scien-
tist must determine how his skill
and technique can be used to best
advantage in helping to serve tho
common problem."

The Association of Scientific
Workers states in 'concluding its.
note that it is working for freedom
for Science not only freedom in
Science, and that if the freedom
they are working for comes to pass,
there will be no need for the Anti -
Planners to insist on choosing their
own research.

" In their own field of endeavour
they will be part of a vast flood of
discovery, and will realise .how
fully the end of scientific know-
ledge is the service of humanity."

The distinction between two pre-
positions is subtle and may leave the
reader wondering in what way the
Association's views differ from
those of the Society for Freedom in
Science, as they undoubtedly do.

In the meantime, Dr. Baker has
been invited to state his opinions in
a "short article (p. 147) and the
columns of this Journal are equally
open to supporters of the other side.

§ " The Scientific Monthly," July, 194.2.
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Some Aspects of Radio Valve
Manufacture

Many users of
1111 wireless valves,

whether for domes-
tic or scientific pur-
poses, can have
little or no concep-
tion of the many
interesting manu-
facturing problems

I II 11
which have con-
fronted the tech-
nical and produc-

tion engineers of the Industry in pro-
ducing the modern valve.

In contrast to the general run of
precision engineering, which deals
with solid pieces of metal which can
be readily machined and finished to
fine limits of accuracy, the valve
engineer has to produce and assemble
a wide variety of thin sheet metal and
wire components many of which are
extremely fragile and require very
careful handling to avoid distortion.
The wireless valve is an electrical de-
vice which depends on extremely ac-
curate spacing of the various elec-
trodes, and it will not be difficult to
appreciate that  any mechanical dis-
tortion will materially increase the
effect of the small manufacturing
tolerances allowed and largely control
the uniformity of the finished product.

The special electrode materials in
general use are tungsten, molyb-
denum, pure nickel, various alloys of
nickel with manganese, aluminium or
magnesium etc., and have been
chosen, not on account of their easy
working properties, but for their abil-
ity to withstand high temperatures and
their general freedom from impuri-
ties. A high standard of inspection,
both dimensional and analytical, has
been set by valve manufacturers on
all the various raw materials em-
ployed to ensure that the necessary
quality is maintained. Uniformity of
raw materials is essential for the
smooth running of intricate machin-
ery, and to permit strict adherence to
approved manufacturing processes.

Another interesting point is that
,many of the processes are peculiar to
the industry and require special plant
which, in the majority of cases, is de-
signed and constructed by the manu-
facturers themselves.
Component Manufacture

In spite of its small size a wireless
valve can have as many as thirty or
forty separate parts depending on the
purpose it has to fulfil. These parts
are generally produced by each valve

The M. 0. Valve Co,. Ltd.

By T. F. B. HALLandA. H.
manufacturer to his own design and
in order to exercise the necessary de-
gree of control.

The glass bulbs are produced on
automatic machines where, the quan-
tities are sufficiently large to justify a
large hourly production. A vacuum
operated device is provided on these
machines to collect from a tank of
molten glass the correct amount for
each bulb, which is then blown by
compressed air to the required shape
in split moulds. The bulbs are then
ejected from the moulds and passed
through an annealing furnace to re-
move internal strains. The hourly
rate of production is about 3,500 to
6,000 bulbs per hour, depending on the
type of machine. Where the quanti-
ties are small it is more convenient to
have the bulbs produced by glass
blowers, but of course, it is not pos-
sible to maintain the same degree of
uniformity by this method.

Except in the case of metal valves
glass tubing is used for the electrode
assembly foundation and 'also for, the
exhaust tube. This tubing is produced
on a machine in which a stream of
molten glass is allowed to fall on to a
sloping cylindrical mandrel. As the
mandrel slowly rotates the glass be-
comes deposited as a thick film, which
slides down the nose from which' it
passes on to a series of rollers mounted
on the floor of a long shed. A jet of
air, emerging from the nose of the
mandrel, prevents the tube from col-
lapsing until it has cooled sufficiently
to retain its circular cross section. At
the end of the rollers is a mechanism
for pulling the tubing along at a
steady rate, varying from 200 to 30o ft.
or more per minute depending on the
size of the tubing, The diameter and
wall thickness of the tube are adjusted
by varying the rate of flow from the

HOWE*
furnace, the diameter of the mandrel,
and the speed at which the tube leaves
the Mandrel. Combined with the pull-
ing mechanism is a cutting device, for
separating t)le tubing into lengths of
approximately 4 ft., which is a con-
venient size for handling in subse-
quent operations. The cutting is car-
ried out by a chisel edged carborun-
dum block mounted on a belt having
the same length as that of the glass
sticks, and which travels at the same
rate and in the same direction as the
tube. The belt is set at a slight angle
to the glass tube so that a cross rub-
bing action takes place between the
cutter and the tube whilst the two are
in contact.

The glass tubing produced by the
method which has just been described
is used in the making of the valve foot
or pinch (Fig. t). The lengths of tub-
ing are inserted vertically into a flang-
ing machine, fitted with a number of
revolving chucks mounted on a small
circular table, which is indexed at re-
gular intervals of time. At the first
two or three stationary positions of the
table, the bottom end of each tube is
heated by gas burners until it becomes
plastic. Whilst in this condition a
spinning tool is brought into contact
with the tubes, which are flanged out-
wards (Fig. i/6). In the next two posi-
tions the flanged tube is cut to length
by heating at the required distance
above the flange and parted off by two
rotating bevelled circular knives, one
on the inside and the other on the out-
side. On the last position the chucks
are opened, allowing the length of
tube to fall on to a length setting plate
ready for the cycle of operations to be.
repeated.

The flanged tubes are now trans-
ferred via a sloping chute to a hori-
zontal circular slotted table, and in

4

5
1 7 8 10

Fig. I. The glass " pinch " of the valve and its component parts.
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Fig. 5. Close-up of the grid winding machine showing grid wound in a continuous length.

,order that they can be supported by
the flange, are inverted during their
passage down the chute. The table is
indexed so that each slot receives a
flanged tube, which is heated at the
bqttom end until it becomes plastic. At
a suitable position a pair of blades,
similar to a glove stretcher, are in-
serted and the tube stretched to the
shape shown in Fig. 1/5. This opera-
tion is necessary in those cases where
the two outer electrode lead Wires are
spaced at a. greater distance than the
internal diameter of the tube.

The lead wires, which not only sup -
'oft the various electrodes, but pro-
vide electrical connexion to them, are

-in most cases composite in nature. In
Fig. 1/ to is shown a three-piece lead
comprising (a) an electrode support,
usually nickel, (b) a short, length of
alloy wire which is fused into the tube
to form a vacuum tight joint, and (c)
an external copper connector. When
a very wide spacing is required be-
tween the outer supports, the nickel
component is pre -formed as in Fig.
1/9. In those cases where an electrode
is supported by two wires, one of them
does not have an external copper con-
nexion and is made with either a short

B

length of alloy wire (Fig. 1/8), or with
a nick (Fig. 1/7), to hold it securely
in the glass.

The foot or pinch is made by insert-
ing the lead wires, nickel downwards,
into holes drilled in a heat resisting
die black. The glass flange and ex-
haust tube (Fig. 1/4) are supported in
Fig. 1/3, i.e., with the welded joints
of each of the lead wires lying within
the flattened zone of Fig. 1/5. `W'hils't
thus aligned the die block and jaws
are indexed through a number of
graduated fires to reduce the thermal
shock to the glass, which gradually
becomes plastic and flows around .the
lead wires. At this stage a pair of
jaws compress the glass firmly around
the wires and 'complete the seal. The
inner end of the exhaust tube is now
embedded in the pressed portion of the
flange tube, and, in order to provide a
free passage for exhausting the valve,
a jet of air is directed into the outer
end, whilst at the same time small gas
burners keep the upper surfaceoi the
pressed portion in a plastic state. The
air pressure in the exhaust tube forces
a passage through the wall as shown
in Fig. 1/ 2, whiCh is a .view tAen at
right angles to Fig. i /3. The final

pinch is then thoroughly annealed to
prevent glass cracks. The conven-
tional type of pinch -making machine
may have from twelve to twenty-four
heads, and production varies from zoo
to 40o pinches per hour according to
type. As a final operation, and de-
pending on the layout of the various
electrodes, the lead wires are trimmed
and bent to the required shape as for
example in Fig. 8.

The metal components can be divi-
ded roughly into two groups, i.e.,
sheet metal pressings, and those made
from wire or strip.

Those falling into the first group
cons'st of anodes, beam plates, shields,
contact caps etc..:

Anodes are generally two-piece
pressings, or single piece as in Fig. 2.

Shields and other pressings in
general use are too diverse to describe
in detail, but represent general press
work technique, except that the thin
material used and the accuracy re-
quired, calls for the highest skill in
tool making. It will no doubt have
been noticed that some of these are
made in bright metal and others in
black. Black 'or carbonised material
permits the use of smaller components
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Fig. 2. Various one-piece and two-piece
anode pressings.

for a given wattage dissipation on ac-
count of its improved heat radiating
properties, a very useful factor in view
of the modern tendency towards a re
duction in the overall size of valves.
A large variety of formed wire and
strip components are required for
clamping, supporting and connecting
purposes. These are produced on auto-
matic machines where the quantities
required are large, otherwise it is more
economical to construct simple hand
operated jigs, which do not require
careful setting up.

Depending on the function which it
has to fulfil, a valve, unless it is a
diode, may have from one to six
separate grids. The grids are usually
the most critical component parts of a
valve and it is proposed to deal with
their manufacture in some detail.

A grid normally consists of a helix
of fine wire attached to one or more
longitudinal support rods and may, ac-
cording to requirements, have one of
the various cross sections shown in
Fig. 3. The helix pitch in the
majority of cases is constant and
can vary from 8 turns per inch
to nearly 200 turns per inch. In
certain cases of high frequency
valves used in manual or automatic
volume control circuits, the pitch is
increased in the centre portion as
shown in Fig. 4 (right).

The two methods of attaching the
grid wires to the supports in general
use are by resistance welding or by a
mechanical process of notching and
swaging, the latter being in effect a
caulking process. In certain older
types of transmitting valves the sup-
ports are laced to the grid turns by
means of a fine binding wire,, mainly
because the art of welding together
two molybdenum wires had not been
developed when these types were in-
troduced. Welding by high speed
machines is really only practicable
when the small diameter winding wire
has a higher melting point than that of

the supporting wires, so that with the
.increasing use of materials such as

nichrome, manganese nickel, etc.,
which are considerably cheaper than
molybdenum, the use of this process
has diminished in recent years. The
notching and swaging process pro-
vides unlimited scope in the choice of
materials; a considerable boon, to the
valve designer.

Fig. 3. Cross sections of various types
of grid.

Irrespective of the process em-
ployed, the basic principle of the
winding machine, one type of which
is shown in Fig. 5, is that of a screw -
cutting lathe. A short mandrel (A) of
the required cross section, with longi-
tudinal grooves to accommodate the
support wires, is mounted in a non -
rotating holder inside the hollow main
spindle through which pass the sup-
port wires, fed from spools carried
in an external cradle. The support
wires are adjusted in the initial set up
to project beyond the nose of the man-
drel and are gripped by a suitable
clamp mounted on the slide rest,
which is traversed by a lead screw (H)
driven by a train of gears to give the
required pitch. A face plate (D)
mounted on the spindle carries both a
spool of winding wire (B) and a spring
loaded welding roller (E), which is
connected by brushes (G) contacting
an insulated ring (F) on the face plate,
to the low voltage secondary winding
of a single phase transformer. As the
face plate revolves around the station-
ary mandrel, the wire is drawn off the
spool over guides (C) and welded to
the grid support wires. The machine
is now stopped when the slide reaches
the end of the machine bed and the
length of wound grid severed close to
the mandrel, the slide traversed back
to the starting point and the clamp re-
connected to the support wires.

In the notching and swaging pro-
cess, shown diagrammatically in Fig.
6 stages A, B and C,, the cycle of
operations is very similar, except that
a rigidly supported sharp -edged circu-

Fig. 4. Grids wound with constant
and variable pitch. .

lar cutter, which is free to revolve, is
substituted for the welding roller.
This cutter makes a succession of
notches in each of the support wires
as they are drawn across the mandrel,
and into these the winding wire is laid.
A square -edged spring -loaded roller
hammers or caulks the material of the
support wire around the winding wire,
and secures it firmly in position.

The projecting ends of the grid sup-
port wires which are required for loca-
tion and connexion, are obtained
either by switching off the welding
current or by lifting the swaging
roller, depending on the process em-
ployed,,the 'nose turns being removed
in a subsequent operation.

The finishing processes commence
with the length of wound grids as re-
moved from the machine and are very
important in view of the accuracy re-
quired. Iri the case of notched grids,
the lengths are first stretched longi-
tudinally to remove a slight distortion
imparted by the swaging process. The
grids are separated in a cutting -tool
and then normalised in a high tem-
perature hydrogen furnace. This t: eat-
ment also releases some of the surface
gas, which would be harmful to the
vacuum in the finished valve. The
grids are then, if the cross section per-
mits, internally stretched in order to
size them to the correct dimensions.

Fig. 6. Stages in the manufacture of
notched grids.
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All grids have to be gauged across
the minor axis in " Go " and " Not
Go " gauges. The normal limits im-
posed for the most critical grids are
of the order of ±0.3 mm. (±.ocii2 in.)
and in certain cases the limits may be
even smaller. As previously pointed
out these limits are large in compari-
son with accepted standards of pre-
cision engineering, but it is necessary
to bear in mind the fact that, in the
known art of wire drawing, variations
in the temper of various successive
batches exist, and these affect grid
making considerably. When one con-
siders that grids may be made in
batches of say io,000, and that any-
thing up to i 5 or zo spools of wire may
be required for this quantity, the pos-
sibility of variation is very apparent
and frequent adjustments are necessary
to maintain uniformity in the product.
Cathodes and Heaters

The cathode, of which there are two
distinct types, namely, directly and
indirectly heated, is coated with elec-
tron emitting chemicals which only be-
come active when raised to a tempera-
ture of the order of 700/800o C.

The first consists of a length of
wire or strip usually formed into one
or more "vees" (See Fig. 7/ t and 7/3),
the ends of which are clamped or
welded to two lead wires in the pinch,
the bottoms of the intermediate loops,
if any, are secured to dummy lead
wires while the tops are supported by
helical or cantilever springs to
hold the system taut and to com-
pensate for expansion and contrac-
tion. The emissive coating is ap-
plied to the wire or strip by passing it
at a steady rate through a series of
baths with intermediate drying ovens;
the coating thickness, which is
critical,, being maintained by careful

Fig. 7. Types of filaments and heaters

control of the viscosity of the chemical
suspensions in the baths.

In the indirectly heated type the
cathode consists of a thin wall seam-
less or lock -seam folded cylindrical or
elliptical nickel tube, whilst rectangu-
lar cathodes are usually formed up
from thin strips of metal. The emissive
coating is applied in the form of a fine

Fig. 8. Photograph of a barrel jig used in electrode assembly.

spray directed on to a row of cathodes
mounted in a jig, specially designed
to control the length of the coated por-
tion. The thickness is controlled by
weighing samples in the coated and
uncoated state. In order to activate
the cathode coating, an insulated
heater of tungsten or molybdenum -
tungsten alloy wire is inserted into the
interior. The transfer of heat is rela-
tively slow, hence the time lag which
is encountered in starting up with
valves of this type. The insulating
medium in this case is pure alumina,
which is likewise applied by a spray
gun to batches of heaters mounted in
special jigs.

The coated heaters, which may as-
sume any of the shapes shown in Fig.
7 are inserted into small bore alumina
tubes and sintered at a high tempera-
ture (1,43o -1,73o° C.) in an atmosphere
of hydrogen to remove impurities and
to consolidate or sinter the coating.

The Mounting of the Electrode on to
the Stem
The assembly of the various com-

ponents on to the supporting stem pr
pinch is an operation calling for ex-
treme care in order to ensure that the
relative clearances between the vari-
ous electrodes are maintained within
the desired limits set to ensure that the
required electrical characteristics of
the finished valve are obtained. On
this account it is usual to anchor the
various grids, anodes and cathode
systems in accurately pierced mica
spacers before completing the opera-
tion of welding the electrode supports
to the respective lead wires on the
pinch.

In the more complicated types of
valves the use of assembly aids or jigs
is often resorted to. As previously
mentioned, in the more complicated
types assembly jigs are used and the
barrel jig shown in Fig. 8 is
probably the best example of this
type. The various electrodes are
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Fig. 9. A view of the automatic sealing -in machine.

loaded into the respective slots or
grooves in the jig and the pinch,
complete with the bottom mica
assembled, is now offered up to the
jig and the respective electrode leads
fed through the holes in the bottom
mica. The electrodes are now welded
to the respective pinch supporting
wires and the barrel, jig withdrawn.

