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comprehensive coverage of every electrolytic 
requirement will be readily appreciated by 
users. The electrical characteristics of these 
capacitors are a marked advance in electrolytic 
design, the leakage current and equivalent 
series resistance are reduced, the audio and 
radio freqtrency impedance improved, break-
down voltage and life expectancy have been 
increased together with an improvement in 
temperature characteristics. They are contained 
in seamless drawn aluminium containers her-
metically sealed and the container is always 

negative. 
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eve %..ce,t4 I_EiNlel.S in capacity 

and attenuation of CO-P,X. Cables 

mean pew possibiiities in electronic 

equipteent design both tor the 

We &et and tor the post-war 

electronic age• 

Write for characteristics 
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THE Model 7 Universal AvoMeter is 

the world's most widely used combination 

electrical measuring instrument. It provides 

60 ranges of readings on a 5 scale and is 

guaranteed accurate to B.S. first-grade limite 

on D.C. and A.O. from 25 to 100 cis. 

It is self-contained, compact and portable, 

simple to operate, and almost impossible 

to damage electrically. It is protected by 

an automatio cut-out against damage 

through severe overload, and is provided 

with automatic compensation for variations 

in ambient temperature. 

Write for fully descriptive pomph/et. 

ONE INSTRUMENT 
measures :— 

Current, A.C. and D.C. (0 to 10 amps.) 
Voltage, A.C. and D.C. (0 to 1000 v.) 
Resistance (up to 40 megohms) 
Capacity (0 to 20 mfds.) 
Audio-frequency Power Output (0 to 

2 watts) 
Decibels ( — 25 Db. to + 16 Db.) 

The AvoMeter is one of a useful range of 

" Avo" electrical testing instruments which 

are maintaining the "Ayo" reputation for an 

unexcelled standard of accuracy and depend-

ability—in fact, a standard by which other 
instruments are judged. 

Sole Proprietors and Manufacturers : 

AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT Co. Ltd., Winder House, Douglas Street, London, S.W.1 
Telephone : ViCtor a 3404/8 
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Change oi Address 
Customers are requested to note 

that all works and administrative 

departments formerly at 12-22 

Laystall Street, E.C.I, are now 

installed at our factory at Toi-

worth, Surbiton, Surrey. This 

move will involve no hold-up in 

the flow of deliveries. Hence-

forth, all communications should 

be sent to this new address. 

rnsur,bassed in  

0 1* 
4 NC E CO .p. 

RU.SHERNHALIST.. WALTHAMSTOW Ill. PHONE LARKSWOOD4366e 

E 

FREQUENCY OSCILLATORS 
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D —for priority requirements only, 
at present. Write for particulars 
stating frequency range required. 
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Platinum is one precious metal used in some of the range 
of Bulgin radio fuses. Every possible element, whether 
of precious or base metal, passes through the same 
meticulous triple test for material, workmanship and 
performance. Bulgin standards insist that all metals or 
alloys incorporated in their components are equally 
precise, whether plain or precious, since all are equally 
important links in the chain that leads to high fidelity 
reproduction. 
Each Bulgin fuse conforms to British Standard Speci-

fication No. 646. Consistently the Bulgin range has 
fulfilled and exceeded every requirement. Over 25 years' 
accumulated knowledge and research in the design of 
radio fuses, shows itself in high quality and ease of 
replacement. The accurate construction of an out-
standingly robust component means full protection 
against fire or damage by overload. 

Supplied for every rating from o.o6 to 25 A. based on 
rating at carrying (1,000 hour min.) current and blowing at 
5o% to 75% overload. 

PAK Fuses are a Standard for the 
Armed Forces. Bulgin PAK Fuses were 
specially selected for Active Service because a 
thermal-conductive device absorbs heat surges 
from the element, allowing the fuse to blow 
only after longer overload. The Bulgin PAK 
fuse is built to withstand initial surges of 3 to 4 
times its specified rating whilst blowing normally 
at twice the rating 

BULGIN 
Makers of over 60 Types of Fuse 

A. F. BULGIN & CO. LTD • BYEPASS ROAD • BARKING • ESSEX 
Rippleway 3474 (5 lines) 

ISTANCE WIRES TO RES  
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• MOLYBDENUM 

• VAC-SIEEL 

• PLATINUM 
er.75I-1EATI-4ED 

• GAS-FREE NICKEL • WIRES, TAPES, 

BARS, MESH AND 

VALVE PARTS 

VACTITE WIRE 
CO., LTD. 

WAVERLEY WORKS, 
75, ST. SIMON STREET, 
SALFORD, 3, LANCS. 

Tel : MANCHESTER, BLACKFRIARS 9831 
Telegr.: VACTITE, SALFORD 
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TELEVISION AERIAL 
'QUIZ' 

Answers to some of the questions we are 

continually receiving by letter and 'phone 

0.1. What ore the advantages 
obtained when using a reflector with a 
dipole? 

A. (o) It Is necessary in areas of 
weak field strength to increase the 
signal Input to the receiver. 

(b) The directional properties 
can be utilised as a means of mini-
mising interference, particularly so, 
if the aerial cart be Installed in such 
a position that the location of the 
source of interference Is placed 
behind the reflector in relation to 
the transmitter. 

(c) By rotating the aerial, ghost 
image can be reduced or eliminated. 

0.2. What type of feeder should 
be used with a dipole T.V. aerial? 

A. T.V. Receiver designers still 
fall into three schools of thought: 

(I) Coaxial feeder which needs 
complicated matching and balancing 
at the dipole end for best results 
and minimum Interference. 

(2) Unscreened twin which is the 
cheapest but needs a carefully 
balanced input circuit in the receiver 
for optimum results and does not 
provide a screened input to stabilise 
a super-sensitive receiver. 

(3) Screened twin which gives the 
advantages of both but Is a trifle 
dearer than coaxial. 

If the receiver manufacturer 
makes a strong recommendation for 
his set it should be adhered to, but 
otherwise in most localities the 
cheapest—i.e., the twin unscreened 
feeder of 70 to 80 ohms impendance, 
will give no apparent loss even when 
connected to a coaxial input. 

0.3. Is it advantageous always to 
erect the aerial on the highest possible 
point of the building? 

A. No, not always; sometimes a 
building can be used to screen 
against interference. 

0.4. Does water at the centre of a T.V. dipole affect reception? 

A. No, as this will only produce a parallel resistance across the dipole 
terminals of several thousand ohms. As an example we may assume that 
the parallel resistance is 10,000 ohms at 45 Mcjs across a dipole of approxi-
mately 70 ohms radiation resistance. From the formula of resistances in 
parallel: 

RT RIxR2 10000x70 700000 69.51 ohms 
RI r R2 10000 i-70 10,070 

It can thus be seen that the reduction in signal is less than I per cent, and 
can be neglected. 

. . . . TO BE CONTINUED 

BELLING &LEE LTD 
CAMBRIDGE ARTERIAL ROAD. ENFIELD. MIDDX 

STI10110SCOPES  

Dawe 
Iristruments Ltd 
HARLEQUIN AVENUE, 

GREAT WEST ROAD, 

BRENTFORD, 

MIDDLESEX 

for all applications 

HIGH POWER UNIT 
for Photography 

SEPARATE LAMP UNIT 
for difficult locations 

STANDARD MODEL 
for general use 

Tel.: EALING 1850 

sOLON 
INDUSTRIAL 

ELECTRIC APPLIANCES 

SOLON ELECTRIC 
SOLDERING IRON 

SOLON 
ELECTRIC 
INSULATION 
STRIPPER 

SOLON Industrial 
Electric Appliances 
are designed for 
practical use under 
factory conditions. 
They are robust and 
efficient. 
The Soldering Iron 
illustrated is repre-

SOLON ELECTRIC tentative of a range 
SOLDER POT which includes 

models with various 
types of bits suitable for a wide variety of ¡obs. Models are 
readable for low voltage supply as well as for standard voltages. 
The Insulation Stripper provides a quick method of severing the 
insulation neatly without damaging the conductor, by means of 
an electrically heated wire. 
The Solder Pot maintains Pb. solder at working temperature. 

Please write for Folder Y9. 

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

51-53, HATTON GARDEN, LONDON, E.C.1. 

ER 
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MINIATURE 

WESTECTORS 
'32 

length of 22 SWG tInittd 
cOpper at each end 

• 

7/2 

The Miniature Westector is designed to carry 
1, 2, 3, 4 or 6 series elements protected from 
the outside atmosphere by compressing a 
neoprene ring between the metal end caps 
and the phenolic body to give a positive seal ; 
this Westector is therefore suitable for tropical 
use and no reduction in the rating is necessary 
at ambient temperatures up to 55° C. (131° F.). 

METAL RECTIFIERS 
Westinghouse Brake & Signal Co. Ltd., Pew Hill House, Chippenharn, Wilts. 
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RADIO SLEEVINGS 

TENAPLAX TUBING FOR 
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EDIBLE OILS, ETC 
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E TC 

eS-
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THE MOST FAMOUS SET MAKERS ARE AGAIN FITTING 

MAZDA 
RADIO VALVES AND 

CATHODE RAY TUBES 
because of their 

PERFORMANCE AND 
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THE FILAMENT CURRENT OF THE 

MAZDA HL.23DD IS EXCEPTION-

ALLY LOW; IT IS ONLY 50mA. 

ITS MUTUAL CONDUCTANCE 

(9m.I 2mA V) IS REMARKABLY HIGH 

FOR A VALVE HAVING SO LOW A 

FILAMENT CONSUMPTION 

THE ANODE A.C. RESISTANCE IS 

ONLY 21.000 OHMS WHICH, 

COUPLED WITH THE HIGH 9m 

MAKES THE VALVE PARTICULARLY 

SUITABLE FOR SIMULTANEOUS 

FUNCTIONS OF DETECTION. A.V.C. 

AND AUDIO FREQUENCY 

AMPLIFICATION. 

THIS VALVE MAY BE USED AS A 

REPLACEMENT FOR THE BVA 132 IN 

THE CIVILIAN WAR-TIME RECEIVER 
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MHE true scientific spirit is 
recognised by its willingness to 
assign credit to a colleague for 

an original discovery or for a piece 
of prior work, and conversely, to 
imply a claim to originality by 
omitting reference to previous work-
ers is looked on with distaste in 
research circles. It is probable (or 
it is charitable to assume so) that 
many omissions occur through over-
sight, and when they are pointed 
out the author is usually grateful 
for ?he opportunity to make amends. 
The writer of these notes was guilty 
of a breach of scientific good taste 
of this nature some years ago, and 
although the fault was remedied 
the memory remains. 

It was this memory which prompted 
the remark on the omission of Dr. 
A. H. Rosenthal's* name in connex-
ion with the Skiatron in last 
month's "Convention Comment," 
and the authors of the paper refer-
red to (Messrs. P. G. R. King and 
J. F. Gittins) are justifiably annoyed 
at the implied slur on their scientific 
accuracy and honesty. There were, 
in fact, two ' papers' on the Skia-

• Worse, by a typographical error, Dr. A. H. 
Rosenthal of Scophony was confused with Dr. E. 
Rosenthal, the ceramic expert I 

Credits 
tron, one a written paper and the 
other a " lecturette" summarising 
the written paper, both read before 
the I.E.E. Radiolocation Conven-
tion. The proof on which the 
comment was made was that of the 
lecturette and not that of written 
paper, and while it is true that the 
proof made no reference to Dr. 
Rosenthal by name, full acknow-
ledgment of his work was made by 
the authors in the original MS and 
at the meeting. It will, of course, 
appear in the published I.E.E. paper. 
So they deserve a retraction which 
is in as prominent a place as the 
original criticism. 

A second acknowledgment and 
apology is prompted by a letter from 
the President of the Council of the 
Society of Polish Engineers in 
relation to the article on Land Mine 
Locators which appeared in the 
March issue. A paragraph runs: 

" We feel that the article might have 
pointed out that the original develop-
ment work and the design of the first 
of thb models in question was done by 
our member Captain J. S. Kosacki of 
the Polish Sappers. . . . Capt. 
Kosacki's model was adopted and be-
came officially known as the Mine 
Detector, Polish Type. This type was 
used in large quantities at Alamein, 
Tunisia, Italy and elsewhere." 

Those who had practical ex-
perience of the Model I Mine Locator 
will be pleased to learn the name of 
the officer responsible for its develop-
ment, and will endorse our tribute 
to this example of allied co-
operation. 

Finally, we may anticipate a 
misplacement of credit in future by 
noting the following letter from Mr. 
M. G. SCROGGIE: 

" A circuit device that ranks with the 
cathode follower among the most 
valuable of recent years is that called 
the Miller integrator. I suggest ,that 
this name is inappropriate and mis-
leading, as although the circuit is 
related in principle to the Miller effect 
it is actually due to the late MR. A. D. 
BLUMLEIN. It would be some small 
recognition of the many contributions 
of MR. BLUMLEIN to circuit technique 
if this circuit were renamed the 
Buriaums integrator. As the present 
name has not yet been given much 
publicity it should not be too late to 
make the change, which I therefore 
strongly recommend for your con-
sideration." 

We in turn recommend it for 
the consideration of all readers of 
this note who are aware of the value 
of Mr. Blumlein's work in the war 
effort and remember the unfortunate 
way in which this work was cut. 
short. 
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MODULATOR 
UNIT 

(TILTLD FOR 
SERVI C IN Ç) 

The 
Autofollower 
The naval-fire-control radar equipment 

shown below was demonstrated at the final 
session of the Radiolocation Convention. 
It was developed to provide blind fire with 
the twin Bofors gun mounting shown on 
the left. 

When a button was pressed the aerial 
immediately began to search the sky. Within 
a few seconds ic located the target, locked on 
and from then followed the target, auto-
matically. 

The illustration shows the equipment as 
fitted in test racks in the radio maintenance 
room. (Admiralty photograph). 

The apparatus is described in a paper by 
J. F. Coales, H. C. Calpine and D. S. Watson, 
of the Admiralty Signal Establishment. 

AUTO-STROBE 
UNIT 

RECTIFIER 
UNIT 

MIRROR MOtoR 
AND RESOLVER 

CALIBRATOR 

SPACE FOR R.F. 
DUMMY LOAD 
(NOT SHOWN) 

_ _-fr DRAWER FOR 
SPARES 

DUMMY CONTROL 
AND TEST PANEL 

SPACE FOR HT. 
DUMMY LOAD 
(NOT SHOWN) 

DELAYED PULSE OSCILLATOR 
(To BE RE PL ACE D BY FREQUENCY 
MODULATED OSCILLATOR ) 

VENTILATION 
TRUNKING 

RADAR OPERATOF?S 
'ATX" DISPLAYS 

SERVO 
UNIT 

SERVO TEST 
UNIT 

RANGE 
FOLLOW UP 

UNIT 

SEAR 
UNIT 

AVOMETER 

SOLDERING 
IRON 

CO:s RANGE 
METER 

&X' DISPLAY 



May, 1946 Electronic Engineering 133 

Electronic 

Flash Tubes 

In High-Speed Photo-

graphy of Explosions 

By D. A. SENIOR, B.A.* 

This article, slightly condensed 

from a communication issued 

by the R.P.L.O., News Division, 

illustrates one of the many ways 

in which electronic devices have 

contributed to the solution of 

special war problems. 

DURING the last hundred years 
there has been a steady increase 
in the use of submerged explo-

sive charges in the form of mines, 
and, later, torpedoes and other 
weapons. Consequently increasing 
efforts have been made to bring to 
light the nature of the phenomena in-
volved when explosions take place 
under water and thus to obtain a 
better insight into the processes 
whereby damage is caused. One of 
the principal difficulties which investi-
gators have had to face is the speed 
with which explosive phenomena 
occur, and for this reason the assis-
tance which has been made available 
by recent advances in high-speed 
photographic technique has been very 
welcome. The application of this 
technique to underwater explosion 
research dates back little if at all be-
fore J941, but it has facilitated the 
solution of a number of problems 
when other available methods would 
have proved costly, tedious, or im-
possible. 
Two methods of high-speed photo-

graphy are available. In one, the sub-
ject is illuminated continuously and 
exposure regulated by means of 
various types of high-speed shutter. 
This method has been developed to 
give high-speed cine-cameras operat-
ing at speeds up to 8,000 frames pe 
second. In the other, the film is ex-

• Naval Constmaion Research Establishment. 

Fig. 2. Rupture of a steel plate on the surface of the water by underwater charge. 

posed continuously and it is the illu-
mination which is regulated. By 
means of intense flashes of short 
duration, good photographs of ex-
posure time less than 5 microseconds 
can be taken either singly or at speeds 
up to 1,500 per second. 
The flash method is essentially a 

development of the well-known tech-
nique of spark photography which 
has been in use for many years. 

Ga  Discharge Tube—Single Flash 
Technique 

The required illumination can be 
obtained without serious increase in 
the duration of the exposure by the 
use of the gaseous discharge tube. A 
condenser is discharged, not through 
an air gap as in spark technique, but 
between electrodes in a tube filled 
with a suitable inert gas mixture., 
The construction of these tubes and 
the gas filling are such as to give a 
longer path between electrodes than 
would be possible at the same voltage 
with a spark in air. This results in 
greater light flux for a given energy 
of discharge, and flashes can be pro-
duced of sufficient intensity for really 
good reflected light photography of 
objects at distances up to 15 ft. from 
the discharge tube, without the use 
of reflectors. 
The capacity of the condenser 

varies from or to 4 microfarads and 
its voltage from 2,000 to 20,000 volts. 
Both condenser and voltage are thus 

within the range of fairly simple 
laboratory equipment. 
For the production of one flash at 

a time, charging takes place quite 
slowly, through a high resistance; 
discharge takes place extremely 
rapidly through the discharge tube— 
or flash tube as it is generally called 
—which is connected with the mini-
mum of wiring directly across the 
condenser terminals. 
The flash tube is connected in this 

manner in order to reduce to a mini-
mum the inductance of the discharge 
path and thereby the duration of the 
flash. The duration depends upon 
many other factors, including the 
gases used in filling the tube and their 
pressure, the construction and treat-
nient of the electrode system, the size 
of the condenser and the voltage at 
which it is charged. A great deal of 
work has been carried out with the 
aim of minimising the duration which 
with the more recent tubes is about 
t or 2 microseconds. 

Synchronisation—Thyratron Trigger Circuit 

There now remains the question of 
synchronising the flash with the 
event. It is, first of all, essential to 
be able to initiate discharge of the 
condenser—or "trigger the flash"— 
reliably and repeatedly. For this 
purpose either a triggering band ex-
ternal to the tube or an internal elec-
trode may be used. In either case 
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THYRATRON 

SICHAL 

• 300 VOLTS 

- 7300 VOLTS 

CHARGING RESISTANCE 

FLASH TUBE 
TRIGGER 
CONDENSER 

DISG/LAR CI 
CONDENSER 

Fig. I. Circuit of high-intensity flash tube. 

a voltage—or " signal "—must be 
generated at the instant when the 
flash should occur. - 
The signal, assuming for the time 

being that one can be obtained, is 
amplified if necessary, and then 
applied to the grid of a thyratron 
valve. This permits the discharge of 
a small condenser (the trigger con-
denser) through the primary winding 
of a spark coil. The secondary wind-
ing is connected either as shown in 
Fig. i if an external triggering band 
is used, or between the starting elec-
trode and one other electrode if the 
tube is of the three-electrode type. In 
both cases pilot sparks are produced 
within the tube. These are followed 
by the discharge of the main con-
denser, which produces the flash. 
With vell-designed tubes the interval 
between the arrival of the signal and 
the flash is of the order of 5 micro-
seconds and is quite reproducible. 
The derivation of the signal from 

the phenomenon under investigation 
obviously depends upon the nature of 
that phenomenon. • The closing or 
opening of an electric circuit pro-
duces quite a reliable signal, and this 
covers most impact problems. Alter-
natively the generation of a shock 
wave or sound wave may be used. 
These may be picked up by means of 
a microphone or hydrophone, but it 
must, of course, be remembered that 
this implies a time delay equal to the 
time taken for the wave to travel 
from the source to the microphone. 
Another method which has been used 
successfully is the interruption of a 
beam of ultra-violet light, the signal 
being, given by a photo-electric cell. 
Providing that the phenomenon 

being studied is reproducible and that 
a signal can be derived representing 
some " reference event," single-flash 
photography can. be made to cover 
the remainder of the phenomenon by 
introducing a known time interval 
between the signal and the flash. The 

Fig. 3. Model tank for investigating damage to bulkheads. 

magnitude of the delay may vary 
from a few microseconds to several 
hundred milliseconds, and is gener-
ally provided by means of electronic 
devices, e.g., multivibrator or double 
thyratron circuits. Thus a set of 
pictures may be obtained, and the 
history of the phenomenon pieced 
together. 

