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Osram CMG8
Emission Type Photo

Cell.

PHOTO CELLS
FOR INDUSTRIAL APPLICATIONS

For industrial applications the Osram CMG8 has an
established position in all parts of the world.

Its robust construction and high sensitivity both to
white light and to the shorter infra red, make it
ideally suited for light sensitive control.

The double ended construction ensures the highest
insulation between the electrodes which is so essential
in all photoelectric apparatus.

Where essential, cells of single ended construction can
be supplied. All types of cells are fitted with standard
English valve bases.

Secondary emission cells are also available.

G.E.C. SELENIUM RECTIFIER CELL
Self generative cells of the selenium
rectifier type can also be supplied
and require no source of potential.
They are not suitable for amplifier
circuits or for the operation of
robust relays, but have a wide field
of use for measuring light trans-
mission or absorption and indications
reading directly on a microammeter
or galvanometer.

G.E.C. Selenium Rectifier
Photo Cell.

For further particulars apply to :

THE GENERAL ELECTRIC CO., LTD.
Magnet House, Kingsway, London, W.C.2.
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AIM

TELCON
CABLES

for

HIGH
FREQUENCY

TRANSMISSION
and RECEPTION

Full particulars of all Telcon Products from :

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

Telephone : London Wall 3141

THE "FLUXITE QUINS " AT WORK

"There's a mouse
in the wireless"
00 pleaded

"It's squealing! "-
to her aid
the lads speeded

"That noise,
I deduce

Is a wire
broken loose"

Explained OH
"and it's FLUXITE
that's needed."

See that FLU XITE is always by you-in the house-garage-work-
shop-wherever speedy soldering is needed. Used for 30 years in
government works and by leading engineers and manufacturers.
Of Ironmongers-in tins, 4d., 8d., 1/4 and 2/8. Ask to see the
FLUXITE SMALL -SPACE SOLDERING SET-compact but sub-
stantial-complete with full instructions, 7/6. Write for Free
Book on the art of " soft "soldering and ask for Leaflet on CASE-
HARDENING STEEL and TEMPERING TOOLS with FLUXITE.
iro CYCLISTS I Your wheels will NOT keep round and true unless the spokes
are tied with fine wire at the crossings and SOLDERED. This makes a much
stronger wheel. It's simple-with FLUXITE-but IMPORTANT.

THE FLUXITE GUN puts FLUXITE where
you want it by a simple pressure. Price 1/6,

or filled 2/6.
FLUXITE LTD. (DEPT. T.V.),

BERMONDSEY ST.. S.E.1.

ff SIMPLIFIES ALL SOLDERING

THIS TAYLOR combined Mutual Conduct-
ance Valve Tester and Multi -range Meter

is beyond compare. It is the most versatile
instrument you could wish for.

What it will do
TEST MUTUAL CONDUCTANCE of practically every
type of British, American and Continental valve.

TEST EVERY VALVE under correct working conditions.
TEST Midget Deaf -Aid, Mullard side -contact, American Octal,
Loctal, Bantam bases, in addition to all standard types of valves.

17 VALVEHOLDERS of different types are fitted and used
for these tests.

TEST CATHODE LEAKAGE. Calibrated scale shows
leakages as high as 10 megohms.

TEST FILAMENT CONTINUITY AND SHORTS.
All are indicated by a lamp mounted on the panel.

MEASURES : D.C. VOLTS, CURRENT and OHMS.,
The Taylor 44 -in. square type moving coil meter is calibrated
for these measurements. Volts (7 ranges) : 0-0.1 to 0-1,000
volts. Amps (5 ranges) : 0-0.5 ma to 0-2.5 amps. Ohms
(4 ranges) : 5 ohms to 10 megohms.

ACCURACY. Every instrument is carefully checked against
our standards and shows a high degree of accuracy.

TAYLOR MODEL 47
VALVE TESTER
is of all -metal construction, black crystal finish.
Supplied complete with book of instructions,
valve chart for over 1,000 different types.
Grid connecting lead and pair of test leads with
prods.

Operates on A.C. 200,250 v, 40 100 cycles.

£16 -16-
(No Purchase Tax payable)

Other Models available. Prices from LI0 10s. to LI7 Ils. 6d.

A fully descriptive technical Brochure of this instrument
available on request.

BRITISH MADE. FULLY TESTED. GUARANTEED SIX MONTHS.

TAYLOR.

ELECTRICAL INSTRUMENTS, LTD.
-419-422, Montrose Av., SLOUGH, Bucks.

Telephone : Slough 21381

A
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CORRECT MATCHING Simplified
Speech coil impedances may vary-valve loads may fall within a
very wide range, yet, as this chart shows, you can always match up
correctly with the ONE type Goodmans Transformer-the " lot."
A typical example is shown. An 8 ohm coil to match a 10,000
ohm load . . . the correct ratio indicated is 36 : iB. The tapping
instructions provided with each transformer show the correct con-
nections. It's as simple as that for any valve and coil combination.
And because of the unique system of series and parallel winding,
an exceptionally high degree of efficiency is attained almost
irrespective of the tappings used. Send for full description and
chart with tapping instructions.

G000mnns
MULTI-
11PrIGE

REPLACEMENT
OUTPUT TRANSFORMER

Have you full details of the Complete range of
GOODMANS LOUDSPEAKERS
Illustrated is the famous GOODMANS junior
" Auditorium " Loudspeaker (Price £3 -i5 -o) --one of
a range of reproducers which are acknowledged as
standards by which others are judged. There is a
GOODMANS Loudspeaker for every need including
High Fidelity Instruments, Radio Relay Models and
high -power P.A. Speakers. Full particulars are given
in the GOODMANS Brochure " The Attainment of an
Ideal." See coupon.

ONE
TRANSFORMER

meets age
REPLACEMENT

NEEDS

For practically all output valves
from 2,000 to 20,000 ohms (in-
cluding Q.P.P., Class B and
Push -Pull) and speech coils
from I to 16 ohms.

RATIOS AVAILABLE :
12 : I 18 : I 24 : I 30 : 1

36 : I* 48 : I* 60 : I 72 : I

(*Centre tapped).

LIST PRICE

6/3
Boxed complete with

instructions

GOODMANS INDUSTRIES, LTD.
LANCELOT ROAD, WEMBLEY, MIDDX. Phone: WEMbley 4001

POST THIS COUPON
To GOODMANS INDUSTRIES LTD. Lancelot Road,

Wembley, Middlesex,
Please send me
* ri Full particulars of GOODMANS " 101 " multi -range

Replacement Output Transformer, together with chart
and tapping instructions. (Please enclose 2 -id. stamp to
cover postage).

*1-1 A copy of the GOODMANS Brochure "The Attainment oflJ an Ideal "- giving valuable information and data on the
principles of Loudspeaker production. (Please enclose
lid. stamp to cover postage).

Please mark which required.
E 241 Please attach this to your card or letter heading

0
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Some Measurements of High Frequency Permeability. ( Jack-
son.) Experiments are described in which the permeability of
specimens of mumetal, stalloy, mild steel, and 6% tungsten
steel, hardened and unhardened, was measured over the fre-
quency range ro6-107 c.p.s. The permeability was deter-
mined by calculation from the measured high -frequency
resistance and d.c. resistance. Results shown in graphical
form are compared with results obtained by Dannatt and
Armour. The author considers whether the variation of per-
meability with frequency is due only to the frequency effect
or whether it depends also on the corresponding variation of H.
-Philosophical Magazine, September, 1940.

Testing Insulators. (Subak.) The author suggests the
substitution of vacuum glow discharge for water as the interior
electrode for testing porecelain and other insulators having
hollow spaces and a single bottom. Experiment with both
d.c. and a.c. are described, the latter producing more com-
plicated phenomena mainly due to the necessity for the dis-
charge to become ignited every time zero current is passed.
It is important to determine what share of the total voltage
applied is used to sustain the glow column, and a test arrange-
ment is described, which enables the ignition and burning
voltages of the glow column to be ascertained.

Electrical Review, October 9, 1940.

Ceramic Materials.-An outline is presented of regulations
issued by a technical committee of German porcelain manu-
facturers. These regulations are designed to standardise
porosity, water absorption, density, tensile strength, com-
pressive strength, impact strength, hardness, thermal expansion,
specific heat, thermal conductivity, resistance to sudden tem-
perature change, puncture strength, dielectric constant and
losses, insulation resistance, surface resistivity and resistance
to tracking and arcing. Numerical values are given of the
properties specified, and the standard methods of testing are
described.-E/ectrician, October 9, 1940.

Welding Metal to Glass. A description is given of a process
used in the making of electric heaters. Metals easily adhering
to glass are aluminium or high aluminium alloys which are
sprayed on by means of a gun. Questions relating to the
design of heaters using this method are discussed, and a specimen
design is given. A variety of tests carried out on the completed
article are described.-Electrical Engineer, November 22, 1940.

A New type of Power -Torque Meter. (Hall.) For instantaneous
measurements of power and torque on a propeller shaft some-
thing more than an ordinary torsionmeter is needed. A power
meter has been developed making use of an electrical micro-
meter tube which measures mechanical displacement. Con-
structional details are given and the application of the instru-
ment is described. Motor Ship, December, 1940.

Woven Glass Insulation for Electrical Windings. (Jamieson.)
The English Electric Co. have for some time been investigating
the application of woven -glass insulation to electrical machines.
The author describes how a suitable varnish with good high
temperature properties was adopted for impregnating woven -
glass material. Some figures are given showing the improved
tensile strength, electric strength and insulation resistance of
this material.-English Electric Journal, November, 194o.

Abstracts by Research Department, Metropolitan -Vickers Electrical
Company Ltd.
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TONE UP YOUR SET WITH MAZDA

MOT FAHOLS
SET MAKERS

ti?1
AZIM

DIO

lor;tALVEs

Mazda Radio Valves are manufactured in Gt. Britain for the British Thomson -Houston Co. Oa., London & Rugby and distributed by

THE EDISON SWAN ELECTRIC (O. LTD. 155 (HARING (ROSS RD., LONDON, W.(.2

For full particulars write to Technical Service Department
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News and Views
THE vitally important part played by radio in war-
time is emphasised in the annual report of the Execu-
tive Council of the Radio Manufacturers' Association.

The aims of the Association throughout 1940 have been (a)
Direct co-operation in every possible way with the nation's
war effort, (b) Utmost possible development of the export
or radio apparatus from this country, and (c) Maintenance
of the domestic radio industry at a level appropriate to
secure the continuance of the home broadcast reception
service.

The first has included co-operation with the Government
in assisting in the provision of skilled personnel for the
Services and to this end a Joint Committee was formed
comprising representatives of the Services, the Board of
Education, the Ministry of Labour and the Association.
The work of this Committee has been the taking of a census
of wireless engineers who have joined the Services, or are
registered for military service, to ensure their employment
in a capacity in which full use is made of their wireless
knowledge,, the initiation and co-ordination of special wire-
less courses in technical colleges throughout the country to
train wireless mechanics to meet the recurring needs of the
Services and the organisation in conjunction with the
R.A.F. of refresher courses for civilian instructors to con-
duct the wireless courses.

For the development of the export and home market
trade another Sub -Committee was formed with a suggested
production scheme during 1940 of zoo,000 sets for export
and 90o,000 sets for the home market. The scheme was
modified about half -way through the year, the revised
figures for the second half of the year being 120,000 sets
for export and 250,000 sets for the home market. This
revised plan was accepted by the Board of Trade. Plans
are now being prepared for 1941 and a tentative figure is
230,000 sets for export.

Among the political activities of the R.M.A. was contact
with the Television Advisory Committee and a series of
meetings was held in which, after full examination of the
problem, it became clear that there was no prospect of the
reinstatement of a public television service during the war.

Methods of continuing television research and development
work, both by the Government and in the industry, were,
however, explored and this included research in frequency
modulation.

Further, refinement and improvement of the Du Mont
delay- or memory -screen television tube has resulted in
correcting the colour from the original orange to a satis-
factory white. The white delay tube, which makes feasible
the halving of the usual 30 frames per second to 15, thereby
permitting 6254ine scanning for greater pictorial detail
instead of the 441 -line R.M.A. standard, within the allotted
television channels, has recently been demonstrated to tele-
vision engineers studying various systems and standards
for their subsequent recommendations to the Federal
Communications Commission.

By providing an image -retention or carry-over effect from
one electronic impression -to the next, the white -delay tele-
tron minimises flicker. - Even at 15 frames per second
instead of the usual 3o frames necessary for rapid -decay
screens, the flicker is not discernible when using -the white -
delay tube. Whirling disc tests for trailing indicate no
objectionable degree of motion blur over a wide range of
speeds, while in the handling of film subjects the carry-over
feature definitely contributes to smoother action. Com-
parative tests of pictorial contrasts between the white -delay
screen and standard screen have shown the former to be
quite satisfactory. ' Meanwhile, comparative tests of resoffi-
tion or pictorial detail between 625 -line scanning made
feasible by the while -delay tube, and the usual 441 -line
scanning, indicate a marked gain. With the usual rapid -
decay tube, half the lines are lost by the eye in following
motion, whereas the eye sees this additional detail with
the delay tube. Also, the delay tube eliminates interline
flicker at 3o frames.

De Mont engineers have also been demonstrating the
Du- Mont synchromatic system utilising driven receivers
which follow line and frame changes automatically and
require no oscillator adjustment, thereby eliminating the
possibility of obsolescence which has handicapped tele-
vision commercialisation.
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Two
Circuits

of
Interest

Here are two circuit arrangements
of practical utility and of a novel

character.

Experimental Oscillator Stage
EACH of the various oscillator cir-

cuits shown in the diagram (Fig.
i) is well known, but the combina-

tion of these oscillators into a composite
circuit, due to Q.S.T. (U.S.A.), is
probably new.

The chief advantage in the arrange-
ment shown in Fig. i is its extreme
flexibility in adapting itself to purposes
for which modern oscillators are gener-
ally designed.

By merely selecting the proper coil or
plug-in unit for the grid or cathode cir-
cuit, it is possible to secure any one of
six types of oscillator circuit as fol-
lows: straight tetrode or pentode crystal
oscillator, tri-tet, regenerative crystal
with choke in cathode (the grid -anode
oscillator), regenerative crystal with
screen -grid feedback, electron coupled
oscillator and variable -crystal oscillator.

Fig. 1. Circuit diagram of experimental oscillator and details of coil and plug
connections.

A-E.c.o.
B-Variable-freguency

crystal.
C-Screen feedback cry-

stal.

D-Grid - anode crystal
circuit.

E-Tri-tet circuit.
F-Tetrode circuit.
C1-300 paufd.
C2-250 twfd.

The condenser C1 tunes the e.c.o. and
tri-tet coils and is used for regeneration
control in the screen -grid feedback oscil-
lator, therefore it should be of sufficient
size to cover its various uses. A con-
denser of smaller capacity than that
recommended would probably cause er-
ratic operation in regenerative crystal
oscillators. It may he as high as Soo

o
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0

C,-0.5-14fd. 800 -volt
tubular.

C2-1.0-tifd. 600 -volt
tubular.

R1-5 ohms, f -watt
wire -wound.

R2-10 ohms, f -watt
wire -wound.

R5-200 ohms, f -watt
wire -wound.

R4-30 ohms, -watt
wire -wound.

Fig. 2. Circuit diagram

R5-330 ohms (300 and
30 in series) 1 -watt
wire -wound.

R6-350 ohms, 4 -watt
wire -wound.

RT-4000 ohms, 1 watt.
115-10,000 ohm wire -

wound rheostat or
potentiometer, 10
watt.

of A.C. operated ohmmeter.

Rs -5000 ohms, 4 -watt
wire -wound potentio-
meter.

R15-45,000 ohms
(40,000 and 5000 in
series), I -watt.

R41-50,000 ohms, 1
watt.

R12-250,000 ohms, 1

watt.
R13-1 megohm, 1 watt.

R14-450,000 ohms, 1
watt.

R15-50,000 ohms, 50
watt adjustable.

31 -2 -circuit, 11 -posi-
tion selector switch.

M-0-1 d.c. milliam-
meter ; 50 ohms re-
sistance.

P-Pilot light.

C3-0.01 pfd.
C4-0.002 pfd.
C5100 twfd.
C5-0.01 /Lid.
C7-0.001 aufd.

C5-250 pp,fd. [ohms.
R1-20,000 to 50,000
R2-50,000 ohms.
113-15,000 ohms.
P -80 -ma. pilot lamp.

µµfd., although some difficulty might be
encountered in setting frequency with
the e.c.o. while doubling or quadrupling
frequency.

A fixed high capacity is connected
across the e.c.o. coil for stability and is
mounted inside the coil form. The
crystal need not be removed when using
the e.c.o.

A.G. Operated Ohmmeter
The second diagram (Fig. 2) is the

circuit of an A.C.-operated ohmmeter
recently published in Radio (U.S.A.).

The six ranges of this ohmmeter are
100, 1,000, zo,000, loo,000, x megohm,
and to meghoms full scale, which corre-
spond to 4.5, 45, 450, 4,50o, 45,000 and
450,000 ohms at the centre of the scale.

With the low range it is very easy to
check filament windings, speech coils,
and even soldered joints, while the high
range will be useful for testing leakage
of condensers, a.v.c. circuits, etc. Volt-
age ranges of 5o, 250 and i,000 are also
included.

The too -ohm range of the meter oper-
ates as a Wheatstone bridge with the
meter as a galvanometer and the un-
known resistance shunted across one leg
of the bridge. With this system a cur-
rent drain of only 15 milliamperes will
suffice for this range.

The maximum voltage applied to the
unknown resistance is only p or 6o
millivolts on the too -ohm range of this
tester. The other ranges merely consist
of fixed series resistances ;with a variable
oltage supply to compensate for .line

voltage variations. The io-megohm
range operates at a potential of 450
volts.
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High-vacuum Pumps
and Pumping

AN OUTLINE OF MODERN APPARATUS
AND METHODS FROM NOTES SUPPLIED
BY W. EDWARDS & CO.

Fig. 2. Complete " Speedivae " mechanical rotary pump.

IN the manufacture of valves,
cathode-ray tubes, lamps, X-ray
tubes, neon tubes and other therm -

ionic apparatus it is essential to obtain
the highest possible vacuum and desir-
able that the pumping speed be high.
Although the foregoing are among the
better known applications of high
vacua, there are very many others em-
ployed in industrial processes as, for
example, cathodic sputtering in mirror
manufacture and deposition of thin
metallic films, impregnation and
desiccation.

The engineer uses vacuum chucks,
the surgeon controlled vacuum to re-
move fluids, the metallurgist depends
on high -vacuum to free dissolved gases
from metals, the biologist to evaporate
water from organic materials at low
temperatures and the chemist to purify
substances which decompose when dis-
tilled at ordinary pressures.

As fresh applications have arisen new
pumps have been developed and to -day
there is an extensive selection of models
available having a wide range of pump
speeds and pressures, though their
operating principles are the same. Great
advances have been made since the com-
paratively recent era of piston pumps
which are now almost obsolete for the
majority of work. The two types of

pump which are in general use to -day
for the production of high vacua are :-

I. Rotary oil -sealed mechanical
pumps.

2 Mercury diffusion pumps.

Rotary Oil
Sealed Pumps

Fig. r shows diagrammatically the
internal construction of a typical rotary
oil -sealed mechanical pump. This con-
sists essentially of a rotor A having
sliding blades B held apart by springs
C. This is arranged to rotate within
the stator D and is mounted out of
centre so that the rotor and stator are
in contact over a part of their diameters
between the inlet port E and the outlet
valve F. The whole assembly is
mounted in an outer tank H and com-
pletely submerged in oil G. Air escapes
from the outlet valve and leaves the
tank by the connection J. Fig. 3 is a
photograph of the rotor. A controlled
amount of oil is all owed to reach the
interior of the pump where it seals the
contacting surfaces and also provides
the necessary lubrication. As the rotor
turns in the direction shown by the
arrow, the crescent -shaped space in
communication with the inlet is isolated

C

Fig. 1. Diagram showing operating principle
of rotary mechanical vacuum pump.

by the blades and the air trapped there-
in is carried round to the outlet valve
and expelled. This operation continues
until the pressure at the inlet is reduced
to a small fraction of a millimetre
(about o.oi mm. Hg.) the limit being
determined by the perfection of the fit
of the various parts and the sealing pro-
vided by the oil film, which prevents air
from passing between the ports as the
rotor rotates.

By using two similar sets connected
in series and immersed in the same oil
tank, extremely low pressures may be
reached (o.0000r mm. Hg.). The whole
of the working parts are fitted into an
outer case and completely submerged
in a special low -vapour pressure oil
which ensures perfect lubrication, pre-
vents leakage of the air into the high
vacuum and assists in efficient cooling
of the pump.

Great accuracy is necessary in the
manufacture of these pumps which, be-
cause of their simplicity and freedom
from all complicated devices, will
maintain initial efficiency under most
exacting conditions. Fig. 2 shows the
external appearance of such a pump
with its associated motor.

A great advantage of the rotary type
of pump is the simplicity with which
it can be put into operation. As will
be seen the pump is mounted on a base
with motor and vee-belt drive. Con-
nection is then made to the electric sup-
ply and on closing the switch the unit
commences to operate immediately.

The performance of a rotary pump is
determined not only by the design but
also by a suitable choice of materials for'
its construction. The main pump cast-
ings are made from a special iron
alloy, combining suitable hardness and
freedom from porosity with a resistance
to corrosion.
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MERCURY DIFFUSION PUMPS
This is particularly important in in-

dustrial applications where acids and
similar vapours have to be pumped.
Very special attention is paid to lubrica-
tion and as the ultimate vacuum is de-
termined largely by the oil in the high
vacuum stage, the two -stage pumps are
designed so that the oil is freed from
gas during its passage from the main
tank. Loss of oil as leakage from the
shaft sealing gland is eliminated by a
special rotary seal.

Vapour sprayed from the exhaust is
trapped by a simple baffle cast in the
lid. Fig. 4 shows a spray arrestor which
may be fitted in place of the outlet
spout. The oil employed is a special
low -vapour pressure type specially pro-
cessed for the purpose.

Diffusion
Pumps

The mercury diffusion pump is used
in conjunction with the rotary type to
produce faster pumping speeds and
lower pressures than are obtainable
with a rotary machine only. They pro-
vide the most satisfactory means of
reaching very low pressures and even
the smallest sizes have pumping speeds
at low 'pressures much greater than can
be obtained by rotary pumps. They have
no moving parts to wear and can be
dismantled for cleaning with a mini-
mum of trouble. The diffusion prin-
ciple can only be employed efficiently at
pressures below lo-' mm. Hg. ap-
proximately ; these pumps, therefore,
must be used in conjunction with a suit-
able " backing " or " fore -vacuum "
pump, which will normally be of the
single -stage rotary oil immersed type
having an ultimate vacuus of to' to

mm.
Fig. 5 shows the operating principle

of the diffusion pump. The liquid used
is either mercury or oil which is heated
in the boiler S, the vapour passing up-
wards through the tube A and issuing
by the annular jet E. The jet directs
the vapour downwards towards the
pump walls which are cooled by the
water jacket indicated by K.

Gas molecules from the apparatus
being exhausted diffuse in the mercury
or oil vapour stream and are carried
along -with the mercury or oil mole-
cules, the mercury or oil is then con-
densed on the cooled walls and is re-
turned to the boiler by a return tube,
while the gas is removed by a
mechanical rotary pump, which is con-
nected at -V. Fig. 6 shows the external
appearance of a single -stage mercury
diffusion pump and Fig. 7 a pump of
this type in -conjunction with a
mechanical backing pump.

-Oil diffusion pumps operate with very
- low -vapour .pressure oils; usually of the
,Apiezon type.* -

In order that the high speeds of the
diffusion pumps may be fully utilised it
is essential that connection to the ap-
paratus being exhausted be as short and
wide as possible. For this reason pumps
are provided with standard flange fit-
tings on the high vacuum side so that
the pump may be bolted directly to the
apparatus where this is of metal con-
struction. If a glass tube connection

Fig. 3. Rotor and blades of single -stage
mechanical pump.

must be used, this may have a standard
conical joint and be used in conjunction
with the adaptors or the end of the tube
may be flanged and joined to the flange
of the pump.

The total pressure obtainable with a
diffusion pump is limited by the vapour

Fig. 4. Diagram of spray arrestor for
mechanical rotary pump.

pressure of the working fluid, i.e., mer-
cury, at the cooling water temperature
Should total pressures below this be re-
quired, it is necessary to interpose a
cooling trap between the pump and sys-

tern to be exhausted, it being essential
to trap the vapour which tends to dif-
fuse back from the pump into the ex-
hausted system. This can be achieved
by condensing the vapour on a coolea
surface, the usual method at one time
being to interpose a re-entrant glass
trap between the pump and work and
to immerse this in liquid air.

Such traps are fragile and unsuit-
able for use with metal apparatus and
may with advantage be replaced by the
steel trap shown in Fig. 7. The
inner portion is filled with liquid air
through the orifice at the side and as
this inner container is surrounded by an
evacuated space, the heat flow is
restricted and the liquid air only boils
off at a comparatively slow speed.
Where the very lowest pressures are not
essential, a mixture of solid CO, in
acetone or trichlorethylene may be used.
In this connection the following table
of vapour pressures will be of interest.
Temperature 'C. Vapour Pressure

of Mercury.
20 I. t x I0-3171111.
I0
0

4.3 x to-4mm.
i.6 x I0-4111111.

-76 (CO, trap) i x tosmm.
-183 (liquid air almost

trap) unmeasurable.
If a diffusion pump is to operate at

maximum efficiency, it is essential that
a " backing " pump shall be chosen
with characteristics which are suitable
for the proposed work. Where it is re-
quired to maintain a certain speed at
some fixed pressure, the speed of a suit-
able " backing " pump is calculated as
follows : If the required diffusion pump
speed is S,c.cs. per sec. at a pressure of
P,mm. of Hg. and P, is the rated
" backing " pressure for the pump,
then the " backing " pump must have

S, x P,
a minimum speed of at a

P,
pressure of P,mm. This must not he
confused with the free air displacement
which will generally be several times
greater.

With the larger pumps the required
" backing " speed will be so high as to
make the cost of the rotary pump pro-
hibitive. In this case a smaller pump
may be used to work between the high-
speed diffusion and the backing "
pumps. Thus a pump having a speed
of t so litres per second and a backing
pressure of o.o5 mm., if operated. at
its maximum speed at 0.001 mm., would
need a fore pump with a speed at
0.05 mm. of 3 litres per second. A rotary
oil pump with this displacement would
be unduly large, but an equivalent per-
formance can be obtained by interpos-
ing a small diffusion pump before the
oil pump.

If the vvork is such that the important
factor is the time taken to exhanst a
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MERCURY DIFFUSION PUMPS
given volume from atmospheric down
to some given pressure, then the prob-
lem is rather more complicated. The
speed of the diffusion pump is in

K

e
e

/ \

II

Fig.5. Diagram
showing oper-
ating principle
of mercury
diffusion pump.

general so high compared with that of
the " backing " pump that a large per-
,centage of the total time is taken in
reaching a pressure of i mm. or so.
Hence it is important to utilise the full
speed of the " backing " pump by using
diffusion pumps which have been
designed to offer the minimum possible
restriction.

All diffusion pumps need a certain

heat input to vaporise the mercury and
a flow of cooling liquid through the con-
densing jacket. Electric heating is
most desirable, but for laboratory pur--
poses the smaller types may be gas
heated. The range of heat input over
which the pumps will operate is fairly
wide. The characteristics of a pump
vary somewhat between the limits of
heat input stated and in general the
speed at low pressure is a maximum
when the heat input is a minimum. The
maximum permissible " backing "
pressure is, however, increased at the
higher inputs and the work in hand
determines the best working point.

The speed of a diffusion pump is also
influenced by the cooling water tem-
perature and the curve Fig. 9 is a
typical example showing how the speed
varies with temperature.

The rate of cooling water must be ad
justed so that the temperature rise be-
tween inlet and outlet does not exceed
one or two degrees. This flow may be
between 1.5 and 4 litres per minute,
according to the size of the pump.

