REYNOLDS TUBES =« RODS =
SECTIONS = SHEET = STRIP IN
-HIDUMINIUM*” ALUMINIUM ALLOYS

A word not yet
found in any Diction-
ry—but always
uppermost in the
mental processes of
those who follow
closely the latest
developments of

Light Alloys.

TUBE CO. LTD. (LIGHT ALLOY DIVISION) AND
REYNOLDS ROLLING MILLS LTD.. BIRMINGHAM. 11
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The new Metalastik Ultra-duty bush marks the highest development in annular-
rubber bushes for, by a special process of pre-conditioning, the load capacity
in every direction is considerably increased. Further, both with synthetic and
natural rubber, the life under active load is far beyond that of any other type
of resilient bush.

The Metalastik ahnular-rubber resilient bush controls movements of three kinds,
angular, axial and radial.

With its Metalastik rubber-to-metal weld, the rubber in the bush resists the load
in three ways: in shear, in compression and in tension.

Although the superiority of the ordinary Metalastik bush has been well proved in
relation to types carrying load by simple compression on one side only, this new bush
marks a still greater advance.

Engineers interested in applications of this bush are offered the accumulated experience
of our expert staff of anti-vibration engineers.

Metalastik Ltd., Leicester

M ETALASTE

1945



june, 1945 LICHT METALS Advts.

Installations forc'_(he Production

C arbuwuretted W a ter G a s
B I u e W a ter G a s
P rodwucer G a s
S pecial G a s
for Synthetic P rocesses

H y d ro g e n

Ancillary Plant

for
W aste Heat Steam Production; Gas Cooling & Cleaning;
Fuel Handling & Charging;
Ash & Dust Disposal ; etc.

London Address : Temporary Address :
Hum_glas House, Winkfield Manor,
Carlisle Place, Ascot . . Berks.
London, S.W.I Phone: Winkfield Row 2107

Established 1892
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ALUMINIUM ALOYS

ASK FOR

TESTAL BRAND

This will ensure a product free from
oxide inclusions manufactured and
tested by the most modern method.

We specialise in degassed and grain-
refined, high-quality casting alloys.

MILES AHEATD
B. K. L ALLOYS LTD., KINGS NORTON, BIRMINGHAM 30

‘Phone: KIN 1162-5 ‘Grams: TESTAL BIRMINGHAM
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REARACIORES™ II/M he/p fPetuitd the /?oaeis

FROM THE’ovcrburdehed roads of Britain at Mar will
arise the Roads of the Future-broad highways to carry
the traffic of post-war reconstruction. To the road-
making industry there must flow vast supplies of

cement, lime, roadstonc, steel, road-making and stone- -
crushing machinery, equipment and power — all @D%GSGW\GB?/KE%
dependent in turn upon adequate sup- CEVENTS. & COVPOUNDS
plies of furnace linings. In peace as

in war, the G.R. organisation will play W%FT%UQAS%%

a vital part in meeting the national
demand for quality Refractories.

G EIIERTIL R EFRACTORIES
LI M1 TETPD

GENEFAX HOUSE =+« SHEFFIE10 10 TELEPHONE + SHEFFIELD 3II1IS
1BD
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I L FORD Lead Screens

for Il'ndwustrial R adiography

Without Screens

200 kVp 1t0mA § min. 36 in. 200 kVp 10 mA 3 min. 36 in.

ILFD 1D SRS IMAROE RAICAERNHC QAITTY

Every discerning industrial radiographer is aware of the beneficial action of lead
foil placed in contact with each side of the film in overcoming the harmful effects
of scattered radiation.

lIford Limited have made a thorough investigation into the problem of finding
the most suitable lead alloy and of determining the optimum, thickness of the foil.
As a result they are now able to supply at economical prices lead screens consisting
of front and back thicknesses of foil made of a lead alloy specially selected for its
durability and radiographic efficiency. IIford Lead Screens afford the following
advantages :(—

1 Maximum reduction of scattered radiation reaching the film giving the
greatest possible improvement in contrast.

Reduction of exposure times up to 50 per cent.

Complete freedom from grain.

Definition indistinguishable from that obtained with non-screen exposures.
Maximum flexibility and pliability. .

Maximum hardness of surface compatible with a useful intensifying action.

U A W N

Descriptive pamphlet is available on application

ILFORD LIMITED <« ILFORD <« LONDON
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T h e W i n d o w of the future!l

This light alloy window designed and constructed by John Dale
Limited comes most aptly at a time when post-war housing
construction is very much in the public mind. A window cast in
aluminium alloy has unique qualities that will make an instant
appeal to those who build houses and those who

live in them.

J o h n D a | e L t d

LONDON COLNEY <« HERTFORDSHIRE

Telephone : London Colney 3141
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M ore work from your
Practical Ideas for belter steam usage

have you realised that the shrewd and enterprising use of steam
brings not only urgently needed fuel economies but often a great
improvement in production efficiency of steam-using plant ? « Steam
is very obliging stuff. The better you understand and handle it, the
more work it will do for you. + Below is a list of Bulletins written
by experts and packed with practical suggestions. Put these sugges-
tions into use and you will (/) save fuel ; (//) improve plant efficiency
and output ; and (H) put in some really good groundwork for post-
war economy, and production.

HOW TO MAKE THE BEST USE OF CON- , THE SENSIBLE USE OF LATENT HEAT
pensaTe  (Bulletin No. 4) j (Bulletins Nos. 1s and 19)

Condensate discharged from steam j Thc Latent Heat of steam s its
traps is not by any means \yaste ; rfll h, hcat. How best
water. It is not and soft and clean, .

and there arc many excellent uses
for it. Read about condensate

and how to deal with it.
i FLASH STEAM AND VAPOUR RECOVERY
UTILISATION OF STEAM (Bulletin No. 22) (Bulletin No. 28)

usrt !“ and’ re-use 11 15 ,ola. n
11S I5ullet,n-

i VOu should h,ow how ,0 pu,

of steam for space heating andl nash stcam and Process vaPour '°
process work. Economy ideas on ! work in place ol live steam. This
practically every page ; easily and Bulletin points the way to sub-
quickly put to use. stantial economies.

THESE BULLETINS should be read closely by every
steam user. The steam savings they describe arc per-
manent gains and sound business propositions. Copies
of thc booklets are free from your Regional Office of
the Ministry of Fuel and Power.

tv

[’f FPU‘ ISSUED BY THE MINISTRY OF FUEL AND POWER

1945
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Inside

To the engineer “inside knowledge”
is as important as to the stockbroker:
but, fortunately for the engineer this
inside information is easier to obtain and,
above all, more reliable. “ IndustreX”
and “ CrystalleX” X-ray films are always
at his disposal to provide him at short
notice with the ‘inside’ information about

Photograph of light-alloy casting.

LIGHT METALS

Knowledge

Advts. vijj

about Castings

the _soundness or otherwise of his
castings. From such information faulty
castings may be discarded before ex-
pensive machining, and any necessary
modification to design or foundry
technique may be deduced. Often
radiography is the only means of
obtaining this information. "

Radiograph of the some casting, showing porosity.

“IndustreX’ Type D film— for the routine Inspection of light-
alloy castings or, with lead screens, for the critical examination of

heavy-metal castings.

“IndustreX > Type S film— with fluorescent screens, for heavy-
metal castings or welds : without screens, for light-alloy castings
with wide thickness ranges, if single exposures only are warranted.

“‘CrystalleX” film—for the critical examination of light-alloy

castings or, with
heavy-metal castings.

CINDUSTREX TYWHE D

lead screens,

for the critical

examination of

CINDUSTREX TYHFE S

‘ARYSTALLEX XRAY HLVS

TRAINING IN

INDUSTRIAL

RADIOLOGY

The Kodak School of Industrial and Engineering Radiology is the only
specialised centre of instruction in this country giving training in the

technique and applications of industrial radiology.

Full particulars of the

courses offered can be obtained from —

KODAK LIMITED, KODAK

KODAK LTD.

(X-Ray Sales),

HOUSE, KINGSWAY, LONDON, W .C.2

KINGSWAY, LONDON,"' W.C.2
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ran of founary containing jo mjra-

Red units. Loading 342 kw.,

1,368

Osram Infra-Red Industrial Lamps.

INFRA-RED LA M P HEATINSG
WITH RHODIUM-PLATED TROUGH REFLECTORS
AND Qsrajn INFRA-RED INDUSTRIAL LAMPS

G.E.C. Infra-Red Lamp heating may be employed with great
benefit for drying foundry moulds. The results are uniform
and castings are free from blemishes. Further, a great saving
in labour is effected, and fumes eliminated.

OTHER APPLICATIONS INCLUDE
PAINT DRYING, COIL DRYING, SOFTENING
PLASTICS, SETTING SYNTHETIC GLUES.
G.E.C. Infra-Red heating specialists are available to give advice
and to prepare schemes without obligation.

Advt. of The General Electric Co., Ltd. Head Office: Magnet House, Kingsway, London, W.C.2.
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| For the routine inspection of light
metal and alloy castings and for
general crystallography use Ensign
M ettaray Industrial X-Ray Film.
This is a fast non-screen X-Ray
film of very fine definition and well-balanced
contrast designed to produce radiographs of
maximum detail with minimum exposures.
For the critical inspection of heavy castings
and welds by X-Rays or Gamma-Rays when
the use of lead screens is justified, Ensign
Mettaray is the correct film to use.

. . . ulB2 METTARAY

2 For the radiographic inspection of
heavier types of metals use Ensign
‘M ettascreen Industrial X-Ray Film with
intensifying screens. Mettascreen s
particularly well suited for this purpose
because its high speed permits the exposure time
to be reduced toa minimum ,and, since it maintains
a well-balanced contrast throughout the whole
exposure-range, flaw-detection is greatly facilitated.
Mettascreen used without screens is recom -
mended for the radiography of subjects having
a wide range of thickness.

. . . B2 METTASCREEN

The services of the Ensign Technical Deportment are avail-
An able to deni with enquiries regardinR Ensign Industrial X-Ray
Films. Firms are invited to communicate with AUSTIN
EDWARDS LTD.. ENSIGN FILM WORKS. WARWCK
(Manufacturers of X-Ray Films for nearly 30 years).
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A lum inium Corporation

Lim ited

INVITE
ENQUIRIES
FOR

CIVIL USES

Temporary Head Office :

Dolgarrog, Conway, Caernarvonshire

Telephone: Dolgarrog211 Telegrams: Fluxode, Dolgarrog

G a s P r oducer P 1 an t

Installation of five me-
chanical self-vapourising
Gas Producers each gasi-
fyinghal faton ofCoke and
manufacturing 77,000
cub. ft. of 130 B.T.U. Gas
per hour. We design,
manufacture and erect
Gas Producer Plant to

individual requirements.
General view of operating platform of Producer Plant.

flimn

GibbonsBros. Ltd., Dibdale Works, Dudley. Phone: Dudlej3 14 i (P.A.B.X.). Grams:1‘Gibbons, LowerGornav*:
London Office : 151-4 Palace Chambers, Westminster S.fV.1]  Telephones : Whitehall 641J-S and S359.



SEND"ENQUIRIES TO0 THE RESEARTCH L ABORATORIES

A RZC M A NUFACTURING co., LTD
60B. CRAVEN PARK ROAD, N.W.IO, TELEPHONE : ELGAR 478i

REG. OFFICE AND WORKS: GOLDHAWK ROAD, W .U. TELEPHONE : SHE 1151
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Telephone

CLErkenwell 349-*

PO WEIIl TRANSMISSION

ALUMINIUM

At their introduction, plain aluminium con-
ductors brought economy in capital costs.
The development of steel-cored aluminium
increased the economy factor considerably
because the great strength of the conductor
made possible longer spans, with corres-
pondingly fewer supports and hence fewer
potential sources of weakness, reducing
maintenance costs. That these economies
are coupled with reliability, explains the
phenomenal growth of S.C. A. mileage all
over the world ... during the lifetime of
the British Aluminium Co. Ltd

WAIL M O N T.C2
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Introducing A.D.A.
H ARD on the news of the official termination of the war in Europe, comes

that announcing the inauguration of the Aluminium Development

Association. For our own industries, the implications of these two events
.are of the utmost importance. There is little need to recall the loss sustained
bv the civil-consumer field when light metals were totally mobilized for total
war From the termination of hostilities in the West, we may infer that, in
a comparatively short while, aluminium will once again be free for general
use; indeed, already, an earnest of this has been granted by the release of
limited supplies for more essential domestic uses.

The formation of A.D.A. represents the crystallization of projects, some
of which were initiated many years before the war began, others just prior
to 1999 and yet again others which came into being actually during the
war years. The value of these early efforts is not to be underrated. We
well recall our harmonious relations with, and the good work done by,
the Aluminium Information Bureau. We have pleasant recollections of a
lunch to which were invited many members and prospective members of the
Li""ht Metal Founders' Association, our object being in this case to devise
some approach to that body in order to see whether it would consider
broadening the scope of its activities. With the Wrought Light Alloys
Development Association we have co-operated since its inception.

Seven years’ experience preaching the aluminium gospel, long ago taught
us that a central body embracing all the principal aluminium interests of the
country, consumers and fabricators alike, would sooner or later become a
vital necessity if the application of the metal was to be expanded as fully and
rapidly as its merits demanded. Contacts with members of the groups to
which we have referred, and external inquiries addressed to ourselves and
afterwards passed on to these groups, all showed a keen desire for unified
effort, and for an intensification in development and research. By.current
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standards aluminium was, in those seemingly far-off times, still a compara-
tively rare metal. Much, however, had already been achieved in every
field of engineering, applied science, and art; everywhere was manifested
a praiseworthy impatience to do more. In A.D.A., we believe this desire to be
implemented.

There were present at the Inaugural Luncheon of the Association : the Hon.
Geoffrey Cunliffe, President of A.D.A., the Rt. Hon. Sir Stafford Cripps,
P.C., M.P., Minister of Aircraft Production, the Rt. Hon. Hugh Dalton, P.C.,
D.S.C., M.P., President of the Board of Trade, and the heads of numerous
industries, at present either users of aluminium in heavy tonnages, or prospec-
tive big consumers. H. G. Herrington, chairman of the Aluminium
Development Association, responded to the toast proposed by the Rt. Hon.
Hugh Dalton.

After such an auspicious initiation ceremony, we have every reason to
expect great things from the new organization, and it will perhaps be
pertinent to forecast, in brief, some major activities and lines of approach soon
likely to become evident. Those who, over the period of the past 10 years,
have studied the foreign trade and technical Press must be only too painfully
aware of the tardiness exhibited in this country in the adoption of new ideas.
So, for example, in the heavy engineering field, light metals have, here,
made less headway than some of us had hoped to see. In our Editorial pages
we have had frequent occasion to voice complaints in this regard; not that
we consider we have done industry anything but a service in reproducing
accounts and illustrations, exemplifying advance practice, either from across
the Atlantic or on,the European mainland. Too often, however, pioneer work
carried out in this country by our own countrymen has been either on too
small a scale to attract the attention it deserved, or for some obscure reason
has not been given the notice with which it would have been honoured
elsewhere. The primary difficulty, we believe, lay in too great a sub-
division of labour and in the absence of a central co-ordinating body capable of
visualizing intense, continuous, widespread publicity in all its aspects.

We ourselves have every reason to realize this state of affairs. Campaign-
ing by the printed word in the form of advertisement, essential as it is,
is, alone, insufficient to carry the full burden imposed by a desire to exploit®
to the full the potentialities of a new material or product. It has been
demonstrated amply that, even after years of propaganda, many branches
of industry will still remain largely ignorant of the resources available to
them. Not once or twice, but a dozen times from this office have we informed
inquirers that there exist such bodies as the Tin Research Council, the Zinc
Development Association, and the Copper Development Association. We
have, too, passed on the address of the Wrought Light Alloys Development
Association, with indications as to the nature of its activities.

So far we have inferred that the printed word and the central body to which
inquiries may be directed are essential. A third factor must also be introduced,
namely the read}? availability of a widely known centre from which personal
contact may be made. Here again, for the past seven years, we have been
putting this element into effect from this office. At informal gatherings con-
vened once a month or sometimes more frequently, meetings have been
arranged between various representatives of the numerous aluminium interests
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in this country, and prospective users of the metal, or interested inquirers- as
to the possibility of its utilization in specific production fields. As often as
possible a representative of the Wrought Light Alloys Development Association
was invited. We here can bear ample testimony to progress achieved in this
way, and to the need which will be satisfied by the establishment of a branch
office of A.D.A. in London.

We see in the Aluminium- Development Association the answer to the
various business and technical problems we have indicated here. Those in
the former class we have dealt with somewhat fully; the latter group deserves
some examination. Hitherto, for a variety of reasons, the two fields embrac-
ing, respectively, wrought alloys and cast alloys, have been segregated, a
state of affairs of no material significance during the war years. With the
coming of peace, however, and the broadening of the civil-consumer field, such
a division could no longer be tolerated with safety, for in exploiting new fields
we are dealing, first, with aluminium, irrespective of the form in which it is
used. Inquiries, too, from prospective new users, centre principally on the
metal itself, and, as likely as not, bear on its application in the foundry and
the stamp shop together. From now on we are assured of balanced technical
and developmental representation for cast and wrought products.

The field to be covered by A.D.A. is both extensive and complex. Two
primary aspects are involved : that of pure research, and that covering new
or broadened applications of aluminium and its alloys. Obviously neither side
is, in itself, capable of standing alone, and success must ultimately depend
on close co-operation between both. For some seven years now, we ourselves
have explored fields of use already established, seeking, in so doing, to make
possible the use of still greater quantities of metal in tried spheres, and to
induce by force of example and precedent, its employment in related but
untried directions.

The formation of the Aluminium Development Association is to be
interpreted as a sign of the coming assertion, by light alloys, of rights proved
now by half a century’s successful effort in peace and war, in field and home,
in the giant bridge and the micro-balance. Only the future can say to what
limits their progress will extend.

Contents
Page Page
SPECIAL ARTICLES Light Alloys In Rectifiers, Photo-
. cells and Condensers . L0292
Aluminium From W ar to Peace
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Photography and Radiography 259
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Aluminium and Magnesium In the News — General, Technical,
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271 Editorial Opinion,. . .o 255

"LIGHT METALS" is publishedin London, England, on the fourth Wednesday of the preceding month.

THE FACT that goods made of raw materials in short supply because of war conditions arc advertised in
this journal Should not be taken as an indication that they are necessarily available for export.

SAVE PAPER.—More than ever is paper waste required for our war industries. \Waeste paper makes
munitions in a hundred forms—from shell cases to aeroplane parts.
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O N Wednesday, May 30, at Selfridges,

Ltd., Oxford Street, London, at an
exhibition arranged by Messrs. Selfridge,
sponsored and assisted by the aluminium
industry in this country, the public will, for

one month, be given-an opportunity of see-
ing, for the first time, the part which light
alloys will play in the home of the future
and post-war industry.

For five years light metals
priority requirements for our
activities: one of the major
exhibition will be to show, in brief, the role
of the metal and its alloys in the field, and
the transition from this sphere to that of
more cultural and domestic needs,

Perhaps, for the first time, there has been
achieved an educative unity of presentation
so arranged that the layman may, at a
glance, grasp the story of the birth of alu-
moinium , its place in the history of our metal
civilization, and the intricate technigues

constituted
war-tim e
aims of the

which have been evolved to make it serve
the countless needs of mankind, in battle,
in the home, in leisure and at play. The
subject is so vast, and opresents so many
aspects, that it must at once be realized
that no more than a " synopsis " is possible
in the space at our command.

An artist's impression of the entrance

hall of the exhibition
this page. Prominent amongst the exhibits,
and a masterpiece of creative art, are the
murals which will tell the aluminium story.

forms the heading of

They are themselves designed for, and exe-

cuted in, light metal. In close proxim ity

June, 1945

may lre seen
gines,

examples of modern aero en-
them selves

consisting largely of
light alloys, without which they could have
no existence. Step by step the visitor will
see how the skill of the light-metal tech-
nologist, which made possible the develop-
ment of the Sabre engine, makes possible

also the modern light-metal kitchen.

No matter what interest may predom inate
it will find its satisfaction here : the colour-
ful bathroom and bay window
show how, by various surface treatments
and integral colouring, the most stringent
requirements of service and art may be com -
bined ; delicate scientific instruments; where
the important factor of rigidity is achieved
without the encumbrance of weight by the
skilled use of light-metal castings and forg-
ings; modern surgical instruments and fit-
tings, where the permanence of aluminium,

assem bly

the ease with which it may be fabricated,
and its strength, are turned to account for
humanitarian ends. The ability of light
metals to team up with other structural
materials will be exemplified, notably by
a few selected assemblies of aluminium
employed in conjunction with transparent
plastics.

Finally, the exhibition will demonstrate,
notonly whatcan'be done with light alloys,
but also the skill and adaptability of our
engineers, technologists and craftsmen. The
foreign buyer, seeking in this country goods
to satisfy his own market, will derive no
less benefit than . the housewife, the
architect, and the sociologist.



June, 1945

LIGHT METALS

259

Development of Stereoscopic

P hotography and R adiography?*
By LESLIE P. DUDLEY, D.F.H., AAM.lLE.E.,, A.l.Stmct.E., A.R.Ae.S.
SUMMARY plane and concave mirrors have been used
A brief outline is given of the more important by numerous workers for the production of
phasesun the history and development of stereo- three-dimensional effects, 2 few references
scopic photography” and radiography. Certain being: Ptolemy (200 A.D.), Porta (1588),
processes for the production of stereoscopic pictures Kepler (1604), Horstmann  (18589), Sallé
which do not entail the use of individual viewing a(iim)suta)ZSuneongte\yl (;903h4r)‘ “gpo"g')”‘aisetpo':k'
devices are discussed in greater detail. Some new (1910), Schallopp (1935) and various other

processes, wherehy stereoscopic radiographs of the
parallax panoramagram type are produced, are
described for the first time.

ANY booksand film scripts have had for
their central character a professor who,

mby some highly unorthodox and spectacular
method, is Able to create living beings.
Sometimes his creations take the form of
large, sub-human robots, and at other times
they are fascinating little replicas of our
species, to a scale of an inch or so to the
foot, which he stores under Ibell jars or in

pickle bottles. Invariably the worst possible
motives are attributed to the professor. This

is good " box-office " but poorpsychology,
for the professor's achievements merely
represent the fulfilment of an am bition or
desire which, to a greater or lesser degree,
is latent in all of >us. Sculpture, painting
and so on are expressions, in sublim ated
form, of this same creative instinct. The
appeal of the beautifully .made scale-model
cannot be denied; the fascination of the
" peep show " is something which most of
us never outgrow, which no doubt accounts
for the great popularity of the stereoscope
in the Victorian era.

A diligent search of the Patent Office files
and other recognized sources of scientific
information reveals no clue to how the
human species may be reproduced, either
full size or to a reduced scale, by other than
biological methods. This is scarcely sur-
prising. W hat may, however, come as a
surprise to some is the enormous amount of
interest which has been displayed, through-
out the ages, in optical methods of pro-
ducing what may be termed three-dimen-
sional reconstructions of ourselves and other
subjects.

