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For U.M. Services 
There is a great interest in equipment for training operators, particularly for Service 

requirements. Although supplies are limited, Webb's are making every endeavour 

to reserve supplies for members of the Forces, Schools, etc. Below are details of some 

of the lines which can be delivered speedily but numerous other lines are generally 

available. 

MORSE KEYS 
Model A. A bar type key of the popular " Post Office " type specially designed for 
initial training. Finish, nickel-plate on wood base with heavy terminals. 8/-. 
Model B. Heavy-duty bar type key as illustrated. Lacquered brass, heavy contacts 
on polished wood base. 10/6. 
Model C. Post Office type bar key with micrometer adjustments capable of with-
standing hard work. 17 6. 
McElroy Semi-automatic " Bug " key Standard heavy-duty model. 43/-. 

McELROY AUTOMATIC TRANSMITTER 
This is a machine consisting of photocell, 
the ray to which is broken by printed 

tape. The output from the 
cell is amplified and trig-
gers a sensitive relay, 
making the instrument 
capable of keying at any 
speed from 5 to 50 words 
per minute. It should be 
used in conjunction with 
an audio oscillator as 
illustrated. Price of Mac 
Auto complete with one 
tape (approximately 2,000 
words), £9 4s. Tape 
Puller for feeding the 
above, £3 l 7s. 6d. 

HEADPHONES 

AUDIO OSCILLATOR 

Webb's have available a special lightweight headphone manufactured for training purposes by 
S. G. Brown solely for Webb's at 17/6 a pair. All other popular 
headphones are available from stock including the FAMOUS 

oe• INFoR44 
BROWN'S " A " ADJUSTABLE REED at 57/6. er$ IDE 

'S WEBB'S RADI oeickv 

Audio Oscillator suitable for 
feeding one to two pairs of 
headphones complete with line 
cord for 230-volt A.C. mains 
giving 1,000 cycle note, com-
plete with valves, 45/-. 

HEAVY-DUTY 
" SCHOOLS " MODEL 
AUDIO OSCILLATOR, 
giving outputs to feed 20 
or 50 pairs of telephones 
or alternatively several 
loudspeakers, is now avail-
able at a 10s. Od. 

14, SOHO ST., OXFORD ST., LONDON, W.I. 
OPEN 9.0 a.m. TO 6.0 p.m. SATS. I O'CLOCK 

TELEPHONE : GERRARD 2089 
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For some purposes, a dial larger than our standard 41" type is desirable, and 
we have therefore introduced a 6" diameter dial, engraved 0-300, over 180°. 

It is silvered and lacquered, and is provided with a sprung vernier for 
accurate reading. 

Our standard 50: 1 slow motion drive is fitted, and the unit is 
particularly suitable for use on Wavemeters, Signal Generators, etc. 

The Dial can be supplied with or without Dial 
Lens Type D-112-A and Dial Lock Type D-128-A. 

MUIRHEAD 
MUIRHEAD & CO. LTD., ELMERS END, BECKENHAM, KENT • TELEPHONE BECKENHAM 0041 - 0042 

FOR OVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS 

C.R.C.32. 
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Value proven 
by long serriee 

()srant valves 
MADE IN 
ENGLAND 

for 

INDUSTRIAL APPLICATIONS 
• 

ELECTRO MEDICAL 
EQUIPMENT 

• 

THERMIONIC INSTRUMENTS 
and TEST GEAR 

• 

VITAL COM MUNICATIONS 
and WARNING SYSTEMS 

ETC. 

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

'1, >7 
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Full details and advice gladly given 

,h,fr 1.7 e 

12-16 LAYSTALL STREET, LONDON, E.C.I. 

'Phone : TERminus 4118-9. Grams: CALANEL, SMITH, LONDON. 

CONTRACTORS TO G.P.O. AND GOVERNMENT DEPARTMENTS. ON A.I.D. APPROVED LIST. 

e e el/cc €A4 4  ¿ow Zetied eeÁa,freeieil 
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TROUBLE-
TRACKING 

Rcgd. Trade Mark 

ELECTRICAL MEASURING 
INSTRUMENTS 

Sole Proprietors and Manufacturers: 
AUTOMATIC COIL WINDER fk ELECTRICAL EQUIPMENT 

Volts 
0- 76 milli-

volts 
0- 3 volts 
0- 25 
0-100 
0-260 
0-500 

e 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 Milliamps 
0- 6 volts 0. 2.5 

amps. 
0 -26 " 0- 5 „ 
0-100 „ 0- 25 „ 
0-250 „ 0-100 „ 
0-500 „ 0-500 „ 

RESISTANCE 
0- 20,000 ohms 0- 2 megotans 
0-100,000 „ 0- 5 „ 
0-500,000 ,, 0 10 „ 

THE D.C. AVOMINOR 

•• 

10. 

ELECTRICAL MLAS ,JRING INST6/ UMEN1 

13 Meters in ONE 
Current ' Voltage ' 
railliaraps volts 

0- 6 0- 6 
0- 30 0- 12 
0-120 0-120 

0-240 
0-300 
0-600 

Resistance 
oh ros 

0, 10,000 
0- 80,000 
0-1,200,000 
megohms 

0-3 

Delay In delivery of Trade orders is Inevitable, 

but we shall continue to do our best to fulfil 

your requirements as promptly as possible. 

THE UNIVERSAL AVOMINOR 

e Wriie for fully discriptive pamphlet, and curving pekes. THE D.C. AVOMINOR 

Co. Ltd., Winder House, Douglas Street, London, S.W.I. Phone: Victoria 340417 

NOISE SILENCER 
APPLICATIONS 
Westinghouse Metal Rectifiers may be used for the reduction of static 
interference, their operation in such circuits being entirely automatic, 
and dependent solely upon the property that their resistance decreases 
as the current passing increases. The rectifiers are connected to give 
a non-linear characteristic in both directions, the circuit being arranged 
so that the normal maximum audio voltage across them does not raise 
the operating point on to the straight portion of the rectifier 
characteristic curve. Noise peaks cause the rectifiers to work on the 
straight portion and act as a short-circuit across the output for the 
duration of the peak. 

(A) This is the most simple circuit and uses " H " type units. 

(8) A more elaborate circuit using two W.6 Westectors 
and allowing the " cut-off" point to be varied to suit 
different conditions. 

(C) A circuit using two W.X.6 Westectors for use in an 
early low-frequency stage. 

WESTINGHOUSE METAL RECTIFIERS 

 COUPON 
To Westinghouse Brake & Signal Co., Ltd., 

Pew Hill House, Chippenham, Wilts. 

I enclose 3d. in stamps. Please send me a copy of " The All Metal Way," 
giving details of noise silencer applications. 

Name   

Address   

EC 1041 

a 
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TUCKER EYELETS 

Speed up your assembly and at the same time 
cut your costs by using TUCKER Eyelets and 
Tags. Cheaper, quicker and secure. Self-feed 

power machines to cater for all problems. 

OUS, 

• • 

GEo.TUCKER EYELET co. LTD. 
WALSALL RD. PERRY BARR. 8,IRMINGHAM, 22 Tel:-BIRthfu-at. 5024 

Slow: 

15w. AC & 12-VOLT DC AMPLIFIER 

TYPE CP20 

Prices: Plus 20% War Increase 

AC and 12-volt CHASSIS with valves, etc. £12 12 0 
AC only CHASSIS with valves, etc. .. £8 18 6 

Gauze Case for either chassis 12 6 extra. 

•111 

db • 

ThVitrele9sWorid IPP01.0.801 S  PPP.. P IIIIPOR• 

My response curve supplied to order 

Prompt deliveries on Priority Al Contracts 

THIS small Portable Amplifier operating either 
from AC mains or 12-volt battery, was tested 
by " THE WIRELESS WORLD," October 1st, 

1937, and'has proved so popular that at Customers' 
demand it remains unaltered except that the output 
has been increased to 17.2 watts and the battery 
consumption lowered to 6 amperes. Read what 
" The Wireless World " said ,— 

" During tests an output of 14.7 watts was obtained 
without any trace of distortion so that the rating of 
15 watts is quite justified. The measured response 
shows an upper limit of 18,000 c/s and a lower 
of 30 c/s. Its performance is exceptionally good. 
Another outstanding feature is its exceptionally 
low hum level when AC operated even without 
an earth connection. In order to obtain the maximum 
undistorted output, an input to the microphone jack 
of 0.037 volt was required. The two independent 
volume controls enable one to adjust the gain of 
the amplifier for the same power output from both 
sources, as well as superimpose one on the other, 
or fade out one and bring the other up to full 
volume. The secondary of the output transformer 
is tapped for loud speakers or line impedances 
of 4, 7.5 and 15 ohms." 

VORTEXION LTD. 
257, The Broadway, Wimbledon, S.W.19 

'Phone: LIBerty 2814 
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RADIO 

VALVE S 

Mazda Radio Valves are manulactured in Gt. Britain for the British Thomson-Houston Co. ltd., London L Rugby and distributed by 

THE EDISON SWAN ELECTRIC CO. LTD. 155 (HARING (ROSS RD., LONDON, W.C2 

For full particulars write to Technical Service Department 
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THE average man does not realise 
to what an extent plastics are 
forming part of everyday life, so 

unobtrusively are they replacing the 
familiar wood and metal. 
In the electrical industry we are 

more often reminded of the increasing 
uses of plastic materials and note the 
gradual disappearance of the ebonite 
panel or the metal meter case from the 
laboratory and the introduction of new 
coverings for wire. 

Incidentally, conservatism apparently 
still demands that the cases of meters 
should be black, but it might be worth 
considering fitting, say, high tension 
voltmeters with red cases as standard. 
Possibly there will be a B.S.I. colour 
code for meters in a few years time, 
with gold bands to indicate sub-
standard accuracy. 

It is generally thought that plastics 
are of recen/ origin, but celluloid, the 
father of them all, was made in 1865. 
Bakelite, the first of the new insulating 
materials of the plastic type, dates from 
'ow and the bal:elite moulding from 
iqz6. After the last war the develop-
ment of thermo-plastics in this country 
proceeded rapidly until twenty years 
later Great Britain and U.S.A. between 
them were producing over 40,000 tons 
of thermo-setting resins yearly. The 
plastics industry at the present time can 
compare with the rubber industry, and 
the demands of the present war have 
enormously accelerated its growth. 
No other materials can claim so many 

PAGE 

Application of Electronics to Industry 444 

Technique of Receiver Measurements. Part Ill ... 452 

Small Power Pentodes as Negative Resistance 
Oscillators ... 456 

Abstracts of Electronic Literature 458 

An Experimental Electronic Musical Instrument ... 460 

Plastics 
desirable properties as plastic mate-
rials. They are incorrodible, prac-
tically unbreakable, light, adaptable to 
nearly all manufacturing processes, and 
although they do not resist heat, this 
restriction on their uses is a minor one 
compared with the variety of applica-
tions which can be found for them. 

FREQUENCY MODULATION 

Commencing in the November 
issue a series of six articles on this 
important subject will be published 
under the following headings :— 

I. General Nature of the System. 
2. The Advantages and Disadvantages 

of Frequency and Phase Modula-
tion. 

3. Methods of Achieving Frequency 
and Phase Modulated Trans-
mission. 

4. Reception of Frequency or Phase 
Modulated Transmission. 

5. Prevention of Amplitude Change 
and Conversion of Frequency or 
Phase Modulation to Amplitude 
Modulation. 

6. Particular Circuits for Conversion 
to Amplitude Modulation. 

The author of the series is Dr. K. R. 
Sturley of the Marconi School of 
Wireless Communication whose book 
" Radio Receiver Design " is shortly 
being published by Messrs. Chapman 
& Hall. 

In the July issue of this journal* 
appeared a review of a small book on 
plastics written by two prominent mem-
bers of the industry. In the concluding 
pages they paint an optimistic picture 
of the citizen of the future surroundea 
by plastics from the cradle, using 
plastic lenses and false teeth in middle 
age and finally being put away in an 
everlasting plastic coffin. However de-
pressing the last thought is, there is no 
doubt that the plastic age is ousting the 
wood and metal age for many purposes 
and its advent will be accelerated by 
the urgent need for replacements after 
the war. 
At the present time the interest of 

radio engineers is centred on plastics of 
the polystyrene type for their valuable 
properties in ultra-high-frequency work. 
Distrené, perspex, trolitul and diakon 
are now familiar component materials 
in modern short wave apparatus. In 
high voltage work, types of vinyl resins 
have a breakdown voltage of over 25kv. 
per millimetre, and are being increas-
ingly used foi flexible 'coverings for 
cables and wires. 

In view of the particular interest 
which plastics hold for radio manufac-
turers and engineers at present, we 
have invited one of the authbrs of the 
book mentioned above to contribute a 
short series of articles to this journal 
and the first will appear shortly. 
— — 

* p. 327. 
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The Generation and Amplification 
of Microwaves 

By C. E. LOCKHART 

Negative Grid Valves—Part 3 

The discussion of negative grid valves is concluded this month with a review of the salient 
features of the valves tabulated in Table II of last month's article as well as a number of 

other valves. The series will be resumed in December. 

Transmitting Triodes 
I. Filamentary Radiation Cooled 

Standard 3B/250 
This is a 300 voit 25 watt triode, the 

production version of the smallest of the 
three double-lead-out U.H.F. triodes 
developed by the Western Electri, 
Co. 28, w and has the highest operating 
frequency of any existing negative-grid 
triode. In appearance it is identical 
with the illustration in Fig. 6, Part I. 
The limit of oscillation is reached at a 
frequency of the order of 1,800 Mc/s. 
(See Fig. 9) Part II. The filament is 
intended to be operated on a current 
basis. Diameter of bulb 2 M. 
Western Electric 31 6A, Standard 43I6A 
and Mullard T.Y. 04.30 

This 450 volt 30 watt valve is the 
original W.E. " door-knob" with t00% 
ratings down to 6o cms. (500 Mc/s) 
which was later improved in the double-
lead-out series. The variation of per. 
formance with frequency is given in 
Fig. 9 from which it will be seen that 
the limit of oscillation is reached at 
frequency of the order of 750 Mc/s. 
diameter of bulb 2.11/16 in. 
R.C.A. 1628 

This is a 1,00o volt 40 watt triode with 
l00% ratings down to 6o cm. (50o Mc/s) 
and is illustrated on Fig. 7, Part I. 
It is provided with double lead-outs 
to the grid and anode and has a 
double helical filament with a centre 
tap in order to minimise the effect of 
filament lead inductance. Bulb dia-
meter 1.1/16 in.* 

Western Electric 304B, Standard 430413, 
R.C.A. 834 and Mullard T.Y. 1-50 
A 1,25o volt so watt triode with i00% 

ratings down to 300 cm. (loci Mc/s). 
This type developed by Western 
Electric Co. was one of the first valves 
commercially available to be capable 
of generating microwaves. The alter-
native versions are very similar in ap-
pearance and characteristics. The 
R.C.A. 834 is illustrated on Fig. ti, 
Part II, while the performance of the 
4304B is shown on Fig. 9. The limit of 
oscillation is reached in the region of 
100 Mc/s. Maximum bulb diameter 2.5-
2.7 in. 
The Osram D.E.T.I2 has very similar 
characteristics. 

* The caption under this figure in the 
last issue should have read : R.C.A. 40 
watt ultra short wave triode with i00% 
ratings down to 60 cm. (500 Mc/s). 

rn 

Fig. 14. External and sectional views of 
R.C.A. 888 3000 v. 1000 W. water-cooled 
triode with 100 per cent, ratings down to 

130 cm. (From R.C.A. Review, 1937.) 

Western Electric D. 156548 

This soo volt 50 watt triode is another 
model of the W.E. double-lead-out 
series and a larger edition of the 
3B/250 developed for use in radio alti-
meters.. 27, 41 Very little information 
is available on this valve and the curve 
shown dotted in Fig. 9 is an estimate 
from the three points available. The 
filament is intended for operation on a 
current basis. The valve is illustrated 
in Fig. "6, Part E and has a maximum 
bulb diameter of ri in. 

Western Electric 356A 

A 1,500 volt so watt triode tvith C.C.S. 
i00% ratings up to 300 cm. (too 11c/s) 
and reduced ratings at lower wave-
lengths. An all-glass construction 
with a ceramic wafer at valve pins, a 
centre-tapped filament (5 volt 5 amps.), 
and an amplification factor of 5o. Maxi-
mum operating anode current 120 mA. 
Power output : too Mc/s 75 watts: 150 
Mc/s 5o watts. 

R.C.A. 826 

This is a 1,000 volt 60 watt triode 
with i00% rating down to 120 cm. (250 

Mc/s) with double grid and anode lead-
outs and a centre-tapped filament in 
order to minimise the effect of filament 
lead inductance. The valve is illus-
trated on Fig. 13, Part II and has a 
bulb diameter of 2 in. 

Osram A.C.T. 7 

A 2,500 volt 300 watt tungsten fila-
ment triode with i00% ratings down to 
a wavelength of 350 cm. (86 Mc/s) an 
efficiency of 30% is obtainable at a 
wavelength of 175 cms. (170 Mc/s). The 
valve has the following ratings for 
Class C Telegraph>. service. 

Filament volts li 

Filament current (amps.) 
Amplification factor 
Max. total cathode current (mA.) 1,500 
Max. anode volts 2,500 
Max. anode dissipation (watts) 300 
Max. D.C. anode current (mA.) 300 
Powei output at 350 cms. 

(86 Mc/s) watts 
Power output at 250 cms. 

((20 Mc/s) watts 300 
Inter electrode capacities. 
Grid-anode g. i AtALF 
Grid-filament 8.8 ,nµF 
Anode-filament 0.7 /2/.4F 

Western Electric 357A 

A 4,000 volt 350 watt triode with 
i00% rating down tu 300 cms. 

(too Mc/s) and reduced ratings at lower 
wavelengths. 
Design Characteristics. 
Filament volts lo 
Vilitment current (amps.) 
Mutual conductance mA./V iit 

la = 500 mA. 
Amplification factor 
Max. D.C. anode current (mA.) 
Max. D.C. grid current (mA.) 
Max. D.C. anode volts 4,000 
Max. anode dissipation watts 350 

interelectrode 
Grid-anode " 4.25 12/.4F 
Crid-filament 9.5 MAI; 
Anode-filament 2.5 pm 

The valve is illustrated in Fig. 12, 

l'art II. 
The chief constructional features of 

the 357A are heavy copper low-induct-
ance leads sealed directly through the 
glass and shielded ceramic insulators 
which contact only one electrode. 

2. Filamentary Water Cooled 

R.C.A. 887 and 888 Is " 

These valves are 3,000 volt 1,ocio watt 
water-cooled triodes with C.C.S. i00% 
ratings down to 130 cm. (225 Mc/s). Fou 
their power the valves are very small in 
size (7 in. overall length), see Fig. 1.1.. 
By making the lead-buts essentially a 
continuation of the electrodes and keep 
ing the diameter of the enclosing glass 

45° 
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Fig. 15. Performance curves of the R.C.A. 
887 and 888 under Class C Telegraphy conditions, 
showing loss of power and efficiency, with 
frequency. The upper curve of each pair 

relates to the power output. 

cylinders very small the whole electrode 
system approaches the ideal for use 
with concentric line circuits. 
The total length of the grid structure 

(the grid is made of tantalum) up to the 
point of external contact is less than 
10 cm. The length of the tungsten fila-
ment structure to the point of external 
contact is also about io cm. The copper 
anode which is only an inch long is less 
than an inch in diameter. 

In order to reduce transit time effects 
the grid to filament and grid-anode 
spacings have been made 6o and qo 
thousandths of an inch respectively and 
the grid and filament are entirely self-
supporting in order to remove all in-
sulators. The glass portion of the en-
velope is shielded to prevent high volt-
age gradients. The valve is illustrated 
on Fig. 14 and performance characteris-
tics as an oscillator and amplifier are 
shown on Fig. 15. The amplifier curve 
was taken experimentally up to zoo 
Mc/s, though the estimated perform-
ance is shown up to 300 Mc/s. 

General Electric Co. (U.S.A.) G.L. 8002 
and G.L. 8002R 

This remarkable 3,000 volt 1,200 watt 
water-cooled valve designed for Fre-
quency Modulated and Television 
Transmitters has C.C.S. i00% ratings 
down to zoo cm. (15o Mc/s) and de-
livers 1,800 watts at this wavelength yet 
its overall length is only 4.11/16 in. 
and its maximum diameter in. It 
will operate at reduced ratings down to 
loo cm. (300 Mc/s). The G.L.8002 which 
is illustrated in Fig. 16, has three grid 
lead-outs and a centre-tapped filament 
to enable inductance effects to be 
minimised. 

It is also available in forced-air cool-
ing form as the G.L. 800-212 with 
3.11/16 in, diameter radiator milled 
from solid copper. While the char-
acteristics are identical to the water 
cooled model, the frequencies for i00% 
ratings are slightly lower, the valve de-
livering 1,800 watts down to 250 cm 
(izo Mc/s) and operating at reduced 
ratings down to 15o cm. (zoo Mc/s). 
These valves are noteworthy as being 

the only design in this review capable 

of competing with an ordinary medium 
wave design of equal dissipation, owing 
to their high permissible input of 3 kW. 

Transmitting Beam Power 
Amplifiers 

I. Radiation Cooled 

At was pointed out in the first part 
of this article triodes can be neutralised 
as amplifiers down to wavelengths of 
the order of 90 cm. (35o Mc/s). The 
neutralisation, however, operates only 
at the wavelength for which it has been 
adjusted, and is therefore inconvenient 
for use in equipments which have to 
cover a given wave-band. For this 
class of service a stable screened ampli-
fier is desirable. The trouble of provid-
ing really low impedance connexions to 
the screening electrode has already been 
pointed out. However, by the use of a 
push-pull circuit and by mounting the 
two electrode structures in one bulb (in 
order to join the two screens and two 
cathodes with the shortest possible low 
impedance connectors) a big improve-
ment can be realised. With this ar-
rangement the voltage drop in the com-
mon connecting lead to the screen or 
cathode electrodes will be reduced as 
the fundamental and even harmonic 
components of the space current will 
tend to neutralise. 20. 24. 23, 27, 30. 31 In 
addition the push-pull circuit with the 
suitable electrode lead-outs made avail-
able by the mounting of the two elec-
trode structures in one bulb enables 
efficient use to be made of parallel wire 
resonant line circuits. 

Fig. 18. This illustration shows the remarkably 
small size of the G.L. 8002, which is a 3000 v. 
1200 watt water-cooled triode with 100 per cent. 
ratings down to 200 cm., at which wavelength 

it delivers 1800 watts. Inset : GL. 8002R. 