Measurement of
High Vacua

Accuracy of measurement of high
vacua has become almost as important
as its production, and consistent there-
fore with the development of pumps )t
has been necessary to devise new
measuring instruments. Three types of
gauge are in general use, the McLeod,
the Pirani and the Philips. The McLeod

Fig. 6. Single -stage mercury diffusion pump.

type is the most popular vacuum
measuring gauge. This gauge has
undergone important changes in design
in recent years and several alternative
forms are available. One of these modi-

Fig. 7. Diagram showing operating principle
of mercury -vapour trap. Fig. 8. Mercury -vapour diffusion pump in use in conjunction with mechanical backing pump.
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HIGH -VACUUM MEASUREMENT

e oe

M11

'.
*41

Fig. 9. Curve showing effect of cooling water temperature on
speed of diffusion pump.

fications, which is of quite recent
introduction, is the Vacustat (Fig. to).
This, while similar in principle to the
McLeod gauge, differs considerably in
construction and use.

Whereas the normal type of McLeod
gauge must have an overall height well
in excess of the barometric column, the
Vacustat is only 9 in. high and this fact,
together with the small quantity of
mercury needed (approximately 8 c.cs.)
makes the gauge readily portable.

The need for raising the mercury
level to compress the gas as in the
normal McLeod is obviated by making

Fig. 10. The Edwards " Vacustat " a modi-
fication of McLeod gauge.

VOLTAG E.
STABILISER.

RECTIFIER,

Fig. 11. Diagram show-
ing operating principle

of Pirani gauge.

the Vacustat of such a form that rota-
tion about its centre causes the com-
pression and is the only operation
necessary to take a reading. The glass
part of the gauge is mounted on a metal
stand with direct scale and is provided
with a stainless steel outlet. Connec-
tion to the vacuum system is made by
rubber tubing which also provides the
necessary flexibility for rotation through
9o0. The gauge is left in the horizontal
position during exhaust and simply
turned to the vertical position when a
reading is desired. The direct reading
scale covers the range from io mm. to

mm.
While the McLeod gauge is still the

most satisfactory instrument for the ac-
curate measurement of low gas pres-
sures, there are two classes of work for
which its use does not meet all require-
ments.

Fig. 12. The complete Pirani gauge.
Firstly, with some industrial pro-

cesses it is necessary to indicate or even
fecord rapid fluctuations of pressure and
secondly it is sometimes more impor-
tant to know the total pressure rather
than the partial pressure of the true
gases. Both requirements are met by
direct reading gauges of the Pirani
and Philips type.

The principle of the Pirani gauge
consists of measuring the rate of heat
loss from a filament surrounded by the
gas whose pressure is to be measured.
At low pressures this loss is a function
of the pressure and if a constant current
is maintained through the filament its
temperature and hence its resistance
will vary with the pressure. A con-
venient method is to make the filament
one arm of a Wheatstone bridge, the
opposite arm being arranged to give

Fig. 13. The Philips direct -reading gauge.



February, 1941 ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD 59

compensation for variations of air tem-
perature. The bridge is supplied from
a special circuit giving constant current
irrespective of mains fluctuations and
a rectifier. An indicating instrument
operated by the out -of -balance current
is calibrated direitly in pressure units.
Fig. II shows a schematic diagram and
and a complete gauge of this type is
illustrated in Fig. 12. This has a range
from I.0 mm. to 0-4 mm.

The standard units are for operation
on A.C. so cycles or D.C. mains be-
tween zoo -25o volts, readings being in-
dependent of normal mains fluctua-
tions. The indicating instruments may,
if desired, be mounted at some distance
from the vacuum apparatus.

The Philips gauge (Fig. 53) is an-
other type which gives a continuous in-
dication even with rapidly varying
pressures and operates simply by con-
nection to A.C. mains. It measures
directly pressures in the range 5 x to -3
to to -5 mm. Hg.

This instrument has a special dis-
charge tube which is connected to the
system of which the pressure is to be
measured and this contains two elec-
trodes maintained at a constant poten-
tial. The glow discharge current is a
function of pressure, but as this would
normally be too small to measure at
very low pressures a magnetic field is
arranged at an angle to the electric
field in such a manner that the electron
path is lengthened and the probability
of ionisation by collision is greatly in-
creased. In this- way an appreciable
current will flow even at pressures so
low that a discharge would normally be
impossible.

The instrument consists of two parts
-the power and the measuring units.
The former is provided with a plug for
mains connection and an indicating in-
strument from the readings of which
the pressure is obtained by reference to
the calibration curve. The measuring
unit is connected to the vacuum system

by a standard cone joint and is pro-
vided with a glow discharge lamp and
scale. The length of the glow discharge
gives an alternative approximate
indication of the pressure.

This gauge will indicate the pressure
of vapours as well as true gases and
this fact makes it particularly suitable
for controlling the manufacture of all
types of discharge devices. If used on
systems incorporating mercury pumps
or McLeod gauges it must be isolated
from these by suitable traps.

The Philips gauge makes possible for
industrial purposes the measurement of
pressures in the range which otherwise
could only be measured with an ionisa-
tion gauge. Unlike the latter it re-
quires no skilled adjustments and can-
not be damaged by accidental increases
of pressure above its normal range.
Also it can be arranged for recording
or for control purposes with the
addition of suitable relays.

A New Frequency Changer

VALVES of low " slope " always
tend to give a poor ratio of signal
as compared with noise, and on

this account, if not for other reasons,
frequency -changing valves give a par-
ticularly poor performance, for as is well
known the conversion conductance of a
frequency -changing valve is rarely
greater than a quarter of its ordinary
mutual conductance. The presence of
further grids, common in frequency -
changing valves, makes this perform-
ance worse by setting up additional
noise currents.

In point of fact, it is not the actual
value of the slope that matters, but the
ratio of the slope to the space current,
so that a valve will very often perform
best at a value of slope which is by no
means its maximum, and it has been
discovered that very good results can
be obtained when by biasing the control
grid very negatively the space current
is reduced to a comparatively few micro -

amps. When operated in this way the
valve does not function in the usual
space -charge -limited manner, but the
electron current is determined entirely
by the randomness of velocity of the
electrons emitted from the cathode. The
electron current is then related purely
exponentially to the control -grid poten-
tial, so that the slope is proportional to
the electron current, and it is found
that with this state of affairs a much
greater ratio of slope to current can be
achieved than with operation under
space -charge -limited conditions.

An obvious drawback to operation
with such small currents is, of course,
that with the normal type of valve no
amplification of signals is obtainable.
The drawback is, however, easily over-

come by using a valve employing multi-
plier action. If a valve is used having
three or four stages of electron multi-
plication subsequent to the control elec-
trode, initial cathode currents of the
order of ten micro -amps can he made
to yield output currents of the order of
ten milliamps. It has been found that
in this way with a normal oxide -coated
cathode a conversion conductance
greater than seven -tenths of the normal
mutual conductance is obtainable when
using a heterodyning potential as small
as only 0.2 volt R.M.S. A radio re-
ceiver incorporating such a frequency -
changer requires no amplification prior
to conversion, and is thus particularly
suitable for working at ultra -high fre-
quencies, say, frequencies above goo
me/s.

BINDING CASES
AND

INDEXES FOR 1940
Binding cases and indexes for the
1940 volume of this journal are
now available. The cases are full
brown cloth with stiff boards

lettered in gold.
The price, including the index, is

2/9 post free.
Indexes may be obtained separately

price 6d. post free.
Orders should be addressed to the
publishers-

THE HULTON PRESS LTD.,
43/4 Shoe Lane, London, E.C.4

and should be accompanied by the
remittance.

Slice the cathode current is so small,
currents induced in the control -grid cir-
cuit by electrons passing the grid are
necessarily very small so that grid
damping is almost entirely eliminated
and a high impedance tuned circuit can
be used in the input circuit with its
advantage of adding to the overall gain.
To make full use of the low grid damp-
ing it is desirable to use flat strips or
braided wire of thin metal tape for the
electrode leads to ensure low high -
frequency resistance. Since also the
cathode current is so small, the cathode
impedance is high and the cathode,
therefore, is well suited to be used as a
control electrode, and can be used, for
example, for applying the local oscilla-
tion.

The valve is not suitable as a pure
amplifier at very high frequencies on
account of the relatively high electron -

transit time of a multiplier. This time is
likely to be of the order of -8 second
which is several times the period of an
oscillation of 50o me frequency. The
inevitable spreading of the transit times
of the electrons in such a case on ac-
count of different electron paths, for
instance, will result in a corresponding
spreading of the output phases and a
much reduced slope. In the frequency -
changer case there can be no loss of
slope in this way unless the beat fre-
quency is very high. It will be evident
that the high transit time in no way
prevents the valve from functioning well
as a detector.

In the use of the valve it may be
found that the gain of the valve is liable
to wander on account of the various
sources of instability in a multiplier
type of valve. This can be prevented
without any reduction in gain by stabi-
lizing the mean final anode current by
the application of pure D.C. feedback
to the control -grid circuit.
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Some Observations Relating to Reports
of Colour Television in America

By P. NAGY, Dipl. Eng., International Television Corporation
Recently the Columbia Broadcasting System demonstrated a colour television system in New
York. Detailed technical reports are available. , Based upon this demonstration the future

and merits of colour television in general are discussed.*
THE colour television system de-

monstrated by Dr. Goldmark is
simple and practical. " 3

For those readers who are not ac-
quainted with the details of the system,
the essential characteristics are briefly
as follows :-

A high -definition black and white pic-
ture (484 lines, 6o frames, double inter-
lacing) is transformed into a coloured
picture. The number of lines is reduced
to 343 and the number of frames per
second increased to 12o. Each single
frame is transmitted in one of the three
primary colours, blue, green or red. To
the more or less standard film trans-
mitter used is added a three -colour
filter rotating between the film and the
cathode-ray scanner. The red, green
and blue picture components interlaced
in the odd and even lines are intermit
tently scanned in accordance with the
succession of the colour segments. On
the receiver side a colour filter similar
to that of the transmitter rotates in
front of a cathode-ray tube and
naturally both the transmitter and the
receiver filter segments run in
synchronism. The red, green and blue
picture content appears on the screen
of the cathode-ray tube as a partial
black and white picture and the colours
will only reappear when viewed
through the appropriate colour filters.
When the colour segments are not
used a black and white imagr-
of the original appears. It should
be emphasised that the main charac-
teristics of the transmission -standard
of this colour system are the
same as those of a black and white pic-
ture : there is no need for separate high
frequency channels or an additional
synchronising signal ; the frame sync.
impulses will synchronise both the
frame deflection of the cathode-ray
beam and the phonic wheel of the
colour filter disc.

Reports of the results obtained with
this method are extremely good. The
definition of the picture did not seem to
suffer due to the " interlaced " trans-
mission of the red, green and blue pic-
ture content, but as a matter of fact the
definition appeared to be improved. The
colour contrast made small details more
apparent. The colours were a faithful
reproduction of the original. The ap-
parent brightness of the coloured pic-
ture was greater than that of the black
and white picture in a room which was
not darkened.

In the past it has been assumed that
to transmit a coloured picture of a
certain standard and definition three
times the frequency band would be
needed than for a black and white pic-
ture of the same standard and defini-
tion. This assumption was a misconcep-
tion. just as the eye is not sufficiently
perfect to observe that no two of the
elements of a television picture are
transmitted at the same time, so it can-
not differentiate between two pictures,
one viewed in natural colours, or an-
other one which is decomposed in its
primary colours and then presented to
the eye in quick succession.

The frequency band which is neces-
sary for the transmission of good

*Since this article was written Mr. J. L.
Baird has demonstrated a colour television
system which, it appears, eliminates the
only real disadvantage of the CBS demon-
stration, namely instead of the direct view
C.R. tube necessitating a twenty -inch
colour filter disc, he is using a small sized
projection C.R. tube and thus the dia-
meter of the colour filter disc is reduced
to reasonable dimensions ; otherwise the
principles of both systems appear to be
very similar. As far back as 1923 Mr.
Baird made colour television experiments
and employed apparatus which was wholly
mechanical. In 1939 he demonstrated a
colour picture using a projection C.R.

tube on the receiver side.

coloured pictures is best judged by
comparing the frequency band of a
coloured and of a black and white pic-
ture of equal definition, both pictures
at the same time lacking any sign of
flicker. There are other characteristics
which have to be considered, such as
the reproduction of fast movements,
etc., but these. are of minor importance.
The basis of comparison is flicker and
definition.

The effect of colour on the critical
flicker frequency may be reasoned by
taking two extreme cases. By the
critical flicker frequency is meant that
number of changes of brightness per
unit time when the eye begins to notice
these changes.

Transmission of
White Background

Critical flicker frequency of the
coloured tra o,oiission is presumably the
same as the critical flicker frequency of

the black and white transmission, be-
cause the repetition frequency is the
same in both cases. Each filter will
transmit an equal amount of light, con-
secutive frames having different
colours; the sensitivity of the eye for
flicker is apparently not affected by any
other change, but the repetition fre-
quency, i.e., in this case the number of
frames per second.

Transmission of
Coloured Background

Repetition frequency of coloured
transmission is one-third of the repeti-
tion frequency of black and white
transmission. This case, in contradis-
tinction to the aforementioned one, re-
presents the worst condition of flicker.
Only every third frame is perceptible
to the eye and the repetition frequency
is equal to one-third of the number of
frames per second.

It is reasonable to assume that the
average picture content consists of a
combination of all the colours, and so
it will have a similar effect on the eye
to that of the white background when
considering the flicker frequency.

The lowest permissible repetition fre-
quency is not only controlled by the
number of light intensity changes per
unit time, but is also affected by the
amount of storage which is present in
the received picture, colour, intensity
of illumination, background illumina-
tion, etc." There are very ambitious
storage systems, some retain the
brightness of every picture element for
the period of a whole frame. In this
case the critical flicker frequency may
be as low as 25 per second and the
bandwidth may be reduced as much as
5o per cent.

The frequency band necessary for the
transmission of the coloured standard
which was demonstrated (System I in
table) can be calculated :-

Number of frames/sec.
(Number of lines/frame)2

Interlacing number
Picture Ratio . 1/2 -=

(343)2
120 . . 5/4 1/2 =-

2

4,40o,000 cycles/sec.
The same bandwidth will accom-

modate a black and white picture of
higher definition :-
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(Number of lines /frame)
60 .

2
. 5/4. 1/2=

4,400,000.
The number of frames per second is

halved, therefore the number of lines
per frame may be increased with the
square root of two.

Number of lines per frame =
343 2 = 484.

To quote' :-" The immediate effect
of increasing the scanning rate (i.e.,
number of frames per sec.T by a ratio
of two -to -one is to reduce the number
of lines in the picture, for a given
bandwidth, by a factor equal to the
square root of two. The coloured pic-
ture must have 41 per cent. less resolu-
tion than the black and white picture
which can be sent over the same chan
nel." Compared with a black and
white picture of the same definition the
bandwidth necessary for the coloured
picture is twice that of the black and
white one. Thus the CBS demonstra-
tion seems to have established that the
bandwidth does not need to be three-
fold of that of the black -and -white
picture.

The important question arises
whether a further narrowing of the
bandwidth is possible. In the Table cn
this page the characteristic relations be-
tween colour and scan successions,
complete period of scanning and the
corresponding time intervals of the
demonstrated system may be compared
with the. characteristic relations of
other suggested systems.

To narrow the bandwidth for a given
detail quadruple interlacing has been
suggested by CBS engineers. To quote
again.' " A field rate (number of
frames per second) of 18o per second
is employed and the interlacing is four -
to -one, the scanning frame rate (num-
ber of complete pictures per second
composed of all the four groups of the
interlacing) is 45 per second. The re-
duction in detail compared with black
and white picture on the same channel
is only 22 per cent. Such quadruple
interlacing permits adequate rendition
of the colour progressions, excepting
possibly the effect of interline flicker
when a large patch of a solid pure
colour is to be reproduced." The black
and white standard to which this sys-
tem (II in Table) is compared is
naturally the same black and white
standard which was the basis of com-
parison in system I, i.e., 6o frames per
second, double interlacing. The syn-
chronisation of such a quadruple scan
must be perfect, otherwise the definition
of the picture must suffer seriously and
the details of the picture may be mud-
dled appreciably. Line and frame deflec-
tion must start dead in time. The lack
of perfect interlacing is far less serious
in the case of a double interlaced pic-
ture. But if such a quadruple interlac-
ing is a practical proposition and there
is no interline flicker, then the at pre-
sent used double interlaced standards
should be abolished and quadruple

CBS standard as
demonstrated

Q= 2=I.41
=I20

Frame No. r 2 3 4 5 6 I 2 3 4 5

Group of 1, 3, 2, 4, odd odd odd odd odd
hues of 5, 7, 6, 8, even even - even even even
interlaced etc. etc.
scan.

Colour of R G B
filter

GBR G BR GB
Time in I I I
seconds

I 5

120 60 40 30 120 20

II

P

Frame No. r 2 3 4 5

CBS standard as Group of
recommended lines of

interlaced
scan.

Q= -=-I.22
3

2

N=18o

I, 5, 2, 6, 3, 7, 4, 8, t, 5,
9, to, II, 12, 9,
etc. etc. etc. etc.

Colour of
filter.

R G B R G

Time in
seconds

I I 5

18o go 6o 45 18o

P

III Frame No. I 2 3

Q=1

N = go

4 5

Group of 1, 4, 2, 5, 3, 6, I, 4, 2, 5,
lines of 7, 8, 9, 7, 8,
interlaced etc. etc. etc.
scan.

6 7 8 9 10 II 12

2, 6,
ro,

3, 7,
II,

4, 8,
12,

1, 5,
9,

2, 6,
re,

3, 7,
II,

4, 8,
12,

B R G B R G B

7 2 I I II

3o I80 45 20 18 18o 15

x 2 36 7 8 9

3, 6,
9,

I, 4,
7,

2, 5,
8,

3, 6,
9,

I, 4,
7,

2, 5,
8,

3, 6,
9,

Colour of R G
filter.

BGBRBR G R G

Time in
seconds.

I 2 5 I 7 4 I

90 45 30 45 90 15 90 45 to

IV

Q -1

N 6o

P

Frame No. 1 2 3 4 5 6 I 2 3 4 5 6

Group of r, 3, 2, 4, odd odd odd odd odd
lines'of 5, 6, even even even even even
interlaced etc. etc.
scan.

Colour of
filter. R G B R GB R G B R GB
Time in -
seconds.

I I

60 30 20 15 12 I0

P= period of complete scan, during which all the lines in all the colours weres canned ones. N =number of
frames per second. Q =ratio of the number of lines of the black and white and coloured picture, once where the
comparison is based on the 6o frames, double interleaced black and white standard and equal bandwidth.
R =red. G= green. B =blue.

Table showing the characteristic relations between colour and scan successions, complete period of scanning
and the corresponding time intervals of the demonstrated and other suggested systems.

interlacing introduced. It means half
the bandwidth and the same definition.
The suggested NBC colour system (II
in Table) compared with a 6o -frame,
quadruple -interlaced black and white
scan requires three times the band-
width.

There are possibly simpler systems
which may give good enough results
with regard to flicker for the average
colour picture content. For example
systems III and IV in the Table may
be worthy of investigation. It would
be interesting to know whether the
effect of lower frame frequencies has
been investigated during the CBS
experiments.

System IV is the simpler of the two.
Using double interlacing the number of
frames per second is 6o. The defini-
tion and the bandwidth of both -the

black and white and the coloured
systems -is the same.

System III compares just as favour-
ably with the double interlaced 6o -
frame black and white picture regard-
ing bandwidth and definition. Q equals
one. The system has go frames per
second and the interlacing is triple.

Two seemingly undesirable char-
acteristics should be noted :-

(I) The interlacing is triple and
there are three primary colours. The
colour succession must be therefore
staggered, otherwise a particular group
of lines of the interlaced scan would
always be transmitted in the same
colour. The result of such a staggered
succession is that the time interval
separating the same primary colours is
not constant. It may well be possible
that due to its inertia the eye will not
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notice such irregularity. There is also
the additional but small disadvantage
that the essential phase adjustment of
the colour disc of the receiver must be
at least within the range of nine
frames, as against three of the
demonstrated standard.

(2) The frame frequency does not
coincide with the frequency of the sup-
ply mains.' As we know it has been
thought desirable to lock the frame and
line frequency to the frequency of the
mains on the transmitter side. The
chief reason ft -doing this is the desire
to eliminate . or reduce the effect of
" hum " on the picture. Hum may
appear in the deflection voltages, focus-
ing, signal amplitude, etc. When the
frame frequency is not locked to the
mains the distortion' of the scanning
pattern or hum band will travel con-
tinuously across the picture, and this
fault is very apparent and very disturb-
ing. It is possible to eliminate these
faults by careful design. We know that
the outside transmissions of the
Alexandra Palace were occasionally
quite good in the above respect and
there was a considerable discrepancy
between the frame frequency of the
transmitter van and the mains in
London.

The interlocking of frame and mains
frequency has the disadvantage that it
requires very careful design of the
transmitter ; if the follow-up is not
smooth and slow the steadiness of the
scan and especially the interlacing
may suffer.

Colour may be introduced into the
picture by changing the colour of the
filter after each line and not by scan-
ning the whole frame through a red,
green and blue filter. It may be found
that interline flicker is less apparent
and disturbing to the eye than frame
flicker. This type of colour scanning
may be especially suitable for certain
new television developments combin-
ing mechanical and electrical scanners.
It does not necessarily mean increased
speed of rotation of the colour filter.

Any existing television receiver may
be used for colour reception by intro-
ducing one major alteration and one
major addition :-the brightness of the
picture must be increased threefold
and a coloured filter must rotate
in synchronism with the filter of the
transmitter in front of the picture.
There are minor alterations, such as
adjustment of synchronising circuits,
etc., but these are easily met.

The coloured filters absorb two-thirds
of the white illumination available and
in consequence the brightness of the
coloured picture is less than one-third
of that of the black and white picture.
If the transmission coefficient of an
optical surface could be one hundred
per cent, it would be exactly one-third.

The brightness, of the screen must be
increased threefold ; it may be that " at
the present stage of the art it is rather
difficult to construct an electrode sys-
tem giving a sufficiently large beam

current and at the same time a small
enough spot size on the screen " using
voltages of the order of five to seven
thousand volts, but it can be done.

The cathode-ray tube is, however,
not the only means of producing tele-
vision pictures and the ample illumina-
tion of the picture should not repre-
sent any difficulties in more ambitious
television systems using a high intens-
ity light source, such as a tungsten fila-
ment or a high-pressure mercury lamp.

Reports have indicated that in a
semi -darkened room the apparent
brightness of the coloured picture was
higher than that of a black and white
picture. This is a very precious qual-
ity of colour reproduction. " The
colour contrasts are not affected so
greatly as are simple black and white
contrasts, when the picture is flooded
with external light." When a black
and white picture is viewed, the eye
will be only sensitive to the changes of
intensity of the white illumination.
With colour a new variable is intro-
duced into the picture. The persistence
of colour contrasts when flooded with
white light is best understood by the
realisation that colour is a new and is
the second variable in the picture.

The following example may help to
visualise matters :-

A television picture consisting of a
black and white square, as seen in the

BLACK
HALF of
P/C rya&

FART OF PrCTURE FLOODED
Tav WHITE C/a,-.

Diagram elucidating the fact that " the colour
contrasts are not affected so greatly as are
simple black and white contrasts, when the

picture is flooded with external light."

WHITE I,
Gaze,

HALF of
Rcruae

figure, is projected on to a white
screen. The screen has a reflection co-
efficient of one hundred per cent. The
room itself is illuminated, but only the
dark half of the picture is flooded by
white light of such intensity .that the
whole picture appears uniformly white,
i.e., the contrast between black square
and white square completely dis-
appears.

Colour is introduced. The white half
of the picture is now green. The black
half of the picture is flooded with white
light as before. Whatever the intens-
ity of the green half it will be always
visible. We have introduced a new
variable :-colour.

Synchronism between the filter discs
of the transmitter and receiver up to
the present has been maintained by the
use of a common alternating -current
supply. In commercial practice it will
he necessary to synchronise the filter

disc of the receiver with the aid
of the sync. signals of the transmitter.
The disc may be driven by a synchron-
ous induction motor fed by the mains -
frequency or any other convenient self -
generated frequency and synchronised
by a phonic wheel fed with the sync.
signals of the transmitter. Or a phonic
wheel system may synchronise and also
drive the filter disc employing a motor -
generator circuit.

The only objectional feature of the
CBS system seems to be the size, noise
and the difficulties of synchronisation
of the colour filter rotating 1200 r.p.m.
in front of the receiver. The diameter
of the cathode-ray tube was 9 in., giv-
ing a picture width of approximately
71., in. The diameter of the filter disc
(six segments) was 20 in. The com-
bination of the number of segments,
diameter and speed of the filter disc
were apparently chosen in such a way
that they represented the best compro-
mise. A picture of reasonable size re-
quires a tube diameter of 12 to 14 in.
The corresponding diameter of the
colour filter disc will be of the order at
3o in. To synchronise such a disc
rotating at 1,200 r.p.m. is not a simple
problem, it certainly cannot be done
with " a single type 6L6 tube."' The
speed of the periphery of the thirty
inch disc would be 125 miles per hour.
The electrical frequencies fed to the
phonic wheel and the " mechanical "
frequencies generated by the phonic
wheel and especially by the disc are
well within the audio frequency band.
Thus-even if the disc is perfectly
streamlined - noiseless operation is
unlikely.

There are, however, more ambitious
receivers than a directly viewed
cathode-ray tube. There is the pro-
jection cathode-ray tube which may pro-
duce a picture of only two by three
inches. There are also other systems
combining mechanical and electronic
scanning which have also a light source
of restricted dimensions. In all these
cases colour filter discs may be used
having small diameters.

The synchronising of a mechanical
scanner is a very much simpler problem
than most television engineers believe.
Experience gained during the develop-
ment of mechanical -optical television
systems has shown that the power
necessary for driving and synchronis
ing a fair sized " slow drum," scanning
the frames, or a " high speed drum,"
scanning the lines, is of the same order
as that used for the frame and line
scanning of a cathode-ray tube.

The generated sound is proportional
to the diameter of the disc.

The power necessary to drive and
synchronise the disc is proportional to
the inertia of the disc ; th inertia is
proportional to the third power of the
diameter.

The writer is confident that in the
near future coloured- pictures will be
transmitted for the general public
using a bandwidth which will be simi-

( Continued on page 95 )
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THE most powerful and flexible
X-ray equipment in the world has
been installed by the United States

.National Bureau of Standards. It is to
be used for furthering the work in
standardization and methods of measure-
ments of X-radiation over the range
from ino to 1,40o kv., and on this

REFERENCES.
z. Ten -section cascade r,400-kv d -c generator.
2. Ten -section X-ray tube.
3. Top corona shield of generator.
4. Top corona shield of X-ray tube.
5. Permanent magnet to compensate effect of extemal

magnetic field.
6. Cathode assembly.
7. First intermediate electrode.
8. Oil gauge.
g. Filling plug.

xo. Spring contacts
x r. Connections to intermediate voltage taps.
12. Cylindrical glass envelope.
13. Tube corona shields on intermediate sections.
x4. Herkolite protective shields.
15. Herkolite tank.
16. Plate transformers.
x7. Capacitors.
18. Kenotrons.
19. Herkolite stack housing high -voltage resistance

potentiometer.
20. Filament transformer.
24. Drain valve.
22. Polarity -switch control.
23. Reversing polarity switch.
24. Plate resistors.
25. z4o-kv unit.
26. Viewing window.
27. Corona shields for generator and resistance

potentiometer stack.
28. Vacuum line.
29. Ionization gauges.
3o. Magnetic focusing coil.
31. Insulated collector electrode.
32. Extension chamber with water jacket.
33. Tungsten target.
34. Vacuum shut-off valve.
35 Charcoal trap.
36. Oil -diffusion pump.
37. Hale-Pironi gauge.
38. Rough vacuum pump.
39. Filament and power supply terminals.

1 5400,000 -volt
Constant -potential
X- Ray Apparatus

By Dr. E. E. Charlton and H. S., Hubbard,
General Electric Co. (U.S.A:)

Constructional details of the most powerful X-ray
equipment in the world built for the U.S.A. Bureau
of Standards. We are indebted to the " General
Electric Review" (U.S.A.) for the information.

O

1

Fig. 1. Assembly of 1,400,000 -volt constant -potential X-ray equipment.

account has many features of design
that are quite different from those of
other units that have previously been
built for the very high -voltage field.
Primarily, it consists of a combination
of multi -section X-ray tube, D.C. gener-
ator, and voltage -measuring resistor,
which are shown diagrammatically in
Fig. i.

