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a tull range

“DRILITIC”
ELECTROLYTIC CAPACITORS

Physically small, these B.R. and C.T. capacitors
embody many technical advantages and their
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 frequency 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.

UBILIE

CONDENSER CO0. (1925) L™

“DRILITIC” CAPACITORS

MAXIMUM SIZE INCHES MAXIMUM TYPE RETAIL

Capacitance Working _ - Ripple Current Niimbes PRICE
Voltage D. s mA. EACH

50 12 o 13 55 BR501 2s. 6d.
25 25 3 13 : 75 BR252A 2s. 6d.
50 50 3 2 190 BR505 3s. 6d.
8 150 2 1} 110 BR8I5 2s. 9d.
8 500 i 2 100 BR850 4s. 0d.
8 500 | 2 100 CT850 4s. 6d.
16 500 | 2 110 CT1650 6s. 6d.
8-8 | 500-500 13 2 100-100 ! CT8850 6s. 6d.
16-8 ‘ 500-500 13 2 110-1G0 i CT16850 ' 8s. 6d.

Ve
D2

rtical mounting clips supplied with C.T. types. *The total maxs ripple current for both sections must not exceed the larger figure.

DUBILIER CONDENSER CO. (1925) LTD. * DUCON WORKS * VICTORJA RD.- NORTH ACTON LONDON * W.3
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MINIATURE or MIDGET

We specialise
“intheir

Write for characteristics

BASICALLY BETTER
A/R-SPACED

CO=AX /W0y CABLES
TRANSRAD'O LTD. 16 THE HIGHWAY- BEACONSFIELD-6-BUCKS. HIVAC LIMITED. Greenhill Crescent, Harrow on the Hill. Midds. Phone: 8%5e

"THE SCIENTIFIC
VALVE

BRITISH

THE Model 7 Universal AvoMeter is
the world’s most widely used combination
eleotrioa]l measuring instrument. It provides
50 ranges of readings on a 5 scale and is
guaranteed accurate to B.S. first-grade limits
on D.0. and A.C. from 25 to 100 ofs.
It is self-contained, compact and portable,
simple to operate, and almost impossible
to damage electrically. It is protected by
an automatio ocut-out against damage
through severe overload, and is provided

mith S GHIS UL loompenRiLIon T ST s ONE INSTRUMENT The AvoMeter is one of a useful range of

in ambient temperaturo. measures :— “ Avo” electrical testing instruments which
Current, A.C. and D.C, (0 to 10 amps.) intaining the “Avo" tati for AR

Xol:age. A.(C. and %c. © .t‘o |§>oo v.) are malntalning the “Avo' reputation lor
g3 stanceueito Abymeronms| unexcelled standard of accuracy and depend-

Write for fully descriptive pamphlet. Capaclty (0 to 20 mfds.) s, i urecy . pe
Audl;-fret::E)ncy Power Output (0 to ability—in fact, a standard by which other

watts . .
Decibels ( — 25 Db. to + 16 Db.) instruments are judged.

Sole Proprietors and Manufacturers :
AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT Co. Ltd., Winder House, Douglas Street, London, S.W.1
Telephone : VICtoria 3404/8

A
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Change of Address

Customers are requested to note
that all works and administrative
departments formerly at 12-22
Laystall Street, E.C.1, are now
installed at our factory at Tol-

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.

—for priority requirements only,

l E lA" D at prESe’nt. Write for par(icyla;&

”‘ as‘ [ ‘ y, stating frequency range required.
llsu}}’é Sed ” erdmzcs 21.JOHN STREET, BEOFORD RDW. LDNDON WO
INSTRUMENTS LTD .00 c i aNc e Ry 6768




May, 1946 Electronic Engineering v

\\\'I//

PRECIOUS; METAL

4
//Il\\\

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
repraduction.

Each Bulgin fuse conforms to British Standard Speci-
fication No. 646. Consistently the Bulgin range has
fulfilled and exceeded every requirement. Over 2§ 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 0.06 to 25 A. based on
rating at carrying (1,000 hour min.) current and blowing at
50% 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
Suse is built 1o withstand initial surges of 3 10 4
times its specified rating whilst blowing normally
at twice the rating

LGIN VACTITE WIRE

Makers of over 60 Types of Fuse 75, ST. SIMON STREET,
SALFORD, 3, LANCS.

Tel. : MANCHESTER, BLACKFRIARS 9831
A. F. BULGIN & CO. LTD - BYEPASS ROAD - BARKING - ESSEX Telegr. : VACTITE, SALFORD

Rlppleway 3474 (5 lines)
[Y=——=ee———— L L.
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TELEVISION AERIAL
‘QUlZ’

Answers to some of the questions we are
continually recelving by letter and *phone

- Q.1. What are the advantages
abtained when using a reflector with @
g dipale?