The welding operation itself calls
for little comment. The spot welders
are usually fitted with i kVA or 2 kVA
step-down transformers and are of
light construction, fitted with a spring -
controlled make and break mechan-
ism. In some cases special current
controlling devices are fitted where
extra delicate work is called for. The
accurate use of these small welders is
well within the capacity of the aver-
age woman worker and most of them
are able to carry out this operation
with a high degree of efficiency.
Naturally, the avoidance of damage or
distortion to the various electrodes
during assembly is one of the things
which call for most attention during
this operation, particularly as much
time and money has been spent in pre-
vious operations in making these elec-
trodes to accurate sizes. Other allied
problems have to be dealt with, such
as the avoidance of contamination of
the material surface by greasy hands,
and the associated difficulty of avoid-
ance or at any rate dispersal of small
particles of fluff or lint, which ulti-

mately give rise to extraneous noises
in the finished valve.
Sealing -In

The electrode system, when
mounted on the glass stem, is now
ready for enclosing in the surround-
ing glass envelope or bulb. This
operation, known as sealing -in, is car-
ried out on the machine showp in Fig.
9. This consists of a. number of rota-
ting heads each having a central pin
(A) into which the exhaust tube of the
mounted seal is. inserted. The bulb
(B) is now fed into position open end
downwards over the mounted seal. It
is held in position by a chuck, in such
a manner that it completely covers the
mounted seal and the lower or open
end extends for some distance below
the opened out or flanged part of the
seal. The machine which is power in-
dexed now starts to rotate and in the
first position "soft " fires impinge on
the neck or tower part of the bulb at a
point almost oppoSite the flanged out
part of the seal. The machine con-
tinues to index through other posi-
tions, where other " harder " fires are
brought into play at the same point.
It is perhaps necessary to give an ex-

` planation of the term " soft " and
" hard " fires. It is essential in work-
ing glass to raise the temperature
slowly till the plastic stage is reached,
in order to avoid thermal shock and
the resultant cracking. Correspond-
ingly.the glass must not be allowed to
cool suddenly after the operation is

completed. In order to ensure that
there is no sudden increase or de-
crease in the temperature gradient
curve, the fires used are arranged so
that in the initial stages they give
low heat output (usually by limit-
ing the amount of gas flow and
at the same time cutting down
the air supply to a very low
figure-this gives a " soft " flame).
Correspondingly the latter stages con-
sist r of fiercer or hotter fires with a.

greatly increased air pressure, result-
ing in a " hard " fire. After the com-
pletion of the sealing -in operation the
temperatures are again slowly
lowered. 'With the increase of tem-
perature the neck of the bulb starts to
melt and in so doing the glass shrinks
on to the flange at the bottom of the
pinch and a lip' near the top of the
seal support pin, as the lower part of
the bulb drops down under its own
weight. An airtight joint is thus made
between the bulb and the pinch, and
the only connexion between the in-
terior, of the bulb and the atmosphere
is now via the exhaust or stem tube.
The sealing -in operation can perhaps
be more readily followed by examina-
tion of Fig. lo where view (u) shows
the bulb prior to the application of
heat, (2) after the bulb has shrunk on
to the glass flange and pin and (3)
where the neck has been separated
from the bulb. This is accomplished
by blowing a jet of air from a series
of small holes in the pin above the
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lip which punctures the hot glass be
tween the flange and the lip so that it
is quickly melted away.

Pumping
The basic principle underlying the

pumping operation is to drive out the
occluded gases from the electrodes of
the valve and also from the glass bulb
in the shortest possible time. The
gases occluded in the electrodes have
been previously reduced to a mini
mum by cooking, either in a vacuum
or in an atmosphere of hydrogen.
Certain precautions are also taken in
the smelting stage of the metals used
to reduce the gas content. Very low
pressures, by ordinary standards of
comparison, are obtained by means or
microscopic mechanical clearances iii
the rotary exhaust pumps sealed by
oil, which has been treated under
vacuum to remove the more volatile
components. A good double stage oil
pump, one stage of which is shown
diagrammatically in Fig. 12, is cap-
able of reaching a pressure of 1/ so of
a micron (o.00m mm. of mercury).
Actually, the pressure in the exhausted
valve is considerably above this
figure, owing to unavoidable losses
due to the multiplicity of rubber
joints, leakage across the lapped sur-
faces of the machine valve, the restric-
tion imposed by the small bore exhaust
tube and the progressively slower rate
of exhausting, which takes place as
the lower pressures are reached. Some
manufacturers prefer mercury vapour
diffusion pumps backed by a single 
stage oil pump. This arrangement
has a higher rate of exhausting but
requires more maintenance.

In actual practice a pump machine
shown diagrammatically in Fig.
consists of a number of such units,
coupled by a multipoint central rotary
valve to the various positions in a
circular manifold, which support the
valves to be exhausted. The exhaust-
ing, process consists of inserting the
glass exhaust stem of the valve into
one of the rubber connecting tubes'of
the pump manifold and opening up
the control tap to the pump system.
The machine indexes and the valves
being pumped then move forward
under the pump oven which is heated
at an average temperature of 4500 C.
By this means the bulk of the. occluded
gas is driven from the glass bulb-
water vapour is readily removed by
this treatment in considerable quan-
tity. The electrodes of the valve are
then heated up by a current induced
from a high frequency source. This.
liberates gas from the electrodes and
heats the cathode to decompose the
carbonates in its sprayed coating. At
this stage it is usual to reheat the elec-
trodes to disperse any gas which they
may have absorbed during the heating

2 3

Fig. 10. Showing the stages in the sealing -in operation.

of the cathode. The final vacuum on
the pump is usually obtained by
liberating a " getter " or chemical
composition to effect the final clean up
of the remaining residual gases. The
" getter" employed varies, but usually
consists of barium or magnesium or a
varying percentage of each.

With the completion of the pumping
schedule the valve is sealed off by
melting the exhaust stem to a small
pip -

A typical pumping machine is
shown in Fig. 13, which shows (A)
one of the rubber valve connexion
housings built into the circular water
cooled manifold (B), (C) the oven for
baking the bulbs, (D) one of the high
frequency coils, (E) the sealing off
device, and (F) the delivery chute to
the capping machine.

Capping

The fixing of the cap to the glass
bulb is by no means such a simple
operation as it appears at first sight.
It is an unfortunate fact that most of
the quick hot treatment cements avail-
able require a heat treatment tempera-
ture, which is very close to the blister-
ing point of the bakelite material of
the cap and great care has to be taken
in selecting a suitable capping cement,
which usually consists of a bakelite or
shellac base with a suitable filler. The
cement is fed into the cap in a semi -

plastic state, and the copper leads
from the valve are threaded into the
respective pins in the cap, the lower
part of the bulb is then introduced into
the cap and is now in contact with the
cement. The valve, complete with
cap, is then inserted into a rotary
machine and passes through an oven,
thus drying out the carrier in the
cement and forming the bond between.
the glass and the cap. Modern prac-
tice usually includes. the use of cen-
tring devices, for ensuring that the
cap and bulb are reasonably aligned.
After the capping operation the sur.
plus copper wires are cut off and the
leads soldered to the pins in the cap.

Activation and Ageing
The full emission of the valve is not

developed directly it comes off the
pump, but by running the cathode at
a temperature which requires careful
control, with suitable potentials on the
other electrodes for a specified time,
further activation takes place, and the
valve is stabilised from the point of
view of the remaining small quantities
of gas left behind.

Testing
The final operation in the manufac-

ture of a valve is testing. The num-
ber of tests to be applied is governed
by the type of valve being tested, but
all valves have some tests in common.
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Fig. 13. Automatic rotary exhausting machine.

The ones usually applied are :-
(I) Filament Rating.

Either the filament voltage is
fixed and the filament current
read, or vice versa.

(2) Anode Current.
The anode current is re-

corded, with a fixed potential on
the anode and grid, usually at
the working point.
Negative Grid Current or

" Backlash."
A potential is applied to the

anode and the heater/cathode or
filament circuit run under
normal conditions, and with a
low negative potential applied
to the grid the negative grid
current is recorded. This read-
ing will give an indication of
the gas pressure pf the valve
under test.

GO Other Applied Tests.
According to the type of valve

and its particular application to

(3)
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Fig. 11. Diagrammatic layout of exhausting machine.
Fig. 12. (Inset) Section through rotary oil pump.

circuit use, other tests are made
such as power output in the case
of the output valve, and conver-
sion conductance in the case of
frequency changers. In addition
to these tests it is usual to test
each valve for microphonic pro-
perties, or other noises which
may be indicative of loose fit-
ting or badly joined electrodes.

Conclusion
From the foregoing it can be

gathered that although valve manu-
facture has now developed on an ex-
tensive scale, the maintenance of char-
acteristics, and satisfactory life per-
formance, are problems which call for
very close inspection of the electrode
construction and all the subsequent
valve manufacturing processes right
up to the final testing.
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The Scientist and the Community
By JOHN R. BAKER, M.A., D.Sc. (Oxon.)

APART from the application of
science to practical affairs, there
are two main reasons why

science is necessarily a social activity,
First, the subject of a scientist's re-
search must be influenced by the sub-
jects which others have investigated.
Secondly, the need for objective proofs
of his discoveries presupposes the in-
terest of others. Investigators influ-
ence one another sometimes in con-
versation or by lectures, but more
usually through the medium of print.
It often happens that great discoverers
are people to whom social life is un-
attractive. They are engaged on a
social undertaking, but some degree of
solitude is usually necessary if they
are to find out things that will interest
others.

Great discoverers are attracted by
great problems, and they measure a
discovery not by its immediate effect
in providing the material wants of
man, but by quite a different criterion.
They consider a discovery great if it
links together many facts not pre-
viously known to be related. Such dis-
coveries often bring enormous mate-
rial benefits to mankind in unexpected
ways, but the urge which made the dis-
covery possible was the urge to know
more and to help others to know more.

Science and Industry
Much remains to be learnt about the

conditions necessary for the origin,
both in pre -history and in individual
development, of the urge to discovery.
Hypotheses can be put forward to ac-
count for the evolutionary origin of
the urge, but for the present it is pos-
sible to be certain only of this-that
it is the prime requisite in a research
worker. Certainly the urge does not
arise as a direct result of manual
labour, as some political thinkers
would have us believe. Only those
whose real interest is the establish-
ment of a particular political view can
deceive themselves into thinking that
modern science is the product of
material human needs.

Five of the greatest geniuses of
physics and chemistry were the sons of
a blacksmith, a candle -maker, an
operative weaver, a cloth -dresser and
a bricklayer; but it was not manual
labour which directed their attention
to the properties of matter. Faraday,
for instance, was directed to that sub-
ject not by the iron of his father's
forge nor by the physical materials of
the books which he bound, but by the
contents of those books. Franklin
found life among his father's candles
so distasteful that he left it to become

a printer's apprentice and thus
reached the world of culture, like
Faraday, through books. (Physics it-
self presented itself to him much later
in' life, in the shape of a travelling
lecturer). Dalton's genius was able
to fructify not because he was
driven forward by a consuming
passion to study the woollen mate-
rials which gave his father a.
scanty livelihood, but because a Mr.
Elihu Robinson noticed and stimu-
lated the boy's desire to study and im-
prove his mind. Priestley's thoughts
were not turned to the study of mate-
rials by contact with the family cloth -
dressing business. It was to his aunt,
not to cloth, that he was indebted for
the possibility of developing his
talent It was she who encouraged
him in youth and brought him into
contact with people of culture and
liberal thought. That Gauss was able
to develop his genius was due to the
far-sighted encouragement of the
Duke of Brunswick, not to any con-
genital desire to probe into the ulti-
mate composition of his father's
bricks.

The pretence that the handling of
materials in crafts and industry is a
mainspring of science is false, and
nothing less than flat contradiction
meets the case when the Vice -Presi-
dent of the United States remarks that
" Modern science is a by-product and
an essential part of the people's re-
volution." It is, on the contrary, a
direct product of men of genius and
talent. The " common man," upon
whom it is nowadays so fashionable to
fawn, has played almost no part in its
development. The history of science
shows convincingly that it is not in-
dustry that makes science, but science
that makes industry and much besides.
Manual labour is involved in scientific
research as it is in. playing the piano,
but the manual labour of industry is
no more the source of scientific dis-
covery than of musical composition.

That geniuses have risen from very
poor. circumstances does not prove that
manual labour produces genius, but
only that genius is remarkably inde-
pendent of social status. It is not the
devotion of a man's life to material
human wants that results in great dis-
coveries. The very reverse is true.
Ampere deliberately took up the study
of physics as an escape from mundane
affairs, when the execution of his
father by the French revolutionaries
had weakened his feeling of kinship
with human society. That his genius
was able to benefit humanity in such
a remarkable degree both intellec-

tually and practically was due to his
deliberate retreat into matters trans-
cending those of everyday life.

Much is written nowadays about the
social relations of science, and it is
insisted that all scientific research
should be directed towards satisfying
the material needs of man. This in-
sistence is short-sighted. During the
war scientific research must indeed
mostly be devoted to practical affairs,
but in times of peace such a policy
would be disastrous, To use Dr. L. E.
Sutton's phrase, it would mean that
we were living on capital. Great dis-
coverers are often not concerned with
immediately practical affairs. Some of
the greatest modern scientific geniuses,
like Bohr, Dirac, Einstein, Moseley,
Planck and Schrodinger have con-
cerned themselves mostly with matters
which have not yet affected the mate-
rial welfare of man. That welfare
may be (and probably will be) revolu-
tionised by their work, but we do not
yet see exactly how. Their work has
a tremendous cultural value whether
practical applications come or not. It
would be nothing less than a disaster
if the introduction of totalitarian
methods into scientific life were to
prevent men of this calibre from
allowing their genius to manifest
itself.

Scientific Method in Political
Discussion

Science has a great potential social
function beyond the obvious one of
forming the only secure basis for
technology. Scientists can make, it
they will, a tremendous contribution
to human welfare. They can make that
contribution not by attending to the
modern parrot -cries about the social
relations of science or throwing
themselves into the violent stress of
party politics, but by a very different
and much more congenial process.
They can introduce scientific method
and habits into the problems of human
relationships.

At present, those scientists who have
become most politically conscious
have unfortunately set a bad example
by leaving behind scientific method
when they enter the political arena
and adopting the worst of the prac-
tices which make politics disreputable.
It is, perhaps, scarcely necessary to
stress the radical difference between
the truly scientific and the ordinary
political atmosphere. The degraded
nature of political life is so much
taken for granted, that most people
scarcely bother to reflect seriously on
the subject. A few months ago a
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weekly journal intended for intel-
lectuals published a letter from a.man
who told how he enjoyed watching his
dog kill a rat, because that was what
he would like to do to those with
whom he disagreed politically. This
is, of course, rather an extreme ex-
ample, but it exemplifies the kind of
thing that tends to be taken for
granted by readers of political jour-
nals. We should be startled out -of
our wits if we found a comparable
public display of hate in Electronic
Engineering. In science we resolve
our disagreements in another way.

One of the greatest social functions
of science, then, is to inculcate scien-
tific virtues into the field of human
relationships, so that at last no one
will seek to influence political opinion
in any direction by falsehood, ex-
aggeration, hate (a very infectious
emotion), sarcasm, contempt, argu-
ment by analogy, use of misleading
similes and metaphors, imputation of
low motives, repetition of slogans, or
any rhetorical device that would not
be approved in a scientific paper.
These devices for affecting 'opinion
are as much used in some political
journals intended for intellectuals, as
in the popular Press; and it will be an
uphill task to revolutionise the con-
duct.of political argument.

The slogan that economic liberty is
more important than liberty of speech
is current among those who harp upon
what they imagine to be the only
social function of science. The logical
fallacy involved in the slogan need
not detain us, but it is significant tc
note that in twentieth-century Britain
liberty of speech can still be chal-
lenged. It is regrettable that even
certain scientists are prepared to dis-
card this most important element of
the only technique known to man for
arriving at demonstrable truth. A
valuable social function of science
would be to spread ever more widely
those methods that have made science
great, and to combat those which have
caused the low status of politics.
Freedom of Enquiry

Freedom of speech is, of course, not
in itself a sufficient freedom for the
research worker in pure science : there
must also be freedom of inquiry.
Every scientist with the talents of an
,original investigator knows better
than anyone else how his own person-
ality can best be used in the expansion
of the bounds of knowledge. He
knows his own deficiencies as well as
his strong points, and he knows that
no one else has exactly the same quali-
ties and interests as himself. He ap-
plies himself to the problems which
he is fitted to solve. This process, re-
peated over and over again in the per-
sons of all the original investigators
in the world, results in the attempt

being made to cover the whole field of
science, so far as it is possible to
cover it in the existing state of know-
ledge. Every time a scientific dicta-
tor or planning committee decides
that an original scientific investigator
is to undertake a stated piece of re-
search, the plan which includes him
necessarily excludes him from the
work which he would have done had
he been free. Those who speak en-
thusiastically of the central planning
of science should reflect seriously on
the. 'gaps which their policy would
make in the expanding front of
science, and on the waste of material
involved in confining an original mind
in,a mental strait -jacket. Anyone who
has ever known an originally -minded
investigator is aware that one might
as well try to plan the activities of a
volcano or a musical composer as his.

Faraday did not stay long within
the narrow confines of a plan to im-
prove glass. When pressed to con-
tinue this work, Faraday wrote some
memorable words in answer. He said
that as he had been obliged " to de-
vote the whole of my spare time to the
experiments Lon glass] already des-
cribed, and consequently to resign the
pursuit of such philosophical inquiries
as suggested themselves to my own
mind, I would wish, under present
circumstances, to lay the glass aside .
for a while that I may enjoy the
pleasure of working out my own
thoughts on other subjects." Never has
a planner been told more courteously
or. more effectively exactly where he
gets off. Instead of improving glass,
Faraday went on to the researches in
pure science which made him one of
the greatest investigators the world
has ever known, and which resolu-
tionised industry at the same time.

Those who consider that the subject -
matter of scientific research should be
centrally planned almost seem to
think of scientists as a flock of sheep,
whose individual temperaments and
interests are not important. Like
Francis Bacon they imagine that they
have a method of making scientific
progress automatic, a method which
" nearly levels all wits and intel-
lects." Wits can be levelled, it is
true, by totalitarian methods ; but the
levelling will all he downwards, and
can only be achieved by the strangling
of gmius and talent.

There is a place in science for the
talented but  unoriginal investigator
who works happily and well under the
direction of others. There are certain
fields in science which are suit-
able for these 'men, who should not
be persuaded to undertake original
work if their own special aptitudes
are best satisfied in a directed team
These men serve science well, and
damage will only be done if their in-
terests are made to transcend those of

the original investigator, so that funds
and facilities are lavished on plans
while free science is slowly starved.
Planning can co -exist with free
science, provided that freedom is not
cpnfined to established genius. Genius'
cannot manifest itself in vacuo.
Einstein has become what he is not
only because of his intrinsic merit, but
also because of the co -existence of
others who made a milieu in which his
genius could flourish. Had he lived a
thousand years ago, or spent all his
life in a modern totalitarian country,
it is unlikely that he would have made
such enormous contributions to know-
ledge. Original and independent in-
vestigators who are much less than
geniuses not only make a very large
total contribution to knowledge them-
selves, but also help to provide an
environment which favours the mani-
festation of genius.

In the period of reconstruction after
the war, the parrot -cry of planning is
likely to drown the sober conversation
of those who are working to make
better world. It is to be hoped that
the needs of original and independent
minds, of all grades up to genius
itself, will not be forgotten.

A Sound Suggestion
NOT Iong ago the question of

terminology for ultra -high fre-
quencies was being discussed on

both sides of the Atlantic, and at a
conference of American professors it
was solemnly decided to refer to
the . ultra -ultra -high frequencies as
U.H.F.I.-Ultra High Frequency
Indeed.

Dr. Lee de Forest suggested in a
letter to our contemporary Electronics,'
that the next step would be " Good-
ness ! Ultra -High Frequency Indeed !,
pronounced abbreviatedly G.U.H.F.I.,
or plain Goofy.