The D.C. generator is of the cascade
type made up of ten individual units
with a rated voltage of 140 kc. The
circuit is essentially a full -wave voltage -
doubling rectifier, each 14o-kv. unit
comprising a mains transformer, fila-
ment transformer, two kenotrons, and
two o.i-uf. condensers assembled in an
oil -filled Herkolite tank.
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Circuit connections of all the units are
made by the cascade principle with each
transformer having a tertiary winding
which carries power to succeeding units.

The X-rays are generated from a
multi -section high -vacuum X-ray tube
with the tungsten target mounted in
the end of an extension chamber which
is at earth potential. The ten sectional
glass cylinders comprising the vacuum
envelope are surrounded by heavy -wall

Fig. 2. Interior of generating sectional unit

Herkolite tubes to provide both mech-
anical strength and safety against pos-
sible glass breakage.

High -voltage D.C. Generator
The full -wave voltage -doubling cas-

cade -type generator consists essentially
of a number of individual voltage -
doubling rectifiers (one of which is
shown with the case removed by Fig.
2), the output of which is in series,
but with the power supply to each unit
in parallel. Such a design has many
advantages that are readily apparent.
The characteristics of one individual
stage represent in general the charac-
teristics of the entire generator, and
many of the controlling factors are thus
greatly simplified. The design lends it-
self readily to good regulation, a mini-
mum voltage ripple, and entire stability.
Either polarity can be used at will and
units may be added to or subtracted
from any assembly if more or less total
voltage is permanently desired.

For this generator, a unit voltage of
140 kv. was chosen. This offered a
convenient potential for which standard
kenotron rectifier tubes were available
and permitted the use of a small com-
pact transformer design.

The ten units are stacked one above
the other (Fig. 1). The entire genera-
tor assembly is 3o ft. 6 in. high, in-
cluding the corona cap and structural
base, and occupies a floor space of 8 ft.
by 8 ft. 6 in. The total weight is
40,000 lb. Connections between the
tanks are of the spring -plunger type and
are made automatically as the tanks
are assembled in their indexed positions.
The base of each unit is securely bolted
to the cover of the preceding section in
the series, making the entire construe -

(ion rigid. The vertical construction
lends itself to adequate shielding be-
tween sections and to shielding the
generator as a whole to earth.

The X-ray Tube
The X-ray vacuum -tube envelope con-

sists of ten sections of moulded Pyrex
glass joined with wax to cast copper
flanges which carry the intermediate
accelerating electrodes. The thermionic

athode (Fig. 3) consists of several
turns of tungsten wire wound into a
viral and mounted in an' electrostatic
focusing cup. An exhaust manifold for
connection to a vacuum pump is bolted
to the tube envelope with metal gaskets.
',I he target of copper -backed tungsten
( Fig. 4) is mounted in the lower end

the extension chamber, and both the
,trget and the walls of the extension

chamber are water-cooled. The metal
flange of the extension chamber is bolted
to the exhaust manifold of the tube en-
velope with metal gaskets.

The X-ray tube is mounted in a ver-
tical position parallel with the generator
stack. This simplifies the problem of
providing .an effective insulating sup-
port, the vacuum envelope serving as its
own support; it also simplifies the
making of the electrical connections be-
tween the voltage taps of the generator

Fig. 3. Thermionie tungsten cathode.

and the different tube electrodes. Sur-
rounding the Pyrex -glass cylinders used
for the vacuum envelope, a column of
Herkolite cylinders is mounted to serve
as a mechanical shield. Suitable corona
shields placed outside this Herkolite
column provide electrostatic shielding for
the electron beam and also serve as a
method of connection between the im-
mediate tube electrodes and the voltage
taps from the generator.

The diameter of the electron beam is
controlled at the emitting source by the
design of the spiralled tungsten filament
and the electrostatic focusing cup that
surrounds it. The direction of the beam
as it leaves the hot cathode can be ad-
justed by a permanent magnet placed in
position near the cathode base. The dia-
meter of the beam which impinges on

the tungsten target is finally controlled
by a magnetic focusing coil which sur-
rounds the tube near the entrance to the
anode extension chamber.

The structural support for the tube
column is placed directly above the room
in which the X-rays are generated and
the extension chamber with the X-ray
target is extended down through the
ceiling into this room. The tube stack
occupies a floor space about 3 ft. in dia-
meter, and the insulating column, in-
cluding the corona cap, extending above
the room housing the extension cham-
ber is 24 ft. 6 in. in length.

The exhaust system includes an oil -
diffusion pump and a rotary oil pump.
A charcoal trap is placed directly over
the diffusion pump to keep oil vapour
out of the tube. Ionization gauges re-
cord the tube vacuum.

Electrical Circuit
The electrical circuit is shown by

Fig. 5. From the 220 -volt 6o -cycle
single-phase supply, power is fed to the
primary winding of the first rectifier
unit. The voltage is controlled by the
generator field of the motor -generator
set supplying this equipment. The
secondary coil of the main plate trans-
former is so connected with kenotron
rectifiers and condensers as to deliver
a constant -potential direct -current power
supply to the X-ray tube. An insulated
third winding in this unit carries the
excitation to the succeeding transformer
units which follow it in the series.

Cascade -excited filament transformers
carry power to the cathode elements of
the kenotrons. A third filament wind2-
ing in the top filament transformer unit
supplies power to the X-ray tube fila-
ment, and its current is remotely con-
trolled by means of an adjustable re-
sistance.

Each rectifier unit (Fig. 2) consisting
of main plate transformer, filament
transformer, condensers, kenotrons, re-
versing switch, and resistors is assem-
bled in a common oil -filled Herkolite
tank approximately 50 in. in diameter

A'411-
e

E3

Fig. 4. Tungsten target.
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and 28 in. long. Since no insulated ter-
minals are used, full voltage appears
across each tank surface; the entire
structure is self-supporting, the bottom
unit taking the weight of the other nine.

The tank base is likewise of Herkolite
to provide additional creepage surface

Because a considerable out -of -phase
current component is inherent in a
series -excitation circuit involving as
many as ten transformer units, the
power factor was improved at each stage
by the use of a small shunt condenser
connected permanently across the supply

s
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Fig. 5. Electrical
circuit.

between the various parts, which are
assembled on or adjacent to it. A steel
cover is used, since at that point addi-
tional clearances were obtainable and an
electrostatic shield between units to
establish definitely the potential at that
point is desirable.

The plate transformers are shell type
with concentric cylindrical coils sym-
metrically arranged about the centre
core leg. All, with the exception of the
top unit, are equipped with an insulated
third winding for the excitation of the
transformer which follows it in the
series. The high -voltage coil is wound
for 3 kva. 66,000 volts r.m-.s., and is
insulated at the condenser end for 70 kv.
D.C. and at the tube end for double
that value. It is wound in concentric
layers, -the layers tapering in length to-
wards the high end. Since the excita-
tion is carried through the entire series,
these windings in the first transformer
are designed for approximately 30/27
kva. respectively and are subsequently
reduced in three steps for the remaining
nine units. The reactance, an all-impor-
tant factor in a series circuit of this
sort, was kept at a minimum by
assembly of the two exciting coils adja-
cent to one another and by using a
relatively large core size. The per cent.
reactance between the supply winding
and the main high -voltage is moderately
low because of the relative reduction in
kva. between the two.

side and mounted in the unit case. The
generator was designed to have a volt-
age ripple not exceeding 0.1 per cent.
per milliampere at 1,40o kv. For addi-
tional protection of the X-ray tube a
total series resistance of approximately

ohm per volt was introduced, divided
equally among the ten units and in-
corporated in the separate tanks.

The filament transformers, like the
main units, are arranged for series ex-
citation.

In order that both polarities can be
obtained with the generator at will, a
reversing switch was incorporated in

Fig. 6. Corona shield of the high -voltage
generator.

each unit. As the maximum voltage
of the condenser bank (140 ky.) appears
across the switch, the problem was one
of high insulation in a limited space.
This problem was solved by using
spherical electrodes 11 in. in diameter
with the stationary and movable con-
tacts mounted in concentric Herkolite
cylinders.

Voltage
Measurement

Since voltage measurements in prac-
tice may be made with a high -resistance
leakage -type meter, a shielded enclosure
or dummy stack for the divider resis-
tance has been incorporated with the
main generator. It is designed to oper-
ate at a gas pressure of 15 lb. The
casing is made up in four lengths of
Herkolite cylinders 24 in. in diameter
with a 5 -9th in. wall. In order to estab-
lish definite potential gradients along
the surface, an electrostatic shield was
provided at each corresponding point of
the main generator and connected there.
No metal appears at the inner surface,
additional insulation at the four joints
being obtained by a short section of
concentric cylinder on the inner and
outer wall at this point.

Because of its effect on the voltage
and the resulting errors in measure-
ments, every effort was made to mini-
mize corona. How well this was
accomplished is indicated by the fact
that the total loss current measured
on the entire equipment at its rated
voltage of 1,400 kv. was only 0.16 milli -
amp at either polarity. Of this amount
a considerable portion is obviously true
leakage over the surface.

The main corona shield was made to
embrace both the main and divider
stacks. It consists of two aluminium
spinnings intersected and welded at that
point (Fig. 6), the larger of the two
having a horizontal diameter of roo in.
and the smaller 73 in. Both have a
depth of 48 in., the radius at the equator
being about 2 ft.

The bottom ends are made re-entrant
and are reinforced with an aluminium
ring made to fit the top assemblies of
the generator and divider stack. A
manhole with a flush cover is provided
in the top of each cap so that an` opera-
tor may be lowered in from a crane and
thus have available an entirely safe and
adequate working space for making
connections Or observations if required.

The shields at the connection points
of the intermediate tube electrodes are
made of spun -aluminium toroids with
an outside diameter of 3r in. and= .a
tubular section. measuring 6. in. The top
corona shield on -the-X-ray cathode is an
aluminium spinning having a depth of
48 in. and a horizontal diameter of
73 in.

Connections between the generotor
and the X-ray tube, equally important
froin the standpoint of corona, consist
of drawn aluminium tubes about 15 ft.
long, the top connector being 1 ol in. in
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diameter, while the others are 6 in. in
diameter. Each is equipped with a
swivel joint at the generator end and a
telescopic adjustment with an open
ball-and-socket joint at the other.

Each of the ten sections of the vacuum
envelopes is 22 in. long and 12 in. in
diameter. The ends of the Pyrex -glass
cylinders are ground so as to permit
an accurate alignment of all the tube
parts, and are joined to cast -brass
flanges which support the tube elec-
trodes (Fig. 7). The joints are made
vacuum -tight with a special cement.
Most of the metal parts of the tubes are
made of non-magnetic materials. The
intermediate electrodes consist of brass
cylinders 7 in. in diameter and 20 in.
long. The co-operating ends of these
intermediate electrodes are spaced 2 in.
apart. This spacing assures freedom
from field currents at the gradients em-
ployed and provides adequate shielding
of the beam from charges on the walls
of the insulating envelopes.

The cathode parts housing the tung-
sten spiral filament are built with
copper, brass, molybdenum and stainless
steel to avoid magnetic influence on the
electron beam. The tungsten filament
is mounted in the cathode assembly in
a manner to permit ready adjustment of
the filament with respect to the electro-
static focusing.

The vacuum envelope is surrounded
for its entire length by ten Herkolite
cylinders, each having an outside dia-
meter of 18 in. and a length of 22 in.
with a 2 -in. wall. These Herkolite
cylinders are rigidly bolted together and
surrounded at the plane of the tube
flanges with aluminium toroidal shields
which serve as outside electrostatic
shields for the electron beam.

The copper -backed tungsten target is
enclosed in an extension chamber made
of copper with a brass water jacket sur-
rounding it. Both the back of the target
and the side walls of the extension
chamber are water-cooled. The mag-
netic focusing coil placed around the
upper end of the extension chamber is
mounted in gimbals so that it can be
used to shift the position of the beam
after it enters the extension chamber as
well as to control the diameter of the
focal spot on the target. The target is
mounted at 22 degrees to the tube axis
and the reflected beam passes through
an inherent filtration of 1-32 in. of brass,
1-32 in. of copper and 3 in. of water.

It was quite apparent in the prelimin-
ary design stages that, exclusive of the
problems relating to the design of the
generator itself, it would be necessary
to provide means for testing the com-
pleted generator independent of the
X-ray tube. Because of the unusual
type of equipment, thorough factor tests
under load were essential to check cal-
culated characteristics and satisfy design
requirements.

Electron Focusing
The electron beam, which travels

approximately 24 ft. from the cathode to
the anode, must be accurately focused
to strike the target.

The tungsten target is 4 in. in dia-
meter and a controlled focal spot size
varying from 4 in. to II in. is desired
in the central portion of the target
surface. If any portions of this cathode
beam were to strike the side walls of
the metal accelerating tube or the cylin-
drical glass walls of the vacuum en-
velope, instability in the X-ray output
or dielectric puncture of the vacuum en -

Fig. 7. Construction of individual
tube sections.

velope might result. Electron beam cur-
rents of as much as to milliamps are
desired from a hot -cathode source
operating at temperatures sufficiently
low to ensure a long -operating filament
life. It was also desirable to operate
this tube with equal voltages on all
sections.

A cathode gun with low -voltage focus-
ing electrodes could have been used to
control the diameter of the electron
beam. However, this would have re -

glass X-ray

Fig. 8. Cathode section of the X-ray tube.

quired additional circuit equipment oper-
ating 1,40o kv. from earth to provide
the voltage adjustments. Also space -
charge limitations increase the difficulty
of obtaining a to-milliamp beam suffi-
ciently small from such a source with
the cathode operating at a temperature
low enough to ensure a long life.

A study of the diameter of the electron
beam with the cathode design in Fig. 3
was made. This cathode was mounted
in the cathode section with the entrance
to the first intermediate electrode built
as shown in Fig. 8. This electrode
geometry for the entrance to the first
intermediate electrode provides a sharper
focusing action of the beam and at the
same time gives adequate shielding
from possible erratic wail -charge effects
in the cathode section. A fluorescent
screen was placed beyond the end of the
third section of the tube, 9 ft. from the
tungsten cathode, and the size of the
beam measured at this point.

It was found that a change of 4 to
in the ratio of the voltage on the second
to that on the first section reduced the
diameter of the beam to 1 -16th of its
value for equal voltages on the two
sections. It is the ratio of the voltages
and not the total which determines the
focusing. The voltage on the lower sec-
tions below the first and second has
much less influence than that on those
two.

The British Institution of Radio
Engineers-Proposed North-
Western Section

THE Council of the B.I.R.E. have
had under consideration the forma.
tion of a North-Western Section of

the Institution.Accordingly on Decem-
ber 8 an informal meeting of responsible
members in the North-Western Section
was convened in Manchester in order to
ascertain whether it would be worth
while to proceed with the formation of
the Section.

The meeting was well attended and
whilst it was resolved that Council per-
mission be sought for the inauguration
of a North-Western Section, it was
unanimously agreed that a peace -time
programme could not be attempted, al-
though members felt that possibly in-
formal meetings would permit of the
necessary preliminary detail work being
completed before the cessation of hos-
tilities, when the normal activities of a
branch could be commenced without
delay. For this purpose, a Provisional
Committee was elected with Mr. A. G.
Egginton, 83 Washway Road, Sale,
Manchester, as chairman, and Mr. Alex.
V. Simpson, to Pullman Street, Deep-
lish, Rochdale, Lancashire, as honorary
local secretary. It is proposed to call a
formal inaugural meeting in March.

Readers who are interested should
apply to the hon. secretary for the
folder entitled " Its purpose " which
explains the objects of the Institution.
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News Brevities

IT was recently announced that
Broadcasting House has twice been
hit during air raids, and serious

damage caused. There were a num-
ber of casualties among the members
of the monitoring staff. Although
both attacks occurred during peak
hours, transmissions continued with-
out interruption.

According to Chemical and Metal-
lurgical Engineering, the latest syn-
thetic fibre to be made in Germany
is called "Perluran," and is made
under a process similar to "Nylon."
This new plastics will not soften
under temperatures about zoo° C.,
and can be boiled and ironed. It is
claimed to be considerably tougher
and more elastic than silk.

* * *

Several names well known in the
scientific world were included in the
New Year Honours List. Dr.
Edward Victor Appleton, D.Sc.,
LL.D., F.R.S., Secretary of the De-
partment of Scientific and Industrial
Research, has been created a Knight
Commander of the Order of the Bath.
Another appointment of interest is
that of Mr. George Edwin Bailey,
M.I.Mech.E., managing director of
Metropolitan -Vickers Electrical Co.,
Ltd., who has been awarded the
C.B.E. Mr. R. A. Watson Watt,
who until 1936 was Superintendent
of the Radio Department of the
National Physical Laboratory, and is
at present Scientific Adviser on Tele-
communications at the Ministry of
Aircraft Production is made a Com-
panion of the Order of the Bath.

* * *

A novel device has been developed
by an American recording company
for cleaning the surface of a disc
while recording, and disposing of the
shavings cut from the disc so that
they cannot tangle under the cutting
needle. The unit consists of a
blower system which directs a tiny
blast of air across the surface of the
disc just behind the cutting head;
this throws the waste thread to the
centre of the disc and prevents it from
becoming tangled under the cutting
needle.

Commercial and Technical
It is claimed that this new method,

which is extremely quiet in operation,
is an improvement over the vacuum
systems, as the airstream is kept
away from the cutting needle where
it cannot produce air noise in high-
fidelity recordings.

* * *

Engineers of the General Electric
X-ray Corporation, Chicago, have
found that a special type of X-ray
tube in which the target is rotated at
high speed, a thin coating of metallic
barium is a more efficient lubricant
than a lubricating grease or oil. In
the high vacuum necessary in X-ray
tubes, ordinary lubricants are out of
the question since any vaporisation
of the lubricant spoils the vacuum
and renders the tube useless. The
use of barium as a lubricant has made
it possible to produce a tube which
is not only more quiet in operation,
but which also has a much longer
bearing life. This would, of course,
result in more economical diagnostic
work.

In one experiment carried out by
the engineers, an anode bearing was
observed to have a sound level of 87
db. at a speed of 3,100 r.p.m. and a
coasting time of 12 sieconds. A
barium film was then applied, and in
3o seconds the sound level was re-
duced to 68 db., the speed increased
to 3,56o r.p.m., and the coasting
time extended to 8 minutes.

I t is believed that the results ob-
tained from these investigations can
be applied to other cases in which
rotating devices have to be operated
in vacuum.

* * *

A large mercury -arc rectifier unit
built for electrochemical service in
the new reduction plant of the Mu
minium Company of America is at
present undergoing tests at Schenec-
tady. 1 he first of six such units to
be constructed by the General Elec-
tric Company, the rectifier comprises
two 12 -anode ignitron rectifiers, a
main rectifier transformer, and two
all -welded aluminium -bar air -core re-
actors. The unit is rated at to,000
amp. boo volts D.C.

Among the medal awards of the
Royal Society for 194o is that of the
Copley Medal to Prof. Paul
Langevin. Prof. Langevin was one
of the pioneers engaged in exploring
the field opened up by J. J. Thomp-
son's discovery of the electron.
There are few branches of contem-
porary physics which Prof. Langevin
has not improved by his writings,
and his latest achevement is the
foundation of the electron theory of
magnetism.

* *

The sixteenth Annual Convention
of the Institute of Radio Engineers
took place at the Hotel Pennsylvania,
New York City, on January 9, to and

t. Among the subjects covered
were television, frequency modula-
tion, magnetic recording, valves,
telegraphic facsimile, receiver design,
measurements, cathode-ray tubes,
electron multipliers, etc.

A vacuum -tube voltmeter capable
of operation from either A.C. or D.C.
power supply was recently announced
by the Measurements Corporation,
Boonton, New Jersey. A blocking
condenser is employed to separate
A.C. from D.C. potentials applied to
the probe, and on A.C. the instru-
ment is a peak voltmeter calibrated
to read R.M.S. values of a sine wave
or 71 per cent. of the peak value of
a complex wave.

* * *

Two hundred and fifty thousand
volt continuously -evacuated X-ray
tubes for deep therapy have been in-
stalled in the Christie Hospital at
Holt Radium Institute, Manchester,
and in the Sheffield Radium Centre
at Sheffield.

* * *

It was recently announced that
Admiral Henry William Grant, C.B.,
has been appointed chairman and
managing director of Marconi's
Wireless Telegraph Company,
Limited, and the Marconi Interna-
tional Marine Communication Co.,
Ltd.

* * *

An ambitious exhibition of radio
receivers for export was recently held
in London by Ultra Electric, Limited.
The exhibition was arranged for the
benefit of buyers and overseas ship-
ping agents, and one of the most
interesting features of the display
was a number of multi -coloured
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moulded cabinets. A new 6 -valve
superhet receiver which can be oper-
ated entirely from a 6 -volt car bat-
tery, was also shown.

An addition to the range of B.T.H.
public address equipment was re-
ported in a recent issue of B.T.H.
Activities. This is a speech amplify-
ing device which does not necessitate
a valve amplifier. It comprises a
special type of push-pull carbon
microphone and requires a polarising
supply of 6 or 12 volts, 31 amp. such
as can be obtained from a car accu-
mulator. It is of the hand type, and
is fitted with a spring loaded switch
which ensures that current is used
only when an announcement is being
made.

The output from the microphone is
fed through a matching transformer
unit to a specially designed speaker
having a reflex or folded horn and
giving an air column of approxi-
mately 12 in. to which is attached a
high efficiency metal diaphragm mov-
ing coil permanent magnet driving
unit. The microphone is insensitive
to extraneous noise and as there are
no valves, trouble due to electrical
interference is obviated.

A booklet issued by the Northmet
Power Company sets out the main
factors to be watched in order to
ensure safety when electricity is used
for lighting and heating in air-raid
shelters. It is dangerous to use a
mains -operated wireless set in a
shelter unless it is properly earthed
through 3 -core flex, or to carry out
internal adjustments to the set while
connected to the supply.

The booklet is intended to assist
members of the public as well as
electricians, and copies can be ob-
tained free of charge from the
Northmet showroom in London.

* *
In a series of experiments carried

out by G. L. Pearson, of the Bell
Telephone Laboratories, and reported
in Bell Laboratories Record for
December, 104o, metallic bridges
were formed between gold, steel and
carbon electrodes when separated
from 2 to 70 x fo-6 cm. As is known,
when .two electrodes are brought
very close together, even under rela-
tiVely low voltages, .partiCles are torn
from the electrodes and may estab-
lish a conducting bridge between
1 hem.. These conducting filaments
form at voltages less than the spark-
ing, potential and are produced by the

large electrical forces which result
from the very small separation of the
electrodes.

In Mr. Pearson's experiments, the
voltage gradients were about ten
million volts per centimetre. To
determine the point of zero displace-
ment, electrical contact was made
between the electrodes. They were
then separated a known distance and
the voltage between them slowly
raised until the bridges formed. This
occurred at voltages between 15 and
350 volts, depending on the separa-
tion. The resistance dropped per-
manently to a low value at the same
time.

Measurements of the temperature
coefficient of resistance of the
bridges identified them as consisting
of the material of the electrodes and
changes of their resistance when the

CERAMICS
Owing to unforeseen circumstances

which have been quite beyond our control,
we very much regret that it has been
necessary to delay publication of the first
article on ceramics, as announced last
month, until our March issue.

electrodes were separated or brought
together slightly showed that they
can be pulled out and crushed. The
separation of the electrodes was con-
trolled very delicately by attaching
one of them to a cantilever bar and
adjusting it with a micrometer screw.
The other electrode of the apparatus
was mounted on a fixed support. To
ensure rigidity the whole apparatus
was cut from a solid block of steel.

A special apparatus was recently
set up in the Bell Laboratories to
measure the air flow of small ventilat-
ing fans. The equipment consisted
mainly of a 3 -in. anemometer and a
stroboscope. The anemometer was
mounted 12 in. in front of the fan and
measurements made opposite the cen-
tre of the fan and at i in. intervals
in four directions along a vertical
and horizontal line which intersects
the fan's axis. The anemometer was
moved outward until the air velocity
became too small to measure accur-
ately. The volume of air propelled
by the fan per minute was found from
the anemometer readings by dividing
the cross-section of the air stream
into rings i in. wide and concentric
with the axis of the fan. The area
of each ring multiplied by the average
of the four anemometer readings for
that ring gave the air flow through
it and the sum of these values the

total air flow. The rate of rotation
of the fan was measured with a stro-
boscope by determining how many
flashes per minute made the blades
of the fan appear to stand still. To
test for vibration, the fan was
mounted on a platform on which
rested a vibrometer, and by moving
the vibrometer about on the platform
the vibration in different directions
was found.

It was reported in a. recent issue
of the General Electric Review
(America) that a short time ago
General Electric scientists froze light,
shipped it, and more than a day later
let the light be again born. In produc-
ing the frozen light fluorescent plates
were.submerged in a large vacuum
bottle of liquid air, at a temperature
of -32o F., and the bottle and plates
bombarded with 240,000 volt X-rays.
Such plates subjected to X-ray
bombardment at room temperature
immediately glow. Those immersed
in the liquid air did not throw off
light, however, until they had been
removed from the bottle and allowed
to warm up. Then they glowed in
successively different hues as the tem-
perature increased.

EXPERIMENTAL
RADIO
ENGINEERING
By E. T. A. RAPSON,
Assisted by
E. G. ACKERMANN, Student I.E.E.,
C. & G. Final, etc.
Every radio engineer and student
making a thorough study of the suL-
ject should have this new and up-to-
date book. It is by a recognised
authority who has compiled it with
a view to practical requirements.

The book is the outcome of
the development of instructional
courses for students engaged in
the radio industry. It is important
to note that every test described
has been performed for the special
purpose of this volume, and the
component values are given for
guidance. There are 80 experi-
ments in all. The order in which
the student attempts the experi-
ments may be determined by his
theoretical studies which should
precede the relevant laboratory
work. This book will be of
immense practical value to
students, to those already
engaged in the radio industry,
and members of the Services.

Price 9/- post free.

A GOOD JOB, TOO
- but it might hove been even better
with the help of a Pitman Book

PITMAN'S for TECHNICAL BOOKS
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J. L. Baird's New Colour
Television System-Employing FlElectronic Light-

Spot Scanning, Direct Pick-up and Electronic Reproduction

IN the September, 1939, issue of
this journal details were published
of a colour television system de-

veloped by J. L. Baird, and demon-

Cocovie Disc

LENS

TR A /V5M/ rreR

strated just before that date. The
following is an abstract from that
article, and it is reproduced here to
show that the main operating prin-
ciples were the same as the systems
which have recently been demon-
strated in an improved form in
America and in this country by J. L.
Baird. The following is the abstract
referred to :-

The method of scanning em-
ployed at the transmitter consists

Schematic diagrams
showing the oper-
ating principles of
the transmitter and
receiver. The photo-
graphs at the top of
the page show the
transmitting room

and the receiver.

COLOL R D, SC

CATHODE RAY TUBE

of the spot -light system. That is
to say, the subject being televised
is scanned by a spot of light moving
in the correct scanning sequence.

The light source is a high -inten-
sity arc lamp, the rays of which
are projected through a stationary
slit, behind which revolves a scan-
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ning disc. This disc has arranged
around its axis a series of slots in
helical formation toward the centre
of the disc. It will be clear that
as the disc revolves, the slots pass-
ing in turn behind the slit will, in
fact, form a scanning spot which
moves along the slit. The result-
ing spot of light is then projected
upon a mirror drum, which in turn
reflects it on to the subject being
televised. The light reflected from
the subject is then picked up by
special colour sensitive photo-
electric cells, the resulting elec-
trical impulses being passed
through the amplifiers to the radio
transmitter.

Each slot in the scanning disc is
covered with a colour filter, the
first slot red, the next blue-green
and so forth, so that in effect the
subject is being scanned with alter-
nate spots of red and blue-green
light, so that the special cells trans-
mit a red and blue-green image
depending upon which filter is in
action. The mirror drum, which
has 34 facets, revolves at 6,000
revolutions per minute, while the
scanning disc revolves at Soo
revolutions per minute. This com-
bination gives a final "raster" of
102 lines, at a monochrome fre-
quency of 334 per second, being
composed of a secondary scan,
made up from Three scans of 34
lines interlaced, the secondary being
displaced three times. . . . This re-
sults in a 1o2 -line red pictui-e,
superimposed on a Ioz-line blue-
green picture, the final result being
a 1oz-line picture in natural colours
at a colour picture frequency of
164.

