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Keeping ELECTRICITY 
in its PROPER place 

MICA 

Raw mica, block and splittings of all grades 

can be supplied and our factory at 

Walthamstow is equipped with modern plant 

for the rapid and economic production of 

cut, gauged, machined, or made-up mica in 

the form of condenser films, discs, plates, 

washers, commutator separators, etc. 

MICANITE 

Micanite is built-up mica insulation and is 

manufactured and supplied in every corn-

mercial form including Commutator and 

Moulding Micanite, Flexible Micanite, Mica 

Tape, Micafolium, Heat-resisting Micanite, 

Commutator rings and tubes. 

MICOFLEX-DURATUBE 

Micoflex-Duratube is the registered trade name 

of our tubes and sleevings extruded in con-

tinuous lengths from Polyvinyl Chloride. There 

is a wide range of grades, sizes, and colours. 

PAXOLIN 

Paxolin is our registered trade name for our 

laminated plastics of the phenolic class. They 

arc manufactured in various grades to suit 

specific applications and supplied in the form 

of sheets, tubes, and cylinders. Paxolin 

insulation is eminently suited for panels, 

bushings, and insulators, and we are fully 

equipped to carry out all the necessary 

machining and fabricating operations. 

AM& 
KENUTUF MOULDINGS 

wimp-
Kenutuf mouldings are available injection-

moulded from Polyvinyl Chloride. 

EMPIRE 

Empire insulation covers a wide range of 

varnished cloths, silks, woven glass, and 

papers, both black and yellow, supplied as 

sheet or as tapes both straight cut and bias. 

We also supply varnished cotton and silk 

sleeving. 

The MICANITE8« INSULATORS Co Ltd 
EMPIRE WORKS, BLACKHORSE LANE, LONDON, E.17 

Makers of MICANITE (Built-up Mica Insulation). Fabricated and Processed MICA, PAXOLIN 
(Synthetic-resin laminated sheets, rods, tubes and cylinders). High-voltage Bushings and Terminals 
for indoor and outdoor use. Empire Varnished Insulating Cloths and Tapes and all other forms of 
Electrical Insulation. Suppliers of Vulcanised Fibre. Leatheroid, Presspahn, etc. Distributors 
of Micoflex-Duratube Sleevings, Micoflex-Durasleeve (plastic-covered flexible metal conduit) 
and Kenutuf Injection Mouldilgs (P.V.C., 

1111 and 1 
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glow 
UJ. GIONI 

A typ cal G.E.C. Cathode 
Ray Tube 4102, with 21' 
screen, widely used in 
Industry during the war. 
and with manypeace-time 
applications. 

PHOTO CELLS 

made it possible! 
On the screen of the Electron Microscope, the scientist 
examines the characteristics of tiny organisms less than a 
millionth of an inch long. Electronics have, in fact, brought 
under scientific examination many germs and bacteria so small 
that they have never previously been observed in detail by 
the human eye. 
G.E.C. Cathode Ray Tubes and OSRAM Valves cover every 
electronic application, and will bring to the pursuits of peace 
many well-tried electronic devices to speed, smooth, and 
make safer our way of life. 

CATHODE RAY TUBES 

Advt. of The General Electric Co. Ltd., Magnet House, Kingsway, London, W.C.2. 

(Islam ) 
—valves 
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specify FREQUENTITE 
The range of Frequentite components covers 

more than a thousand pieces of every shape 

and size. Before finalising the 

design of new. components consult 

STEATITE et PORCELAIN PRODUCTS LTD 
Head Office : Stourport-on-Severn, Worcs. Telephone: Stourport 111 Telegrams: Steatain, Stourport 

S.P.I7 
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/Vow available for 

LOW VOLTAGES 
12v. and 24 

SOLON Indus-
trial Type Electric 
Soldering Irons 
rated at 65 watts are 
now available for use 
for low voltages. Two 
models, one fitted with 
round pencil bit as illustrated, 
the other with oval tapered 
bit, they will do the same 
work as the well-known SOLONS 
of 65 watt rating for normal 
voltages. 

sOLON 
lecttic 

SOLDERING IRON FOR INDUSTRIAL USE 

Design Incorporates the many 
special SOLON features, in-
cluding fitting of heating 
element inside the bit. 
Both models can be sup-
plied fitted with ele-
ments for 12 volts or 
24 volts as required. 
Complete with 6 
feet of HENLEY 
twin core 
flexible. 

Write for details 
or the complete 
SOLON range for 
low and normal 
..nsltisees 

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

(Eng. Dept.) S1-53, HATTON GARDEN, LONDON, E.C.1 

GOOD NEWS FOR 

RESISTANCE 
USERS! 

BERCO Resistors and Potentiometer-
rheostats are again available with 
moderately quick delivery. 

The new I08-page BERCO Technical 
Catalogue gives detailed specifications, 
dimensioned drawings and illustrations 
of the widest range of fixed and 
adjustable resistances manufactured in 
this country. Your complimentary 
copy will be sent in response to your 
request on your business notepaper. 

Our engineers will be glad to co-
operate with you in the application of 
resistors in your new equipment. 

THE BRITISH ELECTRIC RESISTANCE 

COMPANY LIMITED, 

London Sales Office : 319 High Holborn, 
W.C.2. 

Phone : HOLborn 2994. 

Technical Reasons Why 

SOLDER 
Is the Finest Cored Solder in the World 

3 CORES 
OF FLUX 

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

solder walls than otherwise. This gives rapid melting and 
speeds up soldering. The flux does not tend to run out of 
the cores ; so there is always a supplyi available for the next 
joint. The utmost economy of solder and flux is achieved. 

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

have been in stock or apparatus that is being serviced. The 
use of Ersin Multicore, with correct soldering technique, 
avoids " HR " or dry joints. 

e 
10 SWG 

22 SWG 
Double actual size. 

Ersin Multicore Solder is made in most 
gauges between 10 and 22 S.W.G. 
(•128--.028") (3.251—.7109 m/ms). For 
general radio and electrical production 
and maintenance 13 and 16 S.W.G. are in 
most demand. 

I Five alloys of Ersin Multicore Solder. made 
Virgin from virgin metals, are available—all 

antimony free. Under present circum-
Tin &Lead stances 45% tin and 55% lead is the 
  most widely used alloy. 

Technically, Ersin Multicore Solder 
other cored solder. A practical 
laboratory or production test 
will demonstrate this and show 
you that it is the most economi-
cal solder to use. The majority 
of British and overseas manu-
facturers already enjoy the 
advantages of Multicore. If 
you do not, and are engaged 
upon Government contracts, 
write for further technical 
information and free samples 

is far superior to any 

Single reel rate nominal 
1 lb. reels. 

13 SWG - 4/10 

16 SWG - 5/3 
Above prices subject to 

usual trade discount. 

1 cwt.— ton lots at bulk 
rate. ed. cartons for home 
use, available at most 
good radio and electrical 
dealers, ironmongers, etc. 

MULTICORE SOLDERS LTD. Coznin insweealth 

New Oxford St., London, W.C.1 Tel.: CHAncery 5111-2 



PROPRIETORS 

HULTON PRESS, LTD. 

carol* 
Engineering 

MANAGING EDITOR: 

G. PARR. 

EDITORIAL, ADVERTISING AND PUBLISHING OFFICES, 43-44, SHOE LANE, LONDON, E.C.4 

TELEPHONE 

CENTRAL 7400 

Monthly (published last day of preced-
ing month) 2/- net. Subscription Rates: 
Post Paid to any part of the World-
6 months, 13/- ; 12 months, 2f)/-. 
Registered for Transmission by 

Canadian Magazine Post. 

TELEGRAMS 

HULTONPRES, LUD 

LONDON. 

W HAT determines the success 
of an exhibition ? The 
quality of the exhibits, the 

way it is talked about, or the number 
of people who were unable to get 
near it ? 
Judged by any of these standards, 

the recent Physical Society's Ex-
hibition was an undoubted success. 
So much so that it is hoped it 
will never be repeated under the 
conditions which ruled in 1946. The 
figures of attendance have been 
variously put at from 10,000 to 70,000. 
To the unfortunates who were in 
the exhibition at closing time, the 
latter figure is more acceptable. 
On another page appears a letter 

from a reader which is a fair sample 
of the comments which were made 
during the exhibition and after. 
The truth is that the Exhibition 

even before the war was outgrowing 
its premises. From a small con-
versazione at which certain selected 
instruments were exhibited it has 
grown to a national scientific event 
of the year. After a six-year break 
it might have been foreseen that 
technical men from all parts would 
flock to exchange gossip and see 
what their colleagues had been doing 
in the interval. But the arrange-
ments were organised as if no break 
had occurred—the same cramped 
accommodation, the same limited 

Success 
time to study the accumulation of 
new equipment which the manu-
facturers were just as anxious to 
show as the visitors to see. 

(Incidentally, those who arrived 
before opening time in many cases 
walked in and saw the show in 
comfort !) 

Electronic Engineering 

Monographs 

The third Monograph in the series is 
now ready. It is entitled : 

THE ELECTRON MICROSCOPE 
BY DR. D. GABOR 

(Research Laboratory, B.T.-H. Co.) 

Dr. Gabor is one of the foremost authorities on 
Electron Optics, and his monograph deals fully 
with the present developments in electron 
microscopes and their future possibilities. 

Copies will be available through technical 
booksellers or direct from the Circulation 
Dept., Hulton Press, 43 Shoe Lane. E.C.4. 
price 419. post free. 

Orders should be placed early as the number of 
copies is limited. 

A limited quantity of the Monograph 

PLASTICS IN THE RADIO INDUSTRY 

by E. G. Couzens. 8.Se.. A.R.C.S. and W. G. 
Wearmouth, Ph.D., F.Inst.P. 

is still available. 

This Monograph is obtainable through 
technical booksellers or direct from the Pub-
lishers at 43 Shoe Lane, E.C.4, price 2/8 or 2/8 
post free. 

However, there is no use in 
criticising the efforts of the organisers 
now that the show is over. 
The Physical Society has done the 

greatest service to the community 
in founding a truly scientific exhibi-
tion. Let us hope that it will 
continue to encourage the electronic 
and physical industries by holding 
its exhibition on a limited scale, say 
by restricting the entries to research 
items, or by ruling out standard 
manufactured products. 
On the other hand, it is time 

the industry itself organised a 
scientific exhibition in a more com-
modious building, to which invita-
tion would be by ticket only. Such 
an exhibition, if it embodied the 
good features of its forerunner, • 
would be an outstanding success. 
But it must be open for a reasonable 
period and the stands must be 
staffed by technical men who are 
more versed in the details of their 
equipment than in the latest brand 
of sales talk. The avoidance of 
elaborate stand dressing and adver-
tising signs would help to maintain 
the scientific atmosphere which is 
such a feature of the Physical 
Society's Exhibition, and the par-
ticipators would feel that their 
efforts were appreciated by visitors 
well qualified to pass judgment 
on them. 
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•_. ._, British Electronic 
0 6 Apparatus 
0_1  Two examples of the many superlative specimens of 

British electronic equipment which were shown at the 

recent Physical Society's Exhibition. Over 100 manu-

facturers were represented in the Trade Section, and 

the Research Exhibits gave a good cross-section of the 

variety of projects on which the industry has been 

engaged during the past five years. 

On the left is an instantaneous reading radio 

compass made by Standard Telephones & 

Cables, Ltd., incorporating an auto-

matic direction finder using Adcock 

aerials and a C.R. tube indicator 

giving instantaneous readings. The 

readings are free from sense ambiguity. 

There is a motor-driven gyro-repeater scale, 

with three indication speeds for various signals 

and interference conditions. Frequency range: 

67.5-100 Mc's. or 100-150 Mc's. 

Below is a 3-channel pen-recording electro-

encephalograph demonstrated by The Edison 

Swan ElectricCo., Ltd. This apparatus is made to 

conform with the recommendations of the Electroencephalo-

graphic Society and has a direct-coupled circuit for driving the pens. 

Calibration on all three channels and variable paper speed is included, with an 

automatic time-marker on the trace. 

• r 
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— further Examples of Electronic Equipment shown 
at the Physical Society's Exhibition 

Ammeter, Thermo-Couple Radio-Frequency 

An improved form for use on cur-
rents up to 30 amp. at 13.5 metres, 
incorporating a concentric terminal 
system. 

Ernest Turner Electrical lnstru-
. ments, Ltd. 

Amplifier. D.C. 

This amplifier has been developed 
for use wit!' strain-measurement 
gauges on aeroplane parts. Its per-
formance is summarised as follows : 
Gain: A 12-po,ition control is fitted 

giving gain variations from 5 x 
to 7.5 x 10`. 
input : The input impedance is 

5 x min, and is terminated in a con-
centric shielded socket. 
Frequency Response: Linear from 

zero to 15,0o0 cp. 
Output: This is provided from a 

quasi-balanced circuit. Voltage out-
put 170 V peak-to-peak; current out-
put -±- 3.5 rnA. 

Stability: The stability for full 
gain, referred to the equivalent input 
voltage. is 40.7 mV for the first hour 
and subsequently less than 0.1 mV per 
hour. 

Clifton Instruments, Ltd. 

Audiometer, Dual (McDonald-Poliakoff) 

This instrument has been designed 
by Dr. D. McDonald and Alexander 
Poliakoff for research work as well 
as for rapid routine testing of patients. 
It provides a guide to the patient's 
hearing aid requirements. The new 
audiometer consists essentially of two 
beat-frequency oscillators with inde-
pendent attenuators, two earphones, 
two independently adjustable speech 
channels and a loudspeaker for 
measurement of masking with a 
hearing aid. 

Multitone Electric Co., Ltd. 

Bridge, Resistance and Capacity 

This instrument is deigned for 
quick and accurate measurement of 
resistance and capacitance; provision 
is also made for testing leakage and 
power factor of capacitors. The null 
indicator is a visual electronic device 
so arranged that an out-of-balance 
of ± t per cent, is easily discernible; 
power factor of capacitors on all 
ranges is measured by an accurately 
calibrated control marked over a 
range of o-6o per cent. 

Measuring Instruments (Pullin), 
Ltd. 

Cables, H.F. 

A range of high-frequency cables 
suitable for Radar and general high-
frequency use. The dielectric is 
Telcothene, a mixture of 87¡ per 
cent. polythene and 12,1 per cent. 
polyisobutylene. The electrical pro-
perties of Telcothene are : dielectric 
constant 2..3, power factor between 
0.02 per cent. and 0.03 per cent, at 
frequencies up to 3,000 Mc/s. 

The Telegraph Construction and 
Maintenance Co., Ltd. 

Camera, High Speed 

This camera permits the taking of 
40 pictures on standard 35-mm. cine-
matograph film at a maximum rate 
of io,000 pictures per second, and is 
designed for photographing of events 
which are self-luminous, or illumin-
ated artificially or by daylight. 

Scophony, Ltd. 

Centimetric Waves, Apparatus for the 
Measurement of 

General purpose test panel. The 
unit contains two oscillators of 
klystron type and their associated 
power supplies. Each oscillator 
covers a different hand of frequencies 
and either oscillator may be switched 
to the common wave-guide system, 
which includes attenuators, wave-
meter and " slotted guide " type or 
standing wave indicator. Facilities 
are available for both amplitude and 
frequency modulation of the oscilla-
tors, while the indicating gear in-
cludes a mirror galvanometer for use 
under C.W. conditions and an ampli-
fier and peak voltmeter to be used 
when the oscillators are amplitude 
modulated. 
Rotating standing wave detector. 

In this apparatus a " slotted guide " 
is bent to form a semicircle in such a 
way that a pick-up probe, attached to 
a rotating drum, travels along the 
length of the slot. The output of the 
probe is taken to a crystal detector 
and hence to an amplifier and cathode-
ray unit, the time base of which is 
synchronised to the rotation of the 
drum. The picture appearing on the 
cathode-ray tube is thus a graphical 
representation of the voltage appear-
ing in the wave-guide and enables 
simultaneous measurement of both 
amplitude and phase of standing 
waves to be accomplished. 

Metropolitan-Vickers Electrical 
Co., Ltd. 

Wheatstone bridge of new design with built-in 
A.C. supply and galvanometer. Range, 0.1 

10 M l. 
—Salford Electrical Instruments Ltd. 

Automatic ohmmeter manufactured by the 
Mervyn Sound & Vision Co., Ltd. This auto-
matically selects the optimum range for the 
resistance under test to give a reading on the 
most accurate part of the meter scale. Range, 

I ()-10 M 11. 
Leland Instruments Ltd. 

(Below) Sensitive valve voltmeter with 
feedback amplifier. Range, 0.03-300 Vin 9 steps. 
Frequency response linear from 10 cis. to I Mcis. 

—Dawe Instruments Ltd. 
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(Left) : Frequency spectrometer giving indivi-
dual components of a complex waveform. 

40-16,000 c/s. or 8 kc/s.-3,200 kc/s. 
—Standard Telephones and Cables Ltd. 

(Above) : F hoto-electric unit for automatIc 
control of street lighting, signs etc. 

—Lo den Ltd. 

10 mA instrument rectifier moulded in case. Actual size. 
—Salford Electrical Instruments Ltd 

(Below) : Distortion factor met zr for measuring total harmonic content of 
A.F. apparatus. 

—Deem instruments Ltd 

Colorimeter (Prof. E. J. King) 

A very convenient instrument for 
the rapid measurement of colour 
depth. The readings are taken from 
the logarithmic scale on the galvano-
meter. Colour filters are provided to 
increase the accuracy. It can be 
operated from the mains supply or 
from a 2-V accumulator. 

Gambrell Bros. er Co., Ltd. 

Condensers, Vacuum 

A range of vacuum condensers, in 
which the electrode system is sup-
ported within a glass envelope, 
developed for use in transmitting 
and electronic heating equipments. 
One of the main features of these 
new condensers is their high current-
carrying capacity and high operating 
voltages. 

Scientific Acoustics, Ltd. 

Fault Tracer 

This instrument comprises :— 
(i) Signal generator, giving fre-

quencies of too kcis. to 20 Mc/s., 
modulated or unmodulated. 

(ii) Audio-frequency oscillator of 
1,000 c/s. fixed frequency with 
variable output. 

(iii) Signal tracer, tracing the 
signal through the radio-frequency, 
frequency-changer, intermediate-fre-
quency and low-frequency sections of 
high-frequency and low-frequency 
equipment. 

(iv) A.C. bridge, r,000 cls., cali-
brated directly to measure resistance 
capacity and indùctance over a wide 
range; condenser or insulation leak-
age test is also included; output 
indicator and H.T.. 6.3 V available 
for external use. 
Dimensions: 12 in. X 9 in. x 7 in. 

approximately. Finish; battleship 
grey and nickel-plated fittings. 

Labgear. 

Glass-Metal Joints by Centrifuging, Machine 
for Making 

Suitable for making single and 
" back-to-back " cylindrical seals 
from about io-mm. diameter upwards. 
The centrifuging technique is de-
signed to eliminate tooling and blow-
ing. The machine as shown was 
evolved to secure a quick method of 
glassing both ends of copper cylinders 
to provide anodes for radio valves. 

General Electric Co., Ltd. 
M.O. Valve Co., Ltd. 

Glass-Sealing Alloys—Telcoseal I, 2, and 3 

These are suitable for glass from 
the borosilicate to the lead types with 
their wide variety of coefficient of 
expansion. 

The Telegraph Construction and 
Maintenance Co., Ltd. 
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Instrument, Suspended Moving-Coil 

A conventional moving-coil instru-
ment in which the normal pivots and 
jewels are replaced by a special taut 
suspension of beryllium-copper strip. 
This gives a shock-proof and fric-
tionless instrument, which can be 
calibrated to a high degree of 
accuracy. 

The Record Electrical Company, 
Ltd. 

Instruments, Super-Sensitive 

Of the P.M. moving-coil double-
pivoted type. Special care has been 
taken to keep the resistance as low 
as possible consistent with the maxi-
mum degree of reliable service. The 
Model 23, 34-in, type, can be supplied 
with a full-scale deflection as low as 
so pA at 2,000 it approximately. The 
Model 32, 6-in, type, has a sensitivity 
of 20 pA for a resistance of 5,000 

Ernest Turner Electrical Instru-
ments, Ltd. 

Insulation Resistance Ohmmeter and 
Insulation Tester 

"Fhe principle of operation is that 
of the impression of a D.C. voltage 
on an unknown and a standard re-
sistance in series. The voltage drop 
across the standard is a function of 
the current through the unknown 
resistance and is measured by a valve 
voltmeter. 

Test voltages up to 5,000 can be 
provided, the resistances incorporated 
in the test circuit limit the current to 
a safe value on short-circuit. 
• lackson Automatic Controls, Ltd. 
Loclurtrip 

A unit product in tropical insulat-
ing material for carriage, housing 
and protection of small condensers 
and resistances, etc. A universal 
connexion device with four basic 
plates covers almost any require-
ments. Single- or double-ended tags 
for connexion fitted to requirements. 

Labgear. 
Optical Cement 

Used for preparing joints between 
glass and glass, *between " Perspex " 
and metal, and between metal and 
metal. 

/mperial Chemical Industries, 
Ltd. 

Plastics 

" Perspex " in the forms of sheet, 
blocks and rods. Examples of 
shaping, machining and cementing. 
Applications are cabinets, tanks, 
photometric equipment, machine 
casings, drawing instruments and 
metal-coated reflecting, sheets. 

fm -/'erial Chemical Industries, 
Ltd. 

Process Timers, impulse Op d 

(S. J. -Smith R. St. G. Terry and 
the Company's Patents Nos. 566345, 
568975.) The single- and dual-hand 
instruments are examples of impulse-
operated timers in their simplest 
form. The action of setting the hand 
to the required time for the process 
has the effect of closing the impulsing 
circuit, and the time measurement 
commences. When approaching the 
end, of the run an alarm circuit is set 
in operation, at the conclusion of 
which all circuits are automatically 
opened. 

Telephone Manufacturing Co., 
Ltd. 

Radio-Frequency Heating 

A demonstration of rapid continu-
ous concentration of chemical solu-
tions which are sensitive to tempera-
tures above a critical limit. This is 
achieved by feeding the solution 
down through two bulbs, which trap 
any rising foam, into a glass cylinder, 
on each side of which is an electrode. 
The liquid boils, energy being fur-
nished by a Redifon R.H.2 generator. 
The top globe is connected to a pump 
which maintains a vacuum sufficient 
to lower the boiling temperature to 
the required figure—in this case about 
ioo c. 

Rediffusion., Ltd. 
• 

R.F. Dielectric-Heating Equipment 

A self-contained generating and 
heating unit of 4 kW input deliver-
ing up to 2 kW at 35 Mc/s. operating 
cn 200-250 V single-phase 5o c/s. 
supplies. It has been designed 
primarily for heating plastic mould-
ing materials and general small-scale 
heating. The high-frequency gener-
ator is a push-pull oscillator employ-
ing two triode valves, fed from a 
D.C. r nit in the same cubicle at 
3,5oo V. 

Wild-Barfield Electric Furnaces, 
Ltd. 

Relay, Direct C  

Haying a low coil-consumption in 
the lower voltage range of approxi-
mately W and fitted with beryl-
lium-copper contacts capable of 
handling so amp. at 230 V, A.C. or 
D.C. This relay can be fitted with 
a mercury switch up to 30 amp., 
230 V capacity if desired. 

Hendrey Relays, Ltd. 

Relay, High Sensitivity, Type H 

A very sensitive high-torque high-
speed relay of the moving-coil 
pattern. 

Elliott Brothers (London), Ltd. 

Pocket two-valve hearing aid with crystal 
microphone. 

—Multitone Electric Co., Ltd. 

Butterfly oscillator and a b so rption wave« 
meter covering 250-650 Mc s. and 250-850 Mc(s 

--Brdosh Thomson-Houston Co., Ltd. 

(Below) : Highly sensitive multi-range volt-
ammeter 100,000 II V. 

—H. Tinsley &, Co., Ltd 
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Relay, High-Sensitivity Snap Action 

With a new type of movement, the 
action of which is shown by the 
sketch. —>-

W. G. Pye 6r, Co., Ltd. 

Relay, High-Speed Polarised 

(R. E. H. Carpenter's Patents Nos. 
315496, 484472 and 559047.) This, the 
latest form of the Carpenter relay 
has been designed to combine 
in one instrument high speed, 
high sensitivity, and high contact 
pressure together with a high degree 
of immunity to external vibration. 
Two chief types are shown: the stan-
dard form, intended for general use, 
where the greatest robustness and 
reliability of operation are designed, 
combined with ample sensitivity for 
most circuit conditions; and a special 
model in which considerably higher 
sensitivity has been achieved. —>. 

Telephone Manufacturing Co., 
Ltd. 

Relay, Solenoid Operated 

Incorporating a mechanical escape-
ment mechanism adjustable in three 
ranges to give any time delay be-
tween 5 seconds and i minutes. The 
coil can be wound for either A.0 or 
D.C. operation. 

Hendrey Relays, Ltd. 