As in the case of a screened amplifier 
the screen dissipation becomes one of 
the main limiting factors to the output 
obtainable, it is imperative to align the 
control grid and screen grid in order to 
reduce the screen current to a mini-
mum. Also in order to obtain the maxi-
mum anode circuit efficiency it is neces-
sary to obtain the lowest possible 
" knee " voltage for the anode current-
anode voltage characteristic. With the 

Fig. 17. Performance curves for Class C 
Telegraphy service of R.C.A. 832, showing 
loss of power and efficiency with increase of 

frequency. 

high peak anode currents required for 
Class C operation a better characteristic 
can be obtained with a beam tetrode 
type of design rather than with the sup-
pressor grid of a pentode. 
The R.C.A. company have put on the 

market a number of such push-pull 
screened beam amplifiers, the first of 
these to be released being the 

R.C.A. 832 
This valve which has a total anode 

dissipation of 15 watts for the two 
anodes is illustrated in Fig. io, Part II. 
The two anodes are brought out at the 
top of the bulb and the two grids 
through the all-glass base together with 
the screen, cathode and heater con-
nexions. The flat metal disk shield 
seen in the illustration provides a low 
impedance connexion between the two 
cathodes and also acts as an internal 
screen between the input and output 
electrodes. 
As these valves had to be suitable for 

use at high altitudes (in aeroplanes) the 
anode voltage, and therefore also the 
screen voltage, had to be kept low. 
This factor necessitated the use of com-
paratively small gaps. The grid-
cathode spacing employed is of the 
order of ten thousandths of an inch. 
The 832 provides a stable amplifier with 
a reasonable power output down to 
wavelengths of the order of 120 cm. 
(25o Mc/s) the loss of output with in-
crease of frequency is shown in Fig. 17. 
From these curves and the information 
provided on Table II it will be seen 
that for an anode voltage of goo and a 
total anode current of 90 mA. a grid 
R.F. drive of 124 volts peak-peak be-
tween grids will provide a power out-
put of 22,1s watts up to a frequency of 
150 Mc/s. For these curves the anode 
voltage was kept constant at 400 up to 
250 Mc/s, at higher frequencies it was 
progressively reduced to the order of 
360 volts at 300 Mc/s and 300 volts at 
400 Mc/s. The input power to the 
anodes was, however, suitably reduced 
above about iso Mc/s in order not to 
exceed the maximum rated anode dis-
sipation (7?: watts per anode). 

R.C.A. 815 

This 500 volt 23 watt total anode dis-
sipation push-purl beam tetrode is an 
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appreciably cheaper design than the 
832 and 829. Fitted with a glass button 
type stem and large wafer type octal 
base with metal shell it has an overall 
length of 4.9/16 in., and a bulb dia-
meter of 2.1/16 in. See illustration 
Fig. 18. 
Mainly intended for Amateur (ICAS) 

service it has i00% ratings up to 
zoo cm. (15o M,c/s), it is, however, 
suitable for C.C.S. operation at reduced 
inputs, see Table II. The design is 
characterised by a very low " knee " 
voltage (of the order of 3o volts) which 
accounts for the high efficiencies 
obtained. 

R.C.A. 829 
A 500 volt 40 watt total anode dis-

sipation push-pull beam tetrode with 
C.C.S. i00% ratings down to 15o cm. 
(zoo Mc/s). This valve which is illus-
trated on Fig. 19 also has a low "knee" 
voltage when considered in conjunction 
with the higher operating peak anode 
current. The bulb diameter is 2.1/16 in. 
and the overall length 4.5/16 in. 

2. Forced Air Cooled 
The only screened beam power ampli-

fier of this type with i00% ratings 
below ioo cm. (300 Mc/s) and an out-
put comparable with that of the group 
of triodes in section (e) is the 

R.C.A. 827R 

This 3,500 volt 800 watt forced air 
cooled thoriated tungsten filament beam 
power amplifier illustrated in Fig. 20 

is of special construction with i00% 
rating down to go cru. (iio Mc/s). 82 
The basis of the construction is the 

use of a Kovar metal header in place of 
the more usual glass stem. This header 
serves as a very low inductance con-
nexion for the screen which is mounted 
on it by means of a continuous conical 
support. In practice the screen is main-
tained at ground potential to R.F. by 
providing a continuous connexion round 
this header and this provides very 
effective shielding at the higher fre-
quencies. Two lead-outs are provided 
for the control grid. 

Fig. 18. The R.C.A. 815 push-pull beam 
tetrode, having a max. total anode dissipation 
of 25 watts for ICAS service at an anode 
voltage of 500. Ratings are 100 per cent. 

down to 300 cm. Bulb diameter 2. 

Fig. 19. R.C.A. 829 push-pull beam tetrode, 
with max. total anode dissipation of 40 w. at 
500 v. Ratings are 100 per cent, down to 

150 cm. Bulb diameter 2". 

Both the control and screen grid con-
sist of parallel vertical wires just under 
4 cm. long in the form of a squirrel 
cage and the wires are aligned to 
reduce the screen current. 

In order to reduce the electron transit 
time effects the grid-filament, grid-
screen and screen-anode spacings have 
been made of the order of 5o, 120 and 
360 thousandths of an inch respectively. 
At a loo Mc/s with the peak positive 
grid voltage present under carrier con-
ditions of Class C plate modulated tele-
phony, this results in transit angles of 
14, 5 and 32 degrees respectively. 32 
A thoriated tungsten double helical 

filament is employed and owing to the 
close spacings the grid has to be coated 
with zirconium in order to reduce the 
tendency toward grid emission. In 
order to reduce dielectric losses all the 
electrodes have been made sel f-
supporting. 
The valve operates at high effi-

ciencies, at zo Mc/s the efficiency is of 
the order of 70%, while even at rio 
Mc/s, efficiencies of the order of 56% 
have been measured. 32 
The diameter of the radiator is 

4.21/32 in., and the length of the valve 
excluding flexible connectors 5.13/16 in. 

Frequency Multiplication 
No review of negative-grid amplifiers 

would be complete without a considera-
tion of the possibility of extending the 
wavelength range by the use of fre-
quency multiplication. 

Frequen.cy multiplication appears at 
first sight such a simple method of re-
ducing the minimum operating wave-
length of a given valve, as by maintain-
ing a reasonably high wavelength for 
the applied signal the problem of ex-
cessive input loading is largely elimin-
ated. Two factors, however, limit the 
possibility of any improvement being 
real ised. 

(a) For efficient frequency multiplica-
tion it is necessary to provide a sharp 
narrow pulse of anode current. As ex. 
plained earlier the anode current starts 

as soon as an electron begins to travel 
towards the anode and only stops when 
the last electron is collected by the 
anode. At the lower frequencies it is 
comparatively easy to produce a pulse 
of anode current whose width is very 
small compared with the period of a 
cycle of the applied signal. Under 
these conditions the harmonic com-
ponents of the input signal present in 
the anode current can be made reason-
ably large. As the transit time between 
cathode and anode is increased the 
width of the anode current' pulse be-
comes a larger and larger percentage of 
the period of the applied signal. This 
spreading and flattening of the anode 
current pulse reduces the amplitude of 
the harmonic components faster than it 
does that of the fundamental com-
ponent of the input signal in the anode 
current. 

(b) Due to capacity loading of the 
anode tuned circuit the possible reduc-
tion in wavelength for a given valve is 
limited. The higher anode load resist-
ance required by frequency multiplica-
tion also results in a higher percentage 
of the available power being dissipated 
in the tuned circuit. 
The above limitations of frequency-

multiplication for extending the operat-
ing range should noi howevtli be con-
fused with the possible improvement in 
stability that can be obtained by its use 
at somewhat longer wavelengths.  

*Small figures refer to the bibliography 
given on p. 414 in last month's issue. 

1 

Fig. 20. R.C.A. 827E. A radiation-cooled 
beam tetrode operating at 3-35 kv. with an 
anode dissipation of 800 watts. This valve 
has 100 per cent, ratings down to a wavelength 
of 90 cm. Max. diameter of radiators: 4.85". 
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Quartz Crystal Holders 
In a paper recently read before the \Wireless Section of the Institution of Electrical Engineers, 

C. F. Booth (Radio Branch, P.O. Engineering Dept.) discusses some of the more important applications 

of the quartz crystal in tele-communications. The author points out that in order to take full advantage 

of the constancy obtaining in the equivalent circuit of the crystal due consideration must be given 

to the holder design and that very little information is available on the subject. For this reason the 

following sketches of typical holders developed in the P.O. Research Dept. are reproduced with 

permission. (J.I.E.E., Vol. 88, No. 2 Part III, p. 97.) 
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Holders for Bars, Range 50 to 100 
kc/s 
The design permits of an accurate nodal 

plane suspension of rigidly clamping the 
crystal and of hermetically sealing the holder 
and Its chief application is for the mounting of 
standard and sub-standard bars. The elect-
rodes are sputtered on the major surfaces of 
the bar, which is mounted between a knife-
edge and a point of contact. The knife 
contact is located in a V groove, and the point 
contact rests on a countersunk hole in the 
opposite surface of the bar. In order to 
make the holder universal for varying sizes 
and types of bar in which the angle subtended 
by the nodal plane at the axis of the bar may 
differ, the knife-edge is arranged to be rotat-
able round the axis of the point contact. 
The complete mounting system is contained 

in a heavy brass cylinder, 3.2 cm. diameter x 
8 cm. high, and is securely locked in position. 

Wind 
Washer 

Stainless Steel Washer 
Base 

Type 2 Holder for Plates, 1,000 to 
7,000 kc/s 
The Type 2 holder comprises a circular 

metal bottom electrode, a thin metal spacer 
and a ceramic moulding. The top electrode 
takes the form of a metal film burnt on the 
under-side of the moulding ; the film is 
continued through a small hole to the top 
terminal, which is inset and soldered to the 
film. The air gap is provided by making the 
thickness of the metal washer equal to the 
crystal thickness plus the size of the required 
air-gap, and the washer is shaped to act as a 
frame for the crystal. 

Holder for Frequency Standards, 
400-2,000 kc/s 

In mounting a plate for a frequency standard 
it is desirable to employ 'nodal plane suspen-
sion with a double air-gap, and the holder 
should be sealed at a reduced pressure 
These features are incorporated in the holder 
illustrated which is suitable for square plates 
in the frequency range 400-2,000 kc/s. The 
holder includes a circular metal base which 
carries the crystal carriage and bottom elect-
rode and a glass disk. The top electrode is a 
sputtered gold film on the under-side of the 
disk, and connexion to the top terminal is 
made through a metal screw, The base and 
glass disk are clamped together by a metal 
shell which is threaded on the base. To 
permit the adjustment of the two air-gaps, the 
crystal mounting is in three separate parts— 
the bottom electrode, the carriage and the 
outer ring. 

The circular bottom electrode is threaded 
and is screwed into the carriage. The latter 
is in the form of a ring, threaded inside and 
outside, and carries four bosses set at 90° 
intervals for the crystal clamping screws• 
The outer ring is internally threaded and is 
screwed on to the carriage. The crystal is 
securely clamped on the carriage by four 
pointed screws set in the carriage bosses, 
engaging in tiny holes in the plate. Variation 
of the lower air-gap is accomplished by 
rotating the bottom electrode with respect to 
the carriage and of the top air-gap by rotating 
the carriage and bottom electrode together 
in the outer ring. 

To seal the holder hermetically the top 
electrode terminal and screw connector are 
sealed in the glass disk, and a seal is employed 
between the contact surfaces of the disk and 
the base. The holder is evacuated to the 
required degree of vacuum through a fine 
hole in the base and a corresponding hole in 
the glass disk which opens inside the holder. 
When the evacuation process is complete the 
disk is rotated to seal the hole in the disk. 
The holder is 7 cm. in diameter and 3.75 cm. 
high (excluding the top electrode), and is 
suitable for square and circular plates, the 
maximum sizes being some 3.3 cm. square and 
4.6 cm. diameter respectively. 

Electrode Soldered 

3-cai 

Holder for Plates, 7,000-20,000 kc/s 
The insulation between electrodes is ob-

tained with a ceramic ring. The bottom 
electrode is a metal inset soldered into the 
ring, and the top electrode is held in contact 
with the crystal by means of a spring. A top 
cover-plate soldered into the ring ensures 
that the holder is effectively sealed. 
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Troktul Cap 

f 
raeariorost 

6 an 

Çmyd_ 
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Crystal-Resonator Holder 
The holder shown was designed for the 

crystal elements used in the crystal filters 
associated with the London-Birmingham 
coaxial cable. 

The plate is clamped between four hemis-
pherical gold-silver contacts riveted on two 
split phosphor-bronze springs, the springs 
being split to allow of the automatic alignment 
of the contacts, and set at 19° to the base. The 
springs are moulded in a Trolitul base which 
is mounted in a spun-copper container. 
Brass lugs soldered to the base of the copper 
case enable the holder to be mounted on the 
vertical panel so that the major crystal 
surfaces are horizontal. The holder is com-
pact and accommodates all the crystals, the 
external dimensions of the case being 2.75 cm. 
diameter, 6.0 cm. long. The mounting system 
allows the series resonant frequency to be 
adjusted to within 5 cycles per sec. of the 
specified value and permits the final frequency-
adjustment, obtained by lapping the Y dimen-
sion, to be accomplished while the crystal is 
mounted. The contact pressure is adjusted 
so that normal jars and vibrations do not 
cause the crystal to move relatively to the 
contacts, The holder is sealed against the 
atmosphere by flooding the top with sealing 
compound. 
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The Selenium Barrier Layer 

M
ODERN selenium barrier-layer 
cells, possessing as they do high 
sensitivity combined with high 

s ability, have not only replaced their 
less-perfect predecessors in almost every 
scientific and industrial application but 
their development has also created many 
new possibilities of far-reaching impor-
tance. Many thousands of selenium 
barrier-layer cells are being used the 
world over to-day for objective photo-
metry, in light meters, photo-exposure 
meters, photo-electric colorimeters, 
spectro-phbtometers and many other 
scientific and industrial devices. Still 
more useful applications 
are certainly possible, and 
it is worth mentioning 
that British-made cells of 
first-class quality are now 
available on the market 
that compare most favour-
ably with the best cells 
made in Germany or the 
U.S.A. before or during 
the war. 
The construction of the 

selenium barrier - layer 
photo-cell is remarkably 
simple and robust, con-
sidering it is a device foi 
transforming light into 
electrical energy. As shown 
in. Fig. 1, the cell consists 
of a metal base-plate, 
usually steel, covered with 
a thin layer of selenium 
in its metallic, crystalline 
state. The selenium sur 
face is covered with a 
very thin transparent 
metal layer, usually de-
posited by cathodic sput-
tering. When light falls upon the 
cell surface, it penetrates this top 
layer and sets free negatively charged 
electrons from the selenium surface. 
These in turn pass across the 
barrier-layer and accumulate a nega-
tive charge on the top metal layer. 
Thus the selenium and with it the base-
ri -ii are the positive and the very thin 
transparent metal layer on the top sur-
face of the cell the negative pole of the 
" photo-element." To facilitate the col-
lection of current and to protect the top 
metal layer from mechanical damage a 
more robust collecting ring (frame or 
strip) of low electrical resistance is 
applied. The remaining surface of the 
cell is then covered with a transparent 
protective film of lacquer or varnish. 
The finished cell does not look very 
different from a fiat, thin. metal disk or 

By Dr. G. A. VESZI 
(Laboratory of Evans Electroselenium, Ltd.) 

Light foiling on Cell 

The photograph shows a representative collec-
tion of Selenium cells. Fig. I. Above : 
Section through cell showing (a) metal base-
plate (b) selenium layer (c) barrier layer (d) 
transparent metal layer (e) collecting ring. 

Fig. 2. Below : Equivalent circuit of selenium 
cell. P- Bulb-type photo-cell : C—Cathode : 
An---Anode : R —Rectifier : C—Condenser : 
r -resistance of selenium layer: r2—load 
resistance. Direction of electrons indicated by 

arrows. 
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Photo-Cell 

plate bearing a silvery coloured sur-
round. Cells can withstand quite an 
amount of rough handling, but it is 
inadvisable to subject them to high tem-
peratures. For this reason spring con-
tacts are employed, and no attempt 
should be made to solder on contact 
wires, even with Wood's metal. 
To get a clear understanding of the 

characteristics of a selenium barrier-layer 
cell it is useful to study an equivalent 
circuit. It may be assumed that light 
falling upon a cell penetrates the top 
layer and liberates surface electrons from 
the selenium. These cross the barrier-

layer and accumulate on 
the clip electrode. If the 
cell is coupled to an ex-
ternal load resistance, 
some of the electrons will 
flow across the latter and 
return through the base-
plate to the selenium. 
Others, however, will 
choose the shorter way 
and will fall back directly 
to the selenium surface 
right across the barrier-
layer. These conditions 
may be represented by a 
bulb or emission type 
photo-cell shunted by a re-
sistance, the latter repre-
senting the paths of back-
ward-flowing electrons. 
As to the nature of this 
shunt resistance, the fol-
lowing may be observed : 
every selenium cell of the 
barrier-layer type is also 
a selenium rectifier of 
quite good efficiency. Its 
resistance to the passage 

of a negative current in the direc-
tion from the selenium to the top 
contact is •many hundreds of times 
greater than in the opposite direction. 
The electrons set free by light 
from the selenium surface cross the 
harrier-layer to reach the top electrode in 
the " reverse " or " non-conducting " 
direction of a selenium-metal rectifier 
combination, and conversely electrons 
falling back directly through the barrier-
layer are travelling in the " forward " 
or " conducting " direction. This some-
what unexpected result suggests the 
assumption of a selenium rectifier in the 
" forward " direction as shünting resis-
tance in the model. The " forward " 
resistance of such a rectifier combina-
tion, however, is not constant, and de-
pends upon the voltage in a manner 
indicated by the current-voltage diagram 
of a selenium rectifier reproduced in Fig. 
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3. Up to some 0.2 volts, the resistance 
is fairly high. From this point it com-
mences falling rapidly, and at about o.5 
volts it is only a few per cent, of its 
initial value. Bearing in mind the shape 
of this diagram and the equivalent cir-
cuit shown in Fig. 2, the broad outlines 
of the characteristics of selenium barrier-
layer cells given later will be understood. 

In Fig. 4 the open circuit voltage 
(e.m.f./foot candle) diagram of a 
modern selenium barrier-layer cell is 
shown. Attention is directed to the sharp 
bend at 0.2 volts. A rapid increase in 
back current slows down any further 
increase in the voltage if the illumina-
tion is increascd further. 

In Fig. 5 the current output/foot 
candle diagram is given for a 45-mm. 
cell at different load resistances. The 
higher the load resistance the nearer the 
curve approaches that of the e.m.f., and 
the lower the load resistance the nearer 
the line approaches linearity. 

From the diagram it may be seen 
that for this cell size a zoo-ohm load 
resistance is almost a short circuit up 
to about zoo foot candles. From the 
practical point of view, Fig. 5 shows 
clearly that a low resistance meter has 
to be used to obtain linearity over a 
wider range as is desirable for light 
meters, and a high resistance meter if a 
somewhat logarithmic sensitivity distri-
bution is required as for exposure 
meters. In this connection, a further 
point is of interest. For a multiple-
range instrument operating with shunts, 
these cannot always be calculated on a 
simple basis, as their inclusion in the 
circuit alters the total load resistance 
and with it the light/current characteris-
tic of the cell. Simple calculation is 
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only possible if, by altering the total load 
resistance, the total external ctrrent 
given by the cell remains practically un-
changed. 

Fig. 6 shows the current output for 
different active cell areas for two illu-
mination intensities and two load resis-
tances. So long as the voltage drop is 
low, i.e., at low current (illumination 
intensity) values and at low resistance 
loads, the current is almost proportional 
to the cell area. Here again, for moder-
ate load resistance values, the curves 
almost coincide for small active cell 
areas. 
To the user of this type of cell, the 

latter diagrams show that for use with 
moderate meter resistances, best value 
will be obtained by purchasing large-
size cells. On the other hand, there is 
no point in using large cells for high 
illumination intensities even with 
medium resistance meters. 
As to the stability of modern cells of 

this type, their life should be practically 
unlimited with reasonable care. Fig. 7 
gives an idea of what a really well-made 
cell can withstand. This shows stability 
tests on six cells, first measured at about 
40 foot candles with a zoo-ohm meter, 
then short circuited with clamps and 
exposed to an illumination of about soo 
foot candles, resulting in an average 
short circuit current of at least 3 milli-
amperes. No precautions were taken 
against quite considerable heat produced 
by this illumination intensity. From 
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Fig. 7. Life test on typical cells. 
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time to time the cells were taken off test, 
allowed to cool to room temperature 
and remeasured at the test illumination 
of about 40 foot candles with the zoo-
ohm meter. This severe test is not likely 
to be encountered in the course of nor-
mal use, and the maximum variation 
after 750 hours was for all practical 
purposes nil—actually never more than 
5 per cent. On some cells these tests 
were continued to 1,000 hours with like 
results. 
To conclude, the following two obser-

vations may be found useful. It is 
clearly impossible to characterise a cell 
with one figure alone. However, it may 
be said with safety that the sensitivity 
of a good cell should be about o.6 micro-
amperes per foot candle per square 
centimetre of effective cell area, meas-
ured with a too to zoo-ohm meter at 
about go foot candles. The second 
point is that a really good selenium 
barrier-layer type photo-cell should be 
a good rectifier—that is to say, it should 
be free from internal shorts. and leak-
ages which would cause an unneces-
sarily excessive loss in current.. A well-
made cell of, say, 25-mm. diameter 
should not pass more than 15 to 35 
microamperes in the dark if 1.5 volts 
direct current are applied in the " non-
conducting " direction (positive on the 
front contact). For larger cells the 
maximum value should be increased 
proportionately. If the current is con-
siderably higher, say, three times 
higher, there is usually something very 
much wrong with the cell. 
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Fig. 6. Output curves for two valves of 
illumination. 
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The Electrical Properties of High Frequency 
Ceramics concluded 

A
NOTHER great advantage of 
ceramic material is the fact that 
it can be covered by a silver or 

other precious metal coating by burning 
on a suspension of silver oxide in an 
organic medium at temperatures of 7500 
C. to 8000 C. The great advantages 
adhering to burnt-on metal coatings 
have been described by Britton,* and the 
question will now be dealt with as to 
which of the various ceramic materials 
is most suitable as condenser material 
under the different conditions prevailing. 
The main differences between the vari-
ous types of ceramic high-frequency 
bodies suitable for the manufacture of 
condensers lie in their different permit-
tivity and in the different temperature 
dependence of their permittivity,. The 
permittivity of rutile bodies is about 8o; 
that of magnesium orthotitanate be-
tween 14 and 16, and that of clinoen-
statite bodies about 6. As a consequence, 
for higher capacitances rutile bodies are 
more suitable. The capacitance of a 
rutile body condenser is about fourteen 
times as great as that of a capacitor 
made of a clinoenstatite body, if the 
dimensions are exactly the same. Con-
densers having the shape of a small tube 
are, for example, made of a clino-
enstatite body for a capacitance ranging 
from to to 250 pF, and of rutile bodies 
for a capacitance ranging from too to 
2,000 pF, the thickness of the dielectric 
being, as a rule, somewhat greater in 
the case of rutile bodies than in the 
case of clinoenstatite bodies. For 
smaller capacitance values condensers 
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having the shape of a disk or small cap 
are manufactured. Of even greater im-
portance than the figure for the permit-
tivity is the different temperature co-
efficient of the permittivity which the 
various dielectrics possess. In many 
cases a slight positive temperature co-
efficient is desirable, or, at least, not 
disadvantageous. In other cases, a 
permittivity having a temperature co-
efficient as near as possible to zero is 
required, but more often a negative 
temperature coefficient of the permit-
tivity is of special advantage. 
Radio and television engineers have 

become conscious of the ever-increasing 
importance of greater circuit stability 
and the importance of making the fre-
quency of the circuit independent of the 
temperature. 
Most circuit components have a posi-

tive temperature coefficient and use of 
a capacitor having the proper negative 

Photographs showing oscillator using condensers and coils of metal burnt on to 
material (head of column), ceramic parts for wave-change switch also with burnt-on 
(above), and variometer made entirely of ceramic material with burnt-on metal 

(foot of column). 
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temperature coefficient makes it possible 
to reduce the temperature drift of the 
whole circuit to a negligible value. 
The temperature coefficient of the 

capacitance C. expressed in terms of the 
p.p.F per up.F required is given by : 

2Af C. + C. 
= 

ft C. 

where C. is the value of compensating 
capacitance 

C. is the circuit capacitance in-
cluding strays 

Af is the drift in c.p.s. due to 
the change in temperature, 
and f is the frequency in 
c.p.s. 