Multiple Flashing—Power Strob oo  
High-Speed Camera 

Basically the principle is the same 
as that of the multiple spark; that is, 
a condenser is repeatedly charged and 
discharged. Each discharge produces 
a short-duration flash of light which 
is utilised to record a photograph 
upon a strip of moving film. 
The Edgerton high-speed camera 

is of the continuously moving film 
type. The camera takes loo ft. of 
35-mm. cine-film, which is drawn 
from one spool to another by a small 
electric motor, and travels past the 
lens over a sprocket wheel at 
governed speeds between 30 and oco ft. 
per second. 
There is no lens shutter, the spac-

ing of the pictures, or framing, being 
regulated by timing the flashes of the 
stroboscopic lamps to occur at equal 
intervals of film. This is accom-
plished by means of a commutator 
which forms an integral part of the 
sprocket wheel mentioned above. 
The mechanism of triggering the 

flash is essentially the same as that 
used for single-flash photography, 
i.e., signals (received from the com-
mutator) operate a thyratron trigger 
circuit at the appropriate instants. 
The interval between the segments 

of the commutator is so chosen that 
the frame spacing is the 3ame as that 
in standard cine-film. The records 
may therefore be projected at the 
normal rate (t6 frames per second) 
and the subject " slowed down " 30 
to no times. 
The " power stroboscope " consists 

of a 2,000-volt power supply toge-
ther with lamps and trigger citcuit. 
The trigger circuits and lamps work 
on the same principle as the single-
flash equipment described above; cer-
tain modifications in the charging 
and discharging circuits are, how-
ever, necessitated by the high rate of 
flashing (i,000 to 1,5oo flashes per 
second). 

Multiple-flash technique has been 
used on high-speed cine-photography 
of cavitation phenomena close -to 
yielding structures. While the detail 
shown in individual photographs is 
less than that in single-flash photo-
graphs, the advantages of recording 
a sequence of pictures are manifold. 
Not the least is the fact that the 
projection of records at normal speed 
enables a clear qualitative idea of the 
behaviour of the subject to be gained 
before analysis is begun. 

Single-flash methods have been 
used at Admiralty Undex Works to 
study the rupture of steel plates at-
tacked by explosive charges. . In one 
set-up a steel plate was placed upon 
the water surface, a charge being 
fitted on the underside of the plate 
in contact with the centre. The 
signal from a hydrophone placed 
to ft. from the charge was used to 
trigger the flash. The resulting 
photograph (Fig. 2) shows the hole 
torn in the plate, the white " plume " 
of water thrown up, and the black 
cloud of explosion products. 

Underwater Protective Systems 

The Edgerton power stroboscope 
and more recently a similar unit built 
at Admiralty Undex Works • have 
been used in investigation of the 
mechanism of failure, under explo-
sive load, of the multiple compart-
ment protective system used in some 
large warships. For the purpose of 
this investigation a special tank has 
been constructed, in which an attempt 
is made to simulate on the model 
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scale the conditions obtaining when a 
ship is damaged by a contact or near-
miss explosion. Targets are built to 
represent typical ship construction to 
a scale of one-twelfth, and may con-
sist ot one or more bulkheads depen-
dent upon the part of the process of 
destruction under investigation. 
The tank itself, shown diagram-

matically in Fig. 3, is constructed 
from 2-in, armour plate; it is rectan-
gular in section, 6 ft. wide, 5 ft. creep 
and ii ft. long at the top, with one 
vertical and one sloping end. In the 
vertical end is a rectangular opening 
4 ft. 6 in. wide, and 3 ft. 6 in. deep, 
in which the targets are bolted. The 
tank is filled with water and explo-
sive charges fired in the water in 
contact with or at the required 
distance from the target. Reflexions 
of the shock wave on to the target 
are avoided by means of the sloping 
end mentioned above. 
The whole tank is contained within 

a steel cover which serves both to 
exclude daylight and confine frag-
ments of such targets as disintegrate. 
The v. ater within the tank repre-

sents the sea, the space in front of 
the vertical end of the tank represent-
ing the inside of the ship. In this 
space the camera and associated gear 
are mounted so as to record the 
phenomena as seen from inside the 
ship. Camera, lamps, etc., are suit-
ably protected from the effects of 
explosive blast and fragments by 
means of steel covers with armour-
plate windows, the lamps being 
spring mounted. 

Silhouette Photography 

Depending upon the type of damage 
being stüdied, silhouette and reflected 
light methods have been used. If the 
bulkhead under observation should 
rupture, much information may be 
gained from silhouette photographs. 
Here the camera is arranged so as 

to look at an oblique angle across the 
target, which is foreshortened into a 
straight line on the left of the pic-
ture. On the side of the target 
remote from the camera, a frosted 
screen is erected. This is illuminated 
stroboscopically from behind. Thus, 
as the target breaks up, explosion 
products, fragments of the target and 
water move across the field of view 
of the camera, and from the sequence 
of pictures obtained velocities and 
displacements may be deduced. 
One frame, selected from a record 

of a shot in which the explosive 
charge was in contact with a single 
bulkhead, is reproduced in Fig. 4. 

The instant when the bulkhead 
first ruptures may be deduced from 
the streak left on the film by the 
image of the incandescent gases 
which normally form the explosion 
bubble in open water. These gases 
pour through the small hole blown 
in the bulkhead within a few micro-
seconds of detonation. The fiole 
itself is subsequently enlarged as the 
bulkhead tears in radial lines and 
forms " petals " of distorted Metal. 
Simultaneously a mass of water mov-
ing with considerable velocity enters 
through the hole. 

The time interval between the first 
sign of rupture and the flash of light 
which produced the photograph in 
Fig. 4 was 1.83 milliseconds. The 
shape of the water mass can be dis-
cerned and the form taken by the 
" petals." The charge used was oz. 
ot Polar blasting gelatine, the bulk-
head 1/16 in. of mild steel, and Che 
final major dimension of the hole /5 
inches. 
Some work has also been done on 

bulkheads with stiffening members. 
Fig.. 5 shows the state of affairs in 

typical shot (a) before and (b) 17.5 a 

(Continued on page 1 4I-) 

Fig. 6. In-tproved high-intensity flash equipment giving 1,000 flashes per second. 

Fig. 4. Silhouette of rupture of bulkhead showing mass -of water entering the hole. 
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Microphones 
By S. W. AMOS, B.Sc.,* and F. C. 

T 1 was seen in Part I that there are 
I three distinct branches of physics, 
namely, acoustical, mechanical 

and electrical, involved in the 
study of microphones, and that 
each is analogous to the other 
two, in that the quantities in-
volved, and the equations of motion 
by which these quantities are related, 
are very similar. This article begins 
with c-msiderations of some physical 
aspects of the sound wave, with par-
ticular regard to the way in which it 
is affected on meeting an obstacle 
such as. a microphone. 

We need only deal with air as the 
sound-conducting medium, and we can 
define sound waves as the periodic 
compressions and rarefactions that 
occur in air when this medium is dis-
turbed by some form of vibrating 
object. The waves are known as 
longitudinal waves, since the particles 
oscillate backwards and forwards on 
the axis along which the wave is 
propagated. This is depicted both 
pictorially and graphically in Figs. 
in and lb, where four successive 
waves of a sinusoidal tone are shown. 

• It is seen that the air pressure is 
varying both above and below its 
normal value, and may therefore be 
regarded as an alternating component 
superimposed upon a steady state of 
pressure. Normally, we are not con-
cerned with the steady component and 
refer only to the amount of excess or 
deficit of pressure, known as the 
amplitude, P.. The magnitude of 
the steady component is, of course, 
about 15 lb. per sq.- in., which is 
roughly equivalent to 106 dynes per 
sq. cm. As in the electrical circuit, 
the pressure, p , at any instant ot 
time, t, is given by the expression : 

•ft = Posimat 
Even for comparatively loud sounds 
the value of fhe pressure amplitude 
is extremely small, being of the order 
of dyne per sq. cm. R.M.S. for 
speech sounds at a distance of 6 in. 
from the mouth. This minute pres-
sure is therefore roughly to-e of nor-
mal atmospheric pressure, while the 
weakest audible sound goes down to 
about 10-° of normal pressure. 

In the study of microphones we are 
not particularly interested in the 
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Fig. I (a) and (b). Pictorial and graphical representation of a sound wave of pure tone. 

propagation velocity, c, except in so 
far as it gives us the wavelength, X, 
by the usual relationship, X -= clf, 
and it is often by a consideration of 
the wavelength rather than the fre-
quency that acoustical problems are 
solved. Taking the velocity of 
sound in air to be 1,100 ft. per 
second, we deal with wavelengths 
varying from 4o ft. (equivalent to 
27.5 c/s.) to under i in. (1 in. corre-
sponds to 13,200 c/s.). 

Another velocity of particuJar 
interest is the particle velocity. 
This is the speed of alternating move-
ment of the air particles themselves 
along the direction of propagation of 
the sound wave. The phase relation-
ship between particle velocity and 
instantaneous pressure depends on 
the nature of the sound wave. In a 
plane progressive wave they are in 
phase and may be compared with 
current and voltage respectively in a 
correctly terminated transmission 
line, with a power factor of unity. 
In the same way that it is possible, 
under certain conditions, to get 
" standing waves " on a transmission 
line, so it is possible—due to reflex-
ions—to produce standing waves of 
sound. Such a wave might rightly 
be termed. a " wattless " sound wave, 
since there is no energy transfer and 
the phase difference is go<3. Unfor-
tunately it is not easy to illustrate 
the progress of the wave, for any 
graph (such as Fig. 1) showing the 
instantaneous distribution of pressure 
in space for a progressive wave is 
exactly the same shape as that for a 
standing wave, and it is not possible 

to show on one graph of instantane-
ous pressures the phase relationship 
between velocity and pressure. It 
can be shown that particle, velocity is 
proportional to the amplitude, and— 
by simple differentiation—propor-
tional to the frequency also (for a 
given amplitude) 

i.e., particle velocity, 2, = p.pc 
where p = excess pressure 

p = density of the medium 
and c = velocity of propagation of 

sound in the medium. 
This relationship holds good only for 
a plane wave, but if we have to con-
sider diverging waves emitted from 
a source with dimensions small corn. 
pared with the wavelength, then the 
formula can be modified to: 

41e r 
where r = radius of curvature of the 
spherical wave, i.e., the distance 
from the source. It will be 
seen from this latter expression 
that the velocity component of a 
vave of given amplitude becomes 

X 
greater as — increases. At a given 

distance from the source, r, the 
velocity component increases as the 
wavelength increases, or as the fre-
quency decreases. Any anomalies 
caused by increase of particle 
velocity, then, will be more in 
evidence at low frequencies than at 
high ones. This is important in the 
design of microphones which rely on 
the magnitude of the particle velo-
city of a sound wave for their opera-
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tion, and will be treated in greater 
detail in Part IV. 

It has been pointed out already that 
the acoustical-mechanical conversion 
is generally accomplished by means 
of a form of diaphragm which may 
be exposed to the sound on one side 
only, or on bQth sides. In the former 
case the movement of the diaphragm 
depends on the value of pressure 
exerted on the front oi it; in the 
latter case the movement will depend 
on the difference in pressure between 
front and back of the diaphragm, 
and this difference in pressure can be 
shown to be proportional to the 
particle velocity. The term " pres-
sure gradient " is often used in 
place of pressure difference, but as 
" gradient " has a mathematical 
significance which is difficult to 
visualise, it will not be discussed 
here. These two modes of operation 
are distinguished by the terms 
" pressure " and " velocity" respec 
tively. As. pointed out in the electro-
acoustic analogies, pressure may be 
compared with e.m.f. and velocity 
with current. Hence a pressure 
microphone may be likened to a volt-
meter and a velocity microphone to 
an ammeter. 

Once again it is wise to keep in 
mind the magnitude of the forces 
with which we are dealing, so as to 
appreciate better the delicacy of con-
struction of a sensitive microphone. 
At a frequency of about zoo c/s. and 
for speech at about 6: inches horn the 
mouth, the maximum particle velo-
city is about o.1 cm. per second, while 
the maximum displacement of the air 
particles from their mean position is 
only ro-4 cm. 

Pressure Operation of Microphones 

Any microphone that has its dia-
phragm exposed to sound waves on 
only one side is a pressure-operated 

type, i.e., the displacement of the 
diaphragm is proportional to the 
instantaneous pi essure developed in 
the sound waves. Its action. can be 
compared with that of a quick-acting 
aneroid barometer. If the micro-
phone is imagined as extremely 
small, so that it does not in any way 
disturb the air particles in their 
motion, then the pressure exerted on 
the diaphragm would equal exactly 
the excess pressure that would be 
developed in the sound wave at that 
same point in space if the microphone 
were not there. This, however, can 
never be achieved in practice as the 
microphone must have a finite size 
and will therefore present an obstruc-
tion to the progress of the wave. We 
can now consider the effect of intro-
ducing such an obstacle in the path 
of a wave train, and the general be-
haviour of sound waves under these 
conditions. Figs. 2a and zb (drawn 
in cross-section for clarity) illustrate 
two cases were sound waves of long 
and short wavelengths respectively 
are impinging upon a microphone 
AB, of width d. 

If we consider a point 0 in the 
centre of the diaphragm at a time 
when the pressure has built up to a 
maximum, then it is clear that very 
shortly after this maximum pressure 
has occurred the wave must sweep on 
around the sides of the obstruction 
z nd reunite later at the back. This 
process is known as " diffraction." 
The time taken for the wave to get 
round the obstacle may be either a 
small fraction of the time of one cycle 
(or the distance from front to back is 
a small fraction of the wavelength, 
as, in Fig. za), or a large fraction, as 
in Fig. 2b. In the former case, little 
disturbance of the wave front takes 
place, but in the latter, considerable 
disturbance is shown. Another way 
of looking at this is to imagine a 

111011111 
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Fig. 2 (a) and (b) (left). 
Diffraction of long and 
short waves around a 
microphone, showing 
"pressure - doubling." 

Fig. 3 (right). View of 
a modern moving-coil 
microphone with the 

cover removed. 

reflected wave being set up and 
moving in the opposite direction to 
the incident sound. Such reflexions, 
which du occur, and can be shown by 
experiments with ripples produced in 
water tanks, give rise to interference 
patterns; but these have been omitted 
in order to simplify the diagram. 
The important point is that the inci-
dent wave "builds up" in front of the 
obstacle and as a consequence the 
effective pressure acting on the dia-
phragm can be as much as twice the 
pressure due to the incident sound 
alone. The figure of twice the pres-
sure has given the name " pressure 
doubling" to this effect, although an 
exact doubling can only take place 
when the obstacle is infinitely large 
and complete reflexion (without ab-
sorption) takes place. The effect, 
however, becomes appreciable when 
the width of the obstacle is compar-
able with the incident wavelength. 
The exact mathematical analysis for 
various shapes of obstacle (both flat 
and solid) has been investigated by 
Rayleigh, Ballantine, and others and 
is too complex to be discussed here. 
The construction of many pressure 

microphones, particularly those em-
ploying stretched diaphragms secured 
by a damping ring, results in a 

cavity " being formed at the face 
of the microphone. The photograph 
(Fig. 3), which is of a modern 
moving-coil microphone, shows this 
cavity very clearly. As explained in 
the first article, a cavity containing 
air (which possess both mass ana 
elasticity). behaves as a short stubby 
(« pipe," closed at one end, and 
having a resonant frequency. The 
pressure at the closed end of such a 
pipe may, at resonance, be two or 
three times that at the open end. In 
actual fact the microphone illustrated 
in Fig. 3 has a substantially level 
response, for the cavity effect has been 
offset by the inclusion of acoustic 
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elements behind the diaphragm. 
These will be considered in Part Ill. 

From the above considerations it 
will be' seen that frequency distortion, 
particularly at the higher frequencies, 
is likely to occur due to these in-
creases in pressure at the diaphragm 
of the microphone as compared with 
the pressure in free space. Fig. 4 
gives some idea of the resultant of 
these two effects for an obstacle, the 
dimensions of which are typical of 
some of the earlier condenser micro-
phones. It will be seen that a total 
" lift " of 12 db. occurs at the reso-
nant frequency of the cavity. In 
modern types of microphone, small 
size and special construction have 
reduced these effects. 

In the last three paragraphs we 
were only concerned with waves at 
" normal " incidence (i.e., direction 
of propagation at right angles to the 
diaphragm). If the wave approaches 
the microphone at any angle other 
than the normal -then other effects— 
sometimes undesirable--take place. 
An overall curve shows progressively 
less response to high frequencies as 
the angle becomes greater, so giving 
the microphone a marked degree of 
" directivity." A qualitative ex-
planation of this can be given in the 
following way. Fig. 5a shows a train 
of relatively long waves arriving at 
an angle 9 to the normal, while 
Fig. 5b shows the same diaphragm 
being similarly subjected to a train of 
waves where the wavelength is com-
parable to the diaphragm width. 
Consider three points on the dia-
phragm, P., P,, and P., at the centre 
and to the sides respectively. In the 

Fig. 4. The combined 
effects of cavity resonance 
and "pressure - doubling" 
on the frequency response. 

case of the long wave the' e will be 
very little difference in the excess 
pressure whether taken at P0, P, or P2. 
This is shown in the projection on to 
the sinusoidal graph drawn at the 
side of the pictorial representation. 
When we examine the short wave of 
Fig. 5b by the same method it can be 
seen that it is possible for the dia-
phragm to be subjected to regions of 
compression and rarefaction at the 
same instant. The result of the com-
pression part of the wave is such as 
to oppose that due to the region of 
rarefaction and so, for that particular 
wavelength and angle of incidence, 
the output of the microphone is very 
much 'educed. The effect of reduced 
" top " at wide angles of incidence is 
offset by the increases due to pressure-
doubling and cavity-resonance already 
referred to. Consequently, when all 
factors are considered together, one 
can see how the final frequency 
response for any particular angle may 
be similar to those shown in Fig. 6, 

Fig. 5 (a) and (b). Effect of oblique incidence of waves. 

which is for a typical large-sized 
pressure microphone. 
Early microphones of the carbon-

granule and condenser types suf-
fered from frequency distortion to 
a marked degree, due to the various 
causes enumerated above; and it is 
doubtful whether this was appreciated 
at the time. I any calibrations were 
carried out at all in these early days 
they were " pressure calibrations." 
Pressure calibration consists of apply. 
ing a known acoustical pressure to 
the diaphragm (the method of doing 
this will be described at the end of 
this article) and so only the mechani-
cal-electrical conversion character-
istic is obtained . . . a characteristic 
which is more flattering to the micro-
phone than that obtained from " free 
air " calibration. The principle of 
the latter method is as follows : 
The microphone is placed in an 
acoustically " dead " room and is 
subjected to a train of sound waves; 
the microphone is then removed and 
the pressure measured at the place 
which the microphone had just occu-
pied. 
Examples of purely pressure-

operated microphones include the 
carbon-granule (response similar to 
Fig. 6), the single-sided condenser, 
the moving coil, and the piezo-elec-
tric types. The carbon granule 
microphone has major 'defects other 
than those of a mechanical or acousti-
cal nature and is no longer considered 
to have a place in high-quality broad-
casting or sound recording. The 
others have been improved by various 
artifices and of these the moving-coil 
type is a notable example. In Part Ill 
it will be shown how, by making the 
microphone of small dimensions and 
by adjustment of several acoustic 
elements (cavities, slits, tubes, etc.) 
behind the diaphragm, the response 
has been made relatively level over a 
wide frequency band. 
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Piezo-electric microphones may be 
constructed with single crystal ele-
ments or with a number of elements 
grouped together. The single-element 
type, by reason of its inherent small-
ness and the absence of a cavity, is 
relatively free from the defects men-
tioned above; but some of these ad-
vantages are thrown away when 
several elements are used to gain 
sensitivity. Single-element crystal 
microphones and some other modern 
types which are of particularly small 
pnysical dimensions are therefore prac-
tically omnidirectional, i.e., whose 
frequency response is the same no 
matter what the angle of incidence. 
Other, large microphones, due to the 
variation in shape of the polar dia-
gram with frequency, require the per-
formers to be grouped within a small 
angle in front of the diaphragm. This 
directional nature of the larger type 
of microphone also has an effect on 
their response to reverberant, or in-
direct, sound which we shall discuss 
later. 

Velocity Operation 

At the beginning of this article it 
was stated that if a diaphragm were 
exposed on both sides to a sound wave, 
then a difference in pressure would 
result due to the sound wave arriving 
at the back in a different phase from 
that at the front. The diaphragm 
. ould then move according to the 
difference in pressure between front 
and hack. This pressure difference 
can be shown to be directly propor-
tional to the particle velocity. 