Remote Indication, Smith " Desynn " System 

An electrical system for the trans-
mission of indicator movement with 
accuracy and rapid response. The 
transmitter, in its simplest form, em-
bodies a circular resistance with 
three equally spaced tappings and 
diametrically disposed rotating con-
tacts carrying the 24-V D.C. input. 
The " Desynn " indicator has a 

slotted iron stator with star-connected 
3-phase distributed winding to which 
the tappings of the transmitter re-
sistance are connected. Within the 
stator is pivoted a permanent magnet, 
forming a two-pole armature, and 
carrying the pointer. The position of 
the contacts of the transmitter re-
sistance influences the strength and 
direction of the currents in the 
indicator stator windings, causing the 
armature to assume a position de-
pendent on that of the transmitter 
contacts. 

S. Sm it h & Sons (England), 
Ltd. 

Series Plug and Socket 

New model, for inserting ammeters 
into circuits without interrupting the 
curen t when performing experi-
ment.. 

The London Instrument Co., Ltd. 

Heavy-duty relay for automatic starting and 
stopping of power-driven equipment. 

—Londex Ltd. 

Signal Generator 

Type TF.867, a new design of 
signal generator for measurements in 
the range is kr/s.-3o Mr/s. mains 
operated. 

Marconi Instruments, Ltd. 

Switches, Mercury 

(i) An entirely new range of 
industrial switches, with exception-
ally heavy overload characteristics 
and ability to interrupt currents far 
in excess of their rating. 

(ii) A new range of switches fitted 
with platinum contacts giving ex-
ceedingly low and constant resist-
ance. 

(iii) Novel delay-action switches 
with new features. 

Mercury Switch Manufacturing 
Co., Ltd. 

Switch— 

Combined Time-Switch and Time-Checker 
(E. A. Harvey) 

A portable A.C. mains-operated 
switch, which caw be used to 
control an external circuit carry-
ing up to 5 amp. at 250 V, or to 
measure the period during which an 
external pair of contacts is closed. 
When it is used for the latter pur-
pose, i.e., as a " time-checker," 
three ranges are available : 0.02-
19.98 sec. in steps of 0.02 sec. ; 0.1-
99.9 sec., in steps of o.i sec. ; and 
1-999 sec., in steps of t sec. 

Ilford, Ltd. 

Synchronous Induction Motor 

A synchronous motor which, when 
connected to a ioo-V, 50-c/s. A.C. 

single-phase supply, rotates at 3,000 
r.p.m. and consumes io W, the power 
factor of the complete circuit being. 
unity. Reversal of rotation is ob-
tained by connecting the condenser 
in parallel with either one of the 
phase windings, which are identical 
in all respects. 

scophony, Ltd. 

Temp  Co lier 

Designed for electric on-off con-
trol. The duration of on-to-off 
period is directly proportional to the 
amount of departure from the control 
point. If the furnace temperature is 
well below the control point, the 
instrument is continuously on and 
maintains a continuous heat-input. 
As the control temperature comes 
within the throttling range of the 
instrument the ratio of the ou tu the 
off period is progressively reduced 
until control point is reached. This 
is accomplished by using two op-
posing galvanometers to actuate the 
necessary power relay. When 
the temperature falls away the gal-
vanometers deflect in opposition; une 
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actuating the power-relay and the 
other acting as a restoring device in 
such a way that the duration of on-
off is proportional to departure from 
control point. A further feature of 
this instrument is the utilisation of a 
superimpnied current to eliminate 
galvanometer contact resistance; as 
soon as the galvanometer contacts 
close, a current of correct polarity is 
superimposed to deflect the galvano-
meter further and so break down con-
tact resiitance. 

Bristol's Instrument Co., Ltd. 

Tester, Valve 

Designed for the rapid testing of 
valves. Tests of mutual conductance, 
emission of diodes and rectifiers, and 
heater-cathode insulation are pro-
vided for. The instrument is fully 
mains operated. Switches are fitted 
for the application of suitable 
voltages to anode, screens, etc., and 
heater voltages between 1.4 and 40. 
Interchangeable valve sockets cover-
ing the majority of valves are pro-
vided. A high-speed telay fitted in 
the instrument protects it from 
damage, should a valve be defective. 

Gambrell Bros. Ce. Co.., Ltd. 

Teamster, MuItl:Range Electronic 

This instrument consists of a 
highly stable thermionic D.C. milli-
voltmeter with suitable additional 
circuit switching to enable D.C. and 
A.C. voltage, D.C. current, resistance, 
capacity and power measurements to 
be made over a very wide range. In 
all, 47 ranges are provided. 

Besides the basic D.C. millivolt, 
six D.C. voltage ranges are provided 
having full-scale deflections of 1, 2, 
5, 25, ioo, 250 and 1,000 V. The input 
resistance on all these ranges is 
11.1 mn, while an external " x io" 
multiplier :ncreases the input re-
sistance to rir.r Mft and enables D.C. 
voltages up to io,000 V to be 
measured. Ten D.C. ranges are pro-
vided, allowing measurements from 
0.25 ILA to t amp., the millivolt drop 
on all ranges being 15o mV. Three 
resistance ranges enable measure-
ments to be made from a fraction of 

fi to to Mft, while an additional 
insulation range is graduated from a 
minimum indication of t Mf2 to a 
maximum of 1,000 Ma. 

The Automatic Coil Winder :Cr. 
Electrical Equipment Co., Ltd. 

Transformers. D.C. Current 

The operation of the D.C. current-
transformer depends on the fact that 
the impedance of an iron-cored in-
ductance falls when magnetised by a 

Panel-mounting microammeter only i ; in. in 
diameter, moving-coil type. 

—Nalder Bros. & Thompson Ltd. 

Multi-range A.C. D.C. testmeter. 1,000 MY 
with safety and overload devices. 

—General Elector Co., Ltd. 

(Below) : Multiple selenium photo-cell with 
series elements suitable for load resistances 

of I M f).. Actual size. 
—Evans Electroselemum Ltd. 

direct current, and, by applying an 
alternating voltage (not necessarily 
constant) to a secondary winding, a 
current proportional to the direct 
current results. In order to eliminate 
inductive interference by the A.C. with 
the D.C. circuits, two cores are em-
ployed, so connected that during a 
given half-cycle the A.C. and D.C. 

assist one another in one core and 
oppose one another in the other core. 
The D.C. current transformer may 
with equal facility be used for 
operating, indicating and recording 
ammeters, relays, wattmeters or watt-
hour-meters. 

Everett, Edgcumbe tr. Co., Ltd. 

Valves, Electrometer 

The single electrometer valve 
already developed has similar elec-
trical characteristics to the F.P•54 
and can be used in the conventional 
circuits as described by Du Bridge 
and Brown (Rev. Sci. Inst., 1933, 4, 
533). The design of the double valve 
exhibited was suggested by Dr. 
j. C. M. Brentano. This is a double-
ietrode tube in which both tetrode 
sections draw their emission from a 
single filament and each section 
resembles the F.P.54 in electrical 
characteristics. 

Ferranti, Ltd. 

Valve, Radio, Demonstration Panel 

A number of instruments, with 
controls for adjusting appropriate 
voltages to the different electrodes, 
together with the necessary power 
supply, is assembled in a convenient 
form for demonstrating every type of 
valve used in radio reception. Every 
important characteristic is clearly 
and simultaneously indicated, the 
uses and misuses being instantly 
apparent. Primarily designed for 
the instruction of students, it is 
equally applicable for laboratory use. 

Everett, Eigcumbe e—^ Co., Ltd. 

Voltage Selector 

Voltage selector designed for labora-
tory use. It consists of a transformer 
with windings and tappings so 
arranged that any voltage from t to 
500 can be selected by switches 
arranged in decade. 

Gresham Transformers, Ltd. 

Wattmeter, Portable Suspended 

A deflectional instrument suitable 
for frequencies up to 20 kc/s. 

Elliott Brothers (London), Ltd. 

Wavemeter, Direct-Reading Oscillating 
(30 kcis.-60 Mcis.) 

An improved model of the original 
Sullivan-Griffiths dynatron wave-
meter, but now incorporating a nega-
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Machine for making glass-to-metal seals by 
centrifuging. 

G.E. Research Laboratories 

(Right):" Cathodray " capacitors specially 
designed for smoothing circuits of C.R. 

tube supplies. 
Telegraph Condenser Co., Ltd. 

5-kW silica-seal mercury vapour lamp with 
100 amp. tapered strip molybdenum seals. 

-British Thomson-Houston Co., Ltd. 

tive resistance valve circuit designed 
to use modern valves. Accuracy 

part in to,000 immediately upon 
s4 itching on. Short-period stability 
a few parts in to°. Direct-reading 
frequency scales to an accuracy of 
o.oi per cent. Linear frequency law 
giving negligible interpolation error, 
the accuracy of simple interpolation 
being 2 parts% in id. Calibration in-
dependent of valve replacement. 
Fitted with crystal-checking circuit. 
Mains or battery operated. 

H. W. Sullivan, Ltd. 

Layer-Type Batteries 

These batteries are specially con-
structed in an exceedingly compact 
form for use in small radio trans-
mitters and receivers. The normal 
carbon rod is replaced by a thin con-
ducting layer on the surface of the 
zinc plate of the adjacent cell, thus 
eliminating soldered contacts between 
cells. The elements are completely 
enclosed in a light plastic container 
which gives good intercell insulation 
The efficiency per unit volume has 
been increased up to about 70 per 
cent. 

General Electric Co., Ltd. 

Generator, Cathode-Ray Tube Dol-Mosaic 
This apparatus is a mechanically 

•switched scanning generator, useful 
in determining the linearity of th'  
deflectional response of all electro-
static cathode-ray tubes. 

• A. C. Cossor, Ltd. 
Sensitive Materials for Photographic Record-

ing with the Cathode-Ray Oscillograph 
The following materials are speci-

ally manufactured for recording: 
Films, 5Riol (Panchromatic), sGqi 
(Orthochromatic), and 5B32 (not 
colour-sensitised); and Paper, BPI. 
An exhibit showed one of the special 
characteristics of 5B52 film, which 
employs a dyed emulsion on yellow-
dyed base, to minimise image-spread, 
and is thus especially suitable where 
a wide range of writing-speeds is 
encountered in a single trace. 

Ilford, Ltd. 
Corrections 

Multi-Range Electronic Tester 
In the January issue (p. 15) the 

manufacturer's name was omitted 
from a description of this instrument. 
It is the Automatic Coil Winder and 
Equipment Co. 
SenTerCel Rectifiers 

Messrs. Standard Telephones & 
Cables, iLtd., point out that these 
lectifiers are of the selenium type and 
not copper oxide as stated in the 
January issue (p. 18). 

CV90 Oscillator 

CVqo is a triode oscillator valve 
designed for use with a double coaxial 
resonator of the type shown. The 
contacts between the valve electrodes 
and the circuit are self-locking and 
permit easy insertion and withdrawal 
of the valve. (Photograph above.) 

One coaxial resonator forms a cir-
cuit between the anode and grid of 
the valve and the other resonator 
forms a circuit between the grid and 
cathode. The resonators are inde-
pendently tuned by means of sliding 
short-circuiting plungers controlled by 
rack and pinion mechanisms. " Feed-
back " is obtained by a built-in 
capacitance between anode and 
cathode inside the valve itself. This 
circuit covers a range of so cm. to 
100 cru. (300 to 3,000 MC/S.). 

CV237 Power Amplifier 

This circuit is tunable over the 
range from 300 Mc/s. to 1,000 Mc/s. 
The conspicuous feature is that there 
is no tuning in the grid cathode 
circuit, the input impedances of the 
valve matching the characteristic 
impedances of the R.F. input couple 
reasonably well. 

—General Electric Co., Ltd. 
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Classified List of Products and Exhibitors 
(For addresses of firms mentioned, see Directory, page 44) 

Aircraft Instruments 
S. Smith & Sons (England) Ltd. 
Honeywell-Brown Ltd. 
Henry Hughes & Son Ltd. 
George Kent Ltd. 
Cambridge Instrument Co., Ltd. 
Ferranti Ltd. 
Sangamo Weston Ltd. 
De Havilland Aircraft Co., Ltd. 

Amplifiers 
Standard Telephones & Cables Ltd. 
Negretti & Zambra Ltd. 
Salford Electrical Instruments Ltd. 
Everett, Edgcumbe & Co., Ltd. 
H. Tinsley & Co., Ltd. 
Clifton Instruments Ltd. 

Blooming, Optical Surfaces 
Leech Optical Co., Ltd. 
Adam Hilger Ltd. 
Wray (Optical Works) Ltd. 
Barr & Stroud Ltd. 

Bridges, Electrical 
Labgear. 
Dawe Instruments Ltd. 
Sunvic Controls Ltd. 
Measuring Instruments (Pullin) Ltd. 
Baldwin Instrument Co., Ltd. 
Salford Electrical Instruments Ltd. 
H. W. Sullivan Ltd. 
H. Tinsley & Co., Ltd. 
Gambrell Bros. & Co., Ltd. 
Muirhead & Co., Ltd. 
British Physical Laboratories Ltd. 
G.E.C. Ltd. (Research Laboratories). 
Leland Instruments Ltd. 

Cables, H.F. 
Telegraph Construction & Maintenance Co., Ltd. 
British Insulated Callender's Cables Ltd. 

Calculating Machines 
Scientific Computing Service Ltd. 

Cameras 
Animo Ltd. 
Unicam Instruments Ltd. 
Kodak Ltd. 
W. Vinten Ltd. 
Wray (Optical Works) Ltd. 
Cambridge Instrument Co., Ltd. 
A. C. Cossor Ltd. 
Scophony Ltd. 

Capacitors 
E. K. Cole Ltd. 
Scientific Acoustics Ltd. 
Telegraph Condenser Co., Ltd. 
Quickfit & Quartz Ltd. 
Erie Resistor Ltd. 
Labgear. 
Johnson, Matthey & Co., Ltd. 
Dawe Instruments Ltd. 
Standard Telephones & Cables Ltd. 
H. W. Sullivan Ltd. 
H. Tinsley & Co., Ltd. 
Gambrell Bros. & Co., Ltd. 
Muirhead & Co., Ltd. 

Clocks, Master 
Telephone Manfg. Co., Ltd. 
Everett, Edgcumbe & Co., Ltd. 

Colour and Colorimetry 
Evans Electroselenlum Ltd. 
Tintometer Ltd. 
Gambrell Bros. & Co., Ltd. 
Automatic Coil Winder & Electrical Equipment 

Co., Ltd. 
General Electric Co., Ltd. 
British Thomson-Houston Co., Ltd. 

Comparators, Electrical 
Dawe Instruments Ltd. 
Standard Telephones & Cables Ltd. 
Elliott Bros. (London) Ltd. 
General Electric Co., Ltd. 
Leland Instruments Ltd. 

Comparators, Mechanical, Optical 
Labgear. 
Crescent Gauges Ltd. 
Precision Tool & Instrument Co., Ltd. 
Cambridge Instrument Co.,/Ltd. 
Salford Electrical Instruments Ltd. 

Converters (Rotary ; Phase) 
Standard Telephonesn Cables Ltd. 
Westinghouse Brake & Signal Co., Ltd. 

Counters 
Philips Lamps Ltd. 
Ferranti Ltd. 

Crack and Flaw Detectors 
Henry Hughes & Son Ltd. 
Metropolitan-Vickers Electrical Co., Ltd. 
Salford Electrical Instruments Ltd. 

Crystals 
Marconi 's Wireless Telegraph Co., Ltd. 
Salford Electrical Instruments Ltd. 
Marconi Instruments Ltd. 
General Electric Co., Ltd. 

Detonation Meter 
D. Napier & Son Ltd. 

Dials and Drives 
Telephone Manufacturing Co., Ltd. 
Muirhead & Co., Ltd. 

Diamond Dies 
General Electric Co Ltd. 

Dust Cores 
Salford Electrical Instruments Ltd. 
Standard Telephones & Cables Ltd. 

Echo'ISounder 
Henry Hughes & Son Ltd. 

Filters (Optical) 
Ross Ltd. 
Johnson, Matthey & Co., Ltd. 
Chance Bros. & Austinlite Ltd. 
Standard Telephones & Cables Ltd. 

Flow Measurement 
Rotameter Manufacturing Co., Ltd. 
W. Edwards & Co. (London) Ltd. 
George Kent Ltd. 
Elliott Bros. (London) Ltd. 

Fluorimetry 
Kodak Ltd. 
Adam Huger Ltd. 
H. Tinsley & Co., Ltd. 
Automatic Coil Winder & Electrical Equipment 

Co., Ltd. 

Fluxmeter 
Cambridge Instrument Co., Ltd. 

Fork, Valve-Maintained 
Muirhead & Co., Ltd. 

Frequency Meters, Controllers and 
Indicators 

Salford Electrical Instruments Ltd. 
Everett, Edgcumbe & Co., Ltd. 
Nalder Bros. & Thompson Ltd. 
Marconi Instruments Ltd. 
General Electric Co., Ltd. 

Furnaces 
R. M. Catterson-Smith. 
A.E.W. Ltd. 
Johnson, Matthey & Co., Ltd. 
Foster Instrument Co., Ltd. 
Wild-Barfield Ltd. 

Galvanometers 
Baldwin Instrument Co., Ltd. 
Cambridge Instrument Co., Ltd. 
H. Tinsley & Co., Ltd. 
Gambrel! Bros. & Co., Ltd. 
W. G. Pye & Co., Ltd. 
Marconi Instruments Ltd. 

Gauges (Mechanical) 
Taylor, Taylor & Hobson Ltd. 
W. Edwards & Co. (London) Ltd. 

Gauges (Vacuum) 
Taylor, Taylor & Hobson Ltd. 
W. Edwards & Co. (London) Ltd. 

Glass Cells (Optical) 
Tintometer Ltd. 

Glass Tubing 
Chance Bros. & Austinlite Ltd. 
Griffin & Tatlock Ltd. 
Townson & Mercer Ltd. 

Glass-Metal Seals and Joints 
Adam Huger Ltd. 
General Electric Co., Ltd. 
British Thomson-Houston Co., Ltd. 
Telegraph Construction Co., Ltd. 

Graticules 
Johnson, Matthey & Co., Ltd. 
Kodak Ltd. 

Heating Apparatus (Electrical and 
Electronic) 

R. M. Catterson-Smith. 
Wild-Barfield Electric Furnaces Ltd. 
Scientific Acoustics Ltd. 
A.E.W. Ltd. 
Quickfit & Quartz Ltd. 
Baird & Tatlock (London) Ltd. 
Johnson, Matthey & Co., Ltd. 
Bristol's Instrument Co., Ltd. 
Rediffusion Ltd. 
Standard Telephones & Cables Ltd. 
Elliott Bros. (London) Ltd. 
Foster Instrument Co., Ltd.. 

Impactometer 
Salford Electrical Instruments Ltd. 

Impedance Measurement 
Dawe Instruments Ltd. 
Standard Telephones & Cables Ltd. 
H. W. Sullivan Ltd. 
General Electric Co., Ltd. 
Leland Instruments Ltd. 

Inductance Standards and 
Measurement 

H. W. Sullivan Ltd. 

Inductance Tuning 
Standard Telephones & Cables Ltd. 

I nstruments, Indicating 
See Meters, Indicating. 

Insulation Measurement 
Jackson Automatic Electric Controls Ltd. 
Dawe Instruments Ltd. 
Zenith Electric Co., Ltd. 
Everett, Edgcumbe & Co., Ltd. 
H. Tinsley & Co., Ltd. 

Integrators 
W. F. Stanley & Co., Ltd. 
W. G. Pye & Co., Ltd. 

Interferometers 
Fibreglass Ltd. 
Adam Hilger Ltd. 

Klystrons 
E. K. Cole Ltd. 
Ferranti Ltd. 
British Thomson-Houston Co., Ltd. 
The M.O. Valve Co., Ltd. 
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Lamps (Special) 
Charles Baker 
Kodak Ltd. 
Adam Huger Ltd. 
General Electric Co.,. 
Ferranti Ltd. 

Lenses 
Ross Ltd. 
Newton & Co., Ltd. 
J. H. Dallmeyer Ltd. 
Taylor, Taylor & Hobson Ltd. 
R. & J. Beck Ltd. 
Leech Optical Co., Ltd. 
Pullin Optical Co., Ltd. 
Wray (Optical Works) Ltd. 
Barr 8. Stroud Ltd. 

Light and Lighting Controls 
Baldwin Instrument Co., Ltd. 
Record Electrical Co., Ltd. 
General Electric Co., Ltd. 

Lubricant Testing 
D. Napier & Son Ltd. 

Magnetic Field Measurement 
Metropolitan-Vickers Electrical Co., Ltd. 
Cambridge Instrument Co., Ltd. 

Magnetic Materials 
Electro Methods Ltd. 
Standard Telephones & Cables Ltd. 
Permanent Magnet Association. 
Telegraph Construction & Maintenance Co. 

Magnetrons 
Marconi's Wireless Telegraph Co., Ltd. 
General Electric Co., Ltd. 
British Thomson-Houston Co., Ltd. 

Medical Apparatus 
Cambridge Instrument Co., Ltd. 
A. C. Cossor Limited 
Clifton Instruments Ltd. 
Marconi Instruments Ltd. 
Edison Swan Electric Co., Ltd. 

Metal Spraying 
Metallisation Ltd. 

Meters, Indicating 
Dawe Instruments Ltd. 
Baldwin Instrument Co., Ltd. 
Standard Telephones & Cables Ltd. 
Salford Electrical Instruments Ltd. 
Everett. Edgcumbe & Co., Ltd. 
Ferranti Ltd. 
Sangamo Weston Ltd. 
Record Electrical Co., Ltd. 
Automatic Coil Winder & Electrical Equipment 

Co.. Ltd. 
Ernest Turner Electrical Instruments Ltd. 
British Physical Laboratories Ltd. 
Elliott Bros. (London) Ltd. 

Metrology 
E. R. Watts & Son Ltd. 
W. Edwards & Co. (London) Ltd. 

Microphones 
Standard Telephones & Cables Ltd. 

Microscopes 
Avimo Ltd. 
Cooke, Troughton & Simms Ltd. 
Taylor, Taylor & Hobson Ltd. 
Charles Baker. 
Precision Tool & Instrument Co.. Ltd. 
Metropolitan-Vickers Electrical Co., Ltd. 

Microscopes (Electron) 
Metropolitan-Vickers Electrical Co., Ltd. 

Mirrors 
Ross Ltd. 
Leech Optical Co.. Ltd. 
Chance Bros. & Austinlite Ltd. 

Moisture Meters 
Dawe Instruments Ltd. 
Baldwin Instrument Co., Ltd. 
Mullard Wireless Service Co., Ltd. 
Marconi Instruments Ltd. 
Record Electrical Co., Ltd. 

Motors (Small) 
Scophony Ltd. 
Drayton Regulator & Instrument Co., Ltd. 
Standard Telephones & Cables Ltd. 
Marconi Instruments Ltd. 

Navigation Aids 
Henry Hughes & Son Ltd. 
Standard Telephones & Cables Ltd. 
Nalder Bros. & Thompson Ltd. 
Decca Navigator Co., Ltd. 
Ferranti Ltd. 

Noise Measurement 
Standard Telephones & Cables Ltd. 

Ohmmeters 
Elliott Bros. (London) Ltd. 
Evershed & Vignoles Ltd. 
Record Electrical Co.. Ltd. 
British Physical Laboratories Ltd. 
Leland Instruments Ltd. 

Optical Equipment 
Scophony Ltd. 
R. & J. Beck Ltd. 
Adam Hilger Ltd. 
Pullin Optical Co., Ltd. 
Salford Electrical Instruments Ltd. 
Barr & Stroud Ltd. 
E. R. Watts & Son Ltd. 

Oscillators 
Labgear. 
Dawe Instruments Ltd. 
Mullard Wireless Service Co., Ltd. 
Standard Telephones & Cables Ltd. 
Salford Electrical Instruments Ltd. 
H. W. Sullivan Ltd. 
A. C. Cossor Ltd. 
Muirhead & Co., Ltd. 
Marconi Instruments Ltd. 
Automatic Coil Winder & Electrical Equipment 

Co., Ltd. 
British Physical Laboratories Ltd. 
British Thomson-Houston Co.. Ltd. 
Leland Instruments Ltd. 

Oscillographs, -scopes 
Henry Hughes & Son Ltd. 
Mullard Wireless Service Co., Ltd. 
Salford Electrical Instruments Ltd. 
A. C. Cossor Ltd. 

pH Meters and Recorders 
Griffin 8. Tatlock Ltd. 
Cambridge Instrument Co., Ltd. 
Mulrhead & Co., Ltd. 
Marconi Instruments Ltd. 

Photo-Cells 
Evans Electroselenium Ltd. 
Salford Electrical Instruments Ltd. 

Photographic Material and Equipment 
Townson & Mercer Ltd. 
J. H. Dallmeyer Ltd. 
Leech Optical Co., Ltd. 
Ilford Ltd. 
Wray (Optical Works) Ltd. 
Ferranti Ltd. 
Gambrell Bros. & Co., Ltd. 
Sangamo Weston Ltd. 
Kodak Ltd. 