The apparent change in capacity AC 
which causes the drift in frequency Af 
is assumed small compared with the 
total capacitance of the circuit. ot is also 
assumed constant.t 
The temperature coefficient of the total 

capacitance of the circuit and especially 
the temperature coefficient of the capaci-
tance value that is required for compen-
sating purposes may not be a constant 
figure and it may therefore in certain 
cases be desirable to have a special com-
ponent which may regulate the tempera-
ture coefficient of the capacitance of a 
circuit. Such a temperature coefficient 

regulator has been developed (Fig. 6), 
and it consists of a base of clinoenstatite 
material (a) on which a disk made of a 
rutile body (c) is arranged, and in a 
similar way another disk made of a 
clinoenstatite body (h) is arranged on 
the other side of the base. The thickness 
of both the rotary disks is in the same 
ratio as their dielectric constant. Both 

Electronic Engineering, July, 1941, p. 301. t Sherwood: Electronics, Sept., 1940. 
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surfaces of the base-plate and the sur-
faces facing this base are ground very 
accurately, and at the upper and bottom 
surface of both the rotary disks silver 
coatings are provided. The coatings of 
the upper and bottom surfaces of the 
base are connected and are facing each 
other. The coatings of both rotary disks 
are electrically connected by the central 
pin, but they do not face each other but 
are placed at an angle of 1800 to each 
other. Both rotary disks are firmly 
coupled by the central pin and they 
change their relative positions to the 
base together if the central pin is turned. 
The capacitance of the component is 
constant and only the temperature coeffi-
cient of their permittivity is changed by 
turning the coupling disks. 

Fig. 8. Condenser designed for compensating 
for temperature coefficient. (a) Cllnoenstatite 
base. (b) Disk of rutile body, the metal 
coating of which Is in electrical contact with 

that of 0, a Clinoenstatlte. 

In addition to the component described 
above, other regulators of the tempera-
ture coefficient have been designed 
which, without changing the capaci-
tance, change only the temperature co-
efficient of their permittivity. 
Ceramic trimmer condensers to vary 

the capacitance have been designed and 
manufactured and have been described 
on various occasions.* 

Fig. 7 illustrates the temperature de-
pendence of a clinoenstatite body con-
denser (a) of a rutile body condenser 
(b) and of a capacitor aggregate com-
posed of both types (c). 
There are, of course, instances where 

condensers having a temperature coeffi-
cient as small as possible are required, 
and for these purposes condensers of the 
magnesium orthotitanate type are most 
suitable. Compared with mica (whose 
permittivity is also practically indepen-
dent of the temperature), low-loss 
ceramic condensers are less sensitive 
against higher temperature, and against 
electrical discharges or flash-overs which 
may occur in certain instances, and the 
power factor is more constant in humid 
atmospheric conditions. For all purposes 
where a small temperature coefficient of 

*See footnote col. 2, p. 438. 
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the permittivity is required, especially 
for higher tensions than soo volts, con-
densers made of the magnesium ortho-
titanate type offer the best solution. 
The temperature variation of the oscil-

latory circuit is, of course, not only 
caused by the temperature dependence 
of the permittivity of the condenser and 
other components, but also by the altera-
tion of the dimension of the coils which 
changes with increasing and decreasing 
temperatures and causes alterations of 
the coil inductance. Coils the inductance 
of which is practically independent of 
the temperature can be wound on a coil 
former made of a ceramic material 
which possesses a very small thermal 
expansion, i.e., a low-loss material of 
the cordierite type. 

Coils can be manufactured by burning 
on the ceramic coil former a silver coat-
ing into which a spiral of the desired 
pitch may be ground, and by this means 
coils can be produced which practically 
do not change their dimensions with 
rising or falling temperature, since the 
thin metallic coating follows elastically 
the alterations of the dimensions of the 
ceramic coil former. Consequently, the 
metallic coating has practically the same 
heat expansion as the ceramic former, 
and if the heat expansion of the ceramic 
material is very small, a coil former can 
be produced the inductance of which is 
practically independent of the tempera-
ture.* 
o 
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Fig. 8 shows the variation of the in-
ductance of three types of coil, with 
temperature, (a) being a coil consisting 
of a ceramic coil former of the clino-
enstatite type, the wire being wound in 
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the usual way; (b) a coil consisting of a 
coil former of the same type of ceramic 
material where the coils are formed by 
burnt-on metal coatings; and the third 
(c) being a coil former of a cordierite 
body with burnt-on metal coils. The im-
provement is demonstrated by the fact 
that the temperature coefficient is go x 
to' for coil (a) and 8 x to-' for coil (c). 
In case of condensers for higher volt-

ages the edges of the metal coatings 
have to be screened by means of suit-
ably shaped ceramic edges to avoid dis-
charges and flash-over. These protrud-
ing edges or ribs can at the same time 
be used to prevent corona losses which 
would occur in the case of high fre-
quency and high voltage, a part of the 
surface of the rib facing the electrode 
being covered by the metal coating 
giving a curved edge having a large 
radius. It is not possible to shape mica 
condensers in a similar way. 

For voltages between i,000 and 5,000 
tube-shaped condensers, the edges of the 
metal coatings being screened by ribs, 
are a very suitable design. The tube 
shape can be modified into the shape of 
a bottle with cylindrical walls, one end 
of the tube being closed (Fig. 9 below). 

For higher voltages from 15 kv. test 
and onwards, disks of ceramic low-loss 
materials are used, both surfaces being 
covered by metal coatings and the edges 
of both coatings being again screened by 
ribs projecting on both ends of the cera-
mic plate (Fig. to below). 

For very high voltage, as for instance 
in the case of condensers for current 
carrier telephony on high-tension over-
head lines, capacitor units for 6o kv 
working and 2,200 pF have been de-
signed. For use in transmitters a num-
ber of condenser plates are united on a 
frame possessing a base or end-plates 
made of low-loss ceramic material. Such 
a frame may contain ten condenser 
plates of about 20-cm. diameter of the 
clinoenstatite type material, and such 
an aggregate designed for 12 kv test 
voltage may have 5,000 pF capacitance 
for 300 kva. 
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ofil 
A set of coil formers in ceramic material. On the left is a former for an H.F. choke. (Messrs. Beers, Ltd.) 

If rutile bodies having a dielectric 
constant of about 8o are used as a di-
electric, the corresponding design is suit-
able only for 6 kv high-frequency test 
voltage, since the dielectric strength of 
rutile bodies against puncture is some-
what smaller, but the capacitance 
amounts to 5o,000 pF owing to the 
higher dielectric constant. Rutile body 
condenser plates are as a rule somewhat 
thicker because owing to the low plasti-
city of the rutile bodies it is difficult to 
manufacture very thin disks. 
Not only in the design of high-tension 

high-frequency capacitors but also for 
the design of other components for high-
tension high-frequency apparatus, the 
corona losses have to be taken into con-
sideration. This source of loss is very 
often not fully considered in the design 
of all components where such losses may 
occur, and the results of some experi-
ments in measurement of corona loss 
and its dependence on the diameter of 
the wire (or other metal parts) on the 
voltage and frequency are of interest. 
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Fig. 11. "Initial Voltage ' of a horizontal 
aerial showing variation with diameter. 

Fig. 11 shows how the " initial corona 
voltage " increases with the increasing 
diameter of the wire, the frequency being 
too lcc/s. The initial voltage is higher 
in the case of a plain wire as compared 
with a stranded wire. In the case of a 
plain wire the corona losses start at 
to kv if the wire diameter is 0.3 mm., 
and start at too kv only if the diameter 

is to mm. The gradient of the rise of 
the curve deci eases with increasing wire 
diameter and an increase of the wire 
diameter above a certain value will cause 
only a small increase in the " initial 
corona voltage." The experiment was 
carried out on a horizontal aerial to 
metres high. 
Curve 12 shows the increase of the 

corona losses in watts per metre if the 
voltage is raised above the initial voltage 
of 20 kv to 25 kv, and demonstrates how 
the corona losses increase by 1.2 IEW/M 
if the initial voltage of 20 kv is increased 
by 5 kv. 
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Fig. 12. Corona loss on a 10m. horizontal 
aerial imm. diameter. 

Fig. 13 shows the increase of the 
corona losses occurring on wire of 1-mm. 
diameter if the initial voltage is increased 

Flg. 18. Varlat on of Corona Loss with fre-
quency for increasing initial voltage. 

by ion, zoo, soo volt steps at increasing 
frequencies. 

Fig. 14 shows which diameter has to 
be chosen for the aerial to avoid corona 
losses at a given voltage. 

It is of course not sufficient to choose 
the right diameter for the aerial, but 
also no other metal parts carrying high-
frequency high-tension should have a 
smaller diameter than the smallest 
diameter permissible for the aerial. This 
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F g. 14. Aerial wire diameter required to 
avoid Corona loss. 

refers also to the edges of the metal 
coatings of high-tension insulators and 
capacitors for these frequencies. 

It would, of course, be very difficult 
to reinforce the edges of metal coatings 
to such a degree as to get the same 
thickness as provided for the wire, but 
it is possible to achieve the same effect 
by extending the metal coatings over a 
portion of the screen or rib. For in-
stance, very heavy corona losses would 
occur on high-tension aerial insulators 

Fig. 15. Typical metal coated High-
tension High-frequency Ceramic Con-
densers showing the protruding ribs for 
reducing Corona losses at high voltages. 
(Dubilier Condenser Co.) 
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Fig. 17. Long ceramic coil-formers. 

between the metal attachment and the 
insulator surface if no metal coatings 
were provided on the insulator surface 
adjoining the metal attachment. The 
metal coatings should have an edge of 
a similar radius to that of the cable 
attachment which can be achieved by 
providing a suitably shaped rib of cera-
anic material to be covered by the metal 
coating. 
The electric field distribution plays a 

much more important part in the case 
of high-frequency high-tension insulators 
than in the case of 50 c.p.s. high-tension 
insulators. This fact is not yet fully 
realized in high-frequency high-tension 
insulator design. 
The designer of high-tension insula-

tors for power transmission can calculate 
the dry flash-over and the flash-over 
under rain if he knows the surface 
creepage distance and the " protected " 
surface creepage distance (i.e., the 
creepage distance which in case of rain 
remains dry and consequently an insula-
tor by the protection of ceramic sheds 
and ribs). Rut in the case of high-
frequency high-tension insulators, the 
ionization of the air caused by the 

Ile 

Fig. 18. Ceramic valve holders and (above) 
parts for trimmer condensers. 
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corona discharges plays the same part as 
the rain does in the case of transmission 
line insulators: it makes the insulator 
surface conductive. This could not be 
prevented, but only be made worse by 
projecting' sheds or ribs. To prevent 
corona discharges at unnecessarily low 
voltages it is necessary to obtain an 
equal field distribution over the whole 
insulator surface. 
To obtain an equal field distribution 

over the surface of a high-frequency in-

Fig. 16. Sketch of modem H.P. high-
tension Insulator. 

sulator, it is necessary (apart from 
avoiding ribs or sheds having a small 
radius or sharp edges) to accumulate 
the insulating material next to the elec-
trode. Ribs provided in the middle of 
the aerial are not the best design, since 
they deteriorate field distribution and 
have practically no influence on the 

Fig. 19. H.T., H.F. stand-off insulator and 
shell for condenser (see also Fig. 15). 

flash-over voltage of high-frequency in-
sulators. In case of very high frequencies 
they definitely decrease the flash-over 
voltage. Quite different considerations 
than in the case of the design of high-
tension insulators for 50 c.p.s. have to 
govern the design of high-tension high-
frequency insulators, and the arrange-
ment and shape of the ribs. They should 
be provided near the electrode nr metal 
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Fig. 20. Typical ceramic i yessings for 
instruments. 

attachment which carries the voltage. 
Such considerations apply to both high-
frequency high-tension support insulators 
and aerial or strain insulators. For in-
stance, a support insulator taking into 
consideration the general rules men-
tioned above, and illustrated in Fig. 16, 
possessing a height of only 6.2 cm. 
(without metal parts), has a flash-over 
of 33.8 kv, whereas a support insulator 
of the size standardized for low fre-
quency possessing the normal rain shed 
of a height of is cm. (without metal 
parts) has a flash-over of xs kv at coo 
Itc/s—an astonishing improvement. 
The same considerations have, of 

course, to be applied with regard to the 
design of other high-frequency high-
tension insulators. 

In conclusion, the writer expresses his 
thanks to the management of Messrs. 
13ullers, Ltd., who put nt his disposal 
most of the photographs published, and 
to Mr. Coursey, of Messrs. Dubiliet 
Condenser Co., who supplied the photo-
graph of the condensers. 

Fig. 21. Stand-off insulators for H.F, 
transmitters, 
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Review of Progress in Electronics 
VIL—Electrical Conduction in Gases 

By G. WINDRED, A.M.I.E.E. 

" In a word, then the act of ionisation in gases appears to consist in the detachment from a 
neutral atom of one or more negatively charged particles, called by Thomson corpuscles. The 
residuum of the atom is, of course, positively charged, and it always carries practically the 
whole mass of the original atom. The detached corpuscle must soon attach itself in a gas at 
ordinary pressure, to a neutral atom. . . . It is because of this tendency of the parts of the 
dissociated atom to form new attachments in gases at ordinary pressure that the inertias of 
these parts had to be worked out in the rarefied gases of exhausted tubes."--R. A. Millikan 
in his book " Electrons," Cambridge, 1935. 

THE study of electrical conduction 
in gases has developed in very close 
association with investigations of 

the properties of the electron itself and 
the other basic constituents of matter. 
These combined studies represent one 
of the most extensive and important 
chapters in the history of pure science, 
and in addition have made possible a 
very large part of modern electrical 
engineering practice. It is interesting 
4nd instructive to reflect upon the fact 
that the immense variety of modern 
electrical apparatus employing the 
principles of gaseous conduction has 
grown from purely academical studies, 
pursued without thought of practical 
application or financial gain. 

Early 
Researches 
The idea that electricity, like matter, 

Inight have an atomic or discontinuous 
structure is fairly old, having been sug 
gested by Maxwell and later by Weber. 
As long ago as 1881, Helmholtz stated 
the idea clearly in a lecture at the 
Royal Institution. The motion of 
fundamental units of electric charge 
associated with current transfer in elec-
trolytes was introduced by G. Johnstone 
Stoney in 1874, several years before any 
researches had been carried out on the 
nature of these particles, to which in 
1891 he first gave the name of 
" electrons." 
The so-called cathode rays emanat-

ing from the cathode of an electrical 
discharge in gas at low pressure re-
ceived the attention of many investiga-
tors towards the close of the nineteenth 
century. In 1892 Hertz' made the im-
portant discovery that the rays were 
able to pass through very thin films of 
matter. This discovery was taken up 
by Lenard,' who used a special dis-
charge tube and passed the rays 
through a very thin opening so as to 
study their properties outside the tube. 
He found that the penetration was de-
pendent upon the mass of the material 
rather than its chemical composition. 
This work was soon followed -by 

Roentgen's epoch-making discovery of 
X-rays in November, 1895, which gave 
a powerful stimulus to research on the 
conduction of gases. The late Sir 
Joseph Thomson' and his collaborators, 
working in the Cavendish Laboratory at 

Cambridge, found that a gas subjected 
to the action of X-rays became conduct-
ing, whereas in the normal state it be-
haved as an insulator. At low gas 
pressures, an appreciable time was re-
quired for restoration of the normal 
properties of the gas after the X-rays 
were cut off. The conducting property 
disappeared when the gas was passed 
through a plug of glass wool or cotton 
wool, or between metal plates main-
tained at a sufficiently high potential 
difference. The first result showed that 
the conductivity was imparted by some 
agent which could be removed from the 
gas by filtering; the second that this 
agent must have the nature of an elec-
tric charge. The observation that loss 
of conductivity after the removal of the 
rays required a definite time for its 
completion led to the view that the rays 
must " ionise " the gas, thus producing 
charged particles of opposite polarities 
which disappeared by the process of re-
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Flg. 1. Characteristics of gas discharge, 
showing region of transition. 

combination when the rays were 
stopped. On this view, which has since 
remained unchanged, the loss of con-
ductivity when the gas was passed 
through or otherwise subjected to a suf-
ficiently strong electric field could be 
ascribed to the passage of the positive 
particles (ions) to the negative electrode 
and of the negative particles (electrons) 
to the positive electrode. 

This simple theory gives a satisfac-
tory explanation of the observed fact 
that a conducting gas does not obey 
Ohm's law. If a sufficiently strong 
electric field is applied, the transfer-

ence of ions and electrons to the 
respective electrodes is so rapid that 
the number which are able to recom-
bine is very small. If the field itself 
does not cause ionisation, the proces•• 
will not be augmented by an increased 
field and the current will consequently 
have a saturation value, independent of 
the applied voltage. This is a charac-
teristic feature of gaseous conduction 
over a definite region. 
These discoveries gave rise to an im-

portant series of investigations on the 
mobilities and coefficients of diffusion 
of gaseous ions, leading to the dis-
covery that the negative ions in gases 
ionised by X-rays carry on the average 
the same charge as is carried by the 
equivalent ion in electrolysis. This 
work lies somewhat outside the scope of 
our present subject matter, as it refers 
to measurements on the properties of 
individual particles taking part in the 
process of conduction rather than the 
phenomena associated with conduction 
itself. It will be sufficient to mention 
here that in 1897 Sir Joseph Thomson+ 
established definitely that the cathode 
rays carried a negative charge. He also 
made the first exact determination of 
the quantity e/m, representing the ratio 
of charge to mass of the particles com-
prising the cathode rays. Thomson 
called these particles corpuscles," 
but the name " electron " has since 
become common usage. 
Subsequent work on the passage of 

electricity through gases resulted in the 
classification of different phenomena 
and the recognition of three principal 
forms of conduction or discharge :— 

The non-self-sustaining discharge, 
relying for its continuance upon 
supplementary effects for produc-
ing ionisation, as by means of 
photoelectric or thermionic emis-
sion or X-radiation. 

2. The self-sustaining discharge, in-
dependent of separate means of 
excitation, and in which the 
mechanism of discharge forma-
tion is inherent. 

3. The arc discharge, capable of oc-
curring in various forms, but 
always luminous and character-
ised by a high current. 

All types of discharge involve the 
fundamental processes of production, 
movement, and final absorption of par-
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ticles such as electrons and ions which 
act as a means of conveying the current. 
Although attempts have been made, 
Itrith considerable success, to formulate 
mathematical theories concerning the 
various phenomena of gaseous conduc--
tion, the subject is at present more 
suited to experimental investigation. 
Probably the best accounts of modern 
theory and experiment are those by 
Wheatcroft,° Darrow,' Seeliger,' and 
Engel and Steenbeck.° 

Non-Self-Sustaining 
Discharge 

If a gaseous space between two elec-
trodes contains carriers of electric 
charge (ions and electrons) a current 
will flow through the space when a 
potential 1- applied to the electrodes, 
owing to the movement of the carriers 
under the action of the resulting elec-
tric field. A continuous flow of current 
can take place only if the carriers whose 
charges are absorbed by the electrodes 
are continuously replaced. This re-
placement can be effected by any source 
of ionisation, whether photoelectric or 
thermionic, and with increasing field 
strength the production of carriers be-
gins to balance their absorption and re-
combination. The attainment of this 
condition corresponds to a state of 
saturation in the current flow, as shown 
in Fig. i. This condition is main-
tained with increasing field strength 
until a stage is reached where ionisation 
by collision causes a rapid increase in 
the number of carriers. 

During the stage of the discharge cor-
responding to low electrode potential 
the current is lower than the saturation 
value. The rate of change of current 
in the region of zero is a measure of the 
initial conductivity of the discharge 
path, which is of the order of to-" 
reciprocal ohms per cm. for gaps be-
tween plane electrodes in air and mucb 
less for normal gases at low pressure. 
The saturation value of the current is 
dependent upon the intensity of ionisa-
tion, and is also proportional to the 
volume of gas between the electrodes as 
well as the gas pressure. If these 
values are high, the free path which an 
electron is able to traverse before mak-
ing an ionising collision is short, and 
if the electric field is sufficiently high 
to impart the requisite electron velocity, 
a number of such collisions may be 
made during the passage of an electron 
between the electrodes. 

Self-Sustaining 
Discharge 

As the electrode potential increases 
to the stage where ionisation occurs 
freely, positive ions are produced in the 
gas and move towards the cathode, 
which they may strike with sufficient 
force to eject the further electrons 
necessary for maintaining the dis-
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charge. In this case, no outside means 
of excitation are necessary0 and the 
discharge is said to be self-sustaining. 
The electrons ejected from the cathode 
by ion bombardment travel to the 
anode, producing on their way further 
positive ions and electrons, and the dis-
charge is maintained through this 
cumulative action so long as sufficient 
potential is maintained between the 
electrodes. The transition to this form 
of discharge is accompanied by an in-
crease of current beyond the saturation 
value, as shown in Fig. i. 

There are several forms of self-sus-
taining discharge, corresponding to dif-
ferent gases, gas pressures and elec-
trode arrangements. The initial form 
is known as a dark discharge, but with 
increasing current density luminous 
effects occur, and a '1 glow discharge " 
develops. 

The glow discharge.—It is found that 
as the discharge current is increased, 
the characteristic changes considerably 
and the dark discharge is replaced by 
the glow discharge. It is not possible 
to differentiate sharply between these 
two forms of discharge, but the curve 
in Fig. z shows the change of character-
istic relative to current and voltage for 
a discharge between plane electrodes 

2. Change of characteristic from dark 
to glow discharge. 

commencing with a very small value ot 
current. At an early stage of the char-
acteristic a drop in the electrode 
voltage commences as shown at A. 
After a subsequent stationary condition 
represented by point B, a further in-
crease of the discharge voltage occurs. 
The glow discharge is fully developed 
at point B, but the conditions corres-
ponding to a point such as C with a 
lower current and higher voltage are 
also considered as belonging to the 
glow discharge. Occasionally the 
change of voltage from condition A to 
B is sudden, as represented by the 
dotted vertical line, in which case it is 
possible sharply to define the condition 
of glow discharge. 

The development of the discharge re-
presented by the curve is accompanied 
by changes of luminosity. In the case 
of small currents the discharge has 
practically no luminous effects, 
although absolute darkness is not 

general owing to the ionising action of 
the carriers. As the current increases 
the luminosity also increases, and at the 
same time moves to different parts of 
the discharge space. 

Development 0/ the arc discharge.— 
Further increase of current between the 
electrodes results in a further change 
of the discharge characteristic, and this 
time the conditions are characterised by 
low voltage drop, considerably below 
the values corresponding to the glow 
discharge. 