First consider a small diaphragm, 
AB, situated in a set of waves, travel-
ling from left to right (as in Fig. 7a) 
and a wavelength which is long com-
pared with the diaphragm width. 
.Diffraction occurs and the wave 
" re-forms " at the back of the dia-
phragm, having moved a distance 
d around the edges of the dia-

Fig. 6. Response curves 
for different angles of 

incidence. 

phragm in so doing. It is the time 
taken to move this distance d that 
gives us the required phase difference; 
and d has been transferred to the 
graph to show how the two different 
pressures, po and p„ are set up under 
these conditions. Fig. 7b shows a 
similar set-up but with the wavelength 
made much smaller (in fact, X = d), 
and it is seen front the accompanying 
graph that no matter where the wave 
is with respect to the diaphragm the 
pressures at the front and the back 
are equal, i.e., po = pi, or P's = 
Censequently no output results at 
this particular frequency. This is 
sometimes described as an example of 
the " breakdown " of the velocity 
principle, the " velocity principle " 
presumably being that there is a 
pressure difference between the front 
and the back of an obstruction. The 
authors are not in favour of this 
statement as it is not really a prin-
ciple that has broken down, but 
merely that the principle shows that 
no pressure difference exists at a 

certain frequency. In the design of 
velocity microphones care is taken to 
keep this frequency as high as 
possible. In actual fact, exact can-
cellation does not occur at this " ex-
tinction " frequency, due to the 
inequality of pressures at back and 
front brought about by diffraction 
effects. 
The main difficulty in understanding 

the operation of this microphone is in 
determining exactly the length of d, 
because the exact path that a wave 
takes when it is diffracted round an 
obstacle is not obvious. A flat 
diaphragm has been taken in the 
example, but a practical microphone 
must have something besides this and 
in most cases it takes the form of the 
pole pieces of a magnet between which 
the diaphragm (a ribbon) moves. 
These pole pieces naturally add to the 
area of the obstacle and so the dis-
tance d is made larger, with a conse-
quent lowering of the frequency at 
which the cancellation effect (referred 
to in the last paragraph)* takes place. 
One of the earlier R.C.A. microphones 
was so designed that the pole pieces 
were very thin, thus keeping d as 
small as possible, but as the cross-
section of these pole pieces was then 
insufficient to carry the magnetic 
flux, side pieces were added, leaving 
spaces through which the sound 
waves might pass without much 
hindrance (Fig. 8). This results in 
the " extinction " frequency being 
high enough to maintain the frequency 
response over the major part of the 
A.F. band. In the design of the 
B.B.C./Marconi ribbon microphone, 
this extinction frequency is allowed to 
occur in the middle of the audio-

Fig. 7 (a) (b) and (c). Relative path differences around an object in the path of waves of varying 
wavelength. 
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frequency band, at 4,500 c/s. The 
falling-off of output is then compen-
sated for by a resonance of the cavity 
formed in front of the ribbon by the 
chamfered faces of the pole pieces. 
Fig. ol a view taken looking down on 
the microphone, with its covers re-
moved, shows the cavity which is 
formed by the chamfered pole pieces 
and the; ribbon. 
Apart from the high-frequency cut-

off referred to above, the ribbon-type. 
velocity microphone gives a sensibly 
level response curve for plane waves 
and it is instructive to know why this 
is so. It is due to two frequency 
characteristics which are comple-
mentary to each other, but which can 
be considered separately: The ribbon 
itself is very lightly tensioned and 
its stiffness reactance is extremely 
small, giving a resonant frequency 
which is below the audible range 
(20 c/s. or less). This gives a 
mechanical system which is " mass-
controlled " over the audible fre-
quency range and hence, as explained 
in Part I, the velocity of movement 
of the ribbon (to which the output is 
directly proportional) is inversely 
proportional to frequency for a con-
stant applied force or pressure. 
Returning to Figs. 7a and 7c it will 
be seen that the pressure difference is 
very small for long wavelengths as in 
Fig. 7a, but will increase with in-
crease in frequency until it becomes a 
maximum when the path difference d 
is equal to half the wavelength 
(Fig. 7c). So, for the greater part of 
the frequency range the force, or 
pressure difference, increases for in-
crease in frequency. The force is 
actually directly proportional to fre-
quency up to the frequency at which 
the path difference is about equal to 
one-quarter of the wavelength, but it 
begins to fall short of the linear rela-
tionship above this frequency, and 
increasingly so until it eventliálly 
passes through zero where d =X. 
These two chat acteristics, namely 
the falling velocity - frequency 
characteristic due to mass control, 
and the rising force-frequency 
characteristic due to the velocity prin-
ciple, together give us a velocity of 
movement that is substantially inde-
pendent of frequency up to the value 
for which d = 4X. By working on 
these lines the form of the total 
response can be calculated in the 
manner shown below. It should be 
noted, however, that in.. this simplified 
treatment of the pi oblem the pres-
sures on the two sides of the ribbon 
have been taken as being the same as 

Fig. 8. An early R.C.A. microphone 
showing cut-away pole pieces. 

Fig. 9. View of B.B.C. Marconi (Type Et) 
ribbon microphone showing cavity formed 

by pole pieces. 

Fig. 10. Illustrating derivation of formula 
for pressure difference. 

those existing at two points on the 
line of propagation of the sound 
wave in free space and separated by 
a distance d. The pressures at two 
such points are equal in magnitude 

and differ only in phase. A rigorous 
treatment would have to take account 
of the fact that the obstacle effect of 
the microphone modifies the magni-
tude of these pressures also. It is for 
this reason that the output of the 
microphone does not completely 
vanish when d = X since the front 
and back pressures though acting on 
the ribbon in opposing sense are not 
exactly equal. 

Fig. to shows a single cycle of a 
sine wave of length X and amplitude 
p., together with a path difference of 
length d alongside it. The pressure 
difference moving the ribbon is shown 
as Ap, which is calculated by : 

d x 3600 
Ap 2posin   

2X 
18od 

= 2posinki, where k = --
c 

In this, f is the frequency of the 
sound wave and k is a constant for a 
given path difference which involves 
c, the velocity of sound in air. Hence 
the force operating the ribbon is pro-
portional to psinkf. This force is 
a maximum when sinkf= 1, i.e., 
when kf = oo°, giving d = ¡X; and 
is zero when sinkf = o, i.e., when 
d = X. It was seen in Part I that 
the velocity of the ribbon, assuming 
it to be mass-controlled, is inversely 
proportional to frequency for a given 
applied force. Moreover, the output 
voltage from a velocity microphone 
is directly proportional to ribbon 
velocity. Thus 

Output voltage a ribbon velocity 
Force Peke 
 cc ---

Frequency 

For a given applied pressure ampli-
tude, then, the output voltage of the 

sink/ 
microphone is proportional to   

and the response curve is hence de-
fined by the expression 

sinkf 
2010gts 

ftod 
in which k = - — . This function 

is plotted in Fig. if from which it 
is seen that the output voltage calcu-
lated from this simplified theory falls 
rapidly above the frequency for which 
d/X = 4. This diagram can be ap-. 
plied to any microphone of the ribbon 
velocity type in order to determine its 
theoretical response curve. It is only 
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necessary to move the logarithmic 
frequency curve until the "extinction" 
frequency coincides with d = X, and 
this has been done for a hypothetical 
case where this frequency is to,000 
c/s. (d = 1.32 in.) and for the B.B.C. 
model (d = 2.93 in.). 

Microphone Calibration 

As stated above, the early micro 
phones were " pressure " calibrated 
by applying a known acoustical pres-
sure to the diaphragm. One of the 
methods is to use a " thermophone," 
consisting of a pair of gold or plati-
num strips placed in a small con-
tainer filled with hydrogen and 
clamped to the face of the micro-
phone. (A hydrogen atmosphere is 
used in the enclosed space to increase 
the propagation velocity so that there 
is no possibility of producing wave-
lengths small enough to cause stand-
ing waves.) A mixture of A. C. and 
D.C. is then passed through the con-
ducting strips, which alternatively 
heat and cool, causing the hydrogen 
atmosphere to expand and contract— 
this providing the alternating pres-
3ure on the diaphragm. Since all the 
parameters of the device are known 
it is possible to calculate the actual 
pressure exerted on the diaphragm. 
An alternative method of pressure 
calibration, known as the " electro-
static actuator," may be used with 
condenser microphones. In front of 
the diaphragm a rigid grille is fixed, 

Fig. I l. Response of 
ribbon velocity micro-
phone calculated from 
simplified theory (see 

text). 
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and this acts as a third electrode. If 
an alternating voltage of suitable 
frequency is applied between this 
grille and the diaphragm, the latter 
will be subjected to an electrostatic 
force the magnitude of which can be 
calculated from the physical dimen-
sions of the plates, their distance 
apart, the voltage applied, etc. In 
order to obtain the " free air " cali-
bration, not given by the above two 
methods, the Rayleigh disk is used. 
This consists of a tiny flat disk, 
suspended on a torsion wire, in the 
path of the sound wave. The disk 
will tend to set itself across the line 
of propagation of the sound wave and 
from a knowledge of this deflection 

the absolute sound pressure can be 
calculated. The procedure adopted 
is to subject the microphone to sound 
waves in a lagged chamber, or in the - 
open air, to note its output, and then 
to substitute the Rayleigh disk in the 
place of the microphone. Having 
calibrated any microphone in this 
way it may then be used as a sub-
standard for free-air calibration of 
other microphones, by substitution. 
Microphone response is usually ex-
pressed with respect to a standard 
reference level. The acoustical input 
is measured and the output is quoted 
in db. with respect to i volt on open 
circuit, for an input pressure of i 

dyne per sq./cm. 

Electronic Flash Tubes (continued from p. 135) 

(a) (b) 
Fig. 5. Effect of impact of shock wave on bulkhead : (a) before and (b) 17.5 milliseconds after impact. 

milliseconds after the impact of the 
shock wave. 
The quality of the photographs 

would be much improved if more 
light were available, for then not 
cnly could the ideal exposure be 
given but the lens aperture could be 
reduced resulting in greater depth 
of focus and finer detail. 

In single flash photography the 

increased light may be provided 
simply by increase in the energy of 
discharge (the energy is ultimately 
limited by that which the flash tube 
will stand without disintegrating). 
In multiple flash photography the 
problem is not so simple since it may 
involve the dissipation of several 
kilowatts in the flash tube. 
This problem is being tackled in 

many ways and by a number of estab-
lishments. At Admiralty Undex 
Works, a unit has recently been com-
pleted which operates at a fixed 
frequency of 1,oein flashes per second 
and gives five times as much light 
per flash as was available when the 
photograph of Fig. 4 was taken. This 
unit is shown in the development 
stage in Fig. b. 
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Nuclear Energy 
PART 111.—Experimental Methods 

By W. D. OLIPHANT, B.Sc., F.Inst.P., F.R.S.E. 

Atomic Projectiles 

ARTIFICIALLY produced 
nuclear disintegration requires 
that the sub-atomic bombard-

ing projectiles be accelerated to such 
a velocity that their energy is at least 
sufficient tc penetrate the nuclear 
potential barrier; this was demon-
strated in Part II. The positively 
charged particles which are most 
commonly used for this purpose are: 
The proton (AIP), which is the 

nucleus of the normal hydrogen atom 
having a mass of 1.67 x ro-" gm. 
The deuteron (JP or ,D1), which is 

the nucleus of heavy hydrogen or 
deuterium, comprising one proton 
and one neutron, and having a mass 
of 3.33 x ro-k gm. 
The a-particle (die'), which is the 

nucleus of the helium atom, com-
prising two protons and two neutrons 
and having a mass of the order of 
6.66 x ro-N gm. 
The acceleration of all these pal-

tides is dependent on their electric 
charge and on their behaviour in an 
electric field alone or under the in-
fluence of simultaneously applied 
electric and magnetic fields. The 
neutron (uncharged) cannot be 
accelerated by such methods and its 
isolation and subsequent energy is 
dependent on, say, the bombardment 
of metallic beryllium with either 
a-particles or deuterons. 

The Electrodynamics of Charged 
Particles 

A particle of mass in, charge e and 
initially at rest, is accelerated by a 
potential difference V to a final velo-
city y in accordance with the energy 
relation 

— = Ve 
2 

(I) 

and this is the fundamental equation 
governing pure electrostatic or elec-
tric acceleration. 
Once the •charged particle is in 

motion, it has associated with it a 
magnetic fie] which will interact 
with an externally applied magnetic 
field and the particle will be sub-
jected to a reactionary force which 
will deflect it from its rectilinear 
path. If the external magnetic field 
(H in e.m.u.) is normal to the direc-

GL ASS PLATE 

LIGHT EXPANSION CH AMI3ER 

PISTON 

Fig. I (above). Direction of force F on a posi-
tively charged particle moving with velocity 
v In a magnetic field H which is normal to the 

path of the particle. 
Fig. 7 (below). The Wilson cloud chamber. 

Simple design shown in section. 

Fig. 3 (above). Arrangement of cyclotron 
accelerator electrodes or " dees." 

Fig. 4 (below). Plan of cyclotron accelerator 
electrodes showing H.F. connexions and path 

of accelerated particle (exaggerated). 
Magnetic field normal to plane of diagram. 

tion of motion, then the magnitude 
of the force is given by 

• Hey 
  (2) 

If the charge e is already expressed 
in e.m.u., then this force is given by 
Hey, since c is the ratio of the e.m.u. 
of charge to the e.s.u. of charge and 
is numerically equal to 3 x ro». 
For a positively charged particle, 

the direction cd this force is shown 
in Fig. i which depicts three vectors 
(representing H, y and F) which are 
mutually normal to each other. (For 
a negatively charged particle, the 
direction of the force vector is re-
versed.) 

If the velocity remains constant 
and the field (H) is uniform over the 
entire path of the particle, then the 
force will remain constant; F is thus 
a normal or centripetal force and the 
particle orbit will be circular. 

If, then, r be the radius of curva-
ture of this orbit and to (= v/r) be 
the angular velocity, 

my' Hey 
F = mozr = - •-• (3) 

fC 

from which 
lie 

= — = 
mc 

This relation is of fundamental 
importance in ionic acceleration in 
the cyclotron, in mass spectroscopy 
and in isotopic separation—three 
important experimental techniques 
which form the subject under the pre-
sent heading. • 
A study of Equation (4) indicates 

the following: 
(1) The angular yeldcity of an ion 

or charged particle moving in a 
uniform magnetic field is invariant 
with its linear velocity or the radius 
of curvature of the path; in other 
words, the time required to traverse 
a semicircular path, say, is not 
dependent on v. If the velocity is 
increased, so also is the radius. 

(2) The angular velocity, and 
hence the time required to traverse 
a given arc, is directly proportional 
to the impressed magnetic field in-
tensity and to the ratio of the charge 
to the mass of the particle or ion 
(s/m). 

(Continued on page 151.) 

(4) 
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EXHIBITION 
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DORLAND HALL 
LOWER RECENT ST., LONDON, S.W.1 

The Exhibition is arranged to give a com-
prehensive showing of the services and 
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sections devoted to the interests of the 
Electrical Industry. 

Admission is by Invitation Card only. 
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Exhibition Secretary at : 
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designer. 
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Fig. 4. P.P.I. (Plan Position Indicator) display. Fig. 8. hi,S display with electronic marker. 

Cathode-Ray Tube Displays 
This account of the use of the cathode-ray tube in radar is extracted from the paper A Survey of CR.-Tube 

Problems in Service Applications, with special reference to Radar, read before the Radiolocation Convention at the 

Institution of Electrical Engineers by J. G. Bartlett, D. S. Watson, and G. Bradfield, the part dealing with 

radar displays in the R.A.F. being dealt with by Mr. Bradfield 

Classification of Cathode-Ray Tube 
Displays 

THE versatility of the cathode-
ray tube gives rise to great 
variety in the form of the pre-

sentation. Some of this variety can 
be traced to historical causes, but the 
major part results from differences in 
the information being presented and 
in the use to which this information 
is to be put. It is therefore helpful 
to classify displays under the generic 
teints: conventional, pictorial, realis-
tic and instructional. These can then 
be subdivided into two types, in the 
first of which the correlation of 
variables is more or less rough and in 
the second it is so accurate that the 
display does not constitute a restric-
tion on the overall accuracy. These 
types are described as " general " 
and " precision." 
A " conventional " display is one 

in which the observer has to learn 
what is meant. For instance, he has 
to learn that range is shown by a 
" blip " below the line and that range 
increases as the " blip " moves to the 
right. The Conventional display is 
generally best suited for depicting 
especially important information 
needed for control purposes in a 
manner most readily grasped. Usually 

the equipment selects this information 
though an assistant may do the selec-
timi. 
A " pictorial " display is one with 

which the observer is naturally 
familiar, such as a bird's eye view of 
terrain surrounding him. Very often, 
though not inevitably, the pictorial 
type of display presents all received 
information very completely and 
makes full use of the ability of the 
human eye to see numerous items of 
information in a short time, but, of 
course, this task of searching through 
a great variety of unselected material 
will necessarily be very tiring. 
The term " realistic " is confined 

to those displays giving to the ob-
server a, picture which has a marked 
similarity to the normal visual picture 
he would see wizen in his feesent loca-
tion. The idea behind the provision 
of this display is that such a picture 
should produce instinctively on the 
part of the observer the appropriate 
physical reaction. 
The final main division under the 

term " instructional " has been re-
served for displays where the picture 
tells the operator what his next action 
should be as regards its nature and 
extent; this is in contra-distinction to 
the preceding types of display, all of 

which merely supply information 
without telling the operator what to 
do. 

Fundamentals of Display Circuit 
Technique 

Consider first a radar system 
similar to that which will be described 
later under the name " 
(Chain Home Low). In this case a 
master oscillator produces a sine 
wave (Fig. i(a)) of a frequency equal 
to the desired recurrence frequency of 
the transmitter pulse. This is ampli-
fied and squared by " bottoming " a 
valve anode (Fig. i(b)) and then 
differentiated (Fig. i(c)) to give a 
locking pulse for the transmitter 
(Fig. i(d)). This latter pulse, or one 
suitably delayed or advanced, is also 
used to trigger the time-base circuit 
of the cathode-ray tube. This circuit 
is a multi-vibrator normally resting 
in one stable condition. The trigger-
ing pulse trips this over, in the well-
known way, into a second condition 
during which the grid condenser 
which maintains one of the valves 
biased beyond cut-off gradually dis-
charges until, after a certain time, 
the multi-vibrator reverts to its 
previous condition. The circuit thus 
generates a square wave (Fig. )(e)) 
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I.E.E. Radiolocation 
Convention 

which can be applied to the grid of 
the cathode-ray tube to brighten the 
spot during the period of operation 
of the time base (compare received 
signal plus noise in Fig. i(g) and 
the deflection displayed in Fig. 1(h) 
illustrating blacking out of the un-
wanted part of the trace). 
The pulse produced when the 

multi-vibrator reverts to its previous 
condition is used to energise a valve 
which short-circuits a condenser, 
normally being charged from a high 
voltage through a high resistance. 
Thus, this condenser starts to charge 
synchronously with the transmitter 
pulse, and the linearly rising wave 
(Fig. i(f)) so produced is applied 
through an amplifier to the time-base 
deflection plates of the cathode-ray 
tube and produces a movement of the 
spot with uniform velocity starting 
with the transmitting pulse and last-
ing for the paralysis period of the 
multi-vibrator. It will be clear that, 
since this uniform veloCity starts with 
the transmitter pulse, distances along 
the time base are proportional to the 
range of the target from the trans-
mitter and repeated traces merely 
superimpose more noise and -target 
traces one on top of the other. 

It it is necessary to apply magnetic 
deflection to a cathode-ray tube this 
is done most simply as in Fig. 1(1) by 
injecting the voltage waveform into 
an amplifier which drives a current 
I of the same waveform through a 
coil around the neck of the cathode-
ray tube, thus producing the required 
deflection.' To cut out non-linearity 
and other faults of the equipment, a 
voltage IR is fed back in series with 
the input. In general the earlier cir-
cuits for magnetic deflection were not 
so simple as that described, but this 
is a matter of circuit history which 
need not concern us here. 

In the case of time bases for mag-
netic tubes it is often best to generate 
a balanced wave, such as is shown in 
Fig. i(k) where a saw-tooth is suc-
ceeded by a wave sweeping through 
the axis in the opposite sense and 
shaped so that the mean value lies 
at the commencement of the rising 
wave. 
When it is desired to rotate the 

time base, a taw-tooth wave is fed 
into the rotor of a generator with two 
stator phases at right angles, and the 
windings of the latter are connected 
to the deflection plates of a cathode-
ray tube or to a stationary two-phase 

coil around the neck of the cathode-
ray tube as shown in Fig. 1(1). If 
the rotor is turned, rotation of the 
time-base trace results and this rota-
tion is synchronised with that of the 
aerial array. This scheme was widely 
used in aircraft installations but the 
majority of ground-station equipment 
with rotating time bases used a 
linearly rising current wave in coils 
which were rotated through gearing 
by a synchronous motor energised 
from a generator turned by the aerial 
array. 

With H2S equipment, a correction 
to the waveform has to be made to 
compensate for aircraft height.' In 
this case a network of condenser-
resistance elements is charged with a 
voltage proportional to height and 
discharged at the time of the genera-
tion of the rising saw-tooth to 
accelerate the rise of a delayed wave 
as in Fig. i(j). 