Photometry 
Adam Hager Ltd. 
Baldwin Instrument Co., Ltd. 
Salford Electrical Instruments Ltd. 
Everett, Edgcumbe & Co., Ltd. 

Pinhole Testers 
Salford Electrical Instruments Ltd. 
British Physical Laboratories Ltd. 

Plastics 
Telegraph Construction & Maintenance Co.. Ltd 
Ebonestos Industries Ltd. 
Bakelite Ltd. 
R. & J. Beck Ltd. 
E. K. Cole Ltd. 
Imperial Chemical Industries Ltd. 

Polarographs 
Cambridge Instrument Co., Ltd. 
H. Tinsley & Co., Ltd. 

Potentiometers 
Erie Resistor Ltd. 
British Electric Resistance Co., Ltd. 
Bristol's Instrument Co., Ltd. 
Negretti & Zambra Ltd. 
Elliott Bros. (London) Ltd. 
H. Tinsley & Co.. Ltd. 
Gambrell Bros. & Co., Ltd. 
Foster Instrument Co., Ltd. 

Power Packs 
Leland Instruments Ltd. 
Standard Telephones & Cables Ltd. 

Projection, Optical 
A.E.W. Ltd. 
Ross Ltd. 
Newton & Co. Ltd. 
Avimo Ltd. 
Aldus Bros. Ltd. 
Leech Optical Co., Ltd. 
Charles Baker. 
Adam Huger Ltd. 
Pullin Optical Co., Ltd. 

Pumps (Vacuum) 
J. W. Towers & Co., Ltd. 
Metropolitan-Vickers Electrical Co., Ltd. 
W. Edwards & Co. (London) Ltd. 
General Electric Co., Ltd. 

Pyrometry 
Wild-Barfield Electric Furnaces Ltd. 
A.E.W. Ltd. 
Honeywell-Brown Ltd. 
Measuring Instruments (Pullin) Ltd. 
George Kent Ltd. 
Foster Instrument Co., Ltd. 

CA Meters 
Dawe Instruments Ltd. 
Standard Telephones & Cables Ltd. 
Automatic Coil Winder & Electrical Equipment 

Co., Ltd. 
Marconi Instruments Ltd. 

Quartz Crystals 
Marconi's Wireless Telegraph Co., Ltd. 
Standard Telephones & Cables Ltd. 
General Electric Co., Ltd. 

R.F. Spectrum Analyser 
General Electric Co., Ltd. 

Radiometer 
Negretti & Zambra Ltd. 

Recording Equipment 
Thomas Mercer Ltd. 
Avimo Ltd. 
Griffin & Tatlock Ltd. 
George Kent Ltd. 
Cambridge Instrument Co., Ltd. 
Standard Telephones & Cables Ltd. 
Negretti & Zambra Ltd. 
Salford Electrical Instruments Ltd. 
Elliott Bros. (London) Ltd. 
Everett, Edgcumbe & Co., Ltd. 
H. Tinsley 8, Co., Ltd. 
A. C. Cossor Ltd. 
Evershed & Vignoles Ltd. 
Henry Hughes & Son Ltd. 

Rectifiers 
Standard Telephones & Cables Ltd. 
Salford Electrical Instruments Ltd. 
Ferranti Ltd. 
Westinghouse Brake & Signal Co., Ltd. 

Refractometer 
Bellingham & Stanley Ltd. 
Adam Huger Ltd. 

Relays 
Telephone Manfg. Co., Ltd. 
Hendrey Relays Ltd. 
Electro Methods Ltd. 
Sunvic Controls Ltd. 
Elliott Bros. (London) Ltd. 
Everett, Edgcumbe & Co., Ltd. 
Ferranti Ltd. 
Sangamo Weston Ltd. 
Nalder Bros. & Thompson Ltd. 
W. G. Pye & Co., Ltd. 
Londex Ltd. 
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250 c/s. and the measures so far 
taken raise all frequencies below 
1,000 c/s. to some extent, the 
response thus modified still leaves 
the level in the neighbourhood of 
250 c/s. slightly too high. This is 
shown by the discrepancy between 
curves B and A. The level in this 
region is now therefore reduced by 
placing in parallel with the network 
already described a rejector tuned to 
25o c/s. in series with an appropriate 
resistance. L,, C, and R. form such 
a rejector .:nd have the effect of 
feeding back a slightly greater pro-
portion of these frequencies. Various 
combinations ot values of L., and C3 
calculated to resonate at 250 c/s. 
have been tried out and their overall 
responses plotted to obtain the de-
sired dq•ret• of steepness of the peak, 
and various values of R. havé been 
tried out to obtain the optimal height 
of peak or amount of compensation. 
The closest approach to the required 
curve was found to be obtained 
with LR = 4 H, C, = o.i µF. and 
= 30,000 ohms. The effect of the 

combination is shown by curve E. 
The choke is constructed similarly to 

Fig. 2. A = Amplifier response required to 
compensate for falling base of 
commercial recordings. 

B = Response due to combination 
L,C, (Fig. I). 

C = Modification of B due to C, w 
0.001 µF alone in parallel with 
L,C, (1- a resistance to carry the 
valve current). 
Modification of B due to R,C, with 
values given under Fig. I. 
Modification of B due to combina-
tion R.C.L, (Fig. I). 
Overall response of pock-up and 
amplifier with complete bass corn-
pensator on commercial disks. 

L, but with a core of 14 mu-metal 
laminations forming a stack î in. x 
7/32 in. and a winding of 1,000 turns 
of 34 S.W.G. enamelled wire having 
a D.C. resistance of 23.5 ohms. In-
crease of the value of R. increases 
the bass-lifting efficiency of the 
whole system since with higher 
values the standard amount of feed-
back which is set by the relation of 
R. to R, and R, is greater and the 
reduced feed back of bass decided by 
the lower impedance of L,C, to bass 
is proportionately less. The mean 
gain of the stage becomes less. Lower 
values of R. somewhat reduce the 
bass lift relative to the 1,000 c/s. 
level but improve the smoothing out 
of the hump at 250 c/s. If a rise 
of 4 db. he tolerated at 250 c/s. the 
level at 25 c/s. may be raised above 
that at i,ouo c/s., but the most satis-
faetory compromise fur music and all 
general purppses is probably that 
which leaves a rise of 2.¡ db. at 
250 c/s. and a 2.5 db. drop at 25 c/s. 
since neither of these constitutes an 
at all easily audible discrepancy. It 
may be mentimed that in fitting 
R. and L., it should be remembered 

that it is these com-
ponents which carry 
the valve current, 
and moreover that it 
is R. which primarily 
decides the standard 
amount of feed-back 
at ',ono c/s. 

"ro summarise the 
action of the com-
pensator, the stand-
ard amount of feed-
back at 1,000 c/s. 
is reduced in the 
base by the lowered 
impedance in this 
region of L,C,. 
Above i,noo c/s. it 
tends to be increased 
by the increased im-
pedance of Le, and 

Fig. 3.—> 

decreased by the decreased impedance 
of C,. Rs is chosen to make these two 
effects nearly cancel one another. In 
the middle register the amount of 
feed-back tends to be reduced by 
L,C, and increased by L,C,. R. is 
chosen so that these effects also 
nearly cancel one another. 

The data have been obtained 
throughout by means of H.M.V. con-
stant frequency records and oscillo-
graph measurements of voltages at the 
L.S. terminals of the amplifier. The 
amplifier consisted of the first stage 
described above and in the legend to 
Fig. z (with alternative first stages for 
other inputs), a second R.C. coupled 
MH4, a phase changer (HL4 and 
two MI-I4s driving two 1'135/400's in. 
push-pull operating in Class A. With 
the compensator described and the 
writer's own energised moving coil 
pick-up and transformer the overall 
response is within 2.5 db. of the i,000 
level from 25 c/s. to 8,5oo c/s. 
Transients, moreover, are well pre-
served and listening tests with three 
speakers and a dividing network 
have fully justified expectations 
based on the response data. A typical 
overall response curve is shown in 
Fig. 2, F. 

Fig. 3 is appended for comparative 
purposes and shows the overall 
response curves obtained on the same 
amplifier, A, with a high fidelity 
crystal pick-up; B, with a moving coil 
pick-up with no tone correction; C, 
with the same moving coil pick-up 
with bass lifted by frequency selective 
potentiometer in grid circuit; ,D, 
with moving coil pick-up and fre-
quency-selective negative feed-back 
in cathode circuit as above described. 
It is anticipated these results will be 
further improved upon by this 
method when other stampings become 
available. 
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°D •-• -----•; . 
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High Fidelity Bass Compensation 
For Moving Coil Pick-Ups 

By F. M. HAINES, D.Sc.* 

IT has not been possible up to the present to obtain full advantage 
of the high fidelity of the moving 

coil pick-up for want of adequate and 
sufficiently accurate bass compensa-
tion. In the absence of this, its 
excellent top response leads to a want 
of balance which is musically most 
unsatisfactory. Methods of bass 
compensation in common use involv-
ing arrangements of chokes, con-
densers, tuned acceptors or rejectors, 
or frequency selective potentiometers 
in grid or anode circuits, all fail 
where high fidelity is required, since, 
as a large number of actual response 
plots made by the writer have shown, 
they are not capable of giving even 
approximately correct compensation 
at all lower frequencies relative to the 
i,000 c/s. level without considerably 
impairing the top response relative 
to the same standard. Generally the 
transients are also impaired. 
Response measurements show, how-

ever, that a very much closer com-
pensation for the falling leve! of the 
bass on commercial disks, and a 
response curve with no departure 
over 2.5 db. front the i,000 c/s. level 
between 25 c/s. and 8,5oo c/s. may be 
obtained by the use of frequency-
selective negative feed-back through 
an appropriate network placed in the 
cathode circuit of the first valve of the 
pick-up pre-amplifier following the 
input transformer. 
The circuit is shown in Fig. 1. Its 

general effect is that all frequencies 
above 250 c/s. are about 8o per cent. 
fed back, incidentally giving im-
proved quality by a smoothing of 
possible minor irregularities in the 
upper half of the audible band. 
Below 250 c/s. where a regularly in-
creasing compensation is required 
down to 25 c/s. (0.75 db., at 200 c/s., 
5.5 db. at loo‘ c/s., to db. at 5o c/s. 
and ii.i db. at 25 c/s. as shown by 
curve A, Fig. 2), there is progressively 
less feed-back until at 25 c/s. there 
is practically no feed-back and the 
full amplication of the stage is 
obtained. 
The main agent is the combination 

of Le, (Fig. i) whith forms a tuned 
acceptor with a minimum impedance 
at or below 25 c/s. Above 25 c/s. the 

• Queen Mary College, University of London. 

impedance rises so that an increasing 
proportion of the input signal is fed 
back. The theoretical optimal values 
for L., and C, are respectively K. H 
and 4 µF, but in practice response 
curves show that it is .better to tune 
the acceptor well below 25 c/s. (e.g., 
to about ro c/s.), the best results 
being obtained with a 4 µF con-
denser and a choke passing 0.46 mA 
on a 5o c/s. 4-volt supply, i.e., of 
27.7 H. The core of this choke is of 
25 mu-metal laminations, the centre 
stack being î in. x in. and the 
winding of goo turns of 36 
S.W.G. enamelled wire, the D.C. 

resistance being 32.5 ohms. The 
resistance must be as low as possible : 
at the same time the choke cannot be 
made unduly large owing to increased 
capacitative leak. It may be noted 
that for C, an electrolytic condenser 
may be used if desired, since it is 
maintained polarised by the drop of 
potential across R.L. due to the valve 
current. The effect of the combina-
tion L,C, alone is to raise the bass 
and shift, the originally level response 
of the amplifier to the curve B shown 
in Fig. 2. This makes a close 
approximation to the compensation 
required by commercial recordings 
(shown in curve A) up to about zoo 
c/s. The impedance of L,C,, how-
ever, increases indefinitely upwards, 
and this, if the combination were used 
alone (with a resistance to carry the 
valve current), would cause a serious 
loss of top, as is evident on compar-
ing curves A and B. To counteract 
this and prevent the falling off above 
i,000 c/s. the impedance of the net-
work is kept approximately constant 
above r,000 c/s. and the top response 
fully retained relative to this level by 
placing in parallel with L.2C, the 
condenser C,. The effect of adding 
C, alone is to give an indefinitely 
rising response above the point at 
which the impedance of C2 becomes 
comparable with that of LiCa. The 
impedance of Lit'', at i,000 c/s. is 
157,000 ohms. For C2 to equal this, 

  — 157,000, which gives 
6,280 x C2 
= 0.001 µF. Trial shows that 

this value restores the correct level 
at 8,soo c/s., but leaves it low at 
5,0oce c/s. as in curve C. The 

2 

Fig. I. Circuit for bass compensation by 
frequency selective negative feedback. 

V., MH4 : load resistance = 50,000 ohms. 
7,, Input (matching) transformer. Ratio 350; I. 

Primary: 20 t. of 18 g. enam. wire; secondary: 
7,000 t. of 41 g. Core: 14 Ni alloy laminations, 

in. x • In. centre stack. 
FI‘ = 500,000; R. 1,000; R, = 25,000: 
R. 30.00011 
C. = 4 le; C... 0.002 ilF; C. x 0.1 1.0. 

25-H; L. = 4 H. (For details see text.) 

o.00i µF condenser is therefore re-
placed by a larger condenser (tu 
raise the response earlier) with a 
resistance in series to limit the lift 
and give the same total impèdance at 
8,500 c/s. as a o.00i /IF condenser 
alone. A o.00t ;IF condenser has an 
impedance at 8,50o c/s. of 18,700 
ohms. Thus R, must be such that 

Re + (—) = 18,700 ohms at 
taC 

8,5oo c/s., which gives R. = 16,000 
ohms. The effect of R.C. is shown 
by curve D. Trials show that since 
minor peaks may tend to appear in 
this region, 16,000 ohms for R. raises 
the 5,000 c/s. level a little too much, 
and that in practice 20,000 or 25,000 
ohms may allow the minimum de-
parture from the i,000 c/s. level. The 
optimal value in any particular case 
depends upon the properties of the 
pick-up and matching transformer 
and the consequent shape of the 
original response curve in this region. 
A number of response plots show that 
with a particular pick-up and trans-
former used by the writer the most 
satisfactory values are C2 -= 0.002 µF 
and R, = 25,000 ohms, with which 
the deviation of the overall response 
curve is nowhere more than slightly 
over 2 db. from the i,000 c/s. level 
from i,000 c/s. to 8,500 c/s. 

Since the required compensation 
(curve A, Fig. 2) begins abruptly at 
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Directory of Companies mentioned on previous pages 

(Compiled from the Physical Society's Exhibition Catalogue) 

(See Note on p. 43) 

A.B. Metal Products Ltd. 
Great South-West Road, Feltham, Mddx. 

A.E.W. Ltd. 
Imperial Works, High Street, Edgware, Mddx. 

Aldis Bros. Ltd. 
Sarehole Road, Hall Green, Birmingham. 

Automatic Coil Winder & Electrical Equip-
ment Co., Ltd. 

Winder House, Douglas Street, London. SW. I. 
Avimo Ltd. 

Taunton, Somerset. 

Baird & Tatlock (London) Ltd. 
14-17, St. Cross Street, London, E.C.I. 

Bakelite Ltd. 
18, Grosvenor Gardens, London, S.W.1. 

Baker, Charles 
244, High Holborn, London, W.C.I. 

Baldwin Instrument Co., Ltd. 
Grand Buildings, Trafalgar Square, W.C.2. 

Barr & Stroud Ltd. 
15, Victoria Street, London, S.W.I. 

Beck, R. & J., Ltd. 
69, Mortimer Street, London, W.I. 

Bellingham & Stanley Ltd. 
71, Hornsey Rise, London, N.I9. 

Bristol's Instrument Co., Ltd. 
North Circular Road, London, N.W.10. 

British Electric Resistance Co., Ltd. 
329, High Holborn, London, W.C.2. 

British Insulated Callender's Cables Ltd. 
Norfolk House, Norfolk Street, London, W.C.2. 

British Physical Laboratories Ltd. 
Quadrant Works, London, N.W.5. 

British Rototherm Co., Ltd. 
Merton Abbey, London, S.W.19. 

British Thomson-Houston Co., Ltd. 
Rugby. 

Cambridge Instrument Co., Ltd. 
13, Grosvenor Place, London, SW. I. 

Catterson-Smith, R. M. 
Adams Bridge Works, Exhibition Grounds, 
Wembley, Mddx. 

Chance Bros. Ltd. & Austinlite Ltd. 
Lighthouse Works, Smethwick, Birmingham. 

Clifton Instruments Ltd. 
80. Newmarket Road, Cambridge. 

Cole, E. K., Ltd. 
Ekco Works, Southend-on-Sea, Essex. 

Cooke, Troughton & Simms Ltd. 
Broadway Court, Westminster, SW. I. 

Cossor, A. C., Ltd. 
Cossor House, Highbury Grove, London, N.5. 

Crescent Gauges Ltd. 
River Lane, Leatherhead, Surrey. 

Dallmeyer, .1. H., Ltd. 
Church End Works, High Road, Willesden, 
London, N.W.I0. 

Dame Instruments Ltd. 
Woodside Road, Amersham, Bucks. 

Decca Navigator Co., Ltd. 
1-3, Brixton Road, London. S.W.9. 

De Havilland Aircraft Co., Ltd. 
(Vibration Department), Stag Lane, Edgware, 
Mddx. 

Drayton Regulator 8, Instrument Co., Ltd. 
West Drayton, Mddx. 

Ebonestos Industries Ltd. 
Exelsior Works, Rollins Street. London, SE. IS. 

Edison Swan Electric Co., Ltd. 
155, Charing Cross Road, London, W.C.2. 

Edwards, W., & Co. (London), Ltd. 
Kangley Bridge Road, London, S.E.26. 

Electro Methods Ltd. 
112, Brent Street, London, N.W.4. 

Elliott Bros. (London) Ltd. 
Century Works, Lewisham, 5E. 3, 

Erie Resistor Ltd. 
Carlisle Road, The Hyde, London, N.W.9. 

Evans Electroselenium Ltd. 
Bishop's Stortford, Herts. 

Everett, Edgcumbe & Co., Ltd. 
Colindale Works, Colindale Lane, N.W.9. 

Evershed & Vignoles Ltd. 
Chiswick. London, W.4. 

Ferranti Ltd. 
Hollinwood, Lancs. 

Fibreglass Ltd. 
FirhIll, Glasgow, N.W. 

Foster Instrument Co., Ltd. 
Letchworth, Herts. 

Gambrell Bros. & Co., Ltd. 
307, Merton Road, London, S.W.I8. 

General Electric Company, Ltd. 
Magnet House, KIngsway, W.C.2. 

Gresham Transformers Ltd. 
Hanworth, Mddx. 

Griffin & Tatlock Ltd. 
Kemble Street, Kingsway, London, W.C.2. 

Hendrey Relays Ltd. 
Bourne End, Bucks. 

Hilger, Adam, Ltd. 
98, St. Pancras Way, Camden Road, London, 
N.W.1. 

Honeywell-Brown Ltd. 
Wadsworth Road, Perivale, Greenford, Mddx. 

Hughes, Henry & Son Ltd. 
Husun Works, New North Road, Barkingside, 
Essex. 

Ilford Ltd. 
Ilford, Essex. 

Imperial Chemical Industries Ltd. 
Nobel House, Buckingham Gate. London, S.W.I. 

Jackson Automatic Controls Ltd. 
Windsor House, Victoria Street, London, S.W.I. 

Johnson, Matthey & Co., Ltd. 
73-83, Hatton Garden, London, E.C.I. 

Kent, George, Ltd. 
Luton, Beds. 

Kodak Ltd. 
Klngsway, London, W.C.2. 

Labgear 
Willow Place, Cambridge. 

Leech Optical Co., Ltd. 
Whetstone. Leics. 

Leland Instruments Ltd. 
21, John Street, Bedford Row, London, W.C.1. 

Londex Ltd. 
207, Ancrley Road, London, S.E.20. 

London Instrument Co., Ltd., The 
Newnham Mill, Cambridge. 

Marconi Instruments Ltd. 
St. Albans, Herts. 

Marconi's Wireless Telegraph Co., Ltd. 
Electra House, Victoria Embankment, W.C.2. 

Measuring Instruments (Pullin) Ltd. 
Phoenix Works, Great West Road, Brentford, 
Mddx. 

Mercer, Thomas, Ltd. 
Eywood Road, St. Albans, Herts. 

Mercury Switch Manufacturing Co., Ltd. 
West Drayton. Mddx. 

M etallisation Ltd. 
Barclays Bank Chambers, Dudley, Worcs. 

Metropolitan-Vicken Electrical Co., Ltd. 
Trafford Park, Manchester, 17. 

M.O. Valve Co., Ltd., The 
Osram Works, Brook Green, Hammersmith, 
London, W.6, 

Morgan Crucible Co., Ltd., The 
Battersea Church Road, London, S.W.1 I. 

Muirhead & Co., Ltd. 
Elmers End, Beckenham, Kent. 

Mullard Wireless Service Co., Ltd. 
Century House, Shaftesbury Avenue, London, 
W.C. 

Multitone Electric Co., Ltd. 
223-227, St. John Street,•Clerkenwell, E.C.I. 

Nalder Bros. 8, Thompson Ltd. 
Dalston Lane Works. London, E.8. 

Napier, D., & Son Ltd. 
Acton, London, W.3. 

Negretti & Zambra Ltd. 
122, Regent Street, London, W.I. 

Newton & Co., Ltd. 
72, Wigmore Street, London, W.I 
• 

Permanent Magnet Association, The 
301, Glossop Road, Sheffield, 10. 

Philips Lamps Ltd. 
Century House, Shaftesbury Avenue, London, 
W. C. 

Precision Tool and Instrument Co., Ltd. 
353, Bensham Lane, Thornton Heath, Surrey. 

Pullin Optical Co., Ltd. 
Phoenix Works, Great West Road, Brentford, 
Mddx. 

Pye, W. G., & Co., Ltd. 
" Granta " Works, Newmarket Road, Camiardge. 

Quickfit & Quartz Ltd. 
I, Albemarle Street, Piccadilly, W.I. 

Record Electrical Co., Ltd. 
Broadheath, Altrincham, Cheshire. 

Rediffusion Ltd. 
Broomhill Road, Wandsworth, London, S.W.I8. 

Ross Ltd. 
The Optical Works, Clapham Common, London, 
'S.W.4. 

Rotameter Manufacturing Co., Ltd. 
Vale Road, Portslade, Sussex. 

Salford Electrical Instruments Ltd. 
Silk St, net, Salford, 3, Lancs. 

Sangamo Weston Ltd. 
Great West Road, Enfield, Mddx. 

Scientific Acoustics Ltd. 
Truvox House, Exhibition Grounds, Wembley, 
Mddx. 

Scientific Computing Service Ltd. 
23, Bedford Square, London, W.C.I. 

Scophony Ltd. 
Wells, Somerset. 

Smith, S., & Sons (England) Ltd. 
Cricklewood Works, London, N.W.2. 

Standard Telephones & Cables Ltd. 
Connaught House, Aldwych, London, W.C.2. 

Stanley, W. F., 8, Co., Ltd. 
New Eitham, London, S.E.9. 

Sullivan, H. W., Ltd. 
Leo Street, London, SEIS. 

Sunvic Controls Ltd. 
Stanhope House, Kean Street, Aldwych, London, 
W.C.2. 

Taylor, Taylor & Hobson Ltd. 
150, Holborn, London, W.C.I. 

Telegraph Condenser Co., Ltd. 
Wales Farm Road, North Acton, London, W.3, 

Telegraph Construction & Maintenance Co., 
Ltd. 

Teicon Works, Greenwich, London, S.E.I0. 
Telephone Manufacturing Co., Ltd. 

Martell Road, Dulwich, London, S.E.21. 
Tinsley, H., & Co., Ltd. 
Werndee Hall, London, S.E.25. 

Tintometer Ltd. 
Salisbury. 

Towers, J. W., & Co., Ltd. 
Widnes, Lancs. 

Townson & Mercer Ltd. 
390, Sydenham Road, Croydon, Surrey. 

Turner, Ernest, Electrical Instruments Ltd 
Chiltern Works, High Wycombe. Bucks. 

Unicam Instruments Ltd. 
Arbury Road, Cambridge. 

Vinten, W., Ltd. 
North Circular Road, L'ndon, N.W.2. 

Watson, W., & Sons Ltd. 
14, Hadley Grove, Barnet, Herts. 

Watts, E. R., & Son Ltd. 
123, Camberwell Road, London, SES. 

Westinghouse Brake & Signal Co., Ltd. 
Pew Hill House, Chippenham,1Wilts. 

Wild-Barfield Electric Furnaces Ltd. 
Elecfurn Works, Watford, Herts. 

Wray (Optical Works) Ltd. 
Bromley, Kent. 