A. (a) ltis necessary in areas of
weak field strength to increase the
signal input to the receiver.

v (b) The directional properties

3 can be utilised as a means of mini-
mising Interference, particularly so,
if the aerial can 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.

Q@.2. What type of feeder shauld
be used with a dipole T.V. gerial?

A. T.V. Receiver designers still
fall into three schools of thought:
(1) 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
1 » balanced input circuit in the receiver
for optimum results and does not

i provide a screened Input to stabilise
a super-sensitlve receiver.

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

If the recelver 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.

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

A. No, notalways; sometimesa
building can be used to screen
against interference.

Q.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 Mc/s across a dlpole of approxi-
mately 70 ohms radlation resistance. From the formula of resistances in

parallel;
_RIxR2 10000x70 _ 700000
RI +R2 10000 +70 10,070

It can thus be seen that the reduction In signal is less than | per cent. and
can be neglected.

= 69.51 ohms

»...TO BE CONTINUED

BELLING ¢ LEE LTD

CAMBRIDGE ARTERIAL ROAD, ENFIELD. MIDDX
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STROBOSCOPES
for all applications

HIGH POWER UNIT -
for Photography

SEPARATE LAMP UNIT
for difficult locations

STANDARD MODEL

for general use

b

Dawe ,
Iistruments Lid

HARLEQUIN AVENUE,
GREAT WEST ROAD,
BRENTFORD,

MIDDLESEX Tel.: EALING 1850 ||

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-
sentative of a range
which  includes
models with various
types of bits suitable for a wide variety of jobs. Models are
available 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 #lb. solder at working temperature.
Please write for Folder Y9.

W. T. HENLEY’S TELEGRAPH WORKS €O, LTD.
51-53, HATTON GARDEN, LONDON, E.C.1.

| SOLON ELECTRIC
SOLDER POT
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WESTECTORS

ity %

Y length of 22SWG. tinned
c:»ptr ot each end

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).

©WESTINGHOUSE|®
METAL RECTIFIERS

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

e

make good jobs

BETTER!

Make the
BEST with
TENAPLAS y

>

TG I TRt L
< &

We make:—
RADIO SLEEVINGS
“TENAPLAX' TUBING FOR
CONVEYING LIQUID FOOD
EDIBLE OILS, ETC.
INSULATED WIRES & CABLES
SOLID SECTIONS & STRIPS
*TENATHERM * SELF-HEATING
CABLE AND ‘TENAPLAX'
CO-AXIAL CABLE

Write for
details to

TENAPLAS LID
WORKS. UPPER BASILDON, NEAR PANGBOURNE, BERKS
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THE MOST FAMOUS SET MAKERS ARE AGAIN FITTING

MAZDA

RADIO VALVES AND
CATHODE RAY TUBES

because of their

PERFORMANCE AND
RELIABILITY

CHARACTERISTIC CURVES OF AVERAGE ]..

'MAZDA

VALVE HL.23 DD,

i Dy
] EEERE
+ 8 NN O TR [ U ' -

\.»J.«L_-*mu. -I.—f
| I |

= ;——+— -.,.v.r»_‘

+—4—a——
|

THE FILAMENT CURRENT OF THE
MAZDA HL.23DD IS EXCEPTION-
ALLY LOW; T IS ONLY SOmA.

ITS MUTUAL CONDUCTANCE
(Im=1.2mA 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.

- MILLIAMPS |

THIS VALVE MAY BE USED AS A
REPLACEMENT FOR THE BVA.132 IN
THE CIVILIAN WAR-TIME RECEIVER.

ANODE CURRENT

5 -4 -3
THE EDISON SWAN ELECIRIC COMPANY LIMITED (AF)" 155, CHARING (ROSS ROAD, LONDQN, W.(.2
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TELEGRAMS
HULTONPRES, LUD
LONDON.

HE true scientific spirit is
Trecognised 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 the 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 |

Credits

tron, one a written paper and the
other a *‘lecturette ” summarising
the written paper, both read before
the I.LE.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 the 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.
BruMreEin. It would be some small
recognition of the many contributions
of MR. BLUMLEIN to circuit technique
if this circuit were renamed the
BrumLrin integrator. As the present
name has not yet becen 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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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
afew seconds it 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.
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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.

URING 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 1941, 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 tvpes 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
sccond.  In the other, the film is ex-

* Naval Construstion Research Establishment.