A far more logical suggestion is
made by B. C. Fleming -Williams in
a letter to the Editor of The Wireless
Engineer. He proposes that the whole
frequency spectrum should be divided
up into a number of bands defined in
the following manner.

If a frequency is expressed in cycles
per second, it will lie in a band whose
number is equal to the logarithm of
the frequency to base The band
number is therefore given by express-
ing the frequency as a number be-
tween i and io multiplied by a power
of ten, and using' that power as the
band number.

For example 5o MC/s is 5 x to' c/s,
and the band number is 7.

It is pointed out that the present
terminology does not correspond to
the band numbers exactly, but this
hould not present difficulty. The

system can also be extended widely,
light waves being associated with
band 14.
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Wave Analysis
Part I- General Review

By K. BOURNE*

THE term wave is commonly used
in a. very wide sense, to cover
almost anything from a heat

wave to the probability waves of
modern physics, but it can be gener-
ally taken as representing the varia-
tion of some quantity with regard to
time or space. The variation of an
electric current or potential difference
with time will be called the wave-
form of the quantity concerned, and
in accordance with the above will be
taken in a very general sense, i.e., it
will not necessarily be periodic or
even continuous. Only the analysis of
electrical waveforms will be directly
considered, but this limitation is not
severe; variations of other kinds
which come within the frequency
range that can be handled in current
electrical technique, can be translated
into electrical variations and  dealt
with by the standard methods des-
cribed below. This applies particu-
larly to acoustic and physiological
phenomena. Thus any variation with
time of an electric current or poten-
tial, however produced, comes within
the field of wave -analysis.

Analysis in the broad sense implies
the separation into component parts of
the primary subject of investigation,
but leaves the form of the components' to be decided by considerations of
practical use. Now, in a large variety
of physical phenomena, it is found
that the reaction to an applied force is
in direct linear relation to the dis-
placement thus caused. This condi-
tion ensures that the free oscillations
and favoured modes of vibration of
such a system will be simple har-
monic. Thus in the analysis of wave-
forms, it is always understood that
analysis into simple harmonic com-
ponents is required. It would in fact
be very difficult to analyse a wave into
other than simple harmonic com-
ponents, and moreover, this analysis
has a very sound mathematical basis
in Fourier's Theorem and the general
theory of Fourier Series. Thus, the
problem of wave analysis is : given an
arbitrary waveform, determine its
simple harmonic components in phase,
frequency and amplitude.

Types of Waves Considered
It is convenient to divide the wave-

forms which occur in electrical cir-
cuits into four different classes:
these are:

* Post Office Research Station.

0

Fig. 5. General Radio Wave analyser for the measurement of individual
periodic components of a complex voltage wave, having amplitudes
between 30 microvolts and 300 volts and frequencies between 20 c/s

and 16,500 c/s.

By courtesy of Messrs. Claude Lyons Ltd.

(a) Periodic, single.
(b) Periodic, multiple.
(c) Non -recurrent, continuous.
(d) Transients.
Expanding this classification, class

(a) comprises waves of one well
defined fundamental period, but of
arbitrary waveform, i.e., a funda-
mental tone with harmonic overtones.
These are of frequent occurrence,
tones from most musical instruments,
A.G. waveforms from alternators (and
ripples on D.C.), oscillator outputs, to
mention only a few. It is frequently
necessary to determine the components
to a high order of accuracy and since
very small amounts may be important,
considerabe sensitivity is also needed.

Class (b) includes those waveforms
which are the sum of two or more
periodic functions whose fundamental
frequencies do not bear an integral re-
lation to each other. Thus combina-
tions of several tones, a wanted tone

and an interfering tone, modulation
products, etc., are in this class. In
many cases, selectivity and sensitivity
of a very high order are required in
the analysis.

Waveforms in class (c) are those
which, while continuing indefinitely,
are not periodic. There is a consider-
able gradation in this class, from
such cases as a pianoforte, the sound
of which consists largely of funda-
mental and harmonic overtones, but
which also produces a certain amount
of percussive noise, to industrial
noises which may be largely random,
speech and music with tones of chang-
ing period and accompanying non -

periodic sounds, and resistance noise
which is wholly random.

Class (d) includes " transients,"
i.e., tones or impulses that exist only
for a very short time, or sudden
changes in level, frequency or phase
of a continuous tone.
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Some typical curves of class (a) are
shown, with their analyses, in Fig. i,
whilst Figs. 2 and 4 give similar ex-
amples of classes (b) to (d).

Classes (a) and (b) are considered as
steady-state conditions, and the spectra
of their waveforms will be a
series of values for the fundamental
and harmonics, i.e., line spectra-Class
(c) is normally considered as a steady-
state condition for the tune of the
analysis, in this case, the character
istics (band -width, build-up time, etc.)
of the analyser are of, very consider-
able importance, and the results may
be difficult to interpret. In general,
the spectrum will be partly line,
partly continuous. In the case of
class (d), the difficulty is intensified,
and many methods are not applicable
to this class, though excellent for
classes (a) and (b). Fortunately, the
accuracy required is in general, much
less; however, the results must be
carefully considered in connexion with
the instrument used, and the use to
which they will be put. The spectrum
will be continuous and in general,
infinite.

Methods of Measurement

General Considerations.
The requirements to be met by an

instrument or method for wave analy-
sis vary over a very wide range, ac-
cording to the purpose of the analysis.
Normally, no great accuracy in the
determination of frequency is re-
quired; in the case of waveforms (c)
and (d) it is not justified by the
general circumstances of their produc-
tion, and the use to which the analysis
will be put. In the case of waves (a)
and (b) numerous methods for the de-
termination of the frequencies in-
volved already exist, of all degrees of
accuracy-and in very many cases,
the frequencies involved are already
known, and all that is required is an
approximate indication of their place
in the spectrum being investigated.
The determination of the phases of the
components is not easy even with class
(a) waves, and no attempt is normally
made to determine phases in the cases
of (c) and (d) (where little significance

Fig. I. Waveform and
spectrum of Class (a)

waves.

can be attached to phase). However,
the phase of a component is but rarely
required.

The main purpose of the analysis is
normally to obtain the amplitudes of
the component waves, and it is to this
end that most of the design features
are directed. There are conflicting
requirements, however, of accuracy,
rapidity, and ease of operation, not
to mention portability and cost. It is
convenient here to indicate a broad'
division in methods, between those
which give a quick recorded spectrum
or show it on an oscillograph so that
it can if necessary be photographed,
and the methods which require a set-
ting for each component, or each fre-
quency band. This division cor-
responds quite closely to that between
classes (c) and (d), and classes (a) and
(b), i.e., between continuous and line
spectra. The applications of the first
group of methods are chiefly to
acoustics; of the second, to electrical
phenomena.

The general advantages of the 'first
group are fairly obviously speed and
convenience; speed becoming a neces-
sity in the case of short duration
sounds, or any other quickly changing
effects. In contradistinction, the
second group of methods are rela-
tively slow and laborious when ap-
plied to the explanation of an exten-
sive spectrum, bin very much more ac-
curate and flexible. They allow of the
singling out of individual components
and their observation while conditions
are changing; very high accuracy can
be obtained by the use of substitution
methods; and the whole procedure is
more easily followed and the perform-
ance more easily estimated. They are,
however, of little use with short dura-
tion and quickly changing phenomena.

Fig. 2. Waveform and
spectrum of Class (b)

waves.

Classttscat:on.
The varied and diverse methods

which have been used to meet the re-
quirements of particular problems can
be grouped under seven main heads.
These are :-

I. Graphical methods.
2. Resonance methods.
3. Filter methods.
4. Bridge methods.
5. Heterodyne methods.
6. Stroboscopic and mechanical

methods.
7. Diffractive and optical methods.
Some idea of the uses and limita-

tions of these methods is given below,
before the more specific treatment in
a later section.

The first of these methods depends
upon the delineation of the wave-
form, by oscillographic means on film
or coated strip, or by successive read-
ings using a Joubert contact, and its
subsequent analysis by standard
methods into the Fourier components.
These include " schedule " methods,
Henrici analysers, planimeters and
integraphs. The sensitivity and ac-
curacy are limited by mechanical or
computational accuracy, and by the
preliminary oscillographic or plotting
process, and the method is lengthy and
somewhat laborious. It is, however,
applicable to all classes of wave-
forms, giving frequency, amplitude
and phase.- The actual time spent in
recording the waveform may be very
short, moreover, which somewhat
compensates the length of time re-
quired to analyse the results. That it
is a far from perfect method, though,
is shown by the fact that it has been
thought worth while to adopt the re-
verse process in some Eases, and trans-
form a curve into electrical variations
to effect its Fourier analysis.

The second method isolates the com-
ponents of the wave in turn, so that
they can be separately measured. It
is, strictly speaking, only applicable
to waves in classes (a) and (b) (excep-
tionally, class (c) when components of
approximately steady frequency exist).
It is sufficiently indicated by saying
that it is a " tuned circuit " arrange-
ment. It is a simple and obvious
method, and in most respects both
flexible and powerful, leading itself to
the design of simple or of more in-
volved apparatus as the requirements

tu
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dictate, and very useful in combina-
tion with other methods. It normally
gives ample selectivity for waves of
class (a), but often not enough for
class (b). It is, of course, in common
use in wave -meters and radio sets,
which can be easily made to serve as
analysers, using a substitution
method. The method indicates fre-
quency with very considerable ac-
curacy, amplitude with accuracy equal
to any other method, but is not able
to indicate phase (except indirectly,
with much additional apparatus and
using a substitution method).

The third arrangement is very simi-
lar to the second, but the emphasis is
on the analysis into bands of fre-
quencies, not into single components.
Thus it cannot analyse class (a) and

tz.

rIME

Fig. 3. Waveform of Class (c) wave.

(b) waves unless the components are
well spaced, but it can give the con-
tinuous spectra of classes (c) and (d)
(though it must again be emphasised
that the build-up time in the filters
and indicating instrument and the
general question of their response to
transient impulses, must be considered
in interpreting the results obtained.)

. The method is thus suited to the esti-
mation of the power distribution over
the spectrum of music, speech or noise,
mechanical vibration, or electrical
interference with communication or
broadcast channels. In this connexion,
it can evidently be used with class (a)
and (b) waveforms, to integrate their
effect over a band of frequencies. It
is also very suitable for testing pur-
poses using predetermined testing fre-
quencies (i.e., testing amplifiers and
any other equipment, for harmonic
production or intermodulation), where
the amplitudes of certain products
alone are required, or perhaps only the
sum of all harmonics produced. As
regards frequency, the method is seen
to give no indication beyond the limits
set by the filter band -widths ; as to
phase, it is similarly placed to the
resonance method.

The fourth method, the use of a
bridge network, is obviously suited
for only a limited range of require-
ments, practically, those where the
comparison of a single wanted tone
with the sum of all other components
is all the indication needed. Thus,
used with class (a) (b) and (c) waves,

a bridge method will evaluate the pro-
portion of unwanted harmonics, inter -
modulation or noise present (with
some uncertainty as to conditions im-
mediately adjacent to the frequency of
balance), but cannot present a detailed
analysis of the waveform. It may be
of use, however, to eliminate a strong
fundamental or other component
before proceeding with further analy-
sis by other means. There is an
interesting method, using, as it were,
an inversion of the bridge character-
istics, by including the bridge in the
feedback circuit of an inverse feed-
back amplifier thus obtaining a tuned
amplifier of very desirable character-
istics; thii gives results as outlined
above under the head of Resonance.

The heterodyne method is well
known; briefly, it changes the fre-
quency of a component or a frequency
band in the spectrilm of the wave-
form being analysed, bringing it to a
predetermined frequency, where the
component or band is selected and
amplified as required. This is also
known as the " exploring.lnote "
method. It has evident advantages in
that constant sensitivity and band-
width are directly obtained without
having a large number of variable
components, and it is extremely flex-
ible in selectivity and frequency range
covered. The constant band -width
may not be advantageous in some
respects, since it makes for poor selec-
tion at low frequencies and very
critical adjustments (and long build-
up time) at high frequencies. For
waveforms of class (a) and (b) also to
a considerable extent class (c) the
method is very widely employed, and
is almost indispensable in many cases.
The frequency accuracy is not neces-
sarily lower than that of the
resonance method, and the amplitude
accuracy is equally good; the same
situation applies as regards phase,
i.e., difficult to measure, needing addi-
tional apparatus. The apparatus is
not necessarily complicated (e.g., in
the " dynamometer method ") but has
a tendency to elaborate set-ups (with
correspondingly increased accuracy,
ease of operation, or range); it always
requires an external or internal oscil-
lator, however, and thus power sup-
plies must be provided : an important
point when portability, size and cost
are in consideration.

The stroboscopic method,, translat-
ing the electric waveform into light
variations which illumine a strobos-
copic disk, marked in black and white
sectors and of which the speed can be
varied, gives the phases of the com-
ponents of Class (a) and (b) waves to a
moderate degree of accuracy in a very
direct fashion, also their frequencies,
but no clear indication of the ampli-

tudes. It is thus of very little use
alone. Another mechanical method,
commutator rectification, gives ac-
curate indication of amplitude, fre-
quency and phase, but is only suitable
for low frequencies.

The diffractive method, using
acoustic waves in air, and a diffraction
grating, with a microphone to explore
the resulting spectrum, is'particularly
adapted to class (c) and (d) wave-
forms as encountered in acoustics,
giving a very rapid record of fre-
quency and amplitude, of sufficient ac-
curacy for all the cases in which it is
likely to be useful.

There are several optical methods,
using film recording by one or other
of the available systems. One or two
of these use the film as a diffracting
medium, deriving the spectrum from

4.1
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Fig. 4. Waveform of Class (d) wave.

the diffraction bands produced; an-
other ingenious method effects the
Fourier analysis of the recorded curve
by multiplication (through siTer-posi-
tion of a second film) by the appro-
priate sine and cosine functions, and
electrical integration of the result.
The method is only applicable to class
(a) waveforms, but for these gives
surprisingly accurate results; fre-
quency? amplitude, and phase are
determined.

GENERAL REFERENCES:
Terman : Measurements in Radio Engineering,

Chapter VI.
Pender and McIlwain : Electrical Engineers Hand-

book, Vol. II.
Hall : Journal of Acous. Soc. of America, 8. 4,

April x937.
Barnard : Electrical Communication, 16. 2, Octo-

ber, 1937.

SALVAGE

Catalogues, Instruction Sheets, and
Circuit Diagrams which are collected
and filed for reference, mount up to a
surprisingly large quantity in a com-
paratively short space of time.

There are probably catalogues in
your files which are now out of date
together with obsolete circuit dia-
grams. These would play a vital
part in the war effort as paper salvage
helps to make munitions.

Will you help by sorting your files
at the earliest opportunity and add
all you can to the salvage sack ?
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THE Mullard Oscillograph, of
which a photograph appears on
this page, is a portable labora-

tory instrument possessing several
features which will appeal to the
electro-physiologist and workers on
vibration studies. The chief among
these are a linear time base capable of
very low speeds of traverse, with pro-
vision,for single -stroke sweeps, and a
high gain amplifier with level
response from 0.1 to io,000 c/s.

Thus it is particularly suitable foi
recording slow speed transient im-
pulses such as cardiograms or nerve
action potentials in addition to the
waveforms met in the audio -frequency
range.

The following is the specification :
Mains input, ioo-15o V. and zoo -25o

V. 5o c/s.
Power consumption, 6o watts approx.
Final anode potential, i,000 V.
Vertical deflexion sensitivity approx.,

to V. rms/CM.
Vertical deflexion sensitivity approx.,

3o V. ../cm.
Horizontal deflexion sensitivity ap-

prox., 12 V. rms/CM.
Horizontal deflexion sensitivity ap-

prox., 36 V.../cm. .

Amplifier response (2 db loss), o.z-
io,000 c/s.

Amplifier sensitivity (max. gain), 1

mV. rm./cm.
Max. input volts to attenuator, 25o V.

peak.
Input resistance using attenuator :

io,000 mV/cm.-io mV/cm., 2

megohms approx.
3 mV/cm., 1.2 megohm.
1 mV /cm., oo.4 megohm.

High impedance input, 2 µF. and 2.2
megohms.

Time base frequency range, o.25 -2,00u
c/s.

Valves (Mullard Types).
Amplifier -4 H.F. Pentodes EF36.
Time Base -1 H.F. Pentode EF36 and

1 Gas -filled Triode EC5o.
Power Supplies-I Half -wave Recti-

fier HVR2, i Full -wave Rectifier
AZ31, 2 Neon Voltage Stabiliser,
4687.

Cathode Ray Tube-I 4 in. Tube
A41 -G4 or i " Intensifier " Tube.

Vertical Amplifier
The vertical deflexion amplifier con-

sists of a two -stage push-pull ampli-
fier using pentode valves with resist -

The
Mullard Oscillograph

Type GM.3156

ante capacity coupling. A voltage
amplification of approximately io,000
is provided with a frequency response
flat within 2 db from o.1 c/s to io,000
c/s. The supply to the screening grids
of the first pair of valves is stabilised
by the two neon stabilisers V io and
Vi i (See diagram).

The sensitivity of the amplifier may
be adjusted in steps of 3 : r by means of
the Attenuator Switch A3, while con-
tinuously variable control at each set-
ting of A3 is given by the Amplitude
Control R6 with which is coupled the
Switch A5. The figures against each
position of the attenuator switch indi-
cate approximately the sensitivity in
millivolts per cm. trace height when

the fine control R6 is fully clockwise.
Should the first valve become over-

loaded by the application of too high
an input voltage, the image will be
displaced vertically and will not re-
turn for a number of seconds. It
should also be noted that when observ-
ing aril alternating voltage superim-
posed on a steady potential, any ad-
justment of attenuator or fine gain
controls will produce a temporary
vertical shift of the image.