The application of the cathode-
ray tube at the receiving end, al-
though being the outstanding ad-
vance in this system, is quite
simple. The incoming picture
signal is used to modulate a
cathode-ray tube in the usual man-
ner so giving a normal black and
white picture on the tube. In
front of the tube, there is rotated
in synchronism with the scanning
disc at the transmitter another
disc with colour filters arranged in
the same order. The picture on
the tube is projected through these
filters on to a screen, and since the
transmitted signal represents alter-
nately the red and the blue-green
component of the subject, then in
the same order a red and blue-green
picture will be produced.

Recent
Progress

This system, first shown by J. L.
Baird and characterised by the use of
the revolving colour disc and scan-
ning with successive interlacing fields
of different colours, the number of
fields and colours per picture being
odd and even, appears to have pro-
vided the fundamental principle with
which such considerable success with
colour television has now been at-
tained both in America and this
country.

For the past eighteen months Mr.
Baird has been engaged in the further
development of this system, and with
the latest apparatus has reached a
stage capable of immediate commer-
cial development.

This work of Mr. Baird is entirely
personal. The Baird Company's
assets have now been taken over by
Cinema Television, a company en-
tirely controlled by Gaumont British.
Mr. Baird is not connected with this
company in any way, but since the
outbreak of war has continued his
work independently at' his private
laboratory at Sydenham.

The scanning method now em-
ployed remains unaltered, but the
number of lines per field has been in-
creased to zoo, which, interlaced
three times, give a picture of 600 lines
(so per cent. more than used by the
B.B.C.) The 200 line fields are trans-
mitted at a rate of so per second, so
that only the same wave band as that
occupied by the B.B.C. is required.
The synchronising of the colour disc
has been perfected, and a complete
home receiver has been produced
ready for marketing.

The transmitter employed consists
of a cathode-ray tube, the moving
spot being projected by means of a
lens on to the scene to be transmitted.
Between the tube and the lens is in-
terposed a disc with red and blue-
green filters so that the scene is
scanned by red and blue-green mov-
ing spots in succession. The picture
consists of a red zoo -line field fol-
lowed by a blue-green zoo -line field,
three zoo -line fields being interlaced
so that a complete colour picture of
600 lines is produced every six fields.

Photo -electric cells with a colour
response approximating to that of the
human eye are used to view the scene.
A large aperture lens, F 1.5 is em-
ployed, and a cathode-ray tube with
a voltage of 20,000 volts, giving a

very bright field. This combination
provides ample light even after pas-
sing through the filters.

At the receiver, the images are re-
produced on a small projection tube
and then projected through a colour
disc run in synchronism with the
disc at the transmitter. Synchroni-
sation is achieved by filtering out the
usual synchronising pulse from the
picture, and amplifying it sufficiently
to drive a small synchronous motor
carrying the colour disc. The motor
drive has been rendered practically
silent, and simple and reliable in
operation. The picture is projected
upon a screen 2 ft. 6 in. by 2 ft., and
is of very satisfactory brilliance.

The receiver has been developed
as a completely commercial proposi-
tion. It includes an automatic re-
cord changing radio -gram and an all -
wave radio receiver. An automatic
device is also provided by which,
upon merely pressing a button, the
colour disc is moved out of position
by means of a small motor, and the
receiver can then be used to receive
the monochrome transit -fissions from
the B.B.C. Four push buttons are
provided. One brings into action the
automatic gramophone, the second
the all -wave radio set, the third the
B.B.C. television programmes, and
the fourth the colour programmes.
The set has not yet been priced, but
will probably be sold round about 200
guineas.

A small colour receiver has also
been designed on popular lines to sell
at between and :.30. The
picture in this case is viewed directly
and is approximately 5 in. by 4 in.

In the demonstration given, the
transmission was by land line as,
owing to the war, the use of wireless
is prohibited by the Government. The
pictures were transmitted from a
building in Mr. Baird's grounds,
where the transmitter is situated, to
the receiver in his drawing room.

Although the picture shown in the
heading is not an actual photograph
(owing to the difficulty of photograph-
ing a television picture, particularly
in colour) the reproduction does not
fall very far short. Even by close
inspection of the screen no signs of
the scanning lines can be detected
and the detail is excellent. The
colour effect approximates that now
being obtained with colour films,
which are perhaps not quite true to
nature but provide a most pleasing
effect.



February, 1941 ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD 71

Low -frequency
Therapy

A NEW TECHNIQUE IN
THE TREATMENT OF
MENTAL DISEASES

IT has been known for a long time
that high -frequency currents applied
to the body under suitable conditions

have a marked effect on the tissues and
are of considerable therapeutic value.

The use of audio -frequency currents
in the treatment of disease is, on the
other hand, a field which has not yet
been explored to any extent, although
a start has been made in the applica-
tion of mains -frequency current in cases
of mental disorder.

The electrical phenomena occurring
in the brain and their relation to dis-
ease have already been investigated by
means of the Electroencephalograph*
and the knowledge so gained has led to
the use of alternating voltages at ordin-
ary frequencies to stimulate the cells of
the brain where there is evidence that
they are not functioning normally.

The original research was undertaken
by Cerletti & Bini of Rome, and fol-
lowed up in this country by the Burden
Neurological Institute, Bristol.t As a
result, suitable apparatus for adminis-
tering carefully controlled shocks has
been developed and manufactured by
the Edison Swan Co. in collaboration
with the Institute.

It has been established that the opti-
mum current for stimulus of the brain
is about io mA., but attempts to pass
this current are rendered difficult by
the presence of the overlying thick-
nesses of bone and tissue. If external
electrodes are applied to the skull it is
found that the attenuation produced by
the tissues is such that a current of
approximately 1.0 amp. peak is re-
quired to give the requisite current in
the mid -brain. This current is given by
applying a short duration shock of be-
tween 8o-120 volts lasting for as short
a time as 0.2 sec. With 50 -cycle mains
the brain then receives ten rapid stimuli
which are sufficient to galvanise the
cells into maximum activity. The effect
on the patient is to produce a form of
convulsion from which he quickly
emerges to pass into a sleepy stage and
thence back to normality insofar as his
mental condition allows. A remarkable
feature of the treatment is the loss of
memory on the part of the patient of
the circumstances immediately prior to
the shock. This is important in that

General view of the apparatus for shock therapy.

there are no unpleasant associations
and hence no objections to the continua-
tion of the treatment. Prior to the dis-
covery of electrical treatment the same
stimulation could only be produced by
means of drugs, which induced a feel-
ing of terror in some cases and made
the patient reluctant to continue with
the treatment.

Apparatus
The Ediswan Shock Therapy Ap-

paratus is shown in the photograph
above and consists of a steel box weigh-
ing about 35 lb. containing the voltage
control circuit and special timing

View of headband and electrodes for applica-
tion of the shock to the skull.

switch for shock administration. In the
centre of the panel a meter serves for
indicating the resistance of the patient
and, when switched over, the peak
value of the current passed.

An important feature is the provi-
sionally patented switch, by means of
which the duration of the shock can be
accurately timed and adjusted. It is,
moreover, so designed as to prevent the
administration of a shock aocidentally,
or the administration of a second
shock without due preparation. The
switch is fitted with calibrated dial
giving shock durations of o.t second to
1.0 second in /loth second steps.

On the front panel is also mounted
the control knob by which the voltage
applied to the patient can be varied,
and also the safety and main control
switches.

Green and red pilot lights are pro-
vided to give indication when the
apparatus is ready for shock admin-
istration.

Technique of
Administration

A headband with a pair of electrodes
shown in Fig. 2 is provided with plug
connection to the apparatus. The pads
of the electrodes are well moistened
with normal saline and the headband is
clamped round the patient's head so
that the electrodes press firmly on the
trontal region. The mains supply is
then switched on and the changeover
switch on the front panel put into the
position marked "'Calibrate." This
applies a low voltage to the electrodes,
and from the reading of the millia-
meter the patient's resistance is noted.
From known data the voltage for the
shock is selected by turning the con-
trol knob, and the duration of shock is
also set by the knob on the main con-
trol switch. The scale is calibrated in
volts to within 2 per cent. provided that
the mains voltage does not fluctuate.

The changeover switch is then moved
to the " shock " position, and a red
light indicates that the apparatus is
ready. To administer the shock the
plunger marked " reset " is depressed
momentarily and released. The plunger
marked " shock " is then depressed and
the shock is administered automatic-
ally, after which the current is switched
off until the switch is re -set.

It should be noted particularly that
the apparatus is specially designed to
prevent administration of two shocks in
succession accidentally. The setting of
the switch is a deliberate preliminary to
the shock administration and it cannot
be set without the knowledge of the
operator. The duration of the shock is

(Continued on page 95)
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Complete amplifier showing the disposition of the components. The L.H. section shows the
three input channels ; the second, the tone control stage ; the third the paraphase and output

valves, and the fourth the power supply.

BEFORE the design of a high -
quality gramophone amplifier sys-
tem can be appreciated, it is

necessary to realise the problems that
arise-not only . in the amplifier and its
associated equipment, but also those due
to the influence of the ear and the
acoustics of the listening -room. It is
generally known that the average ear
is most sensitive to sounds having fre-
quencies around i,000 to 2,000 c.p.s.,
and that at frequencies outside this
range the amount of power required to
produce equal intensity of signal level
rapidly increases. In fact, the intensity
of a note at 5o c.p.s. must be 200,000
times that of a note producing equIal
sensation level at 2,000 c.p.s.

It is noticeable with average radio re-
ceivers that as the volume is reduced
in level the bass and extremely high
notes seem to disappear more rapidly
than the medium frequencies. This fre-
quency discrimination is not due to the
receiver : actually, the fault is with the
ear.

A series of carves taken at the Bell
Laboratories in America is shown in
Fig. r, and from these it will be seen
that the ear has two limits-the thresh-
old of feeling and the threshold of audi-
bility; the enclosed space between these
two limits shows the range of the
average human ear and its frequency
characteristics with changes in volume
levet.. With increasing age the ear does
not convey the very high frequencies to
the brain with the same intensity as it
did formerly, and many elderly people
are quite deaf above 4,000 c.p.s., but to
most people below 45 frequencies up to
16,000 c.p.s. are audible. The lowest
limit of approximately 16 c.p.s. does not
change with age. Below this frequency

the individual cycles become noticeable
and no longer form a musical note.

Hence it is necessary for the complete
equipment to transmit, if frequency
distortion is to he completely absent, a
range of 16 to 16,000 c.p.s. The curves,
however, show that as the volume level
is increased above the threshold of audi-
bility the intensity of the signal at both
very low and high frequencies does not
require to be so great as before, and
hence arises the necessity of some form
of tone control. It is necessary to stress
the fact that the tone control required
is not because of any deficiency in any
one or more sections of the reproducing
apparatus, but because of the frequency
characteristics at varying sound levels
of the human ear.

Unfortunately, the term " tone con-
trol " is usually associated with the
knob of a radio receiver which merely
reduces the high -frequency sound level,
whereas the term " frequency correction
circuit " would be more applicable to the
case under consideration.

The next problem that confronts the
designer is the acoustical properties of
the listening -root -1i which can completely
make or mar any pre -conceived thoughts
on reproduction. Whereas the electrical
engineer will do all in his power to pro-
duce a straight-line amplifier having as
small a deviation as possible from per-
fect linearity, the room may add or
subtract to decibels to the output of the
loudspeaker over the frequency gamut,
and as he has no means of measurement
he conveniently forgets it.

Most reproducing units are used in
fairly well -damped rooms having sub-
stantial furniture and carpeting, which
reduces reverberation but also absorbs
the higher frequencies. As the designer
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Design for a .

Super -quality 2 -watt Amplifier
By J. C. C. tILBERT, A.M.I.R.E., A.M.I.W.T., F.R.S.A.

Senior Lecturer in Electro-communications, Northern Polytechnic, Holloway,

The A.C. Amplifier described below/was designed to give the best quality of reproduction from gramophone and
radio inputs. By means of a frequency -correction stage, the response curve can be lifted or dropped at the bass
and treble register independently, over a wide range. The input channels use electronic coupling and resistance
capacity coupling is used throughout. By means of the frequency -correction stage the amplifier can also be used

for recording both on disc and film.
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Fig. I. The aural spectrum curves obtained by the Bell Labora-
tories in U.S.A.

has no control over the acoustical pro-
perties of the average listening -room,
the best he can do is to provide variable
frequency correction circuits so that any
normal irregularity can be countered.

The  loudspeaker system is probably
the most difficult matter to approach, as
the requirements for any attempt at
high-fidelity reproduction necessitates
bulky and expensive apparatus. At the
low -frequency end it is necessary to
displace a large volume of air, and this
can be attained by having a large dia-
phragm, but this will be heavy and have
a large inertia. Also it must be very
freely suspended so that non-linear dis-
tortion of the diaphragm movement is
avoided; also the magnetic damping
must be very high so that transients do
net cause the moving coil to leave the
area of uniform flux density.

Alt these requirements need a large
massive field magnet, a large diaphragm
and, most important of all, a very large
baffle which will prevent the radiated
sound waves from each side of the dia-
phragm interfering with each other be-
fore they reach the audience. The size
of the necessary baffle can be computed
by the following formula :-

Length in feet from one side of the
diaphragm to the other side =

1,120
feet.

4F
where F is frequency in c.p.s.

Therefore, to reproduce a 5o c.p.s.
note at full amplitude it is necessary to
have a minimum sound path of 51 ft.,
and if 20 c.p.s. is sought the sound path
must be increased to 14 ft. These
figures show that a plain, flat baffle is
rather too large for modern flats and
houses, although a loudspeaker unit
mounted into a wall and having free
radiation on both sides approaches to
ideal. By adopting what the Americans
term an acoustic labyrinth, the low-
frequency.end can be maintained and in
a future article in this journal the writer
will describe two successful designs.

The high -frequency end of the audible
spectrum presents other difficulties. As
the time taken for a whole cycle may
be only 1-15,000th of a second, and the

London.

of high frequencies tends to focus rather
like a searchlight beam, and it will
generally be found that a heterodyne
whistle can be heard in a certain posi-
tion in line with the loudspeaker, but
diminishes in intensity on each side of
the focus line-always assuming that
the room reflections and reverberation
periods are very small.

The logical way of overcoming these
diverse requirements is in the use of two
loudspeaker diaphragms, one large one
mounted in a suitable cabinet, and a
" tweeter " or high -frequency unit, with
some method of diffusing the higher fre-
quencies over a wide angle.

Finally, what are we to reproduce ?
In its original conception the amplifier
was required to be used for radio,
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The circuit diagram of the paraphase stage output valves and power pack.
diaphragm has to change its direction
of travel twice for each cycle, a very
small and practically weightless dia-
phragm is necessary. The volume of air
to be displaced is also small and, due to
the very short wavelengths of the notes,
a baffle is not necessary. The radiation

moving -coil pickups is very small, a very
high -stage gain is necessary.

Fig. z shows a schematic arrange-
ment of the amplifier and it is now pro-
posed to deal with each section in turn.

The maximum undistorted power out-
put that is required. is dependent on the
cubic contents of the listening -room, its
furnishing and the efficiency of the
loudspeakers. The following table shows
the approxiMate requirements for aver-
age and good loudspeakers:-

Loudspeaker.
Size of room. Average Good

watts. watts.
12 X 12 X 10 3-4 2-3
15x15xto 7-1 4-5
24 x 24 >< to ... 10-12 6-7
These figures are approximations, as

local conditions may vary the final re-
quirements, but if the amplifier is to
deal with the maximum potential needs
then a 12 -watt undistorted output can
be obtained by employing either a single
output valve or a pair of triodes or pen-
todes using negative feedback.

As the harmonic distortion with pen-
todes consists primarily of odd har-
monics which are additive in a push-
pull stage, the triode valves are prefer-
able. The Mazda PP5/400 or the
Marconi-Osram PX25 valves will deliver
12 speech watts when a pair are used
in push-pull. Each valve requires an
H. T. voltage of 400 and an anode cur-
rent of 62.5 milliamps, but by slightly
overbiasing the valves the current can

Close-up of the paraphase and output valves showing the close proximity
of the components in order to ensure very short connections.

gramophone, microphone, sound film
and disc -recording purposes, each of
which may require special frequency
curves; hence the necessity for a very
wide range of attenuation and boosting
circuits. Also as the input from the
microphones, photo -electric cells and

be reduced to 55 mA. so that the normal
120-mA. rectifier valve can be used with-
out serious overloading. In order to
prevent parasitic oscillation a 5o -ohm
anode stopper and a 5,00o -ohm grid
stopper are mounted as close as possible
to their respective valve holder sockets.



72 ELECTRONICS AND TELEVISION & SHORT-WAVE WORLD

Complete amplifier showing the disposition of the components. The L.H. section shows the
three input channels ; the second, the tone control stage ; the third the paraphase and output

valves, and the fourth the power supply.

BEFORE the design of a high -
quality gramophone amplifier sys-
tem can be appreciated, it is

necessary to realise the problems that
arise-not only . in the amplifier and its
associated equipment, but also those due
to the influence of the ear and the
acoustics of the listening -room. It is
generally known that the average ear
is most sensitive to sounds having fre-
quencies around i,000 to 2,000 c.p.s.,
and that at frequencies outside this
range the amount of power required to
produce equal intensity of signal level
rapidly increases. In fact, the intensity
of a note at 5o c.p.s. must be 200,000
times that of a note producing equIal
sensation level at 2,000 c.p.s.

It is noticeable with average radio re-
ceivers that as the volume is reduced
in level the bass and extremely high
notes seem to disappear more rapidly
than the medium frequencies. This fre-
quency discrimination is not due to the
receiver : actually, the fault is with the
ear.

A series of carves taken at the Bell
Laboratories in America is shown in
Fig. r, and from these it will be seen
that the ear has two limits-the thresh-
old of feeling and the threshold of audi-
bility; the enclosed space between these
two limits shows the range of the
average human ear and its frequency
characteristics with changes in volume
levet.. With increasing age the ear does
not convey the very high frequencies to
the brain with the same intensity as it
did formerly, and many elderly people
are quite deaf above 4,000 c.p.s., but to
most people below 45 frequencies up to
16,000 c.p.s. are audible. The lowest
limit of approximately 16 c.p.s. does not
change with age. Below this frequency

the individual cycles become noticeable
and no longer form a musical note.

Hence it is necessary for the complete
equipment to transmit, if frequency
distortion is to he completely absent, a
range of 16 to 16,000 c.p.s. The curves,
however, show that as the volume level
is increased above the threshold of audi-
bility the intensity of the signal at both
very low and high frequencies does not
require to be so great as before, and
hence arises the necessity of some form
of tone control. It is necessary to stress
the fact that the tone control required
is not because of any deficiency in any
one or more sections of the reproducing
apparatus, but because of the frequency
characteristics at varying sound levels
of the human ear.

Unfortunately, the term " tone con-
trol " is usually associated with the
knob of a radio receiver which merely
reduces the high -frequency sound level,
whereas the term " frequency correction
circuit " would be more applicable to the
case under consideration.

The next problem that confronts the
designer is the acoustical properties of
the listening -root -1i which can completely
make or mar any pre -conceived thoughts
on reproduction. Whereas the electrical
engineer will do all in his power to pro-
duce a straight-line amplifier having as
small a deviation as possible from per-
fect linearity, the room may add or
subtract to decibels to the output of the
loudspeaker over the frequency gamut,
and as he has no means of measurement
he conveniently forgets it.

Most reproducing units are used in
fairly well -damped rooms having sub-
stantial furniture and carpeting, which
reduces reverberation but also absorbs
the higher frequencies. As the designer
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Design for a .

Super -quality 2 -watt Amplifier
By J. C. C. tILBERT, A.M.I.R.E., A.M.I.W.T., F.R.S.A.

Senior Lecturer in Electro-communications, Northern Polytechnic, Holloway,

The A.C. Amplifier described below/was designed to give the best quality of reproduction from gramophone and
radio inputs. By means of a frequency -correction stage, the response curve can be lifted or dropped at the bass
and treble register independently, over a wide range. The input channels use electronic coupling and resistance
capacity coupling is used throughout. By means of the frequency -correction stage the amplifier can also be used

for recording both on disc and film.
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has no control over the acoustical pro-
perties of the average listening -room,
the best he can do is to provide variable
frequency correction circuits so that any
normal irregularity can be countered.

The  loudspeaker system is probably
the most difficult matter to approach, as
the requirements for any attempt at
high-fidelity reproduction necessitates
bulky and expensive apparatus. At the
low -frequency end it is necessary to
displace a large volume of air, and this
can be attained by having a large dia-
phragm, but this will be heavy and have
a large inertia. Also it must be very
freely suspended so that non-linear dis-
tortion of the diaphragm movement is
avoided; also the magnetic damping
must be very high so that transients do
net cause the moving coil to leave the
area of uniform flux density.

Alt these requirements need a large
massive field magnet, a large diaphragm
and, most important of all, a very large
baffle which will prevent the radiated
sound waves from each side of the dia-
phragm interfering with each other be-
fore they reach the audience. The size
of the necessary baffle can be computed
by the following formula :-

Length in feet from one side of the
diaphragm to the other side =

1,120
feet.

4F
where F is frequency in c.p.s.

Therefore, to reproduce a 5o c.p.s.
note at full amplitude it is necessary to
have a minimum sound path of 51 ft.,
and if 20 c.p.s. is sought the sound path
must be increased to 14 ft. These
figures show that a plain, flat baffle is
rather too large for modern flats and
houses, although a loudspeaker unit
mounted into a wall and having free
radiation on both sides approaches to
ideal. By adopting what the Americans
term an acoustic labyrinth, the low-
frequency.end can be maintained and in
a future article in this journal the writer
will describe two successful designs.

The high -frequency end of the audible
spectrum presents other difficulties. As
the time taken for a whole cycle may
be only 1-15,000th of a second, and the

London.

of high frequencies tends to focus rather
like a searchlight beam, and it will
generally be found that a heterodyne
whistle can be heard in a certain posi-
tion in line with the loudspeaker, but
diminishes in intensity on each side of
the focus line-always assuming that
the room reflections and reverberation
periods are very small.

The logical way of overcoming these
diverse requirements is in the use of two
loudspeaker diaphragms, one large one
mounted in a suitable cabinet, and a
" tweeter " or high -frequency unit, with
some method of diffusing the higher fre-
quencies over a wide angle.

Finally, what are we to reproduce ?
In its original conception the amplifier
was required to be used for radio,
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The circuit diagram of the paraphase stage output valves and power pack.
diaphragm has to change its direction
of travel twice for each cycle, a very
small and practically weightless dia-
phragm is necessary. The volume of air
to be displaced is also small and, due to
the very short wavelengths of the notes,
a baffle is not necessary. The radiation

moving -coil pickups is very small, a very
high -stage gain is necessary.

Fig. z shows a schematic arrange-
ment of the amplifier and it is now pro-
posed to deal with each section in turn.

The maximum undistorted power out-
put that is required. is dependent on the
cubic contents of the listening -room, its
furnishing and the efficiency of the
loudspeakers. The following table shows
the approxiMate requirements for aver-
age and good loudspeakers:-

Loudspeaker.
Size of room. Average Good

watts. watts.
12 X 12 X 10 3-4 2-3
15x15xto 7-1 4-5
24 x 24 >< to ... 10-12 6-7
These figures are approximations, as

local conditions may vary the final re-
quirements, but if the amplifier is to
deal with the maximum potential needs
then a 12 -watt undistorted output can
be obtained by employing either a single
output valve or a pair of triodes or pen-
todes using negative feedback.

As the harmonic distortion with pen-
todes consists primarily of odd har-
monics which are additive in a push-
pull stage, the triode valves are prefer-
able. The Mazda PP5/400 or the
Marconi-Osram PX25 valves will deliver
12 speech watts when a pair are used
in push-pull. Each valve requires an
H. T. voltage of 400 and an anode cur-
rent of 62.5 milliamps, but by slightly
overbiasing the valves the current can

Close-up of the paraphase and output valves showing the close proximity
of the components in order to ensure very short connections.

gramophone, microphone, sound film
and disc -recording purposes, each of
which may require special frequency
curves; hence the necessity for a very
wide range of attenuation and boosting
circuits. Also as the input from the
microphones, photo -electric cells and

be reduced to 55 mA. so that the normal
120-mA. rectifier valve can be used with-
out serious overloading. In order to
prevent parasitic oscillation a 5o -ohm
anode stopper and a 5,00o -ohm grid
stopper are mounted as close as possible
to their respective valve holder sockets.
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So that the two output valves operate
with identical currents, variable resist-
ances are used for the bias resistors,
and to cancel accurately the hum signal
due to the use of directly heated valves,
potentiometers are used across the indi-
idual filament windings.
The output transformer must be very

accurately designed and manufactured
so that the two primary winding induce

valve overloading. By keeping these
meters quite steady during a broadcast
the minimum of harmonic distortion
which may be present is assured. A
microgalvanometer can be plugged in
the grid circuit of each of the output
valves and is used to check grid current
and leakage of any D.C. current through
the coupling condensers.

The penultimate stage consists of an
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R.C. VI
AMPLIFIER TONE
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Fig. 2. Schematic diagram of the valve sequence.

identical signals into the secondaries.
In the case of the triode power valves
the effective resistance shunted across
the primary of the output transformer is
the resultant of the anode resistance
and the load resistance in parallel. A
moving -coil loudspeaker does not present
a resistive load, but tends to behave
as an impedance loading with a bass
resonance usually between 5o and 8o
c.p.s. Hence the reflected impedance
at this frequency may rise to as
much as ten times the usual impe-
dance figure calculated at 400 c.p.s.
In the cases of the two valves quoted,
they require a total anode -to -anode load
of 7,000 ohms and hence the primary
inductance should be approximately so
henries at 5o c.p.s. so that the response
is not more than z db. down at the
resonant frequency of the loudspeaker
and its cabinet.

It is necessary that the leakage induc-
tance of both the primary and secondary
windings be kept as low as possible,
and this can be done by sectionalising
the windings; this also reduces the cap-
citative losses and keeps down the loss
at high frequencies in excess of io,000
c. p. s.

The transformer used with this ampli-
fier was designed and manufactured by
G. A. V. Sowter, B.Sc., A.M.I.E.E. It
has two secondaries which drive a
large t2 -in. diaphragm Baker-Selhurst
moving -coil energised loudspeaker and
a Voigt unit with an H.C. type corner
horn for the reproduction of all fre-
quencies above 25o c.p.s.

A milliameter was placed in the anode
circuit of each output valve so that a
check could be kept on the valve beha-
viour; they also provide a guard against

R.C.-coupled amplifier V3 and the
phase -splitting valve V4. A modifica-
tion of the original Carpenter paraphase
circuit has been used, for, although it
does not require the minimum of com-
ponents, the ease of balancing the
overall stage gain with the output valve
makes its adoption worth the slight
additional cost. The paraphase valve
obtains its input from the grid load of
the output valve V5, and its value can
be calculated by

Ri R2
R_ where

M
Ri =Grid leak.
R2 = Paraphase grid leak.
M =Stage gain of V3.

By making R2 a potentiometer of a
suitable value it can be used for accur-
ate balancing of V3 and V5 against V4

Fig. 4. The -record-
ing cutter curves of
the earlier electric
recordings. The
latest recordings
have a rising
characteristic in the
upper freluency end

-18 .125- - -

-24

and V6. As the output valves are biased
to - 35 volts, the peak signal required
from the penultimate stage in order to
load the output valves fully must have
an amplitude of 35 volts. This can be
obtained by using Mullard 354V valves
with a high anode load, and in order
that the loss at 20 c.p.s. should not ex-
ceed i db. a coupling condenser of i/AF
with a 250,00o -ohm resistance is used.

CL

/Npc, r

T +

Fig. 3. Conventional resistance -capacity ampli-
fier, showing method of decoupling anode and

cathode circuits.

Adequate decoupling in both the anode
and cathode circuits prevents attenua-
tion at very low frequencies.