B
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Fig. 2.

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 s 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.
Gaseous 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 eclectrodes in a tube filled
with a suitable inert gas mixture.
The construction of these tubes anc
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 o.1 to 4 microfarads and
its voltage from 2,000 to 20,000 volts.
Both condenser and voltage are thus

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

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-
ment 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
1 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 DISCHARCE
o CONDRNSER
—
SiCHAL
Fig. 1. Circuit of high-intensity | fash 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. 1 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 well-designed tubes the interval
between the arrival of the signal and
the -flash is of the order of § 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-clectric cell.

Providing that the phenomenon
being studied is reproducible and that
a signal can be derived representing
some ‘¢ reference event,” single-flash
photographv 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.

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 Stroboscope—
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 100 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 hetween 30 and go ft.
per second.

Theve 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 same as that
in standard cine-film. The records
mav therefore be projected at- the
normal rate (16 frames per second)
and the subiject ¢ slowed down’ 30
to oo times.

The ‘“ power stroboscope ”’ consists

Model tank for investigating damage to bulkheads.

of a 2,000-volt power supply toge-
ther with lamps and trigger circuit.
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 (1,000 to 1,500 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 quaiitative idea of the
behaviour ol the subject to be gained
before analysis is begun.

Single-flash methods have been
used at Admiralty Undex Works to
study the ruplure of steel plates at-
tacked by explosive charges. Tn one
set-up a steel plate was placed upon
the water surtace, a charge being
fitted on the underside of the plate
in contact with the centre. The
signal from a hydrophone placed
10 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 FEdgerton power stroboscope
and more recentlv a similar unit built
at Admiralty Undex Works “have
been mnsed in investigation of the
mechanism of tailure, 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 ‘o simulate on the model
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scale the conditions obtaining when u
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 vectan-
gular in section, 6 ft. wide, 5 ft. deep
and 11 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 water 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. Tn 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.

Sithouette Photography

Depending upon the type of damage
being studied, silhouette and reflected
light methods have been used. If the
hulkhead 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.
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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 hole
itself is subsequently enlarged as the
bulkhead tears in radial lines and
forms ‘“ petals ”’ of distorted metal.
Simultaneously a mass of wafer mov-
ing with considerable velocity enters
through the hole.

Fig. 6.

Fig. 4.
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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 i oz.
ot Polar blasting gelatine, the bulk-
head 1/16 in. of mild steel, and the
final major dimension of the hole 15
inches.

Some work has also been done on
bulkheads with stiffening members.
Fig.. 5 shows the state of affairs in
a typical shot (a) before and (b) 17.5

(Continued on page 141.)
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Improved high-intensity flash equipment giving 1,000 flashes per second.

Silhouette of rupture of bulkhead showing mass of water entering the hole.
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Microphones

Electronic Engineering

By S. W. AMOS, B.Sc.,* and F. C. BROOKER, A.M.LE.E.*

1" was seen in Part I that there are

three distinct branches of physics,

namely, acoustical, mechanical
and electrical, involved . in the
study of microphones, and that
cach 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 considerations 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.
1a and 1ib, 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 10° dynes per
sq. cm. As in the electrical circuit,
the pressure, $, at any instant of
time, ¢, is given by the expression :

; P = Pasinowt

Even for comparatively loud sounds
the value of the pressure amplitude
is extremely small, being of the order
of 1 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 10-° of nor-
mal atmospheric pressure, while the
weakest audible sound gocs down to
about 10-° of normal pressure.

[n the study of microphones we are
not particularly interested in the

* Engineering Training Dept., B,B.C.
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Part II—Sound Waves and the Physical Properties

of Microphones
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propagatior velocity, ¢, except in so
far as it gives us the wavelength, A,
by the wusual relationship, A = ¢/f,
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 1 in. (1 in. corre-
sponds to 13,200 c/s.).

Another velocity of particuar
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-
lons—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° 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

Pictorial and graphical representation of a sound wave of pure tone.

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, v = p.pc

where p = excess pressure
p = density of the medium
and ¢ = 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 com-
pared with the wavelength, then the
formula can be modified to:

1 AN\
v:p.pc'\/1+—-(—)
47 r

where 7 = radius of curvature of the

spherical wave, i.e., the distance

from the <cource. it will be

seen from this latter expression

that the velocity component of a

vave of given amplitude becomes
A

greater as — increases.
r
distance from the source, 7, 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-

At a given
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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 bath sides. In the former
case the movement of the diaphragm
depends on the value of pressure
exerted on the front of 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
corpared 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 200 ¢/s. and
for speech at about 6 inches from the
mouth, the maximum particle velo-
city is about 0.1 cm. per second, while
the maximum displacement of the air
particles from their mean position is
only 10-* cm.