Time Base Circuits
The Time Base Control Switch Ai,

provides a number of ways of control-
ling the operation of the time base, as
under :-

Position Time Base
1 Internal
2 Internal
3 Internal
4 External

5

6 Single stroke
Internal

Synchronising
Derived from vertical deflexion amplifier.
Derived from an external source.
Derived from 5o c/s mains.
A synchronising signal of 25 volts derived from the vertical deflexion ampli-
fier can be taken out from sockets on the front panel. The load impedance
must not be less than 0.5 megohm.
By means of a mechanical contact breaker (V9 fires at " break.")
(See next paragraph). (p. 154).
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CIRCUIT OF MULLARD OSCILLOGRAPH
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COMPONENT VALUES
RI 50,000 ohms R30 I W. 2.2 megohms R60 I W. I megohm
R2 0.5 megohm R31 I W. 2.2 megohms
R3 0.5 megohm R32 I W. 0.22 megohm CI 2 pF
R4 0.2 megohm R33 I W. 4.7 megohms C2 2 pF
R5 0.2 megohm R34 I W. 0.1 megohm C3 2 µF
R6 0.5 megohm R35 0.5 W. 10,000 ohms C4 2 p,F
R7 0.5 megohm R36 0.5 W. 820 ohms C5 2 p,F
R8 0.5 megohm R37 I W. 1,000 ohms C6 0.47 µF
R9 5 W. 10,000 ohms R38 0.5 W. 0.22 megohm C7 0.47 pF
RIO I W. 2.2 megohms R39 I W. 0.1 megohm C8 0.47 /IF
RII I W. 0.22 megohm R40 I W. 10,000 ohms C9 16 pF
RI2 I W. 2.2 megohms R41 I W. 0.33 megohm C9A 16 µF
R13 0.5 W. 330 ohms R42 0.5 W. 0.22 megohm CIO 16 pF
R14 I W. 0.1 megohm R43 I W. 4,700 ohms CI 1 32 µF
R I 5 1 W. 47,000 ohms R44 0.5 W. 200 ohms C12 64 tiF
RI6 1 W. 47,000 ohms R45 0.5 W. 400 ohms C13 0.47 pF
RI7 0.5 W. 10,000 ohms R46 0.5 W. 1,400 ohms C14 23,500 pepf
RI8 0.5 W. 2.2 megohms R47 0.5 W. 4,000 ohms C15 0.47 !IF
RI9 0.5 W. 2.2 megohms R48 0.5 W. 15,000 ohms C17 4 /IF
R20 0.5 W. 270 ohms R49 0.5 W. 47,000 ohms CI 8 2 p.F
R21 W. 0.15 megohm R50 0.5 W. 0.27 megohm C19 1.4 pf
R22 W. 47,000 ohms R51 0.5 W. 0.86 megohm C20 0.47 µF
R23 W. 47,000 ohms R52 0.5 W. 0.86 megohm C21 0.22 pf
R24 W. 0.47 megohm R53 2,000 ohms C22 0.1 il.F
R25 W. 15,000 ohms R55 0.25 W. 47 ohms C23 47,000 ppF
R26 W. 82,000 ohms R56 0.25 W. 47 ohms C24 18,000 pILF
R27 W. 0.22 megohm R57 0.5 W. 47 ohms C25 8,200 p.pf
R28 W. 0.15 megohm R58 I W. I megohm C26 5,600 µpF
R29 W. 0.47 megohm R59 I W. I megohm C27 4 /If

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



154 Electronic Engineering September, 1942

View of underneath of chassis showing
sub -assembly of components.

Single Stroke Time Base
For observation of non -recurrent

phenomena or for photographic re-
cording, the time base can be con-
trolled so that it starts from the left
of the screen at a given time, makes
one complete traverse and then comes
to rest off the screen. This is effected
by setting the control switch Ai to
position 6. When this is done, the
spot slowly moves to the middle of the
screen, and it is first necessary to move
it to the left of the screen by means of
the horizontal shift control.

The effect of setting Ai to position
6 is to return the grid of V9 to the
main H.T. line via R41, thus main-
taining the condenser 17-C26 in a
discharged condition. The junction of
R41 and R38 is also connected to the
synchronising socket K4.

Upon short-circuiting sockets K4
and K3 the grid of V9 is connected to
earth and the valve ceases to conduct.
The condenser C17 -C26 then charges
up in the normal manner through V8
and continues to do so until socket K4
is freed again, when it is discharged
through V9 and the spot flies back to
the left. It is thus necessary to short-
circuit K4 and Kg for the duration of
the phenomenon under observation.

Grid Modulation and Beam
Suppression

In order to obtain a time scale when
photographing a non -recurrent phen-
omenon in conjuction with the single
stroke time base, it is convenient to
modulate the grid of the cathode-ray
tube at a frequency it cycles per
second, so that the trace appears as a
dotted line, the time interval between
successive dots being iin seconds. To
do this, the modulating frequency,
which should have an amplitude not
less than 5 V. rms. is applied between
sockets K13 and K io (earth), after
which the brightness control Ri is
adjusted to give the best results.

screen and gives a picture of sufficient
brilliance for projection purposes. The
extra electrode is brought out to a
contact at the top of the tube and the
accelerating potential (1,000-5,000 V.)
is applied via a socket at the back of
the instrument.

Valves
The valves used in the GM. 3,156

have an extremely long life and it is
unlikely that any trouble will be ex-
perienced. It sometimes happens that
heavy vibration may cause a slight
vertical deflexion of the trace. If this

Oscillograph with cover removed. The transformers are in the screened
compartment at the back. Valves are held in position by spring tensioned caps.

The lay -out is clean and all components easily accessible.

If it is required at times to work
with the camera shutter open, in order
to prevent the horizontal time base
from fogging the film, it is necessary
to suppress the beam except while the
phenomenon to be recorded is actually
occurring. When the switch A6 is in
the right hand position, sockets K14
and Ki5 are connected respectively to
grid and cathode of the cathode-ray
tube. To suppress the beam, a 45 volt
battery is connected with its negAive
pole to K14 and its positive pole to
K15. Breaking this external circuit
will restore the beam to the intensity
previously set by adjustment of RI.

Intensifier Tube
Provision is made in the GM. 3,156

oscillograph for the use of a special
intensifier cathode-ray tube. This type
of tube possesses an extra accelerating
electrode between deflector plates and

should occur the first amplifier valve
Vz is the most probable source of the
trouble, and it should be interchanged
with one of the other valves of the
same type.

Non -linearity of the time base, if
not due to too much synchronising will
most probably be due to deterioration
of. V8, while lack of amplitude of the
time base indicates a faulty EC5o
(V9).

The potentiometer R53 is located at
the bottom right-hand corner of the
chassis and is used to balance out the
last traces of hum from the heater sup-
ply. It is preset at the factory and is
unlikely to require adjustment, but
if after replacement of a valve, hum
is noticeable with the gain control R6
at minimum (not in the " off " posi-
tion) R53 should be adjusted with a
screw driver to the position giving
minimum hum.
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Rectifier Circuits with Choke Input Filters.

0
111SINGLE PHASE

FULL WAVE

BRIDGE

(Three Hearer

-f
,s

A

CSI ek
(44

I I I

L THREE-PHASE

HALF -WAVE ., I # I % % ' I. i I i

Y

(One Heater

s.:

i I i ...-
- 1151

Winding)Windings)

0 0
THREE -PHASE ID I I ISINGLE-PHASE

FULL -WAVE

or 13I -PHASE

-Z
Vs

V,,s

I I I

L

C
HALF -WAVE

INTER PHASE

Y

(One Heater
Winding)

.. ,.

I I I

i
A'

(One Heater
Winding)

/nterphase 0
THREE PHASE

Interphase
Transtorme I

11 # 0 % eire

1. 7'il

0 Transformer - --4-

PHASE
il,

TWO

PARALLEL
L PARALLEL

HALF WAVE " ... - IDFULL WAVE

(One Hearer
Winding)

7,- t -s.....-...

Or
:

DOUBLE Y I I I :

o, I i 11
(One Hearer

Winding)

0 0
TWO-PHASE

FULL -WAVE
vs Exhi THREE PHASE

FULL WAVE

BRIDGE

worisivy". ' 's

' . :pmI I I

0 %

fp ...

or IA -PHASE
I i I I

(Four Heater

@pp0
(One Heater

Windings)Winding)

HE properties of rectifier cir
cuits have been tabulated in one
form or another on a number of

occasions. Before any real benefit can
be derived from such information it
is however essential to appreciate the
limitations implied, if not always
stated, that make such tabulation
possible.

Rectifier circuits can be divided into
two general types :-

I. Condenser Input Filter, where
the rectifiers are connected
directly to the reservoir con-
denser.

2. Choke Input Filter where a high
inductance choke is interposed
between the rectifiers and the
reservoir condenser in order to
maintain as constant a charging
current as possible.

The first type which is used extens-
ively in low power applications such
of broadcast receiver H.T. supplies,
cannot unfortunately be represented
in a general table owing to its very
complex relations. Some of its pro-
perties will, however, be dealt with

later in the series.
The properties of the second type

can, however, be calculated accurately
under certain limiting assumptions,
which are . that (a) the transformer
losses and reactances, (b) rectifier
volt -drop and (c) choke volt -drop are
all neglected and that (d) the choke
has a sufficiently high inductance in
order to maintain the output current
constant. (I, ---)- co).

The effect of (c) can usually be esti-
mated, and while the assumption (b)
is not generally justifiable in the case
of high vacuum rectifiers, it is admis-
sible for reasonably high voltage sup-
plies employing mercury vapour
rectifiers.

The provision of a choke with a suf-
ficiently high inductance to approxi-
mate clause (d) is feasible in practice
in the case of multi -phase systems
having a high fundamental ripple fre-
quency of small amplitude. While
two circuits (i) and (2) widely used
with single phase supplies have been
included in the table for comparative
purposes, the provision of a choke de-

livering a constant charging current
with mains frequencies of the order of
5o c. /s. will in these instances be
normally impracticable.

The case of the half wave single
phase rectifier is not included as owing
to D.C. component core saturation
and completely impracticable choke
required it is only used in low current
condenser input systems.

The following notes will assist the
use of the Data Sheet No. 34.

Utilisation Factor of the primary or
secondary is the ratio of the D.C. volt -
amps delivered to the load to the
R.M.S. volt -amps taken by the wind-
ings, in the case of the primary it is
also the power -factor of the system.
The mean utilisation factor gives an
indication of relative transformer size.

In the case of both circuits (2) and
(8) two rectifiers are operating in
series. 'Circuit (6) eliminates the D.C.
core saturation of circuit (5). Though
each winding has a voltage of 0.494. Vd
due to the phase difference, the volt-
age of the two windings in series is
still 0.855 Va.
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VITAL

HA! A clue? Yes, and an important one. Any
amateur detective with electrical training knows
that E5o89/1 stands for a whole dossier of
vital facts . . .

E5o89/1 applied to a sheet of Bakelite
Laminated means certain known and invariable
things. Are you interested in its electrical pro-
perties ? You will find them all on the Data Sheet,
available to all users-volume resistivity, surface
resistivity, dielectric strength at 9o°C, dielectric
strength at 20°C, breakdown along lamina; at

BAKELITE

CLUE

90° and dielectric constant. Do you want to
know its mechanical properties? There they
are-ultimate tensile strength, shearing stress,
specific gravity, weight per cubic inch and co-
efficient of expansion per °C through laminae . .

E5o89/i is just one of over 6o grades of
Bakelite Laminated, each with its definitely
known, scientifically tested and consistent pro-
perties. You may find out more about them
by writing to Bakelite Limited, 18 Grosvenor
Gardens, London, S.W.I.

TREFOIL

REGD. TRADE MARKS

PLASTICS
Pioneers in the Plastics World

Ts
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Practical Notes on Receiver Design
Part III- By G. T. CLACK

IR

FREQUENCY Vs.

II db.

0

4

50

Fig. 25.

100 200

Curves of loss

soo tom 2000

in various stages : (I) at diode
(Ill) overall response.

R.F. Response
THE combination of the R.F. and

I.F. circuits discussed previously
produced, at i,000 kc/s., a

measured overall attenuation of 16.5
db. at 5,000 c/s. at the diode load. The
aerial circuit accounted for 3.5 db., the
I.F.s for 12 db., and the diode circuit
a further 1 db.

A measured drop of 1 db. below Imo
c/s. was found to be due to the diode
load constants and is of small import-
ance compared with the average
audio -amplifier response at fre-
quencies below loo c/s. In Fig. 25,
the curves indicate the db. loss occur-
ring in each of the various stages,
where Curve I is for an A.F. measure-
ment at the diode anode, II is for 4
modulated IF, measurement at the
grid of the frequency changer, and
III the overall response with the
aerial circuit tuned to i,000 kc/s.

The drop in response at 5,000 c/s.
may seem severe, but is necessary for
distant reception. For local station
reception, the bandwidth can be in-
creased as the field strength ratio to
that of a comparatively weak adjacent
channel signal is extremely high and
the subsequent decrease in receiver
sensitivity due to A.V.C. and use of
the manual A.F. control reduces the
likelihood of any interference. As
mentioned earlier, expensive receivers
normally incorporate some form of
variable bandwidth control to suit
local signal conditions, but with the
smaller type of receiver such an ad-
justment is not included. If im-
proved response is desired without
excessive modification of the circuit,
the simplest method is to employ
some form of switching to either shunt
resistances across the tuned circuits or
to overcouple one or more circuits.
(Fig. 26).

5030

anode (II) at f.c. grid

6

10

12

14

Is

20

An improvement of 8-io db. at
5,0oo c/s. can be obtained by overcoup-
ling (a) the first I.F. transformer with
a decrease in overall receiver sensitiv-
ity of not more than 3/1. If the shunt
resistance method (b) is more con-
venient, the values can be from
50-100,000 ohms for the aerial circuit,
and 0.05 to 0.25 megohms for the I.F.
transformers. A compromise between
bandwidth and sensitivity must be
considered in some cases as the ad-
vantage of improved response may be
marred by a large reduction in sensi-
tivity and possibly a decreased signal
to noise ratio.

Diode Detectors
Nowadays the I.F. input applied to

the 2nd detector of a superheterodyne
is comparatively high and as a result
the diode has practically superseded
almost every form of detector in view
of its ability to handle higher inputs,
high modulation levels with less dis-
tortion, and its ready adaptation to
A.V.C. circuits.

The basic circuit is shown in Fig.
27 where C.R. represents the diode
load and the I.F. transformer as the
supply source. The applied voltage
(A) swings the diode anode alterna-
tively positive and negative, and with
R only in circuit the diode conducts
on the positive half cycles, producing
a unidirectional pulsating current
flow (B) around the external circuit.
With the addition.of C across R, the
conduction takes place only on the ex-
treme positive peaks (C) of the input
voltage. The reason for this is that
the external anode current flow from
A to K during conduction produces a
charge in C which builds up during
the time the positive half cycle of the
supply is rising to its peak value.
When this peak is passed and the fall-
ing supply voltage becomes equal to
that across C, the voltage across A
and K becomes zero, conduction ceases
and the condenser commences to dis-
charge through R. The time constant
C.R. determines how much the poten-
tial across C falls before it is re-
charged by the next anode current
pulse, which occurs as soon as the in-
put voltage commences to exceed the
negative potential across C.R.

The existence of a negative poten-
tial at the anode due to the accumu-
lated charge in the condenser can be
illustrated as in Fig. 28 where (A) is
the applied I.F. voltage, (B) is the
charging current that flows during
conduction on the positive peaks, and
(C) is for a steady condition reached
when the discharge through R is re-
placed by the succeeding anode cur
rent pulses. If only C were in circuit,
it would charge up to a negative
value, at A, equal to the peak value
of the input voltage and further con-
duction would cease,.but with- R in
shunt, the anode current charges the

Fig. 26. Improvement in band width by (a) overcoupling the first I.F.
transformers or (b) by shunting the tuned circuit.
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condenser to a potential just below
that of the peak input. The diode
then conducts only during the period
when the input voltage exceeds the
condenser charge, thus making the
anode positive with respect to K.

A diode under no signal conditions
will have a negative potential at the
anode under working conditions by
virtue of a small number . of high
velocity electrons that pass through
the space charge around the cathode
and reach the anode despite the ab-
sence of a positive potential. The .
E.I. characteristic of a diode is de-
picted in Fig. 32, where the space cur-
rent through R will set up a potential
of -0.55 volts at the diode anode at
zero input voltage.

The curvature at the bottom end
will introduce distortion at low R.F.
inputs and/or high modulation levels.

Fig. 27. Basic diode circuit and its action.

In Fig. 29 the lack of proportionality
between input and output voltage as a
result of the curved characteristic to-
wards zero input is shown for inputs
of Lc. and 2.0 volts peak I.F. input at
465 kc/s, with estimated modulation
depths of 5o per cent. and 8o per cent.
espectively.
The conclusion drawn from this is

that with low signal voltages distor-
tion occurs when the modulation cycle
swings over the non-linear part of the
I. curve, whereas with higher inputs
it becomes less in proportion to the
total length of the modulation swing
thus permitting deeper modulation
with reduced distortion. Distortion
due to non -linearity of the I.E. char-
acteristic decreases when R is made
high in comparison with the diode
anode resistance (Fig. 30) and by
keeping the I.F. input above 2 volts
peak; the usual recommended input
being in the order of about so volts.
Furthermore, detection efficiency in-
creases with R (or C) as with low
values the charge in C falls rapidly
during the non -conducting period,
causing the diode to conduct for a
much longer time which in turn in-
creases the damping across the pre-
ceeding circuit. The aim is then to
keep R as large as possible, consistent
with good modulation response, so
that the conduction time is kept to a
minimum.

In the previous section dealing with
the damping of the \ I.F. transformer
by the signal diode, it was given ap-

proximately as o.s megohm. This
would be the case for low inputs when
the curvature of the diode character-
istic produces a lower value of detec-
tion efficiency. As input resistance is
given as R/2si where R = R + Rn
(Fig. 31) and n = detection efficiency,
it is clear that a reduction in input
resistance occurs when the signal
varies about 0-4.0 volt. For higher
inputs the efficiency increases and
under normal operating conditions,
with an input to the diode circuit
greater than 2 volts peak, the input
resistance can be considered as one-
half of the load resistance, R,0 + R11.
A.C. Loading

The distortion due to non -linearity
will be found to be small in practice
as with most receivers both R and
input are kept high. The most likely
source of distortion originates in the
diode loading as with the addition of
Cli Rya in shunt with R the A.C. im-
pedance of the circuit is decreased
with the result that at high modula-
tion levels the diode ceases to conduct.

This is due to the superposed modu-
lation current reaching a value equal
in magnitude to the D.C. anode cur-
rent produced by the carrier, and is
illustrated by the point at which the
A.C. load line intersects the current
axis in Fig. 32. For such conditions
the maximum degree of modulation
that can be rectified without distortion
is given as

R..
%M = -

Rd.
where. R.. is the circuit impedance to
the modulation frequencies and Rd. is
the D.C. resistance offered to the
rectified current.