Zenith Electric Co., Ltd. 
Villiers Road Willesden Green, London, N.W.2. 
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Remote Controls and Indicators 
Bristol's Instrument Co., Ltd. 
Standard Telephones & Cables Ltd. 
Negretti & Zambra Ltd. 
Everett, Edgcumbe & Co.. Ltd. 
Record Electrical Co., Ltd. 
Elliott Bros. (London) Ltd. 

Resistances and Resistors 
A.E.W. Ltd. 
Erie Resistor Ltd. 
British Electric Resistance Co., Ltd. 
Labgear. 
Dawe Instruments Ltd. 
Zenith Electric Co., Ltd. 
Standard Telephones & Cables Ltd. 
H. W. Sullivan Ltd. 
Muirhead & Co., Ltd. 

Sapphires 
Salford Electrical Instruments Ltd. 

Signal Generators 
Labgear. 
Standard Telephones & Cables Ltd. 
Salford Electrical Instruments Ltd. 
Marconi Instruments Ltd. 
British Physical Laboratories Ltd. 
Leland Instruments Ltd. 
Dawe Instruments Ltd. 

Silicones 
British Thomson-Houston Co., Ltd. 

Spectrographs, -meters, -scopes 
Wild-Barfield Electric Furnaces Ltd. 
UnIcarn Instruments Ltd. 
Adam Huger Ltd. 
Standard Telephones & Cables Ltd. 

Spectrophotometers 
Adam Huger Ltd. 

Speed Measurement Instruments 
S. Smith & Sons (England) Ltd. 
Dawe Instruments Ltd. 
Scophony Ltd. 

Spherometers 
R. & J. Beck Ltd. 

Sputtering Apparatus 
W. Edwards & Co. (London) Ltd 

Strain Gauges 
Baldwin Instrument Co., Ltd. 
Salford Electrical Instruments Ltd 
H. Tinsley & Co., Ltd. 

Strain Viewers 
Adam Hager Ltd. 
Salford Electrical Instruments Ltd. 

Stroboscopes 
Dawe Instruments Ltd. 
Scophony Ltd. 
Henry Hughes & Son Ltd. 
W. G. Pye & Co.. Ltd. 
Ferranti Ltd. 

Surge (Absorber, Diverter) 
Metropolitan-Vickers Electrical Co., Ltd. 
Westinghouse Brake & Signal Co., Ltd. 

Switches and Circuit Breakers 
A.E.W. Ltd. 
Thomas Mercer Ltd. 
Hendrey Relays Ltd. 
British Electric Resistance Co., Ltd. 
Chance Bros. & Austinlice Ltd. 
Standard Telephones & Cables Ltd. 
Muirhead & Co., Ltd. 

Switches and Circuit Breakers 
(Mercury) 

Mercury Switch Manufacturing Co., Ltd. 
Sunvic Controls Ltd. 
Landen Ltd. 

Tachometers 
S. Smith & Sons (England) Ltd. 

Telephone 'Circuit Instruments 
Salford Electrical Instruments Ltd. 
Standard Telephones & Cables Ltd. 
Telephone Mfg. Co., Ltd. 

Telescopes 
Ross Ltd. 
E. R. Watts & Son Ltd. 
Charles Baker. 

Temperature (Compensator) Control-
ler, Recorder Indicator, Recorder, 
Regulator 

Bristol's Instrument Co., Ltd. 
Sunvic Controls Ltd. 
George Kent Ltd. 
Cambridge Instrument Co., Ltd. 
H. W. Sullivan Ltd. 
Everett, Edgcumbe & Co., Ltd. 
H. Tinsley & Co., Ltd. 
Sangamo Weston Ltd. 
Foster Instrument Co., Ltd. 

Testing and Measuring, Electrical 
Dawe Instruments Ltd. 
Measuring Instruments (Pullin) Ltd. 
Salford Electrical Instruments Ltd. 
Elliott Bros. (London) Ltd, 
H. W. Sullivan Ltd. 
Everett, Edgcumbe & Co., Ltd. 
Gambrell Bros. & Co., Ltd. 
W. G. Pye & Co., Ltd. 
Automatic Coil Winder & Electrical Equipment 

Co., Ltd. 
Ernest Turner Electrical Instruments Ltd. 
British Physical Laboratories Ltd. 

Thermo-Couples, -Piles 
Adam HIlger Ltd. 
Standard Telephones & Cables Ltd. 

Thermometers 
British Rototherm Co., Ltd. 
Electro Methods Ltd. 
Sunvic Controls Ltd. 
Elliott Bros. (London) Ltd. 
Foster Instrument Co., Ltd. 
British Thomson-Houston Co., Ltd. 

Thickness Testers 
Precision Tool & Instrument Co., Ltd. 
Adam Huger Ltd. 
Cambridge Instrument Co., Ltd. 
Salford Electrical Instruments Ltd. 
Record Electrical Co., Ltd. 

Thyratrons 
British Thomson-Houston Co., Ltd. 
Standard Telephones & Cables Ltd. 
The M.O. Valve Co.. Ltd. 

Time Interval Measurement 
Thomas Mercer Ltd. 
Bristol's Instrument Co., Ltd. 
Telephone Manufacturing Co., Ltd. 
Dawe Instruments Ltd. 
Standard Telephones & Cables Ltd. 
Elliott Bros. (London) Ltd. 
Everett, Edgcumbe & Co., Ltd. 
Muirhead & Co., Ltd. 
Marconi Instruments Ltd. 
Ilford Ltd. 

Transformers 
E. K. Cole Ltd. 
Gresham Transformers Ltd. 
Labgear. 
Zenith Electric Co., Ltd. 
Muirhead & Co., Ltd. 

Transformers (Instrument) 
Elliott Bros. (London) Ltd. 
Everett, Edgcumbe & Co., Ltd. 
Automatic Coil Winder & Electrical Equipment 

Co., Ltd. 

Vacuum Gauges 
W. Edwards & Co. (London) Ltd. 
Cambridge Instrument Co., Ltd. 

Vacuum Seals 
Ferranti Ltd. 
Metropolitan-Vickers Electrical Co.. Ltd. 
British Thomson-Houston Co., Ltd. 

Valves, Radio, Demonstrating and 
Testing 

Standard Telephones & Cables Ltd. 
Salford Electrical Instruments Ltd. 
The M.O. Valve Co., Ltd. 
Everett, Edgcumbe & Co. Ltd. 
Ferranti Ltd. 
Gambrell Bros. & Co., Ltd. 
Automatic Coil Winder & Electrical Equipment 

Co., Ltd. 

Vibration, Mechanical, Measurement 
Thomas Mercer Ltd. 
Hendrey Relays Ltd. 
Salford Electrical Instruments Ltd. 
De Havilland Aircraft Co., Ltd. 

Viscosity, Measurement 
Griffin & Tatiock Ltd. 
Baird & Tatlock (London) Ltd. 
Townson & Mercer Ltd. 

Voltage, Multipliers, Regulators, 
Selectors, Stabilisers 

Gresham Transformers Ltd. 
British Electric Resistance Co., Ltd. 
Sunvic Controls Ltd. 
Zenith Electric Co., Ltd. 
Westinghouse Brake & Signal Co., Ltd. 

Voltmeters 
See under Instruments, Indicating. 

Wattmeters 
See under Instruments, Indicating. 

Wave, Centimetric Apparatus 
British Thomson-Houston Co., Ltd. 
Metropolitan-Vickers Electrical Co.. Ltd. 
Ferranti Ltd. 

Wave-Guide Test Bench 
British Insulated Callender's Cables Ltd. & Nash 
& Thompson Ltd. 

British Thomson-Houston Co., Ltd. 

Wavemeters 
Standard Telephones & Cables Ltd. 
Salford Electrical Instruments Ltd. 
H. W. Sullivan Ltd. 
Marconi Instruments Ltd. 
British Thomson-Houston Co., Ltd. 

Welding Control Equipment 
Everett, Edgcumbe & Co., Ltd. 
Ferranti Ltd. 

X-Ray Equipment 
Unicam Instruments Ltd. 
Kodak Ltd. 
Adam Hilger Ltd. 
Ilford Ltd. 
Baldwin Instrument Co., Ltd. 
Metropolitan-Vickers Electrical Co., Ltd. 
Philips Lamps Ltd. 
Marconi Instruments Ltd. 

Note : This list has been compiled 
from the official catalogue of the exhibition, 
from which the names of some well-known 
electronic manufacturers are missing. The 
editorial staff of this Journal will be pleased 
to help inquirers by giving further informa-
tion on either products or manufacturers 
not listed here. 
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BX DISTRENE Foil is now available in limited quantities. 

This foil has all the outstanding electric insulating qualities 

associated with our " Distrene " brand Polystyrene, among 

which may be mentioned its high chemical resistance and 

immunity against water and humidity. There are a dozen jobs 

or more waiting for Distrene in the electrical industry. 

BX DISTRENE Foil is supplied in rolls from g in. to 12 in. in 

width and in thicknesses from 2 1000 in. to 8 1000 in. 

* Send for samples and further information. 

BX PLASTICS LTD., LARKSWOOD WORKS, LONDON, E.4 
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MILLARD 
VALVES 

dard 

E C E 

Recommended Types for 

A.C. Mains Operated Receiver. 

ECH 35 Frequency changer. 
EF 39 Intermediate Frequency 

Amplifier. 
EBC 33 Detector L.F. Amplifier. 
EL 33 Output Pentode. 
AZ 31 Rectifier. 

Other recommended types ore available f, 
A.0 D.C., battery and portable receivers. 

DOMINANT NAME IN ELECTRONICS 

fHE NULLARD WIRELESS SERVICE COMPANY LIMITED, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, VV.C.2. 1135) 
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A Single Sweep Time Base 
Part II 

By D. McM ULLAN, B.A.(Cantab), 

I
N Part I a description was given 
of a time base which, although 
designed primarily for single 

sweep working, could also be used 
as a normal free running* time base 
as well as providing facilities for 
sweep expansion in conjunction with 
an auxiliary time base. 

The time base circuit is a combina-
tion of the Puckle time base and the 
Eccles-Jordan trigger circuit, and one 
of its features is the short time delay 
between the application of the 
actuating pulse and the start of the 
working stroke. When used for 
sweep expansion, the time base is 
triggered by an auxiliary time base 
synchron.ised with the signal under 
observation. Any part of a cycle of 
the, signal waveform may be ex-
panded by arranging that the time 
base is triggered at the appropriate 
point in the sweep of the auxiliary 
time base. 

In this part some practical details 
are considered and the circuit of a 
time base designed on the lines indi-
cated in Part I is given. 

Some Practical Considerations 

The circuit of the time base is 
shown in Fig. 2.1, and its main points 
will be discussed briefly. The five-
pole three-way switch S1 1.5 is used 
to select the type of operation re-
quired: single sweep, sweep expan-
sion or free limning. The switch is 
shown in the single sweep position. 
The following controls are operative 
on all three positions: VR, and S3 
which vary the velocity of the spot, 
and VR, which controls the ampli-
tude of the time base output. VR, 
and VR, are used in the single sweep 
and free running conditions only and 
are the trigger control and pulse 
input control respectively. VR, is 
the sweep expansion control and S2 

is the auto-manual reset switch for 
single sweep working. 

V. is used in the sweep expansion 
circuit (as described in Part I) and 
also as a phase reversing stage for 

•"Free running" is used in the sense that no 
external signal is required to actuate the time base 
although a synchronising signal will probably be 
used to lock the time base to the waveform under 
observation. 

G rad.I.E.E. 

R O 
AUXILIARY 

BASE 
TIME 

Mao 

137 7+ CI4 
-  

PULSE INPUT  

+ 40Fri. 

2 15-30MA 

SINGLE • 
SWEEP 

SWEEP. 
EXPANSION 

• 
FREE 

RUNNING 

Fig. 2.1. Circuit diagram of time base. 

Component Values 

R, 75 K 
R. 2 K 
R; loon 
R, 100 K 
R, 200 K 
R. 250 K 
R, 1 M 
R. 25 K 
R, 500 K 
R,, 500 K 
R,, 500 K 
R,, 500 K 

V, 6K7 V, 6F6 V, 

R,, 
R,, 

RIfi 
RIO 
R„ 

50 K c, 
50 K C. 

C, See text 
C. 

See text C. 
250 K C. 
15 K C, 

250 K C. 
50 K C. 

300 C.. 
C,. 

500 K C,, 

6K7 

50 pF-1,uF 
1 p,F 

0.1 uF 
300 PF 
1500 pF 
100 pF 
50 pF 
50 pF 
8 µF 

0.25 µF 
0.1 le 
0.1 pF 

6K7 

C,, 0.1 iuF 

C,, 0.1 I.LF 

VR, 50 K 

VR, 2 K 

VR, 25 K 

VR, 500 K 

VR, 100 K 

V, 6R7 

triggering the single sweep time base 
on positive pulses as well as a 
synchronising signal amplifier in the 
free running condition. 

C. and R. are included in the grid 
circuit of V. in order that the circuit 
shall work satisfactorily in the single 
sweep condition with low spot veloci-
ties. In this case, without C. and R. 
the time base will not reset at the 
end of the working stroke since the 
condenser C, does not discharge fast 
enough for the cathode of V, to 
follow the grid, with the result that 
V, takes a large grid current inter-
fering with the action of the Eccles-

Jordan circuit VS, 17 4. R. reduces this 
grid current and is shunted by C. so 
that the circuit will operate satisfac-
torily at high frequencies. 

In the free running condition the 
circuit works as a normal Puckle time 
base. 
A word of explanation is perhaps 

necessary for the size of the discharge 
valve V., an output pentode, triode 
connected. Since a D.C. connexion 
has to be made between the time base 
and the cathode-ray tube, when the 
charging current is varied through 
V, (and hence through V. when the 
time base is in the static condition), 
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the starting position of ,thg ,spot is 
moved across the screen due to the, 
voltage drop across V, and VR.,. 
Therefore it is advisable to choose a 
valve with a low D.C. resistance for 

and this, of course, hasthe addi-
tional advantage that the discharge 
cuirent is increased with a cor-
responding decrease in the flyback 
time. 

. It has ben found necessary to 
supply the Fcreens of V, and V. 
through a common resistor and to 
shunt them with a large condenser 
to chassis in order that the circuit 
shall trigger on short pulses and that 
the changeover time shall be as short 
as possible. With this arrangement 
• the screen voltages remain prac-
• tically constant whichever valve 
happens to be conducting, but if the 
screens are fed through separate 
resistors, the screen voltage of the 
valve that is being cut off imme-
diately rises, interfering with the 
trigger action (unless the screen is 
connected to cathode through a con-
denser). If condensers are connected 
between screens and cathodes the 
circuit Will take a long time to teach 
its final condition (the time required 
depending on the time constant of the 
screen circuits). 

The values of the resistors R. and 
R. in the sweep éxpansion control 
(VR5) resistance chain are not given 
as these depend on the output voltage 
of the auxiliary time base. It should 
he noted that the voltage applied to 
the grid of V. should not exceed 300 
volts or the valve will not function as 
a cathode follower. If the peak out-
put volts from the auxiliary time base 
(measured to ground) do not exceed 
300 volts, a D.C. connexion may be 
made between this time base and the 
grid of V.. Otherwise the connexion 
must be made through a condenser 
and the grid of Vc. returned through 
a high resistance, to . a point vhose 
positive potential to chassis is equal 
to half the peak-to-peak output of the 

+400.V 

250.K 

o 

—325 V 
+10.V. 

50 K 

Fig. 2.2. Neon time base for use as auxiliary 
time base. 1,-= peak to peak voltage output 

of time base. 

auxiliary time base. If the peak-to-
peak output of the auxiliary time 
base is greater than 300 volts some 
attenuation must be introduced to 
limit the peak voltage applied to the 
grid of 11 4. 

The resistors R. and R. are so 
chosen that the potentials at the top 
and the bottom of the potentiometer 
1//1,, are equal respectively to the 
maximum and minimum voltages ap-
plied to the grid of V.s. 

An auxiliary time base consisting 
of a condenser shunted by a neon and 
fed through a high resistance has 
been found satisfactory for some 
work. A suitable circuit is shown in 
Fig. 2.2. A resistor is included in 
series with the neon in order to pro-
vide the resetting pulse for the main 
time base. The disadvantages of this 
arrangement are that the maximum 
frequency is limited and the voltage 
output is rather low for working 
direct into the plates of a cathode-ray 
tube, although it is large enough for 
triggering the main time base. How-
ever, with an amplifier it is quite 
adequate for most work. 

Care should be taken in the 
mechanical layout to keep all. wires 
as short as possible. The heaters of 
V. and V. should be supplied from 
separate screened windings on the 
mains transformer. 

Fig. 2.3 (left). Suggested 
circuit for obtaining the 
negative 325-volt supply 
for the time base from an 

existing power unit. 

Fig. 2.4 (right). Connexion 
of time base to cathode-
ray tube showing the 
arrangement of the Y. 

amplifier V, and V. 

D.C. Suppl ies 

. The H.T. supply to the time base 
must be well smoothed. The necessity 
for providing a negative supply to 
the time base is a disadvantage, but 
may. be fairly easily arranged, since 
the current drain is only a milliamp 
9r so. One or other of the following 
methods may be employed. The 
voltage may be obtained from the 
cathode-ray tube potentiometer chain 
Or a separate supply may be used. 
:The latter arrangement is probably 
the best as the modifications neces-
sary to an existing power pack are 
very simple. A suitable circuif is 
shown in Fig. 2.3. A metal rectifier 
is used 'and is connected to one half 
of the main H.T. transformer. Re-
'sistance smoothing is satisfacfory 
since the current drain is so low. The 
negative supply voltage is rather 
critical, and is therefore made ad-
justable. 

Connexion to C.R.T. 

The connexion of the time base to 
the .cathode-ray tube is rather a 
problem since isolating condensers 
cannot be included in the deflector 
plate circuits. This is because the 
spot will not start from the sanie 
place on the X-axis for cadi stroke 
if irregularly spaced transients are 
being observed. 

If it is desired to have the final 
anode of the cathode-ray tube at earth 
potential, then the positive H.T. rail 
of the time base must be earthed. 

The author has found that a satis-
factory arrangement is to have the 
tinal anode of the tube at a potential 
slightly lower than that of the time 
base positive H.T. supply rail. A 
schematic diagram is shown in Fig. 
2.4: The valves V. and V,• form a 
cathode-coupled amplifier for the 
Y-plates. This circuit removes some 
of the disadvantages of not having 
tbe' final anode of the cathode-ray 
tube earthed, and also has the advan-
tage that the amplifier may be used 
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POSITIVE 
F075—I 
NEGATIVE 
PULSE 
INPUT 

TO 
TIME BASE 

uT 

Fig. 2.5. Circuit for separating positive and 
negative pulses. The condensers and resistors 
should be selected to suit the duration and 

repetition frequency of the pulse;. 

for D.C. voltages. Other. advantages 
are that the deflection is balanced, 
the amplifier is inherently stable and 
introduces little distortion. The de-
sign of cathode-coupled amplifiers 
has been fully dealt with previously 
in this journal and elsewhere. 

The switch St connects the X-shift 
potentiometer either to the + goo-volt 
line or to the anode of V. for beam 
deflection modulation as described in 
l'art E. With the switch in the latter 
position the spot .is deflected off the 
screen until the main time base starts. 
The resistance of the potentiometer 
chain should he about t megohm. 

Performance of Time Base 

Some figures on the performance 
of the time base ate given, in the 
table. The figures for time delay and 
changeover time depend to some ex-
tent on stray capacities in the wiring 
and with special care could probably 
be improved upon. 

Notes on the Use of the Time Base 

The notes below are an amplifica-
tion of the methods .of using the time 
base given in Part I. They are not 
intended to be exhaustive but to act 
as a guide, sihce each application of 
the time base presents its own 
problems. 
Single Sweep Operation 

The actuating pulse applied to the 
pulse input terminals may be derived 
from the external circuits or may be 
the acttial signal being examined. In 
either case, it may be necessary to 
shape the pulse before applying it 
to the time base in order that its 
duration shall not be too great (caus-
ing the time. base to make more than 
one stroke for each pulse). The 
shaping may be achieved by passing 
the pulse through a differentiating 
circuit. The amplitude of the pulse 
is unimportant as long as it is large 
enough to trigger the time base. It 

may be mentioned here that if the 
slider of VR, is not at its maximum 
position, á small time delay will be 
introduced in the start of the time 
base. This is sometimes useful and 
if the amplitude of the pulse is 
sufficient the delay can be varied up 
to about to microseconds. This delay 
could be increased still further by 
connecting a small condenser between 
grid and cathode . of V., the input 
circuit acting as an integrator. 

Sometimes it is convenient to be 
able to trigger the time base on nega-
tive and positive pulses from the 
same source, and this may be 
achieved by separating the positive 
and the negative pulses, and apply-
ing them to appropriate input 
terminals. A circuit is shown in 
Fig. 2.5 and with this arrangement 
the time base will trigger on the lead-
ing edges of the pulses. If it is 
desired to trigger on the trailing 
edges, it is only necessary to inter-
change the connexions to the positive 
and negative pulse input terminals. 

It may be noted in passing that 
sufficient amplification is provided by 
V: to trigger the time base directly 
from a photo-cell. This can be very 
useful when the time base has to be 
synchronised with a .mechanical 
movement, and in many rases is more 
convenient than using a switch. 

When non-recurrent random transi-
ents are being photographed, and the 
time base is required to make only 
one stroke, the switch S: is turned to 
position 2. To reset the time base, 
the switch is switched to position 
and then back to 2. Of course, when 
.5, is at position t the time base resets 
automatically at the end of each 
stroke. 

It is often ;,dvantageous (and, when 
photographing, a necessity) to sup-
press the beam except during the 
working stroke. As noted in Part I, 
there are two simple methods—beam 

TABLE I 

Performance of Time Base 

Single Sweep Operation 
Sweep time maximum 

minimum 
Time delay 

changeover time 

Minimum amplitude of 
starting pulse 

Time base output 

Free Running Operation 
Frequency minimum 

maximum 
Time base output 

I second 
5 microseconds 
j• microsecond 
5 microseconds 
r 3 volts negative 

approx. 
1 volt positive 

L. approx. 
250 volts 

I cis. 
200 kcis. 
250 volts 
(at the lower 

frequencies) 

Fig. 2.6 (top). Figs. 2.7 and 2.8. Photographs 
of traces obtained with the sweep expansion 
circuit. The bottom photograph is of part of 
the waveform shown in the top photograph 

expanded about sac times. 

deflection and beam brightening. In 
the former, the beam is initially de-
flected off the screen of thé tube until 
the start of the working stroke. How 
this is accomplished is indicated in 
the section above on the connexion of 
the time base to the tube. Beam de-
flection modulation will probably be 
satisfactory for most applications if 
not more than. 5 per dent. of the 
stroke is lost. As can be seen from 
Table i the changeover time of the 
valves V, and V. is about 5 micro-
seconds, so that the shortest sweep 
time that can be used is too micro-
seconds. For sweep times less than 
too microseconds beam brightening 
may be employed,. the beam being 
suppressed until the start of the time 
base. One method is to connect the 
modulating electrode of the cathode-
ray tube through a condenser «to •the 
anode of V.. Very little of the trace 
will he lost even with hie spot 
velocities, since the voltage, change 
on the anode of V. is over zoo volts 
and only about io volts will be re-
quired to brighten the spot. 
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For many applications it is essen-
tial to have the time base sweep 
calibrated. For this purpose a 
separate calibrating oscillator may be 
used and this is especially convenient 
when a double beam cathode-ray tube 
is available, as the extra beam can 
be used to supply the time scale. 
Alternatively, the X shift potentio-
meter may be calibrated in time 
intervals for a specified position of 
the potentiometer V R., assuming also 
that the values of the charging con-
denser C, are selected so that the 
calibration will hold whichever 
charging condenser is switched in. 

Sweep E aaaaa ion Operation 

The procedure for using the sweep 
expansion circuit is as follows: 

A cathode-ray tube is connected 
across the output of the auxiliary 
time base which is set so that 
a stationary two- or three-cycle 
picture of the signal waveform is 
visible. An expanded picture of the 
signal waveform is obtained on a 
cathode-ray tube connected to the 
output of the main time base, the de-
gree of expansion being adjusted by 

V R, and S, and the part of the wave-
form expanded bting selected by 
V R.. In practice a single tube may 
be used, the X-plates being switched 
from one time base to the other. 

Some photographs of traces ob-
tained with the sweep expansion cir-
cuit are shown in Figs. 2.6, 2.7 and 
2.8 and give some idea of its capa-
bilities. Fig. 2.6 shows the waveform 
of an oscillator with a low frequency 
squeg," as seen on a normal 

oscilloscope. The " squeg " fre-
quency is approximately 75 per 
second. Fig. 2.7 shows the portion 
between the negative and positive 
peaks expanded about 20 times and 
in Fig. 2.8 the total expansion is 
about 500 times showing a part of the 
60 kc/s. damped oscillation. 