One other circuit feature in con-
nexion with displays needs to be 
mentioned. This is the use of strobes. 
It will be clear that the square wave-
form of Fig. i(e) can be regarded as 
a delayed waveform at S and this 
wave can be used to switch on a 
valve and start a new train of wave-
form generation delayed by the 
paralysis time of the multi-vibrator. 
Such a process is termed a delayed 
start of sweep and, when the period 

Fig. I. Illustrating 
the stages in pro-
ducing triggering 
pulse for time-base 
circuit, waveform for 
magnetic deflection, 
and method of pro-
ducing radial trace. 

(a) — 

(b) 

(c) 

( 

S is short, i.e., s to, say,. 20 micro-
seconds, that part of the square wave 
is called a strobe. Alternative 
methods of delaying the strobe, such 
as differentiating on the grid of an 
amplifier through a variable con-
denser and leak and thereafter squar-
ing, are also possible. 

Fester cal Survey of Cathode-Ray Tube 
Displays over the Period 1936-1945. 

The first radar displays in Britain 
were of the C.H. (Chain Home) type 
(see Fig. 2), the system used being 
rather similar to that described above. 
The radiation from these stations had 
wide polar diagrams in azimuth and 
elevation, and when once an aircraft 
was detected it was necessary to 
balance two or more aerials through 
goniometer systems in order to deter-
mine azimuth and height. Balance 
was evidenced by decrease of the air-
craft echoes of Fig. 2 to invisibility. 
The display comes in the " conven-
tional " category and although 
accuracy was good, the term " pre-
cision " was not applicable. 

Late in 1939, C.H.L. (Chain Home 
Low) equipment came into operational 
use, enabling low-flying aircraft and 
ships to be readily seen, and, using 
very directional rotatable arrays, a 
high degree of azimuthal accuracy 
could be obtained by a device known 
as " split." By altering the phasing 
of the radiating elements of the array 
the beam was moved slightly, so 
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changing the field strength at the 
target aircraft. The resulting change 
of receiver signal was displayed as a 
side-by-side comparison on a cathode-
ray tube. The side-by-side position-
ing was affected by synchronously 
shifting the beam and slightly altering 
the zero of the range trace every other 
transmitter pulse. Again this display 
was of the " conventional" type. 
The cathode-ray tube used was the 
VCR151, a 12-in, tube with a wille-
mite screen. 
At the end of 1939 an A.I. (Air In-

terception) equipment was being 
tried, the display of which took the 
form shown in Fig. 3. This used a 
switching technique for azimuth and 
elevational aerials, interlocked with 
switching of the sense of the cathode-
ray tube traces so as to place them 
back-to-back as shown. The A.S.V. 
(Air to Surface Vessel) equipment was 
similar but was simplified by the 
omission of the elevational aerials 
and *as used operationally before A.I, 
These displays in Fig. 3 must be 

classed as " conventional " with few 
" realistic " features, but a surprising 
facility was achieved by the R.A.F. 
in their use. The adoption of these 
types of display, together with the 
introduction of the high deflection 
sensitivity cathode-ray tube, enabled 
relatively simple equipments to be 
produced. 
As far back as 1936 the possibility 

of an entirely new form of display, 
the P.P.I. or Plan Position Indicator, 
had been visualised. In the early 
part of 1940 work on this was intensi-
fied and it came into operational use 
in May, 1940. It was an immediate 
success, giving unexpectedly accurate 
indications of azimuth. It repre-
sented a great advance in realism 
and this conduced to rapid action. 
The equipment concerned constituted 
a rotating directional array like the 

with means for making the 
range trace, now intensity modu-
lated, rotate on the cathode-ray tube. 

Fig. 7. Centimetric A.I. (air 
interception) with spiral 

scan. 

ARC SHCO/S 
TARGET IS 
TO ST50. 

ABOVE 

CR. tube 
12 -dia 

Fig. 2. Early type of C.1-I. display. 

- Ir‘insnutter 
pulse 

Azimuth 
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CR. tube 
33/4 dia 

Indicates target 
aircraft to starboard 
and 'above" 

\end indicate 
target nearing 
range for 
shooting 

Fig. 9. B-scope display. Used 
on: A.S.V. Mk. Xl., Al. X, 
A.S.D. and A.I. Mk. X. 

.4—Port Stbd.—p-

Indicates • 
target 
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to starboard 
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above 
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Fig. 3. (Above.) 
A.I. displays. 

Fig. S. (Left.) 
Gee display. 

Fig. 6. (Below.) 
Later A.I. dis-

play. 

C.R.tube 
2Y:Cdia 

I.E.E. Radiolocation 
Convention 

It will be seen from the photograph 
(see Fig. 4) that surrounding reflect-
ing objects are shown in plan posi-
tion; this justifies the placing of the 
display in the category " pictorial." 
The technique of intensity modulation 
was imported from television prac-
tice and it was found necessary to 
limit the signal electrically to avoid 
over-modulation of the cathode-ray 
tube. This gave clean-cut edges to 
the arcs generated and, by bisecting 
these, azimuth was accurately ob-
tained. 

In order to retain a trace on the 
cathode-ray tube after the aerial 
had swept to a new position (the rota-
tional speed being low, about 6 
r.p.m.), a screen of especially long 
afterglow type was introduced and 
this enabled echoes to be seen for 
many seconds and even a minute after 
the first recording. 
The next display,* shown in Fig. 5, 

in the very important " Gee " 
equipment for aircraft, the design of 
which was started early in 1940 and 
was used operationally in August 
1941. This equipment used a dis-
play which was in the "conventional" 
category but was of the "precision" 
type. Use was made of a crystal 
oscillator which generated both time-
base recurrence and calibration pips, 
the locking of tne former to the master 
ground or "A" station transmission 
ensuring accuracy of calibration and 
being judged by the freedom from 
drift of the trace. 

Besides ingenious circuit features, 
Gee equipment exhibited two import-
ant possibilities in cathode-ray tube 
displays, firstly the ease with which 
different pictures can be shown on the 
tube by a simple circuit changing 
switch, and secondly the ease of recog-
nition of a signal originating from a 
..Se4 ELECTRONIC ENGINEERING, 1045. 

Fig. 10. C-scope display. 
Used on centimetric A.I. 

equipment. 

Above 

Elevation 

Below 
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Fig. 12. VEB (vertically 
elevated beam) and AMES 

Type 16 display. 
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I.E.E. Radiolocation 
Convention 

C.R. Tubes used in 
Radiolocation 

T
HE top photograph shows the gun assembly 
of the VCR84, a tube specially developed 
for radar with a long afterglow double-layer 
screen. 

Gun Assemblies 

Various gun assemblies are shown in the photo-
graph on the right. These are (from left to right) : 
Gun mounted in eyeletted mica disks assembled on 
stainless steel support rods. Alternative construc-
tion using ceramic rods and metal bands integral 
with the electrodes. Similar alternatives using 
glass are shown in the next two examples. The 
small gun structure shown is of the simplest type, 
as used for magnetically focused tubes. The last 
example shows a complete assembly built on an 
accurately fabricated cylindrical second anode, a 
method which avoids the need for jig mounting 
during assembly. 

Tube Types 
Tubes used for P.P.I. and range-bearing displays are 
shown in the next photograph. From left to right 
these are : VCR140, VCR516, VCR520, VCR517, 
VCR.530, VCR524, ACR22. The first two were 
based on television tubes of prewar construction, 
the third being a magnetically focused and scanned 
tube for large screen projection. The VCR517 is suit-
ed to a circular scan and operates at 3,500 V VCR524 
is noteworthy in using post-deflection acceleration, 
and the ACR22 has a pressed glass screen end with 
long afterglow screen. 

Types of Magnetic Scanning System 
1. E.M.1. Iron-clad coil. 
2. T.R.E. version of No. I. 
3. Two-phase magslip stator. 
4. Final VCR530 two-phase coil. 
5. Short version of No. 4. 
6. Two-phase coil by G.E.C. (Leicester). 
7. 8-tooth coil (T.R.E. design, made by G.E.C.). 
8. Screen case for H. 
9. E.M.I. toroidal coil in case. 
A. Single-field coil for turning mechanisms. 
B. Early sample of No. 2. 
C. Later sample of No. 2. 
D. Early version of No. 4. 
E. Stamping used in No. 4. 
F. Section of No. 6. 
G. Sample for No. 7. 
H. U.S.A. square-yoke coil. 
J. One of the 8 coils on K. 
K. H out of case. 

The tube photographs are reproduced from the paper, 
" War-Time Developments in C.R. Tubes for Radar," 
by L. C. Jesty, H. Moss and R. Puleston, and the photo-
graph of scanning coils from the paper by G. Bradfield 
already referred to. 
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certain -4.1Lion by '' ghosting," i.e., 
duplication of equal or reduced am-
plitude u ith a fixed known delay. The 
VCR97 cathode-ray tube, already 
established, again proved its worth in 
Gee displays and was used at 1.8 to 
2 kV. 
The development of A.I. was pro-

ceeding along three lines: (a) im-
proved metric systems, (b) spiral -scan 
centimetric systems, and (c) helical 
.can centimetric systeras, all of which 
involved different displays. The first 
system gave rise to the display shown 
in Fig. 6, the prototype design of 
which was produced late in 1941 and 
which became operational in 1942. 
This was, perhaps, a high-water mark 
in display design. It can legitimately 
be described as "realistic" as the tar-
get aircraft echo was roughly correctly 
positioned in azimuth and elevation 
as a spot of constant brightness on the 
screen which " grew wings " as it 
approached, until when the wings 
touched the uprights it was time to 
fire. Although initially the necessary 
control of the spot was by an observer 
strobing the range trace, later (the 
design starting in 1942 and becoming 
operational in 1943) A.I. Mark VI 
equipment was developed in which 
this was done automatically and the 
display then became suitable for 
:,ingle-seater aircraft. 
Almost concurrently, spiral scan 

centimetric A.I. was developed in 
1941 and became operational in the 
early summer of 1942. The helical 
scan system was recognised as a 
rather longer term development and 
accordingly Dr. Bowen went over to 
the U.S.A. to introduce these ideas. 
The display of the spiral scan centi-
metric A.I. is shown in Fig. 7. It 
•-hould be noted that range increases 
from the centre outnards. It is in the 
" conventional " category but has 
some realistic features. 
During 1942 the P.P.I. was incor-

porated in an aircraft display, the 
equipment being known as H.S. This 
used a jo-cm. pulse transmitter, with 
a paraboloid for transmitting and re-
ception giving a io° beam in azi-
muth. These equipments were also 
used for A.S.V. and played a great 
part in anti-submarine warfare before 
1942 was ended. The early displays 
liad a range gap due to the height of 
the aircraft. Although it was not 
troublesome for A.S.V. purposes for 
H.S navigation and bombing a 
seriously distorted picture occurred. 
Certain adjustments could be and 
were made to reduce this distortion 
but it was not until 1944 that a really. 
good system was introduced to over-

come the trouble by the use of a 
hypeibolic waveform for the scan. 
The resulting display can justifiably 

fall in both "pictorial " and ''realis-
tic'' categories. It is noteworthy 
that early in 1943 H.S displays had in-
corporated an advance of consider-
able importance, the use of electronic 
markers (see Fig. 8) for azimuth 
and range. This avoided parallax 
troubles and was of considerable 
assistance in increasing accuracy. 

Dr. E. G. Bowen had aroused en-
thusiasm in U.S.A. for a helical scan 
system of centimetric A.I. and the 
SCR72o, known in this country as 
A.I. Mark X, resulted. This was 
altogether more complex than the 
A.I. Mark VII or Mark VIII equip-
ment and this complexity extended 
to the display. The latter no longer 
consisted of a Simple tube but the 
functions of azimuth and elevation 
indication were separated. Fig. 9 
shows a range azimuth display in a 
hem which came to be known as the 
" B "-scope, while the observer in the 
aircraft " strobed " for the required 
target aircraft echo to be presented 
on another tube (see Fig. lo) known 
as the " C "-scope. It will be appre-
ciated that both the B-scope and the 
C-scope displays fall into the " con-
ventional " category although the 
latter has some claim to realism; this 
daim is shaken to some extent by the 
fact that the arc depicted on that tube 
only shows up for a very brief period 
and consequently there is a fairly 
bright flash followed for the rest of 
the time by a dim and decaying sig-
nal. It is of interest that the B-scope 
presentation, although only " con-
ventional," was sufficiently easily in-
terpreted ta permit 
some sort of course 
setting for cut-off 
vectors in A.I. in-
terception, thus to 
some extent elimin-
ating the necessity 
for the stern chase 
inevitable with the 
A.I. Mark VII and 
Mark VIII types of 
equipment and dis-
play, a matter of 
considerable impor-
tance with the very 
fast aircraft which 
the Germans were 
then employing. 

Fig. II. Centimetric 
display for height at any 

azimuth. 

Lines of constan 
height 40000 ft 
to 10000 It 

I I.E.E. Radiolocation 
Convention 

Before leaving ground radar with 
its narrow beam, mention should be 
made of the display of Fig. asso-
ciated with centimetric radar for 
height measurement at any desired 
azimuth. The interesting feature 
about this display was that for the 
benefit of the operator it attempted 
to depict target height realistically. 
In the case of the VEB and AMES 
Type 16 types of display in Fig. 12, a 
line of constant height was part of 
a hyperbola and therefore an air-
craft flying at fixed height resulted 
in the echo moving in an unnatural 
way on the face of the cathode-ray 
tube. This was overcome, as will be 
seen in Fig. ix, by an ingenious 
arrangement of deflection signals. 
The range trace was applied to the 
X-plates in the normal way and at 
the same time was injected into the 
rotor of a generator fixed to the array, 
the output from a stator winding of 
the generator feeding the Y-plates. 
An off-shoot of the A.I. type of dis-

play was known as " Windscreen 
Projection." This presented an 
" image " of the target aircraft to 
the pilot's eye appearing as though 
it 1.&.e a great way off and in the 
direction he would actually have to 
look to see the target he was ap-
proaching. In addition, an artificial 
horizon was visible, and, at will, a 
gun sight, so that the pilot, when he 
saw a real dim shape through his 
windscreen-reflected image, would 
manœuvre the aircraft to make it 
match the gun sight and, at the cor-

Target aircraft echo 



148 Electronic Engineering May, I 946 

I.E.E. Radiolocation 
Convention 

rect range, would fire. The display 
carries realism one step further and 
the scheme is thought to have great 
possibilities. 

Visibility of Cathode-Ray Tube Traces 
and Patterns 
A display is no use unless it is 

visible and in general the more easily 
visible it is, the more use it is. In 
this section the importance of visi-
bility and ways to improve it are dis-
cussed briefly. The matter falls into 
two broad divisions: (a) making 
weak signals readily visible in noise, 
extraneous lighting being negligible, 
and (b) providing displays which are 
readily visible under conditions of 
bright extraneous lighting. 

Before considering details, some 
general remarks on visibility should 
be noted. Early in the war, effort 
was directed on a simplified visibility 
problem to provide design data for 
the above, and a most useful prelimi-
nary study was carried out.' We have 
replotted some of these results in 
Fig. 12 in a form useful for our visi-
bility investigations. The investiga-
tions show that the contrast ratio for 
" just visible " line traces varies in-
versely as approximately the 
power of the area of trace and as 
approximately the power of the 
background brightness. For higher 
brightnesses the latter factor becomes 
of less and less importance.' 

In practice it was found that 
a trace brightness of around Too 
e.f.c. was comfortably visible and 
about zo e.f.c. was just usable. As 
the cathode-ray tube screen voltage 
was limited to 2.5 kV and the duty 
ratio was down to 0.002 (ratio of 
active to inactive time of cathode-ray 
tube presentation) a beam current of 
around 250 µA was necessary and, as 
the installation demanded a very com-
pact tube, the VCR526 incorporating 
these properties was developed. 
The following figures in Table 1, 

taken by the R.A.F. Physiological 
Laboratory, should be noted. 

TABLE I 
Visibility of Green Trace I mm. Wide, 

l t in. Long with ,} in. Blip 

bright- l Threshold 
ness 

e.f.c. Con-
trait 

40 
160 
500 

2,250 

3 
17 
37 
85 

7 
9.5 
7 
3.75 

Legible 
but 
faint 

Comfort-
ably 
bright 

e.f.c. Con- e.f.c. 
trast 

e 
27 

200 
350 

16.5 
14.5 
23 
13.4 

50 
180 
400 

'Yo 
Con-
trait 

55.6 
52.8 
45.5 

100 

O lo 

Fig. 12. Cont ratio against back-
ground brightness. 

101 
Background brightness efc 

It must be realised that a very 
bright cloud near the sun can have a 
brightness of as high as io,000 e.f.c. 
which can illuminate the screen of the 
cathode-ray tube by shining through 
the hatch of the aircraft. The result-
ing brightness on the face of an un-
protected cathode-ray tube can reach 
i,000 e.f.c. or even higher, especially 
in direct sunlight, but it was soon 
found that quite a small visor would 
ease the situation considerably, a type 
a few inches long and with an aper-
ture 4 in. x i in. cutting down the 
light by some 50 times. This limits eye 
freedom, but fortunately this has 
not been found to constitute a serious 
restriction on the use of either visors 
or magnifying lenses. In addition, 
neutral filters and colour filters of the 
same colour as the cathode-ray tube 
trace were helpful. 
The problem of making weak sig-

nals visible in strong noise on B-scope 
or P.P.I. displays has taken up a con-
siderable amount of effort and we 
now have a firm grasp of it. It will 
be appreciated, by looking at Figs. 
5 and 9, that the noise background is 
speckled and detracts from the visi-
bility of -a single signal, the effect 
being worse when the size of the latter 
is comparable with the noise spots 
and when its brightness is low in 
comparison with the latter. 
From tests it can be shown that, in 

a general way, increasing brightness 
of the background makes the display 

10 

more sensitive but that the improve-
ment is not as great as would be pre-
dicted from the simple plain back-
ground case and this is probably due 
to the noise peaks also being brighter 
and hence more distracting when 
general brightness is higher. 
A further improvement occurs 

when an increased number of traces 
arc superimposed due to smoothing 
of the noise background through 
superposition. 
From these considerations and 

from practical tests, it has been found 
that the sensitivity of cathode-ray 
tubes on B-scope displays can be im-
proved by increasing the recurrence 
frequency, broadening the aerial 
beam, increasing the pulse length, 
decreasing the speed of rotation of 
the aerial and by increasing the 
brightness of the cathode-ray tube it-
self by using higher voltages and by 
using high beam currents and efficient 
screen materials. 
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Extracted from the paper 

The C.R. Tube in Naval Radar 
previously referred to, the Naval section being contributed 

B.Sc., A.M.I.E.E., of the Admiralty Signal Establishment 

THE c.r.t. is an essential part of 
radar equipment, and the rapid 
development of radar resulted in 

c.r.t.s being used in large quantities 
in H.M. ships. A modern ship may 
have over 40 in use at one time, and, 
as adequate spares have to be carried, 
the total number of tubes in the ship 
is several hundred. 

In naval equipment it has been the 
rule to run the tube with the final 
anode at earth potential. This com-
plicates the design but allows the 
operator to touch the face of the tube 
with impunity, a feature that is of 
importance when the operator has to 
write on the screen. 

Precision Ranging System 
A considerable amount of thought 

was given in 1941 to the development 
of a system that would give very 
accurate ranges, and would at the 
same time be simple and easy to 
manufacture. For this reason it was 
important that a conventional type of 
tube should be employed. Such a 
system was developed, the basic ideas 
of which have been embodied in all 
subsequent British naval precision 
ranging equipment. 

Fig. I. Display of precision ranging system 
with expansion of trace. 

The picture presented to the range-
taker is shown in Fig, 1. The top 
trace shows ground wave and echoes 
presented in the conventional range-
amplitude manner, except that a 
small portion has been considerably 
speeded up. The bottom trace is 
identical with the top trace, but in 
place of signals it shows calibration 
pips. The two traces are separated 
by a few millimetres. 
A special phase shifter allows the 

calibration pips to be moved, and if 
the phase shifter is rotated con-
tinuously in one direction, the pips 
will appear to move steadily to the 

right or to the left. If a pip is first 
set against the ground wave, and then 
moved to the right until it is exactly 
against an echo, the range of the. echo 
can be ascertained from the total rota-
tion or the phase shifter. The cali-
bration pips are derived from a 
I63.9-kc/s. crystal oscillator, so that 
a phase shift of 360° represents 
1,000 yd.; the calibration pips are 
thus at t,000-yd. intervals. 
The essence of the scheme lies in 

the fact that the expanded portion of 
the trace is selected by a potentio-
meter, which is so coupled to the 
phase shifter that the same calibration 
pip remains in the centre of the ex-
panded portion at all times. This 
identifies a particular pip and also 
allows precision setting. The phase 
shifter can be coupled to a dial which 
reads the range, the setting of the 
selected pip against the echo will re-
sult in the correct range of that echo 
being given. It will be appreciated 
that the range taker sees the whole 
picture from zero to maximum range, 
a feature that is of considerable 
operational varue. 
The c.r.t. required is a simple elec-

trostatic model. Adequate brightness 
is called for in the expanded portion, 
and a really fine focus is useful. The 
voltages applied to the deflector 
plates are unusual, as one plate is 
supplied from a conventional type 
of exponential time-base generator, 
while the other is supplied with a 
step-shaped waveform (Fig. 2). 
The technique of setting the cali-

bration pip against the radar echo is 
one which gives surprisingly accurate 
results. The scatter of a series of 
readings on a fixed target at a range 
of 20,000 yd. is only a few yards. 
As radar fire-control equipment 

Fig. 2. 