It will be seen from Fig. 28 that the
rectified voltage across R contains a
fair amount of I.F. ripple which must
be, filtered out before the signal
reaches the A.F. stages in order to

Fig. 28. Showing how the accumulated
charge on C produces a negative potential

at A.

avoid premature overloading of the
ist A.F. stage and possibly feedback.
This is readily achieved by decoup-
ling the diode load as indicated in
Fig. 31. The total D.C. load is then

+ R,,,. the A.F. output being re-
duced by the factor + R) as
a result of the voltage drop across
R. An increase in the A.C. imped-
ance of the circuit also takes place as
the shunt circuit Rn Cu is across a
smaller proportion of the D.C. load.

The curves in Fig. 32 are for a
typical diode and give the rectified
carrier volts at the anode for various
inputs. The procedure to follow when
estimating the maximum degree of
modulation that a circuit such as in
Fig. 31 can handle without serious
distortion,, is to draw a load line which
is represented by POQ (in this case

+ Rn= 0.75 megohms). If the

cr

PEAK R.F. INPUT VOLTS
0 I 3 4 465 Itch

2

3

6Q7

Fig. 29. Effect of curved diode characteris-
tic on low signal voltages.

operating point is 7 volts peak, the
diode current is 8.5 microamps, and
the D.C. voltage at the anode is 6.4
volts. As the input voltage will swing
above and below 7.0 volts when modu-
lated, it will be seen that for a too
per cent. modulated carrier the D.C.
anode voltage will move from 0 to P
to Q and back to 0 during every
modulation cycle. Across R10 Rn will
exist a voltage which is a copy of the
input modulation with negligible dis-
tortion provided that the capacitance
in the diode circuit introduces no
parallel reactance path, i.e., the im-
pedance offered to either the modula-
tion component or the D.C. current
being equal. With CuRn connected
across Rn omitting the effect of C.
the A.C. load line is shown by MON
which has a slope corresponding to the
effective A.C. impedance.

R11 RI2
R,, + = 0.5 megohms.

+
Using the values as in Fig. 31 the

estimated limit of modulation with
low distortion is 67 per cent., but
under measured conditions at 5,000
c/s. it was found to be in the order of
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79 per cent. This may be due to the
combined effect of Co C10 and the dis-
crimination offered by the I.F. cir-
cuits to higher modulation fre-
quencies.

If R12 is increased to 5 megohms the
modulation handling capacity of the
diode circuit would increase to 93 per
cent., but valve manufacturers set a
limit to the amount of resistance that
can be connected in the grid circuit of
a valve (varying between 1-2 megohms)
and as R11 is in the grid of the A.F.
triode Vo, the recommended limit for
the particular valve should not be ex-
ceeded. The values normally used in
a practical circuit are given in Fig. 31
where 4 can be 0.0i to 0.25 meg;
R11 0.25 to 0.5 meg; R12 o.5 to 2 meg.
The condensers Co C10 are invariably
found to be about ioo pF. and C.
from o.00i to 0.0i //F. The rectification
efficiency can be ascertained by taking
a series of measurements as shown by
the E.I. curves in Fig. 32 or by mea-
suring the unmodulated peak input
and output D.C. volts under working
conditions using suitable measuring
instruments.

40

la

20

-1o OK 0 Ea

p..0.5ms1

607 '
Iole

reduced by
increase of R in diode circuit.

A.V.C.
On the M.W. band changes in field

strength at the receiving aerial vary
widely except for very local stations
and may rise or fall in value from to
to 100 times or more, especially during
the period before and after sunset.
These changes in field strength are
normally slow, taking place over
minutes or more, and superposed upon
this may be found quick deep fades
that are not shorter than 3-5 seconds.
With high power long -wave transmis-
sions the field strength is invariably
consistent night and day ; any fading
that is present takes the form of very
small changes over long periods.

On the S.W. band, however, condi-
tions are extremely variable, the aver-
age level of field strength rising or
falling over very short periods, in
addition to which is experienced very
sudden fades sometimes occurring in
less than one second. It seems then,
for a receiver covering the long,
medium and S.W. bands, the time
constant of Cis, C19, R,, 26 (Fig. 31)
should be arranged to cope with fad-
ing on the S.W. band as with the

medium- and long -wave bands the
fading is very much slower.

In Fig. 31 is illustrated the circuit
of a combined 2nd detector, A.V.C.
and ist A.F. stage as would be used in
a conventional 4 -valve superhetero-
dyne. Most receivers use separate
diodes for A.V.C. and signal rectifica-
tion in order to obtain the maximum
efficiency as the operation of both from
a single diode would considerably re-
duce the A.C. impedance of the sighal
circuit. For the values illustrated,
but assuming the A.V.C. circuit con-
nected to the junction of 4, R11, the
highest degree of modulation that
could be rectified without distortion is
5o per cent. To improve this it would
be necessary to decrease the DC/AC
ratio by lowering R79.+ R11 which in
turn decreases the input resistance and
detector efficiency of the circuit.

Using a separate diode as shown, the
load of the A.V.C. circuit across the
primary of the 2nd I.F. transformer
can he assumed to be equal to R,, R6,
27 in shunt, and decreases to half this
value once the signal voltage applied
to the anode is sufficient to exceed the
delay voltage and conduction occurs.
The operation during rectification has
already been discussed; one item of
importance is the time constant of the
A.V.C. circuit. The diode load con-
sists of 27, which is usually in the
order of i megohm and the D.C. volt-
age across the condensers C18C19 after
the initial charging period is a little
less than the peak I.F. voltage applied
to the anode. 22 and R9 with C19 and
C19 function as decoupling circuits to
attenuate 1.F. and L.F. components,
also to avoid coupling between the
grid circuit and V1 and V,. The
cathode is positive with respect to the
earth line by virtue of the anode cur-
rent through the triode section of the
valve which provides a voltage drop
across 277. The diode anode is then
at the zero potential as far as the earth
line is concerned, but 3v. negative

Fig. 31. Filtering I.F. ripple by decoupling
diode load.

R5, R, & R7 I megohm. C9 & C10 100 pF.
R10 0.25 C11 0.01 µF.
R11 0.5 C18 & C19 0.1 F.
R12 0.5
R14 1,000 ohms.

with respect to the cathode. No con-
duction takes place until the peak I.F.
voltage across anode and cathode ex-
ceeds the delay of -3 volts, which en-
sures that the maximum receiver
sensitivity is available for weak
signals.

The circuit C7,4'722226 requires a cer-
tain time to charge and discharge and
if this takes place within 0.5 seconds
the A.V.C. circuit should compensate
for average receiving conditions. An
approximation for the time constant of
such a circuit is given as C.R. seconds,
where C and R are in microfarads and
megohms.

The charging time will consist of
the sum of the time constants for each
resistance and condenser, i.e., for the
values in Fig. 31 it will be R6C78 +
R6C72 = 0.2 seconds. R7 must be in-
cluded during the discharge period as
it is common to both controlled cir-
cuits, then the time taken will be

F
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Fig. 35. Effect of tone control R13 C1, (Fig. 34) on high note response.
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Circuit of Receiver discussed in text
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Fig. 34.
R1 40,000 ohms. R6 1.0 megohm. R 0.5 megohm R16 0.5 megohm C4 500 pF C9 100 pF C14 0.01 µF
R, 40,000 R, 1.0 R12 0.5 R17 200 ohms Cp Padder C10 100 pF C15 50

R, 100,000 R 100,000 ohms. R13 0.5 C1 50 pF C6 50 pF C 0.01 tiF C16 0.001 
R4 100 R9 3C0 R14 1,000 ohms C, 500 pF C., 500 pF C12 50 pF C17 0.02
R, 1.0 megohm. RI, 0.25 megohm R15 50,000 CT Trimmers C8 0.1 p,F C13 25 tiF C18 0.1

Fig. 33. A.V.C. characteristics. (I) for two con-
trolled stages of conventional receiver with -3v.
aelay. (II) as (I) but with -1.0 v. at signal diode.
(III) with -1.5 v. (IV) is the same as (I) but with

A.V.C. also applied to the 1st A.F. stage.
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The Magic Eye
as a Resonance Indicator

By J. M
THE cathode-ray tuning indicator,

or magic -eye valve, originally
developed for radio receivers

has a number of applications in the
laboratory. Its advantages as a
balance indicator in bridge measure
ments are well known and it has been
used in valve voltmeters of the slide -
back type. The purpose of this note
is to mention another and very obvious
use, which does not appear to have
been recorded hitherto.

Many measurements at radio fre-
quencies are made by a substitution
method in which a resonant circuit,
including a variable standard' induct-
ance or capacitance, is disturbed by
the addition of an unknown inductance
or capacitance and restored to reson-
ance by an alteration of the standard.
The amount of this alteration is equal
to the value of the unknown. There
are several other experimental
methods in which an indication of
resonance is required, although the
Actual voltage across the resonant cir-
cuit need not be known. For cases
such as these, the magic eye is an
excellent indicator and a suitable cir-
cuit is shown in Fig. 1. Variable
negative bias is applied to the grid of
the triode portion of the valve by
means of a rheostat in the cathode
* University of Durham (King's College, Newcastle
upon Tyne).

A. LENIHAN, M.Sc., A.Inst.P.*
bend rectifier and the anode current
increases. This leads to a decrease
in the target current and part of the
negative bias is neutralised, with the
result that the eye opens out. The
maximum opening of the eye indicates
resonance. The instrument is most
easily used when the bias is adjusted
so that the eye is closed at frequencies
off resonance and just opens at
resonance.

Fig. I.

lead. It is advantageous not to include
the customary by-pass condenser here
for the following reason. The signal
voltage undergoes two phase -re-
versals, one in each part of the valve,
and as the target current is much
larger than the anode current the
alternating P.D. set up across the bias
resistor is in phase with the input,
thus producing regeneration and in-
creasing the effectiveness of the
amplifier section. At a certain value
of the bias (-7 volts for the 6E5 valve
used by the writer) the eye closes, and
if a greater bias is applied the two
halves of the pattern will overlap.

Operation
'If the input terminals are connected

across a condenser forming part of
a resonant circuit, the triode section
of the valve functions as an anode -

Performance
A 6E5t valve was found to give an

adequate indication of resonance at
frequencies up to 15 Mc/s, though at
the higher frequencies the sensitivity
was greatly reduced. The input
capacitance of the valve measured at
- 7 volts bias was and the
shunting effect of this capacitance
limits the useful range to frequencies
below about 5 Mc/s. At that frequency
resonance was well defined with an
input of 0.5 volts r.m.s. It will be
seen from these figures that the device
described has characteristics better
than those of a' valve voltmeter of
comparable cost and convenience,
though its use is limited to the
operations described in the second
paragraph above.

t Valves of the remote cut-off type, such as 6N5,
6G5, and several others, require a much lar.zer
negative bias to close the eye, and are not so satis-
factory as the sharp cut-off type.

Practical Notes on Receiver Design-continued.
Cis(14+R,)+C.(R6+R,)=0.4 seconds.
The time constant should not be too
rapid otherwise the A.V.C. circuit will
respond to changes in rectified volts
across R, due to modulation.

The values of RiR, are determined
by the maximum rated resistance that
can be introduced into.the grid circuit
of a valve. In most cases, this value
is limited to 2 megohms in which R,
must be included. In this case, both
controlled valves have a total of 2

megohms between grid and cathode.
The method of measuring A.V.C. to

ascertain its effectiveness has already
been outlined.* The average control
slope (Curve I, Fig. 33) for two stages
in a conventional receiver is about
5.7 : r or 14 db. change in power output
for 8o db. change in input signal at
the aerial socket.

The delay voltage should be suffi-
cient to allow the A.F. stages to load
fully before A.V.C. takes control, an

 Ekdranie Engineering, No. 164. Vol. XIV, pp.
452-454, Oct. 1941.

average figure would be about 2-3
volts, which is conveniently obtained
from R14 in the cathode circuit.

An improved characteristic is ob-
tained by using the A.V.C. to control
the A.F. gain when the valve employed
is the usual double -diode -triode, but
the triode has variable -mu character-
istics which permits the application of
bias to control the amplification. The
improvement is obvious, an effective
slope of 26.5 :1 or 3 db. rise in output
for 8o db. change in input signal. The
amount of A.V.C. applied should be
adjusted to compromise between con-
trol slope and distortion as the curva-
ture 'of the triode characteristics -at
high input levels is liable to introduce
distortion.

If some form of interstation noise
suppression is employed together with
R.F. and A.F. A.V.C., the overall con-
trol characteristic is one approaching
the ideal except that the maximum
sensitivity of the receiver is never
available unless some form of switch-

ing is introduced. The circuit in 1,'4;.
33 shows a simple method of biasing
the signal diode to accept only com-
paratively strong signals. The curves
show the result of : (I) normal A.V,C.
curve for 2 R.F. stages-delay -3v.- at
A.V.C. diode -anode, (II) same as
(I), but with- -i.o volt at signal diode
(III) with -1.5 volt at signal diode (IV)
same as (I) but with A.V.C. also ap-'
plied to the ist A.F. stage. The dis-
advantage of biasing the signal diode
is that when the signal voltage applied
to the diode circuit is just sufficient to
overcome the delay, serious distortion
is evident. To avoid this, it becomes
necessary to employ some form of
mechanical or electronic circuit to re-
move the bias at the signal diode once
the transmission is received, otherwise
in the event of a reduction in field
strength, the signal will become dis-
torted and possibly disappear every
time it falls below a critical value
determined by the suppression bias
across 1?..
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The selection of suitable
contact materials and
types of contact,
presents problems to
designers in all grades of
electrical engineering.
It is accordingly our
keen desire to be of
service by presenting
the fullest available in-
formation and guidance
to those who seek
assistance in determin-
ing the most suitable
contact for a specific
job. May we assist you ?

JOHNSON, MATTHEY
L CO. LIMITED

73 83, HATTON GARDEN, LONDON, E.C.1
Telephone : HOLBORN 6989

ELECTRIC SOLDERING
IRONS

ISO Watt

List Price LI Its. -6d.

List Price £1 Is. Od.

TANELCO Electric Soldering Irons have been designed for
S industrial purposes. Heating elements and copper bits
can easily be fitted when replacements are necessary. The
150 watt type is fitted with a general purpose bit, and the 75
watt type is available with long, short, or hammer bit.

Each Iron, fitted with 5i feet of 3 -core flexible cable, is
available for 100/110, 200/220, 230/250 voltages.

When ordering, the voltage and type of bits required,
should be specified.

RESIN CORED SOLDER, SOLDER WIRE, ETC.

ftwierzo &Ace
PROPRIETORS: STANDARD TELEPHONES AND CABLES LIMITED

FERNDOWN, NORTHWOOD HILLS, NORTHWOOD, MIDDLESEX
Telephone: PINNER 4885

HEWLETT-PACKARD

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

INSTRUMENTS LTD 2I.JOHN STREET, BEDFORD ROW. LONDON WEI
TELEpHONE CHANCERY 8765
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Electronics in Medicine and Surgery
F.I nst. P., A.M.I.E.E.Part II- By A. W. LAY,
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Fig. I. Diagrammatic sketch and circuit of the Sloan H. F. Resonance Transformer.

IN the application of the discoveries
in the field of nuclear physics and
high voltage X-rays to biological

and medical research several types of
accelerator have been developed for
providing high velocity particles with
which to bombard the nuclei of atoms
-a practice popularly known as
" atom smashing." These accelerators
take several forms, but space permits
of mentioning only a few, which by
their nature are of particular interest.

It does not follow that those which
are not fully described are less worthy
of attention, but that they may be on
the borderline between electric power
engineering and electronics.

One of the types of apparatus used
for the production of ions accelerated
to 7oo kV. and upwards, is the Im-
pulse Generator. In this system a
number of condensers are charged in
parallel and then discharged in series.
The period of the active impulse is of
the order of 2 x to-* seconds, and
particles accelerated up to 3 MV. have
been obtained from this apparatus.*

By connecting four transformers in
series, each of which is capable of giv-
ing 25o kV., an output of 25o pA at
1.0 MV. has been obtained by this sys-
tem, which is due to Lauritsen' and
other workers.
Condenser -Rectifier Voltage
Multipliers

In their original work on disintegra-
tion of atomic nuclei Cockcroft and
Walton used this type of equipment
to produce highly accelerated parti-

M mega (zoe)

Iles. They obtained an output of
200 µA at 700 kV.

As the name implies, the principle
used is voltage multiplication, which
is achieved by rectifying and then
charging condensers 6o times per
second.

It may be of interest to state that
the circuit due to these investigators
forms the basis of the electrical de-
sign of the Lo MV. X-ray equipment
at St. Bartholomew's Hospital, which
will be referred to again later.
Van de Graaff's Electrostatic
Generator

This is an electrostatic machine in
which electric charges are sprayed on
to belts which convey them to the
proximity of two large spheres, which
are thus charged by influence to
opposite polarity. These belts are
made of a continuous band of insulat-
ing material, and travel at speeds of
the order of 4,000 or 5,000 feet per
minute.

Van de Graaff has obtained voltages
up to 5.o MV. under laboratory
conditions.

This type of generator is being im-
proved by using the remarkable in-
sulating properties of the gaseous
form of (CC12F2) which is known as
" Freon," and is a better -insulator
than transformer oil.

A typical installation of this equip-
ment is that which is used at the
Huntingdon Memorial Hospital at
Boston (U.S.A.) where Lo MV. X-rays
are used for research on, and the treat-
ment of cancer.

Sloan High Frequency Resonance
Transformer

The title of this apparatus explains
its nature. It is used mostly for high
'voltage X-ray work. The essential
circuit is shown in Fig. I.

The oscillator valves V are of
special construction and self -rectify-
ing. They are capable of dealing with
200 kilowatts of energy and of produc-
ing radio frequency currents of 6 x io8
c/s. in the primary P of the reson-
ance transformer.

P consists of * turns of stout copper
tube, and the secondary winding S is
of 14 turns of smaller tubing. When
these circuits are tuned to resonance e
potential of about 800 kV. is developed
across the ends of S. One end of this
is earthed, and to the other end (H.T.
end) is attached the 'anode of the X-ra
generator. Opposite to this X-ray tat
getget is the heated cathode which is
biased to about io,000 volts. This pre-
vents the flow of electrons from the
cathode to the anode until the latter
has reached a positive potential of
approximately the peak value of
800 kV.

Owing to the high frequency of
these peak potentials the voltage
arcoss the X-ray target and cathode is
nearly constant.