It is essential that the output 
voltage of the auxiliary time base 
should contain no superimposed A.C. 

ripple or the expanded trace will be 
very unsteady with high degrees of 
expansion. The blurring of the 
bottom photograph of the expanded 
trace is due to this cause. It may also 
be noted here that, due to condenser 
CH discharging, it is possible to ex-

pand only about three-quarters of the 
auxiliary time base sweep. This is 
unimportant if the auxiliary time 
base frequency is a half or a third 
of the signal, so that one whole cycle 
is within the range of 17R,. 

Free Running Operation 

Little need be said about the time 
base when used for this type of 
operation, as it follows normal prac-
tice. The synchronising signal is fed 
into the terminal marked " negative 
pulse," or, if it is weak and requires 
amplification, into the terminal 
marked " positive pulse " on Fig. 
2.1. The potentiometer VR4 controls 
the synchronising input to the sup-
pressor grid of V,. 

Conclusion 

It is hoped that the time base des-
cribed in this article will, prove useful 
as a general-purpose instrument. It 
is, of course, almost impossible to 
meet every eventuality, but the cir-
cuit is fairly flexible and can be 
modified for special applications. 
Little has been said about specific 
applications, but these will readily 
occur to the reader. 

Germanium 
At the Rochester Fall Meeting of 

the I.R.E. and American R.M.A., 
Edward Cornelius (Sylvania Pro-
ducts) described the properties of 
germanium crystals as contact recti-
fiers for U.H.F. 

Fig. t shows the construction of a 
rectifier unit Type IN.34, in which 
a square of germanium k in. thick is 
mounted in a cartridge with a tung-
sten contact point having a required 
contour and pressure. 

The germanium is reduced from the 
dioxide by hydrogen and forms, on 
melting and cooling, crystals of the 
diamond type with relatively high 
resistivity at room temperatures. 

A small amount of tin added during 
cooling improvés the rectification 
properties with a slight reduction in 
resistance. 

The characteristics of the crystal 
are shown in Fig. 2. At values of 
voltage characteristic of a particular 
unit (between 75 and zoo) the charac-
teristic curve departs from the ex-
ponential form and the dynamic 
resistance becomes zero and then-
negative as the current is increased, 

3f 
APPROX. 2 

_L 

70 

Fig. 2. 

TIC BEAD 

Fig. I. 

Rectifiers 
so that the voltage across the unit 
decreases. The portion of the curve 
in which the dynamic resistance be-
comes negative or zero may be 
used for voltage regulation, and if 
necessary a small positive resistance 
may be added in series to reduce 
the overall resistance to zero. 
Normal currents for regulator use 
are 7-3o mA D.C. 

The advantages of this regulator 
over the gas discharge-type are free-
dom from flicker and absence of high 
striking voltage, although large 
changes in ambient temperature or 
heavy currents may affect the regula-
tion and life of the unit. 

Comparison between this rectifier 
and the 6H6 diode shows that the 
former has an advantage at low 
values of load resistance. Very high 
temperatures may be produced at the 
contact point if an appreciable cur-
rent is passed through the unit. 

Among the many uses suggested 
for these crystals are modulators, 
voltage regulators, L. F. oscillators, 
D.C. restorers and polarising devices. 

—Electronic Industries, Dec., 1945. 
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It must rotate at 17,000 r.p.m. 

THIS WAS THE PROBLEM Its flange thickness must be Poo". It must 

withstand a pressure of over ro lb. per sq. in. 

• 995" 

•933" 

DIAMETERS MUST BE 

CONCENTRIC WITHIN 

•001 

SCRAP VIEW 

SECTION OF 

TOP FACE TO BE 

TRUE WITH AXIS 

WITHIN ± • 004" 

DETAIL OF FORM. 1.000 - PITCH L H HELIX 

SCREW-3 START EACH ELADE REPRESENTS 

ISO" OF A TURN (270°) OF A 1.000" L.H. PITCH HELIX 

—solved by moulding in 

BAKELITE MATERIAL 

Previously machined from a solid bar of metal .on 

a specially designed machine, this impeller was 

expensive and took a long time to make. As a 

Bakelite moulding it is produced in a fraction of 

the time at a greatly reduced cost. Further, it is 

more resistant to corrosive liquid. 

TREFOIL 

SHOWING 

BLADES 

PLAN OF UNDERSIDE 

TEST DATA: 

At 17,000 r.p.m. pumped 250 galls. an hour—pressure so lb. per 

sq. inch. Later increased to boo galls, an hour. Stood up to extra 
revs. perfectly. Material used—Bakelite Moulding Powder X5073. 
Moulding by Merriott Mouldings Ltd. 

BAKELITE   PLASTICS 
REGD. TRADE MARKS 

Pioneers in the Plastics World 
133 

BAKELITE LIMITED 18 GROSVENOR GARDENS • LONDON S VV 1 
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The standard Spire nut is only 

one form, and the most elementary 

form at that, of fixing by the Spire 

method. There are already over 3oo 

special Spire designs, each of which 

has been "made to measure," for some 

particular job. In most of them no 

separate nut or washer is needed. The 

Spire fixing is part of the component 

itself. It is pretty safe to say that Spire 

can simplify retool assembly jobs. Send 

us along any ordinary assembly-parts or 

drawings. We'll see if we can't cut out 

some of the bits and pieces and reduce 

the operational time by designing a 

Spire assembly. No charge for this. If 

it works we'll get your order If it 

doesn't we'll tell you so and there's 

no harm done. 

THAT'S Fixed THAT! NP 1506. 
Aircraft manufacturers and coachwork builders 
employing stressed skin construction are saving 
time and money and material by the use of this 
simple Spire fixing. It 
serves to hold the tack 
bolts in position until 
riveting of skin sections 
has been completed. It 
is quicker to use than 
t he usual square pressed 
nut and is easily remov-
ed for further use when 
its'holdingjob is done. 

-* A BETTER way of fixing 

Great .5zinnionds Aerocessories Limited West Road - London • A Company of the Siounonds Group 
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H.F. Band-Pass Filters 
Part II.—Similar Circuits 

By H. PAUL WILLIAMS, Ph.D., A.M.I.E.E. 

2.1 Similar Circuits 

2.11 General 

\‘.i , mentioned in the Intro-
duction, duction, it is possible to develop 
the theory of H.F. band-pass 

filters quite simply from first prin-
ciples. Owing to the fact that the 
circuits involved have Q values of the 
order of 2o and upwards, it is 
possible to make an exceedingly 
useful approximation. This approxi-
mation concerns the series impedance 
of a tuned circuit near resonance and 
leads to an expression which greatly 
simplifies the subsequent calcula-
tions. 

In Fig. 4 the series impedance is 
given by — 

Z = R + jtoL 

= R[1 + 
R RcaC 

r 

= R 1 + j   

(OLC — 

RwC 

By putting co = id„ -F aro where 
is the resonant frequency, and by 
neglecting (Soy' we have :-

286/L. I 

At this stage we introduce the 
parameter q which equals the 
distance off tune in terms of band-
width. q may be positive or 
negative according to which side of 
the on-tune position we go. In this 
manner the band-pass curves are 
made applicable to any frequency. It 
merely becomes a matter of making 
the appropriate substitution of the 
number of kc/s. for unit q. 

Now the band-width of a single 

to 
circuit is given by — where Q has 

the'conventional meaning and equals 

tool. 

1. 31 8(0.(2 
Therefore q = 8f I = — = 

Q to 
8cd 0.L 

R 

Hence Z = R(i + j2q)   (I) 
q is a dimensionUss quantity of the 
order of -± I, 2 or 3. lf, for example, 

= 1,000 kc/s. 
Q = loo 

then / = i8 kc/s. means q = 1.5 
1,020 kc/s, means q + 2 

IF— USUI— VvVe— 
C L 

Fig. 4. 

2.12 Mutual Coupling 
The circuit equations for Fig. 5 

may be written as follows (N.B.—in 
practice R includes the damping due 
to valves, see Section 3) :— 

e = i.Z, —   (i) 
o = i,Z, — ijwM   (ii) 

ej coif 
.•. —   

Z,Z2 + 6IMP 

In all practical cases, v, = izjiaL to 
a close approximation 

V, - coWL 

e 7.1 -12 4- OM' 

In the present case Z = Z, and both 
are equal to R(I + j2q). 

V, - WAIL 

• 

e 4q1•+ j4q) 6.)2M2 

We now introduce a very con-
venient parameter K, which equals 
the common coupling impedance 
divided by the series resistance ,of a 
single circuit. For the case of 
unequal damning we use the 
geometric mein of the two values, 

i.e., Virj?.. 
wAf 0L, .41 

K = = 

R L 
= Q x percentage coupling 

Over the range of frequencies we 
are interested in, K may be taken as 

coefti 
being a constat and equal to —. 

Critical coupling occurs when 
K = i. When K > i the circuits are 
over-coupled and two peaks are 
formed. 
Making this substitution, we have: 

V, 
= _ Q 

e (I + K, _ 4i,$) i4q 

An alternative expression is: 
Response off tune 
Response on tune 

+ K' 

+ — 4q3) + iaq 

(2) 

(2a) 

Graphs of ihis expression for dif-
ferent values of K are given in Sec-
tion 4. The choice of the parameter 
q (which involves the band-width) 
permits these curves to be applied for 
any value of fo. 
Cain On Tune 

From Equation (2) we find that 
when q = o, 

— — Q 

e + K' 
(2b) 

This has a maximum value when 
K = t and then 

V, 
_ 

C 2 

Therefore the maximum gain- on 
tune is half that given by a single 
circuit of the same Q. 

It must be remembered that e 
in the above expressions is the series-
injected voltage and not the grid 
voltage eu. In the case of pentode 
valves we have e = ke, where k is 
some constant whose values will 
usually lie somewhere between 4 and 
lo (see Section 2.31). 

Position of Peaks 

Equation (2) has its maximum value 
when (I + — 4?)' + (4q)' is a 
minimum. Calling the latter expres-
sion y we have :— 

dy 
— = 2(1 K' — 4g') x ( - 8q) + 32q 
dq 
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This is zero when 2 = i + K' — 4e. 
Giving this value for q the suffix 
we have: 

4 
The above equation is only valid 

when K > t.• 

Note that q=0 is also a solution to 
dyldq = o. This, of course, repre-
sents the on-tune point which is a 
maximum when K <1 and a mini-
muin value when K > 1. The equa-
tion for dyldq is really a cubic and 
has to be solved as such in the case 
examined in Section 2.23. 

Maximum Response 

Using the value for q given in 
Equation (2c) we have: 

V: 

e 

= 

1 + 

V: 
— 

— QK 

- 
— 4 (KI — i) IK2 — 

  + 
\ 4 4 

(2d) 
e 2 

The maximum voltage is therefore 
independent of K when K > i and 
always half of that given by a single 
circuit. 

From (2b) and (2d) we find: 

Response on tune 2K 

Maximum response i + 
... (2e) 

Response Equal to that On Tune 

In the case of two peaks, the 
response becomes equal to that on 
tune when: 

+ K' — + (.4q)' = (1 + K')' 

Giving this value for q the suffix ., 
we obtain":" 

VK1 - I 

q. = 

2 

(20 

Also, by using the value for qm 
given in Equation (2c) we find: 

q. = 

Rough Plot of Response Curve 

Using Equations (2c), (2e) and (2f) 
we can immediatery obtain 5 points 
on the resonance curve. 

Suppose, for instance, K = 1.5, 
then from (2e) we find that the 
response on tune is .923 time‘, that at 

the peaks. The position of the two 

peaks is given by qa., which equals 
±.56. Finally, the response again 
equals .923 when q. = ± N/2 x .56 
= ± .79. 
Response well Off Tune 

If q> ± 3K, then a good approxi-
QK 

mation for — is — 
e 4q) 

This indicates that well off tune 
the shape of the response curve is 
independent of K and is, in fact, 
given by: 

Response cc — 
q 2 

Separation between Peaks 

The separation between the two 
peaks = 2q.. 

= 2,7n, times the bandwidth (in 
kc/s.) 

VK'—i R 
= 2   - - e(K. - 1) 

4 wirL 27rL 

Separation œ(.'M' — R') 11' (2g) 

Comparison with Single Circuits 

With very loosely coupled circuits 
K i and we may neglect K' in 
Equation (2a). 

Response off tune 

Response on tune z — 4q' — i4q 

(1 — j2q)' 

Comparing this with the resonance 
curve of a single circuit as given by 
Equation (t), we see that the loosely 
coupled band-pass has a similar 
selectivity curve to that given by two 
single circuits in cascade. For large 
values of q (say 3 or more), the 

response for a single circuit cc —, 

while that of any band-pass (whether 

loosely coupled or not) cc 
q2 

A further comparison with a single 
circuit is given by examining the 
relative widths at 3 db. and 20 db. 
down. Suppose we can tolerate an 
attenuation of 3 db. down from the 
maximum, then the optimum band-
pass (i.e., minimum width at 20 db. 
down) is obtained when the circuits 
are over-coupled as far as possible 
—in this case until the response on 
tune has dropped to 3 db. down rela-
tive to the peaks. 



February. 1946 Electronic Engineering 53 

Width at 
3 db. down 

Width at 
20 db.down 

Single circuit 1.0 
— 

10 
Best coupled circuit 3.12 8.6 
(3db down on tune) 

In the above table it was assumed 
that the coupled circuits had the 
same Q as the sin& one. If the 
coupled circuit Q values were in-
creased so that the bandwidth at 3 db. 
down equalled that of the single cir-
cuit (i.e., Loq), then the width at 

8.6 x Lo 
20 db. down becomes 

= 2.75q. 

Therefore a 3.6 : i improvement is 
obtained over a single circuit at the 
20 db. attenuation level. 

If no higher Q circuits are avail-
able, then the correct coupling to 
give a width of r.oq at 3 db. down 
is K = .67. This results in a width 
of 3.7q at zo db. down and conse-
quently gives a 2.7: 1 improvement 
over a single circuit. 

2.13 Bottom-End Coupling 

The circuit for this case is shown 
in Fig. 6. X. is the impedance of the 
coupling reactance at the on-tune 
frequency. In the equations that 
follow, the reactance is assumed to 
have a positive value, i.e., the 
coupling is a common inductance. If 
the coupling is a capacity, the sign 
of X. is changed throughout, result-
ing in a ratio of V,Ie that is the same 
as before in magnitude, but has a 
phase relationship on tune which 
differs by 18o° from the inductive 
case. 

Let Z = total series impedance, 
including X. 

= R + j (or, — --) + jX0 
we 

q 

3.1 2 

= R(1 + j2q) 

• The circuit equations are there-
fore: 

e = i,Z, — i2jX. 
o = i24 — 

Proceeding on the same lines as for 
Equation (2) we find: 

V, 
— = Q 
e (I + - ag') + jag 

where K = — 
R 

Therefore the response is exactly 
the same as for mutual coupling. But 
now, since 7 includes the coupling 
impedance, when we increase the 

(3) 

Fig. 9. Circuit with mixed 
coupling. 

Values : 

C, 
co 

2,310 icH 
11.8 pH 
C, 

= 0.03 tiF 

CI 

e 

C', 

coupling the peaks do not move out 
symmetrically on either side of the 
centre frequency. 
The difference with mutual coup-

ling, therefore, lies in the fact that 
trimming cannot be done by first 
reducing the coupling and then 
increasing it to the required amount 
after the circuits have been trimmed. 
This feature is brought out if we 

take Z = Z' X., where Z' is the 
series impedance without X.. The 
expression for the response then 
becomes 

V, 

e 

- Q 
(1 — 41Cq — 4q1) + j2(K + 2q) 

From an examination of the de-
nominator of the above equation we 
see that the peaks are no longer 
symmetrical about q = o if the 
resonant frequency fo is taken 
without X. in circuit. 

In fact, one peak remains at ap-
proximately f., while the other ap-
pears above or below f. as we in-
crease the coupling. The same is 
true of top-end coupling and the 
results may be tabulated as shown 
below. 

Frequency of 
Second Peak 

Bottom-End 
Coupling 

Top-End 
Coupling 

Below:r, 

Above r, 

wL 

1 

oJC 

(AC 

ad. 

2.14 Top-End Coupling 
A circuit involving top-end capa-

city coupling is shown in Fig. 7. The 
theory of top-end inductive coupling 
can be developed on similar lines, 
but since such a circuit involves the 
use of a high inductance, the case is 
obviously not used in practice. 

The circuit of Fig. 7 can be 
analysed by using three circulating 
currents. Such an analysis results 
in an unsymmetrical expression for 
positive and negative values of q. It 
is therefore easier to replace the top-
end capacity by its equivalent bottom-
cnd capacity and use the results of 
the previous section. To do this we 
make use of a T arrangement of con-
densers which is equivalent to the 
arrangement of top-end coupling. 

This procedure reduces the circuit 
to that shown in Fig. 8. In the 

C' 
latter figure 

Ce 
Ce C, which is true in practical 
cases. 

Wizen this substitution has been 
made, Equation (3) applies. 

In this case 

Cm = — provided 

Now .= Q 
coRC 

x. 
= 

CI 

R caRC. tee 

Ce 
= Q— 

C 
The last expression for K shows 

that critical coupling occurs when the 
ratio of the capacities is equal to the 
Q of the circuits. 
Although the approximation given 

in Fig. 8 leads to the correct shape 
of curve, erroneous conclusions can 
be arrived at both with regard to the 
manner in which the peaks move on 
increasing coupling and also with 
regard to the effect of damping one 
side. For instance, it might be 
thought that since the resonant fre-
quency of either mesh in Fig. 8 is 
above that given by excluding the 
common coupling, the second peak 
should be above fn. The table at the 
end of the Section 2.13, however, con-
tradicts this deduction. 
The explanation lies in the fact 
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that the equivalent circuit is not 
sufficiently accurate for this deduc-
tion. The true equivalent circuit has 
tuning condensers of value (C + 2Ct) 
and a bottom-end condenser of 

( C2 — + 2C). 
C, 
Thus the value of the two capaci-

ties in series (i.e., the total tuning 
capacity of either mesh) is actually 
of the order of (C + Ct) and not 
(C — Ct) as would be inferred from 
Fig. 8. Hence increasing the top-end 
capacity causes the second peak to 
move further down the frequency 
scale. 

2.15 Mixed Coupling 
The equations previously developed 

will also hold for mixed couplings 
(provided they are purely reactive); 
for exa 'tilde, we may have 

X., ( wL. —   It is obvious 

that the value of X. will not vary 
with the tuning frequency in a simple 
way. So to avoid unnecessary calcu-
lations it is useful to examine the 
change in X. with frequency to give 
either : 
- (a) approximately constant peak 

separation; 
or -(b) to pass near, or through, 

some predetermined points. 
(a) Using Equation (2g) we see that 

the peak • separation varies as 
((omit _ )1. 

i.e., in the general case , 
Pea-k separation Œ(X„2 RTP. 

Therefore the separation is con-
stant if (X.,' — le) is constant. To 
approximate to such a condition we 
must first plot R against j from ex-
perimental results. Then values of 
X. are chosen to give the best con-
stant difference With this R versus f 
curve. 
'Usually 'he required %.al.tie for .V. 

is of the form ( + 

where M is a negative mutual. This 
can be made to satisfy two frequen-
cies exactly. A practical example of 
such •a mixed circuit is shoi‘n. in 
Fig. 9. In this example the peak 
separations are correct at 250 and 400 
kc/s. 

(b) In practice, constant peak 
separation is usually not of so great 
importance as the obtaining of certain 
responses at certain frequencies over 
the tuning range. A neat method of 
achieving this as closely as possible 
has been described by Beatty (Wire-
less Engineer, October, i9.32). 

The method as applied to mixed 
mutual and bottom capacity coupling 
is as follows : 

X. = coM + — (where M is a nega-
40C 

tive mutual). 
Then a plot of X. against (.2 on 

log — log graph paper results in the 
sanie shaped curves if the product 
MC is kept constant (this can be ap-
preciated if we consider the case 
when M and C are replaced by kM 
and CO on the graph). 
As for the position of the curve, this 

depends on the ratio M/C. 
We now plot X/X., against flfo on 

log-log paper (the suffix „ is here 
reserved for some particular value of 
the coupling impedance and tuning 
frequency, and is dropped for the 
general case). 

will + 
4)C 

XIX.=   = y, say. 

to.M. + 
co,,C 

tito = x, say. 
Then x and y can be related as 

follows : 

Put to,,M 

(where 

also ---
64C 

A ( Waif 
C 

.1 is constant) 

= — A)(w.M + 

67 

.•. y = A — + (1 — 
4) 

(t — A) 

X 
Curves of x against y will be 

,hown plotted for different values of 
.4 in Fig. 33 of Section 4. 

A = 1 corresponds to pure mu-
tual coupling. 

.1 = o Lorrzsponds to pure capa-
city coupling. 

The curves of Fig. 33 are used in 
practice by putting the desired curve 
of .r against y on tracing paper and 
moving it about over the figure (keep-
ing the respective x and y axes 
parallel) until the best fit is obtained 
with some pareicular value of A. 
The point 1.1 then gives f. and 

( 1 te.M +  , , while the begt .4 value 
c.)(..  z 

decides the ratio of 40./l/ to —. 
(...I.0 

(To .lié continued.) 

German Tape-Recording 

Equipment 

The U.S. Broadcasting Commission 
in Europe have recently reported on 
a German-developed recording arid 

playback equipment, which they con-
sider superior to any used in ,Europe 
or America. . 

The equipment is manufactured by 
the E.E.G. Magnetophon and uses 
thin tape of a plastic base, r.pecially 
made by the I.G. Farben industry. 
This tape is a form of dry-processed 
unplasticised polyvinyl chlorick 
0.035 mm. thick, on which is coated 
a layer.. of iron ' oxide 'mixture 
.008-.or mm. thick. 

' This mixture consists of black oxide 
prepared at 2300 C. foi- 6 hours will 
agitation to give small crystals uf 
magnetic ferric oxide, together with 
Igelit MP.400 in equal proportions. 

The cost is estimated at $3.00 per 
roll, which plays for about zo 
minutes. 

In operation, the tape passes 
through the gap of a small magnetic 
armature with the surface bearing 
the oxide in contact with the arma-
ture. Recording and playback is 

accomplished in the usual way, and 
there is a wipe-out mechanism en-
abling the tape to be used again. 

, At the regular tape speed of 8o 
cm/sec. it is said that the instrument 
will record and reproduce frequencies 
as high as io,000 ç/s. and the not mal 
range is from 20 to 8,000 c/s. 

The system was in general .use 
throughout the German Army for 
fixed station recording and for mobile 
units, and in 1943-44 the production 
was approximately. G,ocoo. tapes per 
month. 

The performance of this equipment 
was apparently known to the B.B.C. 
engineers, and a demonstration was 
given to the American mission at 
Radio Luxembourg, whery the equip-
ment has been operating without a 
fault since 1941. No deterioration in 
recording has been experienced, sur-
face noise is negligible, and the tape 
can be easily edited and spliced. 

.—Electronic Industries, Nov., 1945. 
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Polyphase from Single Phase 
--Commzenicatton from E.31.1. 

I
T happens on occasions in the de-
sign of radio apparatus that it is 
very desirable to employ a poly-

phase supply circuit rather than a 
single phase circuit. One instance 
may be found in the A.C. heating of 
the filaments of transmitting valves. 
Often it is observed that the anode 
current of a transmitting valve is 
modulated at double the frequency 
of the heating supply. This is due 
to the filament heating current 
setting up a magnetic field within the 
valve which is able to exert an ap-
preciable controlling influence upon 
the electron flow to the anode. The 
effect is known appropriately as the 
" magnetron effect." When several 
transmitting valves are operated in 
parallel it will be clear that the 
severity of the hum modulation can 
be reduced by feeding the filaments 
from a multiple supply so that the 
magnetron effect in the several 
valves is out of step. Often, how-
ever , the supply available is only 
single phase. 

Again, for supplying direct current 
to equipment from an A.C. source it 
is frequently advantageous to use, 
say, a three-phase rectifier circuit be-
cause, for one reason, the smoothing 
required subsequent to rectification is 
more simple than with single-phase 
rectification. Again, however, it may 
happen that the supply to hand is 
not the desired polyphase but single 
phase. 
Conversion circuits that are able to 

provide a polyphase supply when 
connected to a single-phase source 
and so overcome in these and like 
instances the difficulties that may 

Laboratories. 

Fig. I. 
e. 

o 
e. 

Fig. 2. 

PI 

for Valve Supply 
Circuits 

e. 

vI 

t 

SUPPLY 

1. 

000`  

CL 

V2 â 

t 

o 

arise with single-phase supply are 
shown in Figs. i and 2. 