Time 

Waveform applied 
to X2 plate 

by D. Stewart Watson, 

grew more complicated it became 
necessary to adapt the ranging sys-
tem to meet new requirements. A 
modified form was invented, and the 
picture presented to the range taker 
was as shown in Fig. 3. 
Comparison will show that the 

lower trace of the former display has 
disappeared and that the calibration 
pip has been replaced by a bright 
spot. When used for ranging, this 
bright spot is set on the leading edge 
of the echo, as shown in the diagram. 
The spot is obtained in a similar 
manner to the calibration pips in the 
former system, except that the pulsed 
LC oscillator is used, i.e., one that 
starts oscillation when the trans-
mitter fires. All the pips except one 
are suppressed, and the one that re-
mains is applied as intensity modula-
tion. ' 

Plan Position Indicators 
The year 1942 saw the introduction 

to the Navy of P.P.I.s In a P.P.I. 
a radial time base is employed, range 
being measured from the centre out-
wards, the time base being so 
arranged that it rotates in synchron-
ism with the aerials. 

Fig. 3. Modified ranging system with spot 
for calibrating. 

In the absence of signals the trace 
is invisible, echoes being made to 
brighten the trace. The P.P.I. thus 
builds up a radar map of the neigh-
bourhood, the process being facili-
tated by the use of a c.r.t, with an 
afterglow screen. 
The operational demand is for a 

tube on which weak signals fade out 
between one " paint " and the next 
and stronger signals persist for 
several " paints." It would be thought 
that, since the speed of rotation of 
the aerials may be anywhere between 
2 and 15 r.p.m., a series of tubes with 
different screen" materials would be 
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required. Fortunately this has not 
proved necessary, and only one type 
of screen is used for naval P.P.I.s. 

If the time base rotates in step with 
the motion of the aerial relative to the 
ship, then, if the ship is turning fast, 
say, 3 deg./sec., a fixed echo will be 
at a different point on the tube each 
time it appears, the angular separa-
tion of the points being le for an 
aerial rotating at to r.p.m. It will 
thus be clear that the picture obtained 
%yin be difficult to interpret, and that 
for naval purposes the display for this 
type of radar set must be arranged 
so that True North always appears 
at a definite position on the tube. 
This can be done (using suitable 
differential gearing) by combining the 
ship's course relative to True North 
(obtained from the ship's gyro-com-
pass system) with the position of the 
aerials relative to the ship. 

Relative Plan Position Indicators 

Sometimes for operational reasons 
a display is required in which ship's 
head is always at 12 o'clock. This is 
known as a relative display. As has 
been explained, to obtain a satisfac-
tory picture it is necessary to arrange 
that a fixed target " paints " at ap-
proximately the same point on the 
screen for consecutive rotations of the 
aerial system. 
This can be arranged, at the ex-

pense of some mechanical complexity, 
by arranging that a target, say, North 

Differential — 

Data transmitter 
arid aerial 

relative in North 

Bearing 

Compass motor 

of the ship, always paints " on the 
.,ame spot on the c.r.t., and that the 
tube is rotated in step with the ship's 
alterations in course, The system 
adopted is shown in Fig. 4. It will 
be appreciated that this scheme is 
necessary only at low aerial rota-
tional speeds and with long afterglow 
screens. 

Magnetic Screening 

The extensive use of P.P.I.s on 
board ship brought to light the need 
for careful magnetic screening of the 
tube. The amount of screening re-
quired varies greatly, depending on 
the position of the instrument. 

It is necessary to guard against de-
flection of the spot caused by the de-
gaussing coils in the ship, and 
against changes in the local magnetic 
field when the ship alters its position 
in the earth's magnetic field. 

In a horizontally mounted tube (i.e., 
screen vertical) the horizontal com-
ponent of the earth's field will cause 
the spot to move vertically as the ship 
turns through 360°. This trouble be-
comes more pronounced in the Indian 
Ocean, since the value of the hori-
zontal field increases compared to 
home waters by a factor of about 2. 
A typical figure for home waters, 

for a unit without special shielding 
and in an exposed position, is ± 
3 mm. for a VCR5t6 tube (áV1516) 
run at 5 kV. In order to ensure 
trouble-free operation in a local field 
of any intensity, it is now the prac-
tice to shield the tube with a Mu-
metal screen, itself surrounded by a 
soft-iron screen. 

Aerial relative to ship 

Gyro 

Slip-rings 

floldur 
coils Beann, for 

C.R.T. houstri?; 

Flg. 4. Arrangement of C.R. tube and mounting to give display relative to position of 
ship's head, which is at 12 o'clock on the screen. 

Use of Film in Radar 

Training 

One application ol a c.r.t with 
photography was in an equipment 
used for training purposes. A trainer 
cannot rely on normal air flights, and 
the problem was to build a simulated 
P.P.I. display. This was accom-
plished by recording echo signals 
photographically and later reproduc-
ing them on a P.P.I. tube in the fol-
lowing sequence: 

Fig. I. Film for training in P.P.I. display. 

(a) Recording.—A radar set with a 
rotating aerial scan puts intensity 
modulated signals on a blue-screen 
c.r.t. having a horizontal-line range 
trace. This trace, repeating at about 
1,000 times per sec., is photographed 
across the width of a continuously 
moving film (Fig. I). Now if the 
aerial scan speed is t rev, per zo sec., 
the recorded picture will repeat every 
zo,000 lines, except for the slight 
changes due to the movement of 
aircraft. 

(b) Reproduction.—The processed 
film is made to move past a similar 
blue tube with the same line trace, 
but this time at constant brightness. 
A photocell receives light from the 
c.r.t. that has passed through the 
film and been modulated in sympathy 
with the original signals. The radius-
vector time base of the trainer P.P.I. 
display is synchronised with the time-
base line on the blue c.r.t. The 
scanning coil around the P.P.I. tube 
which generates this vector is made 
to rotate at i rev. per 20 sec., and 
the moving film is synchronised to it. 
The signals from the photocell are 
amplified and used to intensity modu-
late the P.P.I. tube, thus giving a 
reproduced P.P.I. picture. 
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A representative 
group of coils wound 
on the Type MW 
machlne. 

TYPE MW MACHINE 

Suitable for 11 to 47 S.W.G. 

Wire gauges from II to 47 S.W.G. can be wound on the Neville's 

Type MW automatic coil winder. Such a wide range of coils would 

normally require three different sizes of machine. The very com-

plete specification includes a pre-determined re-set revolution 

counter registering up to six figures. three speed geared drive, and 

ball bearings throughout. Coils of 12" maximum diameter from 

to 10" in length are within its capacity, and faceplate speeds from 

283 to 1435 R.P.M. are obtainable. An experienced staff of highly 

skilled technicians is always prepared to give individual attention 

to coil winding problems. Your enquiries are invited. 

NEVILLE'S (LIVERPOOL) LTD 
ge THE SIM,MONDS TOWER • GREAT WEST ROAD • LONDON 

A COMPANY OF THE SIMMONDS GROUP 
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ERG'S HAVE THE URGE TO GO ABROAD 

SPEAK, N 
EXPORT« 
E R G Resistors have an 

exceptional electrical specifi-
cation and performance, with 
mechanical strength. 
High Grade Vitreous 

Enamels used on our Tropi-
cal Resistors give long life. 
and definitely assist in the 
trouble-free manufacture and 
performance of Radio 
Receivers, Television and 
Test Equipment. 

Processed up to the high-
est Service Standards at a 
competitive price. 

ERG 
ERGRESISTORS LTD 

1021a, FINCHLEY ROAD 
LONDON, N.W II 

Phone. Speeiwe'l 69,P 

ANALOGY ON THE GOOSE STEP 
lb. 

There are various kinds of goose step - 
here we show the delicate tread of dear 
old mother goose herself; there is also 
the gentle Prussian variety which did 
so well for a time until old Joe 
objected. 
The only thing these two goose steps 
have in common is that each step is 
identical, in fact just like-the 
Transformers we delight in producing, 
whether the quantity is one or ten 
thousand, they are all identically the 
same - giving exactly the same ????? - 
not the slightest variation to cause 
trouble at a later stage. 
To us it is a stirring sight to see our 
beloved Transformers goose stepping 
along the production lines - and if you 
saw them for yourself you would no 
longer wonder how it is that we produce 
the best Transformers so swiftly and 
so economically . . . 
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PARMEKO of LEICESTER. 
Makers of Transformers. 

e 

Reliable L.T. or H.T. Supply 
where weight and space factor 

is all important 
A range of Dynamotors has been 
designed and produced by S.E.M. 
engineers which combines the mini-
mum of weight and size with the 
highest possible dependability of 
performance. 
The dynamically balanced arma-

ture built on a high-tensile steel 
shaft, is mounted on ball bearings. 
Commutation insulation is of mica, 
and the whole armature and field 
coils are vacuum impregnated. 

All the machines are adaptable to 
meet manufacturers' individual re-
quirements. The possible combina-
tions of input and output ratings are 
numerous. Full details can be sup-
plied on request. 

The S.E.M. D.zoo Dyna-
motor is only 4rx2i-x3r. 
Input voltages: 6-48v. 
Maximum output: 375v. 
2510. It is entirely enclosed. 
Mountings can be adjusted 
to individual requirements. 

SMALL ELECTRIC MOTORS LTD ___ 
have specialized for over 30 years in making 
electrical machinery and switchgear up to 10kW 
capacity. They are experienced in the design and 
manufacture of ventilating fans and blowers, 
motors, generators, aircraft generators and 
motor generators, high-frequency alternators, 
switchgear, starters, and regulators. 

A SUBSIDIARY OF BROADCAST RELAY SERVICE LTD. 
BECKENHAM • KENT 

Precision Instruments 
of Maintained Accuracy 

Switchboard and Portable 

Pattern Microammeters, 

Milliammeters, Ammeters, 

Voltmeters, Wattmeters 

and Testing Sets. 

MEASURING INSTRUMENTS (PULLIN) LTD 

All enquiries to be addressed to : Phoenix Works, 
Great West Road, Brentford, Middlesex. Ealing 0011 
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Nuclear Energy (continued from page 142) 

(3) The orbital radius is directly 
proportional to the momentum and 
inversely proportional to the mag-
netic field intensity. It is also in-
versely proportional to the ratio elm. 

Production of High Energy Particles 

The simplest method is to make 
use of the direct acceleration pro-
duced by a high electric field in 
accordance with Equation (1). The 
required high voltage may be 
obtained in one of many familiar 
ways, either by the use of cascade 
transfo: mers and rectifiers or by volt-
age multiplier circuits; it may also 
be produced by an electrostatic band 
or belt generator of the van de Graaff 
type. The evacuated accelerator 
tube must be of linear form and suit-
able insulation must be provided; 
these two requirements set a practical 
limit to the maximum energy pos-
sible from sud' a system. Particles 
having an energy of the order of 
t MEV. have been obtained by these 
direct methods. 
(The energy of t MEV. (one million 

electron volts) is equal to 1.6 x to-' 
ergs and in accordance with the 
Einstein mass-energy relation is equi-
valent to a mass of 1.77 x to-" gm., 
or to an atomic weight of 0.001(27. 
In accordance with the quantum 
theory, it is the energy of a radiation 
quantum of wavelength equal to 
0.0123 x to-. cm.) 

In order to overcome the insulation 
difficulties, methods have been de-
veloped whereby successive accelera-
tion has beea brought about by a 
relatively low electric field intensity; 
this has been made possible by intro-
ducing high-frequency technique and 
requiring that the fast-moving ions be 
in resonance or synchronism with a 
periodic electric field. 
The fundamental principle of all 

such resonance accelerators was first 
described by Widertoe and the essen-
tial electrode arrangement within an 
evacuated accelerator tube is shown 
in Fig. 2. 
A series of metal tubular electrodes, 

separated by gaps and of progres-
sively increasing length, are arranged 
on a common axis. A high-frequency 

Fig. S (right). The 
Bainbridge mass spec-

trograph. 

Fig. 2 (left). The linear 
electrostatic resonance 
ion accelerator. (The 
electrodes are assem-
bled withinanevacuated 

envelope.) 
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source (E ) is connected, as shown, 
to alternate tube sections so that an 
electric field is established across each 
gap, while the inside of each tube is 
effectively screened from the electric 
field. Á charged particle, entering 
the system from the left, will thus be 
accelerated each time it crosses a gap, 
but its velocity will remain constant 
each time it is passing through a tube 
section. If there are n such sections, 
then in terms of the notation used in 
Equation (1), the final particle energy 
will be nVe electron-volts correspond-
ing to a velocity in cm.sec.-' given 
by: 

2nVe x t.6 x to-" 

= 4t1   (5) 

If /. is the length of the xth tube 
section, then this length must be such 
that the time (t) necessary for the 
particle to pass through must be 
equal to the half-period of the 
applied H.F. potential difference; 
that is to say, t 112f where fis the 
frequency. 
Hence the frequency of the applied 

pd. must be such that 
V. 

1= -
21. 

. (6) 

The linear nature of this type of 
tube sets a practical limit and it has 
heen foun;.: best suited to the accelera-
tion of heavy particles such as mer-
cury and sodium ions. One inherent 
advantage of the method is the fact 
that the ions are concentrated into a 
narrow axial beam due to the focusing 
action of the electric field at each gap. 
In one reported experiment, 36 cylin-
ders and an accelerating potential of 
about 8o kV imparted an energy of 
the order of 3 MEV. to singly 
charged mercury ions; the overall 
length of the electrode assembly was 
185 cm. with a spacing between 

cylinders of about zo per cent. of 
their individual length. 
The Cyclotron 
The most important practical appli-

cation of the above principle is the 
cyclotron or magnetic resonance ac-
celerator which was suggested and 
developed by E. O. Lawrence in the 
University of California. As in the 
Widertie arrangement, the particle is 
made to pass repeatedly through the 
same accelerating pctential differ-
ence, only use is now made of the 
influence of a uniform magnetic field 
set normal to the path of the particle; 
in other words Equation (4) and its 
consequences also enter into the 
theory of the method. 
The accelerator electrodes now 

take the form of two semicircular 
hollow metal boxes known as "dees" 
which are placed within an evacuated 
chamber and set relative to each 
other with a diametral gap* as shown 
in Fig. 3. 
These electrodes are placed be-

tween the poles of a large electro-
magnet so that there is an intense and 
uniform magnetic field normal to the 
flat faces of the electrode. An 
alternating potential difference of 
the order of to kV and of frequency 
to' c/s is applied across the elec-
trodes as shown in plan in Fig. 4. 
Near the centre (S) of the electrode 

system and slightly below a hot 
cathode is mounted and the emitted 
electrons, which are collimated by the 
magnetic field and accelerated by a 
subsidiary electric field, produce 
ionisation in the gas at low pressure 
which has been introduced through a 
small leak into the evacuated cham-
ber. (A residual air pressure less 
than to-' mm.Hg. is established by 
pump and a suitable gas, from which 
ions are to be produced, is admitted 
until the resulting pressure is of the 
order of i o-4 mm.Hg. Protons re-
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quire hydrogen gas and a-particles 
require helium gas. Deuterons are 
obtained from deuterium gas which 
has been generated by the action of 
heavy water vapour on zinc filings 
heated to 3500 C.) The ions so 
formed pass into the gap between 
the electrodes and receive their first 
acceleration; they move into the elec-
trode which happens to be negative 
at the time and, in virtue of the mag-
netic field alone, pursue a semi. 
circular path of small radius. On 
emerging at the next gap they are 
further accelerated to perform their 
second semicircular orbit of slightly 
larger radius. The ions thus spiral 
out as shown in Fig. 4, crossing and 
recrossing the gap many times till 
eventually they reach the periphery 
and are finally guided away by a 
deflector plate to a metal-foil window, 
to emerge finally as high velocity 
particles ready for use in a disintegra-
tion experiment. 
The success of the method depends 

on the exact synchronisation of the 
ions with the periodic field. The fre-
quency is defined by the relation 

He 
f —   (7) 

2.7r zircm 
in extension of Equation (4). 
Once the resonant or synchronous 

condition has been established, the 
ions move in semicircular orbits of 
ever-increasing radius and they re-
ceive an increment of energy each 
time they traverse a gap which is pro-
portional to the p.d. between the elec-
trodes. One important feature of the 
resonant principle is the fact that the 
ions are subjected to velocity analysis 
by the action of the magnetic field; 
at any particular radius all the ions 
have the same energy. The ions 
which do not cross a gap at a poten-
tial maximum will not receive the 
maximum degree of acceleration, 
they will travel through the electrode 
system more slowly and will thus 
have to traverse the gaps oftener till 
they attain the energy appropriate to 
the point of exit. Furthermore, the 
ion beam is constantly being sub-
jected to a focusing action by the com-
bined electric and magnetic fields, so 
that a continuous well-defined beam 
of homogeneous high-energy particles 
is emitted from the terminal window. 
Some idea of the size of a modern 

cyclotron can be obtained from the 
following data, which relate to the 
37-in. machine built by I.awrence 
at Berkeley: 
Weight of electromagnet = 85 

tons. Weight of copper in magnet 

winding = 9 tons. Magnetic field 
intensity for a gap between poles of 
34 in. = 15,000 oersted. A radio-fre-
quency oscillator of zo kW supplies 
a potential difference of the order of 
15 kV to the electrodes. With such a 
machine (so-called, because its size 
warrants the . use of engineering 
terminology) it has been possible to 
produce a-particles of energy equal 
to 16 PétEv. This machine has been 
superseded by a still larger one 
possesins pole faces 6o in. in 
diameter. Here, to quote just one 
figure, the weight of the entire unit 
is of the order of zoo tons. With this 
monster, Lawrence has produced 8 
MEV. protons, 16 MEV. deutrons 
and 38 to.E..v. a-particles. Even this 
is not the limit, for a 184-in, cyclo-
tron is now planned which will de-
liver deutrons of too MEV. energy. 
Apart from any consideration of 

financial and material resources (to 
say nothing of laboratory space and 

Fig. 6. The isotron method of isotope separa-
tion. 

U235 
COLLECTOR 

0238 
I COLLECTOR 

i 
1 e ') 

eie D I e 
e 

Deflecting ; 
synchronised 
of 0238 

À 

A 

Initial 
acceleratin 

voltage 

voltage 
with arrival 
bunches 

Saw tooth 
accelerating 
voltage to 
cause b nching 

Vapour of 
uranium salt 

Electron Gun 

strength), one is justified in wonder-
ing what the upper energy limit is 
going to be. When it is realised that 
the splitting of one uranium atom 
involves an energy release of about 
175 MEV., it is at once evident that 
cyclotron technique has just reached 
the half-way mark and the road of 
advance is beset by ever-increasing 
difficulties of which probably the 
most serious is the relativistic 
increase in mass with increase in 
energy. In this discussion it has been 
assumed that the particle mass re-
mains constant so that it has been 
possible to adjust the drive frequency 
(in accordance with Equation (7)) to 
accommodate resonance. With a 
variable mass, it would appear neces-
sary to provide for a variable fre-
quency as any cne ion passes from 
the centre to the outside. This would 
seem to be overcome by the possi-
bility of designing the magnetic pole 
system in such a manner that 
azimuthal variation in the magnetic 
field exactly compensates for the in-
crease in effective mass. This, how-
ever, is by no means the last word, 
since the focusing of the beam is also 
dependent on the field configuration. 

Quite apart from any question 
associated with the utilisation of 
nuclear energy in industry, the con-
tinued development of the cyclotron 
technique will provide a means for 
gaining further fundamental know-
ledge and it will facilitate the manu-
facture of artificially produced radio-
active substances which are proving 
of such value as tracers in biological 
investigations and in the treatment of 
malignant pathological conditions. 
The accompanying illustrations, 

together with their captions, afford 
some idea of the external appearance 
of typical cyclotrons in current use. 