Pressure Operation of Microphones

Any microphone that has its dia-
phragm exposed to sound waves on
only one side is a pressure-operated
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type, i.e., the displacement of the
diaphragm is proportional to the
instantaneous pressure developed in
the sound waves.  Its action.can be
compared with that of a quick-acting
aneroid barometer. 1f the icro-
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 2b (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 4.

If we consider a point O 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
<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,
ag in Fig. 2a), 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

I
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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.

.
Fig. 2 (a) and (b) (left).
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reflected wave being set up and
moving in the opposite direction to
the incident sound. Such reflexions,
which da 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 hrst 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 111.

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
‘“1ift " 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. sa shows a train
of relatively long waves arriving at
an angle # to the normal, while
Fig. sb 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 7, at the centre
and to the sides respectively. In the
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case of the long wave there will be which is for a typical large-sized

very little difference in the excess
pressure whether taken at 7, P, or P..
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. sb 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 reduced. 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 mayv
be similar to those shown in Fig. 6,

Fig. 5 (a) and (b).

Effect of oblique incidence of waves.

pressure microphone.

Early microphones of the carbon-
granule and condenser types suf-
tered fromn frequency distortion to
a marked degree, due to the various
causes enumerated above; and it is
doubtful whether this was appreciated
at the time. If 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 111
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 responsc 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
would then move according to the
difference in pressure between front
and back. 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-

phragm in so doing. [t is the time
taken to move this distance 4 that
gives us the required phase difference;
and 4 has been transfeired to the
graph to show how the two different
pressures, po and i, are set up under
these conditions.  Fig. 7b shows a
similar set-up but with the wavelength
made much smaller (in fact, N = 4),
and it is seen from the acconipanying
graph that no matter where the wave
i1s with respect to the diaphragm the
pressures at the front and the back
are equal, ie., po = p, or po = P
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
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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 4,
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 4 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 4 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.I'. 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-
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trequency 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. g, 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 1s 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 cfs. 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 2
maximum when the path difference 4
is equal to half the wavelength
(Fig. 7c). So, for the greater part of
the frequency range the force, or
pressure difference, increases for 1n-
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 abeve this frequency, and
increasingly so until it eventually
passes through zero where 4 = A
These two characteristics, 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 £ = 3. By working oun
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 pioblem the pres-
sures on the two sides of the ribbon
have been taken as being the same as
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Fig. 8. An early R.C.AA. microphone
showing cut-away pole pieces.

Fig. 9. View of B.B.C./Marconi (Type B)
ribbon microphone showing cavity formed
by pole pieces.
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Fig. 10, Hlustrating 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 4. The pressures at two
such points are equal in magnitude
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and differ only in phase. A rigorous
treatment would have to take account
of the fact that the obstacle effect of
the inicrophone modifies the magni-
tude of these pressures also. It is for
this reason that the output of the
microphone does not completely
vanish when 4 = A since the front
and back pressures though acting on
the ribbon in opposing sense are not
exactly equal.

.Fig. 10 shows a single cycle of a
sine wave of length N and amplitude
2. together with a path difference of
length 4 alongside it. The pressure
difference moving the ribbon is shown
as Ap, which is calculated by :

d x 360°
Ap = 21),.Sin
2\
) 180d
= 2p,Sinkf, where & = ——
¢

In this, f is the frequency of the
sound wave and % is a constant for a
given path difference which involves
¢, 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 = go° giving 4 = {X; and
1s zero when sinkf = o, i.e., when
4 =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 oc ribbon velocity
p.sinkf

o ————

Force
e
Frequency I

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

] ) sinkf
microphone is proportional to

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

sinkf
20logw
1
) ) 180d
in which 2 = - This function
¢

is plotted in Fig. 11 from which it
is seen that the output voltage calcu-
lated from this simplified theory falls
rapidly above the frequency for which
d/\ =% 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 4 = A, and
this has been done for a hypothetical
case where this frequency is 10,000
c/s. (d = 1.32 in.) and for the B.B.C.
inodel (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. (\ 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-
sure 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,
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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 1 volt on open
circuit, for an input pressure of 1
dyne per sq./cm,

Electronic Flash Tubes (continued from p. 135)

(a)

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 sinpleflash 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

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

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 1,000 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. 6.
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Nuclear Energy

PART lll.—Experimental Methods
By W. D. OLIPHANT, B.Sc., F.Inst.P., F.R.S.E.