So far as the author has been able to
trace, Artemidor, in the year 100 B.C., was
the first to comment on the three-dimen-
sional nature of the image produced in a
plane-reflecting surface. Since that time,

*Reprint of a paper read beforeThe British Institute
of Radlolo% March 1945, and reproduced by
courtesy of the Instltute

workers also proposed the use of large lenses

for sim ilar purposes.

Although the stereoscope has been known
for little more than a century, the under-
lying principle appears to have been known
for much longer. A .pair of minute Italian
paintings, several hundred years old, were
discovered a few years ago; it was found
that when the two pictures were magnified
and viewed binocularly so as to fuse them
into a single image, a stereoscopic effect
resulted.

The invention of the stereoscope is usually
attributed to W heatstone (1838), but it is
to be noted that the instrumentwhich bears
his name was preceded four years earlier toy
a stereoscope devised by Helioth., This in-
strument, however, incorporated no optical
elements to assist convergence, and was,
consequently, inferior to that of Wheatstone
or those of Brewster (184S), Wenham
(1860) and others. Numerous forms of
stereoscopic viewing devices were subse-
quently designed, amongst which may be
mentioned those of Corbin (1861), Dubosgq
(1894), Miethe (1896), Bellieni (1904),
Lumigre (1899), Gillette (1905), Leitz
(1905) and Busch (1912).

The principle of stereoscopic photography
involving the production of homologous
views tinted in complementary colours, and
subsequent viewing of the pictures through
spectacles tinted in the same colours, is well
known and need not be described here. It
may not, perhaps, be so generally known
that a subtractive process embodying this

principle was applied to still photography as
far back as 1853 by Rollman. This was fol-
lowed five years later toy an additive process
due to D'Almeida. Soon afterwards stereo-
scopic pictures printed in complementary
colours were featured in several magazines,
a small pair of viewing spectacles being pro-
vided with each copy.

W oith the advent of the kinematograph,
complementary colour processes were
adapted to the .production of stereoscopic
motion pictures, largely as a result of the
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work of Herring (1901), Weinberg (1909), expended in the development of photo-
and, more recently, Lumiere (1934). Such graphic —and  kinem atographic processes
processes are now generally known as which do not entail the use of any indi-
anaglyphic processes. Various polychrom atic vidual viewing devices. The search for the
anaglyphic processes have ‘'been proposed ideal method has been in progress for some
from time to time, notably 'by Schestakoli, half-century and still continues.
Gurewitschu and W iener (1910), Lehmann Although the problem has been
(L917) and by Schallop and Lumiére (1934). approached from many different angles, it

Although methods of producing stereo- is an interesting fact that all the most
scopic still and motion pictures with the aid promising oprocesses make wuse of grids of
of polarizing prisms are now well known, some form or other, that is to say, either
here again it is interesting to note that the -line grids composed of a large number of
basic principle involved s 'by no means alternate opaque and transparent strips, or
novel. The earliest proposal, within the grids composed of a multitude of cylindrical
author's knowledge, for the projection and or spherical lenticulations. The number of
viewing of stereoscopic pictures by means such processes is very great indeed, and it
of polarized light was that due to Anderton is impossible here to do more than give
(1890). The development of a commercial brief descriptions of a few of them. We
process, horvever, was delayed for nearly will, moreover, devote our attention m ainly
half a century by the high cost of natural to those processes which offer the greatest
polarizing crystals. This difficulty was over- promise of successful adaptation to radio-
come in 1934 by Land with his invention of graphy.

a method of producing synthetic polarizing September 25, 1902, is a date of great
materials, now known under the trade name
of Polaroid. Additive processes utilizing
these m aterials in the projection of stereo-
scopic pictures were devised by Land (1934),
Bernauer (1935), Ardenne (1936), Kase-
mann (1938), W ains (1939) and others.
The chief subtractive processes are those of
Land (1939) and Zeiss-lkon, Ltd. (1940).
In accordance with a recent development

due to Land, photographic prints embodying
two homologous views in superposition are
now obtainable. The plane of polarization
of the light reflected by one view is at right
angles to that of the light reflected toy the
other view. Hence, when such a print is
viewed through a pairof Polaroid spectacles,
the lenses of which have their planes of
polarization suitably arranged at right
angles to each other, a stereoscopic image is
seen. Prints of this type are known as
Vectographs, and are useful for various com -

mercial and scientific purposes.
Purl 1— The Parallax Stereogram

Our professor of screen and fiction fame,
however, would neverbe satisfied if, in order

for his creations to come to life, it were
necessary for his awed public to don special
goggles. If we interpret the phrase “ come

to life” as meaning, in the photographic
sense, the conversion of relatively unnatural,
two-dimensional views of m aterial objects
into much more natural, three-dimensional
views, then we find that the general public,
no less than the scientific worker, is on the
side of the professor. This fact is exem -
plified by the lack of success which has

attended the numerous attempts to intro-
duce anaglyphic processes into the public
cinema. The necessity for wearing spectacles
does much to destroy the illusion of reality
which it is the very purpose of stereoscopy
to create. As one would expect, therefore,
a great deal of scientific effort has been

Fig. L.— Principle of parallax stereogram
camera.
importance in the history of the develop-
ment of stereoscopic photography, for on
that day Frederic lves filed in the U.S.A.
his classic Patent Application describing
the " Parallax Stereogram and Process of
Making Same,” which Application® Tvas
subsequently granted on April 14, 1903,
Quoting from the Specification (No.
725,567), Claim 1 reads: “ A photograph
consisting of a composite image, in juxta-
posed lines, of the elements of an ordinary
double stereogram, exposed to view through
a screen of alternate opaque and trans-

parent lines, so adjusted as to give a
stereoscopic effect by the parallax of
binocular vision, substantially as specified.”

It seems likely that Ives's invention had
its genesis in a proposal put forward in
1896 by Berthier. . The importance of the
invention lies not so much in the merits of
the parallax stereogram itself, which s

subject to somewhat severe
tions, as in the
undoubtedly
subsequent

practical lim ita-
influence which the idea has
exerted on the minds of
workers. . The principle of the



diagrammatic plan view of a transparency
of the para)lax stereogram type produced
with the aid of a camera such as that in
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parallax stereogram has been explained on  F19. Lo A grid, G, is arrenged in front of
many previous occasions, but, for the the transparency, and the stereogram s
benefit of any who may be unfam iliar with !Ilumlna_ted from the rear by diffused light-
this type of photograph, a brief description ing. Picture strips carrying the " left-eye
Will be given here. view lare |nd|cated‘by the Ietter‘ / and those
The sketch, Fig. 1, is & diagrammatic Carrying the * right-eye view by o the
sectional plan showing the essential elements (etter Fo Ttwill be observed that, as shown,
of & camera suitable for the production of (he opague and transparent strips of the
parallax stereograms, L, and L2 being 9rid are of equal width, but, as we shall
lenses forming images on & photographic see a little Iat'er,‘lt is customary in practice
plate or film P. The distance between the to employ‘a viewing grid in which the trans-
axes of L, and L, is approximately 2h ins. parent strips are somewhat narrower than
and consequently, the disparity between the the opague ones.
two images is substantially the same as that Considering the observ_er w_hose Eyes are
between the images produced by the two shown. brackgted at C, it will be evident
eyes in the human visual system . that if the‘dmance between the stereggram
A grid, represented by the broken line 6, “.]d the grl\d be m”“,tly shosen, 2 |“n e
is arranged a short distance in front of P. d|agram.‘h|s le fi elye vl se? ot?ly the left-
This grid consists of a large number (usually Eye strips or elements of the stereogram
between about 50 and 100 to the inch)
of vertical and parallel opaque lines or trlrtrlrte brirtbrlr
strips separated by transparent spaces
o strips having the same width as
the opaque strips. As will be under-
stood, without this grid in position,
the picture produced on the photo-
graphic plate would be blurred owing
to the superposition of the two
images due to L, and L,. Consider,
however, the effect of making an
exposure through only one of the
lenses, the grid being in position. It
will be evident that only half of the
area of the plate will be exposed, the
exposed portions consisting of a
number of narrow, parallel strips
interleaved by wunexposed strips of
equal width. Now, by correctly
proportioning the distance between B c D E
the grid and the plate relative to that
between the grid and the lenses, it Fig. 2.- Viewing parellax stereogram.
is possible to arrange matters so
that, with both lenses in operation, . .
those strips of tlje plate which are shielded (the " right-eye " elements being obscured
from the light transmitted by one leps DY the opaque strips of the grid), and his
are exposed to that transmitted by the right eye will see only the r|ght-eyev
other lens. If, then, we imagine that the el_ements. Cons_eq_uently‘ ¢ stereosco_plc_
exposed Strips are numbered consecutively: view results. Similar conditions prevall‘lf
’ the observer moves laterally through twice
L2, 3, 4,5, ete., one series, say that  yis jnterocular distance to position A or D,
bearing the numbers 1,3, 5 and so on, will g stereoscopic view being obtained from
carry an image representing a “ left-eye either position. In practice there are a
view of the subject, while the other series, number of positions, such as A, C and E,
bearing the numbers 2, 4, 6 and so on, will from which a parallax stereogram may be
carry an image representing a * right-eye ” seen in stereoscopic relief, adjacent positions
view. From simple geometrical considera- being separated by twice the interocular
tions the required distance between the grig  distance. 0Only three such positions are
and plate s given approximately by the shown in the present diagram .
relationship— Let us now consider the case of an
) ) ) Lens — plate distance x width of one strip
Grid - piate distance Distance between axes of lenses
(Referring, now, to Fig. 2, P represents a observer whose eyes are at some interm ediate

position, such as B or D. As will ire noted
from the diagram, from such a position the
observer's left eye sees only the " right-
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eye " picture elements, and his right eye
sees only the “ left-eye ” picture elements.
Thus, a pseudoscopic view is obtained. It
IS an experimental fact, however, that
except iIn rare instances, when the eyes are
presented with a pseudoscopic view, consider-
able difficulty ;s experienced by the brain in
appreciating an effect of complete perspec-
tive reversal in all parts of the scene.
Partial obscuration of one object by
another, knowledge of the relative sizes of
familiar objects, and various other factors,
all tend to contradict the evidence provided
by the unnatural angles of convergence, and
confusion results.

With a parallax stereogram there are an

r' E

Fig. 3.— Simple camera and projector for
integral photography: at the left, camera ;
at the right, projector.

equal number of orthoscopic and pseudo-
scopic viewing positions.  These positions
are sharply defined, and a very slight lateral
movement of the observer’s head from one
of the orthoscopic viewing positions Is
sufficient to destroy the stereoscopic effect,
as such movement brings portions of both
the “ left-eye” and “ right-eye ” images
into the view of each eye. This is one of
the main disadvantages of the parallax
stereogram. In order to minimize the effect,
it is customary to employ a viewing grid
which, whilst retaining the same pitch as
that of the grid used iIn the camera, has
considerably narrower transparent strips.
Satisfactory values for the ratio: opaque
strip width/ transparent strip width lie
between about 3 and 5 to 1

We must next consider the effect of view-
ing a parallax stereogram from different
distances. In view of the fact that the
separation between the grid and the stereo-
gram is negligible in comparison with that
between the observer and the stereogram,
it will be appreciated that the width of the
visible portion of every picture strip is sub-
stantially constant at all viewing distances.
Consequently, a stereoscopic effect is obtain-
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able at all distances beyond the minimum
at which binocular fusion of the two com-
ponents of the stereogram is possible.

Numerous systems of stereoscopic kinema-
tography, based on the principle «of .tre
parallax stereogram, _have been proposed
from time to time, those due to Noaillon
(1927), Dudley (1935) and lvanoff (1938),
being among the most recent, but a discus-
sion of such processes is outside the scope
of the present paper.

Part 2—Integral Photography

We come now to a consideration of some
highly interesting photographic methods,
which methods are among those comprising
the fascinating subject known generally as
integral  photography.  This "branch of
photography had its origin in an idea con-
ceived nearly 40 years ago by Lippmann.
By way of introduction, an experiment will
be described by means of which a simple
form of integral photograph may readily be
produced.

We will require an anti-halation plate of
medium rapidity, a pair of old photographic
plates from which the gelatine has been
removed, a piece of ground glass, a piece
of opaque paper such as that used for
wrapping photo-sensitive materials, and two
printing frames clamped face to face. The
size of the plates and other accessories
should be quarter-plate or larger.

The first step is to make, with the aid of
a fire needle, a series of punctures in the
opaque paper. The punctures should be
distributed fairly evenly, and should
number about 25 or 30 per sg. in. of the
paper. When this has been done, place the
paper between the two clear plates and
insert the whole into one of the printing
frames. This ” sandwich ” must be held
flat in the printing frame by narrow,
marginal strips of wood, as the back of the
frame isto be discarded. Next, in the dark-
room, load the sensitive plate into the other
frame, the emulsion side being nearest the
punctured paper, and then replace the back
of the frame in the usual manner. We now

-have the simplest form of camera for taking

an integral photograph, and are ready to
make an exposure. A sectional side eleva-
tion of the device is represented by Fig. 3
(lef). The printing frame F contains the
photographic plate p,, the emulsion side of
which is denoted by e, and the other frame
F,, contains the sheet of punctured paper p;,
sandwiched between the two clear glass
plates g.

For our subject, a pair of carbon-filament
electric lamps is one of the most suitable.
One should be arranged directly opposite the
centre of the punctured paper, say 18 irs.
away, and the other being placed a few
inches nearer to the"paper and slightly to
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one side of the first lamp. It is preferable
for the lamps to be so arranged that the
loops of their filaments are parallel to the
plane of the paper.

In order to make the exposure, switch on
the current to the lamps for about four or
five minutes. The light from the lamps
can reach the photographic plate only via
the punctures in the opaque paper, and thus
produces a large number of minute images
of the lamps on the sensitized surface.
Each image differs slightly from the adjacent
ones, due to the parallactic effect resulting
from the different positions which the pin-
holes occupy relative to the subject.

Upon the completion of the exposure, the

plate should be developed in normal amidol,

rinsed in water fora few minutes, and then,
without fixing, exposed to the light from
3 ins. of magnesium ribbon held at a
distance of about 18 ins. Next, the plate
must be given a reversing bath consisting
of 3J oz. water, 8 grs. potassium bichromate
and 10 drops of chemically pure sulphuric
acid. After a further brief wash, transfer
the plate to a 5 oper cent, solution of

anhydrous sodium sulphite for about 3 mins.

Upon removal of the plate from this solu-
tion, give it another rinse, and then
redevelop it very fully in the amidol first
used. To complete the process, fix and
wash the plate in the usuval manner. The
foregoing operations convert the negative
into a positive, and must, of course, be
conducted in non-actinic light.

W hen the plate is dry, replace it in the
printing frame F,, the emulsion side being
nearest the punctured paper as before.
It §s important that the orientation of the
plate should now be the same as it was
during the exposure, so that all the minute
images occupy their correct positions
relative to the pin-holes by which they were
formed. Hence, it is as well to make a
reference mark near one edge of the .plate,
before development, and a corresponding
mark on the printing frame. Insert the
piece of ground glass into the frame behind
the photographie plate. The back of this
frame also is now to be discarded, so the
ground glass and photographic plate must
be held in position by means of marginal
wooden clamps similar to those used with
the other frame. The modified device will
appear as represented by Fig. 3 (right), in
which s denotes the ground glass screen.

We now require a lamp box, such as an
electric dark-room lamp from which the-
safety filter has been removed. Insert a
lamp" of, say, 60 watts capacity, and fix
the modified " camera (which is now
going to be used as a “ projector ") to the
front of the box in such a way that the
ground glass is nearest to the lamp, and so
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that no light can escape except through the
punctures in the opaque paper.

Take up a position in front of the device,
ata distance of about 10 ft. Endeavour to
focus the eyes on a plane in space a short
distance in front of the device, rather than
on that of the pin-holes, meanwhile moving
the head slightly from one side to another.
Suddenly, and with a startling semblance

of realism, the glowing carbon filaments will

apparently materialize in the positions
which they occupied relative to the photo-
graphic plate at the time of making the
exposure. This occurs when accommo-
dation is so adjusted that the projected
reconstitution of the miscroscopic images is
focused on the retin@. From some viewing

positions one filament will appear to overlap
the other; a sideways movement of the head

will cause them to separate, just as in view -
ing the original subject. The parallactic
effect is two-dimensional, as may be seen
by raising or lowering the head. If you
move towards the images, they will increase
in size until they become blurred as the
near point of accommodation is passed.
Finally, to quote Lippmann, to whom this
experiment s due, " they will be behind
your head."

Much research has been undertaken, par-
ticularly during the past decade or so, into
the development of photographic systems
embodying principles sim ilar to those

involved in
Amongst the

Lippmann's simople experiment.
modifications which have been
dictated by practical considerations, a few
of the more important are: small spherical
lenses or lenticulations as a substitute for
pin-holes; cylindrical lenses or lenticulations
for

use in cases where parallax about only
one axis s required, and lenticulated
screens, grids and networks to enable three-
dimensional pictures to be viewed without
the disadvantages attendant upon the
utilization of aerial images. 0f these
systems, those proposed by Zafiropulo
(1934), de Lassus Saint Genies (1934)" and
Woalus (1940) are amongst the most interest-
ing, and were evolved primarily with the
object of their application to stereoscopic
kinem atographv.

The type of integral photograph which
appears to offer the greatest promise of
successful adaptation to radiography is that

the
consider

known as a parallax
nature of which we
in some detail
The principles
photographs of the
type were first
U.§. Patent

panoramagram,
will therefore

involved in
parallax
described by
No. 1,260,682
date, January 16, 1915). In the method
favoured by Kanolt, a camera having a
single objective of the normal photographic

producing
panoramagram
Kanolt in his
(Application
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type is caused to move relatively to the
subject or scene during the period of the
exposure. The effect of this movement is to
cause a continuously changing aspect of the
subject to be presented to the camera lens.
The movement takes place in a horizontal
direction, at right-angles to the optical axis
of the camera, and preferably in an arc the
centre of curvature of which coincides with
the " centre of interest ” of the subject.

Fig. 4.— Photography by
panoramagram

parallax
principle.

This is illustrated diagrammatical])’ in
Fig- 4, in which the “centre of interest ”
of the subject S is assumed to occupy the
position denoted by C. At the commence-
ment of the exposure, the camera is in some
position such as K, and, while the shutter
isopen, the camera moves in an arc about C
as centre, reaching a position K* by the
time the shutter closes.

As will be appreciated, if an ordinary,
unmodified camera were employed, this
movement would result in the production

c P

M,

r?

Fig. 5.— Production of parallax
panoramagram.

of a blurred picture on the plate or film
due to the superposition of an infinity of
different images corresponding to the
different positions of the camera. A grid,
however, is interposed between the lens and
the plate, in close proximity to the sensi-
tized surface. This grid is of the same type
as that used for viewing parallax stereo-
grams; that is to say, it consists of a
number of narrow, substantially vertical
and parallel opaque strips, separated by
transparent strips of considerably smaller
width. During the period of the photo-
graphic exposure, relative movement Is
caused to occur between the grid and the
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plate, this movement being at right-angles
to the longitudinal axes of the grid strips
and to the optical axis of the camera. The
total extent of the movement, during the
making of one complete exposure, is equal
to the width of a single opaque strip of the
grid. Thus, as the camera moves con-
tinuously from one position to another,
successive portions of the sensitized surface
which have been exposed become shielded
from light by the advancing opaque strips
of the grid, "while the adjacent unexposed
portions become progressively uncovered.
In this way the whole of the sensitized sur-
face is exposed by the time the movement
of the camera and the relative movement
between the grid and the plate have been
completed. Reference to Fig. 5 will make
this more clear. The diagram represents
the conditions existing at the commence-
ment of the exposure, and shows, to a
greatly exaggerated scale, the narrow,
wedge-shaped beam which reaches the plate
P through a single gap in the grid G. The

panoramagram.

portion of the plate which is being exposed
at this instant is the narrow strip denoted
by e, the adjacent unexposed portions being
denoted by u, and u2. Let us assume that
relative movement between the grid and the
plate is produced by causing the plate to
move downwards in the plane of the dia-
gram through a distance equal to the width
of one opaque strip of the grid. Clearly,
this will cause progressive exposure of the
whole of the strip u, of the plate as a result
of its passage through the light beam. In
the same way u,, and all similar strips will
become exposed due to their movement
through beams transmitted by the other
gaps in the grid- This result may, of course,
be achieved by imparting movement to the
grid instead of to the plate. The latter
method possesses certain practical advan-
tages, and is the one usually adopted.

The photographic record on the plate
may now be regarded as consisting of a
series of vertical strips, each of width equal
to the pitch of the grid, and each corre-
sponding to a plane projection of a particu-
lar vertical element of the original subject.
One edge of each strip represents the view
of the corresponding element recorded at
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the commencement of the movement of the
camera, and the other edge represents the
view of that element recorded at the ter-
mination of the movement. Thus, each
strip represents a view which changes pro-
gressively across its width from a “ left-
wards ” “aspect to a " rightwards ' aspect,
and is, therefore, a panoramic view of a
narrow, ‘ertical element of the scene.

Transparencies produced in accordance
with this method exhibit both a panoramic
and a stereoscopic effect when viewed
through, a grid of the same nature and pitch
as the grid employed in the camera. The
reason for this will be followed more easily
with the help of Fig. 6. As in the previous
diagram, G represents a much enlarged plan
view of a small section of the viewing grid,
showing a single transparent gap, R repre-
sents a small portion of the photographic
transparency, and K and I- denote respec-
tively the extreme *“ rightwards " and
*“ leftwards ” edges of a single panoramic
strip of the transparency.

Consider an eye iIn the position E, view-
ing the transparency P through the gap
in the grid G. Let the eye move gradually
from e, tot, and it will be evident that
the view of the panoramic strip seen
through the gap must change progressively
from a " leftwards ” to a more " right-
wards ” aspect. Assume, now, that E, and
E,, represent respectively’the left and right
eyes of an observer, and let oc denote the
angle of convergence of the optic axes.
The disparity between the images seen by
i, and £, will be the same as that between
the images recorded by the camera at the
opposite ends of an angular transverse egual
to cc- Hence a stereoscopic view results.

In” practice, it is customary to arrange
for the camera to traverse a distance some-
what greater than the interpupillary
separation. A photograph is thus obtained
which changes in aspect with lateral move-
ment of the observer®s head. This is an
advantage not enjoyed by the use of any
system in which the subject is photographed
Jrom only two viewpoints. I, for example,
the observer in Fig. 6 moves his head to
the left, that i, upwards in the plane of
the diagram, we can see that the view pre-
sented to each of his eves will become more
" leftwards ” in aspect, whilst the requisite
disparity between the two separate images
will stll be maintained. The aspect of the
view will, of course, change in the opposite
sense If he moves his head to the right.