Mass Spectroscopy and Isotopes 

Prior to the discovery of radio-
activity, it was tacitly assumed that 
all atoms of any one element were 
identical in all respects, including 
also mass. However, a study of the 
elements produced in the process of 
spontaneous disintegration provided 
sufficient evidence to show that all 
atoms of an element need not possess 
identical mass. Several groups of 
elements having identical chemical 
properties but different atomic 
weights are formed during radio-
active disintegration; these elements 
occupy the same place in the Periodic 
Table and are known as isotopes. 
Since practically, all the atomic 

mass is concentrated in the nucleus, 
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isotopic mass is essentially nuclear 
mass and the classical researches of 
Aston and others have gone far 
towards a complete understanding of 
nuclear structure. The search for 
isotopes among non-radioactive sub-
stances was initiated by J. T. 
Thomson in 19to, who succeeded in 
establishing the fact that neon pos-
sessed two isotopes of mass 20 and 
22. This discovery accounted for the 
large discrepancy between the actual 
atomic mass of neon (20.2) and the 
generally accepted view that such 
niasses should be whole numbers, a 
condition required by the unit struc-
ture of all atomic nuclei. 
The method employed by Thomson 

was to determine the ratio of the 
charge to mass of positive ions 
formed in an electrical discharge tube 
containing neon gas. The focused 
.ionic beam was analysed by parallel 
electric and magnetic fields and the 
resulting deflection was observed on 
a fluorescent screen; all ions with the 
same value of elm, but with different 
velocities, forming a single parabola. 
This method, essentially qualitative 
in nature, was soon displaced by the 
more precise instruments of Aston 
and Bainbridge, to which latter 
attention will now be directed. 
Any modern instrument for de-

termining isotopic mass is known as 
a mass spectograph, since all positive 
ions of the same mass are made to 
tall on a single line on a photo-
graphic plate in exactly the same way 
that all light of the same wavelength 
falls on a single line in the optical 
spectrograph. The Bainbridge mass 
spectrograph is shown in diagram-
matic form in Fig. 5. • 

Positive ions, emitted by a source 
at S, are accelerated in the usual 
manner by a potential difference ap-
plied between S and a plate P which 
has a small aperture at Q. The par-
ticles thus acquire a velocity in ac-
cordance with Equation (i) and some 
get through the aperture to the other 
side to be volocity-selected by an 
electric field applied between the 
parallel plates A and B and by a 
simultaneously applied normal mag-
netic field. Only those ions which 
possess one very definite velocity are 
allowed to pursue a linear course and 
enter the semicircular chamber C. 
They come under the influence of a 
uniform magnetic field applied 
normal to the plane of the diagram. 
In accordance with the theory already 
given (see Equations (3) and (4)) these 
ions will pursue semicircular orbits 
as shown, the radius on this occasion 

Fig. 8. Stereo-
scopic photo-
graphs showing 
a-particle 
tracks in nitro-
gen. The forked 
track indicates 
an inelastic col-
lision with a 
nitrogen nuc-
leus resulting in 
the ejection of 

a proton. 
—"Radiations from 
Radioactive Sub-
stances" by Ruther-
ford, Chadwick & 
Ellis, (Cambridge 
Press.) 

depending on the mass of the par-
ticles, since the velocity of all on 
entry is the same. 

If the potential difference between 
selector plates A and B is V, and if 
the separation is d, then the force 
(towards A) on a positively charged 
particle (e) is given by Veld. Counter-
acting this force is that due to the 
magnetic field H and so only those 
ions which possess one velocity 7, will 
pass through undeflected; in other 
words, since Veld = Neo, 

V 
V - (8) 

lid 
If the same magnetic field intensity 

is operative within the chamber C, 
then on combining with Equation (3) 
we obtain for the mass of an ion : 

red!? 

V 
Provided the ionic charge is the 

same, the orbit radius is a measure 
of the isotopic mass, and if a photo-
graphic plate is inserted at D a 
series of lines will appear consti-
tuting the mass spectrum of the par-
ticular element under observation. 
The relative intensity of the lines is 
also a measure of the relative abun-
dance of the isotopic content in a 
given element. The apparatus may 
be calibration-checked by introducing 
ions of known mass during the course 
of an exposure. 

Isotopic Separation 
The separation of the uranium 

isotope of mass number 235 (11..) 
from that of mass number 238 (U.») 
constituted one of the major investi-
gations in the development of the 
atomic bomb, and in this connexion 
two methods were explored based 
on electromagnetic and on diffusion 
principles. 

In the electromagnetic method, the 
principle of the Bainbridge mass 
spectrograph was employed, and, 
since one of the Berkeley cyclotron 
electromagnets was incorporated, the 
device came to be known as the 
calutron. Positive uranium ions were 

(9) 

produced by firing a beam of high-
speed electrons from an electron gun 
through the vapour of a uranium 
salt. These ions, which may be 
regarded as originating at S in Fig. 5, 
are then treated in the manner 
already described, only instead of a 
photographic plate there are now 
mounted two collectors for U. su and 
U.na, the former collector being 
placed nearer to the inlet aperture 
R. The whole of this operation, like 
that in the mass spectrograph, is 
performed in an evacuated chamber. 
Another method, dispensing alto-

gether with a magnetic field, makes 
use of the klystron bunching prin-
ciple and the device has been called 
the isotron. A diagram of the elec-
trode arrangement is shown in Fig. 6, 
and it is to be understood that the 
whole of the assembly is contained in 
an evacuated vessel. 
As before, uranium ions are pro-

duced by allowing a beam of high-
speed electrons to pass through the 
vapour of a uranium salt. The 
emergent ion stream, containing 
U.nii and U. 08, is then accelerated into 
a cylindrical tube A where the faster 
moving U.= ions will begin to separ-
ate from the U.138 ions. On emerging 
from A, the ions are subjected to a 
bunching electric field of saw-tooth 
waveform applied between electrodes 
A and B, the latter being also of 
cylindrical form. The final bunching 
is allowed to take place as the ion 
stream passes up the evacuated tube 
so that at C there are passing well-
defined bunches of U..8 and U..8 ions. 
The beam is here subjected to a 
transverse deflector electric field (of 
square-topped waveform) which is so 
synchronised with the arrival of the 
bunches that the U..8 ion bunch is 
allowed to pass straight up the tube 
while the following U..8 ion bunch is 
deflected and made to pass .along the 
side-tube D. Both the main and side 
tubes are terminated by suitable col-
lector electrodes as shown. It is 
understood from publications on the 
subject that the isotron method has 

ow_ 
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G I view of a cyclotron In which the cast steel pole structure, field coils and magnetic gap 
may be seen. 

—By courtesy of Electronic Industries. 

not yet been fully developed. If, 
however, it shows some promise in 
the separation of the uranium isotopes 
which only possess slightly over i per 
cent. mass difference, then it may well 
furnish a useful method for isotopic 
separation in cases where a higher 
percentage mass difference is present. 
As far as immediate war needs were 
concerned, attention was directed to 
the calutron method. 
While the electromagnetic methods 

are of particular interest to readers 
of this journal, there are other 
methods of equal importance in the 
realms of physical chemistry. Cer-
tain of these methods may, with ad-
vantage, be employed to enrich the 
raw materials before they are sub-
jected to the electromagnetic methods. 
In the atomic bomb development, 
considerable attention was given to 
the thermal diffusion method. If a 
gaseous mixture is exposed to a tem-
perature gradient, a diffusion process 
takes place in which the lighter com-
ponents tend to concentrate in the 
hotter regions and the heavier com-
ponents in the colder regions. The 
efficiency of this process is, however, 
offset by normal diffusion unless the 
temperature gradient is also utilised 
to create a differential convection 
effect whereby the hotter gas is carried 
off in one direction while the colder 
gas is carried off in another. A 
normal diffusion process may be 

carried out in accordance with Gra-
ham's law wherein the diffusion 
velocity of a gas through a porous 
medium is proportional to the squale 
root of the molecular mass, provided 

the pores are small compared with 
the molecular mean free path. 
Other methods of isotopic separa-

tion, which here need only be named, 
involve gravitational or centrifugal 
diffusion, electrolysis, fractional dis-
tillation and chemical exchange. 
The Wilson Cloud Chamber 

The experimental study of nuclear 
reactions has been made possible in 
an extremely simple manner by a 
method developed by C. T. R. Wilson 
in 1911. If a gas is suddenly allowed 
to expand, it will do so adiabatically 
and will thereby become cooled 
down; the ,work which the gas must 
do in expanding is derived at the ex. 
pense of thermal energy. If, then, 
the gas is saturated with aqueous 
vapour, a fog will establish itself 
within the volume due to the forma-
tion of droplets of water by conden-
sation on dust and other particles 
present. If the gas, initially made 
dust free by a series of preliminary 
expansions and fog precipitations, is 
now traversed by a stream of, say, 
a-particles, a subsequent expansion 
will reveal the tracks of the particles 
in the form of vapour trails. These 
trails are formed by the condensation 
of water vapour on the ions which 
have been produced in the paths of 
the a-particles and they are known 
as cloud tracks. A diagrammatic 

Close up of target and accelerating chamber of the Carnegie cyclotron. In using these for 
uranium Isotope separation, a number of modifications were made. 

—By courtesy of Electronic Industries. 
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sketch of the cloud chamber is shown 
in Fig. 7. It consists, in its simplest 
form, of a cylindrical chamber closed 
at the top by a plate of glass. The 
bottom of the chamber is closed by a 

„ blackened piston which • is spring 
loaded and triggered to bring about 
a sudden expansion of the gas in the 
chamber at any required instant of 
time. The gas is maintained in a 
saturated condition by covering the 
walls of the chamber with a thin 
layer of wet gelatin. Near the end 
of an expansion, the a-particles are 
admitted and the resulting ionic 
tracks are rendered visible by means 
of reflected light. In practice, the 
tracks are photographed by two 
cameras set at light angles to each 
other so that a three-dimensional or 
space picture may be obtained. 
Analysis of Wilson Cloud Tracks 

In Part I an account was given of 
the bombardment of nitrogen by a-
particles emitted from Ra.0 and this 
was studied by Blackett with the help 
of the cloud chamber. Most of the 
observed tracks, involving some 
500,000 in number, were straight and 
indicated the normal passage of an 
uninterrupted a-particle. Some a-
tracks were found to terminate in a 
fork, which, in the majority of cases, 
was due to an elastic collision be-
tween an a-particle and a nitrogen 
nucleus. In an elastic collision (akin 
to that which occurs between two 
billiard balls) the total kinetic energy 
is conserved and the deflected a-
particle and recoiling nitrogen 
nucleus give rise to the fork, the 
thicker and much shorter limb indicat-
• ing the path of the nitrogen nucleus. 
In about eight cases, however, forked 
tracks of an unusual kind were ob-
served; they were found to comprise 
one very thin track typical of a pro-
ton and another much thicker and 
sherter track typical of a heavy par-

this case an oxygen nucleus 
This is typical of an inelastic collision 
involving a nuclear transmutation in 
accordance with the nuclear reaction 
equation 

,N" + --> .0" + 
A study of the lengths and direc-

tions of the tracks showed that the 
total kinetic energy of the particles 
after" collision was less than that of 
the incident a-particle by about 0.5 
MEV. Some of • the initial energy 
had thus been absorbed •' the nitrogen 
nucleus had captured the a-particle 
and had finally split into an isotope 
of oxygen and a hydrogen nucleus. 
A typical sfereoscopic photograph 

involving one example of this reaction 
is shown in Fig. 8. 

ABSTRACTS OF 
ELECTRONIC LITERATURE 

INDUSTRY 

The Theory of the Mercury-Vapour 

Pump and a New High-Speed Fump 

(P. Alexander) . 

Theoret:cal considerations and ex-
-perimental . results. show that the 
pumping effect of a mercury-vapour 
pump, usually called a diffusion pump, 
is not explained by Gaede's theory 
of the diffusion principle. Starting 
from Langmuir's condensation prin-
ciple the same considerations lead to 
a different theory; a new pump has 
beèn designed on the basis of this 
theory. This pump he a volumetric 
pumping speed of the order of 1,000 
litres/sec., and its effective working 
range extends from the lowest pres-
sures up to io-' mm. of mercury. 

Sci. Inst., Jan., 1946, p. II. 

Role of Automatic Rematching in 
H.F. Heating 

(E. Mittelman) 

The continuous rematching of the 
high-frequency generator to the vary-
ing impedance of the load during 
induction or dielectric heating is 
discussed. Variations in permeability 
and dielectric constant are discussed 
in relation to the problem of rematch-
ing. A schematic diagram of a re-
matching system in a high-frequency 
induction generator is given and 
graphs are used to compare the time 
required by two similar generators, 
one with and one without rematching, 
to reach a given temperature. The 
merits of automatic rematching are 
also pointed out. 
—El. World, 4/8/1945, p. 98.* 

Curve Tracer for Acoustic Devices 

(R. K. Hellmann) 

Acoustical devices are now manu-
factured in accordance with a per-
formance specification which calls 
for a predetermined output-versus-
frequency curve. Quality control 
over full-scale production output of 
handset receivers is obtained by the 
use of a heat-frequency oscillator 
whose frequency is varied by a 
mechanical drive, a long persistence 
cathode-ray tube, and suitable test 
fixtures. Production testing by the 
curve tracer can be applied advan-
tageously for loudspeakers and 
receivers. 
—Electronics, December, 

P. 130. 
1945, 

Supersonic Flaw Detector 
(R. B. DeLono) 

The supersonic flaw detector 
described in this article will locate 
defects in castings at distances of 
to ft. from the testing surface. The 
synchroniser gives three different 
output pulses sixty times a second and 
the sweep amplifier provides push-
pull horizontal deflection for the 
cathode-ray tube. The pulse genera-
tor generates a 1,ocio-volt pulse and 
is continuously variable in overlap-
ping ranges of frequency from 0.5 
Mc/s. to 12 Mc/s. For longitudinal 
waves, an X-cut piezo-electric quartz 
crystal is used as an electro-mechani-
cal transducer. It is energised with 
supersonic pulses and held against 
the object, the time for pulses to 
travel to flaw and back being 
measured with an oscilloscope. 

—Electronics., Jan., 1946, p. 132. 

MEASUREMENT 

Light-Beam Wattmeter 
(S. O. Richardson) 

The need for a portable wattmeter 
capable of giving accurate readings 
in the frequency range of 400 to more 
than 3"o cycles per second has led 
to the development of an instrument 
incorporating the light-beam prin-
ciple. The design is similar to that 
of the Drysdale type of astatic re-
flecting dynamometer except that the 
moving system assembly is elec-
trically and mechanically suspended 
by two taut suspensions instead of 
being freely suspended. The article 
deals with instrument losses, errors 
due to frequency and the calibration 
of the meter, and discusses applica-
tions of the basic instrument. 
—G.E. Rev., October,, 1945, P. 59." 

A New Type of Differential Analyser 
(V. Bush and S. H. Caldwell) 

This paper describes a, new type of 
differential analyser, of greater pre-
cision, scope and flexibility than 
earlier machines, but which retains 
and emphasises the useful features of 
the original design. The machine is 
intended to serve investigators work-
ing either locally or at a distance with 
equal ease. The history of differen-
tial analysers is briefly reviewed. 
—four. Frank, Inst., October, 1945, 

P. 255. 

• Abstracts supplied by the courtesy of Metropolitan 
Vickers Electncal Co. Ltd.,Trafford Park, Manchester 
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Exhibition of German Electronic Equipment 

FROM March 4 until March 16 an 
exhibition was organised at Earls 
Court, London, by the Ministries 

of Supply and Aircraft Production 
(S.1.G.E.S.0.). It gave an oppor-
tunity to the manufacturers and re-
search workers in electronics to see 
the more important techniques 
developed by their counterparts in 
Germany during the war years. 
Further, it provided them with a 
chance to ask for further information 
on specific items of equipment or on 
subjects of interest to them. 

Spectacular amongst the exhibits 
were a Junkers JU88 night fighter 
with its radio equipment clearly 
labelled, a three-ton transmitter lorry, 
a Post Office mobile repeater station 
and numerous radar units and aerial 
arrays. There was an electron 
microscope by Siemens and Halske, 
rather more bulky than those we have 
seen in this country. 

Ii general, however, it may be said 
that in each branch of the science 
normal practices were followed; 
deviations were, therefore, all the 
more interesting. 

Components 
Amongst the components on view 

one of the most outstanding features 
was the ubiquitous employment of 
ceramics. Metal welding to ceramic 
and wiring on ceramic are widely 
used, notably in the banks of com-
posite capacitors. 
A selection of plugs and sockets 

represents the best and most interest-
ing German designs. Their strong 
points are the wide use of light alloy 
die-castings and their versatility due 
to the general interchangeability in 
the housings of the plug and socket 
inserts. In addition the provision of 
multiple cable entries makes it pos-
sible to use the housings as junction 
boxes. On the other hand many of 
the plugs and sockets are not water-
proof so would be unsuitable for 
tropical use while the lack of sound 
contact between the housings when 
mated leaves them insufficiently 
screened. 
An interesting component is a 

2,000 volt electrostatic voltmeter 
with magnetic damping and a small 
brush intended to clamp the moving 
vane when the instrument is not in 
use. 
Valves 
The excellence of finish in the 

widely-used pressed glass bases for 

valves was particularly noticeable 
while the technique of metal to glass 
welding was epitomised in an X-ray 
mercury vapour rectifier. The gun, 
eight accelerating electrodes and 
anode, all mounted axially, are each 
sealed to their adjacent sections of 
the glass tube, the resulting align-
ment being exemplary. This tube 
has a final anode potential of 200,000 
volts and passes a direct current of 
1.2 amps. 
Until the Germans captured an 

H2S equipment they were unable to 
use the ( entimetre wavelengths. 
This is clearly indicated in their 
LMS.io pulse magnetron, copied 
from the British CV.64, with a peak 
power of 15,000 watts and wavelength 
range of 9.1 cms. 
An interesting divergence from nor-

mal practice is the method of mount-
ing some of the miniature valves. 
Briefly, the chassis is recessed to take 
the whole valve which—by usual 
standards—is inserted in reverse, 
contacts being made by radial pins. 
The insulating pin by which the 
valve was held is then removed, 
leaving the valve " base " flush with 
the outside of the chassis 

Relays 

Several relays of miniature con-
struction were on show. The rather 
more interesting features, however, 
were embodied in the more usual 
sizes. 

Fig. 

One high-voltage aerial change. 
over relay was noteworthy. The 
changeover contact assembly consists 
essentially of a piece of soft iron 
pivoted so as to operate the switch 
contacts. It is mounted within an 
evacuated glass envelope and actu-
ated by two external solenoid electro-
magnets fitted to the assembly, one 
solenoid being used to actuate the 
contacts in each direction. At 24 volts 
nominal, the operating time is 5-7 
milliseconds. The aerial and trans-
mitter connexions are brought out of 
a ceramic shroud which provides in-
sulation for high voltage working of 
7,000 volts; the low voltage receiver 
connexion being brought out at the 
opposite end of the envelope. 
Perhaps rather more novel was the 

switch, the contacts of which are 
operated by a flexible glass rod. The 
basic design of the magnetic circuit 
is similar to the G.P.O. pattern type 
3,000 relay, but the orthodox contacts 
are replaced by a heavy duty "make" 
contact assembly mounted in an 
evacuated glass envelope. The sec-
tional diagram shows the operation of 
the assembly (see Fig. 1). Move-
ment of the central glass rod 
is brought about at A by the 
operation of the relay itself. Due 
to the " concertina " formation of 
the tube B, to which it is attached, 
tube B is slightly flexible and acts as 
a pivot, hence C moves as indicated, 
so breaking contact at D. 

Communications 
The outstanding feature in all the 

communications equipment was per-
haps the very high degree to which 
intricate die-castings are used in addi-
tion, as already mentioned, to the 
large number of uses of ceramics. 
Towards the end of the war, however, 
presumably as a result of the 
machinations of our own Ministry of 
Economic Warfare, die-castings were 
outmoded in favour of what appears 
to be most inferior stampings. 

In some models of civilian war-
time receivers a paxolin chassis is 
used instead of one of pressed steel. 
Apparently adequate screening is ob-
tained by the use of metallised valves, 
coil cans and metal foil on the floor 
of the cabinet. In one case the metal 
foil is mounted on a sheet of card-
board which, being larger in area 
than the floor of the cabinet, is 
folded upwards and clamped to the 
chassis itself when in its cabinet. 
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One ingenious device was a thermo-
couple check meter for clipping on the 
input terminals of a high-frequency 
transmitting aerial. 

Acoustics 
There were on view three types of 

recorder using plastic tape impreg-
nated with red iron oxide. These re-
corders, some of which were used at 
the front by German war reporters, 
have a frequency response of from 
loo to 6,000 c/s. When recording 
music the tape speed is 77 cm/sec. 
giving a half-hour recording, but on 
speech it can be run as slowly as 39 
cm/sec' resulting in a record of one 
hours' duration. 
The mine detectors, seven different 

types of them, are in general, re-
garded as inferior to those of British 
manufacture. One novel feature, 
however, is the provision of a visual 
indicator on the arm of one of the 
detectors, in addition to the usual 
aural devices. This, however, is 
not thought to be of much practical 
use. 