Atomic Projectiles

RTIFICIALLY produced
Anuclear 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 (A", which is the
nucleus of the normal hydrogen atom
having a mass of 1.67 x 10-* gm.

The deuteron (\/* or ,0%), which is
the nucleus of heavy hydrogen or
deuterium, comprising one proton
and one neutron, and having a mass
of 3.33 x 10~ gm.

The e-particle (:/¢*), 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 10-* gm.

The acceleration of all these par-
ticles 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 m  charge ¢ and
initially at rest, is accelerated by a
potential difference V to a final velo-
city ¥ in accordance with the energy
relation

1

—mv' = Ve

2
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 fiell 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-~

H

GLASS PLATE

Fig. | (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.

DIAMETRAL
GapP

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
« Hev
U =

&

If the charge ¢ is already expressed
in e.m.u., then this force is given by
Hew, since ¢ is the ratio of the e.m.u.
of charge to the e.s.u. of charge and
is numerically equal to 3 x 10"

For a positively charged particle,
the direction of this force is shown
in Fig. 1 which depicts three vectors
(representing A, » 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 (A) 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 w (= 2/7) be
the angular velocity,

mv’ Hev
F = mo'y = =— .. (3
r ¢
from which
7 He
W= — = —— e (4)
r me

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 yelocity 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 ». 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
(e|m).

(Continued on page 151.)
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Fig. 4.

P.P.). (Plan Position Indicator) display.
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H,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 C.R.-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

HE versatility of the cathode-
Tray iube 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
terms : 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-
tionw.

A “ picturial "’ 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
couise, this task of searching through
u 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 when in his present 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 ¢ C.H.L.”
(Chain Home Low). In this case a
master oscillator produces a sine
wave (Fig. 1(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. 1(b)) and then
differentiated (Fig. 1(c)) to give a
locking pulse for the transmitter
(Fig. 1(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 1(e))
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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., 1(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
puise, and the linearly rising wave
(Fig. 1(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.

{t 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
/ 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 /R 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. 1(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 caw-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
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coil around the neck of the cathode-
ray tube as shown in Fig. 1(l), 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 H.S 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 delaved wave
as in Fig. 1(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. 1(e) can be regarded as
a delaved wavetorm 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 terined a delayed
start of sweep and, when the period

(@) - /_\_/_.

s B

(C) LV_A

Fig. |. Hlustrating )
the stages in pro- (d) L
ducing triggering

pulse for time-base
circuit, waveform for
magnetic deflection,
and method of pro-
ducing radial trace.

o A—pe
(1)) ‘A_/_

(h) Nesimnsian
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S is short, i.e., 1 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 wvariable con-
denser and leak and thereafter squar-
ing, are also possible,

Histor 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

(j) s -
(%) I_/ /l.}j
0
gt s et
f/Lf/ Amplifier
RS Bbor
Feed back loop Two-
rotary
trangrfo:mer
CR tube with "Magslip®
rotating radial
time-base
Two-phase
de[lectign coil b
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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
VCRi351, 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
hack-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 was 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
C.H.L. with means for making the
range trace, now intensity modu-
lated, rotate on the cathode-ray tube.

Fig. 7. Centimetric A.l. (air
interception) with
scan.

spiral on ;

<— Port

Fig. 9. B-scope display.
A.S.V. Mk. XI,,
AS.D. and ALl
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.
Aircraft

Transmitter echioes

pulse

Fig. 2. Early type of C.H. display.
Transmitter
pulse
é’df}'{,‘gﬁ Indicates -
3% dia target
arcraft lies
to starhoard

Ground returns

Indicates
target
| y \ . aircraft
abave
Elevation
CR.tube
3% dia Ground returns
Fig. 3. (Above.)
A.l. displays.
A B
\—M‘““*‘“"' Fig. 5. (Left.)

Gee display.

[

Fig. 6. (Below.)
Later A.l. dis-
play.
Indicates target CR.tube
aircraft to starboard 2% dia
and ‘above e
‘Wings indicate
target. nearing
range for
shooting
Used Fig. 10. C.scope

Al X, ' Used on

Mk. X

equipment.

Stbd—»

centimetric A.l
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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. s,
was 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 iransmission
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
*Sec ELECTRONIC ENGINEERING, 1045,

display. Fig. 12, VEB (vertically

elevated beam) and AMES
Type 16 display.