Since the arc discharge may take 
place with very low voltage it is evi-
dent that the mechanism by which the 
carriers are produced in this case must 
be more effective than in the case of the 
glow discharge. There is a wide 
variety of types of arc discharge, repre-
senting different arc phenomena, but 
all these are characterised by the in-
tensiveness of the carrier-producing 
process, giving rise to considerably 
higher current densities than the pre-
viously considered forms of discharge 

It is instructive to consider the man-
ner in which an arc discharge may de-
velop from the glow discharge. It may 
be assumed, for example, that a D.C. 
source is applied to two small elec-
trodes in such a manner as to produce 
a glow discharge in a gas, and that the 
electrodes are of a material such as 
tungsten, which does not readily 
vaporise. It is further assumed that 
the discharge can be varied between 
wide limits by means of an external 
resistance. 

As the current is increased, the first 
indication of change in the discharge is 
only a slight alteration in the region 
of the cathode, and the electrode volt-
age remains constant. Further increase 
of current leads to an increase of the 
voltage drop, and eventually the volt-
age reaches a maximum as shown in 
Fig. 3. It is here that a considerable 
change occurs in the conditions. The 
energy absorbed by the cathode due to 
the movements of the carriers causes 
heating which leads to the emission 
from the cathode of thermionic elec-
trons, as well as those resulting from 
ion bombardment. This action results 

(Contimad on page 465) 
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The Application of Electronics to Industry 

BESIDES providing us with meall , 
of measuring, the various forms 
of electron tubes also enable us 

to control industrial, scientific and 
domestic operations which would, in 
some cases, be otherwise very difficult 
to handle. In fact, the majority of elec-
tronic applications may be said to come 
under the heading of " control." 
This may be considered as either a 

form of measurement, using arbitrary 
standards set by commercial usage or 
requirement, or it may be a means of 
making work simpler or easier. It is 
hard to pick an industry which cannot 
make profitable use of electronic control 
in sonie process or other, and as a typi-
cal example the printing, paper and pulp 
trades provide an excellent illustration. 

In these trades a well-known electrical 
engineering company made an analysi. 
of the various inquiries received regard-
ing the installation of electronic plant. 
with the following results:— 

Alarms for paper breaks ... 
Illumination control 
Devices to measure paper opacity 231 

Cutting on a printed mark 
Counting cartons, logs, etc. 
Colour measurements 
And these results show that control use, 
are in the majority. 
Consider the various registering appli-

cations such as overprinting sheets with 
additional matter or cutting on a definite 
mark, as in the case of wrapping mach-
ines. Without a device such as the 
photo-cell it would be almost impossible 
to guarantee perfect results because any 
adjustment would depend on some kind 
of assumption, such as paper size or 
distance moved, but with the introduc-
tion of electronic control this is elimin-
ated and if the article is not exactly in 
the correct position operation of the 
machine beyond that stage does not take 
place. ( onsequently, creepage errors. 
common with certain types of mechani-
cal control, are non-existent (Fig. a). 
Weighing and measuring are other 

uses for the photo-cell with very wide 
industrial application, and a variation of 
this form of control can be adapted to 
ensuring that articles are all facing one 
way. Another development of such 
" batching " mechanisms is in the field 
of apparatus for automatically sorting 
radio resistors to predetermined values 
by means of a cathode-ray tube. 
Gas discharge tubes are another 

branch of the electron art of great use 
to the manufacturer; in fact, it is hard 
to point to an electrical device which is 
so rapidly gaining ground as the dis-
charge tube. This is partly due to the 
considerable amounts of power which 
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II. Control Devices 
by John H. Jupe 

A striking photograph of the swing bridge at Kincardine-on-Forth, showing the roadway 
seen through the shore abutment. The alignment of the bridge in the closed position is 
controlled by a photo-cell installation actuated by the lamp box seen above the doorway on 

the right. My courier)  of ¿he General Elearic Co., Lid.) 

may be controlled using very slight 
changes in the "trigger" circuits. Some 
of the highest pressure boilers in the 
world make use of such equipment in 
the fuel and water pump circuits. 
For the electrical engineer, a specially 

interesting use of electronic control is 
with synchronous motors, and by using 
" thyratrons " as frequency changing 
devices it is possible to run these motors 
as variable speed machines. At least 
one set with a maximum output of .400 
horse power has been in operation. 

For remote control, the various carrier 
current systems using valve oscillators 
stand as reliable pieces of engineering 
equipment, and when applied to electri-
cal machinery these and other electronic 
devices have one immense advantage 
over other methods of control. It is the 
fact that any such apparatus may be so 
built into the controlled machinery cir-
cuits so that it is an integral part of 
them, with the result that failure is often 
eliminated. A fine example of this is in 
phase failure protection equipment. 
The usual methods of arranging for 

such indications are by relays using a 
rotating disk, multi-coil relays depending 
on phase relation of currents and voltage 
relays connected in a network ef re-
actors, etç., so as to respond to abnormal 

conditions. Apparatus of this nature has 
several drawbacks but suitable electronic 
equipment will furnish similar protec-
tion with greater reliability and in some 
cases with very little additional cost. An 
instance of this would be alternating 
current lift motors controlled by contac-
tors passing direct current through their 
field coils and obtaining this from recti-
fying valves. Here the same valves 
could be arranged to provide incorrect 
phasing interlocks and, although it is 
not suggested that there is any great 
demand for such plant, it shows how 
electronic equipment can be macle an 
inherent part of other circuits, avoiding 
the use of relays in this case for phase 
protection. 

In welding plant, ignitron tubes have 
been applied with great skit-re-4s and 
when controlled hy electronic timing 
gear provide better results than any 
other form of control. The apparatus is 
silent in operation, there are no contac-
tors carrying heavy currents and requir-
ing contact replacements, the tuning is 
positive, and interlocks are easy to 

provide. 
These few instances show but little of 

an immense field and one which can 
provide export as well as home markets. 
There is, however, one important point 
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L_ 
Fig. 2. A method of ensuring accurate registration in printing or cutting paper by the use 

of a brake actuated by a photo-cell and thyratron controlled magnet. 
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to be taken into account by the manu-
facturer of electronic equipment and also 
the industrialist planning in his own re-
search laboratories. That is the fact that 
almost every job is a special one. Mass 
production of such equipment is impos-
sible, as each machine, process and 
article made has problems of its own. 
But this should not deter the electrical 
engineer, who, if he will but study the 
problems of other trades, need not be 
short of work. Building pieces of 
apparatus one at a time can be as profit-
able as turning out twenty thousand an 
hour, and by passing the control of pro-
cesses into the electron tube much 
greater uniformity is achieved in the 
finished product and, as is well known, 
uniformity is often a good measure of 
quality. 

Another valuable aspect of electronic 
control is the economic one and much 
can be learnt by the consideration of 
how much inspection is necessary for a 
finished product. This will often sug-
gest the remark, " If only we had a 
machine to . . . " and to a trained 
engineer there is often an immediate 
visualization as to how an electron tube 
could be made to do it. Such considera-
tion is worth while, and in the case of 
an article costing 4.68 shillings per 
thousand to inspect,the installation of an 
electronic sorting machine brought this 
down to 0.02 of a shilling per thousand. 

Appended is a list of other applications 
uf the electron in control devices and, 
although by no means exhaustive, it 
gives some indication as to what may 
be achieved, 
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Process or Quantity Con/roiled. 
Flaw detection. 

Perforation. 
Volume control Telephone. 
Skew control. 

Heartbeats. 
Metal detection. 

Motion limits. 

Regulation (electric). 

Electro-plating control. 

Sheet reversing (rolling mills). 

Over and undervoltage. 
Germination of plant seeds. 
Vulcanization of rubber. 

Viscosity. 

Cosmic-ray research. 

Fluorescent powders for adve 
devices. 

Ship steering gear. 

Metal surfaces. 
Detection of gases. 

Block-making for printing. 

(Electronic Principle. 
Resonant circuit inspects for change in perme-

ability. 
Photo-cell seeks for pinholes. 

Radio. Special thermionic valve circuits. 
Photo-cell views threads in weaving machinery 

relative to fixed guide. 
Cathode-ray cardiograph. 
Resonant circuit inspects goods for eddy current 

loss. 
Capacitance operated relay. 
Photo-cell operated relay. 
Thermionic valves used to regulate voltage or 

resistance of supply in terms of load. 
Photo-cell views plating and measures " good-

ness " in terms of reflectivity. 
Capacitance, permeability or photo-cell trigger 

to reverse motor. 
Neon and other gas-filled tubes. 
Exposure to X-rays, before planting. 
Grid condenser plates of oscillator embedded in 

rubber. Combined sulphur content measured 
in terms of dielectric constant. 

Rate that steel balls fall through oil measured 
with photo-cell or permeability change. 

Electron tube acting as trigger. 
Gas on point of ionization caused to become 
conductive by rays. 

iljs¡gig Stimulated by ultra-violet light. 

Photo-cells operated by light beam moved by 
compass card. 

Electron diffraction camera. 
Ileat conduction from hot wire unbalances 
thermionic circuit. 

Photocell automatic engraving machine. 
Photo-cell grading of negatives in three-colour 

ibroces. 



446 Electronic Engineering October, 1941 

Made In Three 

Principal Materials 

FREQUELEX—An Insulating 
material of Low Dielectric Loss. 
For Coil formers, Aerial Insulators, 
Valve Holders, etc. 

PERMALEX— A High Permit-
tivity Material. For the construction 
of Condensers of the smallest possible 
dimensions. 

TEMPALEX— A Condenser 
material of medium permittivity. For 
the construction of Condensers having 
a constant capacity at all temperatures. 

LOW 

"Everything 

O.K. Sir!" 

DIELECTRIC Loss problems in High 

Frequency circuits have been solved by the use of 

Bullers Radio-Frequency Ceramics. 

Many years of research and development in our 

Laboratories have brought these materials to a high 

degree of efficiency. 

They are in constant use for transmission and 

reception and play an important part in maintaining 

communication under all conditions. 

Bullers 
LOSS CERAMICS 

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



DATA SHEETS XII, XIII 8( XIV 
The Inductance of Single Layer 

Solenoids 

D
UE to skin and proximity effects at 
high frequencies the current in a 
single layer inductance coil crowds 

towards the inside radius of the turns, 
so that the effective radius of the coil 
is reduced. Unfortunately no expres-
sions for calculating the inductance 
with this current distribution exist and 
the inductance of a coil is computed on 
the assumption of uniform current dis-
tribution across the cross-section of the 
wire. Inductance formulœ for single 
layer coils are therefore only strictly 
accurate for a D.C. or very low fre-
quency current. They are, however, 
used extensively for the design of H.F. 
coils as other sources of error such as 
variations in the diameter of coil 
formers and differences in winding 
pitch limit the accuracy of calculation 
in any case. 
The most widely used accurate 

formula for single layer coils is that 
due to Professor Nagaoka which gives 
the value of the " Current Sheet" 
Inductance as :-
L. = o.o0987D'na/K microhenries (1) 

( D - o.co987DN' -K ) microhenries (2) 
1 .... é . 

where K is a factor which depends only 
on the ratio D/1 and is plotted on Data 
Sheet 12. 
The term " Current Sheet " Induct-

ance implies a coil wound with in-
finitely thin tape lying edge to edge 
with an infinitely small separation. 
While a closely wound coil with thin 
insulation approaches the ideal fairly 
closely, the presence of appreciable 
insulation (or air space) between turns 
has to be corrected for. 
This correction is applied by sub-

tracting an inductance AL from the 
value of L. obtained by equations (1) 
or (2) where 
AL = o.006283Dn/(A+B) H. (3) 

= 0.006283DN (A + B) H. (4) 
The Factor " A " is only a function 

of the ratio S = d/p = dN// and 
is plotted on Data Sheet 13. Likewise 
the Factor " B " is only a function of 
the total number of turns in the coil and 
is plotted on Data Sheet 12. 

The complete expression for the in-
ductance can therefore be written in 
the form : 

AL 
L. = L.( i - --) µH. 

L. 
2/(A +B) 1 

-. L. [ 1 -   H. (5) 
elDNK I 

In order to reduce the labour involved 
in determining whether, or what 
ordei of, correction is necessary for any 
required accuracy of resnit Data Sheet 
No. 14 has been prepared. 

SYMBOLS 
D = Diameter of coil between 

wire centres in cms. 
d = Diameter of bare wire in 

CMS. 

= Np = length of coil in 
cms. 

N = Total number of Turns. 

n = N/1 ------ turns per cm. 
p = 1/N = pitch of winding in 

cms. 

" Current Sheet" Induct-
ance in H. 

= D.C. Inductance in µH. 

K = Nagaoka's Factor. 

A & B = Correction Factors for 
spaced windings. 

= Percentage by which I-8 is 
higher than k. 

S = d/p =- dN/1. 
X = 0.0157 z(D/1)K. 

Y = (A +B)/N. 

If we designate by " z " the required 
accuracy in per cent., i.e., the value 
of AL/L as a percentage, then 

X 2/(A +B) 
(6) 

too ffNDK 
DK A+B 

0.0157% =   (7) 
1 N. 

For any given value of " x" the value 
of X = o.o157x(D//)K can be plotted 
with dll as the variable. Similarly for 
any given value of S = d/p = dN// 
the value Y = (A + B)/N can be plot-
ted with N as the variable. 
The factor X for values of x = 1% to 

lo% for a range of d// values from o.2 
10 20 has been plotted on Data Sheet 
No. 14. On this sheet also is plotted the 

Electronic 
Engineering 

factor Y for values of S=1.0 to 0.5 
and for a range of total turns N from 
4 to 2oo. This Data Sheet may be used 
in either of two ways: (a) We can de-
termine the minimum number of turns 
or minimum turns per centimetre that 
must be used for the result given by 
equations (f) and (2) to be within the 
accuracy specified by the chosen value 
of "x" (b) We can estimate directly 
by how many per cent, the value of L. 
given by equations (1) and (2) will be 
higher than the correct value Lo of 
equation (5) and make the correction 
if required. 
- Thus for example we may require to 
know the minimum inductance for 
which we can use equation (2) with a 
coil having for performance reasons a 
ratio D// of 2; S 0.7 and a diameter 
of 5 cm. If the calculation is required 
to an accuracy of say 2% then from 
Data Sheet 14 we find that X = 0.033 
and as we have to make X >Y at least 
15 turns must be used. (For 1% 
accuracy at least 31 turns would have 
had to be used). 

L. =0.o0987 X 2 x 5 x 225.x 0.525 pH. 
=11.65 pH. 

For any inductance value higher 
than this the accuracy will be better 
than 2%. An alternative problem is to 
calculate the inductance of a, coil 5 cm. 
in diameter wound with 20 turns of No. 
i6 S.W.G. wire in a length of 5.0 ems. 

L.=0.00987 XIx5x 400 x 0.6884 pH. 
=13.61 µH. 

Now p = 5/20 and d = 0.1626; there-
fore S = 0.1626 x 4 = o.65. From Data 
Sheet 14 we find that for N = zo and 
S = 0.65 D// = 1 the value of L. given 
above would be about 1.9% high. From 
Data Sheets No. 12 and 13 we have 
AL= 
0.006283 X 5 x 20 X (0.1261+0.2974) µH. 

0.266 µH. 
and L. was about 1.9% high. 

S.W.G. 

12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 

Diam. 
mm. 

2.642 
2.032 
1.626 
1.219 
0.914 
0.711 
0.559 
0.457 
0.376 
0.315 
0.274 
0.234 
0.193 
0.152 
0.122 

Theoretical Tu rns per cm. Length of Single-Layer Coil 

D.S.C. 

5.8 
7.7 

10.1 
12.7 
15.7 
19.2 
23 
26 
30 
34 
39 
46 
54 

D.C.C. E. & S.S. 

3.3 
4.2 
5.2 
6.7 
8.4 
10.1 
12.3 
14.1 
15.9 
17.6 
18.9 
21 
24 
26 
29 

5.6 
7.5 
9.7 

12.1 
15.3 
18.7 
22 
26 
30 
35 
40 
49 
58 

E. & S.C. 

3.4 
4.3 
5.3 
6.8 
8.6 
10.4 
13.3 
15.7 
18.5 
21 
23 
26 
31 

^ 

Enamel 

3.6 
4.7 
5.8 
7.8 
10.2 
12.9 
16.2 
19.9 
24 
29 
33 
39 
46 
56 
72 
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MULLARD MEASURING APPARATUS 

CENTURY HOUSE, 

October, 1941 Electronic Engineering 451 

ELECTRICAL CONDUCTIVITY OF 

SOLUTIONS 
Determination of the electrical conductivity 
of a solution depends basically upon the 
accurate measurement of a resistance. In 
the Mullard Measuring Bridge Type 
GM.41 40, described last month, we have 
the ideal instrument for measurement of 
resistances between 0.1 ohm and 1 0 
megohms, and in order to extend its 
applications to cover the determination of 
conductivities, Mullard engineers have 
designed two pieces of auxiliary apparatus. 
These are Conductivity Cell Type 
GM.4221, Price £3 1 Os. Ud. and 1,000 
cycle Oscillator Type GM.4260, Price 
£7 10s. Ud. 

These three instruments together render 
obsolete all the cumbersome apparatus 
previously associated with conductivity 
measurements— slide wire potentiometers, 
high frequency reed buzzers and insensitive 
headphone detectors. For further information 
send us a postcard, asking for a copy of our 
leaflet No. MV9 16 entitled " Measurement 
of Electrical Conductivity of Solution with the 
Mullard Measuring Bridge Type GM.41 40." 

The illustration depicts the use of 1he Mullard Conductivity apparatus 
for conductimetric analysis. Other applications include:— 

Determination of the Ash content of sugar solutions. 
Determination of the dissolved solids in water supplies. 
Estimation of water content of alcohol. 

Let Mullard engineers help you to apply the new technique to 
your problems. Write to Dept. E.E.I at the address below. 

THE MULLARD WIRELESS SERVICE COMPANY LIMITED 

MEASURING APPARATUS SECTION 

SHAFTESBURY AVENUE, LONDON, W.C.2 
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The Technique of 

Receiver 

Measurements 

By G. T. CLACK 

Part III—conclusion 

R.F. Tests 

HETERODYNE volts can be 
measured by inserting an o-1 mil-
liarneter in the low potential 

end of the oscillator grid leak R3. 
As the valve manufacturers give 
an average figure for heterodyne volts, 
it is worth while measuring them over 
the whole frequency range of the re-
ceiver. The figure varies with different 
types of valves and may be anywhere 
between 6 and 12 volts peak. The voltage 
should not be allowed to fall too low, 
otherwise sensitivity will be affected. 
Should the heterodyne volts be too high 
or too low, then adjustments can be 
made to coils, grid leak; coupling con-
densers or anode potential to remedy 
any defect. 
The general tendency is to parafeed 

the oscillator anode as shown in Fig. 1, 
and the value of R5 depends upon the 
type of valve in use, but may be any-
thing between 25,000 and 5o,000,o. The 
uscillator must be functioning when I.F. 
sensitivity tests are being carried out, 
otherwise the gain will appear to be 
better than it actually is. 
Assuming that the signal and 

oscillator circuits are in order and 
details such an padding, alignment 
and optimum efficiency have been com-
pleted, then the R.F. signal generator 
is connected via a dummy aerial (Fig. 
13) to the aerial and earth sockets of 
the receiver and an output meter coupled 
tu the speech output winding as shown. 
The input is modulated 30 per cent. at 

400 c.p.s. as in previous tests and the 
sensitivity is that number of microvolts 
injected to produce the standard output. 
The frequencies at which this is carried 
out are tabulated below, but if required 
the sensitivity at a number of inter-
mediate points can be measured to assist 
in plotting a complete curve (Fig. 14). 
LW. ... 16o 200 300 kc/s. 

600 1,000 1,400 ice's. 
S.W. ... 6.0 iz.6 17.75 kc/s. 
The variation between the extreme 

ends of the bands should not be worse 
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Fig. 15.—Curves taken from A.V.C. measurement on the receiver. 

than about 3:1. In the case of the M.W. 
and S.W. bands, the aerial couplers were 
peaked at the 1-1.F, end of the range 
and the effect of this is disclosed by a 
higher sensitivity there. The reverse was 
the case for the L.W. band and the 
curve gives proof of this. 
To ascertain the aerial circuit gain, the 

standard modulated input is injected be-
tween the frequency changer grid and 
chassis at various radio frequencies and 
a record taken of the input necessary to 
produce the standard output. The ratio 
between these figures and those obtained 
by an overall R.F. sensitivity test at 
similar frequencies will indicate the gain 
of the aerial coil. 
The following sample figures give an 

idea of the process:— 

into the high potential side of the input. 
This dummy aerial represents what has 
been described as the average aerial. 
On S.W. frequencies this is replaced by 
a non-inductive 400-ohm resistor. 
A.V.C. 
A.V.C. is plotted as a curve showing 

the relation between input and output. 
The R.M.A. method of measurement 

calls for an input of t volt at R.F. with 
the volume control adjusted so that the 
receiver delivers a quarter of its nominal 
output. The input is then reduced in 
convenient steps and a record taken of 
the fall in output. 
The only information obtained front 

this test is the point at which A.V.C. 
commences and the " slope " of the con-
trolled portion of the curve, i.e., expressed 

input to: ibo 200 300 600 l000 1500 kc/s 6 ro 16 Mc/s . 

V, grid 38 38 40 34 36 36 42 28 23/..tV 

A. and E. 12 13 40 15 6 4.5 26 16 

1-75 

t2IÁV 

1.9 i. 

Aerial coil 
gain 3.15 2.9 0 2.25 6 8 1-7 

'File coil gain at various frequencies 
is determined by the type of coupling 
used, i.e. whether high- or low-peaked 
primary with or without top-end coup-
ling. The coils tested happened to have 
low-peaked primaries on the medium 
and high frequencies and a high-peaked 
primary on the lower frequencies. The 
gain for a given coil reniains constant 
but the sensitivities at the grid of the 
frequency changer will vary with differ-
ent makes and such figures can serve 
as a basis for comparing conversion effi-
ciency provided the correct amount of 
heterodyne volts are maintained at the 
oscillator grid. 

For medium- and long-wave frequen-
cies the standard dummy aerial consists 
of a 200-pf. condenser, a 2o-ohm resistor 
and an inductance of 20 micro-henries 
in series with each other and connected 

as the change in input, in db, needed 
to obtain a change of i db in power 
output. 
An improved method of measurement" 

which gives much more information is 
described herewith. The advantage over 
the conventional method is that it re-
seals many other facts (1) inherent re-
ceiver noise, (2) output at the point 
where A.V.C. commences, (3) delay 
volts too high or too low, (4) sensitivity 
of the receiver in microvolts input for 
any required output. 
Another point is that some generators 

will not supply the 1-volt R.F. output as 
required by the R.M.A. specification, 

• See M. C. Scroggie, " Radio Labora-
tory Handbook," and "The A.V.C. Charae-
ieristic," Wireless World, Vol. 44, No. IS, 
11-1- 42 7, 428, 12th June, 1936. 
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...get a good job 
Interesting work — good conditions —good 

pay—they're all waiting for you if you have a 

knowledge of radio, or aptitude for training. The 

Royal Army Ordnance Corps wants men, and wants 

them urgently, for the installation, maintenance and 

repair of Radio and Radiolocation Equipment. 

There are good opportunities for promotion from 

the ranks. And there is this further advantage — if 

in civil life you are a radio expert, you can return to 

your job after the war with a first-hand knowledge of 

all the very latest developments in radio. (N.B. Even 

though you are unskilled, this is still your oppor-

tunity. You will be given a thorough training at a 
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in the Army! 
Civilian Institute on full pay.) Britain's Radio 

defences must be kept in i00% working order. 