Infra Red Equipment 
The principle of the infi a-red 

image convertor is fairly well 
known. Infra-red radiation passing 
through a lens is brought to a focus 
on a screen responsive to it. This 
screen then emits electrons which, by 
use of accelerating electrodes, are 
guided to a second screen, but of a 
zinc sulphide type. On this second 
screen the electrons produce a visible 
imae of the original source of infra-
red radiation. 
Considerable work in this field was 

done by the German electronic en-
gineers, but the war ended before any 
operational benefits could be gained. 
On show were the image convertors 
themselves, telescopes for the detec-
tion of aircraft by the infra-red radia-
tion from their exhausts and equip-
ment for assisting tank drivers. The 
area in front of the tank is illumi-
nated by infra-red radiation and the 
infra-red telescope permits a clear 
vision for driving. A convincing 
demonstration was given in a 
darkened room. Figures, invisible 
to the naked eye were illuminated by 
an under-run electric radiator and 
were seen clearly through a tank 
driver's infra-red equipment. 
Other portable equipment included 

combined telescopes and projectors 
used as machine gun and rifle sights. 
In this same section was the Donau 

or Wirme Peil Gerât thermal ship 
detector, having a range of 15-3o KM. 
Thermal radiation from the funnel of 
a ship is focused by a concave reflec-

tor on to a bolometer consisting of two 
very thin strips of antimony. These 
strips form two arms of a Wheatstone 
bridge and the heating of one strip 
throws the bridge out of balance. The 
out-of-balance current is amplified 
and fed to a galvanometer. 

Navigational Aids 

A comprehensive collection of 
photographs, diagrams, layout 
models, aerial arrays and actual 
equipment give an indication of the 
vast amount of work expended in this 
field. Operation of " Y ' Gerât " 
(similar to the British " Benito ") 
range-measuring system, " Bern-
hard," " Erika" and " Komet " 
(these last two were non-operational) 
systems were dealt with and the more 
recent " Egon," " Goldwever," 
" Mond," " Goldsonne " and " Her-
mine " systems described. 
More important, perhaps, is the 

" Sonne " navigational system which 
was developed in order to provide a 
method of determination of bearings 
and fixers (using two such stations) 
of a receiving point relative to the 
ground station (or stations). Typical 
working ranges are about 1,500 miles 
over sea and 75o miles over land. One 
of the main advantages of this system 
is that since operation takes place in 
the band 250-450 Kc/s the standard 
melium frequency airborne receiver 
is used, thereby necessitating no addi-
tional airborne equipment. A station 
for the British version " Consol," is 
at present in course of erection at 
IRuslimills in Northern Ireland. 

Telemechanics 

Radio control units of Vi, Va, the 
Hs 293 glider bomb and rockets, 
acoustic and electrostatic proximity 
fuses were all covered in the tele-
mechanics section. ln addition to the 
apparatus itself, highly instructive 
diagrams and sketches helped to com-
plete the picture. 
The very helpful attitude of all the 

demonstrators bore out the sincerity 
of the invitation to ask questions. Any 
queries they could not answer were 
referred to the technical information 
stand or were noted so that a written 
reply could be given by an expert in 
the appropriate field and the answer 
given general circulation. Any 
enquiries subsequent to the exhibition 
may be addressed to: 

S. I. G. E. S. O. 
Enquiry Office, M.S.A.P., 

40 Stratton Street, 
4ondon, W 

P. L NICHOLSON 

Voltage Range 

0.1 to 150 volts 

Frequency Range 

50 c s to 250 Mc s. 

Accuracy 

± 2% of F.S.D. 

Zero Setting 

Stable and remains precisely set on all 
ranges. 

Alternative model available with 
additional D.C. voltage ranges 

up to 300 volts. 

FLJRZEHILL 

LriB01:11:1TOPIES 
BOREHAM W000•HEPT5 

.• •LS,Rie 
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H.F. Band-Pass Filters 
Part 4 (conclusion) Practical Example in Band-Pass Design 

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

3.1 General 
HE purpose of this section is to 
give those who have had little 

• or no experience in band-pass 
design an idea of. the problems in-
volved in an actual practical case. 
The problems are considered in 

some detail. In practice one is not 
likely to go into the "pros and cons" 
so carefully. But it should be re-
membered that no short cuts ought 
to be taken in radio design until one 
is fully aware of the degree of ap-
proximation to which one is working. 
As an example, the wo kc/s. I.F. 

stages of a double superheterodyne 
receiver have been chosen. The 
figures quoted are usually rounded 
off for easier reading but otherwise 
are essentially correct. 

In Fig. 18 we have a simplified 
circuit diagram of the stages 
involved. 
VI is a frequency changer which 

converts the first I.F. frequency of 
1,700 kc/s. into an I.F. of ioo kc/s. 
The first I.F. frequency provides 
good second channel suppression 
while the • second provides good 

• Standard Telephones & Cables, Ltd. 

From 
/700 PC/ 

IF Stages 

To Osc HT 
/600 Kris 

selectivity. The overall selectivity 
curve is, in fact, almost . identical 
with the response curve of the wo 
kc/s. I.F. stages. 
Vs gives further amplification. 
V, contains a diode rectifier and 

first L.F. amplifier. 
V. is a heterodyne oscillator for 

C.W. working and a voltage from 
it is injected via a small condenser 
C. on to the diode rectifier. 

3.2 Statement of the Problem 
The specification is as follows : 
(a) The response over ± 2¡ kc/s. to 

be flat to within -± 2 db. 
(b) The attenuation at ± w kc/s. 

to be as great as possible. 
(c) The change of response with 

bias not to take us outside the limits 
set in (a). 
The I.F. assemblies available 

have: 
(a) Inductances which use two "E" 

type radio dust cores. With these 
a Q of 125 is obtained when 
L = 9,000 µH. When two of these 
inductances are as close as possible, 
the mutual coupling is 5 per cent. 

(b) Trimmers with a range of 5 to 
loo µµF. 

- 

AVC 

Fig. IS. Circuit of 100 kc/s. I.F. stages of superhet. During 
all trimming operations, manual control must be substituted 

for A.V.C. control. 

\cr,/ 

HT   

(c) Adequate room for a fixed con-
denser and a small resistance across 
each circuit. 
We shall assume that no " wobbu-

lator" (by the use of which . the 
response curve could be shown 
directly on a C.R. tube) is available. 

3.3 Theoretical Considerations 
Dynamic Impedance of Circuits 

These cannot be considered satis-
factorily until we know the damping 
effect produced by the associated cir-
cuits. The experimental procedure 
for these determinations is given in 
the next subsection. The results will 
be quoted here. 
By itself on a Q meter, a typical 

coil shows Q = 120 at too kc/s. and 
tunes with 270 einF. 

Dynamic impedance, 
QtaL. = 700,000 ohms. 

/n circuit A (see Fig. .8). 
q= 45 (full volume, 1,600 kc/s. 

oscillator working). 
QuIL. = 265,00011. 

Dynamic impedance of tuned cir-
cuit only = 700,00011. 
.•. Impedance of associated circuit 
= 425300011 

C 4 D 
( 

I 

HT 

A.VC. 

V3 

I20V tir 

Grid of 

Output 
Valve 

- 1.5 V 814.5 
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Fig. 23 (right). 
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Simi arty, it was found that the 
tota damping impedances across the 
tuned circuits were: 

Circuit A-400,000-1,500,000n 
(full to minimum 
volume) 

B-7oo,000ft 
C -300,000---1 ,000,000&1 

(full to minimum 
volume) 

D-1 50,000ÍZ 
It will be noticed that the damping 

in the anode circuits varies with the 
volume (i.e., with grid bias). The 
variations are less in the case of V, 
due to the permanent bias produced 
by the oscillator section. Strictly 
speaking, of course, the damping 
varies over each cycle of the injected 
oscillator voltage, but since the fre-
quency of the oscillator is several 

o 2 

times that of the I.F. frequency the 
result is similar to a steady bias. 
These impedance values immedi-

ately limit the effective Q of any cir-
cuits we may use, but even so we 
have something to spare for the re-
quired band-widths. 

Circuits C and D. 
The most severe damping occurs 

in the case of the tuned circuit D 
which is associated with the diode de-
tector. Now it is a good practice to 
keep the damping of a pair of circuits 
as equal as possible so that slight 
mistuning will not cause asymmetry 
in the response curve. To achieve 
equal damping in this case, it i. 
necessary to bring C down to a 
dynamic impedance of 125,000n. It 
will then equal that of D, which is 
7oo,000n shunted by 125,0°02. 

Fig. 28. 

o 

40  

120  

o 

120  

o 

2 

k Km, 
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The value of 125,00052 represents a 
Q of zo. Therefore if both circuits 
have this Q, the coupling will be 
exactly critical, i.e., K = i (K = per-
centage coupling x Q = 5/loo x 20). 
To reduce the dynamic impedance 

of C we must add a damping resist-
ance. This will also have the effect 
of stabilising the variations in damp-
ing due to changes in valve im-
pedance. If the coupling is taken as 
critical at full volume (3oo,00ca 
damping) then the required resistance 
is approximately 200,00052. 
At minimum volume the effective 

impedance is made up of 700,00052 

Fig 30. 

Fig. 29 
(right). 

o 

às4;- 40  

q. 

BO  

o 

-3 -z 

120  
2 

q 2 3 • 

k- 2 K. 

Fig. 33 (right). 

due to coil losses, 2oo,000n due to the 
damping resistance, and 1,000,000n 
due to the valve impedance. These 
three in parallel give 135,00057. This 
is only a small increase in dynamic 
impedance and may be regulated so 
that the coupling can still be con-
sidered to be critical. 
On the curves for critical coupling 

(K 1) and equal damping (k = 1) 
we now examine for the attenuation 
at ± 2.5 kc/s. and -± zo kc/s. The 
band-width of a single circuit in the 
present case is 5 kc/s., therefore the 
required q values are zE.- o.5 and ± 2. 

-3 
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The attenuations are therefore 0.07 
db. and 18.15 db. 
There is nothing to be gained by 

increasing the coupling since this 
only reduces the attenuation at -I- to 
kc/s. If we reduce the coupling the 
gain on tune is reduced. For 
instance, if K 0.5 then the gain on 
tune is down to 8o per cent. The 
attenuations are then 4.4 db. and 
23 db., showing that the selectivity 
ratio is inferior to the critically 
coupled case. Reduced coupling has, 
therefore, no advantage. 
Circuits A and B 
The more variable circuit is A, for 

its effective Q varies between 45 and 
8o according to the bias on the valve. 
This variation is great because we 
are using a l-igh dynamic impedance 
coil together with a wide range in 
grid bias. 
By shunting the circuit with 

500,0002 the limits of effective Q be-
come 28 and 40. 
Since circuits C and D are critically 

coupled we can afford to overcouple 
these circuits to an extent so that the 
maximum state of overcoupling pro-
duces a valley 2 db. down on tune. 
This figure is obtained with K = 2 
(when the dampings are equal). 
Now K = percentage coupling 

.x V Q,Q2 
••• VQ1Q2 = 40 

Mg. 32. 

Q1 is 40 at its maximum value, 
therefore the secondary circuit B 
should be damped to the same extent. 
Circuit B has a Q of 6o and this will 
be reduced to 40 by a damping re-
sistance of 7500002. 
Then at minimum bias we have: 

K = o.o5V 28 x 4o = 2.1 

also k = — = 1.2 
28 

Inspection of the curves shows that 
we are still overcoupled. In fact, 
" transitional " coupling would occur 
at 

Vk' + 
K 

2k' 
— 1.03 

which is very little different from the 
equal circuit case. Moreover, the 
overall response curve will satisfy the 
conditions laid down in Section 3.2 
for all values of gain. 

3.4 Practical Considerations 
Measurement of Circuit Dampings 

(a) Circuits C and D 

The dynamic impedances of the 
circuits alone are each found to be 
700,0002 by measurements on a 
Q-meter. For this purpose the con-
denser of the Q-meter may be sub-
stituted for the condenser across the 

coil, i.e., the coils are measured on 
their own at 100 kc/s. 
To measure the impedance of D in 

circuit we disconnect the tuning 
capacity of circuit C so that the latter 
is now aperiodic over the tuning 
range. Then by injecting a modu-
lated signal from a signal generator 
straight on to the grid of V2, a 
resonance curve is taken of D. From 
this curve the band-width 3 db. down 
can readily be found. This proved 
to be 5 kc/s., showing that the 
dynamic impedance was 125,0002. 

In doing this experiment the beat 
frequency oscillator V. should be 
left working since the injected volt-
age from this also increases the 
damping. • To avoid confusion with 
the beat frequency, the beat oscillator 
should be detuned until the beat fre-
quency is off the L.F. range. 
The impedance of C is found in a 

similar fashion. In this case the con-
denser of D is temporarily discon-
nected. 
The points to watch in these 

measurements are: 
(i) Neither the grid nor the anode 

circuits of V: must be overloading at 
any frequency. 

(ii) It is most convenient (and also 
better practice) to keep the output 
constant and vary the input. 

(iii) A 0.1 ILI' condenser should be 
used in series with the signal genera-
tor to avoid shorting the bias. 

(b) Circuits A and B 

The dynamic impedances of these 
circuits are measured in the same way 
as that used for circuits C and D. 
Since measuring the dynamic impe-
dances involves taking a response 
curve, web wish the response of cir-
cuits C and D to be quite flat over 
the working range. 

It so happened that in this case 
detuning C and D was not good 
enough, while damping the circuits 
sufficiently gave toc little output. 
The best and simplest step in such 
cases is to replace the I.F. assembly 
by a resistance load. 

In this manner the amplification 
after the gi id of V: can be made 
quite constant over the necessary 
range of frequencies. 
Of course, once the I.F. circuits 

have been designed there is no need 
to make a temporary replacement of 
C and D in order to be able to trim 
A and B. 

Trimming 

Obviously, the circuits nearest the 
output stage should be trimmed first. 



162 Electronic Engineering May, 1946 

Fla. 19, 

Fig. 20. 

Fig. 21. 
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Since C and n are critically coupled 
we may trim these circuits directly 
with an injected voltage at ioo kc/s. 
on the grid of V,. While doing 
this the oscillator circuit of V. 
should be in operation but consider-
ably detuned. 

In trimming A and B we again 
have an oscillator present (the 1,600 
kc/s. oscillator) which should be left 
working but detuned. 
The trimmers in this example would 

usually detune far enough to permit 
the detuning method described in 
Section 1.4 to be used. If, however, 
the resultant response curve should 
prove unsatisfactory, then it is pre-
ferable to damp each circuit in turn. 

All the above operations should be 
carried out at full gain (minimum 
bias). The taking of the overall 
response curve should then be re-
peated at minimum gain (maximum 
bias) ta verify that the changes are 
not serious. In each case the bias 
must be from a fixed source of volt-
age with the normal A.V.C. control 
disconnected. 

REFERENCES 

C. B. Aiken, " Two-Mesh Tuned Coupled Circuit 
Filters," Prot. I.R.E., Feb., 1937, Vol. 25, No. 2, 
p. 230. 

R. T. Beatty, " Two Element Band Pass Filters," 
Wireless Engineer, Oct., 1932, Vol. 9, p. 540. 

For an extensive list of references, the reader may 
refer to the "Radio Designer's Handbook" (edited 
by F. Langford Smith), p. 130. 

Keeping Down to Earth 
Surely it is common sense that 

Nature intended us to sleep in contact 
with the earth. Instead, we build 
artificial dwellings, insulated from 
the earth, and then we wonder why 
we get all sorts of nervous ailments. 
Sleeping two storeys up, I neverthe-
less manage to keep my body at earth 
potential by attaching the wireless 
earth. Sometimes I wrap the bare 
wire round my wrist, and sometimes 
I wrap it round my big toe. 

This simple expedient does away at 
one sweep with thousands of years of 
artificial living, and anyone who tries 
it will notice that his dreams are 
much more vivid. 

—A letter in Picture Post, 16/2/36. 
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MAY 
MEETINGS 

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. 

Ordinary Meeting 

Date: May g. Time: 5.30 p.m. 
Annual General Meeting 
Date: May g. Time: 6.30 p.m. 
Held at: 
The Kingsway Hall, I.ondon, 
W. C. 2. 

Lecture :—The Faraday Lecture : 
"Atoms, Electrons and Engineers." 

By: 
T. E. Allibone, D.Sc., Ph.D. 

Radio Section 

Date: May 1. Time : 5.30 p.m. 
" Radar Navigation." 

Introduced by: 
Dr. R. A. Smith. 

Followed by papers on : 
" Gee," by R. J. Dippy. 
" Oboe," by F. E. Jones. 
" H2S," by C. J. Carter, M.A. 
" 200 Mc/s. Radar Interrogation 
Beacon System," by K. A. Wood. 

Date : May 21. Time: 5.30 p.m. 
Discussion : 
" New Insulating and Dielectric 
Material in Radio Engineering." 

Opened by: 
Dr. J. C. Swallow and G. P. Briton, 
B.Sc.(Eng.). 

Measurements Section 

Date : May 24. Time: 5.30 p.m. 
Lecture : 
" The Measurement of Time." 

By: 
Sir Harold Spencer J ones, M.A., 
Sc.D., F.R.S. 

The Secretary: 
The Institution of Electrical Engi-
neers, Savoy Place, Victoria Em-
bankment, London, W. C.2. 

Cambridge Radio Group 

Date: May 17. Time : 6 p.m. 
Held at: 

University Engineering Laboratory, 
Trumpington Street, Cambridge. 

Lecture : 
" Plastics for the Engineer." 

By: 
I. W. A. Kirkwood, M.I.E.E. and 
P.D. Richie, B.Sc., Ph.D. 

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

Institute of Physics 
Manchester and District Branch 

Date : May 17. Time : 7 p.m. 
Held at: 
Large Physics Theatre, Manchester 
University. 

Lecture : 
" Electronic Semi-Conductors." 

By: 
R. W. Sillars, D.Phil., A.M.I.E.E. 

Note.—This is a joint meeting w111 
the Institution of Electronics. 

Hon. Secretary: 
Dr. F. A. Vick, 0.8.E., F.Inst.P., 
Physics Dept., The University, 
Manchester, 13. 

TheàTelevision Society 

Date: May 3. Time: 5.30 p.m. 
Held at: 
The Institution of Electrical 
Engineers, Savoy Place, London, 
W.C.2. 

Lecture : 
" Colour Television." 

By: 
J. E. B. Jacob, B.Sc., A.M.I.E.E., 
L. C. Jesty, B.Sc., M.I.E.E., 
R. B. Mackenzie, B.Sc., and A. E. 
Sarson, B.Sc. 

Note.—This is a joint meeting 
the British Kinematograph Society. 

Lecture Secretary: 
G. Parr, 68 Compton Road, N.21. 

-fiiienecrRfc rAp; "NO-LOSS" 

ENERGY REGULATORS 

• FOR A.C. OR D. C. CONTROL 

Dennptiolt Appikeons, Gunn:, Sint, llosinme hkei 
witittne has/ 

As compared with a variable resistance, the 

Energy Regulator is also cheaper, more 

compact, suitable for any load up to its rated 
capacity and unaffected by normal voltage 

fluctuations. 

Write NOW for publication R 12/16 to the 
thermostatic control experts: 

SUNVIC CONTROLS LTD. 
STANHOPE HOUSE, ICEAN STREET, 

LONDON, W.C.2. 

TAII,EIC 91 
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BOOK REVIEWS 

Electronic Engineering Master 
Index 

Edited by F. A. Petraglia. (Electronics 
Research Publishing Company, New York, 
1945, $17.50. British price f..5 5s. approx.) 
318 pp. 

This book is not, as a quick glance 
at its title might indicate, an index 
for Electronic Engineering, but 
rather a subject index to all radio 
and electronic literature published 
during the period 1925-1945. In 
fact, references to Electronic Engi-
neering are entirely omitted, but its 
American editor apologises that 
owing to paper restrictions the num-
ber of entries from foreign periodicals 
has had to be limited. It covers 
seven of the leading American 
journals, including Proc. I.R.E. and 
Electronics, and to a much lesser 
extent an imposing array of others, 
which, however, are also almost en-
tirely American. The only two British 
sources covered in any reasonable 
detail are Wireless Engineer and 
Journal of the I.E.E. Foreign 
language references are very few and 
the titles of these might perhaps have 
been better if translated. 
A short periodical list names some 

sixty journals which are indexed, 
giving publisher's name and address, 
subscription rates, etc. The article 
references are listed alphabetically 
by title under subject headings, a 
typical one being: 
FILAMENTS : Calculation of the in-

ductance of circular filaments in any 
desired position. F. W. Grover, 
bibliog., diags., Proc. Inst. Radio 
Eng, 32: 62o, October, 1944. 