—Range —»
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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.l. and range-bearing displays are
shown in the next photograph. From left to right
these are :  VCRI40, VCRSI6 VCRS20, VCR517,
VCR.S30, VCRS24, ACR22. The first two were
based on televlsion tubes of prewar construction,
the third being a magnetically focused and scanned
tube for large screen projection. The VCRSI7 is suit-
ed to a circular scan and operates at 3,500 V VCRS24
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
. E.M.l. iron-clad coil.
T.R.E. version of No. |
Two-phase magslip stator.
. Final YCRS30 two-phase coil.
Short version of No. 4.
Two-phase coil by G.E.C. (Leicester),
8-tooth coil (T.R.E. design, made by G.E.C.).
Screen case for H.
E.M.L toroidal coil in case.
Single-field coll for turning mechanisms.
Early sample of No
Later sample of No. 2.
Early version of No. 4.
Stamping used in No. 4.
Section of No. 6
Sample for No. 7.
U.S.A, square-yoke coil.
One of the 8 coils on 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.

AEIOMMOO®EPODNINAWN —
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certain station by * ghosting,” i.e.,
duplication of equal or reduced am-
plitude with 2 fixed known delay. The
VCRg7 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: (&) im-
proved metric systems, (&) spiral scan
centimetric systems, and (¢) helical
«can centimetric systems, 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.l. 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 outwards. 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 10-cm. pulse transmitter, with
a paraboloid for transmitting and re-
ception giving a 10° 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 cnded. The early displays
had 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-
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conie the trouble by the use of a
hyperbolic 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
SCR7z20, known in this country as
A.I. Mark X, resulted. This was
altogether more complex than the
A.1. 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
lurm 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. 10) 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
laim 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 to permit
some sort of course

setting for cut-off
vectors in A.l. in-
terception, thus to

some extent elimin-
ating the necessity
for the stern chase
inevitable with the
A.1. 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
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Before leaving ground radar with
its narrow beam, mention should be
made of the display of Fig. 11 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. 11, 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 ¢ \Y7indscreen
Projection.””  This presented an
‘“image ’’ of the target aircraft to
the pilot’s eye appearing as though
it 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
mancruvre the aircraft to make it
match the gun sight and, at the cor-

Target aircraft echo

o °

20 15

then employing.

Zero range
point.

Fig. II. Centimetric
display for height at any
azimuth.
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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: (4) making
weak ‘signals readily .visible in noise,
extraneous lighting being negligible,
and (&) 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-
Lility investigations. The investi%a-
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 4 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 100
e.f.c. was comfortably visible and
about 20 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 o.002 (ratio of
active to inactive time of cathode-ray
tube presentation) a beam current of
around 250 #A 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.AF. Physiological
Laboratory, should be noted.

TABLE |

Visibility of Green Trace | mm. Wide,
3 in. Long with § in. Blip

Screen Legible | Comfort-
bright- | Threshoid but ably
ness faint i bright
% % [ %
efc. efc| Con- |efc., Con- e.fec.| Con-
trast trast trast
{ S, R St
40 3| 7 8| 165 50| 55.6
160 17 ] 9.5 27| 145 |180| 52.8
500 | 37| 7 200 23 400 | 45.5
2,250 | 85 ' 3.75 [3501 134 | — =3
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It must be realised that a very more sensitive but that the improve-
bright cloud near the sun can have a ment is not as great as would be pre-
brightness of as high as 10,000 e.f.c. dicted from the simple plain back-
which can illuminate the screen of the ground case and this is probably due
cathode-ray tube by shining through to the noise peaks also being brighter
the hatch of the aircraft. The result- and hence more distr
ing brightness on the face of an un- general brightness is higher.

A further improvement occurs
1,000 e.f.c. or even higher, especially when an increased number of traces
in direct sunlight, but it was soon arc superimposed due to smoothing
found that quite a small visor would of the noise background through
ease the situation considerably, a type superposition.
From these considerations and
ture 4 in, x 1 in. cutting down the from practical tests, it has been found
light by some 50 times. This limits eye that the sensitivity of cathode-ray
freedom, but fortunately this has tubes on B-scope displays can be im-
not been found to constitute a serious proved by increasing the recurrence
restriction on the use of either visors frequency, broadening
or magnifying lenses. In addition, beam, increasing the pulse length,
neutral filters and colour filters of the decreasing the speed of rotation of
same colour as the cathode-ray tubc the aerial and by in
trace were helpful. brightness of the cathode-ray tube it-

The problem of making weak sig- self by using higher voltages and by
nals visible in strong noise on B-scope using high beam currents and efficient
or P.P.1. displays has taken up a con. screen materials.

protected cathode-ray tube can reach

a few inches long and with an aper-

siderable amount of effort and we
now have a firm grasp of it. It will
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The C.R. Tube in Naval Radar

Extracted from the paper previously referred to, the Naval section being contributed by D. Stewart Watson,
B.Sc., A.M.LE.E., of the Admiralty Signal Establishment

HE c.r.t. is an essential part of
T 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 equlpment.