That's why you must volunteer TODAY. These are 

the vacancies :— Approximate Pay and Allowances 
SINGLE MARRIED 

Ordnance Mechanical Engineers 
(Wireless) 

Radio Maintenance Officers- - 

£435 P-a• £506 p.a. 

£337 P-a- £409 P-a-

Armament Artificers (Radio) - - 10/3 per day 
(plus clothing, rations, accommodation and family a:!()-xanc 
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POST THIS COUPON AT ONCE 
••• 

I To the Assistant Director of Mechanical Maintenance, The 
1,1 War Office (MMI), Room 206, Golden Cross House, 

Duncannon Street, London, W.C.2. 

I Please send full details of Wireless Positions in the R.A.O.C. 

NAME 

ADDRESS 
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whereas with the Scroggie method the 
most important information is gained 
using inputs between i µV and t-toth 
volt. 
The R.F. signal generator is coupled 

via a dummy aerial to the aerial and 
earth sockets of the receiver, and the 
desired signal frequency, modulated 30 
per cent. at 400 cycles, injected. The 
change in power output is referred in 
decibels to milliwatt, and plotted on 
6-cycle log:linear paper against R.F. in-
put up to i volt. As the curve is plotted 
on log paper the input in microvolts can 
be conveniently increased in steps of 3, 
to, 30, too, 300 and so on, as this will 
save measuring unnecessary intermediate 
points. 
An A.V.C. measurement should be 

taken at a frequency near the middle of 
each range covered by the receiver, but 
it desired there is no reason why some 
other, perhaps more convenient, fre-
quency should not be used. 

NVith the gain controls set to maxi-
mum, adjust the input to the receiver 
until, say, 1 milliwatt is read on the out-
put meter (Fig. 13); then this input in 
microvolts is plotted as the reference 
point, Odb, as in Fig. is. 

l'he input is then increased in small 
‘-teps and the output change in db is 
read directly from the wattmeter. It 
is obvious that the L.F. stages will be 
hopelessly overloaded before any useful 
information is obtained, so it becomes 
necessary to reduce the L.F. gain when 
the output reaches a convenient level and 
to refer the previous reading in db to 
the new level before continuing. An ex-
ample will clarify the process. For the 
receiver already mentioned an input of 
2 µV produces i mW. output. Increas-
ing the input in the previously mentioned 
order (x3, x lo, x 30, etc.) brought the 
output up in steps which were noted and 
plotted. When output was +30 db above 
mW. (1 watt), the L.F. gain control 

was turned down, until the meter read 
too milliwatts, and referring to this level 
as -1-30 db, the test was carried on. 
The gain must be reduced each time 

the output reaches 25 to so per cent. of 
its maximum in order to avoid over-
loading occurring in the L.F. stages. 
As mentioned in previous tests, a cur-

rent or voltmeter could be used in place 
of an output wattmeter. Current ratios 
measured in the output load resistance 
can be interpreted into db change in 
power output (Fig. 8). For an A.C. 
milli-ammeter the 1-milliwatt reference 
level is found by 1=,JW/R.--2omA. for 
a 2.5w load. In this instance, owing to 
the extremely low reference level it be-
comes impracticable to employ a- volt-
meter across the resistance, as the volt-
age is in the order of .o5 volts. Con-
necting the voltmeter as in Fig. 5 solves 
this problem, and a i-milliwatt level is 
indicated by a meter reading of 2.83 
volts for an 8,000 w anode load. The 
same procedure as for the wattmeter is 
used when + 30 db is reached. 
The point at which A.V.C. commences 

40 

30  

I 

MW Boo 

LW 160 

SW 6 
i• shown by thc sharp bend that takes 
place at about 20 µV input. Plotted 
also are points indicating the output 
power. By altering the delay voltage on 
the A.V.C. diode anode it is possible to 
arrange matters so that A.V.C. occurs 
before or after the maximum power out-
put is obtained. In the case of curve I 
(Fig. is) the A.V.C. becomes effective 
just as the maximum output is de-
veloped. 

Invariably the delay is arranged so 
that the maximum output is obtained 
before A.V.C. takes full control, other-
wise with a low L.F. gain there is a 
possibility that the maximum output will 
not be realized unless the carrier is very 
strong. This condition could be experi-
enced if, for instance, V3 and V4 of 
Fig. I were replaced by a double diode 
output pentode and insufficient delay 
volts applied to the A.V.C. diode anode 
(V). 

Fig. 13.—Connexions for sensitiv ity tests. 
An improvement in the A.V.C. curve 

would result if the L.F. gain were re-
duced and the loss in sensitivity made up 
in either the I.F. or R.F. circuits, to-
gether with this an increase in the delay 
voltage. The effect would show itself as 
illustrated by curve IV in Fig. 15. 
With the type of receiver in Fig. r it 

is inadvisable to employ A.V.C. on the 
control grid of the frequency changer 
Vi on short waves, as a variation in bias 
on this grid affects the coupling between 
R.F. and oscillator sections, which in 
turn detunes the oscillator frequency. 
This effect is very noticeable when the 
input signal fades, more so than when 
it increases. A change of even ten times 

MW 

SW 

7oo Boo 900 l000 Iloo I2oo I3oo I400 150e 
KILOCYCLES/SEC 

200 240 260 
MEGACYCLESAM 

13 10 12 14 
in input will detune the oscillator fre-
quency by 3 to 6 kc/s. in a high-fre-
quency direction, and as the fading 
under bad conditions can exceed too : t it 
is possible that the use of A.V.C. on the 
frequency changer can cause fading to 
appear worse than it actually is. The 
low potential end of the S.W. aerial coil 
should be returned to earth and only the 
I.F. valve controlled (curve 111). 

Prior to taking the A.V.C. curve, a 
note should be made concerning noise 
level with zero input and maximum gain 
Also it is as well to plot a curve showing 
increase in noise for an increasing un-
modulated carrier (II) and the point 
where it tends to disappear. The aver 
age receiver should not show more than 
.5 to r milliwatt of noise with volume 
control up and aerial and earth terminals 
connected together and not more than 
5 to to milliwatts of noise for an un-
modulated carrier below A.V.C. opera-
tion. The total noise output (including 
hum) with 1-volt R.F. input on medium 
and long waves should not be more than 
5 milliwatts. 

Referring back to Fig. 12, curve II is 
the overall response of the receiver at 
1,000 kc/s. The generator connexions 
are as shown in Fig. 13, but with an 
externally connected L.F. generator to 
supply the modulation frequencies from 
so to to,000 cycles. 
The input is adjusted to 20 mV at 

30 per cent. mod., at 400 c/s and the 
L.F. gain control, R.14, set to give a 
convenient output, against which is 
plotted the response. The high input of 
20 mV is to create a similar condition as 
would be met with local station 
reception. 
The few preceding tests are sufficient 

for normal requirements, but a complete 
record of receiver performance would in• 
dude many other tests, including pad-
ding, adjacent and remote channel selec-
tivity, frequency stability, re-radiation, 
acoustic tests for sensitivity, output and 
fidelity, etc. etc. 
A complete and detailed specification 

on testing and expressing performance 
of radio receivers can be obtained from 
the British Standards Institution, Lon-
don, S.W.t. 

Fig. 14.—Sen-
sitivity curves 

of receiver. 
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THE PIONEER BRITISH-MADE LOW LOSS CERAMIC 

  E s E  

THE DEMAND for Frequentite, which possesses 
outstanding properties of Low Loss and High 
Mechanical Strength, continues to increase 
rapidly—and to be met. Production capacity 
has been stepped up over a period of years 
by extensions to plant, the employment of 

specialised new equipment, and progressive 
improvements in manufacturing technique. 
Bulk supplies of the most intricate designs 
can be delivered promptly, and all manu-

facturers are invited to write for Catalogue 
No. S.P. o. 

STEATITE Se PORCELAIN PRODUCTS LTD. 

Telephone s Stourport 

Head Office: 
STOURPORT-ON-SEVERN, WORCS. Telegrams : Steatatn, Stourport. 
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A Note on the Use of Small Power Pen-
todes as Negative Resistance Oscillators 

by E. LAWRENCE 

W UR little difficulty a small 
power pentode of the MP Pen, 
AC/Pen, Pen. At class used 

under the conditions described can he 
used to provide a ready and stable oscil-
lator. 
This note is based on a practical ex-

periment using a valve having the fol-
lowing normal constants:— 

Heater, 4 volts 1 amp. 
Max. H.T. voltage, zso. 
Max. screen voltage, 250. 
Average anode impedance. so,000 
ohms. 

Average mutual conductance, 3 
mA/V. 

Fle 

The familiar early tetrode circuit is 
shown in Fig. 1. Such a circuit is simple 
on paper only as its performance may 
he erratic due to ageing and even when 
very carefully set up the choice of opera-
ting bias is critical. The circuit shown 
in Fig. 2 suffers from no such difficul-
ties. 

The connections shown were decided 
after carrying out tests involving various 
electrode combinations, though the suc-
cessful operation of the circuit is mainly 
due to a more important point, which is 
that oscillation does not commence until 
the valve emission is limited by a reduc-
tion of cathode heater temperature. 
The most stable condition for this type 

ni oscillator is found hy inserting :1 
'nitro-ammeter in series with the lower 
return lead of R and then slowly in-
creasing the heater current until the 
meter reading is a maximum (this in 
most cases is some 5o micro-amperes 
and occurs when the heater has about 
two volts across it). 
The choice of C and R is not critical 

when the circuit is used at high frequen-
cies, but at the frequency of test, i.e., 
1,000 c.p.s., it was found that a to per 
cent. increase in output took place if 
CR equalled the period of oscillation. 
At 1,000 c.p.s. the period equals o.00t, 

and reasonable values to choose would 
be o.ox mfd. and o.1 megohm. 
Tests were carried out to find the effect 

of varying electrode potentials, and to 
ascertain the oscillation threshold. The 
results are tabulated below:— 

H.T. Volts Volts across 
LC. Circuit 

Threshold of oscil-
lation 
48 4 
72 11.5 
96 15 
120 20 

Grid constant at -I- izo volts. 

Volts (screen and 
anode) 

3 
6 
9 
12 

24 

36 

72 
96 
120 

Volts across L.C. 

5 
72 

76 
19 
27 
30 
38 
40 
41 

As the output is across the LC circuit 
it is to be expected that the wave-form 
will be good, and this was confirmed by 
a measurement as under:— 

Harmonics of i,000 c.p.s. 

H.T. 
Volts 

Total I 
(mA) 

Second 
Harmonic 

°A 

Third 
Harmonic 

0/0 

24 3 2 0.6 
too 3 0.3 i.o 

Frequency stabil ty for variations in 
supplies is very good, and for H.T. and 
I..T. changes of some 15 per cent. the 
frequency changes no more than t part 
in 5,000. 

It is often important to know the 
available value of a negative resistance. 
This can be found approximately by in-
creasing C until oscillation ceases, then 
L/RC at this setting gives the figure. 
For the case noted this proved to be 
some 3,500 ohms. 
The circuit was also tried without any 

alteration other than changing the reson-
ant LC values from t kc/s to 5,000 
The circuit went into oscillation readily 
and the volts across the particular coil 
used were in excess of 2o. 

Cathode and Control Electrode 
Assembly for C.R. Tubes 

THE familiar indirectly heated 
cathode consisting of flat end-cap 
coated with emissive oxides, ter-

minating the cylinder housing the heater, 
needs to be maintained in accurate loca-
tion relative to the control electrode 
despite temperature variations during 
manufacture and subsequent operation. 
:\ neat assembly for ensuring this is 
illustrated in the accompanying drau-
ings, of which Fig. i shows a section 
through such a cathode assembled with-
in its control electrode. 

The flanged cathode A is first rigidly 
fixed to the cylindrical sleeve B. An in-
sulating spacer C and cylindrical spring 
D are slipped over the sleeve, and the 
flange E is then moved into a position 
such that the spring is compressed 
slightly: to ensure that the spring does 
not contact the cathode sleeve the spacer 
C is shouldered as illustrated Heating 
of the spring by the sleeve is minimized 
by introducing a further insulating (e.g., 
ceramic) spacer F between the flange E 
and the spring. Spacer C fits inside the 
control electrode cylinder G, which sup-
ports the retaining ring H. The spacing 
between the emitting surface and the 
end-disk of the control electrode is 
determined by the thickness of the 
further insulating spacer J. 
The modification shown in Fig. 2 is 

useful where it is desired to adjust the 
distance between the emissive surface of 
the cathode and the end-plate of the con-
trol electrode. lo this case the cathode 
A is not itself flanged, but a separate 
flange is provided at the appropriate 
position to co-operate with the spacer C. 
—R.C.A. Laboratories. 
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HOLSUN BATTERIES LIMITED 
137 Victoria Street, London, S.W.I. 

Thank goodness for 

the radio/wireless 

mechanics at base 
For hours before the raid the Radio/Wireless Mechanics at 
the base were checking and testing the radio gear—putting the 
last ounce of performance in the wonderful R.A.F. trans-
mitters. Men are urgently wanted for this highly important 
and intensely interesting job. If you've a sound elementary 
education the R.A.F. will train you from the start. (Age 18-34 
—older men accepted if they know something about radio.) 
ALSO NEEDED URGENTLY—men to train as Flight 
Mechanics (age 18-42), Armourers (age 18-42), Electricians 
(age 18-42). 

Go to-day to the R.A.F. section of the nearest Combined 
Recruiting Centre (address from any Employment Exchange) 
or post the coupon. 

Train with the 
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ground duties 

To Air Ministry Information Bureau, 
Kingsway, London, W.C.a 
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Armourers Li Electricians D 

I X against the one in which you are 
interested. 
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ABSTRACTS OF ELECTRONIC LITERATURE 
Thermionic Tubes 

A Method of Measuring Dynamic 
Characteristics of Valves 

(J. B. Maggio) 

A circuit which directly determines the 
dynamic characteristic by a method 
which is simpler, more rapid and more 
free from the inherent errors of the 
graphical method. A dynamic transfer 
curve is obtained rapidly and under 
operating conditions by direct measure-
ment under A.C. conditions. 
The desired D.C. and grid biasing 

potentials are applied to the valve and 
a pure sinusoidal driving voltage of 
carefully determined value applied to the 
grid. 
The driving circuit consists of a 

tapped potentiometer of equal resistance 
steps, one of which is the heater of a 
thermocouple T.C. An oscillator applies 
a pure sinusoidal voltage to the poten-
tiometer and its output adjusted until 
the galvanometer G connected to the 
thermocouple indicates that i volt peak 
is applied across the thermocouple. 
Under these conditions the steps of the 
potentiometer apply to the grid multiples 
of i volt peak from the bias voltage. 
The alternating and direct compon-

ents of the anode current are separated 
by a parallel circuit RL Gv, the in-
ductance of L being sufficiently high to 
prevent flow of A.C. The A.C. com-
ponent through RL Gv is measured 
by adjusting Gv until the peak voltage 
across it is i volt as compared with the 
voltage across the thermocouple in the 
grid circuit (see diagram). 

A double-pole double-throw switch 
permits the peak voltmeter V to be 
thrown rapidly from one to the other, 
and a similar switch is connected so 
that either the positive or negative 
peaks may be read. The circuit may be 
used for measuring the transconduc-
tance from control grid to anode. As 
the load resistance is made small com-
pared to the internal resistance of the 
valve, the voltage ratio from grid to 
anode approaches the product of trans-
conductance and load resistance. By 
making RL equal to zero, setting the 
grid potentiometer to the 1-volt tap, and 

adjusting Gv until there is one volt 
across it, the voltage gain through the 
valve, or the ratio of anode to grid 
voltage, is unity, and the transconduc-
tance will be equal to one divided by 
the load resistance, which is Gv. Since 
the reciprocal of Gv is the conductance, 
which is read directly from the Gv dial, 
the transconductance is obtained directly. 
When the voltage gain has been ad-
justed to unity with the grid potentio-
meter on the 1-volt tap, the calibration 
of Gv is independent of the actual grid 
voltages. 
—Bell Laboratories Record, Vol. 19, 

No. 9, May, 1941, page 281. 

Circuits  

An Ionization Gauge Circuit with a 
Magic Eye' 

(W. E. Parkins and W. A. Higinbotham) 

The special feature of this circuit is 
the use of a magic eye valve which in-
corporates two independently con-
trolled shadow angles. One is used to 
set the ionisation gauge grid current to 
an approximate value, the other enables 
a balance to be made giving the ratio of 
the gauge plate to grid currents. This 
is a function of the pressure in the 
gauge, but is insensitive to changes in 
the grid current. Consequently, the 
pressure can be determined without the 
usual trouble in maintaining the grid 
current at some constant value. 
—Rev. Sci. Inst., Vol. 12, No. 7, July, 

1941, page 366. 

Measurements  

A Simple Method for Measuring Steady 
Currents of Brief Duration 

(R. D. Bennett) 

A method which permits point to 
point measurement of the characteristics 
of substantially resistive elements, 
using ordinary indicating instruments, 
but requiring current duration so brief 
as to avoid dangerous heating effects. 
The method is particularly useful in 
the study of valve characteristics under 
overload conditions. 
For the measurement of triode char-

acterics the voltage divider which sup-
plies Vg should have so much current 
carrying capacity that the value of Vg 
is not altered appreciably by the grid 
current and the current ig Rg when S 
is closed, yet Rg should be small 
enough to keep the value from blocking 
when S is opened. The anode voltage 
actually applied is calculated from the 
quantity of electricity indicated by the 
instrument A and the values of R and C. 
To obtain conveniently a grid volt-

age-anode current characteristic with 
constant anode voltage requires an 
anode power source of good regulation 
whose voltage can be adjusted. The 
source of voltage is adjusted to a value 
in excess of the voltage to be applied 
to the anode by an amount say Vx. R 

is then adjusted for some convenient 
value of Vg, so that the drop in R is 
just equal to Vx. The drop in R is 
determined for any given combination 
by the value selected for C and the 
quantity going into C as indicated by 
A with the aid of its calibration. Once 
C and the corresponding deflection of 
A have been established, as new values 
of Vg are selected R is readjusted to 
give the same deflection of A with C 
kept fixed. Consequently the drop in 
R is always the same, namely Vx, the 
voltage applied to the anode is always 
the same and the anode current is 
quickly calculated from the value of R. 
—Rev. Sci. Inst., Vol. 12, No. 6, 

1941, page 332. 

Use of a Cathode Ray Tube for 
Comparison of Capacities 

(R. H. Cole) 
A simple method is described for com-

parison of capacities. It consists of a 
circuit containing the unknown and 
standard capacities in series, the 
potential differences across them being 
applied directly to the vertical and 
horizontal deflecting plates of a cathode 
ray tube. Simple methods for calibra-
tion of residual circuit capacities and 
of the cathode ray tube are described. 
The method is capable of the accuracy 
of the order of 0.5% in the range so kc 
to 2 Mc and has the advantage that 
determination of the unknown capacity 
is unaffected by parallel conductance of 
the unknown. 
—Rev. Sci. Inst., Vol. 12, No. 6, 

June, 1941, page .298. 

Electronic Cup Anemometer 
This instrument, which is manufac-

tured by W. & L. E. Gurley, Troy, New 
York, is basically a rotating cup type 
of anemometer using electronic circuits 
and electric meters to indicate the rate 
of rotation of the cup rotor. 
The head consists of a 3-cup rotor 

mounted on a spindle to which is at-
tached a perforated disk, located with-
in the housing. Rotation of the disk 
interrupts, without mechanical con-
nexion, the oscillation of a small oscil-
lator contained in the same housing and 
produces signals of frequency propor-
tional to the rate of rotation of the 
rotor. By means of a five-wire shielded 
cable, power is transmitted to the head 

(Continued on page 466) 
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(Cite rsI COSSOR Cathode Ray Tube 

was made in 1902. Since these pioneer days, 
continuous research by Cossor physicists on Tubes 
both for television and as indicating devices in 
Scientific Instruments, has brought many notable 
contributions to the field of electronics, the Double 
Beam Tube being an outstanding example. 
Around the perfected Cathode Ray Tube and 
other electronic devices made by the Company, the 
well-known range of Cossor Instruments was 
created. A new technique has thereby been 
applied to problems involving electrical and 
mechanical effects. 
Cossor Instruments are now firmly established as 
indispensable in modern laboratory investigation, 
industrial research, production test work and 
technical training; in these and other applications 
they play an important role in the National War 
Effort. 
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An Experimental Electronic Musical 
Instrument 
By F. C. BLAKE 

T
HE use of a zither harp as a 
generator has its limitations owing 
to the iestricted frequency range 

available, and the rendering of musical 
compositions of an ambitious nature is 
not possible. As an experimental instru-
ment, however, it has great pos,ibilities 
and the following account of the author's 
constructional work may be of use to 
experimenters who have similar forms 
of in:trument available. 
A number of i in. steel panel 

pins were driven halfway home 
on the underside of a piece of 
batten the width of the harp, at suit-
able distances apart so that their heads 
coincided with the position of the 
strings when mounted over two fillets 
acting as spacers ifig. r). Each pin 
was then wound with approximately 
'co turns of thin enamelled wire 
(about 36 s.w.g.) one end of each coil 
being soldered to a brass pin driven 
into the edge of the batten, the other 
end being soldered to a common busbar 
connexion made from thin strip brass. 
The batten was then screwed down in 
position over the harp, making sure that 
the pins did not foul the strings or were 
situated too far above or to one side. 
By passing a small direct current 

through each coil in turn tapping from 
one brass pin to another the panel pins 
became weakly magnetised. Thus on 
activating the strings in some way, and 
connecting up suitable coils a num-
ber of alternating currents will be 
produced in the coils corresponding in 
frequency to • the natural vibration of 
the string, plus a number of harmonics 
depending on the position of the coil 
armature. In this case it was arranged 
so that the point of excitation was 
roughly a quarter the length of the 
string. (Fig. 2). 
Exciter. 
An a.c. gramophone motor was 

mounted on a board (Fig. 3) with its 
spindle horizontal, at such a level that 
when an endless tape, driven by a 
pulley mounted on the spindle, and run-
ning over a similar reel mounted on a 
bracket at the opposite end, was moved 
by the motor, it set into vibration all 
the strings at the same time. This part 
was afterwards improved by sewing 
short lengths of tape in the form of a 
brush along the original tape at close 
and regular intervals, a little resin in 
powder form being pressed into the 
tape " brushes " with the aid of a thin 
knife. 

COIL BATTEN 

) EA; TAPE 

Il 

Fig. 2. 

COIL 
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KEY BUS-BAR 
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T. 
BRASS STRIP BUS-BAR' 
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VICODSCREW 

Fig. 4 

WOOD SCREW 

Keyboard. 
Some old piano keys were mounted 

in position on a baseboard. (Fig. 4).. 
Springy brass strips were used as con-
tacts, and were screwed to the keys as 
shown in the diagram. Owing to the 
wiping action the contacts kept quite 
clean, and apart from initial adjust-
ment no trouble was experienced. 
Connexion to Amplifier. (Fig. 5). 
A good " quality " amplifier is 

needed, and one usually used for re-
cord reproduction was used, the con-
nexion between the instrument and the 
amplifier was an output transformer 
from a moving coil speaker. It was 
found necessary to connect a " key 
click " filter across the secondary wind-
ing, and a condenser and resistance 
proved suitable. It was also found that 
owing to irregularities in magnetic flux 
in the panel pins, and their varying 
proximity to the strings, the strength of 
each note was not uniform, but by 
means of slight adjustments to the 
height of the pins over the strings the 
tones were fairly well balanced. 
With this primitive device there is, 

of course ample room for improvement. 
For instance, an iron frame harp, screw-
type coil armatures, and soft leather 
wheels running individually over each 
wire, are a few that suggest themselves. 
Again, the use of a separate " field " 
roil to energise each coil would consti-
tute a great advantage over the simple 
system outlined above. 