Listing some 15,000 articles and 
monographs, the book is divided into 
two sections covering 1925-1934 and 
1935-1945 to facilitate searching of 
the many entries that appear under 
some subject headings. A cross-
reference system between subject 
headings is useful but is not too 
rigorous. For example, failing to 
find Varian and Varian's classic 
klystron paper " A High-frequency 
Oscillator and Amplifier " under 
" Klystron," one turns to " Velocity 
Modulation " and finds it there, but 
no cross-reference here to "Klystron" 
aids the uninformed to find cognate 
articles. An eight-page index to the 
subject headings in the main body of 
the text completes the book. It is 
proposed to publish annual cumula-

tive issues to bring the work up to 
date and it is promised that the 1946 
issue will contain many references 
(about a third more) which had to be 
omitted from the present one. 
Checking at random, the book 

seems very easy to use, and a few 
test references were quickly found, 
the information given being quite 
accurate, but it is thought that the 
references might be better arranged 
in date sequence rather than alpha-
betically according to the first word 
of the title. An author index would 
also have been a great help, but here 
again we are promised this in the 
next issue. The printing of the book 
is not all that could be desired, mis-
prints and omitted figures are not un-
common. At least one reference even 
has the date missing. The book 
generally gives the impression that it 
has been produced too quickly and 
one may reasonably feel that if pub-
lication had been delayed until more 
paper was available and the missing 
features had been included, a much 
more useful volume would have 
resulted. 
By any standards, even present-day 

ones, the price of Z5 5s. is high,, and 
puts it out of reach of the average 
individual worker. Libraries and 
firm È will, assuredly buy it and find it 
of great use, but its price should be 
reduced to make it a popular text. 
No doubt an enormous amount of 
bibliographical work has been carried 
out in compiling 15,000 references; 
but the present reviewer, at any rate, 
feels that purchasers are paying 
dearly for it. As a portable, handy 
supplement to the Wireless Engineer 
abstracts and Science Abstracts it 
has at, present no rival, and it is to be 
hoped that the next issue—at a lower 
price—will attend to the criticisms 
mentioned above and be a first-class 
reference guide. 

E. D. HART. 

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 

An Introduction to the Theory 
and Design of Electric Wave 

Filters 
F. Scowen. (Chapman & Hall, Ltd., 15s. 
net.) 164 pp. (with a Foreword by A. J. 
Gill). 

This book by a member of the staff 
of the Post Office Research Station is, 
as pointed out by the author, not 
intended to replace the well-known 
standard books on this subject. It is 
not a general treatise on electric net-
works (resonant circuits, coupled 
circuits as filters, equalisers, transi-
ents in networks, are not dealt with), 
but has a limited objective—the 
design of filters. Within these self-
imposed limits the author has written 
an admirably lucid book which any 
reader, whether or not already 
familiar with filter problems, should 
find interesting, useful, and stimu-
lating. 

After a short mathematical and 
electrical introduction an analysis of 
ladder half-sections leads to a dis-
cussion of low pass, high pass, band 
pass and band stop half-sections. 
This discussion being based on image 
characteristics, formulae for insertion 
loss and insertion phase shift are de-
rived, and the effect of dissipation on 
filter sections is shown. Parallel and 
series connexion of filters is treated 
at some length, and lattice type filters 
and Cauer's theory are briefly dis-
cussed. In Chapter 14 templates are 
introduced for obtaining the image 
attenuation and phase shift coeffici-
ents of m-derived sections as functions 
of frequency, a variation of m being 
represented by a corresponding shift 
of the templates. In Chapter 16 the 
actual design procedure, based on 
templates and nomograms, is de-
scribed and, analysed step by step. 
This chapter, and also the last two 
chapters which deal with the character-
istics of coils and condensers and 
their screening, measurement and 
adjustment, as well as with measure-
ments on complete filters, make the 
book eminently practical. 

In his insistence on studying design 
procedures and simplifying them by 
means of graphical methods, the 
author is in agreement with modern 
ideas on network design which have 
emerged in the last decade. Perhaps 
he will be able to include in a second 
edition, also an account of another 
modern development of filter theory, 
the analytical study of filter design 
based solely on insertion character-
istics. 

W . SARAGA. 
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HIGH ROAD • TOTTENHAM • LONDON • N 17 TOTtenham 3847/9 

VIBRATORS • TRANSFORMERS • SWITCHES • COILS 

SERVING THE COUNTRY 

WITH ITS 

N I F E All-Steal 
Alkaline Batteries 
have been in use 
wherever the Ser-
vices required 
MAXIMUM RE-
LIABILITY, With 

thereturnof peace they will loon be 
available for radio 
requirement. 

everywhere. 

If you are inclined to the view that your 
instrumente d  • coe that is 
better built and of more •ttoctive and 
functional design, or you build equip-
ment that needs precision shot tool 
work, you will be interwar's' to have 
thia catalogue. A penny stamp and the 
request on your business letterhead 
will bring it you. 

WE BATTERIES 1.101 WIT END -REMIT& WORCESTERSHIRE 
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cEo.TLICKER EYELETco. LTD. -s 

WAI SI I !Vo . . . ., 

Phone: B/Pchee/ols 5024 
RII155S 

Woden Amplifiers are designed and built to give 

adequate volume and perfect reproduction when 

used with suitable microphones and speakers. 

Two models are available—the 15-watt "Junior" 

and the 50 - watt "Classic." We will gladly 

WODEN 
send you fullest details 

and data on request. 

WODEN TRANSFORMER CO. LTD 
MOXLEY RD ' BILSTON • STAFFS TEL BILSTON 41959 
1075 

THE FLUXITE 
QUINS" AT WORK 
" He's droppecLit! Well, 

what dye know. 
Just look at our new 

radio ! . 
" Don't worry 

old chap 
It won't hurt 

a scrap. 
Wiring's soldered with 

FLUXITE" grinned 
OH. 

For all SOLDERING work—you need FLUXITE—the paste 
flux—with which even dirty metals are soldered and" tinned." 
For the Jointing of lead—without solder ; and the " running " 
of white metal bearings—without " tinning " the bearing. 

It Is suitable for ALL METALS—excepting ALUMINIUM— 
and can b• used with safety on ELECTRICAL and other 
sensitive apparatus. 

With Fluxite joints can he " wiped" success-
fully, that are impossible by any other method 

Used (or over 30 years in Government Works, and 
by bedirpi Engineers end Manufacturers, OF ALL 
IRONMONGERS - IN TINS 8c1., 1/4 and 2/8. 
Ad/ to se, ill, POCKET BLOW-
! AMP, pri, 2/6d. 

The -Flux. ALL MECHANICS WILL 
it • Gun" 
puts Fluxita 
where you 
want it by 
a simple 

pressure. 
Price 1/6 or 

filled 216. 

FLUXITE  
IT SIMPLIFIES ALL SOLDERING  

Write for Leaflets on CASE HARDENING STEEL and TEMPERING 
TOOLS with FLUXITE also on " WIPED JOINTS." Price Id. each. 

FLUXITE LTD. (Dept. T.V.) Bermondsey St., London, S.E.1 1 
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immediate delivery. 

SINGLE CHANNEL OSCILLOSCOPE 
MODEL EA II. PRICE £30 nett 

RESISTANCE-CAPACITANCE BRIDGE 
MODEL. EA 20. PRICE £13 nett. 

Detailed specifications on request. 

ELECTRONI LTD. 
LONDON OFFICE: 48, GEORGE STREET. 

LONDON, W.I. WELBECK 237112. 

HILL K. CHURCHILL, 
Booksellers LTD. 

SWANAG E, DORSET 

ENGLISH & AMERICAN 

BOOKS IN STOCK ON 

RADIO AND 

TELECOMMUNICATION 

Catalogue on Application 

PIONEER FILMS 
354, GRAYS INN ROAD, W.C.I 

can now supply in quantity 

(Ceylon) Sapphire Play Back Stylus (Pro. Pot. No. 
28214) for E.M.1. Pickups at IS)- each 

(Ceylon) Sapphire Recording Cutters at 2.5/. each 

also Steel Recording Cutters at I'. each 

OLIVER PELL CONTROL r.° 
CAMBRIDGE ROW .WOOLWIGH 'S 'E. ID 

— TEtePtiONE WOOLWICH • I 4 2 2 

Ideal for High 
and Low Voltage Test-

, e` Ing;1/30,100 850 A.C.and D.C. 

Send for interesting leaflet L24 on 
Electrical and Radio Testing, from all Dealers or direct.' 

RUNEIAKEN•MANCHESTER.1 

During the war we have equipped 

  Loaf» (Amy Yekides 
to spot tite 

- atlantic 

250,000 ARMY VEHICLES 
with Weathershield Strips, Glazing 
Channels, Washers and Gaskets, etc. 

If your Let' 
Peacetime STERLING 
productions need FELT quote you 
Any SHAPE-Any SIZE Any QUANTITY 

STERLING 
TEXTILE INDUSTRIES LTD. 
STERLING woRRs, ALEXANDRA RD., 

PONDERS END, Middx. 
MOWATTI131. I, 

it  
YOU HAVE NOT YET 

SECURED OUR LATEST 

20 PAGE ILLUSTRATED 

CATALOGUE OF— 

QUALITY RADIO AND 

ELECTRONIC COMPONENTS 

SEND 3d. STAMP 

—now 
BERRY'S (WU) LTD. 
25 HIGH HOLBORN, LONDON, 

(Opposite Chancery Lane). 

I c'ephone • 110Lbortt 6231. 

W.C.I. 

Continuous Film Cameras 

For Standard Cathode Ray 
Tube Photography 

AVINIO LTD., TAUNTON (SOM.) 

DALY 
The ELECTROLYTIC 

Specialists 
We specialise and manufacture only 

ELECTROLYTICS 

DALY (CONDENSERS) LT D. 
West Lodge Works, The Green, Ealing, Wc . 

Telephone : Ealing 4841 

—PHOTO-ELECTRIC CELLS— 
Se/Te on gold-alloy, supersensitive to 
light, gas-filled, permanent, operate relay 
direct or with Valve Amplifier, perfect 
reproduction of Speech and Music from 
sound track of films ; large tube 311n, from 
glass top to valve pin base, I in. diam., 38/- ; 
same type 2Iin. long, 35/- ; small tube, 2in. 
from top to terminal base, tIn. diam., 30/- ; 
miniature cell, glass top to cap base, lin. 
overall, tin. diam., thin flex leads, 28/- ; 
all cells operate on 40-100 volts. Connections 
diagrams free. 

PRECISION OPTICAL SYSTEM 
producing fine line of light from any car 
headlight bulb, for scanning film sound track 
direct into Photo-cell, metal tube 2in. long, 

diam., fin. focus, 52/-. Instructions free. 
Goods by return. 

CEFA INSTRUMENTS, 38a, York St., 
TWICKENHAM, Middx. POPesgrove 6597 

71 *FOR. BOOK.S* 

Nearly 3,000,000 Books in Stock. New and Second-hand 
Books on Engineering and all other subjects. 

Books Bought. 

119-125, Charing Cross Road. London, W.C.! 
Tel : GERrard 5660 (16 lines). Open 9-6 Inc. Sat 

LONDEX for RELAYS 
AERIAL 
CHANGE-OVER 
RELAY, TYPE 
A.E.C.0.4 

for Radio Frequency, 
specially suitable for 
Transmitters and Ex-
perimental purposes. 

Ask for leaflet 112'E.O. 

LONDE X • LTD 
MANUFACTURERS OF RELAYS 

207 ANHUI' 1110AD•LONDON•S•E•20 

TRANSFORMERS 
to customers' specifica-
tions or in accordance 
with standard list. 

W. BRYAN SAVAGE LTD. 
Wootmorelond Rood. I.o.don. N W9 Col.nelee 7111 
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CLASSIFIED ANNOUNCEMENTS 
The charge for miscellaneous advertisements on this page Is 12 words or less, 4/- and 4d. for every additional word. Box numbero 
count as four wore, plus 1/- extra for replies. Remittance should accompany advertisement. Cheques and P.O.'. payable to 
Holton Press, Ltd., 43 Shoe Lane, E.C.4. Replies to box numbers should be add d as above, marked " Elec. Engg." Press 

date: 15th of month for following issur. 

Vacancia advertised in these columns ill not r,i,de to 
min between the ages of 18 and 60 inclusive, or t. omen 
between the ages of 18 and 40 inclusive, unless they are 
exempted from She provisions cf the Control of Engage-
ments Order, 1946, 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., 22, Lisle Street, London, W.C.2. 
GER. 4447. 

LOUDSPEAKERS 
LOUDSPEAKERS—We carry on. Sinclair Speakers, 
12, Pembroke Street, Ni. 
LOUDSPEAKER repairs, British, American, any 
make, moderate prices.—Sinclair Speakers, is, 
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, ro/fi, post 6d.—Webb's Radio, 14, Soho Street, 
London, W.1. 'Phone: GERrard 2089. 

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

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. 

WE ARE NOW able to undertake the adjustment of 
resistors and capacitors over a wide range to within 
o.1%. 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. Facilities also available 
for instrument finishing, including: engraving panels 
and dials, black crackle enamelling, and silver, nick -I 
or chrome plating instrument parts. Lydiate Ash 
Laboratories, nr. Bromsgrove, Worcs. 

CATALOGUE photography by new process. Behr, 
44. Temple Fortune Lane, London, N.W.zz. SPEed-
well 4298. 

INTERNATIONAL RELAY rack assemblies. 311 in' 
panel space rack, carriage paid, £2 ; 14 gauge Alclad 
black crackle panels, 4s. to 9s. 6d; 16 gauge aluminium 
chassis with panel fixing brackets and screws, los. 
S.A.E. lists Amplifiers, etc. Amateur Radio Service, 
G6HP, 27/29, Canning Street, Burnley. 

EXHIBITION of Modern Radio Components and 
Amateur Communication Equipment, 9 a.m. to 5.30 
p.m. Every day except Thursday, (9 a.m. to 1 p.m.). 
Staffed by G3AD—G8ZD—SPIFIH/SP2HH. Tele-
Radio ( r943) Ltd., 177 Edgware Road, London, W.2. 

INSTRUMENT CASES, chassis and panels, of 
modern design and to specification. Up-to-date 
finishes. Specialists in short run sheet-metal work for 
radio and allied manufacturers. Sea Rescue Equip-
ment Ltd., Chiltern Works, Clarendon Road, Watford. 

POLARISCOPES for glass strain determination, 
open stage, double eyepiece, sensitive tint, fields 
2 in. to 1(4 in. diameter. Details on request. 

POLAROID FILM for research: squares 4 in 
24S. ; 6 in. 52s. H. S. B. Meakin, Ltd., 36, Victoria 
Street, S.W.!. ABBey 6713. 

eid. ST "MP brings you our lists of high voLage 
cipacitois components and valves.—M O.S. %Mail 
Order Supply) 24. Nave Road, London, E. 

SITUATIONS VACANT 
E. K. COLE, LTD., require fault-finders and testers 
for radio and television receivers. Apply, giving full 
particulars of experience to Personnel Manager, Ekco 
Works, Southend-on-Sea. 

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, Mddx. 
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 ii2-page handbook 
—FREE and post free. B.I.E.T. (Dept. 337B), 17, 
Stratford Place, London, W .I. 
APPLICATIONS from persons in the following 
categories are invited for positions with a prominent 
S.E. London concern: (i) Physicists, preferably 
specialising in the applications of electronic devices 
in industry. (2) Development Engineers, having at 
least 3 years' practical experience of electronic devices. 
Possession of a degree will be an advantage. (3) Physi-
cists or Radio Engineers who have recently graduated 
and who are interested in a career in the electronics 
field. (4) Young men of Inter-B.Sc. standard, who 
are studying for their final degree externally. Facilities 
for continuation of these studies will be granted. 
Box 823, " Elec. Engg." 
REQUIRED, TECHNICAL Assistant in Appli-
cations Department of well known valve manufacturers, 
North London district. Duties include technical 
correspondence, circuit development and analysis, 
compilation of technical data, etc. Salary 1300 to £400 
p.a. Write in first instance giving details of age, quali-
fications, experience, to Box 826, " Elec. Engg." 
PRODUCTION MANAGER wanted by Northern 
Radio and Component manufacturers. Experience 
modern production methods essential. Progressive 
post for applicant with energy and initiative. Com-
mencing f5ool600. Box 827, " Elec. Engg." 
SENIOR ELECTRICAL Engineers required for 
responsible positions in the Oil Industry abroad. 
Applicants should be University Graduates, ages 25-35 
years, with academic qualifications equivalent to 
the A.M.I.E.E., Extensive industrial experience in 
Power Plant, Substation and heavy Electrical Machin-
ery, (Switchgear, Transformers and ancilliary equip-
ment) essential. Salary depending on age and ex-
perience, 1750-1x,200. 

ASSISTANT ELECTRICAL Engineers, ages 23-3o 
years with recent academic qualifications required in 
the Oil Industry abroad. Some experience needed in : 
(a) Installation of Line Wiring on Automatic and 
Intercommunication Telephones and Wireless Trans-
mitter-Receiver equipment, or (b) Power Plant, Sub-
station and Heavy Electrical Machinery (Switchgear, 
Transformers and ancilliary equipment). Salary 
ranging, depending on age and experience, from 
E600- aoo. 

Selected candidates required to attend London for 
interview and Medical Examination as to fitness for 
tropical service. Write, quoting D.1547X-A, to Ministry 
of Labour and National Service, Appointments Depart-
ment, Technical and Scientific Register, Room 572, 
York House, Kingsway, London, W.C.2., for appli-
cation form, which must be returned completed by 
May II, 1946. 
LABORATORY ASSISTANT required for chemical 
section of Electronics Laboratory. Knowledge of 
application of fluorescent screens, emission coating, etc., 
desirable. Situation fifty miles from London. Apply, 
stating experience and salary required. Box No. 831, 
" Elec. Engg." 

LABORATORY ASSISTANT required. Experi-
enced electronic and mechanical work. Give full 
particulars and salary required. • Box 833, " 
Engg." 

SITUATIONS WANTED 

RADAR OFFICER (R.A.F.), 4 years' pre-war ex-
perience public address, recording; 6 years ground 
radar installation and maintenance; requires pro-
gressive position, television or radar. Release June. 
Box 829, " Elec. Engg." 

DRAUGHTSMAN AND RADIO ENGINEER, 
aged 24, City and Guilds finalist in Technical Electricity 
ana Radio Communication. Six years' experience 
design and development. Seeks progressive, re-
sponsible position as designing draughtsman or vadio 
development engineer. London preferred. Salary 
commensurate with position offered. (£400 p.a. 
minimum acceptable.) Box 836, " Elec. Engg." 

CAPT., R. SIGNALS; demobbed; latterly Carrier 
Installation Engineer Indian Post and Telegraphs; 
qualified Officers' Advanced Wireless Course; vast 
experience of wireless, line and electrical apparatus ; 
desires post giving scope for initiative and inventive-
ness. Interested purchase partnership in small pro-
gressive firm. —Box 830, " Elec. Engg." 

ELECTRONIC PHYSICIST, with extensive Uni-
versity and Industrial experience in many fields, includ-
ing television, gas discharges, etc., requires responsible 
position with reputable firm. Box 838, " Elec. Engg." 

WANTED 

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

RADIO MANUFACTURER not yet in production 
wants partner or would consider business changing 
hands. Box 835, " Elec. Engg." 

CHARTERED MECHANICAL ENGINEER, wide 
experience in practical interpretation of electronic 
requirements, can undertake design and development 
of components and apparatus. Box 808, " Elec. 
Engg." 

CONSULTING Electronic Engineers with wide 
experience in both communication and non-com-
munication electronic engineering, aie new able to 
undertake the design, development, etc. of work in 
these fields. Apply Box 832, " Elec. Engg." 

BUSINESS OPPORTUNITY. Large (non-
electrical) company having developed prototype of 
photo-electrically controlled machine, requires firm to 
undertake the final design and early production of the 
small precision electro-mechanical movements and the 
photo-electric apparatus controlling them. Box 834, 
' Elec. Engg." 

COSSOR Double Beam Oscillograph wanted. 130-
14o. Box 837, " Elec. Engg." 

NEW ROMAC RADIO AND ORAL 
COMMUNICATION COMBINED 

25 Watt, model 25/H11 

Incorporated Radio Tuning Unit, 
Provision for Moving Coll or Crystal 
Microphone and High Impedance 
Gramophone Pick-up to meet the 
demand of the present day for High 
Grade Equipment. 
Delivery Ex. Stock. 

Also our Model 25/111 Amplifier for 
Microphone and Gramophone input 
only, also with high quality output of 
25 watts. 
Delivery Ex. Stock. 

Gramophone Playing Desk Unit in 
attractive case with lid available with 
either Amplifier. 

ROMAC RADIO CORPN. LTD 
THE HYDE • HENDON • LONDON,N.W .9 
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cation Receivers and Compo liers 

we 

uphold our reputation e supp of 
`nigh effic‘ency apparatus for the labora-
tory and the disciminang amateur 

r ti . 

1  

D I 
The Short-NNeve Specialists 

Grams : " Criswebco, Roth. London " 

14, SOHO ST. OXFORD ST. LONDON, W. I. Telephone. GERRARD 2089 
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