Fig. i relates to a transmitting 
circuit in which the filaments of a 
bank of four transmitting valves are 
to be fed in different phases so that 
there is no resultant hum modula-
tion. It can be shown that in the 
case of a bank of four valves the 
" magnetron effect " is Ireduced to a 
minimum when the phases of 
currents fed to the filaments of the 
four valves differ from each other by 
45°. Thus, the transformers /2, 12, 
12, 14 have to be arranged to feed 
the four filaments with currents of 
equal amplitude in a phase sequence 
having equal spacings of 45°. This 
is accomplisire.d by feeding trans-
formers 1, and t, through a capacity 
C from the transformer T and trans-
formers 12 and 14 through an induc-
tance L and properly choosing the 
tapping points on the transformer T 
appropriate to individual trans-
formers, so that the current delivered 
by the secondary of transformer ti 
leads the supply current in trans-
former T by 22¡° and that delivered 
by the secondary of 12 leads by 674°, 
whereas the currents from the secon-
daries of /2 and 14 are made to lag 
by 674- and 22¡° respectively. It 
should be noted that to this end, 
namely, the establishment of the 
iequired phase relationships, the 
primary windings are given different 
values of inductance. These values 
determine the transformation ratio 
of each transformer when it is de-
cided, for instance, that each trans-
former is to feed the sanie power to 
its load. 

In the case of a bank of three 
valves the phase difference between 
the three supplies should be 600 and 
this may be obtained as shown in 
Fig. a. It will be seen that similar 
principles are employed, but as only 
three supplies are required, it is 
sufficient to obtain one supply 
lagging by 60° by means of a series 
inductance, one leading by 6o° by 
means of a series capacity and the 
third in phase with the supply by 
means of a winding coupled to the 
supply transformer. 

Electronic Aids to Pig-keeping 

The trouble for our designers and 
engineers is to be able to get to know 
over all the vast range of industrial 
processes of this country what are 
•the needs in any particular industry. 
For example, my colleague has sug-
gested a grand help to farmers—an 
instrument to measure the thickness 
of the fat layer on the back of a pig. 
This thirkne,, apparently determines 
the price a pig fetches. The farmer 
of the future won't prod the pig as of 
yore, but he will carry round a 
suitable little instrument. This will 
have a dial that can be set to the 
latest Fat Stock• Prices when the 
B.B.C. once again broadcasts such 
information; the instrument will de-
termine the exact thickness of the fat 
layer, and the worth of the beast will 
be directly shown on the dial! 
—From an address by T. W. 

Heather (G.E.C.) at the opening 
of an exhibition of electronic 
apparatus. 
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Triode Equivalent Circuits 
By D. A. BELL, M.A., B.Sc. 

I. Introduction SEVERAL. articles on phase con-
ventions in triode circuits have 
been published recently (Refer-

ences 1, 2, 3), but the net result 
appears to be to leave confusion wolse 
confounded,* and probably the main 
trouble is that different authors have 
different implicit assumptions and 
conventions which may not be ap-
preciated by the reader. It therefore 
seems worth while to show the de-
velopment of equivalent circuits 
from first principles, with all assump-
tions and conventions explicitly 
stated. The less-known triode equi-

valent .circuit using a fictitious cur-
rent generator is included, as well as 
the familiar circuit with fictitious 
e.m.f. generator. 

2. The Linearity Approximation and the 
Omission of D.C. 

Consider first the diode circuit of 
Fig. 1(a), which includes both a 
battery maintaining a constant poten-
tial difference Eb and an alternator 
providing an alternating potential E. 
which we will assume to be small 

compared with the constant potential. 
(The . internal resistances of both 
battery and alternator are assumed 
to be negligible.) Then we know that 
in fact the current through the diode 

• is very nearly: 

I. = AV." = A(E. + E5)"   (i) 

Since E. is assumed small com-
pared with E5, a binomial expansion 
gives: 

/. = AEI,'"(1 + E./Es)" 

3 E. 3 (E.)' 
AE."11 +— . —+— — + . . .1 

2 Eh 8 ED 
  (2) 

and to the first power in E., with a 

• Reference 1 started the trouble, 2 relies upon 
expressing the output as a cathode-anode potential 
difference instead of anode-cathode, while 3 
endeavours to avoid the difficulty by suggesting 
that there is no phase relationship at all between 
anode current and grid voltage. 

fixed value of Eh, this may be recast 

in the form: 

/. + E./R.   (2a) 

where both j,, and R. are functions of 

Eh. For applications in which the 
steady potentials and currents are 

not required in the answer, Equation 

(2a) shows that a circuit equivalent 
to the real diode arrangement is that 

shown in Fig. 1(b), the equivalent 
of the diode being simply a resistance 
of value R„. The two conditions for 
this equivalence are (a) exclusion of 

steady components from the problem 

and (b) the varying components being 
small enough compared with the 

(suppressed) steady components to 
allow the system to be regarded as 

linear. 

As a further step, suppose that a 
resistance of value R is connected in 
series with the diode anode. Clearly 

the anode voltage will now be: 

V. = E. + Eb — RI.   

and the equivalent circuit for 

components is that of Fig. i(c). 

(3) 

A.C. 

3. Voltage G tor Equivalent Circuit for 
the Amplifying Triode 

Fig. 2(a) shows a triode having 

D.C. sources and A.C. generators in 
both anode and grid circuits, the 
esultant anode and grid voltages 
being V. and V. Since we now have 
two circuits, grid and anode, it is 

necessary to establish some conven-

tion to relate the senses of potential 

differences occurring in them. It is 
fundamental that the convention 

'elating to some specific item should 
agree with more general conventions 
wherever possible, and where an 
" earth " is available it is a general 
convention that one may refer to the - 
potential (with respect to earth) of a 
point, as well as the difference of 

potential between two points. Apply-

ing this to Fig. 2(a), the potentials 
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of A and G are V. and V. respectively, 

and clearly any alternating compo-

nents of these two potentials are in 

phase if the two points reach their 

maximum positive potentials simul-

taneously. Now it is a well-known 

property of the triode that the anode 

current is a function of the factor 

(V. + AV.), and for changes of 

potential small enough for the 

linearity approximation to be valid : 

I. = (V. + µV5)/R.   (4) 

The circuit equivalent to Fig. 2(a), 

referred to the anode circuit of the 

triode, is then as shown in Fig. 2(b). 

But when we proceed, just as in the 

diode case, to insert a resistance in 

series with the triode anode (Fig. 

3(a)), we find it impossible to modify 

Fig. 2(b) in the same way that 

Fig. 1(1)) was turned into i(c), be-

cause R is in series with E. but not 

in series with E.. Resorting, there-

fore, to algebra, we write for the 

alternating components of Fig. 3(a): 

V1 = Eg   (5a) 

V. = E. — RI.   (5b) 

In the particular case of an ampli-

fying valve having a signal applied 

to its grid but no source of alternat-

ing .e.m.f. in its anode circuit, i.e., 

if E. = o, Equation (5b) reduces to 

V. = — RI.   (6) 

and V. is, of course, the output 

voltage of the triode amplifier. 

Eliminating I. between (4) and (6): 

—V.IR=.(V.+µVOIR. 

V.= µV.R1(R + R.)   (7) 

The equivalent circuit which pic-

torially represents Equation (7) is 

that shown in Fig. 3(b), in which the 

valve is replaced by a resistance R. 

in series with a fictitious generator of 

e.m.f. minus µE.. But it must be 

clearly understood that, unlike Fig. 

2(b), the circuit shown in Fig. 3(b) 

does not contain a valve; if it is de-

sired to 'retain the valve in the pic-

Fig. 4. 

ture, we must revert to Fig. 3(a) and 

Equation (4).* 

4. C rrrrr t-Generator Equivalent of the 
Amplifying Triode 

An alternative circuit which pro-

duces the same answer is shown in 

Fig. 4, where instead of a voltage 

generator in series with R., we have 

in parallel with R. an infinite-

impedance generator delivering a 

current of magnitude GE., where G 

is the mutual conductance and is 

equal to ¡i/R.. The external load 

resistance R is in parallel with R., 

so that the current I. flows through 

an impedance RR./(R + R.), thereby 

generating a potential difference: 

V. = — GE.RR.I(R + R.) ..... (8) 

(The negative sign arises because 

the constant-current generator may 

be regarded as the limiting case of 

a generator of large e.m.f. in series 
with a high resistance, and the po-

tential difference across the external 

circuit is obviously opposed to the 

e.m.f. of the generator.) The sub-
stitution of G = PIR. in Equation (8) 

immediately reproduces Equation (7), 
and the equivalence of Fig. 4 with 

Fig. 3(b) is thus demonstrated. 

The current-generator equivalent 
circuit of the amplifying triode has 

been introduced in the preceding 

paragraph simply as an algebraic 
transformation from the voltage-

generator circuit; but the current-
generator circuit has the advantage of 
avoiding a reversal of phase betwe—en 

the grid voltage in the real circuit 
and the fictitious generator in the 

equivalent circuit. It can further be 
argued that there is a better physical 

basis for Fig. 4 than for Fig. 3(b), 

and the author's approach to this is 

• For example, it would be wrong to insert the 
fictitious generator voltage — isEg into the valve 
equation (4); the grid voltage of the valve is Eg. 

through shot noise phenomena. The 
passage of an electron from cathode 
to anode of a valve is equivalent to 
a pulse of current which charges the 
condenser formed by the anode-
cathode capacity; and disregarding 
any effects of space-charge during 
the flight of the electron, the mean 
square fluctuation current due to this 
effect is: 

7a52 = zie.dt   . (9) 
Now the varying charges placed 

on the anode are dissipated partly 
through the external resistance R 
and partly by virtue of the fact that 
they cause changes of anode poten-
tial which in turn affect the mean 
anode current through the valve, 
i.e., the charges are dissipated partly 
through the internal anode resistance 
R. of the valve. In effect, therefore, 
the current flows through resistances 
R and R. in parallel, and the re-
sultant mean square output voltage 
(see, for example, Reference 4) is 
then: 

( RR. y 

• Ted = 7dr' R + R. (io) 

Equation (to) would be represented 
by Fig. 4 if the output of the cur-
rent-generator were changed from 

GE. to Vit2. 

It may also be argued that the 
effect of a positive voltage on the 
grid of a triode is to cause additional 
electrons to pass to the anode, and 
that the charge so reaching the anode 
will be dissipated partly through the 
external circuit and partly through 
the anode resistance R. of the valve, 
as described from the shot noise 
example. This provides some phy-

sical basis for Fig. 4 and the concept 
that E, primarily generates a con-
stant current, but the presence of a 
finite R. modifies the magnitude of 
net current flowing through the 
external circuit. This physical basis 

provides a case for the more frequent 
use of the circuit of Fig. 4. 
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NOTES FROM THE INDUSTRY 
New Year Honours 

Many names familiar in scientific 
and industrial circles are included in 
the New Year Honours list. SIR 
EDWARD APPLETON, K. C. B., D. Sc., 
LLD., F.R.S., Secretary, Department 
of Scientific and Industrial Research, 
is made K.B.E. SIR ROBERT RENWICK, 
Bart., lately Controller of Communi-
cations, Air Ministry, and Com-
munications Equipment, M.A.P., is 
also made K.B.E. MR. P. DingsHEATH, 
0.B.E., D.Sc., M.I.E.E., chief en-
gineer and director, W. T. Henley's 
Telegraph Works Co.; MR. A. P. 
RYAN, of the B.B.C.; MR. C. O. 
STANLEY, 0.B.E. ' managing dilector, 
Pye Limited, and MR. B. C. WESTALL, 
chairman and managing director of 
Thomas de la Rue, Ltd., all become 
C.B.E. DR. ROBERT COCKBURN and 
MR. J. A. RATCLIFFE, who superin-
tended T. R. E., are made O. B. E., as 
are M. E. HARLE, MR. K. C. 
SINCLAIR,• MR. W. F. R. CAMPLING 
and DR. D. N. Trtuscorr. MR. C. S. 
AGATE, of the Gramophone CO., MR. 
C. A. W. HARMER, of Pye Ltd. ' MR. 
J. W. RIDGEWAY, of the Edison Swan 
Electric Co. and MR. W. H. PETERS, 
of the G.É.C., Coventry, are also 
given the O.B.E. 

New Chairman of BREMA 
The new executive council of the 

British Radio Manufacturers' Equip-
ment Association have elected Mr. 
A. McVie, B.Sc.(Eng.), A.C.G.I., 
A.M.I.E.E., general manager and 
director of Kolster-Brandes, Ltd., as 
the Council's new chairman. 

Dubilier Laboratory Manager 
Dubilier Condenser Co. (1925), Ltd., 

have appointed Wing Commander 
H. Andrewes, 0.B.E., B.Sc., 
A.M.I.E.E. (late Chief Radar Officer 
Base Air Forces', South Asia Com-
mand), their laboratory manager. 
He has had a wide experience of radio, 
Radar, and electronic engineering and 
will be responsible for all research 
and development in connexion with 
the company's products. 

T.C.C. 
Mr. C. T. Nuttall has joined the 

Telegraph Condenser Co., Ltd., as 
sales engineer. He was formerly 
component design engineer for the 
Gramophone Company, and in his 
new capacity will contact set manu-
facturers regarding the use of 
capacitors in radio and television 
receivers. 

Electronic Developments at B.T.-H. 

The British Thomson-Houston 
Company's Report of Progress in 
1945 contains an account of electronic 
developments in the company's 
laboratories at Rugby. Many elec-
tronic servo mechanisms have been 
produced for the accurate remote 
position control for searchlights, 
guns and Radar aerial systems. 
Instrument type remote position con-
trol. servo mechanisms of a few watts 
output have also been produced 
during the past year, and induction 
and D.C. motors driven directly from 
the electronic circuits have been 
employed. 

In the industrial field thyratron 
voltage regulators have been de-
veloped for controlling the voltage 
of high frequency alternators used 
for induction heating. No exciter is 
used, the whole of the excitation 
power being obtained from thyratrons. 
A feature of the control is the high 
speed of response of the voltage 
regulator. 
An electronic time delay relay has 

been developed to provide an inex-
pensive short interval timer. The 
main features are infinitely variable 
adjustment over a wide range of the 
time delay period by knob control, 
and compactne,-. and high accuracy. 

Met-Vick and Newton & Wright 

An agreement has been concluded 
by which the Metropolitan-Vickers 
Electrical Co., Ltd., will acquire a 
substantial interest in Newton & 
Wright, Ltd., manufacturers of X-ray 
apparatus and optical equipment. 
Newton & Wright will remain a 
separate entity, but there will be the 
closest co-operation between the 
organisations of the two companies. 
The present directors of Newton & 
Wright will remain on the board; 
Mr. R. S. Wright is relinquishing his 
position as managing director, but 
retains that of chairman; Mr. H. A. 
Quinton becomes general manager. 

Liverpool University 

Dr. J. M. Meek has been, appointed 
to the David Jardine Chair of Elec-
trical Engineering at Liverpool 
University. Dr. Meek graduated 
from. Liverpool in 1934, and received 
the degree of Doctor of Engineering 
at the University in 1942. He was 
elected to the I.E.E. Council in July 
last, and will commence his new 
duties in July of this year. 

Standard Telecommunication 
Laboratories, Ltd. 

Standard Telephones and Cables, 
Ltd. > announce the formation of a 
central laboratory organisation to 
undertake long-term research and 
development in the telecommunica-
tion, electronics and allied fields. 
The new laboratories, to be known as 
Standard Telecommunication Labora-
tories, Ltd., will be housed at 
Progress Way, Gt. Cambridge Road, 
Enfield, pending the erection of' suit-
able permanent premises. The prin-
cipal objective will be the intensifica-
tion of research and development in 
all aspects of telephony, telegraphy, 
electronics, cables, radio, television, 
etc. 

Muirhead and Co., Ltd. 

Muirhead and Co., Ltd., have 
appointed Mr. W. C. Lister, B.Sc., 
chief sales engineer, to take charge of 
sales, publicity and customer techni-
cal services. Prior to joining Muir-
head and Co. in 1930, Mr. Lister was 
at the G.P.O. Radio Research Station 
at Dollis Hill. For some years he has 
been Muirhead's chief development 
engineer and is, therefore, in a unique 
position to give technical advice to 
all users of the company's products. 
Mr. P. Cannon, superintendent of 

the Instrument Making Department, 
retired at the end of last year after 
nearly fifty-four years' service. 

Mr. J. Bell, M.Sc., M.I.E.E., is 
relinquishing his appointment with 
the Admiralty to join Muirhead and 
Co., Ltd., as chief research engineer 
on March 1 next. 

Gardners Radio, Ltd. 
Correction 

We have been asked to make two. 
corrections' in the data which appeared 
in the Gardners Radio advertisement 
ir t our January issue. These are as 
follows: the price of the mains trans-
former type R.116 should be 52s. 6d., 
and the tappings of the R.I25 should 
read : o-4-6.3 volt 3 amp., 0-4-6.3 volt 
4 amp. 

" Pylon" Hearing Aid 

An unobtrutive hearing aid has 
been developed, by Park Royal Scien-
tific Instruments, Ltd. Containing a 
three-valve amplifier and crystal 
microphone, the complete unit, in-
cluding batteries, weighs only ic 
ounces and measures 4k in. by 32 in. 
by lk in. 
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New Insulation Co., Ltd. 

Mr. A. E. Judge, A.M.I.E.E., has 
joined the technical sales staff of the 
New Insulation Company and will be 
in charge of their London office at 
Windsor House, 46 Victoria Street, 
S.W.I. 

B.B.C. Television 

The transmission of a still pattern 
from the London Television Station 
at Alexandra Palace will start on 
February i. Transmissions will 
thereafter be made on weekdays from 
ii a.m. to noon and from 4 
p.m. to 5.30 p.m., and will consist 
of a tuning note and interval signal 
on the sound channel of 41.5 Mc/s. 
(7.23 metres) and a still pattern of 
a black cross on a white background 
on the vision channel of 45 Mc/s. 
(6.67 metres). 
The choice of the still pattern 

which can be produced without the 
use of studio cameras and apparatus 
will allow the B.B.C. to continue the 
work of overhauling the studio vision 
apparatus at Alexandra Palace 
without interruption from the tests, 
and will at the same time provide a 
test signal which is most suitable for 
the use of the radio trade. 
While these transmissions will bc 

of no immediate interest to the 
general public, the B.B.C. is under-
taking them in order to assist the 
radio trade in the production, testing 
and servicing of television receivers. 
The date of the opening of the public 
television service from Alexandra 
Palace will be announced later. 

B.I. Callender's Staff 

British Insulated Callender's 
Cables, Ltd., announce the following 
staff , appointments among others :— 

Mr. P. V. Hunter, engineer-in-
chief. 

Mr. D. W. Aldridge, deputy engi-
neer-in-chief and production manager. 

Dr. L. G. Brazier, research mana-
ger, 

Dr. J. L. Miller, chief engineer 
(equipment and telecommunications). 

Mr. J. L. Harvey, general works 
manager. 
Mr. H. J. Allcock, deputy produc-

tion manager. 

Mr. S. H. Parsonage 

Mr. S. H. Parsonage has resigned 
his appointment as manager at Com-
pound Electro Metals, Ltd., but con-
tinues to act as adviser to the com-
pany. His new work concerns, 
among other items, the economic 
forms of electric heating. Address : 
42 Pall Mall, London, S.W.i (ARN. 
(69 I). 

The " Lab" Press 
An experimental laboratory mould-

ing press has been designed by the 
development department of Wright 
and Weaire, Limited, High Road, 
Tottenham, London, N.17. It is 
small, hand-operated and heated 
electrically. The manufacture of 
simple moulding tools, with or with-
out provision for inserts, can be 
accomplished in very little more time 
than it takes to produce one or two 
model pieces in ebonite or other insul-
ating material. Once made, the 
mould! will give 5o or lop pieces, and 
even more, according to the material 
used. Hard brass may be used foi 
short runs or steel Lor more extended 
numbers. 

N.E. Coast Exhibition 
An Exhibition of Scientific and 

Engineering Inspection Equipment 
will be held in Northumberland Road 
Drill Hall, Newcastle-on-Tyne, from 
February 12 to 22. Among the 
exhibits will be the electron micro-
scope, appliances for measuring the 
thickness of metal coatings, hardness 
testing apparatus, the magnetic sort-
ing bridge, X-ray industrial units, 
glass thickness viewers and straino-
meters. Magnetic, fluorescent and 
radio-frequency methods of crack 
detection will be demonstrated. The 
Exhibition will be opened at 3 p.m. 
on Tuesday, February 12, and there-
after will be open daily from ii a.m. 
to 8 p.m. 

Marconi College 
The Marconi Company's training 

establishment hitherto knciwn as the 
Marconi School of Wireless Commu-
nication will, as from January 1, 
1946, be known as Marconi College. 
Full postal address: Marconi's Wire-
less Telegraph Co., Ltd., Marconi 
College, Arbour Lane, Chelmsford, 
Essex. Tel.: Chelmsford 4401/2. 

• Amateur Radio Transmission 

Amateur radio transmission is now 
permitted again in this country. 
Transmitters are being returned to 
owners, and the Post Office are to 
commence the reissue of licences. 
Two wavebands have been allotted 
for amateurs' use, 28-29 megacycles 
and 58.5-60 megacycles. 

Mr. W. H. Stevens 

Mr. W. H. Stevens, late of the 
research laboratories of A. C. Cossor, 
Ltd., has taken up a position with 
R.F. Equipment, Ltd., at Amersham, 
Bucks, where he will be responsible 
for the design of television receivers. 

Du bi I ie r Agents 

The Dubilier Condenser Co. have 
appointed the following agents in 
Great Britain :— 
Manchester: L. Backhouse, 274 

Deansgate. 
Durham: A. J. Burke, Leadgate 

House, Leadgate. 
Cardiff: A. E. (Luen, 17 Dumfries 

Place. 
Birmingham : \• J. Marc, t 8 

Newhall Hill. 
Bournemouth: F. G. Lawrence, 

Road. 393 Holdenhurst 

Enemy Radio and Radar Exhibition 
There is. a possibility that members 

of the trade will have an opportunity 
of inspecting captured enemy radio 
and Radar equipment. The Ministry 
of Aircraft Production is hoping to 
secure a suitable hall for an exhibi-
tion of this equipment in the very 
near future. Admission will be re-
stricted to representatives of interested 
industries, research and experimental 
staffs and students. 

Startling New Discovery? 

Sir Robert Watson-Watt gave the I 16th series of 
lectures for children at the Royal Institution during 
the christmas holidays, his subject being "Wireless.% 

The caption supplied with this agency photograph 
reads : " Sir Robert demonstrates magnetism with 
an ebonite rod and a piece of paper." 
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FEBRUARY MEETINGS 
NOTE.--ln general, visitors are admitted to the meetings of scientific bodies on the invitation of a member, or on 
application in writing to the Organising Secretary at the address given. In certain cases (marked *) tickets may also be 

obtained on application to the Editorial offices of this Journal. 

Institution of Electrical Engineers 

All meetings of the London Section 
will be held at The Institution of 
Electrical Engineers, Savoy Place, 
Victoria Embankment, London, 
W.C.2. 

Radio Section 

Date: February 6. Time : 5.30 p.m. 
Lecture : 
" Tendencies in the Design of 
the Communication Type of Re-
ceiver." 

By: 
G. L. Grisdale, Ph.D., and R. B. 
Armstrong, B.Sc. 

Date: February 20. Time: 
Lecture: 
" New Methods for Locating Cable 
Faults particularly on High Fre-
quency Cables." 

By: 
F. F. Roberts, B.Sc.(Eng.). 

5.30 p.m. 

Date: February 26. Time : 5.30 p.m. 
Discussion on: 
" Comparison of Electrostatic and 
Magnetic Deflection in Cathode-Ray 
Tubes." 

Opened by: 
V. A. Stanley, B.Sc., and E. W. 
Bull, B.Sc.(Eng.). 

The Secretary: 
The Institution of Electrical E.ngr• 
'leers, Savoy Place, Victoria Em-
bankment, London, W.C.2. 

London Students' Section 

Date: February 18. Time : 7 p m. 
Lecture : 
" The Measurement and Reduction 
of Noise." 

By: 
Dr. A. J. King, M.Sc.(Tech.). 

Hon. Secretary: 
R. V. Darton, 27 Church Rise, 
Forest Hill, London, S.E.23. 

Cambridge Radio Group 

Date: February 19. Time : 6 p.m. 
Held at: 
The University Engineering Labora-
tory. 

Lecture : 
" Some Principles of Ultra Short 
Wave Aerials." 

By: 
Prof. E. B. Moullin, M.A., Sc.D. 

Group Secretary: 
D. H. Hughes, c/o Pye Ltd., Radio 
Works, Cambridge. 

Institute of Physics 
Electronics Group 

Date : February zo. Time : 5.30 p.m. 
Held at : 
The Royal Institution, n Albe-
marle Street, London, W. 1. 

Discussion : 
" Permanence of Components in 
Electronic Equipment." 

Opened by: 
Dr. W. B. Lewis. 

• 
Group Secretary: 

A. I. Maddock, M.Sc., F.Inst.P., 
Messrs. Standard Telephones and 
Cables, Ltd., Oakleigh Road, 
London, N.11. 

Manchester and District Branch 

Date : February 15. Time : 7 p.m. 
Held at: 
Large Physics Theatre, Manchestei 
University. 

Lecture: 
" Vision at Low Intensities 
Illumination." 

By: 
W. S. Stiles, D.Sc. 

Hon. Secretary: 
Dr. F. A. Vick, 0.11.E., 
Physics Dept., The University, 
Manchester, 13. 