Fig. 3 shows the usual anode decoup-
ling method. It is necessary, in order
that the decoupling circuit does not
affect the frequency response, that the
reactance of the condenser C be not
more than one -tenth of the resistance
Rd at the lowest audio -frequency that is
required. The value of Rd should be
about one -fifth of Ra, so that if Ra=
5o,000 ohms, suitable value for Rd =
io,noo ohms and taking 20 c.p.s. as the
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lowest frequency, the condenser C=
8 µF. Not only does the decoupling cir-
cuit prevent a common impedance across
which spurious " motor -boating " volt-
ages are produced, but also reduces the
hum level.

The above described amplifier will
have practically linear response from 16
to i6,000 c.p.s., but as was stated earlier
a wide range of possible inputs is to be
used and each of these have various
voltage outputs. Therefore, there arises
the necessity of a high -stage pre -ampli-
fier, together with a tone -control stage.
As one of the major uses of the ampli-
fier is its use for the reproduction of
gramophone records, it is desirable to
amend the frequency response so that it
may be modified to suit most available
pick-ups. Latterly two moving -coil pick-
ups have been developed in this country.
One is known as the " Coil," manufac-
tured by H. H. Jones, of Stourbridge,
and the other is designed by P. G. A. H.
Voigt, of Voigt Patents, Ltd.

The writer has had the opportunity
of trying out an experimental form of
the latter pick-up during the past few
weeks, and it can undoubtedly produce
superb results. During the past fifteen
years nearly every pick-up has been re-

viewed and graphs plotted of the res-
ponse curves, but only special laboratory
instruments have approached the fidelity
of reproduction obtainable from these
instruments. In a later part of this
article a fuller description, together with
calibration curve, will be published. The
only point of criticism is the relatively
low output, it being about - 35 db.
below zero at 5o c.p.s. (zero taken at

volt r.m.s.), so that one extra am-
plifier valve is necessary.

When standard commercial records
are made, the cut is of the " lateral "
nature and the velocity of the cutter
movement is supposed to be proportional
to the input voltage above 250 c.p.s. As
the amplitude then increases with de-
creasing frequency, it becomes necessary
below 250 c.p.s. to reduce the amplitude,
otherwise one groove might run into the
next. In practice, however, the record-
ing companies left the top to help drown
the scratch and " iron out " the muddi-
ness of the sudden change at 250 c.p.s.

If a pick-up is used, the output of
which depends on the needle -point velo-
city, the drop in the bass is equivalent
to 6 db. per octave, and hence compen-
sation must be provided in order to

reproduce the record correctly. Fig. 4
shows the nominal output from a record,
and the compensation required to over-
come this loss.

Such a loss at the lower frequencies
occurs also with sub -standard 16 -mm.
sound film; therefore such means of tone
compensation are again necessary.
When a good microphone is used, little
compensation is necessary if a room or
studio with correct acoustic properties
is available but when open-air or close-
up work is done a reduction in the bass
register is often desirable. With radio
reproduction, means of boosting the bass
register is useful if the loudspeaker
system is lacking in true fundamental
bass. In all these cases, control over
the upper frequencies above 3,000 c.p.s.
is also necessary, either to suppress
heterodyne whistles, bad gramophone
hiss or accentuation in order to partially
overcome side -band cutting.

Hence it is desirable to have separate
control of the bass and treble registers
and be able to accentuate or attenuate
them either by means of variable or
step controls. In the next issue full
details of the three-way mixer and tone -
control stage will be given.

Reducing Phase Shift in Negative
Feedback Amplifiers

IN a negative feedback amplifier in
which the output valves are coupled
to the load by a transformer and the

feedback is taken off a tertiary winding,
phase shift is introduced into the feed-
back circuit by the potential drop across
the primary leakage inductance due to

eliminate this undesirable phase shift
in the feedback voltage. This is
achieved by tight coupling and light
loading of the feedback winding.

To give tighter coupling, and so to
decrease the leakage inductance re-
ferred to, the tertiary winding A pro-

viding the feedback voltage is sand-
wiched between two additional primary
windings B, C, connected in parallel
with the main primary winding D of the
output transformer, as shown in Fig. i.

The loading on the winding A is de-
creased by connecting a resistance E in
series with the cathode resistance F of
the valve G across which the feedback
voltages are set up.

Figures 2 and 3 show the construc-
tional arrangement of the several trans-
former windings. The main primary
winding D is outermost and the second

tht load on the output or secondary
winding so that less feedback is pos-
sible than otherwise would be the case,
due to the possibility of oscillation.

The purpose of the coupling arrange-
ment to be described is to reduce or

9

#.1

I I

Fig. 1. Circuit arrange-
ment for reduction of
phase shift in negative
feedback amplifiers.

Figs. 2 and 3. Details
of transformer

windings.

ary winding H is wound immediately
adjacent the main primary winding.
The tertiary winding is sandwiched be-
tween the sections B and C.

(This development is reported from
the laboratories of the Radio Corpora-
tion of America.).
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A RECORD OF PATENTS AND PROGRESS

RECENT
DEVELOPMENTS

PATENTEES
L. F. Gardner :: Telefunken Ges fur drahtlose Telegraphie m.b.h.
Standard Telephones and Cables Limited :: Soc. Francaise Radio-

electrique :: M. Bowman -Manifold and H. Miller.

" Drift " Indicator
(Patent No. 519,698.)

Photo -electric cells are used to
make an automatic record of the
deviation of a navigable craft, such
as a ship or aeroplane, from a set
course. As shown by the drawing,
a compass -card C, provided with a
radial slit S, is mounted above a
second card Cr made of non-mag-

Photo-electric drift indicator.
Patent No. 519,698.

netic material and provided with a
similar radial slit Sr. The slit Sr
is divided into two halves by a ver-
tical partition P. Above the two discs
is a lamp L, and below them a pair
of photo -electric cells K, Kr con-
nected to a " graph ," recorder R of
known type.

When a course is set, the disc Cr
is adjusted so that the slot Sr is
aligned with the slot S in the com-
pass card. So long as that course

The information and illustrations

is maintained, the light from the
lamp L will pass through both slits
and be divided equally by the parti-
tion P, so that it energises both the
cells K, Kr to the same extent. In
these circumstances the graph in-
strument R will record a straight line.
Any deviation in the course will,
however, move the casing B and
lower disc Cr relatively to the
gimbal -mounted compass card. The
balance of the light falling on the
photo -electric cells is then upset and
the line recorded by the " graph "
line will be bent to port or starboard
accordingly.-L. F. Gardner.

Dielectric Guides
(Patent No. 526,719.)

It is known that very short
waves can be propagated, with-
out attenuation, through a hollow
metal tube, having no inner or
central conductor, provided there is
a certain definite relation between
the wavelength and the radius of
the tube. The high -frequency
energy travels through the tube in
the same way as a wireless wave
travels through the ether, except
that it is confined inside the tube
instead of radiating in all direc-
tions. This method of transmission
has certain possibilities in the distri-
bution of television programmes
from point to point.

It is further known that one such
tube, or " dielectric guide," as it is
sometimes called, can carry a num-

ber of waves simultaneously, each
having the same frequency, but
each being distinguished from the
other by the relative disposition in
the tube of the electric and mag-
netic fields of which they are com-
posed.

The invention is concerned with
the use of a " dielectric guide " for
the simultaneous transmission of a
number of different messages, each
message being carried by a separ-
ate wave of characteristic form.
More particularly, it describes the
means to be used for separating -
out each message from the others
at the receiving end.-T elefunkeii
Ges fur drahtlose Telegraphic
m.b.h.

Generating Ultra -short Waves
(Patent No. 526,827.)

The Figure shows a Magnetron
valve, of the split -anode type, ar-
ranged for generating waves only
a few centimetres long. The fila-
ment F passes centrally through
the two halves of the " split "
anode A, a magnetic field being ap-
plied across the path of the electron
stream, as indicated by the arrows.

The main feature of the invention
lies in the arrangement of the ex-
ternal leads. The two conductors
FT and F2 serve to support and
energise the filament from a source
B, whilst the conductors Ai and
A2 similarly support the two halves
of the split anode, and also supply

I

T
Arrangement of Magnetron valve for generating centimetre waves. Fatent No. 526,827.

on this page are given with permission of the Controller of 11.M. Stationery Office.
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it with H.T. voltage from the
source Bi.

The assembly of conductors
forms a Lecher -wire system, which
is tuned to the working frequency
by sliding a screen S or short-
circuiting bridge along them. The
screen is insulated from the conduc-
tors so far as D.C. voltages are
concerned, but its tuning effect pre-
vents the passage of any high -
frequency energy from the valve
oscillator, over the leads, into the
supply batteries B, Bt.-Standard
Telephones and Cables, Ltd.

Cathode-ray Direction -finder
(Patent No. 526,860.)

The direction of a distant wire-
less transmitter is indicated by the
intersection of two luminous
curves, which are traced out by the
incoming signals on the fluorescent
screen of a cathode-ray tube. The
deflecting electrodes of the tube are
first fed in quadrature with phase -
displaced voltages derived from a
local oscillator so that, in the
absence of any signal, the electron
stream marks out a circular trace
on the screen.

The signals received from a pair
of crossed frame aerials, mounted,
say, on an aeroplane, are then
superposed on the C.R. tube, the
connections from the aerials being -
continually reversed at the same
frequency as the local oscillator.
As a result, the original circular
trace is converted into two heart -
shaped traces, which intersect each
other at two points on the screen.
The direction of the distant trans-
mitter will then be along a line at
right -angles to the one joining the
points where the two luminous
traces intersect.-Soc. Francais e
Radioelectrique.

Preventing Distortion
(Patent No. 526,954.)

In scanning the electric charges
built up on the mosaic screen of a
cathode-ray television transmitter,
it is difficult when a magnetic or
electrostatic lens is used for focus-
ing the scanning stream to main-
tain the lens " field " at uniform
strength. This results in a spiral
distortion of the picture, and also
in so-called " barrel " and " pin-
cushion " effects.

According to the invention, these
defects are corrected or compen-
sated by arranging an auxiliary
winding between the scanning coils
and the screen, and by feeding this

winding with a direct current of
such strength that the field pro-
duced by it deflects the electron
stream by the amount necessary to
offset the spiral or other deviation
due to the irregularity of the focus-
ing field.-M. Bounnan-Manifeld
and H. Miller.

Amplifying Photo -electric
Currents

(Patent No. 527,103.)
In certain telegraphic systems,

particularly for transmitting photo-
graphs, it is necessary to transform
the uni-directional current produced
by a photo -electric cell into trains
of alternating current. The trans-
formation should be effected with-
out setting -up undesirable transi-
ents, whilst the amplitude of the

The result is that the valve VI
merely converts the input from the
cell P into a sinusoidal current,
whilst the valve V2 serves to am-
plify it. An amplitude -limiting de-
vice may be applied to the final
stage of amplification (not shown).
A suitably biased diode valve pre-
vents the passage of any current
impulse below a certain threshold
value.-.Standard Telephones and
Cables, I,td.

Summary of Other Electronic
Patents

(Patent No. 523,780.)
Time -base circuit giving accurate

registration of the saw-toothed
voltages used for interlaced scan-
ning.-C. L. Hirshman and Metro-
politan -Vickers Electrical Co., Ltd.

Circuit for ampli ica-
tion of Ft oto-electric

currents.
Patent No. 527,103.

wave trains should be limited to
predetermined values. Also the
response of the cell should be con-
fined to impulses above a certain
threshold value.

The Figure shows a circuit in
which light from a lamp L is flashed
on to a P.E. cell P through a
variable aperture A at the rate of,
say, Boo cycles a second. The out-
put from the cell is applied through
a resistance R to the grid of a valve
VI, so that corresponding positive
impulses are added to the normal
anode current of that valve. The
impedance of the coupling conden-
ser C and resistance R2 in the grid
circuit of the following valve V2 is
made so much greater than the
impedance of the resistance RI, and
the time -constant is made so small
by comparison with the Boo -cycle
working frequency that the current
passing through the resistance RI
is but slightly affected, whilst the
charging current taken by the con-
denser C is kept very low and varies
as if the condenser were directly
connected across the resistance Rt.

(Patent No. 524,226.)
Method of arranging the mains -

supply unit of a cathode-ray tube
so that the total voltage on the
anode includes the voltage across
the time -base circuit. Kolster-
Brandes, Ltd., and D. S. B.
Shannon.

(Patent No. 526,875.)
Light -modulating device of the

type in which the beam of light is
passed through a quartz crystal or
similar substance traversed by
mechanical pressure waves of
supersonic frequency. -
Syndicate, Ltd., P. Nagy and Al. J.
Goddard.

(Patent No. 527,009.)
Light -modulating devices of the

Kerr cell type with a mosaic elec-
trode on which the modulating pro-
cess is emphasised by secondary
emission.-I.M.K. Syndicate; P.
Nagy and M. J. Goddard.

(Patent No. 526,982.)
Construction and arrangement of

wide -band inter -stage transformer
couplings for a television receiver.
-Haseltine Corporation,.
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GAS -FILLED TRIODES AND THEIR PRACTICAL USE -VI.

Cathode Protection
By G. Windred, A.M.I.E.E.

Cathode failure is undoubtedly one of the foremost causes of break-
down in gas -filled triodes, and must be carefully guarded against
if satisfactory tube life is to be obtained. The factors affecting
cathode failure are considered in this article, and means are de-
scribed for giving protection under normal conditions of operation.

THE necessity for preheating the
cathode of the gas -filled triode be-
fore passing anode current arises

from the destructive conditions which
otherwise occur. If the heater and
anode circuits are completed at the same
time, with the cathode cold, no anode
current will flow initially, and the whole
of the supply voltage is applied between
anode and cathode. As the cathode
heats up it produces a feeble but
steadily increasing emission, giving rise
to a glow discharge through the tube,
characterised by a high voltage drop
and low current. As the emission in-
creases with rising cathode temperature
the voltage drop across the discharge
falls and the current increases.

During the comparatively short period
occupied by this process it is not pos-
sible for all effective parts of the
cathode emitting surface to reach the
same temperature. The tendency will
be for the arc to anchor itself to a re-
stricted region of the cathode surface
from which the initial emission oc-
curred, and this region will increase
rapidly in temperature owing to the
poor thermal and electrical conduc-
tivity of the cathode coating. A con-
siderable proportion of the voltage drop
from anode to cathode under these con-
ditions will reside in the coating, and
the drop will be greater than that cor-
responding to normal operating condi-
tions. The temperature of the hot spot
soon becomes excessive, and in most
cases incandescent particles of coating
may be seen thrown off from the
cathode shortly after switching on. The
conditions are less harmful when low
values of anode voltage and current
are employed, but in general the effect
of omitting the preheating time,, or
unduly restricting it, is to damage the
tube so as to shorten its life or even
render it unusable.

Methods of
Protection

It may be advisable to enumerate at
this stage the alternative means which
may be employed for overcoming the
difficulties due to the necessity for
cathode preheating.

i. Some success has been obtained
with cathodes designed to with-
stand the conditions corresponding
to simultaneous switching of the
heater and anode circuits, so as to
eliminate altogether the necessity
for preheating. The coating of
these cathodes has a high thermal

conductivity and low electrical re-
sistance at temperatures well
below the normal operating tem-
perature, and is bonded strongly to
the core so as to resist as much
as possible the stripping action
which causes rapid loss of coating.
This type of cathode is reported to
have given satisfactory service
without preheating on low voltage
circuits, but has not passed into
general use.

2. Use has been made of a circuit in
which the negative grid potential
is maintained at a high value at
starting, by means of a charged
condenser, While the cathode is
warming up, the condenser charge
is allowed to leak away through a
high resistance, so that the grid
potential does not reach the
critical value, as determined by
the applied anode voltage, until
the cathode has reached a suitable
emitting temperature.

3. As an alternative to method 2, the
bias preventing conduction may be
controlled during the starting
period by an auxiliary vacuum
tube with a long cathode heating
time. This time may be varied to
give the required preheating
period.

4. Since actual cathode temperature
is the criterion for closing the
anode circuit, it is possible to in-
corporate a thermocouple or ther-
mostatic element in the tube to
control the closing of an external
relay which completes the anode
circuit automatically when the
cathode has reached its proper
working temperature.

S. An auxiliary cathode, acting as a
screen to the normal cathode, may
be used to prevent striking of the
discharge while the cathode proper

it 1

S( PPL Y

Fig. 1. Basic circuit diagram

is heating up. The auxiliary
cathode has an emissive inner sur-
face, and is placed very close to
the normal cathode. Even with
zero bias, the screening action of
the auxiliary cathode prevents
conduction while the normal
cathode is warming up, but when
the inner surface temperature of
the auxiliary cathode has risen
sufficiently to cause emission the
shielding property is lost, and the
auxiliary cathode becomes virtu-
ally a part of the main cathode.
The normal discharge then occurs,
and the tube operates in the con-
ventional manner.

6. A time delay element may be used
to control the closing of the anode
circuit. The time delay element
is switched on simultaneously with
the closing of the heater circuit,
and establishes the anode circuit,
either directly or through the
medium of a relay, after the lapse
of a period to suit the particular
tube. The time delay may be
either fixed or adjustable, accord-
ing to the type of element
employed.

Before dealing with the relative ad-
vantages of the different methods of
operation it will be advisable to con-
sider a further important factor influ-
encing the life of cathodes. This is
the effect of heater voltage variation,
which requires careful attention in all
apparatus employing gas -filled triodes.

Variation of
Heater Voltage

If the voltage applied to the heater
of a gas -filled triode varies outside de-
finite limits, there is risk of damage to
the cathode owing to the following
effects :-

7. If the voltage is too low, the emis-
sion is reduced and the cathode
material is rendered liable to dam-
age by sputtering, as already des-

66,
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cribed in connection with the
simultaneous switching of anode
and heater circuits.

2. If the voltage is too high, the
cathode temperature becomes ex-
cessive, and its material is eva-
porated at a high rate so as to
cause eventual failure of emission.

The permissible limits of voltage
variation which avoid both conditions
are not often specified by manufac-
turers, although these limits are of the
greatest importance in securing satis-
factory tube life. This may be regarded
as an unfortunate state of affairs, in
view of the fact that in very many prac-
tical instances the actual supply voltage
differs appreciably from the nominal
value. There is the additional con-
sideration that the normal regulation of
the supply voltage may cause wide
variations from the mean value.

It may be assumed that under normal
conditions the supply voltage variation
is unlikely to exceed 5 per cent. above
and below the nominal value. The
heater of the gas -filled triode should
operate satisfactorily within this range
of voltage variation, since otherwise it
will be liable to damage under condi-
tions of working which must be re-
garded as quite normal.

In terms of heater voltage this
means that a tube having a 4 volt
heater should operate satisfactorily with
a heater voltage of any 'value between
the limits of 3.8 volts and 4.2 volts.
The permissible variation must always
be agreed to by the manufacturer, who
must also decide whether the upper and
lower limits are permissible continu-
ously, or only for specified periods.

The problem of how to obtain satis-
factory tube life under conditions of
abnormal voltage variation requires
separate consideration. The use of bal-
last tubes of the conventional type in
series with the heater itself, or with the
primary of the power transformer, re-
presents a simple arrangement. In the
latter case, the anode voltage, and per-
haps also the grid voltage, according
to the circuit arrangement will also be
controlled.

Alternatively, a constant voltage
transformer may be used for the heater
circuit. Transformers of this type are
often characterised by a poor waveform,
so that care should be taken in using
them for anode or grid circuits in cases
where close control of anode current is
required. Otherwise it is likely that the
point of conduction may be erratic.

It is important that heater voltage re-
gulation tests should be carried out
whenever apparatus employing gas -
filled triodes is installed. The highest
heater voltage measured at the actual
socket, corresponding to the upper limit
of line voltage variation and minimum
loading of the anode circuit should be

compared with the known maximum for
the tube. The minimum heater voltage,
corresponding to the lower limit of
line voltage variation and maximum
loading of the anode circuit should like-
wise be compared with the known mini-
mum. If the actual limits of heater
voltage variation determined in this
way exceed the limits set by the manu-
facturer, some means of voltage stabili-
sation is necessary if satisfactory tube
life is to be obtained.

It may be emphasised that the, heater
voltage should always be measured at
the tube socket. Owing to the voltage
drop in leads and connections, the
voltage measured at the corresponding
terminals of the power transformer, for
example, may be considerably higher
than the voltage actually applied to the
heater.

Protective
Circuits

When the problems of preheating and
voltage regulation are considered col-
lectively it becomes evident that many
difficulties would be overcome by the
use of cathodes suitable for withstand-
ing the effects of simultaneous switch-
ing with the anode circuit and capable
of operating under conditions of volt-
age variation occurring in normal prac-
tice. The latter feature is not unusual,
and in any case it is generally possible
to correct undue variation of voltage
by relatively simple means. The prob-
lem of suitable switching arrangements
to provide the time lag requisite for
preheating is, however, a more complex
proposition.

Reference to the basic diagram, Fig.
1, will indicate the requirements. It is
seen that the primary of the power
transformer is connected to the supply
mains by switch 1, while switch 2 serves
to complete the anode circuit. When
switching on, it is essential that switch
2 should be open. Switch r is closed
first, and the tube heater commences to
warm up. The anode voltage appears
simultaneously across the appropriate
secondary winding, After the lapse of
the necessary preheating time, switch 2
is closed, so as to permit the flow of
anode current in the load circuit. This
current may be interrupted by opening
either switch.

The following objections apply to
this simple method of operation :

1. Insufficient time may be allowed
between the closing of the
respective switches.

2. If disconnection is effected by
switch I, the anode switch may be
forgotten, so that unless this
switch is opened before the supply
is reconnected there is risk of
damage.
There is no protection against the3,

effects of resumption of supply
voltage after a failure if the
switches are left in the closed
position.

4. There is no protection against the
effects of the supply voltage fall-
ing to an abnormally low value.

Any of these conditions may cause a
severe shortening of the tube life, or
even result in rendering the tube
unusable.

The whole problem of preheating
with its attendant complication would
be eliminated if suitable cathodes could
be employed to withstand direct switch-
ing, but since this has not been found
generally possible it is necessary for a
time delay to be allowed for in prac-
tice. This represents an inevitable
delay in bringing the gas -filled triode
in to the operating condition, and may
form an objection in some instances.
The objection is lessened when the
necessary switching sequence is per-
formed automatically, thus removing
the disadvantages applying to manual
operation.

The necessary value of time delay,
corresponding to the cathode preheat-
ing time, depends upon the size and
type of tube and whether the cathode
is directly or indirectly heated. In the
case of mercury -vapour tubes it depends
also upon the ambient temperature. In
general, it is possible in the case of
inert gas -filled -triodes to use a fixed
time delay, independent of variations in
ambient temperature, but in the case
of mercury vapour filling some means of
varying the time delay is necessary if
it is desired to make the delay period
as short as possible consistent with the
ambient temperature.

Alternatively, it is possible to use a
fixed time delay corresponding to the
maximum timing required for the low-
est ambient temperature. With some
types of thermal delay devices it is
readily possible to arrange for the delay
period to vary in inverse proportion to
the ambient temperature, so that with
low temperatures a longer time delay
is automatically provided.

Automatic
Protection

Various types of time delay element
are available for use in timing circuits,
and some of them are readily applic-
able to cathode protection arrange-
ments. The time interval generally re-
quired in this case is of the order of one
minute for tubes of small and medium
size, but for the whole range of sizes
the necessary time delay may be as
short as 15 seconds or as long as 15

minutes. Time lags exceeding 2 or 3
minutes are difficult to obtain auto-
matically without comparatively ex-
pensive apparatus.
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One of the most convenient types of

time delay mechanism from the present
viewpoint is the thermal element, con-
sisting usually of a bimetal strip which
is flexed by the action of a heater
element so as to make a contact after
a predetermined interval from the time
of switching on the heater. In some
forms of this arrangement the heater
element is wound directly upon the in-
sulated bimetal strip. This practice
may be regarded as satisfactory for low
voltage circuits, but particular atten-
tion is necessary to ensure adequate in-
sulation in cases where the bimetal
strip itself forms part of the circuit
upon completion of the normal opera-
tion. Failure of insulation in this case
would result in the interconnection of
two independent supplies, and might
have very damaging results.

TL /

The properly designed thermal timer
is compact and reliable. It is available
in a wide range of types, covering time
lags up to about 2 minutes. For longer
periods it is usually necessary to em-
ploy more expensive types of apparatus,
employing some form of air or oil dash -
pot, or eddy current retarding device.

A simple form of protective circuit is
shown in Fig. 2. In this diagram TLx
and TL2 represent respectively the
heater element and contacts of a
thermal time delay relay. The resist-
ance R serves to limit the current in
the heater to the value required to give
the necessary time lag. Switches r and
2 perform the same functions as in the
case of Fig. I, but it will be noticed that
when switching on, even if switch 2 is
already closed, no anode current can
flow until the contacts TL2 have
operated. The heater TLr is energised
as soon as switch I is closed. After the
lapse of the nredetermined time lag, the
contacts TL2 close, so as to complete
the anode circuit when switch 2 is
closed. This switch is generally neces-
sary to allow of the load being switched
off if desired without opening the main
switch i, and thus having to go through
the timing process again owing to cool-
ing of the cathode. When switching by

means of the main switch, the anode
voltage disappears before the cathode
commences to cool down. In the event
of sudden voltage failure the process is
the same; the tinier cooling down again
ready to operate upon resumption of the
supply.

The disadvantages of this simple
arrangement may be enumerated asfol-
lows :-

i. The time delay element is ener-
gised continuously, whereas its
action is employed only for the
period of time delay when switch-
ing on.

2. If a brief failure of voltage occurs,
or if the main switch is opened for

Fig. 2 (left). Simple timing
circuit for cathode pre- GR/O

heating. CIRCUIT

Fig. 3 (right). Schematic
diagram of circuit for
automatic protection of
cathode.

relay to open and close rapidly several
times before finally closing may be over-
come by suitable circuit arrangements,
as will be shown later.

A control circuit developed by the
author for overcoming the foregoing
difficulties is shown in Fig. 3. In this
case the anode current is dealt with by
the contacts Ri of an electromagnetic
relay under the control of a thermal
time delay relay with thermal element
TLr and contacts TL2. The electromag-
netic relay has two other sets of contacts,
shown at R2 and R3 respectively. The
arrangement is such that when the oper-
ating coil R4 is energised, contacts RI
and R2 close, and R3 opens. The time

SUPPLY

a short time, and the supply then
resumed before the contacts TL2
have been reopened by the cooling
of the element, the cathode of the
?as -filled triode may sustain
damage. This factor depends
upon the relative rate of cooling
of the cathode and the heater
element.

3. There is no protection against the
effects of a drop in supply voltage
sufficient to cause serious loss of
emission. Even if the timer would
eventually reopen its contacts
under these conditions, the time
required for this action would
normally be sufficient to introduce
risk of cathode damage.

In many cases the contacts of the tim-
ing device are unalile to deal with the
anode current, so that a relay becomes
necessary.

A point to be remembered when using
this arrangement is that the action of
the timing device may be disturbed by
vibration or shock. If the relay is
mounted on the same panel, the
mechanical shock when it closes may
cause the contacts of the timing device
to jump apart, thus interrupting the
circuit. The resulting tendency for the

delay in the closing of contacts TL2 of
the thermal relay is determined by
means of the resistance R, which can
be made adjustable if desired so as to
suit different types of tubes or different
operating conditions.

The operation of the circuit is as fol-
lows : When the main switch r is open,
the positions of the respective contacts
are as shown in the diagram, and no
current flows in any of the circuits.
When switch r is closed, the thermal
element TLr is energised, and accord-
ingly commences to warm up. The
heater of the gas -filled triode is simul-
taneously energised from the appro-
priate secondary winding of the power
transformer. The time delay relay is
adjusted so that its contacts TL2 close
only when the cathode of the gas -filled
triode has reached its proper working
temperature. When contacts TL2 close,
the circuit for operating coil R4 is com-
pleted and the electromagnetic relay
operates, closing contacts Ri and R2
and opening contact R3. The closing
of R2 establishes an independent circuit
for R4, so that the closing of the relay
continues irrespective of what happens
to contacts TL2, thus ensuring that
there is no hesitance in this operation.
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The opening of contact R3 interrupts
the tinier circuit, and the element ac-
cordingly commences to cool down.
Contacts TL2 do not reopen until the
thermal element has cooled appreciably,
so that there is no risk of the opening
of contacts R3 causing disconnection of
the electromagnetic relay during the
change -over process. The closing of
contact RI completes the anode circuit,
so that anode current will flow when
switch 2 is closed. The use of this
switch allows of interruption of the
anode current without the necessity for
repeating the preheating process before
reconnection.

ment with a resetting time which is
short in relation to the cathode cooling
time. The long resetting time asso-
ciated with most thermal relays is a
disadvantage from this viewpoint. It
will be noticed that if the electromag-
netic relay has a sufficiently high mini-
mum closing voltage, some measure of
protection is also provided against the
possibility of closing the anode circuit
with an unduly low heater voltage.