BOOKS 
SHORT WAVE RADIO 

By J. H. Rayner, B.Sc., A.C.G.L. etc. 
This is a comprehensive, practical survey 
of modern developments in the use of short, 
ultra-short and micro-waves. It provides a 
greet deal of valuable data concerning the 
practical methods of their use in radio and 
television transmission. 10s. 6d. net. 
INSTITUTE OF ENGINEERS, 
STUDENTS' QUARTERLY JOURNAL 

says: One of the finest short-canoe treatise., 
anailable." 

MODERN RADIO 
COMMUNICATION 

Also by Reyner. Vol. 1. Seventh Edition. 
Includes all recent developments and full 
descriptions of latest apparatus and instru-
ments. 7s. 6d. net. Vol. II. Third Edition. 
Specially written to assist students preparing 
for City and Guilds Examinations, but with 
its companion volume, it provides a complete 
groundwork in the theory and practice of 
modern radio engineering. 7s. 6d. net. 

CATH ODE-RAY 
OSCILLOGRAPHS 

Reynec again. A simple guide to the 
practical application of cathode-ray tubes to 
the examination of oscillations or wave-forms 
and to numerous other purposes. It is most 
valuable for everyone who uses or wishes to 
understand the cathode-ray oscillograph. 
Os. 6d. net. 
ELECTR ICAL TIMES says , " Anyone 
desiring a dear understanding of the cathode-
ray oscillograph . . . . cannot do better than 
purchase this moderately-priced book.-

Pitmareq. 39, Petite: Street, Kingtway. W.C.2 

GET THEM FROM 
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STABILITY and EELS 
Stability is not usually associated with Eels, but when " EEL" stands 

for the most sensitive Selenium Cell on the market Stability is one of its 

main features. 

MADE FOR 

USUAL 

STANDARD 

VOLTAGES 

"EEL" Selenium Barrier Layer cells have 
I. Guaranteed Sensitivity of 0.5—a.65 microamps per fool-

candle per sq. cm. area at 10 ft.-cd1s. 

2. Stability within +3 per cent. of initial output for 
1,000 hours under severest conditions. 

3. Spectral Response approaching that of the human eye (see 
curve). 

4. Negligible fatigue, even at high illumination intensities. 

5. Low temperature coefficient. 

over 

" eel 'MIR. • • «WM., ••••• • • • .••••. • 

EVANS ELECTROSELENIUM LID 
ARTHUR EVANS & CO., LTD. 

BISHOPS STORTFORD, HERTS. 

The 65-watt 
' PENCIL' BIT 

* SOLON 

One of the range of Industrial Ttype 
SOLONS. Conforms to Home Office 
requirements. Pressure tested 600 
volts to earth for I minute. 
NOTE.—Production of the popular ' Handy-
man ' 65-watt SOLON has been discontinued. 

S__CRitire> 

SOLDERING IRON 

Other models are 

available. 

Write for leaflets 

W. T. HENLEY'S TELEGRAPH WORKS CO., LIMITED 

Engineering Sales Department. Milton Court, 

Westcott, Dorking, Surrey. 

CONSTANT 
VOLTAGE 

'Phone : Bishops Stortford 702 ,0001 

A NEW ADVANCE IN TRANSFORMER DESIGN 
Line voltage variations of 
+ 15% reduced to ± 1% 

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

TYPICAL SPECIFICATION: 
Input Voltage : . • tgo-26o V. 50 c. 
Output Voltage: .. 23o v. -F 1%. 
Max. load: 150 watt.s. 

Input power factor over 90%. 

Write for details. Price on application. 

ADVANCE COMPONENTS LTD., 
Back Rd.. Shernhall St Walthamstow, London, E 17 

Teltphone • Larkswood 4366-7 
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NOTES FROM THE INDUSTRY 
Absorptiometers 

Messrs. Adam Hilger point out that 
instruments used for colorimetric 
methods of analysis are erroneously 
called "'colorimeters " since they do 
not measure the colour, but the absorp-
tion of the substance. For this reason 
they prefer the word " absorptiometer " 
applied to the so called " photo-electric 
colorimeter." 

Messrs. Wild-Barfield Electric Furn-
aces have been appointed distributors 
to the engineering industry for the 
Spekker photo-electric absorptiometer 
manufactured by Hilger. In some sys-
tems employed in photo-electric absorp-
tion measurements no provision is made 
for eliminating mains supply variations 
or for allowing for ageing of the photo-
cell used. The Spekker meter is inde-
pendent of voltage fluctuations and as 
the cell is used as a " null " indicatoi 
the accuracy is unaffected by changes 
during life. 
Other features are a robust galvano-

meter, simple optical system and the 
fact that a standard solution need not be 
used to check every test solution. Solu-
tions for a given test are prepared and 
measured on first use of the instrument 
and need be repeated only after long 
intervals. The accuracy is within 1%. 
The instrument was first described in 

the lour. Sci. Inst. 13, 268, and a book-
let on its uses can be obtained from 
Messrs. Wild-Barfield, Watford By-
pass, Watford. 

Soldering Pliers 
Many users of soldering irons have 

had experience of the awkward job 
which demands a third hand or an 
assistant to hold the work. By making 
the soldering iron into a pair of pliers 
difficult soldering jobs are considerably 
simplified as the work can be gripped 
and heat applied simultaneously, leav-
ing a hand free for manipulation. 
" Acru " soldering pliers are manu-

factured by the Electric Tool Mfg., Co., 
110 Great Ancoats Street, Manche ter, 

4, and are available in 75, we, 125 and 
ro watt sizes. Special shaped bits can 
be supplied. A particular feature is the 
air-tight element which has a two years' 
guarantee. Supplies in London can be 
obtained from Arthur's Radio, 15o 
Charing Cross Road. 

Moving Coil Microphone 

The General Electric Co. announce 
a new microphone designed for message 
broadcasting systems and control 
centres. It is of the moving coil type 
mounted in a hardwood desk pattern 
cabinet measuring 61- in. high by 51 in. 
wide and is fitted with a D.P. key and 
internal terminal strip. The coil is of 
low impedance (15 ohms) and it is thus 
possible to use a long transmission line 
with the minimum of noise pickup. 
Copies of the leaflet describing it can 
be obtained from the G.E.C., Magnet 
House, Kingsway. Ref: B.C.S. 2282. 

Radio Textbooks 

The National Book Council, of 3 
Henrietta Street, W.C.2, have issued a 
leaflet No. 170 of recommended books 
on Radio and Telecommunications, 
compiled by Mr. Clarricoats of the 
R.S.G.B. The various sections are 
classified, and give a useful guide 
for students who are not aware of the 
range of textbooks available at the pre-
sent time. There are one or two not-
able omissions, however, for example 
Zworykin's " Television," which is 
acknowledged to be a standard work, 
and which is obtainable through Messrs, 
Chapman & Hall. 
The omission of some McGraw-Hill 

publications is probably excusable at 
the present time owing to the difficulty 
of obtaining them. What is now 
wanted, of course, is a list of textbooks 
with concise comments attached, but it 
will be a bold Book Council that under-
sakes its preparation. 

The Television Society 
The annual general meeting of the 

Television Society will be held on 
Saturday, October 4, at the Institution 
of Electrical Engineers, Savoy Place, 
S.W., at 3 p.m. 
At the conclusion of the general meet-

ing Dr. van den Bosch of Messrs. 
Vacuum Science Products will read a 
paper on " Recent Improvements in 
High-Slope Electron Multipliers " with 
special reference to the new high-slope 
" Augetron." Visitors are invited to 
this part of the meeting, and tickets can 
be obtained on application to the Secre-
tary, Mr. J. J. Denton, 17 Anerley Sta-
tion Road, S.E.zo, or to the Editorial 
Dept. of this journal. 

Neat Method of Interchanging Scales 

The sketch below shows a method of 
changing the scale to suit the coil in 
an absorption wave meter. The scale is 
cut from a small piece of thin metal and 
bent to the shape shown in the sketch. 
The bent end is fastened to the coil 
former as shown, and when the coil is 
in place the scale is automatically 
aligned in front of the condenser pointer. 
—Q.S.T., July, 1941. 

BRITISH MADE PHOTO CELLS 
Barrier layer photo voltaic cells suitable for all types of light measurement—photometers, 

exposure meters, comparators, colour matchers, reflection, refraction, and density measurement. 
light switches, counters, and burglar alarms. 

Special cells with very low capacity for sound 
2e —.4 i4 —>! Elm work. film gramophones and other acoustic : 

: 
purooses, also push-pull cells. 

SPECIAL CELLS MADE TO ORDER. 

0-16/43 0-20/40 0-16/37X 0-131200 s-10 R-7 R-25 R-45/10X 
Some standard sizes of photo elements. Characteristics and prices on application. 

ELECTRO PHYSICAL LABORATORIES 
(DENNY air WENDER) LTD. 

50, BRAMPTON GROVE, LONDON, N.W.4. Hendon 2103 
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!BELLING & LEE LTD 

IN radio communication and in most electrical and scientific apparatus, 
with or without cathode ray tubes, 
"Belling-Lee" accessories are widely 
used. The firm enjoys an enviable 
reputation for resourcefulness in 
design and manufacture of small 
parts, including terminals, plugs 
and sockets, fuses, fuseholders, 
valveholders, etc. Belling eit Lee Ltd. 
are acknowledged specialists in 
suppression appliances, anti-
interference aerials, screened 
rooms, etc. Have you read 
"The Suppression of Elec-
trical Interference" (3/9 
post free), recognised as 
an authoritative work 
on the subject? 

I CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX 

TRANSFORMERS! 
DEPENDABILITY ! 

e e- To Fit %den 
Transformers 
Means Fitting 
Dependability' 

Apart from special 
impregnating and 
de-hydrating pro-
cesses, the highest 
grade materialsand 
workmanship are 
used throughout. 

That's why Government departments and leading 
manufacturers of transmitting and sound apparatus 
use "VVoden Equipment where reliability counts. 
Stripped, fully shrouded or special types made 
to your specification. 

WIDEN TRANSFORMER C°. 
THORNLEY ST., WOLVERHAMPTON 

Tel: Wolverhampton 22829 

Makers of Transformers, Power Packs and 
Special Receiving and Transmitting Apparatus. 

Shaw, 

THE vacuum switch shown in the 
illustration is mounted on a standard 
4-pin valve base. 

It is a light and convenient relay to 
handle up to 5 amps A.C. or D.C. 

Its principal features are : 

LONG LIFE 

TOTALLY ENCLOSED 
CONSTRUCTION 

A.C. or D.C. OPERATION 

NON-INDUCTIVE CONTROL 
CIRCUIT 

ADJUSTABLE TIME DELAY 
UP TO 15 SECONDS 

WEIGHS ONLY 2 OUNCES 

Write for Leaflet No. 101-2A 

For larger relays see leaflet No. 101-2 

THE 

SUNVIC 
1011111 III 

HOT WIRE 

VACUUM SWITCH 
SUNVIC CONTROLS LTD., I, KINGSWAY, W.C.2 

Temple Bar 8202 
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TELCON 
CABLES 

for 

HIGH 
FREQUENCY 

TRANS M ISSION 
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 

Temporary Address : Blackstone, Redhill, Surrey 

Redhill 1056 

THE " FLUXITE QUINS" AT WORK 

" There's a loud 
speaker round 

about 'ere, 
That keeps saying 
things mighty 

queer— 
I've just fixed 

that set 
With F LU X I TE 

and yet— 
There it goes ! 

once again! 
Can you hear ?" 

See that FLU XITE is always by you—in the house— aaaaaa —work 
.hop—wherever speedy soldering is needed. Used for 30 year• in 
government work• and by leading engineers and manufacturer•. 
Of Ironmongers—in tins, 4d., 13d., 1/4 and 2/8. Ask to se• the 
FLU XITE SMALL-SPACE SOLDERING SET—compact but sub 
•tantial—complete with full in•tructIons, 7/6. Write for Free 
Book on the art of " soft "soldering and ask for Leaflet on CASE 
HARDENING STEEL and TEMPERING TOOLS with FLU XITE 

1To 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. Il', simple—with FLUXITE—but IMPORTANT. 

THE FLUXITE GUN puts FLU XITE 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. 

miLliskaiTE  
rr SIMPLIFIES ALL SOLDERING  

TRANSFORMER 

LAMINATIONS 
EIGHT STANDARD SIZES 

CORE WIDTHS .10/" to le (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 on request. 

BRITISH ROLA LIMITED 

MINERVA ROAD, PARK ROYAL, N.W.I 0 
WILLESDEN 4322 

FOR THE 

3RD TIME WITHIN 9 MONTHS 
IT HAS BECOME NECESSARY 
TO REPRINT— 

The Amateur Radio Handbook 
The demand for this standard text book continues 
unabated. If by any chance your pal's pal has not 
yet obtained his copy, see that he gets one to-day. 
Obviously your pal has his copy but just in case 
he has lent it to his A.C.W.I remind him that 
this will be the last reprint. We know you have 
a copy—or have you ? 

The price remains unaltered in spite of very con-
siderable increases in production costs. 

Britain's Best Radio Book, 32C pages: 25 Sections, 300 Illustrations: 

PRICE When writing you are invited to apply for a 
3/6 copy of the current issue of " The T. & R. 

(Post free 41-) Bulletin," price I /-, and details of membership. 

To The Secretory-Edltor, 
Radio Society of Great Britain, 16, Ashridge Gardens, London, N.I3. 

Dear Sir,—Please send me :— 

  Copy(les) of" The Amateur Radio Handbook " 

  Copy(les) of " The T. & R. Bulletin " 
Details of Membership. 
I enclose remittance for  

NAME  

ADDRESS   

Please write in BLOCK letters. 1041 
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Inverting the Characteristic 
It is sometimes necessary to compress 

the amplitude range uf signals prior to 
transmission or recording and subse-
quently to expand the amplitude range 
to its original value. In order to avoid 
distortion, it is important that the ex-
pansion characteristic shall be the in-
\ erse of the compression characteristic, 
and a convenient arrangement for en-
suring this has la-en devised by the 
Radio Corporation of America. 

Fig. 1. 

'[he principle is illustrated In Fig. t. 
The source of signals which are to be 
compressed feeds an amplifier Ai; the 
output voltage e, from which is applied 
across resistances 12 1- and R, in series. 
A further amplifier A2, which is identi-
cal with the amplifier which is to be 
used for expanding the compressed sig-
nals, has its input circuit connected 
across R 3 and its output voltage e, is 
applied across resistances R, and Rzi- in 
series. The compressed signal voltages 
e, are picked up across resistance R 
and are fed to a further amplifier before 

Let it be assumed that the amplifier 
A2 is such that it provides an output 
voltage e„ which is related to the input. 
voltage et; by the relation 
e,= —m e, where m is a function of e,. 

If also RI, R, and 123 are equal in 
value, e0=¡ei 

Substituting for e,, we have e,,,-. 1te, 
(-112 e0) or e,.= e,/ (m +3) 

Electronic Engineering 

of an Amplifier 
And, if m is large compared with 3, 

eo= ei 1111, which is the desired relation-
ship. 

Fig. 2. 

The amplifier A2 may be of any kind, 
but a convenient practical arrangement 
is shown in Fig. 2. This consists essen-
tially of a pair of variable-mu valves 
VI V 2 arranged as a biased-back push-
pull amplifier, to provide a characteristic 
a, shown in the full line curve of Fig. 3. 
Phase inverting valves V3 and V., are 
provided instead of transformers, but 
transformers may be used if desired. 
The inverted characteristic is shown in 
dotted lines in Fig. 3. 

Fig. 8. 

Review of Progress in Electronics—continued 
in an increase of current accompanied 
by a rapid drop in the discharge volt-
age, while the conditions change from 
those of a glow discharge to a fully 
developed arr. The greater the current 
flowing, the greater is the heating of 
the cathode, and consequently the 
greater the number of thermionic 
electro.ns produced. 
The voltage between the electrodes 

of an arc discharge is related to the-
arc current and arc length in a some-
what complex manner owing to the 
fact that the total arc voltage is com-
posed of the voltage drop in the arc 
itself as well as in the respective por-
tions of the arc between the cathode 
and anode and the arc column. The re-
lationships between these various quan-
tities have been studied extensively by 
numerous workers as represented in the 
works listed in the ara timpanying 
Bibliography. 

from P. 443• 
BIBLIOGRAPHY. 

Wied. Ann., 45, 1892, p. 28. 
a Wied. Ann., 51, 1894, p. 225 

P. 2 3-
3 Phil. Mag., 42, 1896, p. 392 
• Phil. Maga 44, 1897, 1). 298. 
5 E. L. E. Wheatcroft," Gaseous Electrical 

Conductors," Oxford, 1938. 
• K. K. Darrow, " Electrical Phenomena 

in Gases," Baltimore, 1932. 
7 R. Seeliger, " Physik der Gasentla-

dungen," Leipzig (Barth), 2nd Edn., 
1934. 

A. von Engel and M. Steenbeck, 
" Elektrische Gasentladungen," Berlin 
(Springer), 2 vols., 1934. 

9 K. G. Emeleus, " Conduction of Electri-
city through Gases," London (Methuen), 
1929. 

io J. J. Thomson and G. P. Thomson, 
" Conduction of Electricity through 
Gases," Cambridge, 2 vols., 1928 and 
1933. 

al J. S. Townsend, " Electricity in Gases," 
Oxford, 1915. 
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Ode 

"THE BUSY VF,E" 
How doth the little busy V 
Delight to irritate 
Both Hermann and wee Doctor G. 
And H. the Prince of Hate. 
It gets about on silent wings, 
It sticks on door and wall, 
It's tapped on glass and metal things, 
'Tis Freedom's clarion call. 
Dit Dit Dit Dah—Dit Dit Dit Dah— 
It travels far through space 
And Doctor G. broadcasts much blah 
To save his country's face. 
But though he may do so for years, 
This sign and rhythmic sound 
Will sting their eyes and burn their 
ears 

And bring them to the ground. 
Then to this simple little V, 
With grateful, happy sigh, 
We'll carve on stone for all to see, 
" VENI, VIDI, VICI." 

?LP 
B.Sc., A.M.I.E.E. 

King's Bldgs., Dean Stanley St., 
LONDON S.W.I 

Telephone : VICtorlo 5035 

STURDINESS 
Sturdy craftsmanship back of 
sturdy shores has ever been our 
country's bulwark. Reliance craft 
is producing high degree controls 
that fulfil the severe conditions 
imposed by the Fighting Services. 
Our experience regarding variable 
resistances is at your service— 
Always. 

RELIANCE 
Manufacturing Co. (Southwark)Ltd. 
Sutherland Rd., Higham Hill, 
WALTHAMSTOW, - E.17 

Telephone : : LARkswood 3245 
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QUALITY 

SOUND 
EQUIPMENT 
Designed and built for reliability and 
high quality sound amplification 

Let us send 
you lull 
details 

Amplifiers 
4-400 Watts 

Horns 

Microphones 

Loudspeakers 

Equipment 
available for 

priority work. 
factories, etc. 

The TRIX téectrical Lo., Ltd. 
65 BOLSOVER STREET, LONDON. W.I 

Phone: EUSCon 5471/2 Grams: Trixadlo,Wesdo London 

--• WARD • 
AC/DC ROTARY 
CONVERTERS 

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

WE ALSD 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, 
Off7ce and Works : 
37, WHITE POST LANE, HACKNEY WICK, E.9 

Telephone: Amherst 1393 

ABSTRACTS OF 
ELECTRONIC LITERATURE 

(Confinued from page 4)8) 
and the signals are transmitted to the 
receiver where, by means of a suitable 
valve circuit, the signals are converted 
into a direct current which is read on a 
standard milliammeter with a scale 
graduated in miles per hour. The speed 
range is from o to ioo miles per hour. 
—Rev. Sci. Inst., Vol. 12, No. 7, July, 

1941, page 373. 

A.C. Impedance of Chokes and 
Transformers 

(Rehfisch and Etissmire) 

Details are given of an instiument de-
signed mainly for the measurement of 
A.C. impedance of chokes and trans-
formers by a comparison method utilis-
ing a valve voltmeter. It is claimed to 
be quick and simple in operation and 
electrically robust, and to be most con-
venient for production checks.—A per 
cent, indicator is incorporated.—W Ire-
less Engineer, July, 1941, page 266. 

Industry 

A Thyratron-Controlled Annealing 
Furnace 

(L. Tarnopol) 

In the circuit an alternating-current 
bridge and amplifier control the output 
of a thyratron which is in series with 
the Nichrome furnace winding. Alter-
nating voltage in phase with the sup-
ply line is impressed on the bridge, and 
the output from the bridge consists of a 
component varying with the balance of 
the bridge, and another approximately 
constant component 9o° out of phase 
with the impressed voltage. 
The bridge is transformer coupled to 

a single stage audio-frequency ampli-
fier which preserves the phase of the in-
put voltage. This amplified voltage is 
used to bias the grid of a mercury 
vapour-filled thyratron whose anode is 
in series with the furnace winding and 
the supply line. Continuous tempera-
ture regulation is obtained rather than 
on and off control by this phase-shift-
ing circuit. 
—I?ev. Sci. Inst.., Vol. 12, No. 7, July, 

1941, page 368. 

Metal-Coated Plastics 

Brief mention is made of a metal-
spraying process for coating phenol 
formaldehyde mouldings, cast resin 
products and laminated materials with 
zinc, aluminium, copper or tin. It is 
claimed that the electromagnetic screen-
ing properties of the zinc film are ap-
pi)ximately equal to those of tin foil of 
0.02 mm. thickness. Several advantages 
are claimed including, saving of meta.' 
and space, reduction in weight and 
increase in strength and better adhesion 
than that obtained by galvanising. 
—Engineering, August 22, 1941, page 

125.* 

Silver Coatings on Non-Metallic 
Surfaces 
(Hepburn) 

This ai tkle describes methods of 
silvering non-metallic surfaces by sim-
ple immersion. The process is applic-
able to mica, celluloid and plastic 
materials generally and has the advan-
tage that the whole surface area of an 
intricate shape is covered with a film 
of reasonably uniform thickness, Where 
a film is used as a base for subsequent 
electrodeposition the total thickness of 
the film can be accurately estimated. 
Brief mention is made of an optical 
method of determining the thickness of 
the silver deposit. 
—Met. Ind., August 8, 1941, page go* 

Theory 

D.C. Amplified A.V.C. Circuit Time 
Constants 

(K. R. Sturley and F. Due; den) 

A theoietical examination of a D.C. 
amplified A.V.C. system with filter cir-
cuits in the grid and cathode of a valve 
showed that the overall time constant is 
very nearly equal to the sum of the time 
constants of the two circuits when the 
two time constants are widely different, 
i.e. : 

RkR'a 
= RgCg +  Ck 

Rk + R'a 
where the suffixes g, k and a refer to 
grid, cathode and anode cincuits 
respectively, and R'a is the sum of the 
valve slope resistance and any external 
anode circuit resistance (a valve used 
for audio frequency as well as D.C. 
amplification may have an anode load 
resistance). The actual time constant 
has greatest departure (+7 per cent.) 
from the formula given above when 
grid and cathode time constants are 
equal. 
Experimental investigation with a 

triode and pentode D.C. amplifier 
indicated that errors occur in practice 
due to variations of the valve slope re-
sistance Ra and amplification factor 
over the working range. A more cor-
rect expression for overall time constant 
is 

RkR'g 
T = KRg Cg +   Ck. 