Thiis brings us to a discussion of a further
great advantage of the parallax panorama-
gram. Referring to Fig. T, let us suppose
that the observer moves his head laterally
so far, say to the left, that his left eye
sees a portion of a different picture strip
to that seen by his right eye. The extreme
“*rightwards” and "leftwards” edges of
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the strip, a portion of which is seen by
the left eye, are indicated in the sketch by
respectively R" and L*. This strip corre-
sponds to a wertical element of the scene
immediately adjacent that represented by
the strip RL. Now, as we can see, the
view presented to the observer®s left eye E,
iIs a "rightwards ” aspect of the element
RX*®, whereas that presented to his right
eye £, is a " leftwards ” aspect of the
element RL. Consequently, the view
obtained is now pseudoscopic. If the
observer moves his head still farther to the
left, the view will remain pseudoscopic until
he moves so far that the lire of vision of
his right eye is also directed on to the
element RX", whereupon the view will again

panoramagram.

become orthoscopic. However, as will be
seen, the distance through which the
observer can move his head whilst stll
retaining an orthoscopic view 1is much
greater than that over which a pseudoscopic
view is obtained.

Let D denote the width of one picture
element, and d the distance, measured in
the plane of the transparency, between the
observer®s two lires of vision. Then the
distance, again measured in the plane of
the transparency, over which an orthoscopic
view Is obtainable is given by D — d, whereas
that over which a pseudoscopic view results
amounts only to d. Now D is equal to the
pitch of the'grid, and d, owing to the very
small distance between the grid and the
plate, may be taken as equal to the width
of one transparent strip of the grid. Hence,
if the grid has a ratio of, say, 5 to 1, we
see that D —d=15d., or D = 6d. This means
that the orthoscopic viewing zones are Six
times the width of the pseudoscopic mewing
zones, instead of being of the same width
as in the case of a parallax stereogram. In
actual fact the mathematical relationship
between the widths of the orthoscopic and
pseudoscopic mewing zones is much more
complex than this, but the foregoing simpli-
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tailing the photography of screened images
— 1.e., loss of definition and the necessity frr
lengthened exposure or increased intensity
of radiation. Moreover, cameras of the
parallax panoramagram type are somewhat
costly instruments. Thus, whilst the photo-
graphic method is useful for special pur-
poses, it cannot he regarded as ideal for
general radiographic work.

We come, finally, to a discussion of radio-
graphic methods. As in the case of photo-
graphic methods, simplification of the
equipment and avoidance of image distor-
tion are factors which favour the adoption
of the moving-subject principle. Moreover,
as we shall see presently, there isa further
reason why, with high-intensity radiation,
movement of the tube iIn radiographic
methods is prohibited "by practical con-
siderations.

The sketch (Fig. 10) shows the essential
details of a radiographic method of pro-
ducing parallax panoramagrams. Radiation
from the source T, after passing through the
subject S and the transparent strips of the
radiographic grid G, impinges on the film
or plate P. The grid isof the parallax pano-
ramagram type; that is to say, the opaque
strips are considerably wider than the trans-
parent strips, a ratio of 4 or 5 to 1 “being
found satisfactory in practice. It is unde-
sirable that the ipitch of the grid should be
coarser than about 1/50th of an inch.
Unless the grid islvery thin and, conse-
mquently, suitable for use only with radiation
of low intensity, itmust be angled in accord-
ance with the usual practice, as indicated in
the sketch. We can see right away, there-
fore, that in the general case where a com-
paratively thick grid is employed, produc-
tion of a’parallax panoramagram by move-
ment of the tube is not possible because, as
a result of such movement, the angles of
incidence of the X-rays would no longer cor-
respond with the angles of inclination of the
grid strips.

Digressing for a moment, ftmay be men-
tioned that Snook™ two-tube parallax
stereogram arrangement Is restricted by
similar considerations to cases in which a
thin grid can be employed. Snook suggested
various forms of grid cross-section” with a
view to providing thick grids which would
transmit an equal quantity of radiation
from each of the two tubes, but it s
extremely doubtful whether such grids could
be manufactured with a sufficiently fire
pitch to be of practical .us.

Reverting to Fig. 10, it is necessary that
the image of the subject formed on the film
should change progressively in aspect by an
amount corresponding to movement of the
tube from some initial position T, to a final
position T,,.  This is achieved by causing
the subject to move angularly from the posi-
tion denoted by the broken line S1 to that
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represented by the dotted line S.. The
angular movement of the subject is syn-
chronized with lateral movement of the grid,
the latter moving through a distance equal
to the width of one opaque strip during the
time taken by the subject to move from S,
to S.. An image of the parallax .panorama-
gram type is thus produced on the film by
direct, radiographic means. The same appa-
ratus may be employed for the .production
of parallax stereograms® if the grid be
replaced by one having opaque and trans-
parent strips of equal width. In this case,
of course, two separate exposures must be
made, as already described in connection
with the photographic method.

The method of producing parallax pano-
ramagrams which we have just discussed
evidently the most suitable for general
radiographic work ; the major disadvantages
of the photographic method are absent,
and there is no distortion due to tube move-
ment.

Fig. .10.— Moving-subject principle applied
to radiographic method of producing
parallax panoramagram.

The value of the information provided by
stereoscopic radiographs may be greatly
enhanced inmany cases by the incorporation
of stereoscopic scales.  In medical radio-
graphy, for example, it is frequently neces-
sary to determine the depth within the sub-
ject at which an affected "bone or tissue is
located, or the position of a radium needle.
Suitable scales .may be provided for use with
any type of stereoscopic radiograph, such
scales being viewed iIn superposition with
the radiographs. The scale divisions appear
to pass through different planes of the sub-
ject, thus enabling them to be used as refer-
ence marks for estimating the distances
between objects in different planes. We are
primarily concerned® here, however, with
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radiographic parallax panoramagrams, so we

will confine our attention to the wuse of
scales with radiographs of this type.

There are many different forms which the
scale may take; it may, for example, be so
designed that, when viewed stereoscopically,
it takes the form of a series of rings, each
ring being at a different apparent distance,
ora helix the axis of which is parallel to the
viewing direction. W e will assume in the
present instance that the scale adopted is of
the former type. The easiest, and at the
same time the mostaccurate method of pro-
ducing the scale is as follows:—

A three-dimensional model is constructed
of fine wire or other material which s
opaque to X-radiation. It is preferable for
the rings to be of different diameters and
so arranged that, when viewed radially, the

shape of the modelis approximately conical,

asin Fig. Il (left), and when viewed axially,
the rings appear as a series of concentric
circles, as in Fig. 11 (right). The distance

between the centres of each pair of adjacent

Fig. 11.— Model for wuse in making
stereoscopic scale.
rings may be any convenient fraction of an

inch or centimetre,
ments. The rings are
by means of a framework
material, such as a plastic,
transparent to X-radiation.
is denoted in Fig. 11 by f.
Assuming that the moving subject method

according to
supported in

require-
position
composed of a
which s highly
This framework

is to be adopted, the model is placed on the
moving oplatform or carrier norm ally wused
forsupporting the subject, and so positioned
that the axis of the " cone will coincide
approximately with the central rays from
the tube when the platform s at the m id-
point of its traverse. A radiographic
parallax panoramagram of the modelis now
made in the usual manner. The resulting
negative is used for the production of a

number of positive transparencies by direct
contact printing.

The subject in connection with which a
scale is to he wused is now placed on the
platform in the .position formerly occupied
by the wire model, and a parallax pano-
ramagram is produced The tube-film dis-
tance adopted in radiographing the subject

must, of course, be the same as that adopted
in radiographing the wire model. Finally,
the radiograph of the subject and one of the
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positive transparencies are superimposed and
mounted behind a suitable viewing grid,
whereupon both subject and scale are seen
in stereoscopic relief.

The author desires to thank, first, Major R. L.

Mansi, R.AM .C., for the invaluable assistance
which he rendered the author in his early experi-

mental work connected with stereoscopic radio-
graphy. Of the numerous concerns which have
assisted him by producing experimental equip-
ment, sometimes under extremely difficult con-
ditions, the author is particularly desirous of
recording his appreciation of the painstaking
work carried out by Mr. A. H. Compton, of
Messrs. F.. K. Watts and Son, -Ltd., and by the
Research Department of Messrs. Kodak, Ltd.,
in providing him with radiographic grids, and

by Messrs. Cambar Engineering Products in pro-

ducing the mechanical parts of his apparatus.
Finally, he wishes to thank Drs. H. Foy and
AW . ). Houghton for their generous help and

encouragement, but for which it would
been possible to bring
to the attention ot the
time.
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the subject of this paper
Institute at the present

N.B.—Attention is drawn to the fact that the newly

developed methods of steregscopic radiO% and the e
of steret%mc scales described In Part 3 of the above r
are covered by various British and foreign patents curci

by the author,

Views of an Industrial Radiologist

L. R Carr, Radiologist, John Dale, LtJ., analyses the

technical and economic significance of Dudley »inven-

tion from the standpoini of the metallurgist and
oundryman.

The techniques of stereoscopic radiography
developed by Dudley and described in the pre-
ceding paper were evolved primarily with a
view to their application in the medical field,
It was realized at once, however, that they
might prove no less valuable to the industrial
radiologist; we therefore owe thanks to " Light
Metals " and to the British Institute of Radio-
logy for enabling these developments ;to be
brought to the attention of the light-medals
industry. It is believed that some comments
by a metallurgical radiologist may be of assist-
ance in assessing the value of these new stereo-
radiographic methods in the latter sphere.
The problem of the location of defects is one
which is constantly confronting the radiologist.
In normal practice he attempts to solve it by
taking a number of shots from different angles.
This is often not wholly satisfactory, and it may
be necessary to supplement radiographic evi-
dence by cutting and polishing sections— a tedi-

ous process and one of rather a “ hit or miss "
nature. If one is looking for a fine defect, a
single stereoscopic view could give more useful
information than two or even more ordinary
radiographs. It is true that a multiplicity of
shots is often made necessary by variations in
section thickness, and not only by the need for
locating defects, but there can be no doubt that,
on the whole, the number of shots required
could be reduced by the use of a good stereo-
scopic technique.

In view of the .fact that, in Dudley's method,
the stereo radiograph, corresponding to a m ulti-
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plicity of shots from different angles, is produced
on a single film, an imoportant economic advan-
tage in the saving of film results, quite apart
from the fact that such radiograph provides
better inform ation.

Radiological examination serves two purposes
in a foundry: first, the development and con-
trol of casting technigues, and secondly, the
inspection of finished castings. O0f these, the
first is the more fundamental, and in the future
is likely to increase, relatively to routine inspec-
tion, in both quality and importance. In this
development, work the emphasis is on quick,
accurate diagnosis and location of defects, and
stereoscopy should be able to help .the
logist greatly in achieving this. There is, too,
another advantage. Development and control
obviously involve close co-operation between
radiologist and foundryman. It is a good thing
for the latter actually to see the radiographs,
but with castings of complicated shape, it may
be quite difficult, even for the
self to see whether defects are occurring and to

piece together the evidence of shots taken at
several angles. To be able to show the foundry-
man a clear stereoscopic view would be a big
help in making this co-operation easy and
effective.

Similarly, in the field of routine inspection,
there are useful advantages to be gained. The
sentencing of a casting often depends, not just

on knowing whether a defect is present, but also

on knowing its position. For example, blow-
holes are usually unimportant unless they will
be broken into when the casting is machined.

It is frequently difficult, however, to judge this
without taking extra shots, and it may be more
economical to scrap the casting than to do this.
Stereoscopic radiographs could give much help
in such cases, particularly if the suggested use
of stereoscopic scales be adopted.

Enough has been said, although in rather
general terms, to show the potential advantages
infierent in the use of stereoscopic radiography.
The technique, however, must produce
graphs of high sensitivity and definition; it must
be adaptable to routine operations, and it must
be economical. It is in these respects that the
new method described by Dudley seems
tially so imoportant. It has, of course, been
possible for a long time to produce stereoscopic
radiographs, but all the methods hitherto avail-

able which are known to the writer have been
cumbersome and, in his opinion, certainly not
suitable for large-scale application, as they
involve two exposures on separate films taken
with two different tubes or casting positions, and
needing special viewing apparatus.

Dudley has described four main methods of
producing the parallax-panoramagram type of
stereo radiograph. A photographic method may
be well worth developing for special cases.
Examoples which come at once to mind are the

routine checking of the alignment of assem blies
such as valves, and the replacement of screen-
ing by a process of stereoscopic ** mass radio-
graphy.' Screening is a fatiguing process, and
with complicated castings can be very slow
owing to the need for rotating the object into
all possible positions relative to the X-ray beam.

The tendency at the moment is to dispense
with screening as much as possible, but there
might well be great scope for a process which

produced stereoscopic radiographs of the images

radio-

radiologist him -

radio-

poten-
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produced on a fluorescent screen. It would give
much more information than ordinary screening,

and at the same time be more economical and
rapid than orthodox radiography.

0f the four methods described, however, the
moving-subject radiographic one seems much
the more suitable for general application. The
sim plicity and economy of this technique com -
pared with previous systems is most im pressive.

The viewing of the film, too, is simple. It is

placed on an ordinary viewing screen, together
with a radiographic transparency of a grid of
the same dimensions as that used in taking the
radiograph. Seen through this grid the radio-
graph presents to the observer an image which
stands out at once in its three-djmensional
character. An interesting point is that a magni-
fication of the stereoscopic effect can be pro-
duced by varying the distance between the grid
and the radiograph.

The radiographic grid wused in this process
should help greatly to cut out scattered radia-
tion, and this is a most important consideration
in obtaining a high-quality radiograph. Further-
more, the continuously changing angle of the
beam relative to the casting throughout the
exposure may help in resolving fine defects
which would not be registered in the ordinary
way. For example, to detect a fine crack by
radiography it is necessary for the beam to be
nearly parallel to the plane of the crack. This
is obviously rather a fortuitous condition when

the radiograph is taken with one direction of
bfecam only, but the rotation of the casting would
help considerably in making this condition more
likely to be satisfied.

We must also consider the economic
tions of the method, and there seems to be
disadvantage in this respect. The use of the
grid will certainly increase the exposure time
required. It is estimated that about four times
the normal is needed. In the case of light alloys
where exposure times are short, this should not
be a serious disadvantage, particularly in view
of the other advantages to be gained. In the
case of the heavier metals, where exposures are

implica-
one

measured in minutes or even hours rather than
inseconds, it is a more serious matter.
In any case, this effect is minimized by the fact

of two or more exposures, only one
Thus we have to balance the
time taken for several exposures involving the
delay in changing the film and resetting the
casting, against that needed fora single exposure

that instead
may be necessary.

of four times the ordinary length. As an addi-
tional offset, there is the probable economy
already mentioned, in the saving of film; a
stereoscopic radiograph on a single film may
replace several radiographs on separate films.

To sum up, it can be said that the use of
stereoscopic radiography offers great potential
advantages, and that the technique described

and demonstrated by Dudley is a most import-

ant development., It provides the opportunity
of wusing stereoscopic radiography to a degree
which before has not been possible. It must
be remembered that this judgment is founded
on theoretical considerations and that only by
practice can the real merits of the system be
fully assessed. It IS certain, however, that the

method holds great possibilities, and recent news
that the development of commercial models of
the apparatus is shortly to be commenced fis
regarded as being of the utmost importance.
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Light Metals in

A Survey of the Theory and Practice of Applications
of Light and Ultra-light Alloys in the Construction of
Tire Escapes, Pumps and Miscellaneous Equipment

LTHOUGH it is now over 40 years do not radically affect the appearance of
since light metals made their the equipmentare not likely to be brought

irst appearance as constructional to the notice of the public at large.
aterials for fire-fighting equipment, theiThere are, however, at least two rea-
use in this connection is still not widely sons why this state of affairs should be
known. This may be due in part to the corrected, at least, in so far as engineers
specialized character of this field, as a are concerned. The first reason centres
result of which technical advances which  on the fact that many of the applications

HE serviceability

of light metal in
fire-fighting equip-
mentis demonstrated
by the early petrol-
driven outfit shown
at the left. The
pump body was cast
inan aluminium
alloy, and the ap-
paratus was in regu-
lar use for 30 years.

Courtesy, ~ Mcrryweather
Sy, N

CONSTRUCTED
V-l in 1937 for the
fire department of
Dublin Corporation,
this fire engine
features numerous
alum inium -alloy
comoponents,amongst
which may be noted
the cast superlumin
pump body.
fCourtesy, Mcrryu'eather
andSo@lLtd.) w
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in fire lighting for which light metals
have been developed with great success
can be translated more or less directly into
other fields of engineering practice, or, at
least, can provide additional data on
which to base the design of other light-
weight constructional units. Long fire-
escape ladders, for instance, possess a
similarity of design to crane jibs and
drag-line booms, and, although the first
differ in so far as the full length must tele-
scope into transportable divisions and
also in that it is impossible to relieve the
stresses in the fully extended structure by
the use of guy ropes, nevertheless, proved
designs may assist materially in*the evolu-
tion of light metal booms and jibs.

CHOWN here s
xJ aluminium - alloy
escape designed and con-
structed for the Brussels
Fire Brigade. It weighed
1,300 kg.

the
fire

The second reason is that a special
alloy has been evolved which, although
designed primarily to satisfy the stringent
requirements of fire fighting, may also be
of value in other branches of engineering
in which similar conditions must be ful-
filled. Known as Superlumin, this alloy
has been developed by the Merryweather
Co. in London, which profited by its
unique experience in the manufacture and
upkeep of fire-fighting apparatus to evolve
a material'‘combining the qualities of cor-
rosion resistance, mechanical strength and
low density.

The operating conditions of fire-fighting
equipment are generally beyond the con-
trol of the user, and the apparatus may be
called upon to face not only the compara-
tively mild influence of mains water, but
also the uncertain,, but usually highly
corrosive, action of water drained from
peaty soil, or even mine water, which is
notoriously destructive.
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However, the value of Superlumin and
of other aluminium-base casting alloys
has been proved by long-time ser-
vice tests; specimens of equipment
in aluminium casting alloys which
have been in constant use for 18
or 20 years are in the possession of
the Merryweather Co., and even the most
rigorous examination has failed to detect
any untoward deterioration due to corro-
sion or to the abnormally heavy service
which many of the components are called
upon to withstand.

The motive which prompted the com-
mercial use of a metal, the properties of
which were by no means so well known
40 years ago as they are to-day, was

primarily that of reducing the deadweight
of parts such as gearboxes and pump
bodies, which had previously been cast in
gunmetal, but which were then being
greatly increased in size and which were
hampering the mobility of the equipment
by adding so much to its deadweight.
Whilst an excellent material for the pur-
pose in most other respects, gunmetal pos-
sesses a specific gravity of 8 and may,
therefore, be unsuitable for use in highly
mobile equipment. Superlumin has a
specific gravity less than 3; it can be sand
cast or die cast, and its mechanical pro-
perties are practically equal to those of
gunmetal. Broadly speaking, the weight
of components in light alloy is a third of
that of similar fittings in gunmetal; occa-
sionally it is less than a third, as in the
case of the dividing breeching referred to
later, whilst in other cases the ratio may
be slightly more than 1:3 owing to minor
modifications in design due to the different
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casting properties, etc., of the light alloy.
Table 1 compares the weights of typical
Merryweather components in gunmetal
and in Superlumin.-

Table L.— Comparison of Weights of Typical
Components in Gunmetal and Superlumin.

Component Gunmetal Superlumin
Key and bar 4] lb.
Instantaneous coupling 6i Ib. 2 lb. 6 0z.
" Brigade V " coupling 51b. 0.5 oz. 1 lb. 12.5 oz.
Branchpipc 51b. 1oz 2 Ib. 6 oz.
Standpipe 23 Ib. 7 lb.
Breeching 13 Ib. 4 |b. 11 oz.

Evolution of Light Alloy Components

The earliest fprms of fire-fighting equip-
ment were constructed of wood, leather
and riveted sheet iron,,the pumps being
hand operated and capable of delivering
a quart or so of water per stroke to the
height of -a few feet. Extending escapes
were unknown, and, indeed, rarely neces-
sary, as tall buildings were then few in
number. With the need for increasing
the power and adaptability of the equip-
ment came also the even greater necessity
of increasing its speed of movement and,
with the evolution of the petrol-driven
motor pump and its displacement of the
okl horse-drawn steam-driven equipment,
came a realization of the need for light

weight.
In 1904, the Merryweather concern
constructed one of the new motor

fire engines for Lord Rothschild, and
included a gearbox and a pump body
sand cast in aluminium-copper-zinc alloy.
As the pump body normally formed one
of the heaviest, individual components in
the structure, the saving in weight was
very considerable. Performance was
excellent, and this machine saw 30 years’
service before being broken up.

From this beginning, numerous success-
ful experiments have shown the value of
producing many different components in
light alloys. Some of these are illustrated.
Light-alloy  couplings and dividing
breeches of various types are easier to
handle owing to their reduced weight, and
their use reduces the time taken in
assembling the lines. Components such
as these are generally produced by die
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casting. Particular interest attaches to
the male member of the coupling, which
is die cast complete with thread and is not
machined in any way whatsoever. In
cases where comparatively fine threads
are employed, or where the component is
of relatively small size, there is a danger
of seizing when both male and female
members are made of light alloy, due to
distortion of the thread as the result of

constant heavy use, and, in such
instances, the smaller attachment is pre-
ferably made of gunmetal suitably

threaded to screw on to its aluminium
alloy counterpart. Large-threaded com-
ponents or those provided with the special
round thread specified by certain fire
brigades can both be made satisfactorily
in light metal.

The instantaneous type coupling illus-
trated is interesting from the point of view
of design. It is one of the push-in type,
the male member being engaged, when
in position, by two diametrically opposed
spring-loaded brass catches, and bearing
down on a specially shaped rubber washer
so designed that, when water starts flow'-
ing through the coupling, the washer is
forced outwards tight against the junction
of the male and female members, thus
rendering the coupling watertight.

Certain fittings consist of two or more
parts flanged and bolted together. The
bolts are of heat-treated duralumin,
which, besides fulfilling all the require-
ments of strength, is said to obviate the
slight danger of electrolytic corrosion
which might occur if other non-ferrous
alloys were used. Also illustrated are a
turnkey and bar weighing 10 Ib. less than
its counterpart in heavy metal, and a
sand-cast Superlumin standpipe weighing
only 7 Ib., as against 23 Ib. in heavy
alloy. As an illustration of the ductility
of the light alloy employed, it may be
mentioned that the barrel of this light-
alloy standpipe could be hammered Hat
without splitting, and, at the threaded
coupling to which the hose is attached, it
could be squeezed oval in a vice without
rupture.

Pump bodies, which formed one of the
earliest applications of light alloys in fire-
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fighting equipment, continue to be con-
structed in light alloy. Illustrated is a
modern fire engine constructed in 1937 for
the fire department of Dublin Corpora-
tion. The applications of aluminium
alloys in this machine include the pump
body, which was cast in Superlumin.
Also illustrated is a motor fire engine con-
structed by Ferd. Schenk, Worblaufen-
Berne, in which the pump body and the
four outlet cocks are all of cast aluminium
alloy. Aluminium alloy castings were
principally employed for the pump of a
portable pumping unit supplied for the
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ILLUSTRATED above and at the left is
ol the light-alloy fire escape of the Brussels
Fire Brigade, shown in the elevated and
fully extended positions respectively. The
height of the escape, in the latter case, is
42 metres.

use of the U.S. Forest Service and State
Forestry Departments. This machine
was capable of delivering 63 gallons of
water per minute at a pressure of 100Jb.
per sq. in., or 40 gallons at 200 Ib. per sq.
in. A portable pressure pump of German
origin intended for use by the fire services
incognorated several housings in cast mag-
nesium alloy, whilst the carrier itself was
made of welded tubes of Elektron AZM.