Ta’r;et echo
WHU/U\“WWYW

- Expanded
Ra&%' g poprt,lon

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 of the phase shifter. The cali-
bration pips are derived from a
165.9-kc/s. crystal oscillator, so that
a phase shift of 360° represents
1,000 yd.; the calibration pips are
thus at r1,000-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 value.

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 radayr fire-control equipment

Fig. 2.

Waveform applied
to Xe plate

Volts ‘

Waveform applied
to X[ plabe

Time

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 ycar 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.1.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 18° for an
aerial rotating at 10 r.p.m. It will
thus be clear that the picture obtained
will 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
bead 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

Electronic Engineering

of the ship, always  paints ”’ on the
same 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 *
5 mm. for a VCRs516 tube (CV1516)
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

Differential —

Shp-rings

Data wansmitter
and aerial

Rolating
conlsn(g Bearing for

CRT. housing

relative v North

Bearing

/

Compass motor

Fig. 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,
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Use of Film in Radar
Training

One application of 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.1. tube in the fol-
lowing sequence :

00000

|

360°
IBearingl
doooc000000

-
000000000 0CO0O000O00O0

Range

Fig. I. Film for training in P.P.l. 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. 1). Now if the
aerial scan speed is 1 rev. per 20 sec.,
the recorded picture will repeat every

20,000 lines, except for the slight
changes due to the movement of
aircraft.

(&) 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
cr.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.1.
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 1 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
machine.

TYPE MW MACHINE
Suitable for 11 to 47 S.W.G.

Wire gauges from 1| to 47 S.W.G. can be wound on the Nevilie'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 wwvereoor) LTD

THE SIMMONDS TOWER  -GREAT WEST ROAD -LONDON EL’
A COMPAN.Y OF THE SITMMONDS GROUZP AN
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ERG’S HAVE THE URGE TO GO ABROAD

SPEAKING

\EXPORTIY"

ERG 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- wrm~—r~ o~~~
est Service Standards at a
competitive price.

ERG
RESISTORS LTD

E R G 1021a, FINCHLEY ROAD
Bede Mk

LONDON, N.W.II
Fhone: Speedwell 6957

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 Tke S.E.M. D.1oo Dyna-
coils are vacuum impregnated. motor is only 4§"x2}3"x34".

All the machines are adaptable to  Inpur voltages: 6— 48v.
meet manufacturers’ individual re- Maximum output: 37sv.
quirements. The possible combina-  2sw. It is entirely enclosed.
nions of input and output ratings are  Mountings can be adjusted
numerous. Full details can be sup- 10 individual requirements.
plied on request.

— 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

ANALOGY ON THE GOOSE STEP

E S
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 ?9297? -
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 . . .
PARMEKO of LEICESTER.
Makers of Transformers.

< y 4
- . @

Precision Instruments
of Maintained Accuracy

Switchboard and Portable

Voltmeters, Wattmeters
and Testing Sets.

Pattern Microammeters,
Milliatnmeters, Ammcters,

"

MEASURING INSTRUMENTS (PULLIN)

All enquiries to be addressed to: Phoenix Works,
Great West Road, Brentford, Middlesex. Ealing 00/1/
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(3) The orbital radius is directly
proportional to the momentum and
inversely proportional to the mag-
retic field intensity. It is also in-
versely proportional to the ratio ¢/m.

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 LEquation (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 such a system. Particles
having an energy of the order of
1 MEV. have been obtained by these
direct methods.

(The energy of 1 MEV. (one million
electron volts) is equal to 1.6 x 10-°
ergs and in accordance with the
Einstein mass-energy relation is equi-
valent to a mass of 1.77 x 10-" gm.,
or to an atomic weight of o.00107.
In accordance with the quantum
theory, it is the energy of a radiation
quantum of wavelength equal to
0.0123 x 10-° 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 Wideroe 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. 5§ (right). The
Bainbridge mass spec-
trograph.

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

Photographic plate
0

source (£ =) 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. A 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 » such sections,
then in terms of the notation used in
liquation (1), the final particle energy
will be nVe electron-volts correspond-
ing to a velocity in cm.sec.-' given
by :

2nlVe x 1.6 x 10-"

m

If I is the length of the xth tube
section, then this length must be such
that the time (f) necessary for the
particle to pass thrvough must be
equal the half-period of the
applied H.F. potential difference;
that is to say, £ = 1/2f where f is the
frequency.