Institution of Electronics 
London Section 

Date : Febi nary ii. Time : 5.30 p.m. 
Held at: 
The Royal Society of Arts, John 
Adam Street, London, W.C.2. 

Lecture : 
" Glass for Electron Tubes." 

By: 
Di. J. H. Partridge. 

Tickets may be obtained from 
64 Winifred Road, Coulsdon, 
Surrey. 

The Association for Scientific 
Photography* 

Date: February 22. Time: 6.30 p.m. 
Held at : 
The Royal Society of Art-.:, John 
Adam Street, London, W.C.2. 

Lecture : 
" The Photographic Copying of 
Documents and Plans." 

By: 
F. J. Tritton, B.Sc., F.R.P.S. 

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

R.S.G.B. 

All meetings are held at the Insti-
tution of Electrical Engineers, Savoy 
Place, London, W.C.2. 

Date : February 15. Time: 6.30 p.m. 
Lecture: 
" The Amateur Bands: Past, 
Present and Future." 

By: 
Arthur O. Milne. 

The General Secretary, R.S.G.B., 
New Ruskin House, Little Russell 
Street, London, W.C.r. 

British Kinematograph Society 

Meetings held at the Gaumont 
British Theatre, Film House, War-
dour Street, London, W.i. 

Date: February 13. Time: 6 p.m. 

Lecture : 
" Current Processes 

of Kinematography." 

By: 
J. Coote, F.R.P.S. 

Secretary: 
R. H. Cricks, Dean 
Street, W.i. 

of Colour 

House, Dean 

Brit.I.R.E. 
North-Eastern Section 

Date : February 13. Time : 6 p.m. 

Held at: 
The Mining t Institute, Neville Hall, 
Westgate Road, Newcastle. 

Lecture : 
" Reproduction from Sound on 
Film." 

By: 
G. Dobson. 

Section Secretary: 
H. Armstrong, 69 Osborne Road, 
Jesmond, Newcastle-on-Tyne. 

Royal Photographic Society of Great 
Britain 

Date : February 15. Time : 6 p.m. 
Held at: 

16 Princes Gate, London, S.W.7. 
Lecture: 
" Colour Television." 

By: 
L. C. Jesty. 

The Secretary: 
Scientific and Technical Group, 
Research Laboratories, Kodak, Ltd., 
Harrow, Middlesex, 
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DIELECTRIC HEATING DESIGN CHART: 

0 N pctg l':-, 638 and 639 ut the 
August, 1945, issue appear two 
Design Charts for Dielectric 

Heating. It is regretted that an error 

occurs in the lout-r right-hand quad-
rants of each chart, and the cor-
rected curves are reproduced below. 
Readers are asked to cut out these 
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A CORRECTION 
corrected tulves at the dotted lines 
shown, and superimpose them on the 
existing curves. Good gum should 
be used to avoid paper shrinkage. 
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SUNVIC CONTROL 
The SUNVIC Energy Regulator 
gives continuously variabIe con-
trol by periodically breaking the 
heating circuit, with provision 
for adjustment of the on off 
cycle time. For A.C. loads up 
to I Kw. the Energy Regulator has only 
to be wired up to the heater and power 
supply. For D.0 and for A.C. loads up 
to:6'Kw., a SUNVIC Hotwire Vacuum 
Switch Unit must also be connected, as 
shown above. 

The Energy Regulator will control any 
load up to its rated capacity without resistance It compen-
sates for line voltage fluctuation and keeps power input constant. 
As shown, you can instal the Energy Regulator so very easily, too. 

is as simple as 

SUNVIC 

ENERGY 

REGULATOR 

THAT! 

SUNVIC H.V.S.UNIT 

May we send you detailed technical publication R 12 16 ? 

SUNVIC CONTROLS LIMITED, 

Stanhope House, Kean Street, London, W,C,2, 

iiilliiltii 0 000444 ii"In''1,0101' I I I I i ! I i ! I 
141;000 ,11111 "lull" '114 111 1111" lit1 111111 111 

TAS'SC.53 

losses. 
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STATIC TWO-DIMENSIONAL visual 
delineation of any recurrent law. 

RELATIVE TIMING OF EVENTS and 
other comparative measurements with ex-
treme accuracy. 

PHOTOGRAPHIC RECORDING of 
transient phenomena. 

SIMULTANEOUS INDICATION of two 
variables on a common time axis 
INDUSTRIAL INDICATING and TESTING afford increas-
ing scope for the Cathode Ray Tube as the only device 
with the above Inherent features, of which the last Is 
unique in the Cossor DOUBLE BEAM Tube. 

The Model 339 Cossor Oscillograph thus equipped is 
invaluable on all problems of research, production or 
operational testing, when the effect examined Is applied 
as a voltage. When recurrent the traces are studied 
visually and when transient are recorded photographically, 
using Model 427 camera. 

A. C. COSSOR Ltd., 
INSTRUMENT DEPT. 

Cossor House, Highbury Grove, London, N.5 

'Phone: CANonbury 1234 (33 lines). 

'Grams: Amplifiers Phone London. 

In a world whose tempo is governed 

by the radio wave, it is necessary to 

think quickly and to think ahead. 

Marconi engineers have an advantage 

in this—the advantage of a technical 

background that takes in the whole 

history of wireless communications. 

In the reconstitution of old services 

and the development of new ones, that 

experience will be vital. On land, 

on sea and in the air, in the future 

as in the past, communications will be 

linked with Marconi—the greatest name 

in wireless. 

the greatest name in wireless 

MARCONI'S WIRELESS TELEGRAPH COMPANY LTD 

THE MARCONI INTERNATIONAL MARINE COMMUNICATION COMPANY LTD 

ELECTRA HOUSE, VICTORIA EMBANKMENT, LONDON, W.C.2 
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Frequency Stabilisation of Resonators 

Influenced by Electron Discharge 

Communication from E.M.I. Laboratories 

I
N the generation and amplifica-
tion of electrical oscillations of 
ultra-high-frequency it is common 

to-day to employ tesonator devices 
through which there is arranged to 
pass an electron beam. The function 
of the resonator may be, in ways now 
well known, to modulate the velocity 
of the beam or to extract energy 
from a beam which has already been 
appropriately modulated, for exam-
ple, by being modulated in velocity 
and then being allowed to traverse a 
drift space. In some instances it is 
desired to vary the average beam 
current, and when this is so an effect 
arises that is often inconvenient. 
The effect is that with the change 
in mean beam current passing 
through the resonator the natural 
frequency of oscillation of the 
resonator also suffers a change. 
Thus, if the resonator constitutes the 
frequency determining circuit of an 
oscillation generator, the frequency 
of the generated oscillations is apt 
to undergo variation as it is 
attempted to modulate them in am-
plitude by modulating the mean cur-
rent of the beam. Or if the resonator 
is used in an amplifying arrange-
ment and the gain of the amplifier 
is adjusted by adjusting the beam 
current, the amplifier may become 
detuned. 
There are several methods, all ap-

plications of a common principle, by 
which difficulties of this kind may be 
surmounted. The general principle 
is to utilise a second electron dis-
charge which also influences the 
resonator and to vary the intensity 
of the second discharge simul-
taneously with variation of the first 
so that the effect of modifying the 
second opposes the effect of modify-
ing the first. A second electron 
beam may thus be employed 
having the essential function of neu-
tralising the undesired changes 
occurring in association with the 
first. In general, it may be 
said, it should have only this 
function, since if it were employed 
also for generating oscillations, for 
example, this secondary function 
might have a disturbing effect upon 
the operation of the first beam. 
The figure ,hows one application. 

The tube 2 is a klystron tube of 
reflexion type for generating ultra-

The 
the 

high-frequency oscillations. 
resonator i both modulates 
velocity of the beam that passes 
through it and also, after the beam is 
returned back toward the cathode by 
a reflector electrode, extracts energy 
from it and so is maintained in a 
state of sustained oscillation. The 
line 6 coupling with the resonator 
affords an output. The tube 4 is a 
tube similar to tube 2 but is not ar-
ranged to generate oscillations. Its 
resonator 3 is coupled with the 
resonator t of tube 2 by the coupling 
line 5, and depending upon the 
length of this line the beam current 
of tube 4 is controlled in intensity 
relative to the control of beam in-
tensity in tube 2, so that the 
frequency of oscillations set up in 
the resonator of tube 2 remains 
constant, or nearly so, as their am-
plitude is modulated by modulating 
the beam current in tube 2 by the 
control grid provided for that pur-
pose. The tube 4 is prevented from 
itself generating oscillations by ap-
plying an appropriate potential to its 
electrode 8 relative to the potential 
of its cathode 9. The potential on 
electrode 8 may be positive with 
respect to cathode 9, but it may also 
be negative provided oscillations are 
not set up in resonator 3, since such 
oscillations would affect the output 
from resonat3r 1. If the line 5 is 
correctly cho en in length the beam 
currents of the two tubes may be 
modulated in antiphase. 

It will be clear that instead of 
employing two tube.; and two 
resonators, but one tube may be em-
ployed with a single resonator, this 
resonator, n'owever, being arranged 
to have pass through it two electron 
beams. Instead also of utilising an 
auxiliary electron beam a controlla-
ble gaseous discharge may be used. 

Motor at High Temperature 
in High Vacuum 

During the war Westinghouse 
motor engineers were asked to build 
special direct-current armatures that 
could operate continuously in a tem-
perature of 600° F., and in high 
vacuum of a few microns pressure. 
Furthermore, the armatures must 
give off no gases to contaminate the 
vacuum system. To add to the 
rigours of the problem, the armatures 
had to turn at 1,200 r.p.m. without 
noticeable vibration and without the 
addition of any balance weights. 

The armatures were wound with 
glass- and silicone-insulated wire, the 
coils being wound on both sides of the 
shaft to maintain weight symmetry. 
After winding, the armatures were 
placed in an oven at about 5000 F. 
to burn out any organic material and 
to drive out all other volatile matter. 
The entire armature was then sub-
jected for hours to a filling of sodium 
silicate and mica dust under alternate 
vacuum and pressure. This was fol-
lowed by another bake and removal 
of surplus impregnant. 

—Westinghouse News Service 
Pittsburg. 

New R.C.A. Beam Power 

Valve 
RCA-2E24 is the designation of a 

new, quick-heating, transmitting, 
beam power amplifier designed for 
mobile and emergency-communica-
tions equipment. 

Requiring relatively low plate 
voltage, the 2E24 has a maximum 
plate input of 30 watts (CCS) or 443 
watts (ICAS) in class C telegraph 
service. In such service, it can de-
liver zo watts (CCS) at a plate 
voltage as low as 400 volts, or 27 
watts (ICAS) at 600 volts, with a 
driving power at the tube of only 0.2 
watt. 

The 2E24 can be operated at 
maximum ratings to 125 megacycles 
and at reduced plate voltage and 
input to 175 megacycles. 

'The filament is of the coated type 
and requires only o.65 ampere at 6.3 
volts. 
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BOOK REVIEWS 

Television To-day and 
To-morrow 

Lee de Forest. (Hutchinson's Scientific and 
Technical Publications, 1945, 16s. net.) 
176 pp., 76 figs. 

One is often asked at the present 
time to recommend a book on Tele-
vision. The book under review, as 
its naine implies, is not a text book, 
but contains sufficient technical infor-
mation for a radio man or an 
intelligent amateur to follow. To 
the many men and women now 
leaving the Services with a good 
grounding in the principles of radio 
and Radar the book should prove 
extremely helpful by giving them a 
correct perspective of the way the 
things they have learnt fit together 
into the layout of Television as a 
whole. 
One must remember that Lee de 

Forest is an American and a vet), 
important worker in the radio indus 
try whose opinions are very worthy 
of consideration. While some of the 
views he expresses are particularly 
applicable to Television in the United 
States, in general his outlook is 
international. On the technical side 
the book contains a very fair treat-
ment of the stages of development in 
which the important steps in both 
Europe and America are placed in 
chronological order. 

Intermingled with the technical 
matter of the book in an unorthodox 
but interesting manner are many 
notes on the financial,, artistic, and 
other viewpoints on the new Tele-
vision industry. The chapter on 
" Suppose Television is your Job" 
brings to one's notice the fact that 
the electronic engineers will eventu-
ally become a minority in an-
organised television service. This is 
a point not generally realised while 
we are in the development stages of 
the art, but is obvious when we con-
sider the demands of the programme 
side of a public service. In fact, the 
author prophesies that the new in-
dustry has the capacity to employ in 
America more people than any others 
which have flourished since the rail-
roads; were built. 

The whole book is infused with a 
tremendous rising tempo of enthusi-
asm which it would do well for those 
in authority in this country to read if 

they could be persuaded to spare the 
time. 
The Editor points out that the 

American text of the book has been 
Anglicised as much as has seemed 
necessary to ensure understanding by 
the English readers. 
The only criticisms one can raise 

here are that the inclusion of photo-
graphs of the equipment described 
would have enhanced the set up of 
the book, and secondly, the price is 
high for the class of reader for which 
it is intended, bearing in mind that 
this is not a text book. 

T. M. C. LANCE. 

" Electrical Engineer" 
Reference Book 

Edited by E. Molloy, assisted by M. G. Say, 
R. C. Walker, and G. WIndred. (Geo. 
Newnes. Ltd., 42s. net.) 
This book is one of the most com-

prehensive summaries of electrical 
engineering yet published in this 
country. It also has the qualification 
of being thoroughly up to date, each 
section having been specially written 
by one or more engineers closely con-
nected with the particular subjects 
dealt with. In view of prevailing 
conditions and the fact that the book 
contains nearly t,600 pages of actual 
descriptive matter the price may be 
considered very reasonable. There 
are 32 sections, covering the whole 
of electrical engineering, with the 
exception of radio and communica-
tions generally, but the subject of 
electronics is well represented both in 
a special section and incidentally in 
various places throughout the text. 
The first section, on Theory and 

Calculations, is a prominent feature 
of the book. It occupies 102 pages, 
and forms in itself a useful compen-
dium of those basic tacts on which 
the practising engineer so often needs 
to refresh his memory and almost 

Books reviewed in this 

Journal can be obtained 

from 

H. K. LEWIS & Co. Ltd. 
136 Gower Street, W.C.1 

If not in stock, they will be obtained 

from the Publishers when available 

equally often fails to find in his 
books of reference. The treatment 
here is clear, brief and accurate; in 
fact, a model of exposition for refer-
ence purposes. 
Subsequent sections deal with the 

various branches of power supply, 
distribution and utilisation, omitting 
very little and giving on the whole 
quite adequate treatment to the multi-
tude of subjects. Although a certain 
amount of overlapping is hardly to 
be avoided in a work of this kind, 
the reader may notice this defect 
rather frequently. Thus the prin-
ciples of the cathode-ray tube are 
dealt with in two different sections 
and types of construction described 
in at least two other places. Valve 
voltmeter circuits are given in two 
different places and the different 
types of photocells are also described 
twice, as also are electron lenses; 
once in connexion with electron optics 
and again in describing the electron 
microscope — two subjects which 
should, of course, have been treated 
together. 

In view of the fact that communica-
tions and television are excluded from 
the book it is rather disconcerting to 
find descriptions of five types of 
electron cameras in the section on 
Electronics. The omission of any 
treatment of amplifiers or oscillators, 
apart from a mention of the mag-
netron, in this section is a serious 
lapse which calls for attention in 
future editions. 
A feature of the book which will be 

useful to many engineers is the sec-
tion on Electrical Literature, repre-
senting a bibliography subdivided ac-
cording to the various sections and 
giving under each heading a list of 
books, articles and British Standard 
Specifications. There is also a section 
on Progress containing illustrations 
and descriptions of modern industrial 
apparatus. Other non-technical sec-
tions are on Education for the Elec-
trical Industry and Electricity Rules 
and Regulations, including the prin-
cipal points of Home Office and 
Supply Regulations and Points of 
Law. 
The professional electrical engi-

neer will find this book an indis-
pensable source of reference and 
information, and it should certainly 
be available in all works libraries. 
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CORRESPONDENCE 

Phys. Soc. Exhibition 

DEAR SIR,-1 hope yout columns 
are available to protest at the quite 
inadequate arrangements made to 
meet the wide interest aroused by the 
recent exhibition of the Physical 
Society. This exhibition is of very 
great interest to all who are con-
cerned with scientific or engineering 
matters, but it extends even beyond 
that because it could have consider-
able commercial value. 

The latter part of this statement 
may cause some of the exhibition's 
more academic promoters to raise 
their eyebrows in horror, but I feel 
convinced that some reflexion would 
satisfy them that it is to the con-
siderable advantage of the more 
abstract aspects of physics that it 
should be based upon solid commer-
cial foundations. 

The exhibition held at South Ken-
sington at the beginning of January 
was laid out in an extraordinarily 
unsatisfactory manner; it was widely 
scattered about a large building 
although the amount of space was 
inadequate ev2n had the attendance 
been a tenth of what it was. In such 
circumstances it was impossible for 
any individual to see and absorb more 
than a small fraction of the intensely 
interesting exhibits collected there. 

Surely the promoters of this exhi-
bition could find means for improve-
ment. It might be that keeping the 
exhibition open for considerably 
longer -would be sufficient, but it 
might be desirable to consider charg-
ing for admission on one or more 
days. This would make provision for 
the less crowded attendance of trade 
visitors and those having some real 
and direct interest in the exhibits and, 
at the same time, it might provide 
sufficient funds to permit the exhibi-
tion to be housed in premises more 
suitable for its purpose.—Yours faith-
fully, 

J. R. HUGHES. 

Phase Splitter 

DEAR SIR,—Your reference chart* 
" Methods of Driving Push-Pull Am-
plifiers " was of particular interest 
to me because of the circuit depicted 
in Fig. 4 of a form of the differen-
tial phase splitter. This form of 

• December, 1445 issue, p. 816. 

splitter has been used in a simple 
amplifier which I designed early 
last year (R.S.G.B..Bulletin, March, 
1945), and I would point out the 
greater convenience of using a double-
triode for phase splitting, rather than 
trying to do it in the output stage 
itself. 
An additional A.F. stage is re-

quired in any case to drive the out-
put «valves fully; consequently the 
cost of the double-triode and its 
associated components is outweighed 
by the saving in the lower H.T. re-
quired, and in the simpler smoothing 
required, since the double-triode is 
working effectively in push-pull, and 
needs no decoupling. 
The resulting balance of this cir-

cuit is very good, and frequency 
distortion is very low, due to a form 
of current feed-back inherent in the 
action of the circuit. 
A valuable and interesting propel ty, 

of this circuit is that of being able 
to reject in-phase signals on the 
principle used in biological ampli-
fiers (due to Offner). 
As will be seen, this property en-

sures that phase inversion is com-
plete, and the two driven valves are 
presented with a push-pull signal 
automatically balanced. 

Component Values 
VI 6N7G, 6C8G, ECC3I, etc. CI C 01 rrIF 
RI,2 ... 68K I W C2 . 0.ImF 
R3 ... I K W 
R4, 5 ... 0.75m W 
" R " 10K Ew 

A simple circuir of a driving stage 
is shown; it may be noted that the 
value of " R " is not critical. 
As will be seen, this circuit is very 

simple, and easy to apply to all types 
of amplifiers, and gives a gain equal 
to a normal medium mu triode.— 
Yours faithfully, 

L. A. SAUNDERS. 

PORTABLE 

FREQUENCY 

STANDARDS 

Two new Furzehill products, 

for laboratory and test room, 

for checking the calibration of 

receivers, oscillators, signal 

generators, etc., synchronising 

C.R.O. time bases and similar 

operations at audio or radio 

frequencies. 

Type I703—Battery operated cover-

ing frequencies from 10 kc's. to 

80 Mc s. 

• Immediate delivery. 

• PRICE £25. 

Type 1744 --Mains operated, cover-

ing frequencies from I kcis. to 

80 Mci's. with low-impedance 

output. 

• Available shortly. 

Write for detailed particulars : 

g g 

9fI L  

kzeig14 
LABORATORIES LTD. 

DOREHAM WOOD 
HE RTS 

TELEPHONE ELSTREE 1137 
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ABSTRACTS OF 
ELECTRONIC LITERATURE 

CIRCUITS 

Cathode-Coupled Wide-Band Amplifiers 

(G. C. Sziklai and A. C. Schroeder) 

A general analysis indicates that, 
in wide-band amplifiers, stable opera-
tion is possible with triodes in cir-
cuits using the cathode as a signal 
terminal. The amplification, how-
ever, is approximately equal only to 
the square root of that available 
with grounded-cathode amplitier, and 
therefore twice as many tube units are 
required to obtain the same amplifi-
cation. In certain applications, how-
ever, the utility of such circuits out-
weighs the loss of gain. 
A simple radio-frequency ampli-

fier was designed for television 
receivers, using a cathode-input cir-
cuit. By combining a cathode-output 
and a cathode-input stage using one 
single twin-triode tube, a circuit was 
devised which compares favourably 
with pentode stages iNith respect to 
gain, stability and economy, while it 
has far superior noise characteristics. 
The new circuit, called the "cathode-
coupled twin-triode" amplifier, pro-
vides greater flexibility than conven-
tional amplifier circuits, and can be 
used for radio-frequency, interme-
eiate-frequency, video, converter, or 
detector services. Since the same 
tube type can also be used for 
synchronising and deflection circuits, 
the number of tube types can be 
materially reduced, and greater 
standardisation with further econo-
mical advantages may be obtained. 
An interesting application of the new 
circuit is a novel bidii ettional 
amplifier. 
— Proc. IRE., October, 1945. 

Band-Pass Bridged-T Network for 
Television Intermediate-Frequency 

Amplifiers 

(G. C. Sziklai and A. C. Schroeder) 
Bridged-T networks offer great 

economy in television intermediate-
frequency amplifiers for sharp at-
tenuation of the associated and adja-
cent sound channels. A simple design 
method was obtained by the use of 
the equivalent lattice. By the same 
method, general formulre were ob-
tained for the phase, attenuation and 
delay characteristics. Two designs 
are given to illustrate the convenience 
of the method. 

--Proc. I.R.E., October, 1945. 

MEASUREMENT 

A Method of Measuring the Radio-
Frequency Resistance of Wires 

(C. Stewart) 

A new and relatively simple method 
of measuring the resistance of wires 
at frequencies between 200 kc/s. and 
40 Mc/s. is described. By • this 
method, the test specimen is strung 
down the centre of a metal pipe 
about ten to a hundred feet in length, 
depending upon the test frequency, 
to form a transmission line. One end 
• of the line is short-circuited and the 
other connected to a standard com-
mercial Q-meter. Readings are taken 
from the Q-meter and applied to 
curves to obtain the desired resis-
tance. This method of measurement 
appears to be more reliable than the 
use of coils, and the results agree 
closely with calculation by skin-effect 
formulœ. 
—lour. App. Phys.., Oct., 1945, 

p. 6o8.• 

The Photoconductivity of Zinc-
Cadmium Sulphide as measured with 

the Cathode-Ray Oscillograph 

(A. E. Hardy) 
A new method for the measurement 

of photoconductivity, involving the 
cathode-ray oscillograph as a record-
ing instrument, is described. Several 
interesting aspects of photoconduc-
tivity of phosphors, including the 
quenching effect of red light, are dis-
cussed. New evidence in support of 
the "trapping centre" or metastable-
state theory' in regard to phos-
phorescence is presented. 
—Trans. Electrochemical Soc., vol. 

87 (1945).` 

TELEVISION 

Problems of Theatre Television 
Projection Equipment 

(A. H. Rosenthal) 
Some of the more important prob-

lems of theatre television projection 
technique and equipment are dis-
cussed. The importance of the two 
principles of optical storage and 
light modulation for overcoming cer-
tain limitations is stressed, and some 
scophony developments are described 
in which these principles are utilised. 
—lour. Soc. Mot. Pic. Eng., Sept. 

1945, p. 218. 