Rk + R'a 
where K is a correction factor depen-
dent on the variation of p. and Ra in 
R'a the average value of valve slope 
resistance over the operating range 
methods of calculating K (it is less than 

for discharge and greater than i foi 
charge) and Ra are given. 
—Wireless Engineer, Vol. iS, No 

216, September, 1941, page 353. 

*Supplied by the courtesy of Metro-
politan-Vickers Elec. Co., Ltd., Traf-
ford Park, Manchester. 
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Vernier Condenser 

/T is possible to provide a compact 
vernier condenser unit having two 
ranges of capacity variation which 

can be operated by means of a single 
control and such an arrangement is 
shown in the accompany figure. 

The stationary semi-circular con-
denser plate i is associated with a mov-
able semi-circular condenser plate 2 to 
obtain the necessary large capacity 
variations. Stationary plate i is 
mounted upon an insulating base 3. 
Movable plate 2 is secured to a metal 
shaft 5 by means of a collar 6 and a set 
screw 7. A circular disc 8 is likewise 
secured to shaft 5 by means of collar 9 
and set screw io. The metal shaft 5 has 
two annular grooves 15 and 16. Shaft 
bushing 12 has an aperture 17 in which 
is located a spherical ball-shaped mem-

ber 18. A spiral spring 19 normally 
keeps the shaft 5, by means of frictional 
engagement with ball 18, from moving 
horizontally through the bushing and 
yet allows it to be rotated for obtaining 
the necessary capacity variation. How-
ever, a •harp forward pull on knob 20 
will move the shaft through bushing 12 
until the ball drops into groove 16, 
thereby locating the condenser shaft in 
a new position. This new position which 
is indicated by dotted lines, provides a 
much greater clearance between the 
movable and stationary plates, thereby 
giving a much smaller range of capacity 
variation. The addition of the circular 
disc 8 makes it possible to change over 
from one range to the other at the mid-
scale position without appreciably 
altering the capacity.—R.C.A. 
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COMMUNICATIONS DEPEND.... 

BULGIN 
FOR 

SWITCHES 
The best Radio and small 

Electrical Switches in the 
world. Every one is the finest 

of its class, and the best for 
any job. Snap—action, low and 

constant contact resistance, 

reliable performance for tens 

of thousands of operations: 
all these are permanent 

characteristics. 

ON SMALL 
PARTS.... 

In countless instances quite 

intricate pieces of apparatus 

are wholly dependent on the 

proved reputation and relia-

bility of their component parts. 

All products from the House 

of Bulgin are pre-eminent for 

superior design and workman-

ship, and every article bearing 

our Trade Mark has to pass 

exacting and exhausting tests 

during the course of its 

production. 

That is why every manufacturer 

of national importance incor-

porates Bulgin Components. 

ALWAYS DEPEND ON 

REGISTERED • TRADE • MARK 

A. F. BULGIN I CO. LTD., BY-PASS RD., BARKING, ESSEX 
Tel. Rippleway 3474 (4 lines) 
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--ni PREMIER RADIO bu 
PLEASE NOTE-ALL S.W. KITS ARE NOW SUBJECT TO PURCHASE TAX. THIS IS INCLUDED IN THE PRICE. 

PREMIER 
SMOOTHING CHOKES 

Type Current Henrys 
C 40/500 40 MA 20-34 H 
C 60/180 60 MA 8 H 
C 60/400 60 MA 25-34 H 
C 60/500 60 mA 18-30 H 
C 100/400 100 MA 20-34 H 
C 150/185 150 MA 20-34 H 
C 200/145 200 MA 20-34 H 
C 250/120 250 MA 25 H 

Premier Pick Up Heads (WIII fit any tone-
arm) ••• • 8'9 

ANOTHER SPECIAL OFFER. 
Rotherrnel Brush Pieao Crystal Pick-ups. 

De Luxe Pick-up Head ... 349 
(Will fit any tone-arm) ••• 

PREMIER 1941 HIGH 
FIDELITY AMPLIFIER KITS 

Each Amplifier is IndivIdually tested with 
specially matched valves, circuits and Instruc-
tions. 

Completely 
Wired and 

Tested 
4-watt A.C. Amplifier £3 II 6 
8-10-watt A.C./D.C. £7 9 0 
I 5-watt A.C. . (9 8 0 

Black Crackle Steel Cabinet 17/6 extra. 

Res Prices 
500 ohms 6/-
180 ohms 6/-
400 ohms 8/8 
500 ohms 8/8 
400 ohms 10/8 
185 ohms 15/4 
145 ohms 18/-
120 ohms 20/-

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

SP. 250 

SP. 300 

SP. 301 

SP. 350A 

SP. 350B 

SP. 351 

SP. 351 A 

SP. 352 

SP. 806 

SP. 911 

Centre-Tapped 
250-0-250 v. 60 ma. 4 v. 1-2 a, 
4 v., 2-3 a., 4 v. 2-3 a. ... 13/4 
300-0-300 v. 60 ma.. 4 v.2-3 a, 
4 v., 2-3 a., 4 v. 2-3 a. 13/4 
300-300 v. 150 nra. 4 v. 2-3a, 
4 v. 2-3a., 4 v. I a, 4 v. la .. 17/4 
350-350 v. 100 m.a. 5 y. 2a (not 

16/. 
350-350 v. 100 ma. 4 v. 2-3a, 
4 v. 2-3a, 4 v 2-3a... ... I6/-
350-350 v. 150 ma. 4 v. I-2a, 
4 v. 2-3a, 4 v. 3-4 a .. . 17/4 
350-350-150 ma. 4 V 3 a, 4 v. 

22/-
350-350 v. 150 m.a. 5 v. 2a, 
6.3 v. 2 a, 6.3 v. 2 a... . 18/-
315-0-315 60 m a. 5 v. 2 a. and 

8/6 
Input 110 and 220 v., output 
350-0-350 80 ma. 5 v. 2 a., 
6.3 v. 3 a. .. 9/11 

Auto Transformera. Step up or down. 100-
125 v. to 200, 230 or 250 v. A.C., 60 watta, 11/4; 
125 watts 15/. ; 250 watts, 22/, 

L.T. Tr•nsformerr, all C.T. 
4 v. 2-3 a. ... 11/4 
6.3 v. 2-3 a. ... 11/4 
6.3 v. 6 a. ... 15/4 
Premier Battery Elim inators PP 150, 

150 y. 30 ma. output, variable tapping 36/6 
Ditto, with 2 v. a. Charger . 46'6 

Push-Pull Driver Transformers, ... 6 6 
Class 8 Driver 11-1 Ratio Stepdown 6/6 

Universal Output Transformers. I 
Ratios Single or Push-Pull 6 6 

MATCHMAKER UNIVERSAL 
OUTPUT TRANSFORMERS 

Will match any output valves to any speaker 
impedance. 

Il ratios from 13 : 1 to 80 : I. 5-7 watts, 16/10. 
10-15 watts, 21/10. 20-30 watts, 36/10. 

Paxolln Valve Holders, chassie mounting, 4 
or 5 pin, 4d. each. 7 pin, 4d. each. 

"LEARNING MORSE 
Premier Morse Practice Key on 3/3 

Bakell te Base and Brasa Movement 

General Purpose Morse Key 

Bakelite Buzzers 

3 Henry Chokes . .. 
Complete Oscillator as described ln 
above W.W. publication mounted on 17 ./6 
Steel Chassis, complete with Valve ••• 
Brown's Headphones 4,000 ohms. 17/6 pr. 

5/9 
2/6 
7/6 

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 
5G3 Kit. Circuit : Pentode H.F. Stage. Pentode De-
tector. Pentode and F.W. Rectifier. 200-250 v. A.0 
Operation. Built-in Power Pack. H urn-free opera-
tion. For use with Phones or P.M. Speaker. 

Complete Kit of Parts with drilled chassis, all com-
ponents. Plug-in Colis covering 13-170 metres. 4 valves 

and full instructions 
and circuits. £6-14-6 

Battery Version also available Kit LI IS 4 
Extra Coils 200-2000m. also available 

* " The Wireless World" said they vrer?. * 
" 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 
complet• and ready for use 

To Charge : 6 volts at 1 amo. 26/-
2 volts at amp. 13/4 12 volts at 1 amp. 28/-
6 volts at amp. 221- 6 volts at 2 amps. 4316 
MOVING COIL SPEAKERS 
All complete with transformer. Rola 64 in., 
15/-; 10 In. P.M.s, 22/6; Goodman 8 In. P.M.s, 
20/, 

ENERGISED MODELS 
Plassey 8 in., 175 ohm field, 7/6 
Plessey 8 In., 2,000 ohm field, I5/-

DE LUXE S.W. KITS 
Complete Kit, including ail Valves, colis • 
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 meters. 
1-V. S.W. Recel ier or Adaptor Kit 24'6 
I-V. S.W. Superhet Converter Kit 18/-
2-V. S.W. Receiver Kit 35/6 

PREMIER DIALS (2-Speed) 
3-Band 

4 Band 
T•lsen Cisc Drives . 
Utility Micro Dials Direct and 100-1 

9/-
1/6 
6/6 

SHORT-WAVE CONDENSERS 
Trolitul Insulation. Certlfled superior to 
ceramic. All-brass construction. Easily ganged 

15 mmild. 2/4 100 ni.mfd. .. 3/-
25 m.mfd 2/6 160 m.mfd. .. 3/7 
40 m.mfd. . . 2/6 250 m.mfd. 41-
Neut. Cond. 1.5 m.mfd. to 20 m.mfd. , 4/-

SHORT-WAVE GEAR 
Short-Wave Colis, 6-pin types, to fit 7-plk 
holder Type 2, also to fit Eddystone cull holder 
Type 3, 13-26, 22-47, 41-94, 78-170 metres. 
2/- each, with circuit. 

Bakellte Dielectric Variable Condensers. 
.0005 mf. Suitable Tuning or Reaction, 1/9 
each. 0001 and 00075 6d. each. 

Short-Wave H.F. Chokes. 10-100 m., laid. 
each. High grade Ple-Wound U.S.A. type, 
21. each. 

Liasen Dual Range Screened Coils. Medium 
and Long Waves, 2/6 each. 

PREMIER 
REPLACEMENT VALVES 

4 volt A.C. 5-pin Types. A.C./H.L., A.C./L. 
A.C./V.M., A.C./S.G. All 5/6 each. 

Flexible Couplers. i-In. bore. I Id. each. 

Valve Screens for International and U.S.A. 
types, 1/2 each. 

Jacks. Single or Closed Circuit, 1/9. 

Electric Soldering Irons, 200-250 volts, 5/10. 
Super Model 11/9. 

Potentiometer, all resistances, 3/6 each ; 
with switch, 4 6. 

Beehive Stand-off., 2* In., 7d. 3 In., 1/6 each. 

Mains Noise Suppressors, comprising double 
wound Choke and Conds., 6/6 each. 

Tubular Cond. 350 v. working .01-1 mfd.. 
each... - 

.02, 002, 004, 01102,105. COI. ocid, 0003 

Small 0006 2-gang, with trimmers, 3;6 each. 

Ditto 3-gang, fully screened, with 
trimmers, 5/- each. 

Utility 3-gang fully screened, 0005, with 
trimmers, 4/6 each. 

2,000 7.5-watt Res., with 5 Tapping Clips 
1/6 each, 

ELECTROLYTIC CONDENSERS. 

Cardboard cases. 25 imfd. 25 bolt, 1/6; 
15 rrifd. 100 volts, 1/3 : 8 mfd. 125 volt tub, 1/6. 
Smal I Can Type, 16 and 21 Med. 525 v.... 7/6 
8 Med.Wet, 440 y. . 2/-
4 Med. Wet, 320 v. ... 1/6 

PREMIER MICROPHONES 
Transverse Current Mike. Filgh grade large 
output unit. Response 45-7,500 cycles. Low 
hiss level, 23'-. 

Moving Coil Mike. Permanent magnet model Microphone Transformers. Suitable for all 

requiring no energising. Response 90-5.200 mikes. Tapped primaries, A, 20 and 40 :I ; 

cycles. Output .25 volt average. Excellent B. 30 and 60 I; C. 50 and 100 : I. 6/6 each. 

reproduction of speech and music. 49/, Microphone Stands. Floor Type, 32/6. 

ALL ENQUIRIES MUST BE A CCOMPANIED BY 21d. STAMP. All ortlere. under 51- 6d. post extra. 

PREMIER RADIO Co. 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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Reducing Phase Shifts in Transformers 

IT is well known that transtorroci s 
introduce large phase shifts at high 
frequencies dur to the action of the 

primary and secondary capacities and 
the leakage inductance between primary 
and secondary. Thus a lag of 360° is 
approached at very high frequencies be-
tween the primary input current and the 
secondary voltage. 

If the leakage reactance could be 
short-circuited the maximum would be-
come 90° lag. In transformers having 
ratios near unity, a condenser may be 
«mnected between primary and second-
ary points of like voltage and polarity 
and by short-circuiting the leakage re-
actance between these points for high 
frequencies, greatly improve the phase 
and attenuation characteristics. 
The approNintate equivalent diagram 

of a transformer energized through a 
valve at high frequencies is shown in 
Fig. la. This is seen to be similar to a 
low-pass filter driven from a resistance 
generator. At high frequency, the filter 
itself approaches 18o° lag in phase 
while, since its impedance becomes 
capacitative, the voltage across the in-
put to the filter (across Ci) is seen to ap-
proach on° lag. Thus, 36o° total lag is 
approached and, of course, the attenua-
tion becomes very great. This condition 
is very undesirable in feedback circuits 
where phase delays of 18o° in the whole 
feedback loop must be avoided if stabil-
ity is to he obtained. If a condenser C2 
is shunted across the reactor L, as 
shown, then at very high frequencies 
the diagram becomes equivalent to that 
of Fig. ib. 

Fig. 1. 

This is simpl% a capacity divider driven 
through a resistance and the maNinium 
phase delay is oo° lag. Since capacitor 
C2 shunts the inductance I. and resist-
ance R2 in Fig. 1, a parallel tuned cir-
cuit is formed in series between the 
input and output ai some frequency. If 
C2 and R2 are inade large compared to 
L, the maximum impedance reached by 
their tuned circuit may be made negli-
gible. If necessary, an additional resist-
ance may be inserted in series with C2 
to limit the tuned impedance, hut this 
will permit the circuit to go to rgo° lag 
at infinite frequency instead of on°. 
I lowever, in practice. the resistance used 
may he made so small as to have negli-
gible effect at any desired frequency. 
A step-up transformer with one side 

common to the primary and secondary 
windings reduces at high frequencies to 

the equivalent of an auto-transtoriner 
with two pat allel-connected primary 
windings. For ratios near unity, the 
leakage inductance of an auto-trans-
former is much less than that of the 
equivalent transformer. For instance. 
for 2:1 ratio the leakage of the auto-
transformer is one-fourth that of the 
transformer. Such a step-up transformer 
is interposed between the last two stages 
of the audio-frequency channel illustrated 
by Fig. 2. 

The channel of Fig. 2 includes a step-
up transformer to the input circuit 
of the last amplifier stage. 

Fig. 2. 

Substantially equipmential points of 
the primary and secondary windings are 
interconnected through a condenser C4, 
and a condenser C5 is connected 
across the section Si of the secondary 
winding or between the equal voltage 
point and the high-voltage terminal of 
the winding. 
As previously indicated, such a trans-

former operated at high frequencies is 
the equivalent of an auto-transformer 
which exhibits a leakage reactance much 
lower than that of the usual two-wind-
ing transformer. If the winding section 
Si is sandwiched between the windings 
P and S2. a great additional reduction 
in leakage inductance is realized. If the 
section Si is shunted by the condenser 
Cs as shown, this winding section is 
substantially by-passed at high frequen-
cies and the phase lag of the voltage 
applied to the input circuit of the ampli-
fier stage cannot exceed on°. 

Fig. 3. 

Resonance effects in this type of ne-
work may may be controlled by connecting 
across Si. various combinations of re-
actance and resistance such as that 
illustrated by Fig. 3a, in which the 
condensers and resistances become pro-
gressively smaller from left to right, or 
that shown in Fig. 3b. Such arrange-
ments, of course, tend to reduce to 

impedance at infinite frequency and 
to damp-out resonance witlf the induc-
tances which they shunt. 
This development is reported from the 

laboratories of the Radio Corporation of 
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PHOTOGRAPH 

OF AN ELECTRON 

as seen by the naked eye 

We do not claim to supply 

Apparatus which would give 

a better picture, but we 

can put Electrons to work 

in surprising fashion. 

Furzehill Magnetising 

Equipment, for example, 

is speeding up production 

in several factories. 

Perhaps you have a problem 

which we can solve for you? 

>Frig. 
42 en/ 

LABORATORIES LTD. 

BOREHAM WOOD 
HE RTS 

TELEPHONE • E LSTREE 11 38 
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PATENTS RECORD 
The information and illustrations on this page are given with the permission of the Con-
troller of H.M. Stationery Office. Complete copies of the Specifications can be obtained 

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

RADIO AND COMMUNICATIONS  

Reception 
A method, by means of an automatic 

contrast amplifier circuit, of compensat-
ing loss by increasing the volume of low 
notes when high audio-frequency inter-
ference is excessive. 
—Marconi Wireless Telegraph Co., 

N. M. Rust, J. D. Brailsford, 
A. L. Oliver, and J. F. Ramsay. 
Patent No. 536,004. 

A push-pull thermionic amplifier or 
oscillator provided with a feed-back 
circuit connecting its output terminals 
tc, it.: input terminal for feeding back 
iii the push-pull mode, energy in nega-
tive phase in the case of an amplifier 
and a regenerative phase in the case of 
an oscillator. Also means for feeding 
back, energy in negative phase in the 
parallel mode for preventing spurious 
parallel mode oscillation. 

—Standard Telephones and Cables, 
Ltd., F. R. Hill and G. G. 
Samson. Patent No. 537,300. 

Crystal Controlled Oscillators 

for u.h.f. 
A circuit for generating an ultra-high-

frequency in which a positive reactance 
at these frequencies is obtained in the 
feed back circuit including a crystal. 
This enables a crystal to control 
directly the generation of uhf., for ex-
ample, of the order of 12o-iso Mc/s 
which are harmonics higher than the 
fifth harmonic of the fundamental 
crystal frequency. 
—Standard Telephones and Cables, 

Ltd. (Assignees of W. P. Mason). 
Patent No. 537,546. 

Transmission 
This invention is to provide an. elec-

tromagnetic relay particularly suitable 
for the opening and closing of circuits 
which operate at high potentials and 
which are desired to effect a rapid 
"make" and "break" of their contacts. 
The relay is specially suited for radio 
transmitter keying where other func-
tions such as aerial change-over must be 

rapidly performed in an accurate pre-
set order. The relay is not limited to 
this use only. 
—Marconi's Wireless Telegraph Co., 

Ltd., and A. /. Campbell. Patent 
No 537,450. 

TELEVISION  

Video Frequency Signal-Transmit-
ting System 

The object of this invention is to pro-
vide in a television signal-receiving 
system, improved means for developing 
and reinserting the background-illu-
mination component in the video-fre-
quency signal being translated. 
The method adopted is a video fre-

quency signal translating system which 
comprises an amplifier having an input 
circuit which is adapted to have im-
pressed thereon an unstabilised video-
ftequency signal having its background 
illumination represented by the peak 
value on the black side of its zero axis. 
An outlet circuit is provided for the 
amplifier and means are coupled to the 
output circuit for developing a uni-
directional-bias voltage proportional to 
the peak value of the signal on the black 
side of its zero axis. The unidirectional 
voltage is then applied to the input 
circuit to reinsert the 'background illu-
mination component in the signal trans-
lated. Preferably, adjustable means 
such as a voltage-divider resistor are 
included in the output circuit for select-
ing a portion of the signal-output volt-
age of the amplifier and the unidirec-
tional voltage developing means com-
prised a diode rectifier coupled to the 
voltage divider resistor. An initial 
fixed-bias voltage may be applied to the 
input circuit of the amplifier and the 
unidirectional voltage developed by the 
rectifier may be applied in opposition to 
the fixed bias voltage. 
—Hazeltine Corporation (Assignees 

of 7. C. Wilson) Patent- .Vo. 

537)599. 
Linear Thermionic Amplifying 

Systems 
"Ilis invention 'elates to amplifying 

systems for amplifying modulated 
waves and more particularly to such 
systems which operate at comparatively 
high power and/or high efficiency and 
which are intended to give a socalled 
" linear " amplification of the modu-
lated wave. A portion of the input 
energy applied to the amplifier and a 
portion of the output energy obtained 
are detected in separate rectifiers to 
obtain two different waves of envelope 
frequency which respectively represent 
the forms of the envelopes of the input 
and output waves. These two waves 
are then mutually opposed to yield a 
corrective control wave corresponding 
to the difference between them, which 

difference represents the envelope dis-
tortion which has been introduced by 
amplification at high efficiency. This 
control wave so derived is then applied 
directly to the amplifier in order to 
modulate it in such a manner as to re-
duce the distortion of the envelope pro-
duced. The present invention seeks to 
improve this arrangement by connect-
ing a transformer between the rectifiers 
and the amplifier so that the control 
wave passes through it before modulat-
ing the amplifier. 
—Standard Telephones and Cables, 

Ltd. (Assignees of F. E 
Terman). Patent No. 537,558. 

Scanning Generators 
Relates to the generation of saw-

tooth wave-form electric oscillations 
such as are employed in the time base 
circuits of a cathode ray tube. 

In the invention the charging circuit 
of the condenser includes a resistance 
and the anode-cathode circuit of 
thermionic valve having a control grid, 
the potential of which is conti oiled 
automatically by the potential drop 
across the resistor so that as the drop 
decreases with decreased charging cur-
rent the control grid to cathode bias de-
creases tending to increase the charging 
current. The discharge of the con-
denser may be effected in any suitable 
known manner. 
—The British Thomson-Houston Co., 

Ltd. D. J. Mynall. Patent No. 
537,310. 

Cathode Ray Tube Improvement 
The invention describes a circuit com-

prising a cathode ray tube with a con-
trol electrode to determine the ireensity 
of the ray. Means for utilising the 
periodic deflecting voltage both for 
blocking during the return periods and 
for applying a substantially steady 
negative bias to the control electrode on 
any failure of the deflecting voltage. 
—Marconi's Wireless Telegraph (As-

signees of 141. J. Poch). Patent 
No. 537,695. 