Ladders and Fire Escapes

The use of light alloys for such appli-
ances as fire escapes and ladders is, of
course, of more recent date. The direct
transference of designs adopted for steel
to the fabrication of similar work in alu-
minium alloys was not possible and con-
siderable research was necessary before
really satisfactory designs were evolved.
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Once achieved, however, the result
revealed a striking combination of light-
ness and strength.

As an example may be considered the
aluminium alloy fire escape illustrated
which was supplied to the Brussels Fire
Brigade. This particular ladder, in its
fully extended position, was 138 it high,
and while this was not as great as some of
the longer crane booms which have been
constructed in light alloy, the design pre-
sented some interesting problems owing to
the necessity for the full length to tele-
scope into transportable divisions, and to
the impossibility of relieving the stresses
in the extended structure by the use of
guy ropes. The total weight of the ladder
was 2,700 Ib., of which 2,250 Ib. was of
aluminium alloy, the rest covering such
steel items as operating equipment, wire
cable, guiding rollers, and so on. The
weight of an equivalent ladder entirely in
steel was put at 4,250 Ib., or 58 per cent,

more. The advantage of lightweight con-
struction in equipment- of this type is
obvious. In this case, a reduction of

nearly three-quarters of a ton in the load
to be transported by the truck was
achieved, which very greatly contributed
to the average speed and manoeuvrability
of the vehicle itzlf and to the speed of
erection and manoeuvring of the ladder.
The lower weight also permitted it to be
operated at a much greater angle of it
thus providing a substantially increased
overhang without fear of overturning.

In the design of the ladder, a factor of
safety of 10 was provided in the lowest
section under the permitted load of 715 Ib.
at the top with the ladder inclined at 75
degrees, plus a transverse pressure due to
a wind velocity of 22 m.p.h. For the
upper sections, progressively higher
stresses were considered permissible until,
for the top section, the factor of safety
was reduced to 6. Such factors of safety
were considered sufficiently high to permit
the occasional use of a temporary exten-
sion ladder, bringing the total height to
158 ft

The behaviour of light-alloy ladders at
elevated temperatures is not really rele-
vant, as, if the temperature exceeds about
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70 degrees C., the ladder cannot be
gripped in the hands and s, therefore,
unclimbable. Nevertheless, when the
Brussels Fire Brigade ladder was being
planned, it was considered desirable to
investigate the behaviour of the light alloy
under heat. A series of experiments was
carried out which showed that, up to 200
degrees C. at lesst, there was no substan-
tial reduction in strength, and this was
considered as ample justification for the
assumption that there would be no bend-
ing or collapsing of the ladder under rea-
sonably severe conditions.

ER pump auxiliaries, with pump
dy and four outlet cocks in cast alu-
inium alloy. (Ferd-Schenk, Warblaufen-

Berng.)

Further testimony was provided when
the Stockton, California, fire brigade
fought a vicious fire in the Washington
Street Garage on January 31, 1940. This
garage was a three-storey brick building,
the upper stories of which were used as an
auditorium. The hottest part of the fire
was in the third storey, and aluminium lad-
ders, made by the Duo-Safety Ladder Co.,
were used in removing scores of people.
The chief officer reported that the fire pro-
vided ample demonstration of the
superiority of the aluminium ladders over
similar wooden equipment. The former
were handled more easily with less man-
power, and, at times, were loaded from
top to bottom. They were not harmed by
the fire, although one was badly twisted
by a fallingwall, but, in sharp contrast, a
wooden ladder not far from the aluminium
ladders had its top burned completely off.
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The “ Aluminium News Letter ” of
May, 1940, makes brief reference to the
aluminium ladders used on the fire
engines at Edgewater, New Jersey. The
largest fire engine, with a pump deliver-
ing 1,500 gallons of water per minute at
120 Ib. pressure, iIn addition to being
equipped with aluminium alloy ladders,
had a number of aluminium accessories,
such as portable floodlights, nozzles, deck

pipes, foam generators and fittings. Alu-
minium alloy was also used for the
hydraulically operated ladders.

Three truck-mounted 100-ft. high alu-
minium alloy fire escapes have been sup-
plied to the Washington District Fire
Department. The factors which led to
the choice of light metal for this applica-
tion included freedom from splinters and
from charring, elimination of the need for
varnishing, and the fact that lower weight
enabled the use of a smaller truck.

A pompier ladder used for scaling
buildings under conditions where the use
of an escape was not possible demon-
strated the remarkable lightness with
strength which can be achieved by
properly designed light alloy-wood com-
binations. This ladder consisted of two
wooden side members with wooden rungs.
At the upper end was a toothed hook,
made of duralumin, for engaging on win-
dow ledges or other suitable pro-
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tuberances. The length of this ladder
was 13 ft 6 ins., s weight 17 Ib. and its
strength sufficient to carry two men.
Whilst interest has so far centred on the
use of the aluminium alloys for this type
of construction, it is significant to note
that fire-escape ladders have been con-
structed by Messrs. Merryweather in
magnesium alloy which, with a specific
gravity only two-thirds of that of the aiu-

Pictured in this group are:
a “Brigade V" threaded
coupling in Superlumin,
weighing 11b. 12) oz. as
compared with 5 Ib. for
a similar unit in bronze;
threaded and instantane-
ous types of dividing
breeching in Superlumin ;
instantaneous - coupling
assembly, weighing in all
2 Ib. 6 o0z.; light-alloy
turnkey. (Cowling Merry-
weather and Sons, Ltd.)

minium alloys, is the lightest of all com-
mercial structural metals.

Lightweight Helmets

Light alloys have met with official
approval for the fabrication of firemen's

helmets in at least one country within
recent years. Writing in thé German
journal “ Aluminium” (1939/21/531),

Brinck gave the following requirements
as being officially laid down with regard
to Norwegian firemens helmets: " The
headgear should afford protection to the
wearer against falling masonry as well as
against possible electric shocks, and
should be resistant to the effects of
extremes of temperature and. moisture.”
Tests were carried out by the Oslo Munici-
pal Authorities on a number of materials,
including steel, brass, leather, fibre, cork
and light alloys. The last was found to
be the most suitable, the choice finally
falling upon an aluminium-manganese-
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magnesium alloy known as alloy 4S. The
helmets were anodized, painted black and
provided with interior fittings of leather.

An earlier reference (“ Aluminium,”
1937/19/417) refers to the fabrication of
light-alloy helmets which were enamelled
on the outside and padded with leather
and cork inside.

In America, in 193S, the Cairn Corpora-
tion were producing a helmet of conven-
tional design as a one-piece stamping from
aluminium sheet. A lightweight ambu-
lance for the use of firemen was also
exhibited in America in March, 1938.

Amongst other miscellaneous applica-
tions of the light alloys in fire fighting
may be cited an aluminium ramp, which
was constructed in the U.S.A. in 1937 for
use by fire brigades. The device was
intended for placing over fire hose in
streets so as to enable traffic to pass over
the hose without damaging it. By this
means it was hoped to prevent much of
the congestion which prevails anywhere in
the vicinity of a fire. The ramp itself was
constructed of aluminium-alloy sections
and formed a complete wheel track 8 ft.
6 ins. in width. It was articulated to
allow any section to adjust itself to the
camber of the road or to any unevenness
of the surfaces.

Alloys of the Al-Mg-Si type have been
used in the construction of portable liquid
fire extinguishers intended for use in rail-
way carriages and buildings of the
German Reichsbahn. The container,
which was of 8-litre capacity, consisted of
a cylindrifcal vessel drawn in one piece
from the light-alloy sheet. This was pro-
tected against corrosion by anodizing and
subsequent coating with a stoving var-
nish. The cylinder contained the fire-
extinguishing liquid together with air
under pressure. Aluminium was also used
in the actuating device, the striking of a
knob resulting in the piercing of a thin
aluminium sheet, allowing the liquid to
escape. The use of light alloys in these
applications allowed a weight reduction of
11 Ib. to be achieved. Weight reduction
is obviously of the utmost importance in
the case of the larger types of portable
fire extinguishers. Aluminium alloy pipes
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in 5 m. sections have been employed on
the Continent for pouring foam on to oil
fires.

Certain of these general applications are
actually of considerable significance in so
far as they concern apparatus not merely
for use on land, but, conceivably, in the
future, suchtypesas may be embodied into
civil aircraft. It is merely a truism, now,
to refer to the value of weight reduction
in this last connection; however, certain
of the giant passenger-carrying aeroplanes
now envisaged will incorporate equipment
radically different from that needed for
the smaller models with which we are
acquainted to-day. Perhaps self-breath-
ing apparatus, used in conjunction with

aluminium-alloy oxygen bottles, repre-
sents one aspect of more modern
advances.

Although originally developed some

years ago, and investigated in detail on
the mainland of Europe, less has been
heard of light-metal bottles in this
country than should have been the case.
It is true the actual production of the
bottles to the standard required to render
their general use safe has not proved at
all an easy task, but, here again, even
prior to the outbreak of war, ample ex-
perience and the results of long-term field
tests were available.

Rather unconventional is the employ-
ment of the heat generated by chemical
action on aluminium to thaw out frozen
hydrants. Caustic soda and aluminium
chips in the proportion of 25 per cent,
alkali and 75 per cent, aluminium by
volume have been used for this purpose
in America, as, in the presence of a small
amount of water, a chemical reaction
takes place which liberates quite a large
amount of heat. From 2 to 4 Ib. of the
mixture is sufficient to thaw the ice in a
frozen hydrant in less than five minutes.
As used in Evanston, Illinois, the hydrant
cap is unscrewed and the material is
poured in on top of the ice. Flushing the
hydrant immediately after it has thawed
avoids the danger of chemical corrosion of
the metal. The cost of materials has been
reckoned between 60 cents and 1 dollar
per hydrant.
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Alum inium
T HE adoption of aluminium®as a con-
ductor material in place of copper,
has, naturally, given rise to a
number of specific problems, the satis-
factory solution of which should be con-
sidered as of primary importance to the
growth of the aluminium utilization in
electro-technology. From the preceding
sections of the present survey it may
readily, be appreciated how, as a result
of intensive research, many of the diffi-
culties associated with certain peculiari-
ties of aluminium and its electrically suit-
able alloys have been either mitigated,
or wholly overcome, thus testifying to the
fact that the main handicap is due not
so much to shortcomings of the metal
itelf, as to inadequate familiarity with
methods and technique in application.
Most of the early troubles experienced
by the electrical engineer in this connec-
tion were centred on the problem of
aluminium joints, whether 1in uniting
exclusively aluminium components, or
aluminium with some other metals, such
as copper, effected by means of soldering
or welding. The term soldering is
understood to mean the process of
joining metals with the help of any alloy
fusible at a reasonably low temperature.
For a long time there was prevalent
the view that aluminium was not
amenable to soldering on account of the
fact that the oxide film on the surface
of the metal obstructs intimate metallic
contact, and thus prevents effective inter-
alloying in the process. This difficulty
was aggravated by the circumstance that
many of the substituents of the solder
compositions suggested for the purpose
proved to be unsatisfactory. Again, diffi-
culties were experienced in connection
with a certain unreliability of the elec-
trical contact between the two aluminium
surfaces, due to the interposition of the
same oxide film, and owing to the
liability of aluminium to electrolytic
corrosion under the action of moisture
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and

in those systems,
where it forms a gal-
vanic couple on ac-
count of the contact
potential difference of

Fig. 2 (above).— Soldered

aluminium bus bar, 4 mm. X
8 mm. cross-section, bent in
the region of the joint around
a 10-in.loop. Fig. 3 (above,
right).— Photomicrograph of-
two dissimilar metals,
as, for instance, in con-

junction with copper.
Under these condi-
tions, in an endeavour to
do away with the opera-
tion of aluminium sol-
dering, there was de-
veloped the mechanical
joint, made with either
twisted sleeve connectors
(for joining small alu-
minium conductors), or

Fig. 3. Hand-operated

pliers for effecting sleeve joints by soldering.
Note provision for lines of various diameters.

M agnesium

electrically heated Fig.

1945 June, 1945

June,

in the

Fig. t (above).—
Soldered alumin-
ium Erip, 1 mm.
X 24'mm. cross-
section, after
fracture in tension
under a stress of

112 kg./mm .2

From “Light Metals,*

i94}i8f2ii, B. J. Brajnikoff

Continues his Discussion on

Fight Alloy* in Electro-

technology. Riksian Work on

Soldered joints jin Aluminium
iIs Here &eviewed

soldering in

6.— Hand-operated
portable press for effecting sleeve joints by
aluminium
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Electrical

clamps (for taps),
and special alu-
minium clamps with
copper bushings for
joining aluminium to

— soldered copper/aluminium
junction. Fig. 4 (left).—
Sleeve-soldered AL/Cu wire
and AL wire with Cu ring ter-
minal, before fracture in ten-
sion (A), and afterfracture (B).

copper conductors. How -
ever, mechanical joints
cannot be regarded as
always entirely reliable,
due to a great plasticity
of aluminium, in conse-
quence of which the con-
tact may, in time, be
destroyed.

Bearing in mind these
considerations, it is evi-
dent that the soldering
and welding of alu-

electrically heated

wire. (See Fig. 5.

InNdustries

minium occupy quite a special position
in the technique of joining metals,
as in this respect the decisive factors
for aluminium are (i) the peculiar
properties of the surface tending to hinder
soldering or welding, that is, the forma-
tion of a thin but very dense film of oxide
enveloping the aluminium in air, and Its
almost instant reappearance after initial
removal; (i) the degree of strength of
the joint in regard to the influence of air,
water, humidity, ie. the stability to
agents responsible for corrosion of an
electrolytic nature.

Depending on the method of removing
the oxide film, and the duration of service
of the joint, there may be distinguished
the following six methods for joining
aluminium components: (1) soldering by
means of rubbing with a low-melting,
heavy-metal solder with or without
admixture of aluminium (customarily
known as a " soft” solder); (2) hard
soldering or brazing with the aid of a
high-melting solder with a large content
of aluminium; () hammer welding
(i.e., the jointing effected by means of a
hammer); (@  autogenous welding,
various types of electrical welding; (&)
recrystallization welding; (6) reaction
soldering.

In the soldering process by rubbing,
and also in hammer welding, the layer
of aluminium oxide is removed mechanic-
ally, whereas hard soldering and auto-
genous welding are characterized by
chemical removal of the oxide film
effected with the aid of a flux.

Historical

The oldest method for soldering alu-
minium was by means of rubbing. During
the past two decades there has appeared a
great variety of patent compositions for
application by rubbing, under the
designations of easy-fusible, pasting,
casting, alloys, etc., but all suffer from
this common defect, that the soldered
joint is subject to corrosion in air or in
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the presence of moisture. A further
drawback of soldering by rubbing is that
it can be applied only to conveniently
shaped and readily accessible parts.

To obviate these defects, attempts have
been made to find a substance capable
of dissolving the film of aluminium oxide
and to act in a manner analogous to that
of borax or “ killed spirits ” in the case
of other metals. Such fluxes were
employed in the U.S.A. in the late 19th
century, for making joints with the help
of a solder consisting of a large propor-
tion of aluminium. However, the quality
of joints produced was so poor that the
process was largely abandoned.

The next notable development for
joining aluminium came in 1900, when
a hammer-welding technique for alu-
minium was patented by the Heraeus
concern at Hanau, in Germany: the
aluminium components (mainly in the
form of sheet) were heated and united
by means of hammering. Although this
system proved to be quite effective as
far as the strength of joint and its non-
corrodibility are concerned, yet its prac-
tice required so much experience on the
part of the operator that its application
has found but little favour in industry.

Following this was worked out a
method in which use was made of exist-
ing aluminium fluxes for soldering, but
applying them to the process of welding.
Thh process thus developed, and desig-

nated as autogenous welding, was
patented by Schopp in Paris, with the
subsequent transfer of his patents

to the German manufacturing concern,
Griesheim-Elektron. The advantages of
autogenous welding are: in comparison
with hammer welding—an appreciable
simplification of the operation, and
compared to soldering by rubbing—great
strength of the joint and its anti-corrosion
stability.

The drawback of the autogenous weld-
ing process is that it involves a high
working temperature, as the parts to be
joined must be heated up to the melting
point of aluminium, in consequence of
which, in bulky objects, there may be
produced critical stresses leading to the
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formation of cracks, whilst thin sheet
material can readily be burnt. Most

important of all, it can be used on high-

strength, heat-treated alloys to only a
very limited extent.

The development of new, improved
compositions as, for example, those

patented by Rostosky, again attracted
attention to the process of soldering and
to the advantages that lower temperature
working offers. However, the tempera-
tures required are still rather high, for
satisfactory fluxes begin to act only when
strongly heated. It may be stated that,
as a general rule, the soldering of alu-
minium by means of rubbing is per-
missible only in those cases where a
strong and durable joint is not impera-
tive. Mention should be made of the
availability of special aluminium solders
designed for special spheres of applica-
tion. To this group belongs, for
instance, compositions distinguished by
their particular fitness to casting, whilst
another grade is able to ensure minimum
of discoloration and darkening at joints,
etc. In joining aluminium to a different
metal (e.g., copper, brass, iron), the cus-
tomary practice is to employ the rubbing
solders.

It is instructive to draw a parallel
comparison between the soldering of
aluminium by the application of a
rubbing solder and joining it by means
of the usual flux-containing process, the
relative characteristics of which are
presented in Table 7.

In repairing aluminium castings, it is
frequently of practical advantage to
employ the combination of both methods
of soldering: where greater mechanical
strength is required, parts are soldered
by applying the standard technique for
hard solder and then allowed to cool a
little, lesser repairs being effected by
rubbing while the object is still sufficiently
hot.

In the light of what has been said, it
may readily be"seen that the view which
was held for so long that aluminium
cannot be soldered is, even now, not
devoid of some foundation. Notwith-
standing the notable successes achieved
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in thiis field during recent years, it
should be borne in mind that even the
present-day techniques for soldering light

metals are still beset by complexities.

Indeed, in the considered opinion of
many cautious workers, the areas of
soldered joints may be regarded as

thoroughly dependable only on the fol-
lowing provisos: (1) purity of the metal
itself (i.e., the aluminium sections to be
joined), which should be free from
admixtures of particles of foreign matter
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W hilst the utility of aluminium in these
forms is gaining constantly increasing
recognition, its rate of progress is still
hindered to some extent by jointing
problems. The various welding tech-
niques do, of course, ensure perfectly
dependable results, but cannot always be
employed. Having regard to the diffi-
culty under which the union gqf conductor
materials has often to be effected, a great
deal of attention and study has been
devoted to the general problem of joints.

and local inclusions of other metals; (2) Such difficulties, as typified, for example,
high quality of the solder composition; by the cable splicing, are inevitable, due
Table 1.— General Properties of Soft and Hard Solders for Aluminium according to
Kostorky and Luder.
No. Properties Soft solders Hard solders
1 Composition of solders Zinc and tin, plus easily fusible heavy metals; Larger proportion — aluminium,
often aluminium up to 20 per cent. other metals uo to 30 per cent.
2 Melting temperature From 150 degrees to 450 degrees C. From 540 degrees to 630
degrees C.
3 Specific gravity From 5.5 to 9.0 From 2.7 to 3.0
4 Method of soldering Using no flux, by rubbing of the solder for With the application of specia
removing the film of aluminium oxide fluxes
5 Method of heating Naked flame, soldering bit Soldering furnace or lamp
6 Stability of soldered areas Stable in the absence of corrosive agents Mechanically strong, stable to
of the joint (e.g., air, water solutions) corroding agents (at par with
the stability of aluminium)
7 Colour of the soldered Darkening on account of corrosion Stable
joint
(3) the utmost care in the performance to the necessity of working in cramped

of the soldering operation; and (4) the
subsequent absence of factors inducing
corrosion of the soldered joint due to the
electrolytic action. For these reasons, it
is advisable to protect the soldered area
by a coating of some appropriate varnish
or other media neutral to aluminium and
stable to weathering.

Aluminium Soldering in Electrical
Engineering

From the preliminary analysis it is
obvious that if aluminium soldering be
considered a matter of consequence to
industry in general, itstechnique of appli-
cation to electrical-conductor materials
might become an important problem. We
have in view its use in connection with
bus-bars, wires, cables, strip and sheeting
stock and the like.

positions, in moist manholes, and the lack
of positive control of the workmanship in
making joints. Analogous conditions are
encountered in many other operations,
whether done in the workshop, in the
Feld, or,-in fact, wherever the need of
efficiency in the work of handling, jointing
and installing the conductors themselves
is the governing consideration. A chain
can be no stronger than its weakest link,
and the weakest links in a cable system
are apt to be the joints, unless the latter
are made with the greatest possible care.
It is obvious, therefore, that the standard
of reliability of the joint must be equal
to that of any part of the conductor itself.
For all these reasons we will now con-
sider more fully the problem of aluminium
soldering with special reference to its
applications to the electrical industry.
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Selection of Solder and Flux

As pointed out before, the soldering of
aluminium is attended with specific diffi-
culties associated not only with the selec-
tion of a solder sufficiently and easily
fusible, and, at the same time, stable to
corrosion, but also in the effective removal
of the layer of aluminium oxide from the
surfaces to be joined. Thus, for example,
in the case of soft soldering, the removal
of the alumina film is only possible by
mechanical means. If such methods are
feasible and readily performed on a plane
surface which is easily accessible, their
use in connection with surfaces of a cylin-
drical or more complex configuration pre-
sents considerably greater difficulties, and
in some instances becomes practically
impossible of realization.

The present-day position of the solder-
ing technique can best be assessed from
the results of recent work on the examina-
tion of methods for soldering aluminium
conductors, accomplished under the direc-
tion of Usoff at. the Russian Electrotech-
nical Institute. As pointed out before,
the systems available fall into two princi-
pal classes: (1) soft soldering, with the
aid of low-melting solders, and (2) hard
soldering, by means of solders having a
high-melting point. According to
Kostorky and Luder, both classes of sol-
ders are characterized by the properties
summarized in Table 1.

T nradvantages of soft solders are: their
easy fusibility and the possibility of using
the soldering iron for their application,
and the relative simplicity of the process
requiring no application of flux.

The chief drawback of soft solders lies
in their low resistance to corrosion, for
which reason the soldered joint must
always be protected by a coating of var-
nish or other medium. In the opinion of
Kostorky and Liuder, it is, in general,
impossible to obtain easily fusible solders
for aluminium without impairing their
properties to resist corrosion.

The method selected for jointing opera-
tions at the Russian Electrotechnical Insti-
tute was that based on the use of soft
solders, for the reasons that the soldering
of the aluminium conductors in erection
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or repair work should be accomplished, as
far as possible, in an easy and simple
way, such as is possible in the case of
soldering copper conductors by means of
tin compositions without high tempera-
ture, and involving the use of no compli-
cated tools.