This type of H.T. generator is very
compact, and offers the advantage that
the E.H.T. winding and X-ray
generator is housed in a protective
tank. A window is, of course, pro-
vided for the X-ray beam to emerge,
with any necessary filtering.
Low Frequency Resonance
Transformer

The principle on which this type of
H.T. apparatus works is also explained
by the title. In the centre of this
transformer an X-ray tube is mounted
co -axially with the winding. This is
contained in a steel tank into which
" Freon " is compressed to 4o lb. per
square inch for insulation.

The transformer primary winding
consists of flat copper strips, and the
secondary of 120 thin flat sections of
fine wire which are spaced apart to
facilitate ventilation.

This secondary winding is propor-
tioned to make its natural period of
oscillation match that of the supply
(18o c/s.). This frequency is obtained
by introducing a frequency tripling
device, trebling the supply frequency
of 6o c/s. (U.S.A.).

Voltages up to 1.2 MV. have been
produced by this system for working
an X-ray tube of special design, which
contains accelerating electrodes. These
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Fig 2. The Cyclotron. Four drawings to illustrate the layout and path of the ions under the electrical and magnetic forces applied.

are tapped progressively along the
secondary of the transformer. Cur-
rents up to 9.o milliamps have been
drawn from the system.
Magnetic Accelerator or Cyclotron

The pioneer work of Cockcroft,
Walton', Lawrence', and others in
their investigations on atomic nuclei
prepared the background from which
grew the necessity for improved equip-
ment capable of accelerating particles
to potential energies of upwards of 5
million volts.

This is because heavy radioactive
elements have nuclei which are un-
stable,, but which are surrounded by
an intense electrical barrier which
must be pierced by high velocity pro-
jectiles before nuclear disintegration
can be accomplished.

The accelerators already mentioned
did excellent service, and still do,
when the maximum potentials re-
quired did not exceed 2 or 3 MV., but
when the research workers sought
" other worlds to conquer " the prob-
lem of generating much higher volt-
ages arose.

This was solved in an ingenious
manner by E. 0. Lawrence and his
group of workers, at the University
of California, when they created the
Cyclotron.

At this stage it will be convenient
to consider briefly a few of the factors
which enhance the probability of a
bombarding projectile penetrating the
potential barrier around heavy nuclei.

It has been shown by Gamow' that
when an atom of atomic number Z is

bombarded by a particle of mass m,
and of atomic number N, the probabil-
ity P of the particle striking the
nucleus of the atom is given by the
expression :

27rZ-V mN
P = e (I)

h E
In this formula E is the energy of

the particle, Ne is charge, h Planck's
constants, e is in e.m.us. e symbolises
the exponential function.

From this equation it is indicated
that the probability of a particle pass-
ing through the potential barrier in-
creases as the product 'VmN, de-
creases.  In other words it is an ad-
vantage to use light particles rather
than heavy ones as projectiles.

The cyclotron is 9. prolific source of
high potential light particles, such as
protons, deuterons, alpha particles,

,and neutrons-depending upon the
nature of the gas which is ionised. For
example : if helium is ionised alpha
particles are produced, deuterons from
deuterium, or protons from hydrogen.

The creation of the cyclotron is re-
garded as one of the greatest advances
in the development of multi -million
volt generators, and most probably it
holds the future for equipment of this
nature.

Fundamentally Lawrence's inven-
tion depends upon the acceleration of
ions under the 'combined influence of
electric and magnetic fields. 'These
are arranged td be active at right
angjes and well known physical laws

may therefore be applied. Fig. 2 in-
dicates the form and disposition of the
active material through which the
physical force operates.

The cyclotron is composed of a
powerful electro-magnet which is cap-
able of producing a magnetic field of
the order of 1.5 x so' Oersteds be-
tween the pole faces, spaced several
inches apart.

This magnet is energised by about
4 x Jo* ampere -turns of which the cur-
rent component is from ioo to 200
amperes provided by a motor -
generator.

Typical dimensions of the electro,
magnet for an equipment of moderate
power are : pole pieces ioo cms. dia.
tapered to 90 ems. at the pole faces;
weight (with coils) 45 tons, magnetic
field intensity 18,000 Oersteds within a
radius of 38 cms.

In the air gap between the pole -
pieces is mounted a pump -maintained
vacuum chamber of flat cylindrical
form, a cooling plate at the top pro-
tecting it from destruction by bom-
bardment. The gas to be ionised is
introduced into this chamber.

Within this enclosure are mounted
two hollow plates of " D " shape
(called " dees.") They are insulated
from the vacuum chamber, which is at
earth potential, by pyrex supports
which must be strong mechanically as
they will be intensely stressed by the
operating forces.

A rectangular space across the dia-
meter of the chamber separates the
dees from one another and they are
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coupled to a balanced radio frequency
oscillator insulated from earth.

The thick line in the centre of Fig.
2b represents the source of electrons,
which is usually a hair -pin filament
heated by h.f. current of 2 x toa c/s.
to avoid deformation when it is sub-
jected to the intense working stresses.
A negative bias of about i,000 volts to
earth is applied to the filament struc-
ture, which is mounted on a movable
arm. By this means the emitted elec-
tron beam is adjusted to be nearer to
one dee than it is to the other.

Between the filament and the space
between the dees is mounted a shield
into whicji is cut a rectangular slot,
shown diagrammatically in Fig. 3. '

For many purposes an arc source of
ions is sometimes more satisfactory
than one which depends upon the emis-
sion of electrons from a heated fila-
ment, but we are here concerned with
the latter.

From Fig. 2c it will be seen that the
top dee is cut away around the

periphery, and a thick line is drawn in
this space. This represents the de-
flector plate, which is biased to be-
tween 5 x to° and t x to' volts nega-
tive with respect to earth. The func-
tion of this plate is to direct the
emergent beam of ionised particles to
the target chamber, which is indicated
by the thick line normal to the direc-
tion of the beam. The element which
is to be bombarded is mounted in the
target chamber which is provided with
a vacuum gate, to facilitate its isola-
tion from the main vacuum chamber.
This is maintained at a pressure of
to-' to so-' mm. of mercury, and into
which the gas to be ionised is intro-
duced.

For high intensity bombardments an
aluminium window about o.o025 cms.
thick is provided.

Owing to the intense concentration
of the energy of the emergent beam on
the target and through the window a
cooling system maintains these at a
safe temperature.
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Figs. 4 and 5.
Fig. 4 (lower curve.) Height of an electron above the filament as a unction of the phase of
the dee voltage. Fig. 5 (upper curve). The voltage between dees at the phase indicated on
the lower graph. An electron starting at zero phase (chain line) oscil ates about the position
of the upper dee edge. An electron emitted at an initial phase of 1.0 radian (full line) oscillates
back and forth across the median plane and finally returns to the filament after the dee voltage
has dropped below the valve it had when the electron was emitted. Electrons starting after
an initial phase of or/2 radians (dotted line) cross directly to the cooling plate (after Wilson).

16 18 - 2

Fig. 3. Formation of the ions in the centre of the
cyclotron.

The " snout " of the vacuum cham-
ber is free to expand and is made of
molybdenum on account of its high
melting point, as this runs hot when
bombarded by some of the stray ions.
Creation of Ions

Suppose that a certain gas, say
helium, is introduced into the vacuum
chamber. This, when doubly ionised,
will produce alpha particles.

Now if electrons are emitted by the
filament, but for the negative bias they
would tend to cloud around the fila-
ment under the shield and form
space charge.

The bias expels them up through th
slot in the shield and they now, com
under the combined influence of the
oscillating electric fields of the dee-,
and the unidirectional magnetic field.
These fields are at right angles to one
another as indicated in Figs. 2a and
2C.

A full analysis of the behaviour of
the electrons as they oscillate in the
space between the dees would involve

differential equations to deal with the
variables, but a picture of what hap-
pens has been presented by R. R.
Wilson.'

This is illustrated in Figs. 4 and ,5
from which it will be seen that under
the combined influence of the electr
and magnetic forces the electron
spiral up and down the magnetic lines
in a mode which is dependent on the
phase of the potential wave on the
near dee at the instant the electron is
emitted from the filament.

The potential energy of the electron
after passing through the shield will
therefore be a function of the electric
field which is oscillating at the fre-
quency of the r.f. generator. It will
also depend upon its position in the
space between the dees-since these
are hollow. (Fig. 3).

Looking into the dees, the shape of
the electric field will be approximately
rectangular in form, as delineated by
the edges of the plates. In this region
the field will be of the greatest intens-
ity, but will not be sharply defined
owing to the effect of edge distortion.

We can assume the main electric
field to be across the upper and lower

, edges of the dees and that this is at
right angles to the vertical magnetic
field as indicated in Figs. za and 2b.
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The effect of the magnetic force will
be to constrain the electrons to follow
a cycloidal path in a plane perpendicu-
lar to the field, whilst a varying
vertical component of force will be
introduced by the electric field. Cod
sequently the path of the electron in
the dee space will be in the form of a
helix.

It can be shown that the diameter
of this is about z x io-4 cms. which
indicates that a pencil of electrons
spirals up and down between the dees.

Assuming increasing positive poten-
tial of the near dee as the electrons
enter the dee field, they will be ac-
celerated upwards and we may equate
the potential and kinetic energies
thus : eV = ... (2)
These will be transforfned from one
to the other as the electron oscillates
up and down, and the energy will be

spent in the
process of ionis-
ing the gas
molecules by
impact for
which purpose
this electrcn
beam is pro-
duced.

Referring to
Fig. 4, due to

Wilson,' it will be seen that electrons
which leave their source when the near
dee is at decreasing positive potential
spiral up past the upper edge of the
near dee and are lost in the cooling
plate.

The probable explanation is that
they shoot up past this edge by virtue
of the kinetic energy to which they
have been accelerated by this dee
edge, but as the positive potential of
this is increasing, by the time that the
electron has shot a little distance past
the dee the potential has fallen to a
value insufficient to attract the elec-
trons back into the field, and they
therefore continue to spiral upwards
to the cooling plate.

If, however, the dee is at an increas-
ing positive potential at the instant of
emission then it will be kept within
the field until several oscillations have
been performed when the potential is
again insufficient to keep the electron
within the dee space. This can be
reasoned out as indicated.

The effect of these oscillations is to
increase the intensity of ionisation in
the space around the electron beam.
This will be most intense in the
region of the median plane as
indicated in Fig. 8.

It can be shown that the average
velocity of an electron in a direction
perpendicular to the electric and mag-
netic fields depends upon the ratio of
V/H, and as V will diminish near the
median plane' the effect will be to slow
up the electrons in this region,, but

Fig. 6. Diagram of alpha
particle.

they will still retain sufficient energy
to ionise the gas molecules.

This provides an ion current of
about io to IS milliamps if the emis-
sion current is o.3 amperes; but of
these ions available only a small per-
centage, depending upon the nature of
the gas, are usefully accelerated.

Fig. 6 illustrates the electrical com-
position of an alpha particle, as a re-
sult of double ionisation of helium
from which it will be observed that it
carries an electric charge of 2 positive
units. Its mass is 6.64 x io-' grams,
or four times that of the hydrogen
atom.

We can now follow the course of the
particle whilst it is under the influence
of the accelerating forces.

Referring to Fig. 2c, and, applying
Fleming's Left Hand Rule to the force
on this positive ion, the force acting
upon it will be towards the left if the
potential of the upper dee is negative,
but before being drawn into the dees
the ion will describe several initial
cycloidal paths in the space between
the dees.

After these initial excursions it will
be attracted into the dees (if the cyclo-
tron is in tune) at the instant when the
potential between the dees is at a
maximum, of the order of 1:8 x JO'
volts peak for the two as shown at (a)
in Fig. 7.

Whilst it is practically free of elec-
tric force in the hollow dee the mag-
netic force will be active in constrain-
ing the ion to a cycloidal path.

Now if the time taken for the semi-
circular path (a b) on Fig. 2,c is ex-
actly the same as that of half a period,
T/2, of the high frequency field then
the particle will emerge from the
upper dee at the instant when the
lower dee has assumed maximum
negative potential as indicated at c
in Fig. 7.

The particle will therefore be ac-
celerated across the gap into the lower
dee plate anti describe a cycloid of
greater radius until it emerges again
and is thus attracted.to the upper dee
which by now is again at maximum
negative potential. This cycle of
events is repeated many times accord-
ing to the geometry of the cyclotron
until the particles have been accelera-
ted to the desired voltage.

They then emerge tangentially to
the final cycloidal path when they are
directed by the deflector plate on to the
target.

The final energy of the particle is
given as

W = e - R2
2c

where H is in e.m.u.s and R is the
final radius of the path in cms.

Considering now the factors which
govern the motion of the particle we
have:

(3)

.

Hey = (4)
r

where r is the radius of curve of the
path at any instant and H is the
strength of the magnetic field in
Oersteds.

The other symbols have the signi-
ficance already ascribed. At any in-
stant we may equate the kinetic energy
of the accelerated ion against the
equivalent potential difference V
through which it has been raised. Thus

eV = (5)

Her
F rom equation (4) v =

m
H'e'r'

m'
substituting this for v in equation (5)

we have
e'H'r'

eV =gym
m2

and hence V = IH'r2 (elm)

In this equation H and e are i
e.m.u.s and therefore to convert to the
practical units of the Oersted and the
volt we divide H and e by c and I'
respectively, with the result that

V volts = H'r' - (1.667 x io-") (8)
m

When the ion emerges from the cyclo-
-tron r become's R, the radius of the
final cycloid,, if this, the magnetic
field, and the mass of the particle are
known the final voltage can be cal-
culated from this equation.

(6)

90000.v

90 000.v. 2--
a UPPER

DEE
2

DEE
TT

Low&

Fig. 7. Voltage changes on the dees.

If the charge e carried by the ion is
also known the energy can be
evaluated from equation (5) from
which the final velocity v of the ion
may be calculated if the mass m is
known.

Then, knowing v, the effect of re-
lativity may be determined.

The value of H and frequency f of
the r.f. oscillator is also required
before we have the general design
basis for the accelerator.

If to is the angular velocity, then

and from (4)
COT .= V

He
=

mc
if H is in Oersteds, also

= 27/ T (II)

 . (9)

... (to)
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or the frequency f = - = Substitu-
T 2.7r

ting for w from equation (io) we have
He

zwrric
This indicates that the frequency of
the oscillator and the strength of the
magnetic field are directly propor-
tional.

Equation io shows that the angular
velocity w of the ion is independent of
the radius of its path r and also of its
linear velocity v.

As a general example we suppose
that the frequency of the oscillator is

x Jo' c/s. or 30 metres, wavelength,
and that an alpha particle is to be ac-
celerated. This will carry two units e
of positive charge, that is 4.8.x io-1° x
2, by taking a mean value of the latest
determinations of e. Similarly its
mass is 6.64 x io-34 grams. Then
from equation (12)

2171mc
H = = 13,030 Oersteds (13)

2e
et the final radius of the path of the

ion be, for example, so cms ; this will
be R instead of r in equation (8) by
means of which we can evaluate V,
therefore by substituting the known
values ,we have

V = 50.23 x io° volts ... (14)
The energy 'of the single ion on emer-
gence may now be calculated, this is
eV, where these are in e.m.u.s and as
the ion carries two positive units, that
is ,.6 x io-'" x 2 e.m.u.s. Therefore

50.23x io' x x3.2), io-"
= 3.273 x io-5 ergs.

This may, for convenience, be con-
verted to electron volts as indicated in
an earlier article, and hence '

3.273 x 10-5
The energy =

5.59 ,x
= 2.058 x io' electron volts.

This may be checked by deriving
and using equation (3).
From equation (4) we have w=He/mc
and as v = rco by substitution

H'e'r'
2

m'c'
equation (4) also gives m = He/wc
and hence

He Hew.'
imv2 = - x 7.2,2 = -- (.6)

we c

We are concerned with final R =
5o cms.

By substituting the values already
known we get :

energy = 3.274 x io-5 ergs
= 2.058 x lot electron volts as before.

It will be of interest to find the effect
of relativity on the mass of the ion
which will now be travelling at a high
velocity. To find v we use equation
(5) this gives

(12)

(1s)

From
given

me=

10

z06

0

1-
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cc
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Fig. 8. Relative ionizing power of an electron plotted as a function of Its height
above the filament. Curve (a) is for a typical oscillating electron emitted when the
phase is above 0.3 radian. Curve (b) is for an electron emitted when the phase is
about 2.0 radian, i.e. one which crosses directly to the cooling plate (After Wilson).

2 eV
v = therefore

m
v = 4.439 x* to" cm/sec.
the relativity equation already

mo
me

V., - - and hence
c'

6.64 x io-m

(4.4 x 10)2

(3 x 'o)'
= 6.715 x io-24 grams

and the increase in mass is therefore
1.13 per cent., which is sufficient to
throw the ion out of resonance unless
compensation is made.

A full mathematical analysis would
account for the difference between the
quantity of ions available at the source
and that contained by the emergent
beam.' This would involve focusing,
shape of magnetic poles, creeping of
the ions, and several other subsidiary
factors' 9 which cannot be taken into
consideration here, and only brief
mention can be made of the r.f. oscil-
lator. This is usually of orthodox
push-pull type which must be stabilised
for frequency and output. It will be
obvious that the output of the order of
5o kW. must be carefully balanced.

Wavelengths between zo and 30
metres permit of a convenient design
for the electromagnet of the cyclotron.
A frequency stability of one part in
io,000 is desirable and this is usually

V -

accomplished by using a quarter -wave
resonant line in the grid circuits, in
preference to crystal technique, of
which the Q is found to vary at these
wavelengths.

A ripple of more than 3 per cent.
cannot be tolerated on the D.C.
supply.

The oscillator is generally coupled
to the dees of the cyclotron through
quarter wave concentric lines.

This type of accelerator offers great
potentialities of which we have sucn
examples as the 5o million volt cyclo-
tron projected at Moscow before the
war, and the ioo million volt equip-
ment, weighing 4,000 tons under con-
struction in the U.S.A.

Devices for the control of the beam,
also for the regulation of the magnet
current were being developed, and
new sources of ions were being
investigated.

In 1939 about thirty cyclotrons were
in operation in various parts of the
world, two of these were in this
country.
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BOOK REVIEWS
SELENIUM

PHOTO
CELLS

The " EEL photo cell has no
equal in sensitivity and stabil-
ity. They are made in standard
sizes of 25, 35, 45 and 67 m m.
diameter and of 4 x 8, 11 x 18,
37 x 50, 22 x 40, and 17 x 43.5
m m. in the rectangular. All
cells are guaranteed (according
to size) from 0.50 to 0.65 mic-
roamps per ft. candle per sq. c m.