THERMIONIC. DEVICES 

Control 
An over-voltage protective device 

consisting of a bulb containing a gas at 
low pressure. The bulb contains two 
main electrodes, and an auxiliary elec-
trode much nearer to one electrode than 
to the other. This is connected to the 
nearer main electrode by a high resist-
ance. The nature and arrangement of 
the electrodes is such that the starting 
voltage when one main electrode is 
cathode is. greater than 600 volts. The 
starting voltage when this electrode is 
anode is considerably greater. 
—General Electric Co., Ltd.. and 

B. N. Clack. Patent No. 535,842, 
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GALPINS ELECTRICAL STORES 
ITERMS  : Cash with Order' or C.O.D. Charges extra 

21, William Street, Slough, Bucks. 
ALL. uuuLiz tj'ii yo4 irmr.z, um a a r 

ELECTRIC LIGHT CHECK METERS, small, late type, well-known make's. 
hrst-drias condition, electrically guaranteed, for A.C. Mains 200/250 volts 50 cy. 1 phase 
5 amp. load, 10/. each ; 10 amp. load, 12/6 ; 20 amp. load, 15/. ; all carriage paid. 

D.C. ELECTRIC LIGHT CHECK METERS, 200/250 volts, 5 and 10 amps.. in new 
condition and electrically perfect : 7/6, post free. 

AUTO. CHARGING CUT OUT AND VOLTAGE REGULATOR, ex-R.A.F., 
suit any dynamo up to 20e. at 15 amps., fully adjustable, with wiring instructions, complet, 
in metal case, 3/6, post 9d. 
SOLID BRASS LAMPS fitted small B.C. double contact holder and 12 volt bulb, 
price 3/- post free. 

110 VOLT D.C. MOTOR, totally enclosed, rated at 8 amps., hall bearing, in new 
condition, make good slow-speed dynamo, weight approx. 75 lbs., prie 45/- mrriage 
forward. 

EX R.A.F. SWITCH PANEL with tase (new), fitted six small knife switch., complete 
in wood case, 2/6 each, post 6d. 

I H.P. 110 V., D.C. MOTOR, as new, ball bearing, totally enclmed, carriage 
forward. 

POST OFFICE MORSE KEYS, standard pattern, solid brass construction, in first 
dd., condition, 12/6, post fret. 
8 WAY Press Button switches, fitted caxolin terminal strips. 2/- each, past free. 
P.A. SPEAKER CABINETS, riot polished. size 22 in. by 18 in. by 13 in.. to take 14 in. 
dia, cone. the whole made of ' in. thick plywood. Price 20/-, carriage 2/6 : Ditto, in 
Rexine. slightly soiled, 17/6, carriage 2/6. 

ASSORTED WIRE END resistances and tubular condensers, all good and useful sizes, 
2/6 per do,_ post free. 
SMALL TRANSFORMERS, for rewinding, sound windings on hut rating unknown. 
Price 4'6, post 6d. 

I KW. TRANSFORMER, for rewinding, fitted sound mains winding (Ex large longer 
rectifiers). Pri...e 35/-, carriage forward. 
2 KW. TRANSFORMER. ditto sa above. Price 50/.4 carriage forward. 
EPOCH, Super Cinema Loud Speaker, 20-watt size, 6 volt 2 amp, field, in good working 
order. Price £3 10s. Oil., carriage forward. 

SLIDER RESISTANCE, fitted worm and wheel control. resistance 2,500 ohms, to 
carry 200 mill/amp. 20/., post free. 

PHILLIPS, 1 MF, condensers, 4,000 volt working, large size. price 10/- each, carriage 
1/6. 
LARGE TRANSFORMER, 230 V, 50 cycle, I PH input : output 2,000-0-2.000 
volts at 200 M/A and two L.T.'s. II volts and 4 volts, in first class condition. price 50/-
each, carriage forward. 

Phone: 
SLOUGH 20855 

MILLIAMPMETER, 2} inch dia. flush fitting, moving coil, in first class condition and‘se 
working order. reading 0-50 'cl/A, 30/-, post free ; Ditto, Milliamprneter reading 0-200 
M/A, 30/-, post free. 

LARGE 1 KW. Transformers for rewinding, rating unknown, price 20/-, carriage forward. 

GUNMETAL PULLEYS, 7 in, dia., to take I in. dia, rope, complete with rove guard 
and hook, price 7/6, carriage V-. 

110 V. BULBS 150 C.P., Ediswan screw fitting, half watt gas-filled, 2/6 each, post free • 
or 22/6 per doz., post free. 

SHEET EBONITE, site 12 in. by I I in. by i; in.. hest quality, price 3/- per doz., post 
free. 
ZENITH VTTREOUS RESISTANCES, all useful sir., in perfect working order, 
price per doz. assorted 10/-. Post free. 

ELECTrUC BELLS, maker Tangent," for heavy duty, working on 6 to 24 Volts D.C., 
fully adjustable, ironclad, fitted heavy 6 in. dia, gun metal gong, loud ringing, price 15/-
each. carriage 1/6. 

FRACTIONAL H.P., D.C. MOTORS, for 110 volt and 220 volt D.C. mai., only 
from 2,,th to I H.P., state size and voltage required. Price. small. 7/6 and large 10/- each. 
carriage 1/-. 

TELEPHONE MAGNETOS, or hand calling generators, 3 and 4 magnet type, unboxed, 
in good working order, price 7/6, post free. 

ROTARY CONVERTOR, D.C. to AC. ; input 80/110 volts D.C. at 33 amps. output 
180/240 at 11 to 8} amp., 500 cycles single phase, also 24 volt at 12} amps. 21:',0 cycles 
single phase, Ball Bearing. 2,500 r.p.m., in good condition and perfect working order, 
price £25, carriage forward. 

FIXED RESISTANCE wire wound on slate, 40 ohms, to carry Ik amps.. protected. 
new and unused, price 6/, post 9d. 

LARGE VOLTMETER, 9 in. dia. by Nalder and Thompson." as new, callibrated 
0-50 volts. I obese for 50 to 500 cycles. Price 50/-, carriage paid. 

PORTABLE FIELD TELEPHONES, in mahogany case, magneto ringing, require 
siuglii ad;ustment or repair. 25/- each, carriage paid. 

A.C. MOTOR by A.E.C., induction type bull bearing, not guaranteed. approx. 2 If P.. 
offered for rewinding only. price £2 10a. Od., carriegr forward. 

VALVE TESTER, maker " Norman Rose,- rexine covered ease, sire 16 in. by 12 in. by 
4 in., condition m new, 3 in. dia. meter. will test any known make of Valve, 6 turn switch,' 
for screen, heater, anode, screen volts, grid and cathode, and numerous other litrnent, 
also 10 to 1.000 v. A.C. or D.C. ; I to 250 M/A, A.C. or D.C., also r.istance test to I Meg : 
com plete with all plugs and cords and for A.0 mains operating only ; note no book al 
instructions is included. Price £15, carriaac paid. 

"COSMOCORD" 
CRYSTAL 
PICK - UP 

FOR 
CLARITY 
AND 
TONE 

LICENSED BY BRUSH 
CRYSTAL CO., LTD., 
under Brit. Pat. Nos. 366,252 and 454,595 

Retail Price 25/- Plus Tax SOLE SELLING AGENTS 
SALE, TILNEY & Co., Ltd., 3, LLOYD'S AVENUE, LONDON, E.C.3 

THE TELEVISION SOCIETY 
(touNDEn r927) 

President SIR AMBROSE FLEMING, M.A., D.Sc., F.R.S. 
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. 

Write for particulars of membership to the Hon. General Sec. : 

Mr. J. J. DENTON, 17 Anerley Station Rd., London, S.E.20 

Great Possibilities for 

TECHNICALLY QUALIFIED ENGINEERS 
KEY MEN IN WARTIME AND AFTERWARDS 
The finest posts and the malority 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.13, and take a Recognised Engineering 
Qualification such as A.M.I.R.E.,A.F.R.Ae.S., 
A.M.1.Mech.E., A.M.1.E.E., etc. In which 
examinations T.1.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-
caflon, Mechanical. Electrical, Chemical, etc. 
etc. 

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

BRITAIN 

UNIVERSAL ELECTRICAL CO. 
221 CITY ROAD, LONDON, E.C.1 

Telephone. CLERK 7030 

ROTARY CONVERTERS 
" E.D.C." 230 D.C. Input 230 v. A.C. Output in Silence-soundproof 

Cabinet and Radio Filter Unit, 180 watts £9 0 
Ditto as above, 120 watts ... E7 0 
Ditto as above, 60 watts . . £5 5 

Dynamo, ,} h.p.. 12/15 v., with extended shaft _ ... £3 0 
" Croydon " 230 D.C. Input, 230 A.C. Output, 500 watt CIO 0 
"Westinghouse" 110 D.C. Input. 110 A.C. Output. 750 watt £I2 0 
" E.D.C.' 50 D.C. Input, 230 A.C. Output, SOO watts ... Li 5 0 
" Crypto " 230 D.C. Input with Transformer Output . A.C. 

3 phase. 6 KVA. .,. . ... , .os 0 
" Siemens " Alternator self-cited 230 v. S/P .i, 1500 r.p.m., 

EsIKVA, ... ... ... ... ... ... ... L25 0 
Photo-Electric Cells 15 
" Crypto " 2 H.P. 415 v. 3 Ph. 50 c. 710 r.p.m. 5/ling with 

Starter .. 10 
" Foster " and " Hackbridge " Transformers, 100/110 to 

200/230, 2 KVA. ... ... - 
" Brooks " 15 h.p. Motor, 240 v. S./Ph. 50 c. ' with Starter £20 0 
ALL TYPES OF ROTARY CONVERTERS SOLD AND PURCHASED 
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Off  

y6)2re -t) 

Transformers Ltd. 
It would be difficult to 
enumerate the various 
types of winding and com-
ponents which we produce. 

Sufficient to say — We 
specialise in the manufac-
ture of Mains Transformers 
and Chokes of every type 
and size. Supplied in quan-
tities or singly ; We are 
willing also, to co-operate 
in the production of any 
proposition put to us. 
within our scope. to 
execute, with care and 
promptitude. 

Write us for particulars : 

Ba Gladstone Road, Wimbledon, S.W.19 

'Phone: ÉlBerry 3303 

RAD10 
CARRIES ON! 

Although supplies for the amateur are now 
very limited we still continue to offer new 
and re-conditioned radio receivers and 
accessories, and invite your enquiries. 

15;11 

There's still nothing 

to beat 

RADIO 

for 
RELAXATION 

Special Offers 
A.C.S. SPECIAL, comprising McClure All-Wave 
feeder,Quality Broadcast feeder, Sound Sales Amplifier, 
Lowther bass and treble corrector, gramophone with 
Rothermel studio pick-up, Presto Senior recorder, in 
massive walnut cabinet, with Voigt speaker In walnut 
corner cabinet, new condition ... £190 0 0 
CELLOPHONE RADIOGRAM, with 13-2,000 
metre radio, Ribbon type record reproduction. 
Attractive walnut cabinet, with small record collection. 
Cost SS gns. Dem. soiled only ... £35 0 0 
AMERICAN GENERAL ELECTRIC, Radioforte 
Console. 7 valve, push button tuning, broadcast 
band only, self-contained Beamoscope aerial. elimin-
ating static. attractive cabinet. Cost 68 gns. 
As new , ... £27 10 0 
EDDYSTONE SPECIAL, 15-87 metre Com. Set, 
three bands.fully metred,with power pack and speaker. 
Excellent performance. Little used ... £17 10 0 

A.C.S. RADIO 

44 WIDMORE RP. BROMLEY, KENT 
'Phone RAVensbourne 0156 

CORRECTION 
Data Sheet 

In Arch. f Elektr. for February, IN 
the authors of an article on Directivo 

Aerials acknowledge fourteen errors, 

four of which are due to confusion in 

type between / and 1. We are pleased 

to note tha,t we are superior to thu. 

Germans in that we have to acknou - 

ledge only half a-dozen errors in the 

last Data Sheet, some of which are duc. 

to the same confusion. 

In Col. 2 of the typescript 

appears as i/:;-)t.. 

In Col. 3 the reference number of th( 

equation ha, ,been omitted against th , 

approximation to Eq. In, and should he 

20. 

Eq. 23 should read : 

2D flog(4D/d,) 

4loge(2D/d) 
In Eq. 30, i!,A. should read W IA, and 

below Eq. 32 /!;LÀ should read 1,'!,À. 
Finally, the equation on the Data 

Sheet itself (No. t should read : 

Lo = .00.4 log..2D/d . . . etc., instead of 

004 lOge2r):1" . . . etc. 

The ietention of a construction line 

in the sketch of the transmission line 

makes it appear as though one of the 

conductors was connected to earth, and 

this should he disregarded. 

URGENTLY REQUIRED 

June, July and August issues of 

" ELECTRONIC ENGINEERING" 

The publishers of this Journal are 
prepared to pay 2/- each for complete 
copies of this Journal for the months 
named. 
Readers who are willing to supply 

copies of the issues should return them 
to the Subscription Dept., Hulton 
Press, 43 Shoe Lane, E.C.4, with a slip 
enclosed bearing full name and 
address. 

sOUTHERN RADIO'S Wireless Bargains :--
c Parcel.--Assorted components, including valve 

holders, volume controls, wire, resistances, 
condensers, circuits, etc.; 5/--. 
gi . -Service kit of components, Including 

sistances. tubular and electrolytic conden-
sers, solume controls, chokes, etc., etc., contained 
it, v, °often carrying rase; 15/-. 
2Z . -Small trader's parcel of components, goo 

"Ji ¡tenis; •nl-. 
3/ —Wooden Tool or instrument case, 9 in. ;,< 7io 

7in., ex Government stock ; 3/-. 

ORMOND Loud Speaker Units, balanced armature 
type, 6; smaller bakelite type, 3/6 ; un 

shrouded type, 2:8; wireless crystals, 6d. each, 5/ 
per dozen tins; Ace P.O. microphones, complete ready 
for use with any set, 6/6 each; Westectots W2, 2/6; 
mica condensers, assorted sizes. 3/- dozen ; assorted 
terminal'., plug', and tag ends, 69 R•rot; Telsen radio 
Inagazines, complete with 4 blue prints, 6d. post free; 
Mainshridee condensers, r mid. T mfd. rig. 4 
redo. 2'9 each ; valve holders, assorted, 9-, 7-, 
4-pin, 3 - dozen ; permanent magnet speaker, W. 
ro in., with transformer, 25/-; thousands of bargains 
lot callers; all goods guaranteed; please add postage 
to amount of order, approximate postage 7d. on 5f-, 
to Or on 25/-. 
QOUTHERN RADIO SUPPLY Co., 46, Lisle St. 
'1 London, W.C.2. Gerrard 6653. 

Classified Announcements 
SCALE OF CHARGES 

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 Hulton 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. 

LOUDSPEAKERS 

3.000 SPEAKERS P.M. and energised 4' to rela 
including several Epoch 18'. Sinclair Speakers, 
Pulteney Terrace, Copenhagen Street, N.r. 

MISCELLANEOUS 

ALL TYPES of Rotary Converters, electric motors, 
battery chargers, petrol electric generator sets, etc., 
lo stock, new and second band. 

A.C.-D.C. Conversion Units for Operating D.C. 
Receivers from A.C. Mains, too watts output, L. to 
so watts output, b. 20. 

WARD, 37, White Post Lane, Hackney Wick, E.9 

LOUDSPEAKER repairs, British, American. any 
make, 24-hour service; moderate prices.—Sinclair 
Speakers, Pulteney Terrace, Copenhagen Street. N. r. 

SUPERSONIC LIGHT RELAYS. We can supply 
from stock. Send us your requirement, for experi-
mental work.—H. E. Sanders and Co, 4, Gray's Inn 
Road, London. W.C.2. 'Phone . centto.tv 8775. 

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. 

MORSE TRAINING 

FREE. " Book of Facts," tells you al/ about The 
Candler System of Code training. Courses for Begin' 
nora and Operators.—Writar Candler System Co. (55131 
121, Kingsway, London, W.C.a. 

RADIO MAP AND GLOBE 

WEBB'S Radio Map of the World enables you to 
locate any station beard. Size 40' by 30.'2 colour heavy 
Art Paper, 4/6d.,post 6d. Limited supply on Linen,ro/6, 
post 6d. WEBB'S Radio Globe—superb 22' full-
colour model. Radio prefixes, zones, etc. Heavy 
oxydised mount. Post Paid. 1716.—Webb's Radio, 
14, Sobo Street, London, W.r. 'Phone: Gerrard 1089. 

TUITION 

PRACTICAL Radio Postal Courses, coaching for 
I.P.R E., R.A.F. Location, and A.I.D. exa'ms.; 
booklet tree.—Secretary, I.P.R.E., Bush House, 
Walton Avenue, Henley-on-Thames. 

WANTED 

ALL TYPES of used Radio Seta, Radio and Elec-
trical accessories. Bought for cash. University Radio, 
22 Lisle Street, W.C.a. 'Phone: GER. 4447. 

TIME BASE and small C.R. Tube. Also 4-in. lenses 
for television.—Box No. 646, " Electronic Engulf,-
nag," 43, Shoe Lane, London, E.C•a. 

The following back numbers in clean condition. Good 
price paid. August, 1940, " Electronics and Televi-
sion." June, fuly, August, 1945, " Electronic 
Emnneering.•• R. L. Mansi, Box 645, " Electronic 
Et:2inrcring," 43, Shoe Lane, &C.4. 

" ELECTRONICS," Seember, 1940, August, z941 , 
inclusive.—xo, Moor Park Road, Northwood, Middlesex. 

CELESTION 
AMPHENOL 
VALVEHOLnERS 

Celestion Ltd., Kingston-on-Thames, Surrey 
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ILONDEX 

Synchronous Time 
Delay Relay PRL— 
Models ranging from 
2 secs. to 28 days. 

RELAYS 
For A.C. and D.C. 

2V.A. coil consump-

tion. from 2-600 volts, 
tested to 2000 volts. 
Time lag relays, High 

Sensitive Relays, Syn-

chronous Process 
Timers, and complete 
Control Plants. 

Ask for leaflet SPN EO, 

LONDEX 
LTD. 

Electrical Remote Control Engineers & Manufacturers 

Anerley Works, 207 Anerley Rd., London, S.E.20 
'Phone : Sydenham 6258/9 

ELE VISION: 
Concise Postal Course of 
Instruction for Radio Engineers 

Apply  

BRITISH RAW 
ENGINEERCOLLEGE 

179, CLAPHAM ROAD, LONDON, S.W. 9 

(Do not delay. Be conversant 
with subject now and prepared 
for business after the War.) 

to customers' specifica-
tions or in accordance 

with standard list. 

Wet,morelood Road. Londo, u ,N s Col odffe 7111 

INDEX TO ADVERTISERS 
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CASES 
In WOOD, METAL and REXINE 

for 

RADIO and RADIO INSTRUMENTS 

Details of Radio Cases for the Home 
will be forwarded on receipt of lid. 

in stamps. 

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

  MIDDLESEX   

Phone: BYRON 1818 

"LESO IX' 
y EMERGENCY 

LIGHTING 

Emergency Electric Lighting for Shelters, 
Headquarters, homes and factories. 

Have your own Petrol-Electric Lighting and Charging 
Plant. 

500-watt, single cyl. 2-stroke, 

water-cooled, self-oiling Pela-

pone engine mug. ign. coupled 

to 5070 volts, 10 amps., 

shunt dynamo, 1,000 r.p.m. Fuel 

and Water Tanks. These are 

£15 sets ready for immediate 

delivery. Price £I7 10 0 
ISO-watt engine on similar lines, but coupled 25/30 
volts, 6 amps., dynamo. £13 10 0 

PLEASE NOTE NEW ADDRESS 
We have left Upper Thames Street, and our new 
Offices and Showrooms adjoin our Works at Itattersea, 
S.W.8. No. 137 bus passes the end ot Broughton 
Street, 2d. fare from Sloane Square or Clapham. 

Nearest Railtvay Station Queen's Road (S. R.). 

Stamped envelope for all replies, please. 

LESLIE DIXON & CO. 
19, BROUGHTON STREET, 

Queenstown Road, BATTERSEA, S.W.I. 

atia 

" Quality 
Components 

I.F. TRANSFORMERS 
WIRE WOUND RESISTANCES 
L.F. CHOKES & TRANSFORMERS 

MAINS TRANSFORMERS 

DELAY SWITCHES 

Variey (Prop. Oliver Pell Control Ltd.) 
Cambridge Row Woolwich, S.E.18 

P liellitiLIES4. BOOKSELLERS TO THE INORLD 

New and secondhand Books on every subject. 
loin The Scientific Book Club 1 

113-125 Charing Cross Road, London, W.C.2 
Telephone Gerrard 5660 (16 lines) 

LOUDSPEAKER 
TRANSFORMER SERVICE 

(BRITISH AND AMERICAN) 

TRANSFORMERS DESIGNED AND REPAIRED. 

NEW SPEAKERS -57' to IF P.M. and MAINS 
ENERGISED. 

SPEAKERS OF ALL KINDS FROM 10/6. 

SINCLAIR SPEAKERS 
12, PEMBROKE ST„ COPENHAGEN ST, TER 4355 

LONDON, N.I. 

"AFTER THE WAR" TELEVISION 
With the coming of Peace, and backed by the Technical 
advances that have resulted from the war years. TELE-
VISION will again spring to life and offer opportunities, 
as never before, to the trained man. 
Now is the time to prepare for this new " market." Our 
Home-study " Television " Course is comprehensive, 
up-to-date and suitable both for the amateur and ex-
perienced Radio Engineer. 

We definitely guarantee 

" SATISFACTION—OR REFUND OF FEE" 
You are advised to send for details of this special Television Course 
Immediately to investigate Its possIbilltles. Details will also be sent 
of A.M.I.E.E. and A.M.Brit.I.R.E. Examinations and other courses 
in all branches of Wireless Engineering. Our literature Is quite (res. 

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
Principal : Prof. A. M. Lore. 

337, Shakespeare House, 17/19, Stratford Place, London. W. I. 
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 signal achievement 
THE 

WDYSTONE " 358 " 
Communication Receiver 

The Eddystone " 358," Communica-

tion Receiver and its counterpart— 

the Model " 400 "—are landmarks 

in the development of Short-Wave 

Receiver;design. The most advanced 

electrical technique and mechanical construc-

tion have been employed and no detail that will 

ensure reliability or enhance performance has 

been omitted. They are precision instruments 

of the highest calibre, ruggedly built, British to 

the core and capable of satisfying the most 

exacting requirements of present day operati on. 

Available only against priority orders. 

Outstanding Features 

EDDYSTONE " 358 " 

le• 

Specially designed for the reception of 

telegraphy and telephony signals. High 

lensitivity Accurate Calibration. One 

stage high gain R.F. Amplification. Nine 

interchangeable coil units. Frequency 

range 31 fl/cs. to 90 Kjcs. Very high 

signal to noise. Logging scale. All circuit 

meter. Separate power pack. 

EDDYSTONE - 400 " 

Designer' f special requirements and 
covers i .m frequency bands only. 

Similar _1 but four coils cover 
range of 130 Kc,s. to 2,200 Kcs. 

Separate models of both the " 358 " and 

the " 400 " incorporate 

BAND-PASS CRYSTAL 
FILTER UNITS. 

Energetic Production 

Eddystone components and receivers have 
for some time bean difficult to obtain. 

The demand is colossal, but a range of 

components, which is quickly being added 

to, is in energetic production and will 

meet most requirements. The Eddystone 

" 358" and " 400 " are available only 
against priority orders. 

WEBB S RADIO 
14 SOHO ST., OXFORD ST., LONDON, W.I. 'Phone : GERrord 2089. Open 9 (1.7) 6 p.r (Sot. I p.m.) 
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