Apart from the foregoing advantages
of this circuit, there is the consideration
that the life of the time delay relay is
appreciably lengthened, since it is ener-
gised only while performing the actual

'['his may he regarded as an unlikely
contingency, and the risk can be
eliminated by using a timing relay with
a short resetting time.

A Typical Time
Delay Relay

A very compact and convenient type
of thermal delay relay is shown in Fig.
4. In outward appearance the device
resembles a conventional valve, and
has the same arrangement of base and
contact pins. The glass bulb is eva-
cuated, and contains the contact and
heater assembly. One contact is fixed
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In the normal runnng condition, con-
tacts TL2 re -open after the lapse of a
definite time interval, and the operating
coil R4 is left energised through contact
Rz only. This feature allows of the
relay being used to perform the addi-
tional function of low voltage protec-
tion. It is usually possible to obtain
A.C. relays of commercial type which
can be arranged to release when the
operating voltage falls by a relatively
small amount from the nominal value.
By using such a relay in the present
circuits, interruption of anode current
will be effected automatically if the
applied voltage falls to a predetermined
value, thus affording a measure of pro-
tection to the cathode of the gas -filled
triode. The relay will not reclose, even
if contacts TL2 have not opened, until
the voltage again approaches the
nominal value.

The only type of failure which is not
provided for in this circuit is the failure
of supply voltage just after completion
of the timing process and its sudden
resumption just before contacts TL2 re-
open. It may be regarded as very
unlikely, however, whether a supply
failure of precisely the correct duration
to introduce risk of cathode damage
would be experienced in ordinary cir-
cumstances. The most favourable con-
ditions are given by a time delay ele-

timing process, instead of continuously
during the whole time of operation of
the circuit.

There is one possibility in the opera-
tion of gas -filled triode circuits for which
it is difficult to provide adequate pro-
tection in a simple manner. If the tube
is withdrawn from its socket while
operating normally, and a new tube in-
serted, anode voltage will be applied
before the cathode has heated up. The
proper procedure in making such a
change is, of course, to open the anode
circuit switch before removing the tube
and to wait the requisite preheating
time after inserting the new tube before
reclosing the anode circuit.

It is not always permissible to assume,
however, that the correct procedure
will be alopted. To overcome the diffi-
culty, use may be made of small auxili-
ary contacts which are opened when the
tube is withdrawn from its socket. If
these contacts are connected in to the
circuit as shown at X in Fig. 3, the
withdrawal of the tube will cause dis-
connection of the relay circuits, and
after insertion of the new tube the tim-
ing process will take place automati-
cally in the usual way, unless, as
already explained, the change of tubes
is effected before the contacts of the
time delay relay have had time to re-
open, after a previous timing operation.

and the other attached to a bimetal
strip, which is heated by means of a
wire filament placed close to it. The
base has four pins, and fits the standard
4- or 5- pin radio valve base; the centre
pin being omitted. The ends of the
heater filament are connected to the
usual heater pins, while the twii remain-
ing pins correspond to the respective
contacts.

In operation, a suitable voltage is
applied to the heater circuit. The
bimetal strip is accordingly heated, and
flexes in a direction which brings its
contact closer to the fixed contact.
When this movement has continued
sufficiently, the moving contact engages
with the fixed contact and establishes
the external circuit. The time required
for the necessary contact movement, re-
presenting the time delay period, de-
pends upon the heater current.

General data and operating curves for
this relay are shown in Fig. 5. The
curve corresponding to the operation of
closing circuit shows the relation be-
tween the applied heater voltage and
the time required for the contacts to
close after switching on the heater. It
will be seen that a useful range of tim-
ing may be obtained by varying the
heater voltage. Owing to variations of
characteristic between individual tubes,

(Continued on page 95)
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Some Novel A.F.C. Circuits
MANY different methods for con-

trolling the frequency of the oscil-
lator of a superhet by means of

the bias developed by the discriminator
have been proposed. This bias is some-
times applied to the grid of a valve
coupled with the oscillating circuit or
even to the grid of the oscillator valve
itself, while in other circuits the bias
is used to control a polarising current
through a coil having an iron core of
adjustable permeability, the resultant
change of inductance of the coil being
reflected into the oscillator circuit.

Such substances as Thyrite, which
have non-linear resistance and which
exhibit an inherent capacity dependent

example,, be Thyrite, and has a terminal
resistance dependent upon the current
flowing at a given moment. To supply
this current, the resistor H and the
transformer winding C are connected in
series through a resistor J between the
cathode :K of V3 and earth.

Since the negative terminal of the
high -voltage space current supply (not
shown) for V3 is also earthed, this con-
nection of the frequency control circuit
A in the cathode lead of V3 places the
circuit A in the output circuit of V3.
The resistor J, in addition to providing
a proper operating bias for the grid L
of V3, aids the condensers M and G in
filtering audio frequencies, appearing

11 Fig. 1. Typical
superhet circuit

ith A.F.C.

upon the voltage drop developed across
them, have useful applications to
A.F.C. circuits which do not appear to
have been generally realised, and the
purpose of the article is to indicate
some circuits utilising these substances
which are of interest.

Fig. i shows a typical circuit of a
superhet receiver with A.F.C. The
A.F.C. diodes Vi and Vz will imme-
diately be recognised and also the con-
trol circuit A. This automatic fre-
quency control circuit operates to con-
trol the frequency of the local oscilla-
tor B by virtue of a change in the react-
ance reflected by the magnetic coupling
of a winding C, provided' in the trans-
former D, into the frequency determin-
ing oscillatory circuit E, F of the local
oscillator. The impedance of the cir-
cuit A is comprised by the reactance of
the winding B, by the reactance of a
by-pass condenser G, and by the resis-
tance at a given moment of a resistor
H which has a non-linear resistance
cliara(teristic. This resistor may, for

in the output circuit of V3 out of the
control conductor 0 so that the current
flowing through the resistor H is sub-
tantially non -pulsating unidirectional.
The automatic frequency control cir-

cuit is completed by connecting the
upper terminal of the resistor Uz
through resistor Q to the grid of V3.
A by-pass condenser R maintains the
conductor S at earth potential for oscil-
lations of intermediate and audio fre-
quencies.

It should be noted at this point that
the control potential appearing between
the conductor S and earth is very
greatly amplified, in its effective con-
trol over the resistance of the resistor
H by the amplifying characteristic of
the electron discharge of V3. Thus,
very small displacements of the inter-
mediate frequency from a normal value
result in large changes in the value of
resistance of the resistor H which, when
reflected into the oscillatory circuit of
the local oscillator B, effect substantial
changes in the frequency of the local
oscillator in a direction tending to re-
store the intermediate frequency to its
former normal value.

The purpose of the resistor T, in
series with diode Vi, is to off -balance
to a certain extent the equality of the
voltages produced across the resistors
Ili and Uz. This unbalance of volt-
ages is only necessary when a single
space current supply source is used for

all of the valves in the receiver and the
regulation of the space current supply
source is very poor. A poor regulation
results in an increase in the space cur-
rent of the electron discharge device
V3 upon the tuning of the input circuits
by the condensers V to receive a signal
oscillation since the automatic volume
control operates when a signal is tuned
in,- to decrease the load on the space
current supply source caused by decreas-
ing the space current through the
several electron discharge device in the
receiving apparatus W to which the
automatic volume control circuit X is
connected.

Any increase in the space current of
V3 in this manner is detrimental to the
proper operation of this automatic fre-
quency control and should be avoided.
By using the resistor T a greater poten-
tial drop appears across the resistor U
than across the resistor U2 when a
signal oscillation is received and this
excess voltage, since the ungrounded
terminal of the resistor Ur is negative
with respect to earth, causes the grid
L of V3 thereupon to become biased
slightly more negatively than formerly
even though the intermediate frequency
is at its normal value. Changing the
bias of the grid in this manner effec-
tively maintains a constant space cur-
rent through V3 even though the poten-
tial of the screen grid Y and the anode
Z rises by virtue of the poor regulation
of the space current supply source.
The same result may also be accom-
plished by eliminating the resistor T
and by so unbalancing the centre tap
of the winding of the intermediate fre-
quency transformer I that a greater vol-
tage is produced across the resistor U
than is produced across the resistor U2
at times when the intermediate fre-
quency has a normal value.

Fig. 2. A modified arrangement

Fig. 2 illustrates a modification of
the arrangement in which elements cor-
responding to elements of Fig. i are
designated by like reference characters.
Rectangle R i of this figure represents
the frequency discriminating network,
the diodes, VI and Vz, and their inter-
connected circuit as shown in Fig. r ;

the rectangle R2 represents the audio
frequency stages of amplification and
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FREQUENTITE

THE outstanding properties of Frequentite-Low

Loss and High Mechanical Strength-led to a demand

which even before the war severely taxed our productive

capacity. The needs of the fighting services have

inevitably led to restriction in supplies for general

THE PIONEER BRITISH

LOW LOSS CERAMIC

industry, but we can now meet all requirements promptly.
Extensions to our plant, the employment of specialised
new equipment, and progressive improvements in our
manufacturing technique made during the past seven
years, now enable manufacturers to obtain bulk
supplies of the most intricate designs.

STEATITE & PORCELAIN PRODUCTS LTD.
Head Office and Works: STOURPORT-ON-SEVERN, WORCS.
Telephone: Stourport iii, Telegrams : Steatain, Stourport.
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includes the electron discharge devices
V4 and V3 of Fig. 1, and the rectangle.
R3 represents the local oscillator B of
the Fig. i arrangement.

This modification utilises a character.
istic of certain substances, typical of
which is Thyrite, which act like capaci-
tors and exhibit an effective terminal
capacity which varies with the potential
drop across the substance. To utilise
the capacitive characteristic exhibited
by materials of this class a small con-
denser C2 is connected in the frequency
determining network of the oscillator,
comprised by the condenser F and
secondary winding E of the oscillator
transformer. The Thyrite H, or other
substance exhibiting like character-
istics, is then connected through a con-
denser C3 across the terminals of the
condenser Cz. It will be evident that
changes in the terminal capacity of the
Thyrite result in corresponding changes
in the resonant frequency of the oscil-
lator frequency determining circuit.

A change in terminal capacity of the
Thyrite is accomplished by including a
source of unidirectional potential Pt in
the circuit between the Thyrite and one
terminal of the condenser Cz and by
connecting the potential drop produced
across the resistors UT, U2 through a
suitable filter comprised by the con -
denser R and radio frequency choke Rc
across the series connected Thyrite and
course of potential Pt. Thus, the poten-
tial drop across the resistors Ui and U2
adds to or opposes the potential of the
source Pr thereby to increase or decrease
the magnitude of the current flowing
through the Thyrite resistor. If the
potential source has a suitable polarity,

the control potential produced across
the resistors U 1, U2 by the departure
of the intermediate frequency oscil-
ations from a normal valve operates to
change the terminal capacity of the
Thyrite resistor by changing the resist-
ance of the Thyrite, in a direction to
change the oscillator frequency to re-
store the intermediate frequency oscil-
lations substantially to their former
value.

The source of potential Pt in this ar-
rangement is necessary in order that an
initial biasing current may flow through

.F

Fig. 3. Another modification using a resistive
bridge circuit.

the Thyrite resistor to cause a restora-
tion in the frequency of the automatic
frequency oscillations whether these
oscillations depart upward or down-
ward in the frequency spectrum from
their normal value. The initial biasing
voltage across the Thyrite resistor
should be at least equal to the peak

value of the automatic frequency con-
trol voltage likely to be developed
across the resistors Ui and Uz.

The arrangement of Fig. 2 has the
objection that the source of potential
Pt produces a unidirectional potential
drop across the resistors UI, U2 which
planes an initial bias on one of the
diode rectifiers included in the
apparatus R I.

The modification illustrated in Fig. 3
overcomes this objectionable feature of
the control circuit of Fig. z by the use
of a resistive bridge circuit. It will be
noted that this modification employs an
additional Thyrite resistor H2, the two
Thyrite resistors being connected in
series with each other and, through the
condenser C3, in parallel relation with
the condenser C2 of the oscillator fre-
quency determining reactive circuit. An
additional pair of resistors H3, H4 are

'connected across the resistors Ui, U2
and form with the Thyrite resistors H,
Hz, a normally balanced Wheatstone
bridge. The source of potential Pt is
now connected across opposite arms of
the bridge between the junction of the
Thyrite resistors H, H2 and the junc-
tion of the resistors H3, H4.

This arrangement enables an initial
biasing current to flow through the
Thyrite resistors H, H2 without pro-
ducing a potential drop across the 'e-
sistors Ui U2. The operation of the
Fig. 3 arrangement is the same as that
of Fig. 2, the terminal capacities of
the Thyrite resistors H, H2, being em-
ployed in series across the condenser
C2 to control the frequency of the local
oscillator. The Thyrite resistors should
have the same resistive characteristic.

Neutralising Wide -band Amplifiers
THE coupling capacity between the

electrodes of a valve can be
neutralised by connecting an in-

ductance in series with a D.C. blocking
condenser between the control grid and
anode, the inductance together with the
electrode coupling capacity thus forming
a parallel circuit which presents a high

course, always desirable that the phase
relation between the input and output
currents shall be maintained constant

Fig. 1 (left).

Fig. 2 (right).

resistive impedance at a constant carrier
frequency. At other frequencies, how-
ever, the impedance will be less and no
longer purely resistive, with the conse-
quent possibility of the generation of
oscillations due to feedback from the
output circuit.

Apart from this possibility it is, of

over a wide frequency range so as to
obtain uniform amplification over the
working range. The compensating net-
works shown in Figs. r, 2 and 3, and
reported from the R.C.A. Labora-
tories, have been designed to this
end, the networks serving to render
the anode -to -grid impedance resistive

over a wide range of frequencies.
The pass -band characteristics of an

amplifier provided with the usual form
of neutralising arrangement referred to
are indicated in Fig. 4. The inter -
electrode impedance variation repre-
sented by the curve A is very consider-
able within this range, and the phase
relation variation between the input and
output currents represented by the curve
B is also relatively large.

These disadvantages are obviated by
the circuit of Fig. r, in which a re-
sistance A, condenser B and inductance
C are series -connected in shunt to an
inductance D, coupling the grid and
anode of the valve. The condenser and
inductance are arranged to be series
resonant at the mid -point of the desired
frequency pass -band. The effect of this
circuit is shown in Fig. 4, the curve C
indicating the inter -electrode impedance
and the curve D indicating the phase
relation, both of which remain sub-
stantially constant throughout the de-
sired frequency range.

The amplifier can be made to operate
satisfactorily over a still wider frequency
range if the series resonant circuit B, C
in Fig. 1 is replaced by the parallel
resonant circuits E, F and G, H of Fig.
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SIMPLIFIED

Regd. Trade Mark

ELECTRICAL MEASURING
INSTRUMENTS

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

 The Universal AvoMinor and the
D.C. AvoMinor put within the reach
of the serious amateur a means of
rapid precision testing of an accuracy
unobtainable with other instruments
in their class. Their simplicity and
versatility make short work of all the
normal trouble tracking problems.
They are worthy members of a range
of " AVO " Instruments renowned
for their high standard of work-
manship and efficiency.

THE
UNIVERSAL AVOMINOR

ELECTRICAL MEASURING INSTRUMENT

22 Ranges of Direct Readings
D.C. A.C. D.C.
Volts Volts Milliamps

0- 75 milli- 0- 5 volts 0- 2.5 milli-
volts amps.
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0- 25 0-100 0- 25
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0-500
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0-100,000 0- 5
0-500,000 0-10

Complete withinstruction booklet, leads,
interchangeable crocodile clips and
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ELECTRICAL MEASURING- INSTRUMENT

13 Meters in ONE
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ohms
0- 10,000
0- 60,000
0-1,200,000
megohms

0-3

Current
milliamps

0- 6
0- 10
0-120
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0- 6
0- 12
0-120
0-240
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0-600

In case, complete with instruction
booklet, leads, interchangeable crocodile
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D.C. AVOMINOR
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33kV 10mA. D.C.
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Voltage Regulator. Step-up Transformer.

The Westinghouse Metal Rectifier is
particularly suitable for providing the D.C.
potential necessary for cable testing and
fault location. It is robust and needs no
attention, maintenance or renewals. Its
bulk is relatively small, and it forms a light
compact and portable equipment strong
enough to stand up to rough usage, shocks
and vibrations without damage. It is very
simple to use, overloads are permissible,
and the cable discharges rapidly.

Reservoir Condenser.

Write for full details to Dept. E. & T.
Westinghouse Brake & Signal Co. Ltd.,
Pew Hill House, Chippenham, Wilts.
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2. The parallel resonant circuits are
tuned to frequencies above and below
the desired band respectively.

In the arrangement of Fig. 3, which

K, L and M, N, and is series connected
with the series resonant circuits 0, P
and Q, R, which are shunted by a series
resonant circuit S, T. The effective im-
pedance between grid and anode is
lower, but can be made uniform over
the pass -band instead of varying in the
manner shown by the double -peak curve
in Fig. 4, the phase angle being sub-
stantially zero. The resonant circuits
are all tuned to the mid -band frequency

Fig. 3.

is intended for operation over a still
wider frequency band, the resistance A
is shunted by parallel resonant circuits

-.IDesired frequency
band

Frequency -4:

Fig. 4.

Absolute value
of impedance

Phase
Angle

and the ratio of the series circuit induc-
tances to the inductance D is dependent
upon the width of the desired pass -band.

The Taylor Model go
THE Taylor Model go meter, of

which an illustration is given, is
contained in a neat black metal

box measuring approximately 8 in. by
4 in. by 5 in., and weighs only 4/ lb.

It has no less than 32 ranges of
A.C. and D.C. volts,  current and re-
sistance measurement, and has a sensi-
tivity of i,000 ohms per volt.

Below the meter on the top panel are
mounted the range switches and A.C.-
D.C. changeover switch, while the ohm-
meter range adjustment is on the right.
Connection to the meter is by means of
plugs and sockets, an extra socket
being provided for the t,000 -volt range.

The following ranges are incorporated:
1).C. and A.C. volts: 2.5, ro, roo, 250,

Soo and r,000.
1).C. milliamperes: 1.0, 2.5, 25, 25o

and 2,50o.
A.C. milliamperes: r.o, 1.5, 250 and

2,50o.
It is also possible to measure 0.25 volt

D.C. by setting the range to 2.5 mA.;
in other words, the drop in the meter
at 2.5 mA. is 0.25 volt-a useful figure
to remember.

Resistance measurements are made
by setting the selector switch to ' R'
or ' R/io,' depending on the range re-
quired. With ' R ' the scale covers
0-100,000 ohms. If higher resistances
arc to be measured an external battery
is used in addition to the one in the
instrument and the range .is then too
times that of the ' R ' range, or- to
megohms max. -

The resistance scale is uppermost on

Universal Test Meter
the dial and two other scales cover the
A.C. and D.C. voltage ranges and the
A.C. current ranges.

Test
Report

Examination of the interior showed
robust and well -finished construction.
There is no complicated multi -contact
switch to give trouble and the resistances
and shunts are mounted securely-an
important point in a meter which is
intended for hard wear in workshops
and test rooms.

The Taylor Model 90 test meter.

The meter is furnished with plugs
terminating in sharp needle points, as
the user may find to his cost if handled
carelessly ! An additional refinement
would be a pair of crocodile clips, and
no doubt Messrs. Taylor will be able to
supply these for small extra cost.

The D.C. volt and current ranges
were checked at random points against
a sub -standard meter and- agreed well
within the standard of accuracy accepted
for meters of this type. The normal
resistance range is accurate enough for
checking purposes, and it must be borne
in mind that everything depends on the
initial adjustment of the zero point. It
is advisable to check the zero each time
the meter is used, particularly when the
battery is new.

On the highest range the additional
battery of 6o v. must also be checked.
The makers recommend the connection
of a resistance of 54,000 ohms in series
with the high resistance under test, but
this value is not critical and a 50,00o-
ohm commercial resistance did not ap-
preciably affect the accuracy.

On the lowest resistance range the
current taken is considerable and the
meter leads should not be short-circuited
any longer than is necessary to check
the zero. This range is particularly
useful owing to its open scale between
50 and r,000 ohms-the average range
of bias resistors. Some ohmmeters are
cramped over the lower part of the
range in an attempt to obtain greater
accuracy at the upper end. The battery
is replaced without trouble by removing
the top panel-a standard q -v. bias bat-
tery is used.

Each meter is guaranteed for six
months from date of purchase, provided,
of course, that it has not been tampered
with.

A book of instructions accompanies
each meter, but the operation is so
simple that it is unnecessary to refer
to this more than once. The price is
£9 qs., and the makers' full address
is Taylor Electrical Instruments, Ltd.,
419, Montrose Avenue, Slough, Bucks.

Catalogues Received
ondensers.-The 1941 issue of the

Cornell-Dubilier catalogue contains
concise yet very complete information
on every condenser the engineer or ser-
viceman is likely to require; the range
includes dry electrolytics, wet electro-
lytics, tubular paper condensers, metal
shell cased paper condensers, replace-
ment paper condensers, a special small
unit designed for use in car radios and
mica transmissing condensers. This
company also markets an interference
filter and a capacitor test instrument.
The Cornell-Dubilier Electric Corpora-
tion South Plainfield, New jersey,
America.
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 CONSIDER the FOLLOWING FACTS !
Strength ! Efficiency !

 Exclusive Celestion-Amphenol Moulded -in Plates ensure
maximum strength, rigidity and a high degree of efficiency.

 The sturdy plates keyed into the body cannot rattle loose.

Uniform Contact I Insolation I
 Celestion - Amphenol Contacts pressed from specially

treated phosphor bronze are engineered to ensure uniform
contact on all prongs.

 There will be no "fatigue" even after constant use.
 Exceptional insulation is assured by the special properties

of the moulding powder.

CELESTION - AM PHENOL VALVEHOLDERS
All standard British and American types available.

CELESTION LIMITED
I

Engineers

KINGSTON - UPON -THAMES, SURREY
Telephone : KINgston 5656-7-8.

TRANSFORMER

LAMINATIONS
EIGHT STANDARD SIZES

CORE WIDTHS 198-" to 11" (E's and l's)

AVAILABLE FROM STOCK

A Comprehensive Bulletin together with details
of Associated Covers and Clamps with design
data will be sent to manufacturers en request.

BRITISH ROLA LIMITED
MINERVA ROAD, PARK ROYAL, N.W.IO

WILLESDEN 4322

USING 2 PINTS OF LIQUID

The Astounding success of this new Fire Bomb
Fighting Fluid (which has been seen recently in
action by over 1,000 business executives) has
resulted in orders for many thousands of gallons.
' INCENDEX ' has completely destroyed every

1 kilo electron and carbide bomb in less than 20
seconds. These tests covered 327 bombs most
of them enemy .. and . . some R.A.F. type using
only two pints of ' INCENDEX' per bomb.
' INCENDEX' is used straight from specially
designed tin with stirrup pump-garden syringe
or can even be poured -on where this is possible.
Your property needs instant, efficient and easy

protection ; get your ' INCENDEX'
now without delay. Immediate delivery
from stock.

30/- per gallon tin
net.

Sufficient for 4 bombs.
(Cash with order). Quantity

discounts on application.

Reg. Pat. A.

Distributors for British Isles: Phelps, Beddard
Ltd., Georgian House, 139, Sloane Street,
London, S.W.I. Tel. Sloane 5531.

ENQUIRIES FOR AGENCIES INVITED
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HOME INSTRUCTIONAL COURSE

THE supersonic heterodyne re-
ciever, called colloquially the
" superhet," is not a recent de-

velopment and in fact dates back to the
beginning of the century so far as the
fundamental principles are concerned.
The first practical superhets were a
product of the last war when the need
arose for greater amplification of the
radio frequencies and the valves avail-
able were limited in performance com-
pared with present day products.

1111i 1111,11111111W 11111111'1
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Fig. 1. Showing how two notes of slightly
different frequency combine to produce `beats.'

The amplification of radio fre-
quencies has always been a problem,
and the higher the frequency the more
difficult the problem becomes. The
stray capacities in the wiling and the
valve capacities are effectively in
parallel with the output of an r.f.
amplifier stage and their low imped-
ance to high frequency reduces the gain
of the stage considerably. In some
television frequency $circuits the gain
per stage with the best of the modern
valves is less than 5, so the difficulty

SUPERHETS
of amplification with the cruder valves
of 1917-18 can be imagined.

The development of the superhetero-
dyne method of reception was due to
the attempts to overcome the difficulties
of high -frequency amplification, and
the obvious line of attack was to reduce
the frequency as much as possible to
overcome the shunting effect of the cir-
cuit capacities. It occurred to Arm-
strong in America, and, independently,
to Schottky in Germany, that if the
radio frequency from the aerial could
be combined with a locally generated
oscillation which differed slightly in
frequency the resultant " beats " could
be amplified more easily than the
original signal.

The " beats " would still convey the
modulation forming the speech or music
and could be rectified after amplifica-
tion in the usual way. This is the prin.
ciple on which the superheterodyne is
designed, and its operation can be
understood by following a signal
through the various stages as given in
the diagrams.

Beats
The phenomenon known as " beat-

ing " occurs whenever two oscillations
which are fairly close together in fre-
quency combine to produce an output.
The effect is shown in Fig. I, and can
be studied by drawing a series of waves
differing slightly in frequency and add-
ing them together graphically.* The
resulting wave will be seen to consist of
a series of high and low amplitude
peaks, the maximum amplitude occur-
ring when the combining waves are -in

* An early article in this series dealt with
the addition of two sine waves.

step and the minimum when they are
out of step (" phase " would be a more
scientific term). If the original fre-
quencies were audible, say C and C
sharp, the combined wave would be
audible as a series of throbs or beats,
each beat corresponding to a rise in

!il II
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011ll
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Fig. 2. A modulated carrier wave combined
with a local oscillation frequency reproduces

the modulation in the beat frequency.

amplitude of the resulting wave.
Students who have access to a piano
which can be tampered with can try
the effect of slightly detuning one of
the two strings which form each note in
the base register. On striking the key
the beat between the two frequencies
will be heard clearly, its frequency de

0-6/43
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pending on the difference between the
frequencies of the two strings. Lower
C is approximately 128 cycles per sec.
and if the second string of the pair is
detuned to vibrate at 120 cycles per
second, a beat note having a frequency
of 128-12o or 8 per second can be heard
and counted.

The effect is exactly the same if the
frequency of the note is raised, or if

Detection
If the modulated beat frequency is

passed through a detector in the usual
way the anode current of the detector
will follow the average height of the
complex wave of Fig. 2 and will be of
the form of Fig. 3-top. Note that the
anode current fluctuation follows two
influences : the main fluctuation fre-

Fig. 3. 'Ile mcdulated teat frequency after
iectiflealion showirg the anode current fluctua-

tiots following tie medulation.

two oscillatory circuits are used. Sup-
pose one is oscillating at 128,000 cycles
per sec: (increasing the original figures
a thousandfold) and the other at 120,000.
The beat frequency will then be 8,000
cycles which will be audible as a
whistle. Increase the frequencies an-
other tenfold and the resultant beat
note will be 8o,000 cycles which will be
inaudible as it is above the range of
the human ear. Frequencies above
audibility are termed " supersonic."
We have now got into the working
region of the super -het. 1,280 kilocycles
per second corresponds to a frequency
in the broadcast band and if it is com-
bined with a wave generated by a local
oscillator at 1,200 kc., the resultant
beat frequency is 8o kc., which is easier
to amplify than the original 1,28o kc.
signal.