For full details write to:

EVANS ELECTROSELENIUM Ltd.

Bishops Stortford

Herts.

THE SEAL OF
QUALITY

Elementary Mathematics for
Wireless Operators -

2nd. Edition. W. E. Crook. 74 pp. 42 figs.
(Pitman & Sons, 3/6 net).

This is a companion book' to the
author's " Handbook for Wireless
Operators ".and having been twice re-
printed has now gone to a second
edition.

A section on arithmetic has been
added together with a number of ex-
amples at the end of each chapter.

The remainder of the book covers
-elementary algebra, geometry, trigo-
nometry and mechanics in a concise
and pleasantly colloquial style which
should soften the " dryness " of the
formulw to the beginner.

A suggestion to the author: Instead
of saying " The index means that the
number is to be multiplied by itself
twice," why not say " The index'
means that 3 of the numbers are
to, be multiplied together, e.g.,

= 4 x 4 x 4. It should be easier to
remember.

Radio Handbook Supplement
Edited by J. Clarricoats. (Radio Society
of Gt. Britain). 2/6 net.

This is a war -time publication in-
tended to bridge the gap between the
current edition of the Amateur Radio
Handbook and a future third edition.

In addition to radio mathematics
and fundamental principles, the book
deals with the Cathode -Ray Oscillo-
graph and Direction Finding. One of
the most interesting chapters is that
on " The Service Operators Vade
Mecum" which originally appeared
as a series of articles in the T. & R.
Bulletin.

A well -produced book which should
have a large sale among service
technicians.

Wave Guides
H. R. L. Lamont. 102 pp. (Methuen's Mono-
graphs on Physical Subjects, 4/. net).

The present rapid advance in Micro-
wave technique makes it essential for
every radio engineer to make himself
familiar with the theory of wave
guides and resonant chambers. A
great deal has been written on the sub-
ject in recent years and will be found
scattered in foreign periodicals,
mostly American. Mr. Lamont is to
be thanked for providing us with this
little volume which is a compact state-
ment of the present position of the
subject.

The book is written primarily for
the physicist and a reasonably good
knowledge of mathematics is presup-
posed, however, this and a working
knowledge. of electromagnetic theory
is essential for the proper understand-
ing of the subject.

The radio engineer who is familiar
with aerial theory and the propagS.-
tion of waves will find little trouble in
reading this book. Unfortunately, the
majority of radio engineers live sel-
dom had use for Maxwell's Field
Equations and the reviewer would ad-
vise them to read the second part of
Pierce's " Electric Oscillations and
Electric Waves " before tackling this
monograph. If this book is not avail-
able a companion volume in the pre-
sent monograph series " Electromag-
netic Waves " by F. W. G. White
should be absorbed.

The book is divided into six chap-
ters covering the theory and proper-
ties of wave guides for the transmis-
sion of waves, and as resonators and
radiators. A good bibliography of all
the most important articles on the sub-
ject is included as a guide for further
reading. It is, however, a great pity
that a different system of' suffixing th
different types of guided waves h
been employed from that general y
adopted in American literature on the
subject. C. L.H.

Radiology Physics
J. K. Robertson, 245 pp. and appendix

188 figs. (Chapman and Hall, 18s, net.)

This book is mainly intended for
the medical student and radiologist,
and serves to give an outline of the
physical principles involved in X-ray
practice. It is based on a course of
lectures to second year students at
the Queen's Unixersity, Canada, at
which the author is Professor of
Physics.

The first chapter deals with e
principles of alternating curren
leading on to the production an
measurement of high voltage, cathode
rays, and finally to X-ray tubes and
associated apparatus. Radioactivity
and artificial radioactivity are also
covered, together with H.F. appara-
tus for diathermy-altogether a com-
prehensive course.

The electronic engineer will
probably find many of the author's
explanations unsatisfying in the
earlier part of the book, and the
wording at times borders on the
" loose " side.

On p. to there is a slip in the ex-
perimental determination of the re-
actance of a r.o mfd. condenser which
is checked by calculation on the next
page to be 265 ohms at 6o c./s. !

In the description of X-ray appara-
tus and circuits the book covers the
Reid well, and radio engineers, who
can afford to ignore the opening part
of the book, will find useful informa-
tion about a subject with which they
are unfamiliar.
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Preserving the D.C. Level in Oscillograph Amplifiers
By A. W. RUSSELL*

IT frequently occurs in practice that
one wishes to study with a cathode
ray oscillograph phenomena of low

frequency, or phenomena in which the
mean level (i.e., the D.C. value) is of
importance. his demands a D.C.
amplifier with direct coupling on to
the deflector plates of the cathode-ray
tube, an instrument which is not avail-
able commercially and which requires
considerable time and experience to
construct. In cases where the job does
not justify the expenditure of so much
time and money it is possible to obtain
much useful information from a
normal oscillograph incorporating a
resistance -capacity -coupled amplifier,
using one of the popular H.T. vibra-.

tors as an interrupter. In this way,

Fig. 2a.

steady voltage is converted into a
quare topped wave of - the natural
requency of the vibrator (9o-tio
ycles/sec.) while any alternating
omponent appears superimposed on

e flat tops of the waves. Such
waveform can be handled by

Mullard Wireless Service Co.

Synch. for

Oscillograph.

to
Oscillograph

0
0

a

S
H.T.

Fig. 2.

almost any oscillograph amplifier.
In the normal way; the driving coil

of the vibrator is fed from a D.C. sup-
ply with an auxiliary interrupter con-
tact, and sparking at these contacts
may give rise to interference which
will be visible on the oscillograph.
This may be overcome by disconnect-
ing the driving contacts and feeding
the driving coil with so cycle current.
If the natural frequency of the vibrat-
ing system should be sufficiently dif-
ferent from loo c/s. to prevent proper
operation, it can be adjusted quite
simply by a slight bending of the
fixed outer contacts.

VaPeA
RESISTANCE WIRES
TO THE FINEST SIZES
MOLYBDENUM

VAC -STEEL

PLATINUM SHEATHED

GAS -FREE NICKEL

WIRES, TAPES, BARS -

MESH & VALVE PARTS

VACTITE WIRE CO. (1919), LTD.
19, QUEEN ANNE'S GATE, WESTMINSTER, S.W.I

TELEPHONE : WHITEHALL 2552

The schematic diagram Fig.
shows the application of the device to
the study of the conditions obtaining
at the grid of a back coupled L.F.
oscillator (frequency i,000 c/s.
approx.). A variable grid leak is used
to control the amplitude of the oscil-
lations. Figs. za and zb are oscillo-
grams photographed from the screen
of a Mullard GM.3i56 cathode-ray
oscillograph, and in each case the
straight line represents zero grid
potential. Fig. 2a was obtained when
the grid leak was only just large

Fig. 2b.

enough to maintain oscillation. It
will be seen that the grid voltage is
sinusoidal and symmetrical about zero
potential. Fig. zb was obtained with
a high value of grid leak. The wave
form is no longer sinusoidal and the
mean D.C. potential has changed as
the grid is now biased negatively on
its own grid current.

Suitable vibrators can be obtained
from Messrs. Wright & Weaire, who
very kindly supplied those used in
these experiments.

EXTRUDED PLASTICS
The Tenaplas method of Extruding Plastics ensures
products of uniform quality and dimensional accuracy.
Although mainly used at the present time for Electrical
and Chemical insulation there are many other industries
in which the Tenaplas Process of Extrusion could be

0CT I Ns, utilised with great advantage.
Q

A Our specialised knowledge is at the

service of all manufacturers interested.

l'ENAPLAS LTD.,Head Office, 7 PARK LANE, LONDON,Wi
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NOTES FROM tTHE INDUSTRY
Multicore Solders, Ltd.

In order toconserve supplies of tin
it has been necessary for solder manu-
facturers to supply new tin -lead alloys
containing a lower percentage of tin
than hitherto.

The use of cored solder in lead -rich
alloys (in which a maximum of 45 per
cent. tin is permitted) has introduced
a number of problems in soldering
processes, particularly of electrical
equipment. Information on how to
overcome these difficulties, and recom-
mendations for the requisite bit tem-
peratures of soldering equipment, are
contained in Reference Sheet 2 issued
by Multicore Solders, Ltd., manufac-
turers of the well-known Ersin
Multicore solder wire.

Copies may be obtained free of
charge by firms engaged on Govern-
ment contracts, on application to the
head offices of Multicore Solders,
Limited, at Bush House, Lond9n,
W.C.2.

Radio Reference Data
Messrs. Standard Telephones, Ltd.,

have just issued a useful booklet of
Reference Data for Radio Engineers.
Originally compiled for the use of
their own staff, they have decided to
make the data available to a wider
circle, and a limited number of copies
are available for bona fide radio
engineers at a cost of 2s. plus postage.

In addition to the usual tables of
mathematical functions and conver-
sion factors there is information on
approved cables for aircraft wiring,
wave propagation, noise units and
acoustics, from which it will be seen
that the field covered is wide and
useful.

Applications should be addressed to
the Publicity Dept., Messrs. Standard
Telephones & Cables, Ltd., Con-
naught House, Aldwych, W.C.2.

Electrodes for Welding
Messrs. Compound Electro Metals,

Ltd., have specialisfd in the produc-
tion of metal alloys by, the powder
dietallurgy method and their cata-
logue gives some interesting figures
on the effects of adding certain ele-
ments to copper in regard to hardness
and conductivity.

Copelmet, a copper -tungsten com-
pound, is particularly recommended
for spot-welding electrodes and is sup-
plied in one case as a small insert in
a copper shank, forming a highly effi-
cient and durable electrode tip.

Useful reference tables and a heat
colour chart are included in the cata-
logue, which can be obtained on ap-
plication to the Company's head office
at 42 Pall Mall, S.W.i.

The British Institution of Radio
Engineers

Sir Louis Sterling has been elected
president of the Institution in succes-
sion to C. C. Garrard, Ph.D.,
M.I.E.E., M.Brit.I.R.E. The presi-
dential address, which is expected to
deal with registration of engineers,
will be read before the Londo34, section
of the institution on September 25.
This meeting will be held at the
Federation of British Industries, 21
Tothill Street, Westminster, S.W.. 1.

Representatives of the Institution,
the Scottish Radio Retailers' Associa-
tion and the Radio and Television Re-
tailers' Association met on Tuesday
August 18 to discuss and arrange the
holding of a National Certificate in
Radio Servicing. The examination
will replace the existing Brit. I.R.E.
Radio Servicing Certificate, but the
Institution will continue to be respons-
ible for holding the examination, the
passing of which will be recognised
by the Trade Associations.

The meeting will also discuss the
desirability of forming a separate
association for radio service men.

Polytechnic Kinematograph
Course

The two-year course in kinemato-
graphy, held in conjunction with the
British Kinematograph Society at the
Polytechnic, Regent Street, com-
mences the session in September, and
a limited number of applications for
enrolment is now invited.

The Institution of Electronics
A lecture meeting will be held on

Friday, September t 1, 1942, at the
Reynolds Hall, College of Tech-
nology, Manchester, at 7 p.m., on
" Short Wave Radio Apparatus for
Medical Purposes" by R. G. B. Gwyer,
M.A., A. M. I .E.E. A. I. Mech. E.
(Member). The chair will be taken by
Dr. James A. Darbyshire, M.Sc.,
Ph.D., F.Inst.P. (President). Applica-
tion for tickets should be made to
A. H. Hayes, Hon. General Secretary,
64 Winifred Road, Coulsdon, Surrey.

British Standards Institution
A new British Standard Specifica-

tion (No. 1044) which has just been is-
sued deals comprehensively with the
dimensional standardisation of all of
the common types of gauges, includ-
ing ring gauges, gap gauges and both
solid plug gauges and plug gauges
of the renewable end type as de-
veloped in America and now com-
monly used in this country.

Copies of the Specification may be
obtained price 5s. 6d. each.

Radio Industries Club
At the luncheon held on July 29 an

address was given by Mr. S.
Rostovsky, editor of the Soviet War
News and a member of the Soviet
Embassy.

The theme was " Radio Propaganda
in the Front Line on the Eastern
Front," and Mr. Rostovsky described
how powerful amplifying apparatus
was taken to the fighting front and
put into use there. In this way Nazi
soldiers are told about the heavy raids
on their home cities and also urged to
surrender to the Russians, The method
had proved most successful in many
cases.

Capt. H. de A. Donisthorpe of the
Valve Department of the General
Electric Company is giving a tour of
lectures to the Services on " The
Romance of Radio."

The lecture traces the evolution 01
radio from the early days of Marino
Wireless Telegraphy to modern dad
broadcasting with special reference to
the wireless ,valve.
American Radio Manufacturers'

Association
Mr. R. C. Cosgrove, vice-president

and general manager, Manufacturing
Division, the Crosley Corporation, has
been re-elected as a director of the
Radio Manufacturers' Association,

Mr. Cosgrove was first elected to
the directorate of the RMA in June,
1941, and has been active in the affairs
of the association for some time.
New Packing Method for Valves

and C.R. Tubes
A revolutionary new principle of

packing radio valves which, if utilise
by the valve industry, will result in
major contributions to the war effort
in shipping space, material, handling
and warehousing savings, has been de-
veloped by the manufacturers of RCA
radio valves.

To extend the value of the new '
packing principle more quickly, RCA
has granted patent rights to the new
type cartons to other valve manufac-
turers. In addition, other valve manu-
facturers have been shown factory
routines that have been developed to
make the most efficient use of the new
process.

In handling receiving valves alone,
savings of 3o per cent. in material
were found to have been achieved by
the new methods. Factory handling
efficiency has been stepped up zo per
cent., loss by breakage has been mate-
rially reduced, as has the need for
storage space. It is now possible to
pack 647,5o0 valves of a given type
into a single boxcar, an increase of
nearly too per cent. in capacity.
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Scientific Re6.2affircit. -not 9u236 watk
e ba6 ih Matatastik cle619-n.

This illustration shows an apparatus which tests
and records the vibration insulating capacity of
Rubber -to -Metal Weld Metalastik Mountings.

Fig. 1 is a vibrating machine, Fig. 2 the base on
which it is mounted. Fig. 3 is the recording
Cathode Ray Oscillograph. For this test, Metalastik
Instrumountings are used, being indicated by the
diamond shaped outline.

The upper half of Graph " A " shows the
vibration of the machine, and the lower half the

vibrations which are transmitted to the base
when the machine is rigidly mounted. In
Graph " B," the almost straight line illustrates

the remarkable extent to which the
introduction of Metalastik
Instrumountings absorb
vibration.

Vibrations of machin,

Vibrations of base-almost entirely
eliminated in the Metalastik insulated base.--->

A" WITHOUT METALASTIK.

Your vibration prob-
lems can be solved
scientifically by our
specialised research
service.

"B" WITH METALASTIK.

M ETA LAST 1 k
ANTI -VIBRAT

METALAST1K LTD,

1.1

LOC
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ABSTRACTS OF
ELECTRONIC LITERATURE

CIRCUITS

Frequency Division without Free
Oscillation

(D.G. Tucker and H. J. Marchant)

A system of frequency division is
described which does not involve
locked oscillators; very constant
phase relations are obtained and the
production of an output frequency is
dependent on the presence of the
input frequency.

-P.O.E.E. Vour..; Vol 35, Part 2
(1942), page 62.

A Voltage Stabiliser for a D.C.
Generator

(W. M. Schwarz)

A simple stabiliser for a cyclotron
magnet is described, which stabilises
the voltage across the magnet within
one part in 2,000. It acts as a variable
resistance in parallel with the genera-
tor field, which remains shunt con-
nected to the armature.

-Rev. Sci. Inst., Vol. 13, No. 5,
page 213.

Emission -Regulating Circuit for an
Ionization Gauge

(R. B. Nelson and A. K. King)

A description isgiven of the design
and operation of a circuit employing
gas -filled tetrodes to maintain con-
stant electron emission in an ionisa-
tion gauge by.controlling the filament
temperature. Performance data is
given to show that variations in the
electron emission due to fluctuations
in line voltage or changes in the pres-
sure in the ionisation gauge have been
to a large extent eliminated. '

-Rev. Sci. inst., Vol. 13, No.
page 215.

A Carrier -Frequency Heterodyne
Oscillator

(K. W. Bourne)

A carrier frequency heterodynt
oscillator is described having a fre-
quency range so c/s to 170 kc/s and
developed on similar lines to the
earlier Ryall-Sullivan oscillator.

-P.O.E.E. Jour., Vol. 35, Part 2
(1942), page 65.

5,

ELECTRO-MEDICAL
Hearing Aid Design

(I. Kamen)

A survey of various common types
of deafness, with statements of how
they may be overcome by appropriate
hearing aids. The design of a modern,
compact hearing aid is given.

-Electronics, Vol. 15, No. 7 (1942),
page 32.

MEASUREMENT
Power -Circuit Instruments for the
Higher Range of Audio Frequencies

(L. J. Lunas and P. MacGahan)

The extended use of frequencies in
the range 900 to 12,000 cycles to induc-
tion furnaces, etc., introduces prob-
lems of measurement due to high coil
reactances and eddy losses which are
relatively unimportant at other fre-
quencies. Thermal instruments used
for communication purposes at audio
frequencies are unsuitable for power
equipment because of their small over-
load capacity and slow response'. The
types of instruments best suited for
measurement of current, voltage, true
power, wattless power and power
factor at these frequencies and special
arrangements for reducing their errors
are discussed. An elementary dia-
gram of instrument connexions for a
typical installation is shown. In con-
clusion, the special requirements of
instrument calibration for this fre-
quency range are considered.

-Supgt. to El. Engg., December,
1941, page 1,23o.*

The Measurement of the Loss Coeffi-
cients of Magnetic Dust Core

Materials
(V. G. We/sby)

The author describes a method by
which the losses in a toroidal dust -
cored coil may be measured and those
associated with the winding elimina-
ted to allow the loss coefficients of the
core material to be determined.

-P.O.E.E. Jour., Vol. 35, Part 2
(1942), page 46.

Direct Pen Recording of Galvanometer
Deflexions

(D. J. Pompeo and C. J. Penther)

An instrument is described which
records directly the deflexions of .a
light beam pointer without recourse to
photographic development processes.
The recording is easily accomplished
at pen speeds of 12.7 cm. per, second
across 25 cm. of chart without " hunt-
ing " taking place. The pen follows
the light beam from an external gal-
vanometer by mounting a double
cathode photo -cell on the pen carriage
so that both move as a unit. By means
of valve amplifiers operating a re-
versible motor, the pen carriage
moves to the left when the light beam
deflects to the left on to the left photo-
cell cathode, and to the right when the
right photo -cell cathode is exposed.