The number of available soft solders
for aluminium is legion, with an equally
large variety in their composition. Con-
sisting in most cases, mainly, of zinc and

tin, they have, besides, admixtures of
one or several other metal constituents
added to lower the melting point to

facilitate adhesion to, and union with,
the surface of aluminium to be joined,

and to improve the mechanical and
corrosion-resisting  properties of the
solders.

The constitution of the most known
solders.for aluminium is given in Table 2.

The multitude of solders available and
a mounting number of newly marketed
formulations, testify to the fact that, as
yet, there exists no really satisfactory and
universally accepted alloy, the status of
which is comparable to that of the
tin/lead series. By inspection of Table 2,
we see that the principal base of the soft
aluminium solders is, in most cases, a
combination of zinc-tin alloys, in which
the proportion of tin predominates. It
should be pointed out that as a
soldering medium for aluminium, tin,
taken alone, is one of the worst possible
agents, a circumstance still further
emphasizing the unsatisfactory position
of the aluminium joints.

As may be observed from Table 3, at
the Russian Electrotechnical Institute
there have been subjected to testing 20
different types of aluminium solders pre-
pared by Usoff and his team of research
workers on a zinc-tin base, with the addi-
tion of the following metals: nickel,
copper, silver, aluminium, bismuth,
cadmium, lead and antimony. In the
shape of suitable castings, the solders
were tested for hardness, breaking
strength, nature of fracture and micro-
structure, with parallel measurements of
their electrode potentials and fusion tem-
peratures, accompanied also by deter-
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initiations of their technological charac-
teristics. These last comprised ability to
““tin” aluminium and copper, as well as
the possibility of application by means of
the soldering iron.

Moreover, soldered joints in aluminium
plates, effected with the help of the
solders, were subjected to the corrosion
tests by immersion in 3 per cent, common
salt solution, followed by tests of their
resistance to rupture.

Appraisal of the Test Results

The results of the tests demonstrated
that solders prepared on a zinc base (viz.,
pure zinc and its binary alloys - with
nickel, copper, silver and aluminium) are
all distinguished by the possession of a
relatively high melting point, starting to
fuse only in the neighbourhood of
400 degrees C., great hardness, and a
coarse fracture, testifying to their brittle-

Table 2.— Com position

No. of Tin Zinc Aluminium
solder % %
1 83.0 — 17.0
2 82.0 — 11.0
3 78.3 19.0 24
4 76.0 21.0 3.0
5 73.0 21.0 -
6 70.0 25.0 2.0
7 70.0 16.0 10.0
8 65.6 12.2 1.0
9 63.0 18.0 13.0
10 63.0 31.0 3.0
1 63.0 35.0 0.3
12 62.5 125 6.3
13 62.0 12.0 4.0
14 61.6 15.2 11.2
15 60.0 8.0 4.0
16 60.0 25.0 2.0
17 60.0 - 30.0
18 55.0 33.0 11.0
19 55.0 23.0 2.0
20 49.1 20.3 -

21 46.0 23.0 15.0

of Aluminium
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ness. These solders are characterized by
difficulty of performing the jointing
process with the aid of the soldering iron
and by their inability to "w et” copper.

Solders on a zinc-tin base, on the con-
trary, are much more easily fusible, less
hard, and have a finer fracture. A
binary zinc-tin alloy, consisting of 45 per
cent, zinc and 55 per cent, tin, which
served as a base for most of the solders
subjected to the tests, is characterized by
marked ability to wet the aluminium with
simultaneous removal of its oxide film, a
feature that ensures the strength of the
soldered joint. This type of solder is
equally well capable of tinning copper,
owing to the presence of free tin in the
eutectic mixture.

The last-mentioned factor permits the
application of compositions on a zinc-tin
base to soldering of aluminium with

Solders for Industrial Use.

Other admixtures to

Lead Cog})er the solder
%

_ _ Manganese 2. nickel 5
0.3 - —

5.0 — *

— _ Phosphorus 1.5
— _ Tin phosphide 4

17.4 31 Phosphorus 2
1.0 3.0 Antimony 2
_ _ Tin phosphide 3
- 1.7 —

125 _ Phosphide of tin 6.2
8.0 5.0 Bismuth 5. cadmium 4
8.3 25 Antimony 1.2

12.0 4.0 Silver 12
_ 10.0 Cadmium 3
- — Antimony 10
_ 1.0 —

_ _ Silver 5

26.0 — —
_ 8.0 Silver 9
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copper, an operation of great utility in
electrical technology, for instance in
joining to aluminium conductors terminal
contact pieces made of copper and the
like.

Performance tests on a zinc-tin solder
have shown that additions of bismuth,
cadmium, antimony or lead have
exhibited no specially marked and bene-
ficial influence upon the final product. It
has been observed that bismuth lowers
the melting temperature of the solders,
and also the larger the cadmium content
the poorer the quality of the resulting
joint. Finally, lead and antimony play
no significant role in the process.

A definitely favourable influence has
been revealed by the incorporation of
silver, the addition of which noticeably
improves the grain structure as _shown
by the fracture of the specimens and the
mechanical properties, particularly duc-
tility, as can be judged from results pre-
sented in Table 4. The admixture of
copper as a substitute for the equivalent
proportions of silver in a zinc-tin solder
gave quite inferior results.

Corrosion tests in 3 per cent, salt solu-

Table 3.—The Composition of the Solders
Examined.
Composition of solders.
Proportion of constituents, %
No. No. of
Ordinal solder Zine Tin Other metal
components
1 7 100
2 18 99 — Nickel 1
3 17 99 — = Copper1l
4 19 98.5 — Silver 1.5
5 16 95 _ Aluminium 5
6 4 45 55 —
7 5 45 54 Bismuth 1
8 1 28 70 Bismuth 2
9 8 75 20 Bismuth 1
Cadmium 4
10 6 39 55 Bismuth 1
Cadmium 5
1 3 40 55 Cadmium 5
12 2 35 55 Cadmium 10
13 1 25 55 Cadmium 20
14 9 43.5 55 Silver 1.5
15 20 43.5 55 Copoer 1.5
16 12 36 60 Silver 2
Bismuth 2
17 14 40 50 Lead 5
Bismuth 5
18 13 40 50 Lead 5
Antimony 5
19 15 20 50 Lead 26
Silver 4
20 10 2 96 Aluminium 1
Silver 1
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tion of soldered joints on aluminium
plates, made with the help of various
compositions, have also demonstrated
that the best qualities belong to a
zinc-tin-silver mixture. After testing
by immersion for 300 hours, alu-

minium plates united by means of this
solder displayed a very slight corrosion

in the area of the joint, and, under
tension, broke elsewhere than at the
joint.

Particularly poor results were shown
by aluminium strips united by means of
cadmium-containing solder (Cd in pro-
portions from 5 to 20 per cent.) or by a
solder very rich in tin (with Sn up to
95 per cent.)); some specimens in these
cases fell apart along the soldered joint
during the course of the corrosion tests.

In the soft soldering of aluminium, and
dispensing with the use of flux, removal
of the alumina layer is done mechanically
under the molten solder by means of a
metal brush, or by rubbing with the sol-
dering iron. In this case too, however,
the application of flux is also desirable,
since the latter, by destroying the film of
aluminium oxide, simplifies the operation.
It is to be noted that the use of energetic
solvents such as mixtures of chlorides
and fluorides in the soft-soldering process
is impossible, on account of the high melt-
ing point of these fluxes, the fusion tem-
peratures of which lie within the range
560 degrees to 600 degrees C. Further-
more, it should be remembered that the
application of such reagents necessitates
the careful removal of residues after sol-
dering, with a view to averting the corro-
sion of aluminium. This washing opera-
tion is by no means easy, and, in many
cases, even impracticable. In soft solder-
ing, the substances employed as fluxes
are usually certain organic acids, which,
if they do not totally obviate the neces-
sity for mechanical removal of the alu-
minium oxide film, none the less, do
appreciably facilitate it.

According to -Usofl’s experiments, very
favourable results are obtainable by the
use of stearine. Corresponding tests per-
formed by this investigator have shown
that stearine at temperature levels of 400
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Table 4.— Influence of the Addition
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of Silver on

for Aluminium .

Main composition of the
solder

Amount of Resistance
addition of to
Ti Zinc silver, krupture,
n, : g. mm.2
% % Y
45 7.0
44.5 0.5 7.0
44 1.0 8.0
55 43.5 15 8.3
degrees C. and over effectively assists

solder to dissolve the layer of aluminium
oxide, without mechanical intervention.

In Table 5 are given the characteristic
properties of the =zinc-tin-silver solder,
which was used at the Russian Electro-
technical Institute for soldering alu-
minium conductors.

Methods far Soldering Aluminium Bus-
bars, Strips and Wires
The joining of aluminium strip with the
help of zinc-tin-silver solder is easily
accomplished, after a little practice, by

means of the soldering iron. For con-
siderations of strength, the specimens
were, in the investigations being de-
scribed, lapped, producing a joint in

which the faces of the two pieces are
superimposed for a length eight to ten
times the thickness of the material.

First of all, the surfaces to be united,
previously cleaned by emery cloth, were
coated with stearine, followed by applica-
tion, with rubbing, of zinc-tin-silver sol-
der by means of the soldering iron until
they had attained a mirror-like appear-
ance. After firmly clamping the parts in
the proper position, final jointing was
effected by heat conveyed by the iron.
The soldering of aluminium strips to those
of copper was performed in an identical
fashion, the surface of the copper piece,
prior to jointing, being coated with tin.

The soldered joints obtained in this
manner proved so strong that, in tension,
fracture took place usually in the
annealed area near the joint, but not at
the junction itself. (See Fig. 1.)

Thin aluminium bars (say, 4 by 8 mm.
cross-section), used for the winding of
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the Properties of a Zlnc-tin Solder
Diminution S |
of the . tructura
cross-sectional hg:{;’;zgs appearance
area, of the fracture
o
24.0 17.0 Large-grain
235 175 Large-grain
36.5 20.8 Small-grain
48.0 20.2 Small-grain
transformers and permitting of no

thickening at joints, were butt-soldered
by chamfering the two ends by filing to
an angle of 45 degrees. The procedure
adopted for butt-joining was similar to
that described in connection with the lap-
soldering of strips, that is, the butts, duly
prepared, were united with the aid of
the zinc-tin-silver solder by means of a
soldering iron.

Fracture of test specimens in tension
occurred along the soldered joint, but at
stresses very close to those for the clear
unsoldered part of the bus-bar, thus:—

The wunsoldered

9.81 kg./mm.2

The soldered aluminium bus-bar,

kg./mm.2

The soldered joint in aluminium bus-
bars was also capable of withstanding
bending around a loop of the 5 mm.
radius, as indicated in Fig. 2.

It should be noted that proficiency in
soldering in this manner, so as to make
accurate and uniform joints throughout a
continuous run of bus-bars, free from
objectionable knots, requires considerable
experience on the part of the operator.

It has been found that the soldering of
aluminium conductors of circular cross-
section by means of the soldering iron is
impossible, as the rubbing of the solder
on the cylindrical surfaces

aluminium bus-bar,

8.38

proved so
laborious as to be completely impractic-
able in the field.

As a result of a number of experiments,
Usoff and his team have, in this case,
adopted the method of sleeve soldering,
in which a connecting aluminium tube
is employed to enclose the parts to be
joined. Special hand tools were designed
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to facilitate this operation. (See Figs. 4
and 5.)

The procedure consists of the following
stages:—The ends of the aluminium wires
to be joined are first carefully cleaned
with emery cloth and put butt to butt in
the connecting sleeve, made of aluminium
tubing, or shaped up from the aluminium
sheet. Next, in the sleeve so prepared
there is sprinkled a composition contain-
ing 95 per cent, of the powdered zinc-tin-
silver solder and 5 per cent, of powdered
stearine. After this, the sleeve, together
with the inserted conductors, is placed in
the groove of the soldering tool (see Fig.
4), heated up to 500-550 degrees C., and
then subjected to pressure through the
handles or hand lever.

Table 5.— Properties of Zinc-tin-silver Solder

for Joining Alum inium .

No. Nature of tests Characteristic properties

1 Composition of sol- Tin 55%, zinc 43.5%,
der silver 1.5%

2 Temperature ofmelt- From 190° to 400°C.
ing

3 Resistance to rupture  From 8 kg./mm.- to 10

kg./mm.-
4 Diminution of cross- From 37% to 48%
sectional area

5 Brinell hardness From 20 to 30

6 Fracture Small-grain structure of

matt appearance

7 Electrical potential 0.83 volt
(in 3% solution of
common salt)

8 Potential difference
in a couple :
Aluminium-solder  0.282 volt
Copper-solder 0.828 volt

10

12

Resistance to corro-
sion

Technological
features

Soldering
ture

tempera-

Microstructure

Under certain conditions
subject to corrosion,
but to a lesser degree
compared to all ex-
amined solders. Re-
quires protective coat-
ing with varnish

Solder readily wets
aluminium, also cop-
per, gives strong sol-
dered joints, allowing
application of soldering
bit

Within range from 500°
to 550°C.

Zinc plus eutectic zinc,
tin, dendrite-like in-
clusions (solid solution
of zinc-silver)
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With a certain amount of practice, a
satisfactory soldered joint can be accom-
plished within 5 to 10 secs. Owing to
pressure, the solder (prior to melting) is
forced into intimate contact with the sur-
faces of both the aluminium wires and the
sleeve, and, by fusion therewith, as well
as by filling all the clearances around the
sleeve edges, forms a continuous, integral
metal union. This method is applicable
for soldering both single wires and
stranded aluminium conductors.

Special practical importance attaches to
the case, when the aluminium conductor
has to be soldered with copper, in which
event the latter, prior to joining, should
preferably be thoroughly tinned. The
soldering of copper terminal pieces to the
aluminium wires (in order to ensure per-
fect electrical contact) is made in the
same manner, the role of the connecting
sleeve being performed by the tubular
stem of the copper end-piece,itself.

Microscopic examination of the copper-
aluminium joint reveals that the solder is
strongly bonded to the aluminium, which
fact is testified by the absence of a marked
boundary line between them; the union of
aluminium with copper is effected through
the medium of the Cu3Sn, which, in the
form of a tenacious layer, is produced in
the process of soldering by tin-containing
solder. Table (i summarizes data on the
electrical and mechanical performance of
the composite aluminium and copper con-
ductors thus soldered.

The results of these tests indicate that,
although in most cases the conductivity
of the united material is somewhat lower
than that for the corresponding individual
metal segment of the same length, yet
the mechanical strength of the joint Ls
sufficiently great, as rupture invariably
takes place not along the seam, but at
an integral area of the metal, as illustrated
in Fig. 3.

Analogous results have been displayed
by soldered joints in stranded aluminium
conductors, such as cables, etc. Besides
those indicated, soldered wires have been
subjected to alternating-bend fatigue
tests, and have been examined for break-
ing strength at elevated temperature, and
for resistance to corrosion. These tests
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In tern ational Alloys Itd

HE list of Olympic victors
begins in 776 BC. The modern
series of Olympic games was
initiated at Athens in 1896,
since when the development of
athletic prowess, as expressed by
international records, has been re-
markable. For the pole jump, the
international record of 15 ft. 7| ins.
was setup by Cornelius Warmerdam,
of U.S.A., at Modesto, Cab, in 1942.

Therecord of International Alloys Ltd.
in supplementing the nation ssupplies
of essential lightmetalscannotbe fully
published till after the'war. Mean-
while, for post-war developments,
please note the name—*INTAL" are
and will be makers of aluminium
alloys for every conceivable purpose.

Phone: SLOUGH 23212,

Advts.

XVvii

SLOUGH, BUCKS.

Gram s:

INTALLOYD,

SLOUGH
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.. the provision of a metallic
distortion-free hearth for heat treat-
ment furnaces. The advantages of
such protection are well known, but
until now the general use of hearth
plates has been hindered by their high
distortion, with attendant charging
and discharging difficulties, and re-
latively short life.

NICROTECTILES eliminate

1945

all

these disadvantages and provide
complete hearth protection with-
outdistortion. Additionalfeatures

are : rapid heat recovery,
charging and discharging,

heat distribution, long life

easy and rapid installation.
quest leaflet E.10 for details.

easy
even
and

Re-

lilccLildescBilt Heat co. Ltd. Telephone: SM Ethwick 0875 (8 lines).

LONDON OFFICE: 16 GROSVENOR PLACE, LONDON, S.W .I. Telephone: sLoane 7803-9618.
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Table 6.— Electrical Conductivity and Resistance to Rupture of Soldered Aluminium and
Copper Wires

. Electrical resistance
Cross-sectional area
of wires
Length  The calcu- po yque  Breaking
of lated value ¢, soidered  strength, Region of Rupture
o test-piece, for continu- sogment, as kg./mm.2
Copper, Aluminium, mm. ous (joint- found by
mm.2 mm.2 less) seg- tests. ohms
ment, ohms. : :
1.56 1.65 200 28.5 26.9 9.9 At an integral area of aluminium conductor
1.56 1.66 200 285 254 101 At an integral area of aluminium conductor
1.9 2.3 200 21.3 19.6 9.1 At an integral area of aluminium conductor
1.9 24 200 20.8 19.2 9.9 At an integral area of aluminium conductor
9.9 13.0 200 3.9 3.64 119 At an integral area of aluminium conductor
9.9 13.0 200 3.9 4.03 12.0 At an integral area of aluminium conductor

have revealed that in the case of alternat-
ing bending loads at frequencies of 100 per
second, the soldered joint remains intact,
rupture taking place at an integral metal
area in the neighbourhood of the seam.
A noteworthy feature is that the soldered
joints exhibit the ability to withstand
rupture up to 200 degrees C., the wire
finally breaking at an unsoldered point.
Tests on soldered joints in aluminium
wires have confirmed that the resistance
to corrosion of the zinc-tin-silver solder is
relatively- favourable. However, this
by no means indicates complete immunity
to attack, as by its nature, this'solder is

Table 7.— Technique of Aluminium

Soldering by rubbing
(earlier method, employing
no flux)

The mechanical removal of
film of aluminium oxide
by means of rubbing with
a molten solder

The soldering is effected
with the aid ofanyrubbing
solder (i.e., a composition
not freely running), which
is fit to be wused for
pasting, casting, etc.

Difficult method of opera-
tion and aggravated by :
Low strength ; corrosion
phenomena (of electrolytic
origin) of the soldered
joint ; discoloration of
joint area and its tendency
to darkening

Consequently:
The application of the
method is justifiable only
in a restricted number of

Soldering.

Ordinary soldering
(newer method, using
flux)

The removal of the layer
of aluminium oxide by
chemical action of a suit-
able flux

The soldering process is
effected with help of an
easy-flowing solder,
having a large proportion
of a given metal, initially
designated as a “ hard”
solder

Simple method of operation,
offering advantages of:
Great mechanical
strength ; absence of cor-
rosion phenomena in the
joint; the colour of the
united area is practically
identical to that of alu-
minium and is not subject
to changes

Therefore :
The method can be
employed always to ad-
vantage

not entirely free from such a possibility,
and, for this reason, should never be used
without an added safeguard in the form
of a protective coating of some anti-
corrosive medium.

After a series of experimental tests, it
has been found that the most suitable
composition for the protective coating of
aluminium soldered joints proved to be
the benzoamylone varnish of the follow-
ing constitution: benzoamylone resin, 35
per cent.; alcohol (95 per cent.), 22 per
cent.; remainder 43 per cent, benzene.
This varnish can be either air dried, or
stoved at 130 degrees C.

In the light of experimental results, it
is clear that the soldering method deve-
loped is suitable for joining both alu-
minium conductors (single and stranded
wires) with each other, as well as for
soldering aluminium to copper conduc-
tors, and other components.

(To be continued)

REFERENCES

(1) Compendium by the German Engineering
Association (Verein Deutseh-Ingenieure), 1939.—
Bericht des Unterausschusses fur Aluminiumlote der
Deutsch Gesellschaft fur Metallkunde, Zeitsehr. fur
Metallkunde, 358, 1926. (2) “ Aluminium Solder-
ing in Electrical Technology," incorporating the
research data derived by Usoff and Co-workers at
the Russian Electrotechnical Institute, issued by the
Electrotechnical Association, U.S.S.R., Leningrad,
1941, (3) Kostorky and Liider; Hauszeitschrift-
Aluminium, 1930, (4) "Aluminium Solders,"
Metal Industry, 1932. (5) Weibel di Wohlen;
Swiss method for soldering aluminium, Alluminio,
I11-1V, 82, 1939.— Method for soft soldering of
aluminium, British Patent No. 559.395; Oerlikon,
Switzerland, 1944, (6) “ Light Metals," 1938/
1/231.



288

NEWS

Trade and Technical Press

| F the Trade and Technical Press of Great

Britain can draw any consolation from
the turmoil of the past five years, it surely
must be this: that its function as a definite
part of the industrial organization of the
country has been amply demonstrated.
Government Departments concerned with
production of every sort have not hesitated
to rely for much immediate and valuable
assistance on information which editorial
staffs alone can give. Equally embraced,
however, within the rigid stranglehold
imposed upon industry, the technical Press
has, with the rest, suffered many need-
less restrictions.

Periodicals, the primary aim of which is
to mirror the desires, aims, and achieve-
ments of trade and industry, are no
ephemeral growth; their beginnings may be
traced back very early on in the uprising of
our own commercial expansion. We our-
selves cannot, at the moment, recall the
precise beginning, but would point out, for
example, that a jourmal devoting its
interests to railway engineering was fimly
established prior to 1840. As new branches
of industry have been established, 0, too,
invariably, has an organ appeared to estab-
lish a link between the new development
and the public it serves.

Never before in the history of this
country have pur national resources been
so mobilized to a single end as during the
past five years. The transition from peace-
time activities to those of war was effected
with extraordinary rapidity, for all the
tenets of economic law were cast overboard,
and the jobs which had to be done were
tackled regardless of cost in money, man-
power, or wear and tear on plant. Study
of war-time issues of trade and technical
jourmals shows well how these assisted
towards the fulfilment of what might other-
wise have been a well-nigh impossible task.

War, however, is, at worst, a temporary
phenomenon, and, even in the midst of
battle, an .eye must always be kept open for
the requirements of an eventual peace- a
peace not satisfactorily to be achieved by
dignified disregard of all established pre-
cepts of profit and loss.

The trade and technical Press, which
willingly came forward when its services
were demanded for the stemer duties of the
field, has an even greater duty to perform
in stabilizing our industrial organization for
peace. This it can do, however, only if
freed from the mass of controls at present
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General, Technical

and Commercial

encumbering its activities, and by a whole-
sale removal of the vast body of petti-
fogging restrictions imposed by a list of
ministries too numerous to detail.

Given the necessary fecilities, now unhap-
pily lacking, publishers of British technical
Journals are ready, able, and eager to pro-
duce publications which, in content and
appearance, may certainly compare favour-
ably, in war or peace, with those of any
country in the world.

After nearly four years of extraordinary
diffiaulties, during which it has carried on
its work with a basic ration of approxi-
mately one-fifth of pre-war consumption,
the trade and technical Press require from
the Government -

(@D Additional paper of a quality which
will stand comparison with that used, for
example, by competitive journals abroad.
The actual quantity is not great.

The additional paper is needed so that
both editorial contents and manufacturers’
announcements can be greatly extended,
advertisement pages in a technical or trade
Journal being an integral part of the whole
essential to the reader.