The incoming frequency in the case
of a radio receiver is modulated at

HT

Fig. 5. A simp e circuit for injecting an
oscillation into the first detector.

quency is that of the beat, the current
rising with each pulse of increased
amplitude and falling with the troughs
of the waves. At the same time the
general level of the anode current
peaks follows the wave form of the
modulating frequency. The fluctuation
due to the beats is seen more clearly in
the lower diagram of Fig. 3 which has
had the, high frequency component
taken away. This wave is then ampli-
fied by successive stages of tuned cir-
cuit and valves until it is of sufficient
amplitude to be rectified a second time

Fig. 4. The modulated beat frequency after
detection a second time, leaving the audio ,1

frequency cony_ onent.

audio frequency and instead of being
the continuous oscillation of Fig. i,
will be more like the upper curve of
Fig. 2. The fluctuations in amplitude
produced by the audio frequency modu-
lation appear in the beat waveform,
which should be compared with that or
Fig. -r.

In combining the incoming signal
with a locally generated signal we have
not lost the modulation, which is, of
courser a most important point.

3

Fig. 6, A valve u;ati as a combined osciiittor
and detector.
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PATRIOTS ALL
In October and December
Our Odes on "Think " and " How "
Appealed to private users.
To reduce their buying now
Of Chokes and Mains Transformers,
So that every one we make
Could serve a better purpose
As there's such -a lot at stake:

So many firms have written us
Expressing consternation
Thinking we included them
In our appeal for abnegation.
Of course it's just the opposite
And what we want the most
Is to help the Nation's effort
To lay the Axis ghost.

So do not think we're overwhelmed.
Out production's swift and sure,
We can cope with still more orders
And can always find a cure
Should " indigestion " threaten
Through quantities being vast,
And despite wartime conditions
Deliveries are still fast.

We know that private customers,
However hard it sounds,
Appreciate that our appeal
Was on Patriotic grounds.
Free men we are and will remain
But this would be reversed
Unless we all with one accord
Put the Nation's welfare first.

* * * *

Our Bard demands this extra space
For a sound and happy reason
Towish you all Good Luck, Good Cheer
And Compliments of the Season !

S
B.Sc., A.M.I.E.E.

Kings Buildings, Dean Stanley Street,
LONDON S.W.I

Telephone : VICtoria 5035.

CASES
In WOOD, METAL and REXINE

for
RADIO and RADIO INSTRUMENTS

rDetails of Radio Cases for the Home
will be forwarded on receipt of 20.

in stamps.

LOCKWOOD & CO. ("Dept. E.)
65, LOWLANDS ROAD, HARROW,

MIDDLESEX

Phone: BYRON 1818
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leaving the audio frequency component
only. The diagram of Fig. 4 shows
the beat frequency modulated by the
signal and its rectification to produce
the final audio frequency wave which is
of the same form as the original
modulation.

A superhet, therefore, requires two
detector stages-the first immediately
following the local oscillator, which
rectifies the modulated beat frequency
and the second which removed the beat
frequency to leave the original
modulating frequency.

Instead of the term "beat frequency"
we can use the more common one
" intermediate frequency," abbreviated
to " i.f." denoting the frequency be-
tween the original radio frequency and

WARD
AC/DC ROTARY
CONVERTERS

for operating P.A. amplifiers, Radio
Receivers, etc.

WE ALSO MANUFACTURE
DC/DC ROTARY TRANSFORMERS,
SMALL ALTERNATORS, SMALL DC
MOTORS, H.T. GENERATORS, MAINS
TRANSFORMERS up to 10 k.v.a. PETROL
ELECTRIC generator sets up to 50 k.v.a.
BATTERY CHARGERS for private and in-
dustrial use, and are fully equipped for general

small engineering work.
Full details of any of the above upon request.

Export enquiries invited.
CHAS. F. WARD,

46, FARRINGDON ST., LONDON, E.C.4
Telephone: Holborn 9703. Works : Bow, E.

TEL
Concise Postal Course of
Instruction for Radio Engineers

Apply -
BRITISH RADIO
ENGINEERING COLLEGE

179, CLAPHAM ROAD, LONDON, S.W. 1

Also Postal Courses on Radio
Engineering and Wireless
Telegraphy

the audio frequency produced after
detection for the second time.

The most important difference be-
tween the performance of the superhet
and that of an ordinary tuned circuit
radio frequency amplifier is that in the
superhet all the amplification is done at
a fixed frequency, that of the beat,
while in a " straight " r.f. amplifier
the circuits have all to be tuned to the
frequency of the incoming signal. Once
the tuned circuits of the superhet have
been adjusted they need no alteration,
and this makes for a neat and reliable

Fig. 7. A heptode valve in
which the coupling is by

electron stream.

The frequency of the local oscillator
is always chosen with regard to the fre-
quencies in the broadcast band and is
not taken at random. It has been found
that the most satisfactory frequencies
are round ioo kc. and 45o kc. and most
superhets use one or other in this
region. The selectivity of the tuned cir-

Ak\IC

H T

form of construction of the amplifying
stages.

It is also possible to design the i.f.
tuned circuits for maximum efficiency
at the frequency chosen, whereas it is
impossible to obtain maximum effi-
ciency from tuned circuits over a wide
range of frequencies without some
adjustment.

Selectivity

One of the difficulties of present day
reception is to keep unwanted stations
from interfering with the one to which
the receiver is tuned. The higher the
frequency to which a, circuit is tuned,
the more difficult it is to keep out un-
wanted frequencies as the percentage
difference between the two may be very
small. As an example, if a circuit is
tuned to 12o kc., a frequency of 125 kc.
will be passed as the percentage differ-
ence is only 5 in 12o or 4 per cent.
approximately. Now suppose that the
frequency of 120 kc. is combined with
an oscillation at 200 kc. to produce an
i.f. of 8o kc. The unwanted signal will
produce a beat frequency of zoo -125 or
75 kc. and the difference between this
and the i.f. of 8o kc. is 5 in 8o or nearly
7 per cent. These figures are taken at
random and the actual results obtained
show much wider differences.

It should be noted that there are two
incoming signals which will produce
the same beat frequency with a local
oscillator. If the oscillator frequency
is 450 kc., a signal of 50o kc. will give
a beat frequency of 5o, but so will a
signal of 400 kc. This effect produced
by a second unwanted frequency is
known as second channel interference,
and can be very troublesome if the
local oscillator frequency is chosen so
that there are two stations beating with
it at the same time.

,cuits can then be designed so that there
is minimum interference from adjacent
frequencies in the band.

Superhet
Circuits

The circuit of the superhet may be
said to be built round the oscillator, as
the performance of the receiver de-
pends on the constancy of the oscillator
frequency. If this alters, the i.f. alters
and the tuned circuits of the i.f.
amplifier are thrown out.

Frequency
Changing

In early superhets the local oscil-
lations were produced by' a separate
valve which was inductively coupled
to the detector circuit, but later
developments simplified the circuit and
valves were designed to combine the
functions of oscillator and detector.
Separate oscillators are still used, how-
ever, in television and short-wave
receivers.

The incoming signal is usually
passed through one stage of radio fre-
quency amplification before being
" mixed " with the local oscillation.
The valve performing this is often re-
ferred to as the " mixer valve."

A simple mixer circuit is shown in
the diagram of Fig. 5 in which a screen
grid (or tetrode) valve combines the
function of detector and oscillator.

The incoming radio signal is ap-
plied to the grid in the usual way and
the valve is biased by a resistance in
the cathode circuit to act as an anode
bend detector.* An oscillatory circuit
is connected between ano-ae and 'cathode

* A previous article in this series dealt
with detection and with oscillatory circuits.
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PREMIER RADIO Pm-
PREMIER

SMOOTHING CHOKES
Type Current Henrys Res Prices

C 40/500
C 60/180
C 60/400
C 60/500
C 100/400
C 150/185
C 200/145
C 250/120
C 60,2500

40 MA 20-34 H 500 ohms
60 MA 8 H 180 ohms
60 MA 25-34 H 400 ohms
60 MA 18-30 H 500 ohms

100 MA 20-34 H 400 ohms
150 MA 20-34 H 185 ohms
200 MA 20-34 H 145 ohms
250 MA 25 H 120 ohms
60 Speaker Field Replacement

5/3
5/3
76
5/3
9/6

13/6
15/9
17/6
7/6

Premier Pick-ups.
Heads (Will fit any tone -arm) ... ... 716
Premier Pick-up with Volume Control

2,000 ohms 12/6
Premier de Luxe, 6,000 ohms ... ... 17/6

ANOTHER SPECIAL OFFER.
Rothermel Brush Piezo Crystal Pick-ups.

Standard, 5.8 Model with arm, 34/9. P.U. head
only, De Luxe Model, 24/6. Heads for Garrard
or Calloro Autochangers, 34/6.

PREMIER 1941 HIGH
FIDELITY AMPLIFIER KITS

Each Kit is complete with ready drilled chassis,
selected components, specially matched valves
and full diagrams and instructions.

Kit of Parts
with Valves

Completely
Wired and

Tested
4 -watt A.C. Amplifier a 14 0 43 II 6
4 -watt A.C./D.C. £3 0 0 43 17 6
6 -watt A.C. E6 16 6 47 13 6
8 -10 -watt A.C./D.C. E6 II 6 47 9 0
15 -watt A.C. E7 18 9 49 8 0

Black Crackle Steel Cabinet 17/6 extra.

MAINS TRANSFORMERS
Wire -ends. All L.T. Windings

Centre -Tapped
SP. 250 250-0-250 v. 60 m.a. 4 v. 1-2 a,

4 v., 2-3 a., 4 v. 2-3 a. ... 11/9
SP. 300 300-0-300 v. 60 m.a., 4 v.2-3 a,

4 v., 2-3 a., 4 v. 2-3 a. 11/9
SP. 301 300-300 v. 150 m.a. 4 v. 2-3a,

4 v. 2-3 a, 4 v. I a, 4 v. la ... 151 -
SP. 350A 350-350 v. 100 m.a.5 v. 2a (not

14/ -
SP. 350B 350-350 v. 100 m.a. 4 v. 2-3a,

4 v. 2-3 a, 4 v. 2-3 a... ... 14/ -
SP. 351 350-350 v. 150 m.a. 4 v. I -2a,

4 v. 2-3 a, 4 v. 3-4 a... ... 15/.
SP. 352 350-350 v. 150 m.a. 5 v. 2a,

6.3 v. 2a, 6.3 v. 2a... ... 15/9

Auto Transformers. Step up or down. 100-
125 v. to 200, 230 or 250 v. A.C., 60 watts, 9111;
125 watts 13/6 ; 250 watts, 18/6.
L.T. Transformers, all C.T.
4 v. 2-3 a. ... 9/11 6.3 v. 2-3 a. ... 9/11
2.5 v. 5 a. ... 9/11 7.5 v. 3 a. ... 9;11
5 v. 2-3 a. ... 9/11 12 v. 3-4 a. ... 15/ -
Push -Pull Driver Transformers, 3 I 6/6
Universal Output Transformers. 11

Ratios. Single or Push -Pull
Bell Transformers, 3-5 or 8 volts ... 5 6

MATCHMAKER UNIVERSAL
OUTPUT TRANSFORMERS

Will match any output valves to any speaker
impedance.
11 ratios from 13 : I to 80 : I, 5-7 watts, 15/9.
10-15 watts, 20/6. 20-30 watts, 35/-.
Potentiometers, all resistances, 2[4 each ;

switch 3/3.
Ceramic Valve Holders, chassis mounting, 4

or 5 pin, 7d. each. 7 pin, I Id. each.
Valve Screens, for American type valves.

Small size, 1/2. Medium size, 1/2.

"LEARNING MORSE
Premier Morse Practice Key on

Bakelite Base and Brass Movement

General Purpose Morse Key

Heavy Duty TX Key on Cast Base ...

Bakelite Buzzers

3 Henry Chokes
Complete Kit of Parts for Valve Oscil-

lator as described in W.W.
" Learning Morse "

3/3
5/10
10/-
2/-
7/6

25/ -

NEW PREMIER S.W. A.C. RECEIVER
In response to many requests we have now produced
an A.C. version of the popular Premier Short Wave
SG3 Kit. Circuit : Pentode H.F. Stage, Pentode De-
tector, Beam Power Output, and F.W. Rectifier. 200-
250 v. A.C. Operation. Built-in Power Pack. Hum -free
operation. For use with Phones or P.M. Speaker.
Complete Kit of Parts with drilled chassis, all com-
ponents. Plug-in Coils covering 13-170 metres, 4 valves

and full instructions £4- I 0-0and circuits.

Battery Version also available Kit 43 8 0
Extra Coils 9-IS, 200-2000m. also supplied* " The Wireless World" said they were,

"very much impressed
See full Test Report pp. 492-3 December issue

Send for full details

PREMIER BATTERY
CHARGERS for A.C. MAINS

Westinghouse Rectification
complete and ready for use

To Charge : 6 volts at I amp. 22/6
2 volts at amp. 11/9 12 volts at I amp. 24/6
6 volts at amp. 19/- 6 volts at 2 amps. 37/6

MOVING COIL SPEAKERS
All complete with transformer. Rola 6i- in.,
15/-; 8 in. P.M.s, 17/6 ; 10 in. P.M.s, 22/6.

ENERGISED MODELS
Plessey 8 in., 175 ohm field, 7/6; G.12 ener-
gised, or 2,500 field, 63/.. 10 in. B.T.H. 1,600
ohm field, less transformer, 11/6. Magnavox
154, 2,000 ohms Universal transformer, 15,-.

PREMIER SHORT-WAVE KITS
for OVERSEAS NEWS

Incorporating the Premier 3 -Band S.W. Coil.
11-86 Metres without coil changing. Each Kit is
complete with all components, diagrams and
2 -volt valves. 3 -Band S.W. 1 -Valve Kit, 14/9.
3 -Band S.W. 2 -Valve Kit, 22/6.

DE LUXE S.W. KITS
Complete Kit, including all Valves, coils, wiring
diagrams and lucid instructions for building and
working. Each Kit supplied with a steel Chassis,
Panel and plug-in coils to tune from 13 to 170
metres.

I Valve Short -Wave Receiver or Adaptor
Kit ... ... ... ... ...

I Valve Short -Wave Superhet Converter
Kit ... ... ... ... ...

I Valve Short -Wave A.G. Superhet Con-
verter Kit ... ... ... ...

2 Valve Short -Wave Receiver Kit ...

20/-

23/-

26/3
29/ -

SHORT -WAVE CONDENSE R8
Trolitul Insulation. Certified superior to
ceramic. All -brass construction. Easily ganged

15 m.mfd. 1/9 100 m.mfd. ... 2/3
25 m.mfd. 2/- 160 m.mfd. ... 2/6
40 m.mfd. 2/- 250 m.mfd. 2/11

SHORT-WAVE GEAR
Short -Wave Coils, 4- and 6 -pin types, 13-26,
22-47, 41-94,78-170 metres, 2/- each, with circuit.
Premier 3 -Band S.W. Coil, 11-25, 19-43, 38-86
metres. Suitable any type circuit, 2/11.
4 -pin or 6 -pin Coil Formers. Plain or Thread-
ed, 1/2 each.
Utility Micro Cursor Dials, Direct and
100: I Ratios, 4/3.
Bakelite Dielectric Variable Condensers.
.0005 mf. Suitable Tuning or Reaction, 1/6
each.

Short -Wave H.F. Chokes. 10-100 m., lOid.
each. High grade Pie -Wound U.S.A. type,
1/9 each.

Lissen Dual Range Screened Coils. Medium
and Long Waves, 2/9 each.

REPLACEMENT VALVES
FOR ALL SETS

Europa Mains Valves. 4 v. A.C. Types
A.C./H.L., A.C./L., A.C./S.G., A.C./V.M.S.G.,
A.C./H.P., A.C./V.H.P., A.C.P., all 5/6 each.
A.C./H.P., 8/6. A.C./Pens, I.H., 10/6 ; A.C./
P.X.4, 9/- ; Oct. Freq. Changers, 9/6 ; Double
Diode Triodes, 9/9 ; 3i -watt D.H. Triode,
I2/-. 350 v. F.W. Rect., 10/8; 13 v. .2 amp.
Gen. Purpose Triodes, 5/6 ; H.F. Pens. and
Var.-Mu. H.F. Pen., Double Diode Triodes,
Oct. Freq. Changers, 8/6 each. Full and Half -
wave Rectifiers, 9/8 each. D.D. Pens. 10/3

FULL RANGE OF BATTERY VALVES
IN STOCK. WRITE FOR LATEST

LISTS.

Cardboard Electrolytic Conds. 4 MFD,
8 MFD, 1/9 ; 8 x 8, 3/6 ; 4 x 4, 2/8 ; 8 X 4, 3/3 ;

4 x 4 x 1, 3/9 ; 4 x4 x 4, 4/3 ; 16 x 8, 4/-;
16 x 16, 5/-.

PREMIER MICROPHONES Moving Coil Mike. Permanent magnet model mikes. Tapped secondaries. A, 20 and 40 : I ;

requiring no energising. Response 90-5,200 B, 30 and 60 : I ; C, 50 and 100: I. 6/6 each.
Transverse Current Mike. High grade large cycles. Output .25 volt average. Excellent Microphone Stands, Bakelite table stand, 9 in.
output unit. Response 45-7,500 cycles. Low reproduction of speech and music. 49/-. ring, 7/6 each. Adjustable Floor Stand, 8 in.
hiss level, 23/-. Microphone Transformers. Suitable for all ring Chrome finish, 26/6.

ALL ENQUIRIES MUST BE ACCOMPANIED BY lid. STAMP.

PREMIER
ALL POST ORDERS to: JUBILEE WORKS, 167, LOWER CLAPTON ROAD,

LONDON, E.5 (Amherst 4723).
CALLERS to : Jubilee Works, or 169, Fleet Street, E.C.4 (Central 2833), or 50, High

Street, Clapham, S.W.4 (Macaulay 2381).
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SELECTED BARGAINS
I s. d.

New or slightly soiled.
Rothermel Hushatone Silent Loud-

speaker 2 0

S.G. Brown Headphones ... 2 10 0

Shure Double Button Microphone ... I 17 6

Permarec Record Baking Oven (electric) I 10 0

American Presto Junior de luxe Port-
able outfit, complete, as new 0 0

V.G. Sim plat 1940 Recording Amplifier 30 0 0

Convertagram electric Turntable and
Pick-up in pedestal record storage

4 4 0

Rothermel Standard Type 5.8 Piezo
Pick-up

' " I 10 0

Philips Industrial 3750 50 -watt Amplifier 10 10 0

Wanted.-Attractive cash offer waiting for your
American Communication Receiver, or your own
valuation would be carefully considered.

A.C.S. RADIO
46, Widmore Rd., Bromley, Kent.

Phone : RAVensbourne 0156.
Open 9.30-5.30. Close, Wednesdays, I p.m.

ELECTRADIX BARGAINS

IN BATTERY CHARGERS
"NITNDAY" Metal Rectifiers-Steel Chassis

Model N/A 21. Radio Home Charger. To
charge 2 volts f amp. ...

Model N/A 61, Trickle Charger. To charge -6
volts, it amp. ... ...

Model N/136/1, Car Charger. To charge
volts, 1 amp.

Model N/B6/11, Car Charger. To charge 6

Model N/C6/2, Car Charger. To charge 6
volts 2 amps.

Model N/D 12/I, H.M. Car Charger. To
charge 12 volts I amp. ...

Model N/D 12/2, N.K. Car Charger. To
charge 12 volts, 2 amps.

Model N/E2, Doubler. Meter Car Charger.
To charge 6 volts and 12 volts, 2 amps. ... 65/ -

ALL MODELS FOR A.C. 200/250 VOLTS INPUT
Send 2f d. stamp for our latest illustrated Bargain List

"E.T." or for replies to enquiries.

12/6

17/6

24/-

27/6

37/-

38/-

55/-

ELECTRADIX RADIOS
218, UPPER THAMES STREET, LONDON, E.C.4.

a%1.01
Quality
Components

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

Varley (Prop. Oliver PelFControl Ltd.)
Cambridge'Row Woolwich, S.E.18

for RELIABILITY

and coupled back to the grid through
the coil in the cathode circuit. The
anode circuit thus contains three fre-
quencies-the radio signal and the sum
and difference of the oscillator and the
radio frequencies. The difference of
the frequencies only is required and
this is obtained by coupling a tuned cir-
cuit to the anode coil as shown. This
is the " i.f." transformer and feeds the
i.f. to the next valve.

The method of applying the oscilla-
tion frequency to the circuit is by coup-
ling in the cathode and for this reason
the method is known as cathode
injection.

Some receivers use a separate valve
for the oscillator, but combined with
the detector in the same bulb-the
triode -pentode.

In these the triode portion is the local
oscillator and the pentode the detector,
the injection being in the cathode cir-
cuit as in Fig. 5.

A more complicated form of combined
oscillator and detector which is widely
used is the one shown in Fig. 6. The
valve has seven electrodes and is there-
fore a heptode, and the coupling be-
tween the oscillator portion and the de-
tector is in the electron stream itself.
It is as though the oscillations modu-
lated the detector current flowing to
the anode and this form of mixing is
very efficient and stable owing to the
absence of stray coupling between com-
ponents outside the valve. Fig. 7 shows
the circuit arrangement. Note that the
signal is not applied to the grid to the
first grid (the one nearest the cathode),
but the first and second grids form an
oscillatory circuit in which the second
grid acts as an anode. The electrons
pass through this " anode " and are
controlled by the fourth grid to which
the input signal is applied. The fifth
grid acts as the screen in an analagous
way to that in a tetrode, while the out-
put is taken from the anode circuit in
the usual way. Electrons from the
cathode are thus modulated twice on
their way to the anode-first by the
oscillatory circuit and then by the radio
input.

Another variation of the " one man
band " type of valve is the triode
hexode, in which the pentode portion
of Fig. 6 has an extra grid added which
is directly connected to the oscillator
grid. The principle of most of these
multi -electrode mixers is the same-
combined modulation of the electron
stream and a further diagram is
unnecessary here.

The remainder of the superhet cir-
circuit is on standard lines. The i.f.
amplifier valves are of the screened
pentode type with high mutual con-
ductance and the second detector is
usually a diode, which, as will be re-
membered works well with a high
signal input.

Some more details of the circuit will
be described later, including the mystic
letters A.V.C. and A.F.C.

-MALLORY

VIBRAPACKS
PERFECT PORTABLE POWER

British -made Vibrator Power Supply
Units employing the W 0 R L D.
FAMOUS "MALLORY"VIBRATORS.
OUTPUTS of up to 30 watts from either
6 volt or 12 volt battery supply.
EFFICIENCY as high as 70% including
rectification.
LIFE. Masteradio-Mallory Vibrators mean
longer life. Longer life means LOWEST
COST PER HOUR ACTUAL USE.
DEPENDABILITY. In Masteradio-
Mallory Vibrapacks the Vibrator is
working under ideal conditions, thus
ensuring utmost dependability.
Used by the War Office, Air Ministry, G.P.O.
Let our Technical Dept. solve your portable

power problems. Write for details :

MASTERADIO Ltd.
(Dept. S.W.) Vibrant Works,

RICKMANSWORTH ROAD,
WATFORD, HERTS.
'Grams : Mastiola, Watford.

'Phone : Watford 9885.

GREENWOOD

The TRIX Electrical Co. Ltd., 65 Bolsover St., London, W.1

" Electronics &

Television and

Short-wave

World " will be

sent post paid

to any part of

the world for

twelve months

for 20/ -

Universal Electrical Co.
221, CITY ROAD, LONDON, E.C. I

Telephone: CLERK 7030

1/25 H.P. Universal motors with reduction gear final drive, 240 R.P.M. A.C./D.C.
230 volts. 55/- each.

Westinghouse Charger. 200/250 A.C. 6-8 volts at 32 amps E12. 10. 0.
Westinghouse Charger 200/250 A.C. 6-8 volts at 15 amps E10. 0. 0.
All Types of American Valves from 4/- each
Sliding resistances, 400 and 800 ohms, 7/6 each.
Rack typeWestinghouse Rectifier. 110 v. or 230 v. 50 c. I PH. 50 v..75 amps. 75/.
Centrifugal Pump Unit and Motor, complete E3 15. 0 each.
D.C. Electric Drill up to in., 200/240 37/6.
Stirrup pumps 16/6 each.
Photo Electric Cells 15/.. each
" Ferranti " Line Transformers, new 6/- each.
" Foster " Double wound Transformers :

110 to 230 volts 500 watts, 50/.. 110 to 230 volts 3,000 watts 130/-.
110 to 230 volts 1,000 watts, 80/- 110 to 230 volts 5,000 watts 190/,
110 to 230 volts 2,000 watts IOW-.

Transformers 110 to 230 volts A.C. input, 12 volts output for shelter lighting :
40 watts 15/. each. 75 watts 17/6 each. 100 watts 22/6 each.

All Types of Rotary Converters sold and purchased.
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TELEVISION BROADCASTING
Production, Economics, Technique

By LENOX R. LOHR

274 pages, 9 x 6, illustrated, 2I/- net

nRESENTS descriptions of operating techniques, of
r equipment, and discussions of fundamental television

programme considerations, with an eye to the
economic and technical problems associated with television
broadcasting. Pictures, diagrams, and an actual working
programme illustrate clearly the precise and detailed
co-ordination required to get a television programme on
the air.

Contents
Television and Society
The Television System
Putting the Television Sys-

tem to Work
Television Programming -

Basic Considerations
Studio Programmes
Motion - picture Film Pro-

grammes
Outdoor Pick-up Broadcasts

The Problem of Network
Television Broadcasting

Basic Economic Factors
The Sponsor in Television
The legal Aspects of Tele-

vision Service
The Technical Elements of

the Television System
Summary of Regular Ser-

vice Operations

Write for latest list of books on Radio, Television and
Electrical Engineering

McGraw-Hill Publishing Co., Ltd.
Aldwych House, London, W.C.2.1170

Groat 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 A.F.R.Ae.S., A.M.I.
Mech.E., A.M.I.E.E., etc. in which examin-
ations T.I.G.B. Students have gained 25 FIRST
PLACES and hundreds of passes. Write
now for " The Engineer's Guide to
Success " - 200 Courses - covering all
branches - Aeronautical, Tele-communi-
cation, Mechanical, Electrical, Chemical, etc.
etc.

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

BRITAIN

LOUDSPEAKER
& TRANSFORMER SERVICE

(BRITISH AND AMERICAN)

TRANSFORMERS DESIGNED AND REPAIRED.

NEW SPEAKERS 3" to 18" P.M. and MAINS
ENERGISED.

SPEAKERS OF ALL KINDS FROM 10/6.

SINCLAIR SPEAKERS
PULTENEY TERRACE, COPENHAGEN ST., TER 4355

LONDON, N.I.

RAYMART
VARIABLE

CONDENSERS

STANDARD TYPE PRICE
VCISX 15 mmfd.
VC4OX 40 mmfd.
VCIOOX 100 mmfd.
VCI60X 160 mmfd.

(.00016 mfd.)
VC250X 250 mmfd.

(.00025 mfd.)
(All types can be ganged.)

1/9
2/0
2/3

2/6

3/0

Our standard range of micro -
variables are of all -brass construc-
tion with heavy gauge vanes and
a special device electrically short-
circuits the ball -bearing spindle,
giving noise -free operation with
smooth control and avoiding the
troubles inherent with old-fashioned
pigtails.
Ceramic insulation (RMX) is the
latest product of the laboratories.
Note how it improves at high
frequencies.

300 50,000
Loss factor at kc s. kc s.
Quartz ... 1.0 1.1
" RM X " 4.1 3.2
M icalez ... 11.9 18
Porcelain ... ... 70 85
Moulded material... 100 260
(Calculated from power factor with
quartz taken as unity at 300 kc's.)

NEW MIDGET TYPE
In response to a high demand, particularly from Government Con-
tractors and Aircraft Radio manufacturers, for a high frequency tun -
MIDGET (Approx. max.
TYPE Capacity)

MCISX 15 p.f.
MC4OX 40 p.f.
MC 100X 100 p.f.
MC7DX Double spaced

7 p.f.
MCISDX Double spaced

15 p.f.

1/10
2/I
2/5

1/10

2/0

ing condenser, occupying a minimum
amount of space, we have produced
a new range of Midget Micro -
variables. Precision built on the
same lines as our standard range
and with many features not found
in any competitive range.

RAYMART 4

B8IR

, HOL
I NLOG

WAY HEAD
MHAM, I.

LI Ko=DIS
Answers all OHM'S LAW problems!

WHAT

WHAT

WHAT

WHAT

WHAT

WHAT

WHAT

WHAT
WHAT
WHAT

The great value of
this calculator is
seen from the ten
examples quoted
below.