Hence the frequency of the applied
p.d. must be such that

Vo =

to

The linear nature of this type of
tube sets a practical limit and it has
heen founc best suited to the accelera-
tion of heavy particles such as mer-
cury and sodium jons. QOne 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 80 kV imparted an energy of
the order of 3 MEV. to singly
charged mercury ions; the overall
length of the electrode assembly was
18 c¢m. with a spacing between

cylinders of about 20 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
Widerde 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 inethod.
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 1o kV and of frequency
10' ¢/s is applied across the elec-
trodes as shown in plan in Fig. 4.

Near the centre (S5) 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 10-* 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 10-* 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 350°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 perforin 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
/ = — =
27T 2Tem
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 Lawrence
at Berkeley:

Weight of electromagnet = 85
tons. Weight of copper in magnet
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winding = ¢ tons. Magnetic field
intensity for a gap between poles of
3% in. = 15,000 oersted. A radio-fre-
quency oscillator of 20 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
tcrminology) it has been possible to
produce a-particles of energy equal
to 16 MEv. This machine has been
superseded by a still larger one
possessing pole faces 6o in. in
diameter. Here, to quote just one
figure, the weight of the entire unit
is of the order of 200 tons. With this
monster, l.awrence has produced 8
MEV. protons, 16 MEV. deutrons
and 38 MEV. a-particles. Even this
is not the limit, for a i84-in. cyclo-
tron is now planned which will de-
liver deutrons of 100 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.
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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 lIsotopes

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
clements 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. .
‘Thomson in 1910, who succeeded in
establishing the fact that neon pus-
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
nmasses should he 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 ¢/m, but with different
velocities, forming a single parabola.
This method, essentially yualitative
in nature, was soon displaced by the
mnore 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
tons 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. s.

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 £ which

has a small aperture at Q. The par-
ticles thus acquire a velocity in ac-
cordance with Equation (1) and some
get through the aperture to the other
side to be volocity-selected by an
electric field applied between the
parallel plates 4 and £ and by a
simultaneously applied normal mag-
netic field. Obly 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
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Fig. 8. Stereo-
scopic photo-
graphs showing
a-particle
tracks in nitro-
gen., Theforked
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
sclector plates 4 and B is V, and if
the separation is 4, then the force
(towards A) on a positively charged
particle (e) is given by Ve/d. Counter-
acting this force is that due to the
magnetic field # and so only those
ions which possess one velocity v will
pass through undeflected; in other

words, since Ve/d = Hev,
v =

......................... . (8
Hd
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 H
I —
|4
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 wuranium
isotope of mass number 235 (&.no)
from that of mass number 238 (U..m)
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
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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. s,
are then treated in the manner
already described, only instead of a
photographic plate there are now
mounted two collectors for U.xs and
U..s, 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 wuranium salt. The
emergent ion stream, containing
U.ss and U4, is then accelerated into
a cylindrical tube 4 where the faster
moving {/.xs ions will begin to separ-
ate from the U.x ions. On emerging
from A the jons are subjected to a
bunching electric field of saw-tooth
waveform applied between electrodes
A and B, the latter being also of
cvlindrical 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..; and U.xs 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 . ion bunch is
allowed to pass straight up the tube
while the following //., ion bunch is
deflected and made to pass along the
side-tube 0. 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
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General view of a cyclotron in which the cast steel pole structure, field coils and magnetic gap
may be seen.

not yet been fully developed. If,
however, it shows some promise in
the separation of the uranium isotopes
which only possess slightly over 1 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

—By courtesy of Electronic Industries.

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

Close up of target and accelerating chamber of the Carnegie cyclotron.
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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

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. Tt 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 right 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 hombardment of nitrogen by a-
particles emitted from Ra.C and this
was studied by Blackett with the help
of the cloud chamber. Most of the
observed tracks, involving some
500,006 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.
Tn 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
shorter track typical of a heavy par-
ticle—in this case an oxygen nucleus
This is typical of an inelastic collision
involving a nuclear transmutation in
accordance with the nuclear reaction
equation .

N" + He —» 0" + . H'

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 o5
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 stereoscopic photograph
involving one example of this reaction
is shown in Fig. 8.
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The Theory of the Mercury-Vapour
Pump and a New High-Speed Pump

(P. Alexander)

Theoret.cal considerations and ex-
perimental results show that the
pumping effect of a mercury-vapour
pump, usually called a diffusion pump,
15 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
been designed on the basis of this
theory. This pump has a volumetric
pumpiug speed of the order of 1