It is further needed, as, at present, pub-
lishers are unable to meet the demands of
any new readers.

@ The early release of a small number
of skilled operatives for the manufacture of
high-grade paper, for printing, and, in par-
tiaular, for block-making, which constitutes
a serious bottleneck. Quality and quantity
of illustration and free availability of colour
where desired are essential to creating a
favourable first impression, particularly
abroad.

@ The early release of experienced tech-
nical and trade key men to supplement
editorial staffs.

@ A high priority for the "provision of
new and up-to-date printing machinery.
Labour and material involved are relatively
small.

®) The release of full information on the
many new discoveries and inventions that
British scientific research has evolved and
British technical skill developed during the
war .

A policy of etxreme caution on the part
of Government departments has on occa-
sion resulted in tlie release of information
abroad ahead of its release in this country.
As a result, credit for scientific develop-
ment and inventive genius has not always
been given where it belonged.

® The close collaboration with the
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Government at home and its commercial
representatives abroad, which has long
existed in other countries, in particular the
U.S.A. and Germany. No consultation
with industries should take place without
representatives of the trade and technical

Press, which is in the best position to
review any industry dispassionately as a
whole.

Quality Through Statistics

A NY book that seeks to popularize the

subject of statistical quality control must
needs receive careful consideration. In
“ Quality Through  Statistics™  Mr.
Wharton attempts a non-mathematical,
practical guide to quality control statistics
to demonstrate to those “ engaged upon

production the usefulness of statistical
methods in  improving manufacturing
quality.”

The fundamental theory of statistics is,
of course, highly mathematically technical,
and the author appears to believe that the
production executive, of very limited mathe-
matical equipment, can usefully apply its
methods; with this view the present reviewer
agrees. It is not .necessary to study the
academics of harmony and composition to
become a workmanlike pianist, although it
is quite likely that the intelligent and
inquisitive musical amateur will explore the
more popular works on such subjects,
admittedly becoming in the process a more
understanding musician within the terms
of his own limitations. Similarly, those
desirous of using statistics in industrial pro-
duction may capture more and more of the
mathematician’ mind as they popularize to
themselves the underlying mathematical
theory.

Authors, such as Wharton, have to decide
initially to what extent they will simplify
mathematical concepts® in order that the
ideas may be grasped by the npn-mathe-
matician. One would have wished that the
author had spent more space on distribution
curves, for itison their significance that the
whole subject is based. The 1idea of dis-
tribution curves is not in itelf difficult to
anyone who understands what a graph
The derivation of the mathematical expres-
sions defining distribution curve-forms is
another story, and isnot of practical import-
ance for our purpose.

It is suggested that more adequate atten-
tion to distributions would help to bridge
the mental gap that seems to occur when
the beginner is confronted with the appa-
rently distinct quality control systems based

*By A S. Wharton. Ph|I|Es Lamps. Ltd., Century
Hotésfe Shaftesbury Avenue, London. W.C.2. Price 6.
post free.
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upon gauging and on measurement. The
system based upon measurement is never
even popularly described without reference
to the Norma! or Gaussian curve, but for
some reason probability curves based upon
the special case of the Poisson theorem do
not receive the same publicity.

The present volume deals with quality
control from the angle of production,
whereas, of course, the usual approach to
the subject is the inspectional. These views
are complementary, for when statistical
methods are used, inspection is not con-
cerned so much with acceptance or rejection
of individual articles as with demonstrating
that the efficiency of the manufacturing
process Is being maintained or otherwise.
Inspection can now provide data of value
to the production and planning depart-
ments, and statistics will in future find a
place in the studies both of the production
engineer and the engineer-inspector.  The
status of inspection as a profession will
thereby be ultimately raised, and a new
branch of engineering known as inspection
engineering, comparable 1o production
engineering, can be visualized.

Whether or not quality engineering is a
production or i ion function- and it
IS conceivable that different types of manu-
facture make any hard and fast allocation
undesirable- it must be pointed out that
application of statistical methods undoubt-
edly leads to greater understanding of
scientific method, particularly in respect of
drawing conclusions from the results of
sample batching. Unnecessary interruption
of production for process investigation,
because one or more individuals in a repre-
sentative sample batch was found to be
defective, has often occurred because it has
not been realized that anything short of
perfect production is likely to give to
samples of the bulk the appearance of a
much lower production efficiency. The
probability of finding defects Iin a given
sample size at a given efficiency level can
be easily ascertained; its practical signifi-
cance is in setting the limit at which investi-
gation should start because a decrease iIn
efficiency is feared.

It has been suggested elsewhere that
quality control inspection provides a scien-
tific basis for bonus payments. Wharton
gives an interesting demonstration of how
he applied a quality incentive on these lines.
When quality control charts are first
installed, operatives somewhat naturally
take great interest in watching the graphical
representation of their efficiency; the com-
petitive spirit between operatives is thus
aroused, and initially overall efficiency
improves. In the case cited by the author
it was considered worth while to maintain
operators” interest by making a payment for
every plotted point falling below the statis-
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ILLUSTRATED here is a series of designs for chairs in light metal as described on the next

rPagj'i “ab5 “een. evolved to simplify and cheapen production by taking full advantage
of readily available semi-manufactured forms such as sheet, strip, tube, and extruded sections.
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tical lim it on the control chart., The same
amount was deducted when the plotted

pointfell on the control line, a slightly larger
amount being deducted when the pointcame
above the control limit. This quality bonus

scheme operated separately from the normal
production system in use. Rejects were
spectacularly reduced by this simple means.

Can quality control methods of inspection
or production be applied to light-alloy
foundry work: this is a question that is
bound to be asked by readers of this journal.
A simple method applied to the results of
pressure testing hasbeen described recently,*

but doubtless many applications can and
will be made with the exercise of some
ingenuity. It is.realized that the successful
production of light-alloy castings depends
upon the control of many variables:
wherever gquantitative values can be given
to such factors, statistical investigation and
charting may follow. Daily correlation of
these charts with defectives would possibly
suggest the critical factor responsible for
lack of success in the production of any part
number, and hence in this way the quickest
possible remedial steps might be taken.

W harton's little book, then, js a readable
description of quality control methods
fulfilling the claim that it is non-mathe-
matical, perhaps .its chief value is that it
is suggestive of ideas for possible applica-
tions. Quality through Statistics " s
therefore comoplementary to the official

handbooks on quality control since they are

almost solely concerned with the mechanics
of control chart operation.
Light Metal Chairs

P REVIOUS dissues of " l-ight Metals "t

have dealt at some length with the
design and construction of furniture in alu-
minium and light alloys generally. In the
articles referred to, opportunity was taken
to indicate that the nature of these materials
and their availability in numerous semi-
manufactured forms make possible, in some
cases, the creation of new and sim plified
designs and, in others, enabled the practical
realization of \vhat were formerly vague

outcomes of wishful thinking.

The extent to which these
borne out in practice is illustrated by the
patent summary which follows, and by the
illustrations accom panying this note.

Figs. 1 to 6 show chairs consisting
comoponents made of plate or sheeted m ate-
rial: the component A is continuous and
forms the legs, seat, and back of the chair,
whilst the rear component B is of angu'ar

statements are

of two

** A Method of Statlstlcal Quallty Control InsEec-
tion of Liirnt Alloy Castintrs.
Foundty Trade Journal January

t See “ Lisht Metals," 1942 5 240: 241 : 243.
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shape and is secured to the underside of
component A. Fig. 3 illustrates a front
elevation of the seat proper, provided with
brackets C, for receiving the top part of the
component B, which may extend over the
area of the whole seat. This design favours

the mass production of formerly constructed

chairs, which do not require cross rails inter-
connecting the two components concerned.
Furthermore, the two principal components
A and B are so shaped that they can he
readily stacked when disconnected, thus
facilitating storage and transport., (Patent
application No. 7658/44))

In Fig. 7 s illustrated a chair which, by

way of examople, is shown to be composed of
tubular m aterial: the principles involved are
sim ilar to those just described and the front

elevation of the seat shows hooks into which
the top part of component B is inserted.
(Patent application No. 0406/45.) Self-
adjusting hammocks are shown in Figs. 8
to 10; they consist of a frame D and a
pivoted back E, a canvas strip connecting
the front of D with the top of E. The rear
of frame D is provided with stops F, which
lim it the forward angle of E, if the ham -
mock be occupied, whilst the backward rota-
tion of E is limited only by the length of

the surface material by unfastening one end
of the canvas; the seat and back frame can
be folded.

Fig. 8 shows a side elevation of a
lounge constructed of tube and strip;
this assem bly may easily be taken to pieces
by removing the front connecting rod and
the back frame, thus facilitating transport
and storage.

A metal deck chair with folding front and
rear legs is shown in Fig. 9. One end of
the canvas is seen to be provided with strips
for detaching it from the frame and for regu-
lating the length of material, which, in turn,
determines the range of the rearward move-

garden
again,

ment of the back. Fig. 10 presents a dia-
gramm atic view of the deck chair, showing
it in the folded and wunfolded positions.
Besides being of a-design making for com -
fort, considerable space saving is effected
and many of these chairs may be packed into
a small car for picnic purposes. (British
Patent 550,469.)

Figs, 11 and 12 illustrate an adjustable
chair in two positions; the upholstered seat
and back are hinged together and jointly
suspended at the rear of the frame by ten-
sion springs, whilst the front of the seat and
the back are freely supported on cross-
members 6 and H respectively. If a load
be applied to the seat of the chair, the
upholstery and suspension springs auto-
matically adjust themselves in a vertical
direction, whilst, in addition, the seat and
back also take up positions depending on the
degree of pressure and the directions from
which it is applied.
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Condensers

“Light Metals,”, igj.;iSfj4, a

A

Comparative Study is Presented of the Uses of Tin
Foils in Various Forms, and of Aluminium Foils

T HE  concluding

paragraph of
the previous section
of this account in-
troduced practical
consider ations
regarding the supply
and conditions of
deliveryof tin-coated
papers. Here, over
and aibove general
requirements dic-
tated by the deli-
cate nature of metal
foils, special precau-
tions must be stipu-

lated

electrical

ments

reason of
require-
of

by

and condenser - production

technique.
The salient features from a typical pur-
chasing specification for tin-coated paper are

given

@

@

&)

®

®

below:—

The material required is a high-grade
of condenser interleaving tissue paper
coated on one surface with metallic
tin.

The paper base tobe a linen rag
stock, the paper tohave a smooth
surface, free from ragged edges, and
to be free from pin holes, slime, spots,
crossed fibres, metal particles, carbon
spots or other extraneous inclusions.
The metal coating to be pure metallic
tin, fimly secured with starch or
dextrin base adhesive. The tin coat-
ing to be smooth, bright, uniform
and continuous, to exhibit no inclu-
sions mof  zinc,carbon or other
impurity, and to reveal no bare
patches.

The uncoated surface of the paper to
be as free from tin particles as prac-
ticable under conditions of good com-
mercial practice.

The adhesion of the tin to the paper
to be complete, and such that it can-
not be removed mechanically by
scraping, scratching or folding, nor

®

)

Fig. 176.— Relationship
between measured re-
sistance of 10-in. test
lengths of tin-foi)
paper and its square
resistance.

under conditions of hot impregnation
with wax or oail.

The tin-coated paper to be clasely
neutral in reaction, showing a neutral
reaction to litmus and no evidence of
inclusions of carbon or “detrimental
metals when tested as follows:-
Samples of the material, moistened
with distilled water and in contact
with litmus papers (red and blue),
shall be pressed between glass plates
for 10 mins. At the end of the period,
examination shall show no evidence
of colour change in the litmus paper.
Further, there shall be no signs of
white areas developed in the tin
coating.-

The pH value of the material to be
between 6.5 and S.5 when tested as
follows:—

On a 2 gm. sample of the material
shall be poured 100 ml. of pure dis-
tilled water, and the mixture shall be
simmered for 10 mins. The water
extract shall be decanted, evapora-
tion losses.made up by adding hot
distilled water. The solution shall
be rapidly cooled and the pH value
measured by indicators or electro-
metricallv.

(5 The water content of the material,
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Fig. 177.— Curve showing relationship
between covering capacity and thickness

®

(V)

aw

®»

for tin/lead-alloy foil.

determined by loss in weight of a
sample when dried to constant weight
at 100 degrees to 105 degrees C., to
be not more than 5 per cent, by
weight of the material as received.

The alcohol soluble material extract-
able with hot alcohol in a Soxhlet
apparatus in a period of 6 hrs. to be
not more than 0.5 per cent, by weight
of the material as received.

Thewater soluble material extract-
able with hot water in a Soxhlet
apparatus in a period of 6 hrs. to be
not more than 1 per cent, by weight
of the material as received.

The thickness of tin coating,
expressed in terms oflb. of tin per
double crown ream (4SO sheets, 20
ins. by 30 ins.), to be within the fol-
lowing limits:—
Minimum .. 4.75 kb
Maximum .. 5.25 .

The electrical resistance expressed in
terms of square resistance to be not
more than 0.4 ohms. It shall be
measured on a representative number
of rolls, and on three specimens from
each rll. At least 2 yds. shall be
discarded from the commencement of
the roll and from between specimens
for the test. The test pieces shall be
12 irs. in length and of the width
of the roll. Resistance shall be meas-

ured on a 10-in. acting length or on
suitable fixture with the specimen
clamped between copper strips as the
upper members of the clamp and
rubber strips as the lower. The leads
to the resistance bridge shall be of
copper and soldered to the copper
clanps. The tin-coated surface of
the specimen shall be uppermost,
ie., In intimate contact with the
copper clamps. The square resistance
iscalculated from the measured resist-
ance in ohms from the following
relationship:-

Measured resist- Width
ance in ohms " inins.

Square resistance =

If the measurement be not made at
15.5 degrees C., a temperature cor-
rection IS necessary.

The square resistance can most readily
be computed from charts for the various
widths of metallized paper involved. These
charts relate the measured resistance in
ohms of the 10-in. acting length of the test
specimen to the square resistance value in
ohms, and show the limiting maximum lire.
Typical curves are reproduced in Fig. 176.

(13) The tensile strength of the material
in the roll direction to be at least
10 Ib. per mil. of thickness per inch
of width of test piece.

Fig. 178.—Curve showing relationship
between covering capacity and thickness
for tin/3 per cent, antimony-alloy foil.
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{14) The elongation, on a 7-in. acting
length, to be not less than 1 per cent.
{15

The substance of the tin-coated paper
in the condition as received, and
expressed in terms of a weight basis
of grams per square metre of area, to
be not less than 24.0 and not more
than 2S.0 gm.
The tolerance on thickness to be plus
and minus 10 per cent, of the speci-
fied nominal thickness.
The tolerance on width to be plus and
minus 1 per cent, of the specified
nominal width.
The material on any spool to consist
of a single length with no breaks,
although a maximum of five joints
sall be permitted. Jointing to be
achieved without a break in the con-
ductor path, with an inert adhesive
in conformity with the other clauses
of the specification and without con-
tamination of, or adhesion to, adja-
cent layers in the roll.
The arbor upon which wound to con-
form +to stipulated requirements,
e.g., to be of wood arid have a square
hole of Ijj ins. side plus and minus
in., in order to suit the machine
32& expanding mandrel upon which

€0))
an

as

(D)

To suit the machine upon which
used, the overall diameter of the roll
not to exceed a limiting diameter,
eg., S ims.

The material to be tightly and
squarely wound, with no overlapping
edges, so that when unreeled on a
power-operated condenser winding
machine it can be fed truly and
squarely, without sticking or tearing.

The rolls to be each protected by
means of an outer paper wrapper and
to be packed securely in wooden
transit cases so that they do not
Suffer mechanical damage nor
deterioration from weather conditions
in transit.

Table 34 summarizes some laboratory
data showing the characteristics of typical
supplies of tin-coated paper for condenser
manufacture. It will be noted that, on the
whole, the suggested limits are maintained.
Notable exceptions concern the weight of
tin coating, which in two cases was parti-
cularly heavy, strength which isvery low in
one batch, and water and alcohol" soluble
materials in two samples being very high.
It is interesting to note that poorer’insula-
tion resistance values almost invariably
result in the final condensers when these
soluble extracts are markedly excessive. This
is probably due to the retention of moisture
and the impossibility of drying so
thoroughly in the condenser process under

(CY)

@D

(22)
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a given set of process conditions. Another
point that is worthy of mention is that of
trouble from carbon spots. These presum-
ably enter from the zinc used to precipitate
the tin powder, although they may be
graphitic and due to machine lubricant con-
tamination. They cause local action or cells
and the tin tends to dissolve from around
the spot. Invariably poor condensers with
exceptionally low insulation and poor
electric strength values result from the use
of such material.

Although this tin-coated paper has to take
a minor place in relation to that assumed
by the metal foils, yet the role it has played
and the service it has given in the develop-

ALNGAIME TO
Ao &J

Fig. 179.— At the left: electromotive series.
It should be pointed out that in the absence of
practical “ field" results and ofexact data regard-
ing size, shape, conditions of contact, etc., of
various metallic couples, all hypotheses as to type,
degree and speed of corrosion must be treated with
the greatest reserve. At the right are graphed
potentials in sea-water against a normal
calomel cell. The precautions to bhe taken
in interpreting these data are equally as
stringent as those authorized above, if mis-
leading conclusions are to be avoided.

ment and production .of paper condensers
mustnotbe belittled. It is really a remark-
able product, combining features of dimen-
sional accuracy, Ihinness, .chemical purity
and, above all, continuity of electrical con-
ductance. Again, the advantages in its use,

set against the disadvantages are worthy of
record, viz.:i-

Advantages—- (1) A condenser that uses
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the tin-coated paper-type oi electrode, upon
electrical breakdown, doesnotdevelop a dead
short circuit, but it still possesses an appre-
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teristic. In a metal-foil electrode condenser,
electrical breakdown is simultaneously

accompanied by complete fusion of the elec-
The

ciable internal-resistance value at voltages trode at the point of area of failure.
below those at which arcing occurs. structural upset in the neighbourhood is
(2) The tin-coated electrodes enable suchimpressed through the thickness of the con-

condensers to behave more efficiently than
metal-foil electrode condensers, when in
spark quench circuits. This is accounted for
by the lower insulation resistance value of
such condensers, and the higher electrical
resistance of the tin coating compared with
that of metal foil.

Disadvantages.— (1) When tin-coated
paper is employed, the insulation resistance
of the condenser is relatively low and, more-

Fig. 180.—Curve showing relationship
between covering capacity and thick-
ness for aluminium foil.

over, it is difficult to maintain a uniform
level of insulation resistance 'over the pro-
duct in mass production.

(2) The actual electrical breakdown volt-
age is lower than that which can be obtained
with metal-foil condensers; other things, of
course, being equal.

(3) Manufacturing costs are rather higher
generally when tin-coated paper is used than
when metal-foil is employed.

The nature of the electrical breakdown in
a tin-coated paper electrode condenser war-
rants brief consideration in comparison with

that occurring in a metal-foil electrode
condenser. This is necessary to get this
property in its proper perspective and to

avoid Overrating the value of this charac-

denser, so that a number of adjacent layers
fuse and weld together. This behaviour
is the same for any type of metal-foil elec-
trode, viz., tin or aluminium. As a result,
the insulation resistance of the condenser
falls immediately from a value of the order
of thousands or tens of thousands of
megohms to one that is literally nil, i.e.,
a value that is immeasurable and of the
order of a fraction of an ohm. On the con-
trary, with condensers constructed with tin-
powder-coated paper electrodes, the phe-
nomenon is distinctly different, and it is
dependent upon the voltage stress at which
the rupture occurs. In any case, the break-
down level of these condensers is lower and,
in point of fact, breakdown will often occur
at quite a low voltage. Such a failure will
generally clear itself completely when the
voltage is reapplied and, moreover, the volt-
age can be raised to within the region of the
normal breakdown value before breakdown
is again experienced. Undoubtedly such
breakdowns are due to the individual par-
ticles of metal-foil that embed themselves
into the paper, thus giving shorter paths
through which the voltage stresses are opera-
tive. The resealing, it is speculated, is due
to the fact that the burnished tin coating
still retains the characteristics of tin powder,
perhaps with a very thin oxide film sur-
rounding each metal particle. As a result,
the period of breakdown is not sufficient for
the coalescence of these individual tin par-
ticles into a fused and welded mass. Such a
property of self-healing is an obvious major
advantage in a condenser of this type. On
the other hand, there appears to be no dis-
advantage in the absence of this phenome-
non in a metal-fdil electrode condenser,
because the cause of a failure of this type
is not present, and the failure does not
occur.

When the tin-coated paper electrode con-
densers are operated at high voltages, rather
different factors enter. When the condenser
is broken down under these conditions, the
failure is not evidenced by a complete short
circuit with an insulation resistance value of
a fraction of an ohm. Thus condensers
broken down at, for example, 1,000 volts,
the insulation resistance value may still be
of the order of 100,000 ohms or more, when
measured at low voltages. At the high
voltage level the condenser continues to
behave as though completely short-circuited,
this being due to arcing across short dis-
tances and the burning of tin particles. The
significance of this is important, although
the practical application may be specifically
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limited; nevertheless, the field for exploiting
this advantage does definitely exist. It
means that the condensers can be operated
on low voltage circuits which are subject to
periodic surges. The condenser takes the
surge and may break down in so doing, but

it heals itself and continues to function
safely upon its normal operating voltage.
Further, it will withstand a number of suc-

cessive surges of this type without breaking
down completely as a condenser under their
influence. It must be pointed out, however,
that the condenser cannot withstand a
severe treatment of this nature without some
deterioration. This is revealed by a reduc-
tion in insulation resistance and, corre-
spondingly an increase in electrical losses.
Again, these are features which may or may
not matter, in accordance with the specific
application and the nature of the circuit
concerned. The self-healing characteristic
remains despite this lowering of resistance,
and the resistance will be very low even after
a single surge effect, however high it was
initially.

C. F. Mansbridge,
" The Manufacture of Electrical Conden-
sers " ("J.I.E.E.,” Vol. 4, pp. 535-585,
1808), stressed that a condenser having a
low insulation resistance value is to be pre-
ferred in certain circuits for the quenching of
a spark, for example, in induction coils and
similar circuits; the resistance in these cir-
cuits assists in the same direction of suppres-
sing the surge. Thus the higher equivalent
series resistance or the tin-coated paper
electrode condensers is beneficial in these
cases. The stability of these condensers is
backed by confidence that short circuiting
will not occur .however low the insulation
resistance becomes. Unfortunately, these
features have become rather obscured, and

in a paper entitled

high insulation resistance values are often
specified, despite the impossibility or, at
least, extreme difficulty in obtaining them

under production conditions. Undoubtedly,
misunderstanding has arisen by virtue of the
fact that metal-foil electrode condensers
enable these values to -be attained. In fact,
with these types, they are a criterion of cor-
rect quality materials and proper processing
conditions. The moral to be drawn, there-
fore, is the fact that the two types of con-
densers are different commodities. The tin-
coated electrode types were at one time
essential for all purposes, due, virtually, to
the absence of commercial alternatives. To-
day they have specific advantages in
restricted applications. The metal-foil elec-
trode types are higher breakdown voltage
condensers, possessing higher insulation,
greater reliability and capable of production
to a closer degree of precision. These factors,
combined with their more economic produc-
tion and with developments in manufac-
turing technique during the past 10 to 15
years, suggest that metal-foil electrode con-
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densers, and in particular those utilizing
aluminium foil, can usefully replace' their
predecessors, with perhaps" slight circuit
modifications in some cases.