Capacitors for High-Frequency 
Induction Heating Circuits 

• (F. M. Clark and M. E. Scoville) 
This paper describes the develop-

ment of a new type of dielectric liquid 
called Lectronol. Capacitors con-
taining this liquid are particularly 
well' adapted lof use in the tank cir-
cuit of electronic heaters used in 
induction heating. The capacitor is 
noteworthy because of the absence of 
cellulose sheet insulation, satisfactory 
operation being entirely dependent on 
the superior insulating properties of 
the Lectronol. Capacitors containing 
this liquid are characterised by low 
dielectric loss and high dielectric 
strength over the frequency range 
utilised in power oscillators. The 
capacity per unit volume is approxi-
mately twice that obtained with 
mineral oil. The electrical charac-
teristics of the capacitor are stable 
under severe conditions of use. 
—Trans. A.I.E.E., November, 

1945) 1). 791.* 

The Role of Frequency in Industrial 
Dielectric Heating 

(G. W. Scott) 

An analysis of the effects of fre-
quency in industrial dielectric heat-
ing is given and the expression for 
the rate of heating is examined in 
an attempt to determine the practi-
cal upper limit of frequency for large-
scale industrial heating installations. 
Graphs are given shawing the varia-
tion of loss factor with frequency, 
the maximum tolerable electrode 
length as a function of frequency and 
the variation of tuning inductances 
with frequency for loads of specified 
capacitance. ' The advantages of em-
ploying high frequencies are pointed 
out and reference is made to the 
efficiency of various heating instal-
lations. 
—Trans. A.J.E.E., Aug., 1945, 
13- 55" 

Electronics Applied to Instrumentation 

(H. D. Middel) 
This article deals with the contri-

bution of electronics to industrial 
measurements and control. Recent 
applications dealt with include 
measurement of hydrogen-ion concen-
tration, recording spectrophotometers, 
torque amplifiers, gas analysis and 
pressure, flow and temperature 
measurement. Various methods of 
measurement ..re described with the 
aid of circuit diagrams, and their 
applications outlined. 
—Instruments, March, 1945, 11. 144.* 

• Abstracts supplimd by the courtesy of Metropolitan 
Vickers Electrical Co. Ltd.,Trafford Park, Manchester 



February, 1946 Electronic Engineering XV 

ACCURACY 

We doubt whether the champ could 
repeat this feat at will, but you 
can always rely upon undeviating 
accuracy in every batch of insulating 
components machined or moulded 
from MYCALEX. 

Power Factor (at 1 
mc,sec. and over).002 

Permittivity .... 6.7 

Di-Electric Strength 
(volts mil) .550 

Tensile Strength 5,800 
(lbs. sq. in.) 

Water Absorp-
tion .... NIL 

Plastic Yield 450 C 

'Phone : Cirencester 400 or send enquiries to 

MYCALEX COMPANY LIMITED, ASHCROFT ROAD, CIRENCESTER, GLOS. 

MY, 4 

EQUIPPING A LABORATORY? 

d7/i 1,014 
Time and time again experience has shown that a considerable 
saving of time and money could have been made if Marconi 
Instruments had been called in at the very earliest stages of 

equipping or re-equipping a scientific laboratory. All too 
often it is found that vital instruments have to be installed 
almost as an afterthought when it is too late to site them in 
the most logical and convenient place. All too often it is found 
after several measuring instruments have been installed that 
a single piece of Marconi apparatus could have done the work 
of them all. 

Consult Marconi Instruments from the start—it costs nothing 
and may save a great deal of time and money. 

MARCONI INSTRUMENTS LTD. 
St. ALBANS, HERTS Phone: ST. ALBANS 4323-6 Northern Office . 30, ALBION S1 REET, Hull. F hone HULL 16144. 
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gew 
TAYLOR A•C. BRIDGE 

MODEL II0A 

These instruments give quick and accurate measure-

ments of Capacity and Resistance. There are six 

Capacity ranges covering from .00001 to 120 mfd. and 

the Power factor can also be measured on each range. 

Six Resistance ranges are available measuring from 

I ohm to 12 megohms. This bridge is A.C. mains 

operated and a leakage test is also available for detecting 

leaky paper or mica condensers. Price £l4 I 4s. Od. 

Please write for technical leaflet. 
e RANGES OF CAPACITY 
U RANGESOF RESISTANCE 

Send your enquiries to:— 

TAYLOR ELECTRICAL INSTRUMENTS LT!' 
419-424 MONTROSE AVE., SLOUGH, BUCKS. 

Tel: Slough 21.381 (4 lines) 'Grams: "Taylins", Slough. 

* SUPREME FOR RADIO COMMUNICATIONS 

TELCON CABLES 
with 

TELC9TPIENE 
INSULATION 

This new material pro-
duced by TELCON is the 
latest development in low 
loss thermoplastic Insu-
lants. A complete range 
of "TELCOTHENE" 
insulated cables is now 
available for use in the 
Audio, Radio and Ultra 
High Frequency fields. 

Send for 11.F. brochure. 

TELCON Designed H.F. 
Cables are the Basis of 

World Standards. 

THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. 
Founded 1861 

Heed Office: 22 OLD BROAD ST.. LONDON. E.C.2. Tel LONdon Wall 3141 
Enebnries to TELCON WORKS. GREENWICH, S E.10. Tel. Greenbetch 1040 

BRAY CERAMIC INSULATORS 
for LF. and IILF. Components: also capacitor dielectrics 

Nbe **a mom 
E o. 

41111111 mwmode by 

GEO. BRAY g CO.. LTD. LEEDS. 2 
Etm,i,shed 1863 Phone Leeds 20981 

• 

The Dalnite Service, with 50 years' 
experience of compounds and 
mouldings and an up-to-date 
plant, will quote for your 
particular requirements 
in Moulded Rubbers 

HARBOR° RUBBLE (O., (ID 

MAW KARBODOUGH. ¡MIND 

MOULDED 
RUBBER 
PARTS 
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Made in Three 
Principal Materials 

FREQUELEX 

An insulating material of Low Dielectric 
Loss, for Coil Formers, Aerial Insulators, 
Valve Holders, etc. 

PERMALEX 
A High Permittivity Material. For the 
construction of Condensers of the small-
est possible dimensions. 

TEMPLEX 
A Condenser material of medium per-
mittivity. For the construction of 
Condensers having a constant capacity 
at all temperatures. 

4. Bullers 

BULLERS LOW LOSS CERAMICS 

BULLERS LTD., 6, LAURENCE POUNTNEY HILL, LONDON, E.C.4 
Telephone: Mansion House 9971 (3 lines) Telegrams: .•Bullers, Cannon, London" Manchester Office: 196, Deansgate, Manchester 
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CLASSIFIED ANNOUNCEMENTS 
The charge or miscellaneous advertisements on this page is 12 words or less, 4/- and 4d. for every additional word. Box numbers 
count as four words, plus If. extra for replies. Remittance should accompany advertisement. Cheques and P.O.'. payable to 
HuIton Press, Ltd., 43 Shoe Lane, E.C.4. Replies to box numbers should be addressed as above, marked " Elec. Engg.' Press 

date: 15th of month for following issye. 

Vacancies advertised in these columns do not relate to 
men between the ages of 18 and 50 inclusive, or women 
between the ages of 18 and 40 inclusive, unless they are 
exempted from the provisions of the Control of Engage-
ments Order, 1945, or the vacancies are for employment 
excepted from the provisions of that order. 

FOR SALE 

IN STOCK. Rectifiers, Accumulator Chargers, 
Rotary Converters, P.A. Amplifiers, Mikes, Mains 
Transformers, Speakers of most types, Test Meters, 
etc., Special Transformers quoted for.-University 
Radio, Ltd., 2; Lisle Street, London, W.C.2. 
GER. 4447. 

LOUDSPEAKERS 

LOUDSPEAKERS-We carry on. Sinclair Speakers, 
is, Pembroke Street, N.:. 

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

MISCELLANEOUS 

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

WEBB'S Radio Map of the World enables you to 
locate any station heard. Size 40 in. by 30 in. 2-colour 
heavy Art Paper, 4/6, post 6d. Limited supply on 
Linen, 10/6. post 6d.-Webb's Radio, 14, Soho Street, 
London, W.i. 'Phone: GERrard 2089. 

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

MECHANICAL ENGINEERS to the Electronic 
Industry. Precision and Optical Instruments of all 
types designed and constructed in collaboration with 
Electronic Engineers. Tecnaphot Ltd., Mile Lane, 
Coventry. 

CATALOGUE PHOTOGRAPHY by new process. 
Behr, 44, Temple Fortune Lane, London, NW.::. 
SPEedwell 4298. 

AMATEUR RADIO PRODUCTS, 50 Glasslyn 
Road, Crouch End, N.8. Designers and Manufacturers 
of short-wave radio components and equipment, both 
for transmitters and receivers. Enquiries invited. 
Phone : MOUntview 4745. 

"COALS TO NEWCASTLE."-Our Service 011 

components is now so well known that we are even 
receiving orders from America. • 
Our regular customers include many industrial 
organisations of world-wide repute, who find that for 
the development of urgently required prototypes, they 
can get better service and quicker delivery from us-
often on components unobtainable elsewhere. 
Our suppliers include famous names such as Ayo, 
Pullin and Weston instruments and test equipment ; 
Bulgin, Belling & Lee and Clix components ; Buller's 
ceramics; B. & I., Dubilier, T.C.C. and T.M.C. 
condensers; Cyldon transmitting condensers; Dubilier 
and Erie resistors; Dubilier and Morganite carbon 
potentiometers : Colvern wire-wound potentiometers ; 
Cossor, G.E.C. and Mullard cathode-ray tubes; Cossor 
and Mullard oscilloscopes; Denco Maxi-Q coils and 
polystyrene products ; G.E.C. photo-cells and ampli-
fiers; Muirhead precision drives and dials ; Partridge 
transformers and chokes; Q.C.C. crystals; S.T.C. 
transmitting valves ; S.T.C. and Westinghouse 
rectifiers; Welwyn precision resistors, etc., etc., etc. 
Send 21d. stamp for List. TELE-RADIO (1943), 
LTD., :77, Edgware Road, London, W.2. Telephone : 
PADrlington 6: :(s. 

VALVES I 6K8G, 6138G, 6Q7G, 6V6G, 6F6G, 
6K7G, 6X5G, 6A7, 3Y3G, 6AC7, 25Y5, 8o, 77, 78, 
807, 8:3, EA3o, 866*, PEN36C, X4; Ull4, AC/P2, 
PENA4, PM1LF, !MGT, r2Q5GT, L; or equivalents, 
at list prices. MISS., 'WM 'Electronic, London, 
W.C.. 

1946 AMPLIFIERS.-De Witt 2o-watt high-fidelity 
model, complete with all valves, ready to use, £7 195. 6d. 
Comprises high.-mu input stage, twin 6L6 output 
tetrodes, heavy-duty speaker transformer for 2.5 and 
15 ohms, massive A.C. power pack, grey enamelled 
chassis with volume control, input and output sockets. 
Carriage extra. -Sole distributors, Kossuth Radio Co., 
41o, Dudley Road, Edgbaston, Birmingham. 

THERMIONIC VALVES and discharge tubes. We 
are now prepared to develop and/or manufacture 
vacuum or gas-filled devices, special radio valves 
and cathode-ray tubes to your requirements.-Box 800, 
r Elec. Engg." 

WE MtE NOW able to undertake the adjustment of 
resistors and capacitors over a wide range to within 
o.i%. Customers' own apparatus, including audio 
oscillators and wavemeters, carefully calibrated to any 
required degree of accuracy. We can supply special 
precision radio and mechanical components from the 
small gear or coil to the complete apparatus for the 
solution of unusual problems. Lydiate Ash Labora-
tories, Nr, Bromsgrove, Worcs. 

BERRY'S (SHORT WAVE` LTD. The House for 
Quality Radio and Electronic products. Send for our 
1946 Catalogue; 3d post paid, 25, High Holborn, 
London, W .C. . 

SITUATIONS VACANT 

A.M.I.E.E., City and Guilds, etc., on " NO PASS-
NO FEE" terms. Over 95 per cent. Successes. For 
full details of modern courses in all branches of 
Electrical Technology send for our ::2-page handbook 
-FREE and post free. B.I.E.T. (Dept. 337B), 17, 
Stratford Place, London, W.i. 

OPPORTUNITY for laboratory assistant with 
knowledge of industrial electronics equipment, power 
oscillators and central circuits. Must be practical. 
Write, stating qualifications, age and salary required.-
Box 797, " Elec. Engg." 

OPPORTUNITY for draughtsman with knowledge 
of radio factory drawing office practice. Write, 
stating qualifications, age, and salary required. - 
Box 798, " Elec. Engg." 

DRAUGHTSMEN and engineers with radio-fre-
quency experience required in the Warrington area 
for instrument design work.-Replies to G.P.O. 
Box 20, Warrington, to be marked, " Elec. Engg." 

ELECTRICAL and Mechanical Engineer for 
varied and interesting duties in small works. Com-
petence and initiative essential. Knowledge of 
electronics desirable. Good pay to live man under 
40, full or part time.-Box No. 466, c/o Dawsons, 
31, Craven Street, London, WC. s. 

HIVAC, LTD., invite applications from young 
Radio Valve Technicians with experience in .all 
branches of receiving valve production. The post 
offered will be a staff appointment and will ultimately 
be pensionable. Write to : The Manager, Hivae, Ltd., 
Greenhill Crescent, Harrow On-the-Hill, Middlesex. 

HIVAC, LTD., invite applications for the position of 
Senior Valve Development Engineer. Applicants 
should have had extensive experience in the design 
and production of receiving valves and their applica-
tions. The possession of academic qualifications will 
be considered an advantage. The post is pensionable 
under the company's pension scheme. The salary 
offered will be commensurate with the applicant's 
experience and qualifications. Replies will be treated 
in the strictest confidence and should be addressed to : 
The Manager, Hivac, Ltd., Greenhill Crescent, Harrow-
on-the-Hill, Middlesex. 

LINCOLNSHIRE RADIOTHERAPY CENTRE, 
SCUNTHORPE, propose to appoint a junior Assist-
ant Physicist for routine and development work in the 
l'hysics Department. Hospital experience is not 
necessary, but electronic engineering would be an 
advantage. The commencing salary scale is £350-25-
goo. Applications, quoting qualifications and experi-
ence, and accompanied by testimonials, should reach 
the Director of the Radiotherapy Centre, Memorial 
Hospital, Scunthorpe, not later than February 14, 1946 

MECHANICAL DESIGNER required for light 
electrical appliances, S.E. London district. Good 
opportunity for a man with original ideas. Write, 
giving details of experience and qualifications, to 
Box 8or, " Elec. Engg." 

LABORATORY ENGINEER required for 
development work in radio firm in North London. 
Qualifications and ability essential. Salary according 
to experience. Write Box No. 240, c/o Streets, rio, 
Old Broad Street, E.C.2. 

DRAUGHTSMEN AND TRACERS required for 
South London, with experience in production of work-
ing drawings from data supplied by designers: (1) 
Mech. draughting, (2) Elect, preferably with experi-
ence on radio communication equipment. Workshop 
experience preferred. Apply in writing, giving full 
details, to R.T.E., Ltd., 45, Nightingale Lane, London, 
S.W.12. 

DESIGNER DRAUGHTSMAN required for South 
London by Philips Laboratories. Experienced in com-
munications equipment (electrical and mechanical). 
Apply in writing, with full details, to R.T.E., Ltd., 
45, Nightingale Lane, London, S.W.12. 

ASSISTANT DEVELOPMENT ENGINEER re-
quired by established firm of Scientific Instrument 
Makers, for work on A.C. electrical apparatus. Ex-
perience of electronics would be useful. Apply W. G. 
Pye & Co., Ltd., 8o, Newmarket Road, Cambridge, 
stating salary required and details of experience. 

OLD-ESTABLISHED FIRM situated in the Mid-
lands specialising in Radio and Telecommunication 
equipment, require experienced development engineers 
for their laboratories. Experience in the development 
for manufacture of one of the following types of equip-
ment is essential. Radio communication, navigational 
aids, electronic heating, sound reproduction, television 
or radio receivers. Applicants should quote experi-
ence, qualifications, age and salary required. Box 
804, " Elec. Eng." 

PHYSICIST required to undertake research work on 
cathode-ray tubes and electronic devices of a similar 
nature. Experience in high vacuum work essential. 
Salary according to age, qualifications and experience. 
Apply, in writing, to Cinema-Television, Ltd., Worsley 
Bridge Road, Lower Sydenham, London, S.E.26. 

DEVELOPMENT DRAUGHTSMAN, accustomed 
to work on Radio and Television Transmitters and 
Receivers. Apply in writing stating age, qualifications 
and experience to Research Laboratories of the General 
Electric Co:, Ltd., Wembley, Middx. 

SITUATIONS WANTED 

RADIO ENGINEER, 26, Norwegian, university 
standard education, with some experience from 
Britain during war-time, seeks suitable position in 
the fields of radio or television.-Box 799, " Elec. 
Engg." 

RADAR OFFICER (R.A.F.) experienced design, 
operation, maintenance, desires responsible position 
with radio or radar firm, preferably Midlands. Release 
approximately June. Box 8o2, " Elec. Engg." 

RADAR OFFICER, 5,1 years' experience, requires 
position in radio or television, preferably research. 
Extensive knowledge of television, C.R.T. and U.H.F. 
practice. Demob. July. Box 8o5, " Elec. Engg." 

WANTED 

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

CHARTERED ELECTRICAL ENGINEER, Ph.D., 
M.Sc., etc., and Partner, having wide experience in 
electrical measurements, radio and electronic engineer-
ing, are prepared to accept work of a consultative 
nature in these fields. Box 790, " Elec. Engg." 

ONE COPY " ELKCTRONIC ENGINEERING," 
August, :945, required to complete series. Sinclair, 
2o6, Dairy Road, Edinburgh. 
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GALPINS 
Electrical Stores 

408, High St., Lewisham, London, S.E.I3 

'Phone. Lee Greeu tz.;09. 

TERMS: CASH WITH ORDER. NO C.O.D. 

Closed half-day Thursday. Open all day Saturday. 

Electric Light Check Meters, first-class condition, elec-
trically guaranteed, for A.C. mains, zoo-25o volts 5o cy. 

phase 5 amp. load, each 12/6. 
Large Paxolin Panel, size 14 in. by 7 in. by fr in., fitted 
massive switch arm, 12 large studs and contact blade, 
very smooth action, price 7/6 each. 
X-Ray Transformer in oil, input 200 v., output 8o,000 
volts, rating 5 KVA., with Coolidge winding, £50; 

to, 21 KVA. at 90,000 volts, £35 ; ditto, dental 
45,000 volts, £30. 

uorescent Screens, 15 by 12, with lead glass, C5. 
Lorge Fan Motors, all direct current, approx h.p., 
rio v. series wound, in first class condition, 20,,- each; 
D.C. Motors, as above, only for 220 volts, in perfect 
order, zo'- each. 
Rotary Converter, input 230 V. D.C., output 230 V. 
A.C., 5o cycle, single phase, 11 kW., constant rating, 
a high-grade job of very solid construction, £35. 
Transformer Core to suit 2% kW. transformer, complete 
with clamps, and bolts, 25/, 
Large Outdoor Bells, 110 V. D.C. working, 6 in. 
gong, 17,6. 
D.C. Motor, totally enclosed, shunt wound, 220 v. 
D.C. z, zo b.h.p., large size, high-grade, 45/-. 
Auto Transformers, tapped 0-110-200-220-240 step 
g ocoi, donnliders:Lsw, watts, ; 

s in ni.eta2l,000  casews,a2ttos,efe; 

300 V. A.C. working, 15/-. 
Rotary Converter, input 220 v. D.C., at 9 amps., 
output 68-'25 volts, 500 cycles, single phase, 1% kW., 
massive construction, price Cm 
Fixed Resistances on fireproof mounts, size 12 in. 
by a in., 2 ohms, to carry to amps., 2/6. 
Pre-Selector Switches, ex-G.P.O., 8-bank, each 25 con 
tacts, complete with actuating relay, 50 . 
Moving Coil Meters, 2 in. dia., flush mounting, o-5 M A, 
35 -; o-5o Mi A, 32'6; 2% in. dia., 0 100 M, A, 27/6. 
Moving Coil Voltmeters by famous maker, type 301, 
. reading o-to volts, 21 in. dia, panel mounting, as new 
and unused, nickel-plated finish. Price, 45!, 
Rotary Convertor, input 230 v.-4 A. direct current; 
output So v.-6% A. single phase, 2,000 cycles. £7 tos. 
Heavy Duty Chokes by famous maker, weight 14 lbs., 
wound 19 gauge wire, two equal coils, 4 terminals, 
total resistance to ohms. l'rice 351. Ditto, 12 lbs., 
single winding, 22 gauge, 15 ohms, 3o,; Ditto, ro lbs., 
zo gauge, two coils, 6 ohms, 25)-. 
Ex G. P.O. Relays, multi-leaf, very low current working. 
7 6 each. 

This New 
Dual Model 

Indicates to 30 , volt. and 100-750 
volts. Send for interesting leaflet 

' L24 on "Testing."  

rand:LtiVigLrL/4./4/r4m1 

LONDEX for RELAYS 
A.C. and D.C. 

The wide range of 
Londex Relays 

covers, especially, 

,the Wireless and 
Electronic fields. 

Ask for details 

and leaflet 205'E0 
Multiple contact 

Relay LP 

LONDEX • LTD 
MANUFACTURERS OF AAAAA S 

`V,.• 207 ANERIFT ROAD- LONDON-5+20 333 

-PARTRIDGE 

TRANSFORMERS 

ARE AGAIN AVAILABLE 

We are now allowed to accept 
orders from the trade and 

public for ordinary com-

mercial and domestic needs. 

The Partridge organisation is 
again at your service. Our 

technical department will be 

pleased to assist you in your 
transformer problems. 

We look forward to hearing 

from our old friends and 

welcome enquiries from new-

comers. 

May we send you our 1946 

catalogue ? 

Telephone: Abbey 2244 

PARTRIDGE 
TRANSFORMERS LTD 
76-8, PETTY FRANCE, LONDON. S.W I 

JUST OUT 

THE 

CATHODE-RAY TUBE 
HANDBOOK 
By S. K. LEWER, B.Sc. 

Executive Vice-President of the Incorporated 
Radio Society of Great Arita", 

The cathode-ray oscillograph is 
finding an ever-widening application 
in numerous branches of science and 
technology, and the main object of 
this practical book is to facilitate the 
use of the cathode-ray tube in its 
various purposes by setting out the 
basic principles of its design, con-
struction and operation. The 
information in this up-to-date book 
is essential for all radio and electrical 
engineers and technicians. 6s. net. 

WORKED RADIO 
CALCULATIONS 
By A. T. VVITTS, A.M.I.E.E. 

This well-known author gives over 
three hundred worked examples, 
with answers to typical mathe-
matical problems occurring in 
examinations for radio mechanics 
and wireless operators. 6s. 6d. net. 

PITMAN 
Pitman House, Parker Si., London, W. C.2 

RELIANCE 
POTENTIOMETERS 

will be shown on 

Stand No. 21 

at the 

R.C.M.F. Exhibition 

to be held at Grosvenor House 

Park Lane, London, W.1 

from February 19-22 

RELIANCE 
Manufacturing CD.(Southwark Ltd. 

Sutherland Rd., Higham Hill, 

WALTHAMSTOW - E. 17 

Telephone : : Larkswood 3245 

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

LONDON WI, 
Mr MUSEUM:5817 '6"AemSdriBff.r:TRIXADIO WISDO.LOWDON 

ARNIRIld FROEI 5,500 RAE« 

FOR PRIOWITY WOW 
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PRECISION 

CONTROL 
DIALS 

We have a very w,de 
selection of instrument 
controls by Muirhead, 
Eddystone, etc., in-
cluding the National 
HRO Type, now made 
by Muirheads. This is a 
dial giving an equivalent 
of 10 ft, of calibration 
scale. 500 degrees, each 
degree in. long and is 
too well known for us 
to emphasise its super-
lative qualities. 
Muirhead type D206A 
(National PVVO), two 
driving shafts parallel 
to panel ... £5 2s. 6d. 

Muirhead type 0115A 
(National N P W ), 
single drive shaft at right 
angle to panel. 

ES 15s. Oil. 

AUTOMATIC 

KEY 
TYPE " RA " 

Heavy cast gunmetal 
base finished fine grey 
crackle, rubber feet, no 
desk fixing necessary. 
Incorporates complete-
ly balanced electrical 
action of improved 
design. Heavy tungsten 
contacts, adjustable 
from 10 to 50 WPM, 
A key for the really 
discriminating speed 
fiend. A shorting 
switch is incorporated 
in the base for CVV 
Phone operation. Key 
type " RA " 476 

TAPPED '• BLEEDER" 

RESISTORS 

Vitreous enamel wire wound 
resistors, power type with adjust-
able tapping clip. 
50-watt rating : 

25,000 ohms 
50.000 ohms 

.11 3 
14 9 

The HUB of 
the 

WODEN 

TRANSFORMERS 
now available in full 
range from immediate 
stock, including Fila-
ment, all voltàges of 
H.T., Modulation and 
Driver types. Input 
and Smoothing Chokes 
for all current ratings 
are included. These 
are the standardised 
LF Inductors made to 
match in appearance 
with grey cast metal 
end plates, and black 
laminations. Their use 
ensures a professional 
finish to your apparatus. 
Full list of types and 
prices available on 
a lication. 

" HAM " world 

WRITE CALLOR TELEPHONE 

14 SOHO STREET. LONDON, W.1 
TrzEPHONE CfRPAR12 2089 

OFFICIAL BUSINESS HOURS 9 a.m. to 5.30 p.m. SHOP HOURS : 9 a.m. to 5 p.m. 
(SAT. 9 a.m. to 1 p.m.) 

Second printing of our 
lteERIN\ CAI ALO GUE 

is held up through paper control. 
etc.-- Our apologies to many 
hundreds erhi waiting for it. 

eog As o temporary measure vie ore 
sending details of selected ¡terns 
such as ore of interest to the 

experimenter 
home . 
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