100% British Design.
100% British Make.

will be the voltage when current I flows through
resistance II?
will be the voltage with watts value W and I
current flowing ?
is the current flowing where watts value is W
and voltage is E ?
current will flow through R resistance where
voltage is E ?
will be the resistance where current I flows at
voltage E ?
will be the resistance where watts W is at voltage
E?
will be the resistance where watts W is at current
I?
is the wattage at voltage E through resistance R ?
is the wattage of current I through resistance R.?
will be the wattage of I current at E voltage ?
The scales read from r millivolt to 1,000 volts. From
r. ohm to 1,000,000 ohms. From r milliamp to no
amperes. From one -tenth of a milliwatt to iii,000 watts.

FULL INSTRUCTIONS SUPPLIED WITH EACH
INSTRUMENT.

.-PRICE'. 4/6 Postage 3d:

Order at once whilst deliveries are good.

IONIC LABORATORIES
514 Ipswich Rd.,Trading Estate, SLOUGH, Bucks, Eng.
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THE SHORT-WAVE RADIO WORLD
Stabilised zi-metre Oscillator
Simple Construction of
CC Pat" Tank Circuits

HE " pot " circuit gives, in effect,
a high -C low -L circuit with low
losses, which results in a very

high -Q tank. Unfortunately, the valve
has to be connected across the circuit
and thus lowers the Q, and coupling

A Peterson " pot " oscillator for 112 Me.
using two shield cans and a copper rod for the
tank circuit. The stability is superior to any
other form of U.H.F. self-excited oscillator.

the load into the circuit further reduces
the Q, but the net result is still a much
better circuit than can be obtained by
more conventional means.

The condenser employed is similar to
the neutralizing condensers used for
lower -frequency circuits, made of two
concentric cylinders of slightly different
diameters. The inductance is a short
length of coaxial line with one end
shorted. By using the outer conductor
of the coaxial line as the inner cylinder
of the condenser, and supporting the
outer plate of the condenser by the open
end of the inner conductor of the co-
axial line, a parallel -tuned circuit is
obtained that has no losses except the
resistance along the surfaces of the
metal, as the only insulator in the cir-
cuit is air and there are practically no
radiation losses because of the complete
shielding. The metallic surfaces have
considerable area and so the resistance
there is much less than in conventional
circuits.

The
Circuit

The circuit shown by Fig. i is a
tuned -anode oscillator using a pot tank
and inductive coupling to the grid. The
anode of the valve is connected to the
open end of the inner cylinder, which

A Review of the Most Important
Features of-the World's Short-

wave Developments

corresponds to one end of a conventional
coil -condenser parallel circuit, and the
grid coupling is obtained by running a
wire up through the inner cylinder
parallel to the rod. Changing the posi-
tion of this wire relative to the rod
changes the coupling and hence the
excitation.

Power is coupled out of the circuit
by a hairpin loop of wire running
parallel to the rod and in the plane of
a radius. Pushing the loop farther
down in the pot increases the coupling. Awaphom,-L-e
The tuning condenser is connected be- 8`1"`Y T

tween the anode of the valve and the
outer shield can, or in effect, across
the tuned circuit. Since the pot is con-
nected to the anode, the whole pot is at
the D.C. anode voltage above earth.
However, as a safety measure it is easy
to give the whole outer surface of the
pot several coats of clear lacquer. The
rest of the circuit consists simply of by-
pass condensers, the grid leak and an
R.F. choke, all in conventional loca-
tions. The condenser C2 is necessary

the open end of the smaller shield by
first marking it and then cutting
through with a sharp knife. A piece of
/-in. diameter copper rod is cut to ex-
actly 31- in. in length, and holes drilled
in the centre of each end are tapped to
receive 6/32 screws for fastening the
shields.

The socket is supported by a bracket
of 1 -in. wide strip brass bent in the

Output
7A4

6.3V 150V.4

Shield
a7175

Fig. 1. Circuit diagram of the " pot "
oscillator using shield cans for the concentric

cylinders.

C1-20-uufd. midget variable, modified.
C2-100-uufd. midget mica.
Ca-500-uufd. midget mica.
R,-10,000 ohms, 2 -watt carbon.
RFC -20 turns No. 22 enam. wound on i-in. diam.

form and stretched to space turns a wire diameter.

to help to remove the R.F. from the
power -supply leads.

The outer shield can is 3 in. in dia-
meter, and the inner one 21 in. in dia-
meter, and both are 31 in. long. Points
are located in the exact centres of the
ends of each can and holes drilled to
clear 6/32 screws.

A strip 3-16 in. wide is removed from

Jack

6F6

...3V to
axillotor
and 6F6

laAal

osdnao,
L

63V

.-nto 7-0 Oscillator

VR-150

Fig. 2. A modulator and power supply suit-
able for use with the " pot " oscillator.

C1-25-ufd. 25 -volt electrolytic.
C2, Cg, C4-8-2dd. 450 -volt tubular electrolytic.
14-350 ohms, 11 -watt.
R2-3000 ohms, 10 -watt wire -wound.
S1-D.p.s.t. toggle switch.
T1-S.b. or d.b. microphone to single grid.
T2-Universal modulation transformer, 12 watts.
Ch2-9-henry 85 -ma. choke (T -13C29).
Ch2-15-henry 85 -ma. choke (T -68C07).

form of a shallow U with lips bending
outwards at the ends. Tapped holes on
these lips take the screws and fasten
the socket. Another piece of the strip
brass is used to support the tuning
condenser. It is soldered on the under
side of the socket bracket at an angle of
450 to the bracket in a position that
places the centre mounting hole in the
bracket through the centre -line of this
strip. Its length is just sufficient to
reach the edge of the can by a screw
passing through the bracket and centre
of the can into the copper rod. The
tuning condenser is made a single -
support affair by sawing the rotor shaft
just past the last plate and sawing the
right-hand stator support just past the
last plate.

The left-hand stator support is left
full length and is easily loosened by
applying a hot soldering iron. The tun-
ing condenser is mounted on the end
of the brass strip with a flat -headed
screw, and the end of the left-hand
stator support should come right at the
anode connection of the socket.

This condenser and socket assembly
is fastened to the large shield can. A

hole is drilled 5-16 in. in from the
edge of the can to allow the lead from
the inner can to come through and be
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"ELECTRIC LIGHT CHECK METERS, small, late type, well-known makers, in good
condition. electrically guaranteed for 200/250 volts 50 cy. 1 phase A.C. mains. 5 amp. type
6/. ; 10 amp. 7/6 ; 20 amp., 9/. each. Post 1/- on all types.

D.C. ELECTRIC LIGHT CHECK METERS, 200/250 volts 5 and 10 amps., 4/6 each,
post 1/- (in new condition).

PHILIPS HIGH VOLTAGE CONDENSERS. Infd. at 4,000 volt working, 5/6 each.
carnage /-.

REGULATORS, STARTERS AND LARGE DIMMER RESISTANCES. Stud
Switch -arm type. State wants.

SWITCHBOARD VOLT AND AMPMETERS MOVING COIL AND MOVING
IRON. All first-class makers. Please state requirements.

TEN LINE CORDLESS TELEPHONE PORTABLE EXCHANGE BOARD,
complete with calling generator in new condition, 56/10., carriage forward.

EX R.A.F. GLASS ACCUMULATOR TANKS, 5 x 5 x 8in., new and unused, 3/6 each,
post I/ -

EX R.A.F. SWITCH PANEL, with case (new), fitted 6 small knife switches, leads, cord
and cleats, complete in wood case, 2/6 each, post 6d.

EX R.A.F. NEW NECO MOTOR BLOWER, 100 volt motor, shunt wound, 1.800 r.p.m.
ball bearing, fitted to Cyclone fan Qin, inlet,5in. outlet, massive aluminium casing I lin. dia.
new and unused, 55/. each, carriage 4/-.

SMALL ELECTRIC ROTARY CONVERTER, 110 volts D.C. input 10 volts at 30 amps 
output. Useful for garage charging, 55/., carriage forward.
D.C. MOTOR BLOWERS, 2 -in. inlet and outlet. Aluminium body, laminated field
ideal for dug -out ventilation. 100 volt, 25/-,

X-RAY TUBES by well-known makers, 7 -in. bulb Tungsten Targets. 15/. each, carriage
forward.
HIGH -VOLTAGE TRANSFORMERS, useful for all test work, or television. Input
200/240 volts, output 5,000 and 7,000 volts, 6/6 each, post I/ -

VOLTAGE CHANGING TRANSFORMERS (Auto Wound), 100/110 to 200/240 v. or
vice versa, fully guaranteed, 1,000 watts, 60/. ; 2,500 watts, 110/-.

DUGOUT LAMPS. Ex R.A.F. solid brass construction, glass dome complete with 12
volt bulb, (any bulb can be fitted), wall fitting 3/. each, post 6d. Ditto wing type, as new
2/6, post 6d.
DUGOUT LAMPS. Ex R.A.F. Porthole type or can be bracket fitted, Glass dome three
colour fitting, white, red or green, solid brass construction, 6in. dia., complete with bulb,
any size bulb can be fitted. Price 5/. post 6d.

fastened to the tuning condenser stator.
A small lug riveted to the top of the
inner can furnishes this connection.
Opposite the grid terminal of the socket
and in. from the edge, a hole is
drilled to take the grid lead. Directly
opposite the strip supporting the tuning
condenser and 7-16 in. and in. respec-
tively from the edge, two more 1 -in.
holes are drilled to take the coupling
loop : Finch holes are also drilled in
the end of the small shield and the bot-
tom of the large one for passing the
grid lead, placed so that the grid lead
will run parallel to the copper rod.

The grid lead and the coupling loop
are insulated from the cans by cement-
ing small strips of On. thick polysty-
rene to the can, after drilling holes to
pass the No. 13 wire grid lead and the
No. 18 wire coupling loop.

The bottom cap of the outer shield
can is used to support the assembly
and, in turn, is mounted on three pillars
to raise it above the baseboard and pro-
vide room for the grid condenser and
leak. It is advisable to fasten the by-
pass condensers and the heater and
cathode leads at the socket before fasten-
ing the socket to the bracket.

" Low frequency Therapy "
(Continued from page 71)

positively controlled, and is indepen-
dent of the setting of the switch, i.e.,
the plunger is so designed as to prevent

it making the circuit for a portion of
the timing interval only.

The apparatus is manufactured under
the supervision of Mr. W. Grey Walter,
of the Burden Neurological Institute,
and is normally intended for use on
A.C. mains of zoo -24o v. If, however,
voltage supplies are available an auto -
transformer is used. Each instrument
is sent out with a booklet of operating
instructions and suggestions for tech-
nique based on the work already done
at various mental hospitals.

REFERENCES.
r. Convulsion Therapy of the Psychoses.

Wyllie, J. Ment. Science, March, 194o
2. Cerletti and Bini. Boll. Acad. Med.

Rom. 64, 36, 1938.
3. Electric Convulsion Therapy of Schizo-

phrenia. Fleming, Golla & Grey Walter.
Lancet, December, 1939.

4. Electrically Induced Convulsions. Golla,
Grey Walter & Fleming. Proc. R. Soc.
Med., Vol. 33, p. 3 1 .

*See "Electrical Activity of the Human Brain" in the
Oct. x939 issue of this Journal, p, 579,

tGolla, Gray Walter & Fleming, Lancet, Dec, x939,

" Cathode Protection "
(Continued from page 8r)

the safest range of operation lies be-
tween the approximate limits of 3 and
4.5 volts. A convenient means of vary-
ing the timing is provided by an ad-
justable resistance in series with the
heater circuit.

The curve in Fig. 5 relating to open-

ing circuit shows the time required for
the contacts to re -open after the heater
has been operated long enough on the
specified voltage for a stable tempera-
ture to be reached. This time is of the
general order of zo minutes, and if the
heater is energised for shorter periods,
the reopening time will be less than
shown by the curve. In the case of the
circuit shown in Fig. 3, the heater is
disconnected immediately upon comple-
tion of the timing operation, so that
the minimum reopening time is ensured.
This feature gives a maximum of pro-
tection to the cathode of the gas -filled
triode.

" Colour Television in America "
(Continued from page 6z)

lar to that of the present day black and
white standards.

The difficulties which have to be over-
come on the transmitter side are not
great. Even considerable technical
complexity of the colour transmitter
would not interfere with the final vic-
tory of coloured television if the solu-
tion of the receiver problems are within
easy reach.

The combination of electronic and
mechanical scanning seems to be essen-
tial for the transmission and reception
of coloured pictures.

REFERENCES
1 Colour Television demonstration by

CBS engineers. -Electronics, October, 1940.

GALPINS ELECTRICAL STORES
TERMS : Cash with Order business is now transferred to
or C.O.D. Charges extra

ALL GOODS SENT ON THREE DAYS APPROVAL AGAINST CASH

21, William St., Slough, Bucks. I
LEE GREEN 5240 I

Telephone :
Owing to war circumstances this

I KW TRANSFORMER, 100v. imput at 100 cycles ; output 10,000 volts centre tapped,1/4,
price 30/-, carriage forward.

EX R.A.F. AUTOMATIC CHARGING CUT-OUTS AND VOLTAGE REGULA-
TORS to suit any dynamo up to 20 volts at 15 amps, fully adjustable, wiring instructions
complete in metal case, 3/6, post 9d.
B.T.H. LIGHTWEIGHT HEADPHONES, 4,000 ohms, headbands damaged, phones
guaranteed. 5/- per pair, post free.
DYNAMOS, all -shunt wound and fully guaranteed. 50/75 V.-15 A.. 16/10/. ; 50/75 V.-
25 A, £8/10/- ; 50 V.-30 A, T8/10/-, all carriage forward.
LARGE D.C. CIRCUIT BREAKER, as new, four pole, 100 amps.. price £5, carriage
forward.

SWITCHBOARD, lightweight, suitable for portable set, fitted a pair of meters,
Everett Edgcumbe, flush fitting, 31 ins. dia. reading 0-150 v. and 0-50 amps., moving
coil, 5 double pole knife switches, etc. £5, carriage forward.
25 -Volt D.C. MOTOR. Maker, - Crompton." h.p., ball bearing, in perfect order.
£3, carriage forward.
DITTO, on iron bedplate, but fitted with large reduction gear and rope drum. £5,
carriage forward.
110 -Volt D.C. MOTOR, totally enclosed, rated at 8 amps., ball bearings, in new
condition, make good slow -speed dynamo. F.2/5/-, carriage forward.

MANGIN REFLECTING MIRRORS for spotlight work. Price 5/., post 6d.
GUNMETAL PULLEYS, 7 -in. dia. to take I -in. dia. rope, complete with rope guard
and hook. 7/6 each, postage I/..

PHIL LIPS TRANSFORMERS, 220 v. input, output 2,000-0-2,000 volts, 200 m 'a
and two L.T.s. 50/-, carriage forward.

MILLIAMPMETERS by famous makers. 2k -in. dia., flush fitting, 0-3 m/a, 50/. ;
0-50 m 'a, 40/. ; 0-200 mia, 35/-.

2 kW TRANSFORMER CORES for rewinding, sound windings but rating unknown.
20/- each, carriage forward.

STEEL CABINETS, suitable for large amplifiers, etc., size 42 in. by 24 in. by 16 in.
Price. 35/-, carriage forward.

HP 110 v. D.C. MOTOR, in good working order. 25/-. carriage forward.

4 M.F. T.C.C. CONDENSERS, 3,000 v. working. 20/. each, carriage, pass. train 1/6.

SLIDER RESISTANCE, 2,500 ohms at 200 m/a, worm and wheel control. 251., pos
free.
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Columbia Colour Television.-Elec-
tronics and Television 6- Short -Wave World,
November, 1940.

3 Colour Television in U.S.A.-Wireless
World, November, 1940.

4 Cathodoluminescence as applied in
Television. H. W. Leverenz. RCA
Review. Volume V, Number 2, October
1940, pp. 169-173.

5 Quality in Television Pictures. P. C.
Goldmark, J. N. Dyer.--Proc. I.R.E.,
Vol. 28, No. 8, August 1940, P. 345.

6 The Marconi-E.M.I. Television System.
Blumlein, Browne, Davis, Green.-Journal
I.E.E., Vol. 83, No. 504, December 1938,
P. 761.

Revised Prices of Taylor Instruments
In view of the substantial rise in cost

of materials, Messrs. ,Taylor Electrical
Instruments, Ltd., state that since the
price revision' of December, 1939, they
are reluctantly compelled to increase the
prices of their instruments as from ist
January, 1941, :as followsi---

Universal Meter ---
Model 8IA
Model 8W . .

Mode! go .

Model 95 ...
Valve Tester-

Model 4.0

s. d.

13 13 11

18 18 o
9 9 0
7 17 6

10 10 0

Model 4oP or B/M... ... 11 0 6
Signal GeneratorS-

Model 6oA, B or U 12 12 0
Model 6oli/N1 13 2 6

Valve Tester-
Model 45 14 3 6
Model 4513/M 14 14
Model 45P ... 14 19
Model 47 .. 16 16 o

Model 4713/ NI 17 6 6
Model 47P 17 Ii 6

Oscilloscope --
Model 30 ... 21 0 0
Owing to the unsteadiness of the costs

of raw material, the prices above are
subject to further alteration at very
short notice.

Vibrator Units with U.H.F. Receivers
SIR,-We note with interest your

article on the S27 Hallicrafter U.H.F.
receiver in the December issue, and in
particular your statement that you can-
not find a vibrator unit suitable for use
with ultra -high frequency receivers.

We would like to point out that cur
Vibrapacks types 6B2ooC, 6B25oC and
6B3ooC have been used on communica-
tion receivers on the frequencies in
question, and given absolutely complete
satisfaction.

With reference to the paragraph sug-
gesting that manufacturers should de-
velop units for use with receivers on
ultra -high frequencies, we would like
you to know that we have been manu-
facturing a unit for this purpose for a
long time; in fact; it is possible to work
the most sensitive communication re-
ceivers on Masteradio Mallory Vibra-
packs .over a complete range of fre-
quenciesfits.from 5o cs. to so Mcs. which,
we think you will agree, is rather more
than the average requirements.

We have also designed Vibrapacks to
work high -frequency battery -operated
receivers with a sensitivity of one
micro -volt using directly heated valves,
which we consider to be a far more dif-
ficult problem, as the requirements are
such that no increase in noise could be
tolerated when changing from battery
operation to Vibrapack.

In view of the above remarks, we fee,
sure that you will be prepared to amend
your opinion.

S. L. ROBINSON.

Masteradio Limited,
Vibrant Works,

Rickmansworth Road, Watford.

CONDITIONS OF SALE AND SUPPLY.-This periodical is sold subject to the folloxing conditions, namely, that it shall not
without the written consent of the publishers first given, be lent, re -sal, hired out or otherwise disposed of by way of Trade except
at the full retail price of 1/6 and that it shall not be lent, re -sold, hired out or otherwise disposed of in a mutilated condition or in any
unauthorised cover by way of Trade : or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever.

Apologies
to all readers of this Journal who were kept waiting for
a copy of
The Amateur Radio Handbook

(iecond Edition)
Due to unprecedented demands from personnel in Signals Branches

of the Army, Navy, and Air Force, the original printing of 4,000 copies
was sold out within four months of publication. An even larger
reprinted Second Edition is now available which it is hoped will
prevent further disappointment.

The Amateur Radio Handbook
PRICE 4 /2 (POST FREE)

It contains 328 pages of information on every phase of radio com-
munication-its scope ranging from a full length Chapter on Radio
Fundamentals to two extensive Chapters dealing with the Very High
Frequencies.

Other important Chapters deal with Valves, Receivers, Trans-
mitters, Aerials, Frequency Meters, Measuring Instruments and Power
Supplies.

Two new Chapters entitled " Workship Practice " and " Crystal
Band Pass Filters " bring the Second Edition fully up to date.

The reprint contains a completely revised Chapter of " Selected
References," in addition to Formulae, Data and Abacs.
R.S.G.B. Membership-During the past six months nearly
300 applications for membership have been approved by the Council.
Send 1 /- P.O. for full details of Reduced War Time Subscription rates,
and a copy of the current issue of The T. & R. Bulletin.
All communications to :-

RADIO SOCIETY OF GREAT BRITAIN
16, Ashridge Gardens, London, N.13

Telephone : Palmers Green 3255

INTEREST IN

TELEVISION
IS NOT DEAD !

The war may have temporarily checked the
development of television in this country, but the
interest of hundreds of amateurs has not waned.
If you are one of those who wish to keep in touch
with television developments and meet fellow
enthusiasts, the Television Society offers you every
facility.
The work is still being actively carried on at the
new headquarters at 17, Featherstone Buildings,
W.C.z, where a library and data collection has
been installed, and a museum of historic specimens
is in course of arrangement.
If you are interested in keeping television " on the
map " and helping the work forward, write for
particulars of membership to the Hon. General
Secretary :

MR. J. J. DENTON,
17, Anerley Station Road,

London, S.E.2o

THE TELEVISION SOCIETY
(Founded 1927)

President : Sir AMBROSE FLEMING, M.A., D.Sc., F.R.S.
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OPPORTUNITIES SECTION
BUSINESS EQUIPMENT EMPLOYMENT MISCELLANEOUS
The charge for miscellaneous advertisements on this page is 12 words or less 2/-, and 2d. for every additional word. Single -column inch rate
displayed, 12/6. All advertisements must be accompanied by remittance. Cheques and Postal Orders should be made payable to Hutton Press, Ltd.,

and crossed, and should reach this office, 43, Shoe Lane, London, E.C.4, not later than the 15th of the month previous to date of issue.

"More Electronic Patents "
(See page 76)

(Patent No. 527,104.)
Transmission system for hand-

ling a wide band of frequencies as
in television, and for equalising the
attenuation as between the higher
and lower ranges of the frequency
band. - Standard Telephones and
Cables, Ltd..

(Patent No. 527,188.)
Amplifier for a wide band of tele-

vision signals with an impedance
coupling network equivalent to a
pure resistance so as to avoid dis-
tortion due to phase-shift.-Mar-
coni's Wireless Telegraph Co.,
Ltd.

Synchronising Systems
(Patent No. 526,211.)

In order to simplify the problem
of synchronisation, the picture signals
are superimposed on one carrier -
frequency, whilst the audible signals
are superposed on one carrier -fre-
quency, whilst the audible signals are
superposed on another carrier fre-
quency, together with two " sweep "
frequencies corresponding to the
line and frame scanning frequencies
used at the transmitter. The two
carriers are in turn superposed on a
third carrier -wave which is radiated.

No local generator of scanning fre-
quencies is used at the receiver, but
the sweep frequencies which form
part of the complex radiated wave are
first separated out and are converted
into saw-toothed oscillations and
applied directly to the deflecting
plates of the cathode-ray tube. The
arrangement " locks " the trans-
mitter to the receiver through the

ether, and gives perfect synchronisa-
tion, particularly when an inter-
laced system of scanning is used.-
Standard Telephones and Cables,
Ltd.

INDEX TO ADVERTISERS

Automatic Coil Winder & Electrical
Equipment Co., Ltd.
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15, Britannia St. London. W. C. I.

Terminus 6624

TELEVISION.
A NEW COURSE OF INSTRUCTION.

We have pleasure in announcing that our new " Television " Course
has met with remarkable success. The enormous demand for the
Course has shown, beyond any shadow of doubt, that it fills that long -
felt need which we anticipated when we went to such trouble and
expense in its preparation.
We shall be happy to send full details of this special " Television
Course on request. Particulars are also available of other Courses
in all branches of Wireless, Television, Talking Picture Engineer'ng,
etc., and of the easiest way in which to prepare for the A.M.I.E.E..
A.M.I.W.T., A.M.I.R.E., etc., Examinations.

We teach by correspondence, and guarantee " NO
PASS-NO FEE." Our Technical Consultant is

Professor A. M. Low.
Send for full particulars to -day. Free and without obligatioe.

THE BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY
137, SHAKESPEARE HOUSE, 17119, STRATFORD PLACE

LONDON, W.I.

" Electronics &

Television and

Short-wave
World" will be

sent post paid

to any part of

the world for

twelve months

for 20/ -

MISCELLANEOUS

ALL TYPES of Rotary Converters, electric motors,
battery chargers, petrol electric generator sets, etc.,
in stock, new and second-hand.

A.C.-D.C. Conversion Units for Operating D.C.
Receivers from A.C. Mains, coo watts output, £2. I0 ;
150 watts output, £3. ro.

WARD, 46, Farringdon St., London, E.C.4. Tel.Holborn 9703.

LOUDSPEAKER repairs, British, American, an)
make, 24 -hour service ; moderate prices.-Sinclah
Speakers, Pulteney Terrace, Copenhagen Street, N.r.

LOUDSPEAKERS

3,000 SPEAKERS P.M. and energised 4' to 14.3including several Epoch 18'. Sinclair Speakers,
Pulteney Terrace, Copenhagen Street, N.'.

RADIO MAP AND GLOBE

WEBB'S Radio Map of the World enables you to
locate any station heard. Size 40" by 30" 2 colour heavy
Art Paper, 4/6d.,post 6d. Limited supply on Linen,to/6,
post 6d. WEBB'S Radio Globe-superb re full -
colour model. Radio prefixes, zones, etc. Heavy
oxydised mount. Post Paid. 27/6.-Webb's Radio,
14, Soho Street, London, W.I. 'Phone: Gerrard 2089.

MORSE EQUIPMENT

FULL range of Transmitting Keys, practice sets and
other equipment for Morse training.-Webb's Radio,
14, Soho Street, London, W.I. Phone : GERard 2089.

TUITION

YOUNG MEN- wanted to train as radio officers in
Merchant Navy and R.A.F. Students also prepared
for peace -time wireless appointments in radio and
television. Boarders accepted ; low fees. College in
ideal peaceful surroundings. Prospectus free.-
Wireless College, Colwyn Bay.
PRACTICAL POSTAL COURSES, radio television,
test equipment design, trade -test coaching for R.A.F.
post, I.P.R.E. and I.W.T. exams.; booklet free-
Secretary, I.P.R.E., Bush House, Walton Avenue,
Henley-on-Thames.

PATENT AND TRADE
MARK AGENTS

GEE & CO., (II. T. P. Gee, Mem. R.S.G.B., etc.).
51-52, Chancery Lane, London, W.C.2. Holborn
4547-8. Handbook free.

MORSE TRAINING

MORSE CODE COURSES. " Book of Facts "
Free.-Candler System Co. (Room 55 B), 121
Kingsway. London, W.C.2.

WANTED

" ELECTRONICS & TELEVISION," January
2940 Issue. Cash. Sowerby, Croft House, Salisbury

*BOOKSELLERS TO THE WORLD 4',
New and secondhand Books on every subject.

Join the Scientific Book Club
113-125 Charing Cross Road, London, W.C.2

Telepnone . Gerrard 5660 (16 lines)
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\t/ IE IBISS
IN

WAR -TIME

he war has created an unprece-
ented demand for communica-
on receivers. The general use
f this type of receiver by the
rvices has established that no
her can fill thq exacting war-
e requirement. Webb's Radio

e proud of the fict that they were
pioneers in developing the

e of this type of precision -built
eiver, and of the resultant

mands for them. Private pur
sers will realise that they
ers will receive every atter-
--but national requirements
t come first.

HALLICRAFTER 1941 MODEL

ALL departments of His Majesty's Services have relied to
a great extent on " Webb's " for the enormous number

of essential components which have not been procurable
elsewhere.

THE Radio Amateur and Experimenter have appreciated
for years that they could procure any instrument or

component necessary for development of high and ultra-
high frequency equipment actually from " Webb's " stock.

THE War Office, Admiralty, Air Ministry are increasing
their demands on our services, and despite the

difficulties of trading, we are maintaining supplies in the
interests of the great national effort. At the same time, we
are not overlooking the immediate needs of our numerous
friends who desire equipment for personal use.

LTHOUGH supplies of many well-known products are
4 4. strictly limited, we are still able to deliver most types
of American valves, both transmitting and receiving-
numerous American hard -to -substitute components and
even a few communication receivers. Supplies of Head-
phones, telegraph keys, morse equipment, Eddystone
components, etc., are good. If it is humanly possible, we
will never disappoint you.

vit INFoRt44,,
04P° q0A,

WEBB'S RADIO
OXFORD ST., LONDON, W.I.

OPEN 9.0 a.m. TO 6.0 p.m. SATE, 1 O'CLOCK

TELEPHONE GERRAR
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