For similar designs, and identical pro-
cessing conditions, tin-coated electrode
condensers will exhibit a maximum insula-
tion resistance value of 5,000 to 6,000

megohms per microfarad of capacity at 60
degrees F., and wusually it is much lower,
more in the neighbourhood of 3,000
megohms; whereas the aluminium foil elec-
trode type will give 15,000 megohms or
more. This is of great practical import and
must not be overlooked because high insula-
tion value is one of the chief characterizing
criteria of good general purposes condensers.
Likewise, breakdown values can be com-
pared, viz., instantaneous values in volts
a.c. are of the order of 400 to 6,000 for
tin-coated paper types and 800 to 1,600 for
aluminium-foil electrode condensers. The
tin-coated paper types can be improved by
the inclusion of an extra thickness of paper
insulation, but thus involves still higher
production cost as well as increased physical
size, which can rarely be tolerated.
Regarding the higher production cost of
the condensers having tin-coated paper
electrodes, it is believed that it will be
found to be generally true that these con-
densers, having only one paper between
the electrodes, are more expensive to pro-
duce than are aluminium metal foil
condensers having two papers between
electrodes, other things being equal. The
two types are approximately the same size
for the same electrostatic capacity value.
One last quality feature requires brief
mention. Apart from initial electrical
quality, service life under normal operating
conditions, and shelf life under idling condi-
tions and in storage, are important. Gener-
ally speaking, high initial insulation
resistance value is a good guide to a sound,
serviceable condenser. Overload and surges
deteriorate any condenser but, apart from
these factors and any that may be incor-
porated wunder the heading of misuse,
insulation resistance always has a tendency
to fall. Undoubtedly, this is due to a
number of factors, but these can all be
grouped within the general statement that
an influence is at work to increase the
ionizable constituents within the condenser.
Improper sealing, even a minute " pin-hole”
will permit moisture to enter, and this
renders the residual chemicals that may be
in the paper or in the impregnating medium
conductive. Improper drying of the units
or exposure to atmosphere before sealing
operates in the sa'me direction. Overheating
of the paper or of the impregnant promotes
the formation of deleterious organic acids
which slowly assert themselves over a period
of time. With metal foil electrodes, judicious
selection -of raw materials and rigorously
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controlled process conditions, high initial quently, improved condenser qualities would
insulation resistance values are obtained, be expected and were, in fact, claimed.
and these show very little deterioration These were substantiated by tests made on

during idling, and very little tall in service.
The tin-coated-paper electrode types, how-
ever, start life at lower insulation values,
fall noticeably in idling and markedly in
service. After, say, .four years’ service, the
insulation may be of the order of only a
few megohms. The low initial values and
fall during storage can only be explained by
the greater percentage of ionizable material
in the tinfoil paper and the greater practical
difficulty in achieving a high degree of
drying during processing. The very rapid

the material in this country, condensers
produced showing a higher breakdown value
and better insulation resistance values than
are obtained on the tin-coated paper elec-
trode condensers, yet at the same time the
self-healing property was retained. This
material did not ever become available in
this country on a commercial basis, presum-
ably owing to the expensive and complex
nature of the equipment required for its
production.
The vacuum the

technique for coating

fall in service is due to the " surge break- insulating paper is not merely of scientific
downs " and self-healing phenomenon. interest but it wundoubtedly has great
The source of supply of tin-coated paper technique and practical significance. Alu-
Table 34.—Laboratory Data Appertaining to Tinfoil Paper.
Composition of paper base, linen rag stock ; and of metal coating, pure tin in all cases.
Sample No. 1 2 3 4 5 6
W idth, inches 3.5 3.5 25 25 1.25 15
Thickness, inches—
Lowest 0.00046 0.00042 0.00046 0.00044 0.00042 0.00047
Highest 0.00056 0.00050 0.00052 0.00052 0.00051 0.00055
Mean 0.00050 0.00045 0.00048 0.00047 0.00045 0.00052
Weight basis, grams sq. metre—
Lowest 25.0 27.0 25.3 248 235 27.7
Highest 27.0 28.8 28.0 26.7 25.6 28.3
Mean 26.0 27.9 26.6 255 24.0 28.0
W ater soluble extract, per cent. 1.0 1.0 3.8 3.9 15 1.6
Alcohol soluble extract, per cent. 0.2 0.2 0.6 0.4 0.15 0.3
Weight of tin coating, Ib. double crown
ream (480 sheets 20 ins. x 30 ins.) 4.8 6.1 5.8 4.6 4.55 5.23
Tensile strength, Ib. per mil. of thick-
ness per inch of width 10.5 71 10.0 10.4 10.7 10.9
Tensile strength actual, 0z. on J in. strip 21 — — —
Elongation on 7 inches, per cent. 1.2 11 1.2 1.2 11 1.0
Reaction Neutral Neutral Neutral Neutral Neutral Neutral
Moisture content, percent. 3.3 2.9 3.1 3.0 3.2 3.3
Square resistance, ohms. 0.18 0.14 0.15 0.21 0.18 0.195
Ph value 7.8 7.6 8.0 7.7 8.2 7.0

of condenser quality is probably more
restricted than that of the metal foils, and
is probably confined to a single manufac-
turer in this country. It is interesting to
note, however, that from 10 to 15 years ago
a zinc-coated paper was being developed'in
Germany for condensers. This consisted of
a thin condenser tissue coated on one side
with a fine, continuous deposit of metallic
zinc, applied by means of a cathode sput-
tering or vacuum evaporation process. The
material had several advantages over the
tin-coated paper. It could be guaranteed
free from any of the residual chemicals with
which the tin powder, chemically precipi-
tated, must be associated. The zinc could
be very high purity with no local inclusions,
as of carbon, that might set up electrical
couples. A smooth, continuously conducting
coating could be assured without any subse-
quent calendering and, therefore, no ques-
tion arose concerning particles of metal
rolled into or through the paper. Conse-

minium™ is just as easy to vacuum evaporate
as Ls zinc, and would probably prove more
suitable for this purpose. It would be less
reactive chemically than zinc, because of the
tendency to form a protective superficial
layer of oxide over its surface, and it would
possess a higher conductivity value so that
thinner films could be tolerated. Another
development that seems overdue, at least at

first sight, is the substitution of a plastic
film such as polythene, polystyrene, cellu-
lose acetate, or similar material, for the

paper and thus eliminate much of the mois-
ture and insulation problem. Such a plastic
could be metallized by the vacuum process,
giving further simplification to condenser
manufacture. Ultimately, designs could be
smaller and longer life could be assured.
Admittedly, much development effort would
be necessary to perfect equipments to
metallize the film for continuous production

*See “ Light Metals,"” 1943/6/56,
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processes and large outputs and in the tech-
nique of applying it to the production of
fixed condensers.

Metallic Tin Foil

It seems that the development of a com-
mercial technique for the production of thin

metal foils in continuous lengths, and its
mestablishment for the regular supply of a
uniform production, occurred in America

and on the Continent, and particularly in
Switzerland, many years before they were
achieved in this country. Therefore, up to
about 20 years ago, metallic tin foil for
mcondensers was all imported. The earliest
tin foil used was actually a tin/lead alloy,
containing some antimony and the thick-
ness was of the order of o.0002 in. to
0.00025 in., with rather thicker gauges .for
special purposes. It is probable that this
particular alloy mixture was evolved
during the development of processes for
rolling the metal to such low thicknesses, and
that condenser manufacturers found it suit-
able, accepting it in the first instance on
the basis of availability. W hen, later, a
lead-free alloy became available, namely,
pure tin containing from 2 to 4 per cent, of
antimony, some users still preferred to
adhere to the first alloy. It was claimed to
be more flexible and less inclined to crease
and split during the processes entailed in
producing condenser units. However, it is
not felt that any strong claims can be made
in this direction, and certain it is that the
lead-free alloy was'later used in this country
with no troubles arising from the influence
of alloy composition upon mechanical or
physical properties. The two alloys studied
over long periods under parallel conditions
proved equally good, with condenser quality
from the two grades indistinguishable.
Further, with the lead-free alloy, it proved a
little easier to maintain the thin gauge
required, and to obtain, in consequence, the
most favourable covering capacity.

One of the early continental specifications
stipulated a 90/10 tin/lead alloy containing
a minimum of SS per cent, of tin. Thick-
ness limits were stipulated as 0.005 mm.
minimum, 0.0055 mm. maximum, and the
substance in terms of a maximum weight
basis of 42.0 grams./sq. metre. Strength
and elongation were called for on a 7-in.
acting length, using a strip 40 mm. wide
folded in four lengthwise. A minimum ten-
sile strength of 500 grams, and a minimum
elongation value of 3 per cent, were speci-
fied. AIll these requirements could be met
with the possible exception of elongation,
for which values from 1 to 2 per cent,
seemed to be more usual. This seems to be
of no consequence provided that the mate-
rial possesses the strength for handling on
power-operated winding machines, particu-
larly with respect to the start-and-stop
-stresses.
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Average requirements o.f typical specifica-
tions for this leaded tin foil are briefly
enumerated below:—

(1) Alloy composition to be within the

following limits.
Min. Max.
Per cent. Per cent.
Tin 82.5 —
Lead .. 120 15.0
Antimony — 4.0

(2) Thickness to be assessed by covering
capacity, limiting values for which
for nominal thicknesses quoted on
purchase orders, to be as under:—

Normal Covering capacity,
thickness. Sq. ins. per Ib.

Ins. Min. Max.
0.0002 17,500 —
0.0003 12,000 15,000
0.0005 7.000 9,500

Tolerance on width to be plus or

minus 1 per cent, on the nominal.

(3) The foil to be free from contamina-
tion by oil, grease, dirt, chemicals or
other extraneous matter and neutral

in reaction.

(4) The foil to be uniform, of smooth
surface, free from crinkles, holes,
tears or other imperfections, and
edges to be clean cut, free from rag-
gedness or turn-over.

m(5) Strength.. Determined on a 7-in.
acting length, tensile strength to be

a minimum of 64 oz. per in. of width
per mm. of thickness, and elongation
to be a minimum of 1 per cent.

(6) Foil to be supplied in one continuous
length, free from any type or join and
on centres of specified dimensions. To
be wound squarely with even tension
throughout the roll and capable of
being unwound tangentially at right
angles to the axis of the spool with-
out tearing. The start of the roll to
be made obvious by the insertion of a
piece of paper between the first and
second layers of the foil,

(7) The centres upon which wound to be
of wood, inside diameter 3 ins., out-
side diameter 4 ins., length exactly
equal to the width of the foil. Maxi-
mum overall diameter of the roll to
be 5 ins.

(8) Rolls to be protected by square
wooden cheeks, the side dimensions
of which must permit the cheeks to

extend beyond the ro'll diameter.
Cheeks to be securely held by screws
with flush heads, these SCrews

passing into a suitable loose plug in
the core of the centre.

(9) Rolls to be packed securely in
wooden cases to prevent mechanical
damage in transit, or deterioration
from weather conditions.
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In actual practice, a range of thicknesses
of tin foil were used, but the commonest
size was a thickness of the order of o.0002
in. This gave sufficient strength ior use on
power-operated machines and the objective
was to obtain the maximum obtainable
covering capacity or area per unit of weight
for economic reasons. In arriving at this
small thickness commercially, naturally much
trouble was experienced at the outset from
tears, holes and other defects in the mate-
rial, and with torn or ragged edges arising
in the slitting operations. Difficulties were
also encountered in maintaining reasonable
uniformity of thickness throughout the
length of the roll. However, the problems
associated with these peculiarities were
mastered in relatively rapid time and, with
an organized production process control
acting in co-operation with a sound routine,

Table 35.—Laboratory Data on
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permitted and,
the allowable

expressed as a percentage,
tolerance appears as quite
large. A total tolerance of 10 per cent, or
even 12 per cent, can safely be accepted.
It is really large fluctuations that have to
be guarded against, and it is stressed that
these certainly creep in if inspection is
relaxed and if a systematic rigorous testing
routine is not maintained. Fluctuations as
high as 50 to 100 per cent, of the
nominal thickness, and always in the plus
direction are not uncommon under these lax
conditions. It is evident that under such
circumstances it is impossible to maintain
condenser dimensions. It has to be realized
that a condenser roll majrcontain any num-
ber of turns from a few to many score. The
accumulative plus error cannot be compen-
sated and, if it is not detected until the
units are wound, much scrap may be pro-

Alloy) for Condensers.

Source .. A B Cc D E D
Sample No. 1 3 4 5 6 7
W idth, inches 3.5 . 3.75 3.5 3.75 3.0 1.5
Thickness, approximate average, ins. 0.00022 0.00022 0.00023  0.00031 0.00022 0.00022  0.00025
Covering capacity, sq. ins./lb.—
Lowest 16,000 16,300 15,400 13,900 17,200 18,200 15,000
Highest 18,200 18,000 17,100 15,900 19,100 20,400 17,200
Average 17,100 17,200 16,200 14,830 18,000 19,500 16,140
Tensile strength on 1J ins. width, or. 27 27 26 38 24 27 32
Elongation on 7 ins., per cent. 1.9 1.8 2.0 2.0 2.0 1.5 1.7
Reaction Neutral Neutral Neutral Neutral Neutral Neutral Neutral
Composition, per cent.—
84.5 83.0 84.4 80.6 86.4 84.4 83.7
Lead 115 13.0 134 16.3 117 12.7 135
ANtimony .. 4.0 4.0 2.2 3.1 1.9 2.9 28
100.0 100.0 100.0 100.0 100.0 100.0 100.0
raw material inspection at the purchaser’s duced and, in fact, a condition almost

end, the condenser manufacturer’s needs
soon became satisfied to a very close degree
indeed.

In Table 35 are presented some data
recorded on consignments of the tin-lead
alloy condenser foil in various widths and
from several suppliers. Little comment is
called for in relation to the suggested speci-
fication limits already given. The composi-
tional values vary a little but not alarm-
ingly. Covering capacities drift somewhat,
and some of them are on the low side. All
are clean and neutral, and strength and
elongation values are of satisfactory order.

The question of measuring the thickness
of these very thin metal foils is one that
has given rise to much controversy from
time to time Uniformity of thickness is
essential throughout the length of the roll,
this being a stringent requirement for con-
denser manufacture that does not arise
possibly in any other application of these
thin metal foils", or at least not to the same
degree. Obviously, some latitude must be

approaching chaos may arise. When such
units are impregnated and pressed, they are
appreciably oversize in thickness. Therefore,
they will not enter their containers and, at
the same time, capacity is upset so that it
is impossible to maintain even quite wide
capacity limits.

In taking thickness measurements, there-
fore, something more than a few readings
on a micrometer gauge are both desirable
and essential. The material is so thin that,
even if measurements are made upon
10 superimposed layers, and a number
of such readings taken and averaged
only a poorly representative picture, and
one that is totally inadequate, is secured.
It is for these reasons that a covering capa-
city test has been evolved, and it is empha-
sized that this method of inspection is by no
means intended for the evaluation of value
for money quality alone, but that it is the
all-important thickness assessment.

The number of tests made for covering
capacity cannot be laid down rigidly, and it
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must be dictated, by circumstances and local
conditions. As a general guide, it is recom-
mended that at least 10 determinations
should be made, and that these should be
taken on samples from different rolls in the
consignment. The test piece can be selected
from a distance two or three yards inside
from the commencement of the roll, and it
can be two yards in length by the width of
the foil. Further, in making initial pur-
chases, a good practice is to conduct shop
trials on a few rolls, and during this pro-
cedure to take samples for covering capa-
city determinations at intermediate positions
through the roll. Once uniformity within
specified limits has been established by these
means, responsibility for hidden defects can
be made the onus of the supplier, a close
watch upon performance during production
maintained and periodic checks made by
sampling occasionally from the machines
during winding.

If it be necessary to have a knowledge
of actual average thickness for any particu-
lar purpose, and it may be for design
reasons, then this may be derived from the
covering capacity figure by calculation,
using the nominal density value of the tin
alloy involved. In Fig. 177 is given a curve
showing this relationship between average
measured covering capacity expressed in
terms of square inches per pound, and the
calculated thickness in inches, the calcula-
tion being made assuming a density value
of 7.6 for thetin/lead alloy. The information
given by graphs of this nature is sufficiently
accurate for any purposes that are likely to
arLse. !

Reverting to the data given in Table 35,
it is a matter of interest that samples Nos.
1 and 2 represented continental sources,
No. 3 an American supply, while the
remaining materials illustrate products
available at a later date from manufacturers
in this country.

A non-leaded grade of tin foil followed

and rapidly established itself. It became
almost universally adopted, few users only
still insisting upon the leaded material.

Again, it appeared to be appreciated on the
Continent earlier than it did in this country.

This new grade of tin .foil was not pure
unalloyed tin; but an alloy with antimony,
containing generally from 2 to 4 per cent,
of this element. The inclusion of this
element was to induce hardness and to pro-
mote maximum tensile strength. Experi-
ence shows over a period of time that rather
more favourable covering capacity values
and thinness were procurable. Strength and
ductility proved quite satisfactory, and the
foil met all the requirements with respect
to cleanliness and accuracy of spooling. In
short, the tin/antimony alloy introduced no
shortcomings but, on the contrary, offered
some small but definite advantages.
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Table 116 gives the laboratory character-
istics of the tin/antimony alloy foil,
covering quite a wide range of samples. The
materials numbered 1 to 5 are typical of
the earlier continental-produced foil, whilst
Nos. & to 12, inclusive, illustrate later pro-
duction in this country. It will be noted
that the home”produced material did not
show up so well on covering capacity, nor
with respect to uniformity in this direction,
as did the foreign manufactured foils.
Greater attention must, therefore, be paid
to the stipulation of requirements and to
inspection in order to ensure that they are
fulfilled and maintained.

I-ig. 17,S shows the curve correlating
covering capacity in terms of square
inches per pound with calculated thickness
in inches, and from this it will be seen that
there is a small advantage to be obtained as
compared with the tin/lead alloy foil. This
is to be expected, of course, from the
slightly lower density value of 7.3.

Table 37.—Analytical Values for Impurities
in Typical Tin Foils.

; : Tin lead
Tin, ar|1|t|m0ny antimony
afloy alloy
Sample No. 1 2 3 4
Impurity per cent. :
purity'p 0.060  0.065
Arsenic 0.032 0.029 0.017 0.032
Bismuth Nil Nil 0.002 0.002
Copper 0.020 0.020 0.060 0.050
Iron 0.045 0.052 0.055 0.058
Nickel Traces Traces Nil Nil
Zinc 0.016 0.020 0.050 0.04

The specification clauses proposed for the.
tin/lead alloy condenser foil can hold good
equally well for this alloy, with, the one
possible exception, that a slightly higher
covering capacity may be asked .for if it is
desired to take advantage of this feature.
Thus, the minima might be raised for thick-
nesses.of 0.0002 in., 0.0003 in., and 0.0005
in. to values of 18,500, 12,500 and 7,500
sq. ins. per Ib. respectively.

Regarding impurities in these tin alloys,
both of them can be considered high purity
metals. This fact is demonstrated by two
sets of typical analytical values for each
alloy shown in Table 37.

Aluminium Foil

Pure aluminium metal foil has now been
used in the manufacture of fixed paper con-
densers regularly' for 20 years or more.
Naturally, its commercial development
involved the same or closely similar prob-
lems and difficulties, as did the successful
manufacture oftin foils of theveryfhin gauges
required. The same faults were initially
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met in bulk consignments, namely, irregular
thickness through the length, holes and
tears, ragged and turned-over edges, and the
like. These difficulties gradually effaced
themselves, and an aluminium condenser
foil became regularly available to a guaran-
teed covering capacity, and in all other
respects in a quality that satisfied the con-
denser manufacturers. Its use was firmly-
established on the Continent before it was
in this country, and its manufacture like-
wise was several years ahead there, particu-
larly in Switzerland.

One of the first points to be given con-
sideration when wusing aluminium foil for
condensers is, of course, its electrical con-
ductivity or resistivity. In microhms per
centimetre cube at 20 degrees C., the resis-
tivity of aluminium is 2.8 as compared with
11.3 lor pure tin. This signifies that alu-
minium foil can be employed in a thickness
only one quarter of that of tin for the same
results if, of course, it were practicable to
roll the aluminium to a gauge that is safely
handable as thin as this. In practice it is
not, and a value of the order of 0.00020 in,
is the thinnest used lor this application.
Therefore, higher electrical conductivity is
obtained, and from what has been discussed
under tin-coated papers, it will be adduced
that this is an advantage, with the possible
exception of the case of condensers lor spark
quench circuits, and even in this instance
the case for a higher conductor resistance
is not too soundly established.

Density is a second important quality that
has to be given consideration. Aluminium
has a specific gravity of 2.7 as compared
with 7.3 for tin. This is all in .favour of
aluminium, and it signifies that for the same
thickness three times, or at least two-and-
half times, the area per pound is obtainable
than with tin. This has an important fea-
ture from the cost aspect. A thinner alu-
minium foil, however, may cost more than
one slightly thicker, this being dependent
upon a number of manufacturing factors.
Therefore,” the user has to balance up the
pros and cons and select a foil of covering
capacity which all round is the most
economic proposition, This, in effect,
resolves itself into computing the price per
pound into one per area. At one time a
covering capacity figure of 50,000 sq. ins.
per Ib. was the most favourable value, but
later it lay more in the region of 40,000
sq. ins. per Ib. Obviously, this factor has
to be under constant review.

With regard to strength, the values
obtainable are at least as good lor the
aluminium foils as they are for the tin foils
in these thin gauges. On power-driven
winding machines, no difficulties due to
breakage are encountered. When material is
purchased to specification, which lays down
the essential requirements with respect to
tightness and axial trueness of winding on
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the former, no shop troubles arise and very-
little wastage occurs, and this is largely con-
fined to the short ends at the end of the
roll that are too short for the particular con-
densers being wound.

In Table 38 are given the test characteris-
tics of a number of aluminium condenser
foils of continental origin. It will be noted
that they are clean, high-purity materials,
and that the strength, which is good,
depends upon the thickness of the material.
Table 39 presents similar data for British
materials, and it will bo seen that they com-
pare very favourably with the continental
foils. Table 40 is included in order to
demonstrate that uniformity of thickness or
of covering capacity is maintained through-
out the length of the roll. The importance
of ensuring uniformity, and the method
of controlling it, were dealt with in detail
in the section on the tin foils.
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Table 38.—Laboratory Data on Aluminium Condenser Foils, Continental Origin.

Source .. A A
Sample No. 1 2
Wi idth, ins. 35 35
Thickness, approximate average, ins. 0.00040 0.00030
Covering capacity, sq. ins./lb.—

Lowest 26,800 35,600

Highest 29,300 38,100

Average 28,000 36,900
Tensile strength on 1J ins. width, oz. 56 36
Elongation on 7 ins., per cent. 15 1.4
Compositional, per cent, impurities—

Iron Traces Traces

Silicon 0.30 0.32
Reaction .. Neutral Neutral

* Note.—This material was slightly oily, and on test gave an ether extract of 0.30%, this consisting of
hydrocarbon mineral oil.