A movement of the light beam as
small as o.t mm. causes a correspond-
ing movement of the pen.

The instrument has been satisfac-
torily used, with considerable saving
in time, for recording current -voltage
curves in polarographic analysis, for
obtaining infra -red absorption curves,
and for recording ion currents in mass
spectrographic work.

-Rev. Sci. inst,-, Vol. 13, No. 5,
page 218.

THEORY

Characteristic Impedance of Parallel
Wires in Rectangular Troughs

(S. Frankel)

The method of conformal trans-
formation and the method of images
are employed jointly to deduce the
characteristic impedance of a balanc^(I
two -conductor transmission line and
of a balanced three -conductor trans -4
mission line symmetrically surrounded
by perfect, rectangular, earthed, con-
ducting surfaces. It is assumed that
(1) the wires are of circular cross-sec-
tion, of diameter small compared to
the distance between them and small
compared to the distance from the
wire to any side of the surrounding
surface and (2) the wires are perfect
conductors.

-Proc. J.R.E., Vol. 30, No. 4.

(1942), page 182.

INDUSTRY
Properties and Characteristics of

Formex Wire
(Curtin)

The initial dielectric strength of
Formex wire which has a coating of a
synthetic resin of the polyvinyl acetal
type, is much the same as that of con-
ventional enamelled wire, the essential
difference lying in the fact that
Formex wire retains its dielectric
strength during winding, assembly,
etc. The main properties of the wire,
methods used for determining these
properties and various tests for prov-
ing the ability of the insulation film to
maintain its integrity during harsh
treatment similar to that which it
undergoes in the winding and manu-
facture of electrical apparatus are
described.

In conclusion, it is emphasised that
the superior properties of Form -ex wire
enable long -needed changes in manu-
facturing procedure and apparatus
design to be made.

-G.E. Review, May, 1942, page
285.*

* Supplied by the courtesy of Metropolitan.
Vickers, Ltd., Trafford Park, Manchester.
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Liquid
Silver
For Metallising
Mica Ceramic

Quartz etc.

Low Melting
Point Solder
and Solder in

Paste Form

MELTON METALLURGICAL
LABORATORIES LTD.

IPSWICH ROAD
TRADING ESTATE
SLOUGH, BUCKS.

'Phone: Slough 20992

UNIVERSITY

S 11 KFFI 1-4,LD
Department of Glass Technology

INSTRUCTION IN SCIEN-
TIFIC GLASS BLOWING
The School of Scientific Glass Blowing attached
to the Department has been re -opened and
students can be received for training in technique
at any stage, elementary or advanced.
The accommodation is limited, but vacancies are
now available in courses of from one to six
months duration. Fee F.;2 9s. 6d. per month.
Preference of admission will be given to appli-
cants associated with essential war work.
Applications should be addressed to Professor
W. E. S. Turner, F.R.S., Department of Glass
Technology, The University, Northumberland
Road, Sheffield, so.

W. M. GIBBONS, Registrar

HILL & CHURCHILL
BOOKSELLERS,

Swanage, Dorset.
ENGLISH and AMERICAN BOOKS

IN STOCK on

Radio Engineering and
Telecommunication
Catalogue on Application

OmpLIFIERS
AND SUB -ASSEMBLIES

A RANGE OF STANDARD
AMPLIFIERS AVAILIABLE FOR
WORK OF NATIONAL
IMPORTANCE

Standard Amplifiers
Special Amplifiers for
Industrial Applications-
Transformers and Coil

Winding -- Sheet Metal
Work and Stampings -
Switch Assemblies-
Microphones, etc.

GI7LJ STIGA L
MANUFACTURING COMPANY LT?
HUNTINGDON TEL: 361

Announcement

We manufacture Low Loss

Ceramic Parts at least as
good as any on the market

but we regret that we are
at present unable to accept

orders for these as our pro-

duction of these materials
is already being used for
work of national importance

SCI

TAS/rri44

by

4

B . > 4\

r 6 
Head Office : Eastwood, Hanley,
Staffs. London : 85, Streatham
Hill, S.W.2. Factories at Han-
ley, Stone and Lonyton.staffs,
Telephone : Tulse Hill 5255-6

and Stoke-on-Trent 5272 4.

as
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TELEVISION

PATENTS RECORD
The information and illustrations on this page are given with the permission of the Con-
troller of H.M. Stationery Office. Complete copies of the Specifications can be obtained

from the Patent Office, 25, Southampton Buildings, London, W.C.2, price Is. each.

Suppression of Interference in F.M.
Television Images

It is known that undesired signals
are most objectionable when they are
primarily effective in the region of the
black shade value of the' reproduced
image. Frequency -modulation re-
ceivers are equally subject to disturb-
ing reproduction of spurious noise
components in the black region of the
reproduced image. This patent pro-
vides a means for translating the de-
rived voltages in the detector so that
components of the received signal,
having a frequency corresponding to
a black shade value, are always de;
tected within a portion of the operat-

g o

-{)

ing range of the detector over which
it is substantially less responsive to
undesired signals. By adjustments of
the tap T the output characteristic of
the detector may be made substantially
asymmetrical with respect to the
mean carrier frequency. The circuit
is adjusted by means of the tap T so
that the balance point of the detector
coincides with the carrier -signal fre-
quency. corresponding to the black
shade value of the transmitted image.
-Patent No. 546,323. Hazeltine Corp.
(Assignees of J. C. Wilson).

C.R. Tube Screens
A method of forming a fluorescent

layer on a support which includes
heating a mixture of hydrogen sul-
phide and oxygen and depositing sul-
phur produced by the. combustion
upon the su,pport to form a binding
layer of the fluorescent material. The
proportion of hydrogen sulphide to
oxygen in the mixture, is not less than
one to one.-Patent No.. 546,216,
Electrical Research Products.

Sound Reproduction
A system for reproducing recorded

sounds from a localised reproducer
and automatically reproducing the
same sounds from separated repro-

. ducers. The automatic method is
under the control of means synchron-
ised with the sound record.-Patent
No. 546,077. Radio Corporation of
America.

CIRCUITS

Negative Feedback in Piezoelectric
Crystals

The invention takes advantage of
the fact that a piezoelectric motor may
be made to serve also as a piezo.
electric generator. In other words, a
piezoelectric device connected to the
output circuit of an amplifier may be
used to develop ari entirely distinct
e.m.f. which is proportional to the
actual displacement obtained from the
piezoelectric crystal.

The use of electromechanical de-
vices constructed from elements of
Rochelle salt or other piezoelectric
materials for such purposes as oscillo-
graphs, recorders, loud speakers, etc.,
has been handicapped by the fact that

such piezoelectric devices have a non-
linear operating characteristic.
Among the reasons for this are the
hysteresis of the piezoelectric material
and the variation of dielectric con-
stant, etc.

In the patent, electrodes Is and 12
are associated with a piezoelectric
relay unit having two sets of elec-
trodes or coatings. A second smaller
set, 13, 14, from which the feedback
energy is taken to the input of the
amplifier, is mounted on the same
piezoelectric plates, but insulated
from the electrode ii and 12 in order
to function independently.

In operation, if the temperature in-
creases and the piezoelectric efficiency
of the material falls off, there will be
a small electromotive force generated
between plates 13 and 14 and therefore
a lower reverse e.m.f. will be applied
to the grid and the amplification of
the valve will correspondingly rise.

For complete stability of feedback
amplifiers against singing, it may be
necessary to use a suitable network in
the feedback path connected between
the coatings or electrodes 13 and 14
and the amplifier input circuit. As the
piezoelectric crystal has not only a
natural resonance response frequency,
but also third and higher harmonic
response frequencies it is necessary to
take these into account in the design
of the network.-Patent No. 546,182.
Electrical Research Products.

A circuit for stabilising the fre-
quency of an oscillation generator
modulated in frequency by a react-.
once valve which receives modulation
energy on a control grid. Part of the
oscillator output is tapped off and
beats with the output of a constant fre-
quency, e.g., a crystal controlled
oscillator. The resulting variable fre-
quency is passed through an ampli-
tude limiter to a rectifier by a react-
ance, to distinguish between wave
energy of the beat frequency and that:.':.
of other frequencies. The output of
the rectifier is applied through time
constant elements to another con-
trol' grid of the reactance valve.-
Patent No. 546,168. Marconi's Wire-
less Telegraph Co. (Assignees of I. L.
Hathaway).

MEASUREMENT

Measuring Quality and Quantity of X-
radiation by C.R. Tube Indication*
Two antimony -caesium vacuum

photo -electric cells are each connected
in a circuit comprising in series the
photo -cell, a battery, and a resistance
to which a condenser is connected in
parallel by a suitable switch. The
voltages across the two resistances are
applied respectively to two pairs of
deflector plates in a C.R. Tube.
front of each photo -cell, a fluore
screen, of the zinc -sulphide type,
a Levy -West visual -fluorescent scr
is interposed in the path of the
rays to be measured. A copper or
aluminium screen is also interposed in
the path of the X-rays to the fluores-
cent screen of one of the two systems.
The tube screen is marked, with a
number of straight parameter lines
passing at different angles through the
intersection of the two axes (which is
the point corresponding to the unde-
tected beam). Each line corresponds
to a predetermined ratio of the de-
flexions caused by the filtered and
unfiltered X-rays respectively. The
harder the X-rays to be measured, the
greater will be the ratio of deflexions,
so that the hardness of the X-rays, ex-
pressed for example by their half -
layer value or the KV figure, can be
indicated as a parameter at each line
of the scale.-Patent No. 546,095,
R. H. Herz.

* See also Brit. Jour. Radiology, April 1942, page
210.-Ed.
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O
Fixed Condensers with Ceramic
Dielectric. Small size. Mech-
anically and electrically stable.

Type approved.

Full details and advice gladly given.

UNITED INSULATOR CO. LTD.
12-20, LAYSTALL ST., LONDON, E.C.I

'Phone : -

'Grams : -

- TERminus 7383
Calanel, Smith, London.

Contractors to G.P.O. and Government Depart-

ments. On A.I.D. Approved List.

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

World's best choice of
Courses in Engineering

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

alteeist:fin
d'2essafro2h

CLARKES i Redditch) LT?
SINEW WORKS

R EDDITCH
TEL., 00 &MCA,. ESTA13.1920

GALPINS
ELECTRICAL STORES
21, WILLIAM STREET, SLOUGH, BUCKS.
'Phone: SLOUGH 20855 Terms: Cash with order

DYNAMO, 110 volts, 60 amps. shunt wound, interpole, ball bearing, speed
1,750 r.p.m. continuous rating. Price £15, carriage forward.
SHEET EBONITE, size 12 in. by I lin. by 1/32 in., best quality. Price 4 -
per doz., post free.
ELECTRIC LIGHT CHECK METERS, well-known makers, first-class
condition, electrically guaranteed, for A.C. Mains 200 250 volts 50 cy. 1

phase 5 amp. load, 10 - each ; 10 amp. load, 12,6 ; carriage I.-.
AUTO TRANSFORMER, 1,500 watts, tappings 0-110-200-220 and 240
volts for step-up or step-down. Price £5, carriage paid.
LARGE TRANSFORMERS for rewinding, size 2 kW. auto, rating un-
known. Price 30;-, carriage forward.
HIGH FREQUENCY TRANSFORMERS 75 v. A.C. input at 300 cycles ;

output 5,000-0-5,000 v. at 500 watts. Price 45 -, carriage forward.
AIR PRESSURE GAUGE, 9 in. dia., scale 0-4,000 lbs. per square in., in
gunmetal. Price £4 each.
PYE WAVE CHANGE SWITCHES, 2 -Band. 2 6 each, post free.
110 v. D.C. MOTORS, maker KLAXON precision built, approx. 1/10 h.p.
ball bearing, variable speed, laminated fields in new condition. Price 20/-,
post free.
ROTARY CONVERTOR, D.C. to D.C. Input 220 volts D.C. ; Output 12
volts at 50 amps., D.C., ball bearing, condition as new. Price E10, carriage
forward, or 17,6 passenger train.
DOUBLE OUTPUT GENERATOR, shunt wound, ball bearing, maker
" Crypto," outputs 60 volts at 5 amp. and 10 volts at 50 amps., condition
as new. Price E10, carriage forward, or 20 - passenger train.
ALTERNATOR, output 220 volts, 50 cycles, I p.h. at 180 watts, will give
I amp. easily, speed 3,000 r.p.m., self -exciting, condition as new. Price ES,
carriage forward, or 15;- passenger train.
TRANSFORMER, input 230 volts, 50 cycles, I p.h. ; output 1,100-0-1,100
volts at 220 milliamps, and 6 volts C.T. three times, earth screen, wound to
B.S.R., weight 32 lbs. Price El, carriage passenger train, 7,6.
LOUD RINGING BELLS, working on 20 volts D.C., 8 in. dia. gong,
placed, waterproof, absolutely as new. Price 32.'6, post free.
METER MOVEMENTS, all moving coil, minor repairs needed, F.S.D., 5
m a. Price 15 -, post free.
MOTOR BLOWER, 110 v. D.C., 6 in. dia., inlet and outlet, h.p. motor,
conditions as new, portable lightweight, speed 2,800 r.p.m. Price CI 10s.,
carriage paid.
SEARCH or FLOODLIGHT, 20 in. dia., on swivel stand, Mangin mirror
reflector, fitted G.E.S. lamp holder. Price a 10s., carriage forward.

CONDITIONS OF SALE AND SUPPLY-This periodical is sold subject to the following conditions, namely, that it shall not without the
written consent of the publishers first given, be lent, re -sold, hired out or otherwise disposed of by way of Trade except at the full
retail price of 2'- and that it shall not be lent, re -sold, hired out or otherwise disposed of in a mutilated condition or inany unauthorised cover
by way of Trade, or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever.
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When there was anything new in British or
American short-wave equipment you were
certain to find it at Webb's. That was pre -
1939. To -day, though the situation is vastly
different, Webb's service in many respects
is still unique. Some of the facilities it offers
are described below. One thing that both
amateur and priority holder alike will find
unchanged-that is the enthusiasm and
helpfulness which gives Webb's a special
place in the estimation of all short-wave
workers.
RETAIL SALES. Despite staff shortages and other
difficulties we are still able to offer practically any
component required by the Short-wave enthusiast
at our Retail Dept., 14 Soho Street. If you are
unable to call, post your requirements. Our Mail
Order Department, though also short short-staffed,
provides an efficient and careful service.

SERVICE OF COMMUNICATION
RECEIVERS. A restricted service can now be
given on all types of Communication Receivers.
Please do not despatch instruments without first
communicating with us.

75 watt
'phone & C. W

Transmitter

ment

SPECIAL PRODUCTS DEPT. This Department
offers very useful facilities for the construction of
specialised equipment for transmission and recep-
tion. One of its recent productions-a 75 watt
'phone and C.W. Transmitter is illustrated below.

NEW LINES are continually being introduced and
among the latest is an American type Morse Key.
This new Key, illustrated above, is very light in
operation, well balanced and is priced at 8'6. Other
lines include a 50 watt audio amplifier and an audio
oscillator for Morse practice. This latter instrument
Type OA I, is entirely operated from A.C. Mains,
gives a 1,000 cycle note, and drives two pair of
phones. Price £2 Ss. Od., including two valves.

BANDPASS CRYSTAL FILTER UNITS BY
SIMMONDS AEROCESSORIES LTD. The
retail distribution of these units is being made
exclusively through Webb's Radio. They are self-
contained units, occupy no more space than an I.F.
Transformer and are suitable for use with practically
any well-known Communication Receiver. The
general frequency is 465 Kcs. but other frequencies
are available to order. They are extremely simple
to install and phasing is unnecessary. We shall be
glad to send full technical specification and details on
request. Price 1/..

Circuit of Bandpass Crystal Filter

01140r.
11Tri

14 SOHO STREET, LONDON, W.I. Tel:GERRARD 2089. Open 9am.to5pm. Sats:9amtol2noon.

Some of the many
components now

IN STOCK
SHORT-WAVE VARIABLE
CONDENSERS
Cyldon Midget 20 mmf. ceramic end ...
Eddystone Microdenser 18 mmf., 4/6

40 mmf., 5'. : 60 mmf., 5/6 ; 100
.

Wavemaster 250 mmf., 150 mmf., and

Ceramic Trimmers, compression type,
250 mmf., 450 mmf., and 750 mmf.

U.I.C. Trimmers and Fixed Condens
all values in stock.

3;6

5/9

3/6

FIXED CONDENSERS
Aerovox 40 mfd. 200 volt Condensers,

for Midget Receiver, at ...
Aerovox 32 mfd. x 32 mfd. 175 volts

Condenser, for Midget Receiver, at 6/6
Dubilier .1 mfd. 6,000 volt working

condenser, at ... .

First grade N.S.F. Tubular Condensers,
.1 and .01 mfd. 350 volts ... each

INTERVALVE TRANSFORMERS
I.F. 465 Kc. square can type ... 6/-
1.F. 465 Kc. small cylindrical ... 4/ -
Low frequency small shrouded, 3.1

ratio, 3/6 ; heavier type ... 5/ -

VALVE HOLDERS
American Octal chassis mounting

(Paxolin)
Ceramic (Amphenol) 5 -pin, U.S.A. ...
Ceramic 4 and 5, British ...
Side Contact Valve Holder, for E series

MISCELLANEOUS ITEMS
Push Back Insulated Flex (single),

Resistance Cord for A.C./D.C. Re-
ceivers, 100 ohms., per ft. per ft. 2/ -

Flexible Couplers fora in. shaft rubber
insulation, each ... 4d.

80 ohm. Concentric Cable ()in. diam.),
maximum length 150 ft., per ft. 8d.

Collapsible Microphone Stands
Highest quality Moving Coil Micro-

phone, with transformer ... £5 5s. Od.
Potentiometers and volume controls-

all usual values from stock ... ... 4/6
Midget type Centralab 5/6
Phillips Loudspeaker Bain. P.M. 3.5

ohms. speech coil ... 17/6
45 volt Burgess High Tension Batteries,

heavy duty ... 14/8

Additional charge of Is. for postage
and packing on orders below 10s.

4d.
2/.
I/.

6d.
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