Commercial

purchasing specifications for

aluminium foil can closely follow the model

already given in

some detail for

the

foils. The following brief exposition may
be taken as a guide:—

(1) The material to be high-grade
foil of commercially pure aluminium.

(2) The foil to be smooth and bright in
appearance, uniform in physical hard-
ness and in chemical composition,
free from holes, tears, folds, wrinkles
or any other imperfections.

(3) The surface of the foil to be free from
any contamination, free from grease
or oil, and to be chemically neutral in
reaction.

(4) The aluminium to be ofat least nor-
mal commercial purity, and -the
maximum impurities allowable bo
be:—

Per cent.
Iron plus silicon 1.00
Total other.elements, ex-

cept oxygen ... 0.10

tin
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(5) The tensile strength measured on a
7-in. acting length to be not less than
14 oz. per inch of width, and the
elongation to be not less than 1 per
cent.

(6) The covering capacity to be within
plus or minus of 5 per cent, of the
nominal covering capacity stipulated
on the purchase order. This tolerance
to include any variation that may
occur through the roll or rolls. The
evaluation of covering capacity to be
made on at least 10 samples, each of
two vyards length; taken after dis-
carding the first two yards of the roll.

(7) The width of the foil to be as stated
on the purchase order and the allow-
able tolerance on the width to be plus
or minus 1 per cent.

(8) The foil to be supplied on metal
B B B c D
3* 4 5 6 7

35 35 35 2.2 35
0.00025  0.00025  0.00025  0.00025  0.00025
49,500 47,920 48,400 45,900 45,000
51,500 49,500 40,300 51,300 49,900
50,700 48,410 49,260 48,100 47,200
21 21 21 21 22
2.0 1.8 1.7 1.7 1.5
0.95 0.64 0.58 0.29 0.19
0.34 0.33 0.30 0.35 0.26
Neutral Neutral Neutral Neutral Neutral
centres consisting of steel tubing,
internal diameter 3 ins., wall thick-
ness yk in. The width of centre tube
to"be exactly the same as the width
of the foil.

(9) The foil to be in one continuous
length and without any joins, either
chemical or mechanical. The start
‘of the roll to be clearly marked by the
insertion of a paper strip.

(10) The foil to be wound on the steel
centres with perfectly even tension,
and there to be no turn-over of edges.
No tearing of the foil to occur when
unwound tangentially at right-angles
to the axis of the roll. Maximum
outside diameter of the roll to be
6 ins.

(11) The rolls of foil to be protected by
means of two protecting cheeks.
These cheeks to be of wood, square in
shape, and fixed by means of screws
through a wooden plug in the centre,
the screw heads to be fitted flush.
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The cheeks to be fitted squarely, to
be easily removable and easily replac-

able.

(12) The rolls to be packed rigidly in
u-oodep cases in such a manner that
no mechanical damage can occur in
transit and in such a manner that no
deterioration can occur due to
weather conditions or exposure during
transport or in storage.

It will be noted from these specification

clauses that iron or steel centres are per-
mitted, They are an innovation that came

after the establishment of aluminium as a
condenser foil, and have been a marked suc-
cess. In fact, they are preferred to the
earlier wooden spools which, although they
were of wall thickness of about 1 in., their
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later section in some more detail, when the
comparative little use that is made of the
aluminium alloys for this purpose will be
examined. For the moment it suffices to
state that the bulk of the metal used for this
purpose is probably soft copper, and -that
the next greatestin consumption is probably
tinned soft copper. A soft tin/lead alloy is
also wused considerably, while brass and
tinned brass are employed instead -of the
copper upon some occasions. The electro
potential differences between these metals
and the foil, either tin or aluminium, with
which they may be in contact is of import-
ance. In fact, some engineers are apt to
afford this phenomenon more attention than
it deserves, and the reason for making this
criticism will emerge from the discussion a

shrinkage during storage was very quickly little below. First, the actual potential dil-
marked. In consequence, these wooden ferences will be considered.
Table 39.—Laboratory Data on Aluminium Condenser Foils, British Origin.
Source A A A A A A B A
Sample No. 1 2 3 4 5 6 7 8
Width, ins. 35 35 35 15 15 25 25 1.42
Thickness, approximate
average, ins.  0.00020 0.00023 0.00022 0.00022 0.00020 0.00020 0.00026 0.00031
Covering capacity, sq. ins. Ib. :
Lowest 55,650 43,500 45,400 47.400 52,400 51,100 32,100 30,200
Highest 57,900 46,100 52,100 48.600 58,300 59,200 42,400 38.000
Average 56,860 44,300 49,000 48,100 56,100 55,200 39,300 33,200
Tensile strength on 1" ins.
width, oz. 19 21 20.1 21 18 20 33 38
Elongation on 7 ins., per cent. 15 1.3 1.2 3.0 1.7 15 1.5 1.2
Composicional, per cent,
impurities :
Iron 0.20 0.24 0.16 0.18 0.19 0.31 0.22 0.27
Silicon s 0.34 0.37 0.28 0.27 0.27 0.28 0.31 0.26
Other metals Traces Traces Traces Traces Traces Traces Traces Traces
Reaction ., Neutral Neutral Neutral Neutral Neutral Neutral Neutral Neutral
centres quickly become loose and cause The position of these metallic elements in

winding difficulties, or render winding alto-
gether impossible. Therefore, wastage with
the wooden formers was appreciable, and
this has become significantly reduced by the
adoption of the metal centres. They are of
very thin wall and, therefore, quite light in
weight; they are of iron or steel and, there-
fore, of ample strength. Generally they are
“ black ” in appearance, i.e., in the condi-
tion as the steel comes from the hot drawing
and, in consequence, the precautions speci-
fied for packing the rolls of foil for transit
and storage are quite sufficient for the pre-
vention of any deterioration of the iron
centre by rusting. Further, no troubles
from rusting in use have been recorded.
A point not so far mentioned, but yet
important as far as condenser foils are con-
cerned, involves the behaviour at bimetallic
junctions. These junctions do occur at the
contacts between the lead-out tapes and the
foils. Various metals are employed .for this
purpose and they will be dealt with in a

the electromotive series of the metals, that
is, their single-electrode potentials expressed
in Volts and developed when the metal is in
contact with a solution of its ions of chemic-
ally normal concentration, is given in Table
41, and these values are reproduced
graphically for easy comparison in Fig. 179.
ft will be seen that, copper, highly electro-
negative, and alpminium, highly electro-
positive, are widely separated, with tin and
lead very close together in an intermediate
position. From this, one would at first sight
regard these characteristics to be too dis-
parent for safe contact between any of these
metals except tin and lead, which have vir-
tually the same values. Copper in contact
with any of the others would promote or
accelerate their corrosion. Aluminium in
contact with any of them would be corroded
at more than normal rate. On this argument,
a tin condenser foil would be preferred, used
in contact with tin/lead alloy contact tapes
or with tinned copper tapes.
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A more practical evaluation of the prob-
lem of bimetallic corrosion, although still
not a foolproof one, is derived from a con-
sideration of the potentials developed
between the metal concerned and a normal
calomel cell when an electrolyte, such as
artificial sea water, connects them. Such
values in volts, and measured at 25 degrees
C., are given for the metals in question in
Table 42. They are reproduced graphically
in Fig. 181. The metals are for all practical
purposes in the same relative order as in the
previous table. Brass virtually behaves
exactly the same as does copper, because
their potentials are so close together. For
the same reason tin and lead, or an alloy
comprising these two elements, will perform
the same. Again, a coating on copper or on
brass consisting of tin or of lead, or of an

Table 40.—Aluminium Condenser Foil, 2.2 Ins.
wide by o.0002. In. thick.

Covering Capacity Checks Through the Roll.
All Values of Covering Capacity Expressed as

sq. ins./Ib.
Test No.
Position of sample in roll
1 2

Beginning 45.500 47,500
Middle 45,000 45,000
ENd.iccicecc 45,000 47,000
Mean value s 45,830

alloy of tin and lead, will enable copper or
brass to be used just as safely as tin itself,
provided that the coating is continuous,
non-porous and not scratched through at
any point to expose the underlying copper
or brass. Viewed on a narrow basis, the
same conclusions are drawn as were inferred
in the previous paragraph. More broadly

interpreted, however, tin coatings are
brought into the picture, and these enable
the safe, or safer, use of copper and brass.

Further, tin and lead on this basis of assess-
ment are seen to be not so disparent from
aluminium itself. Therefore, there should
be no hesitancy concerning the wuse of
tinned copper tape conductor contacts safely
in conjunction with aluminium.

Some detailed attention has been given
here to this question of bimetallic contact
problem because it is being afforded more

and more thought in practice. Neverthe-
less, it is not deemed that the foregoing
completes the picture in this particular
instance. The reason for this view is as
follows: The condenser wunit, completely
wound and its contacting tapes inserted, is
ready for immediate processing. This

involves a controlled cycle of operations,
including thorough drying, vacuum impreg-
nation and sealing.
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Table 41 —Electromotive Series of Metals.
Single Electrode Potentials in Volts.

Electro-negative—

opper - 0.58
T iN s - 014
Lead - 012

Electro-positive—
Aluminium

In an efficiently designed process, using
correct raw materials, and a combination of
conditions such that will produce satisfac-
tory and stable condensers, there will be no
influences such as moisture or a combination
of moisture and electrolyte, still residing
within the condenser to cause corrosion to
commence. Also,- in circumstances not
quite approaching the ideal, the electrical
resistance due to wax impregnation under
high vacuum, would so suppress any ten-
dency for local action to set in that its
influence would lie completely negatived.
It is contended that under these circum-
stances, plain copper contacts can be
employed entirely safely. Further, long
experience in practice proves that this is the
case. At the same time, one must not com-
pletely ignore all theory.

It was pointed out that, in the case of
aluminium foils, it is expeditious to purchase
on the basis of a combined consideration of
price per pound and covering capacity value.
A curve relating covering capacity in square
inches per pound with thickness in inches
calculated on a density value of 2.70 for
aluminium is given in Fig. 180.

The use of aluminium condenser foil does
not, of course, materially reduce the weight
of the unit into which it is introduced in
this instance, because, of course, the foil
itself is only a small portion of the weight
of the potted and sealed condenser. Its
main attributes lie, however, in providing a
readily available material in a uniform and

Table 42.—Potentials In Artificial Sea W ater
Against a Normal Calomel Cell at 25°C.

Copper — 0.25 volts.

Brass — 0.27 volts.

Lead — 0.61 volts.

Tin — 0.62 volts.

Alumin *—0.76 volts.
sound .condition, and in enabling con-

densers to be produced with, if anything, an
improvement in quality at a lower cost. It
is really amazing how accurately this very
thin foil can be manufactured and slit
cleanly into nartpiv-jyidths, frequently of
less than | in.. arid hoc. expeditiously this
can be handled through the operations of
condenser m'nnufStture ’with very little
trouble ands|(gss. l

V (To be continued.!)
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The first airship builtfor the Nav% launched
at Barrow-in-Furness, May 22nd, igil

W H EN W E WERE YOUNG

Nineteen hundred and eleven saw also the launching of Cellon; but that
was not a matter of public interest. Yet though it could not be seen at the
time, it was a matter of national interest, for Cellon is playing no small part
in the country’s war effort. The industrial progress of the past thirty-two

years is reflected accurately in the development of Cellon.

CELLON LTD., KINGSTON-ON-THAMES. TEL.: KINGSTON 1234 (5 lines).
Thorp-Hambrock Co., Ltd., Montreal.  Cellon Corporation Pty., Ltd., Sydney

C E L L O N
CERRIC CERRUX pPM M K
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Turning from a vigorous wartime

programme, we can now look towards
the years ahead, offering an organis-
ation. specialising in the design
and manufacture of electric furnaces.
The exacting standards of ordnance
contracts have augmented our ability
in the whole field of electrical thermal

engineering.

METALECTRIC FURNACES LTD., SMETHWICK, STAFFS.

ncries 1y GROSERORTFL AT "L qpon 5w

A |
G =
imAlos R
SMELTING COMPANY LIMITED

TANDEM WORKS. MERTON ABBEY. S.W.I9
Tolephore. MTGHEMZRL (4 fiey)

EFORE THE
DIE IS CAST’
LET US ADVISE
ON DIE CASTING

If ALUMINIUM-BRONZE, ALUMINIUM ALLOYS, BRASS
and WHITEMETAL are involved, we can offer you unbiased
advice based upon more than 25 years of practical
experience.

Why noc consult our technical experts before finalising
your specifications ?

Non-Fe nno us
DIE CASTING'CO.LTD
Nonferdica Works, North Circular Road,
Cricklewood, London, N.W.2
Phone : GLAdstone 6377
Visit the Aluminium Exhibition at Selfridges—

30th May to 30th June.
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ON ITS METTLE

Throughout the national effort runs the
metal—mmore metal, better metal,
strengthened and vitalised by

need for
tougher metal-
heat treatment.
G.E.C. Electric Furnaces provide an answer to every
problem of hardening, tempering, annealing, nitriding,
etc., by which the inherent strength and stamina of
metal are developed to meet ever more exacting uses.

ELECTR RIC
FURNATCES

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

N O R C A S T A L

SAND & DIE CASTINGS
IN ALUMINIUM ALLOYS

Send your enquiries to

T HE N O RTHERN
DIECASTING c? LTP
NORCASTAL W ORKS

BURNILEY * LANCS.
Phone: 2236/7. Crams: Norcastal, Bumley.
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For many years specialist in the manufacture of
non-ferrous mefals of all kinds, the Metals Division
of I.C.I. offer (subject# of course, fo licensing
regulations) light metals of faultless quality.
The services of our fully qualified technical
department are available at any time for the

solution of special problems.

IMPERIAL CHEMICAL

INDUSTRIES LIMITED
LONDON, S.W.1

c—ocDcpbc. b c_3c—bDO0OJ3

S ECTI1O N S

Sections supplied to the Aircraft,
Automobile. Textile, Coachbuilding,
Railway, Shipbuilding, Architectural
Industries, etc., etc.

WARWICK RIM & SECTIONING CO. LTD.
GOLDS GREEN, WEST BROMWICH. ENGLAND

London Agentsi—

Murwood Ltd.. 24 Grosvenor Gardens. LONDON, S.W .l
Let “‘WARICRIM "sections take the strain

MWAS
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We are specially equipped
with large up-to-date
plant, for anodising
Aluminium and its alloys
in NATURAL OR
COLOURED FINISHES ;
Chromating of Mag-
nesium ;Zinc;Cadmium ;
EI-Tin and Silver
Plating and other pro-
cesses. A.l.D. approved.

AN SN k& HATIIMOS LIMITER Remembe_r' Mr. Therm is at
HOLLAND STREET RADCLIFFE. LANCS. your service 24 hours a day . . .
not only in factory, workshop or
production department but in
canteen and kitchen, wash rooms
and first aid quarters. Gas can
combine systems of central heating
with local heating from radiant
overhead panels or gas fires.
In the kitchen gas gives clean,

jv] p 's A range of Fluxes for speedy, easily regulated heat . . .
the melting of Mag- thermostatically controlled for
nesium. Various grades are .
available for sand casting, economy . . . ideally adaptable to
die casting and for refining. the fluctuating demands of * rush ’
catering and lending itself to use
IN ERT EX A.dusting with compact, reliable labour
mixture for . .
treating unprotected liquid saving equipment.
Magnesium, during holding
and pouring. More efficient FOR CANTEEN COOKING, WATER
and economical than HEATING & COMFORT HEATING
Sulphur.

Above are only two of many “ FOSECO ”
preparations for producing better castings - N
at lower cost. Foundrymen Ore invited to G * * « | * * « *

write for further particulars t0 \—

FOUNDRY SERVICES LTD.

285/7, Long Acre, Nechells, Birmingham,7 BRITISH GAS COUNCIL | GRCSVENOR PLACE. S Wt
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To SMELTERS & USERS o fALUMINIUM

LARGE QUANTITIES,

of SEGREGATED

c*huninhiuni®H b*iE&m nid

AVAILABLE for IMMEDIATE

R.J.G LEYsSS N

JUBILEE WORKS. CHAPEL ROAD, HOUNSLOW. MIDDLESEX

Sodium Fluoride Calcium Fluoride

Ammonium
Bifluoride

Barium Fluoride

Magnesium
Fluoride

Lithium Fluoride
Cryolithionite

R. CRUICKSHANK, LTD.
BIRMINGHAM, 1.

, Camden Street,
‘Phone : Ccn. 7213.

ANODIC TREATM ENT
of Aluminium and its Alloys

CHROMATING
of Magnesium Alloys

TECHNICATL
PLATINGS LTD

CRAIGS WORKS, LUTHER ROAD,

TEDDINGTON
TELEPHONE . . . - MOLESEY 240

TRADE “ G ILTEC ” MARK

APPROVED A.I.LD. AIR MINISTRY
REF. NO. 138521, 3

“T.P .7

FOR

A NODISING

NATURAL & COLOURED FINISHES

dn%s3

DISPOSAL

L ONDON

m -I-P BIGGLESWADE

MANCHESTER

(OM M BICUL

\ X-RAYS LTD
LONDON »BIRMINGHAM

These A.l.D. Approved Laboratories are now
used exclusively by all leading Aircraft
Producers for the X-Ray Examination of
Class | and Class Il Castings.
INDUSTRIAL AND
M ETALLURGICAL
X-RAY SERVICE
LONDON LABCRATCRES
Grove Works. Grove Place. ACTON. London. W3

Hexd Cffice and thlad Laboratorie%:
53 Wentworth  Road. Harbornc. BIRMINGHAM. 17

il'llh HF IA RI APPmD

Aluminium Alloy Ingots to Specification
CANLEY COVENTRY Phone 3673

PRACTICAL SHEET AND
PLATE METAL WORK

By E. Arthur Atkins. M .Sc., M .I.Mech .E. (Revised by W. A
Atkins, M.Inst.Met) A comprehensive manual covering
a variety of trades, for the use of boiler workers, braziers,
coppersmiths, ironworkers, plumbers, metal and zinc
workers, smiths, etc. 10s. 6d. net.

DRAWING AND DEVELOPMENT
FOR PRACTICAL WELDING
How to Overcome the Simple Distortion Problems.

ByF. IV.Sykes,M .1.w . Alt invaluable book forthe practica
hand welder, and the young apprentice wanting to know-
more about his job and its various aspects. Certains
numerous illustrations and examples. 4S. net.

PITMAN HOUSE, PARKER ST,

PITM AN KINGSWAY, LONDON, W.C.2
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R OBERTSON STRIP FLATTENING
MACHINE

N -ty pe 9 -roll
General-purpose
M achine w ith
m otor drive and

totally enclosed

gearing. For
N arrow Strips in
all M etals.

W. H. A. ROBERTSON & Ce LTFP BEDFORD =+« ENGLAND
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ALUMINIUM alloyed with
MANGANEE — TITANUM _ G-ROMIUM X
NCBIUMTANTALUMTUNGSTEN BORON

VANADIUM ZIRCCNUM MOLYEDENLM

IRCN SLIGON MAG\ESSUM NG<EL ETC. .

LIGHT METALS June,

1945

“LION BRAND?”

a n a ALUMINIUM

M ASTER ALLOYS

BLACKWELLS METALLURGICAL WORKS LTD.

ESTABLISHED /8<5G>

Blackwell, Liverpool. |
Garston 980 (3 lines). |

Work»:

Telegrams

Telephone

fy .h
*ALL COLD
ROLLING

OPERATIONS

, < >
#D D

For cold rolling of non-ferrous and ferrous metals

D-Diamond*D hardened steel rolls are esteemed

by the most important users in the country:
al sizes from the smallest upwards

DANIEL DONCASTER & SONS LIMITED
PItENISTONE ROAD < SEFFIED 6

N AR R S R

THERMETAI HOUSE, GARSTON. LIVERPOOL 19
Binks Rold. Speke Ro»d and Church Road. Gariton

- ALUMINIUM
CASTINGS

SAND & GRAVITY dle CASTINGS
; FOR ALL TRADES

?5he

B RID GE FOUNTDRY £m&:

WEDNESBURY .

'‘PHONE: WEDNESBURY 0109----
-------------------- 'GRAMS: ALSPELCO, WEDNESBURY

STAFFS

AGENCIES \iVAl(\leEIIID o
EIXP()R Firm, with connection* and selling, or ansatlon i
al motsaFb v% count des{ges to contact Anns l restecr]
In establisl rt trade. . SALES PARTNERS

1. ctona Stret Westmlnster SW.L ’F‘hone7

celientoonnectlonsthrou%rout N ﬁ En anrgJN

SOE represent?ltlon in the or a I'St cass Im man

}‘ggllggnt re) res%statlves aln(rjJ V\.ellappo ed"&%’(?esOlJtSI :
5740, “LIGHT M 1/4448

MACHINERY TOOLS AND PLANT ---------
161" SCHULTZ Die Castmg l\/hdune complete with aII e mp—
megt includi Wh@ltﬁggﬁg _I%ngers Lmers d'a

near Bristol. Tel.: Ringswood (Brlsto'l) 73146

MISCELLANEOUS
Permanent London Address Letters redirected.

%%Z(\)I:d%%g‘ n]arrwlumMﬂ%y dalloy s’(eel for 5((13;?536853&

* LIGHT METALS.” 8IXG12l

Laboratory Controlled
PRESSURE CASTINGS in...
Aluminium, Zinc Base (Maiak)
GRAVITY in
All Standard Non-Ferrous Alloys

Printed iu England and Published Monthly by the Proprietor», TEMPLE PRESS LTD.BOWLING GREEN LANE .LONDON. E.C.I.
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MORRJ.SFLEX HsxfPis'5haflmii I I
has iheen specially developed mr
t o filing, grinding and poiishirigcoii
Hi Elektron, Non-ferrous Alloys anc
yerheaa suspension, bench and floor t
e two latter being readily portable, j§f'
Gutters are manufactured in a larg-
y having been specially devel-
ork on intricate engine parts.
X Equipment is also Ideal for
b removing paint and rust.
Tlre circular brushes and refill
buffing and metal cleaning in-
;' cylinder head,
Lye .siaC'.and cube

m i T Im 'X

lilis*."-1'



In tricate

Carbon is employed for agreat variety
of specialised purposes ill mechanical.,
electrical and chemical engineering,
often in applications where no other
material has the requisite properties.

For meeting these requirements we
have developed methods whereby it can
be shaped into practically any form.

The combined properties of carbon
are unique. It is self-lubricating and

JNE 195

Shapes

has a high thermal and electrical con-
ductivity compared with other non-
metallic substances; it resists thermal
shock, maintains its strength well at
high temperatures, is chemically inert
and has a low coefficient ofexpansion. -

In your oivn industry there may be
something needed which would be the
better for being made of carbon, or
cannot be made without it.

The collaboration of our engineers is at your disposal.

product

THE MORGAN CRUCIBLE COMPANY, LTD., LONDON, S.W.II



