
R E Y N O L D S  T U B E S  • R O D S  ■ 
SECT IO NS ■ SHEET • STRIP IN 
-H ID UM iN IUM *’ ALUM IN IUM  ALLO YS

A  w o r d  n o t  y e t  

f o u n d  i n  a n y  D i c t i o n -  

r  y — b  u  t  a l w a y s  

u p p e r m o s t  i n  t h e  
m e n t a l  p r o c e s s e s  o f  

t h o s e  w h o  f o l l o w  

c l o s e l y  t h e  l a t e s t  

d e v e l o p m e n t s  o f  
L i g h t  A l l o y s .

R E Y N O L D
T U BE  CO. LTD. (L IG H T  A LLO Y  D IV ISIO N ) A N D  
R EYN O LD S RO LLIN G  MILLS LTD.. BIRM ING HAM . 11



p a t  F n t  , F R E - C O N D U T E O N E J D  p en d in g

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 o ther 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 E T A L A S T E

LIG HT M ETALSAdvts. June, 1945
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I n s t a l l a t i o n s  f o r  t h e  P r o d u c t i o nof
C a r b u r e t t e d  W a t e r  G a s

B l u e  W a t e r  G a s

P r o d u c e r  G a s

S p e c i a l  G a s  

f o r  S y n t h e t i c  P r o c e s s e s

H y d r o g e n

A n c i l l a r y  P l a n t

for

W a s t e  H e a t  S t e a m  P r o d u c t i o n ; G a s  C o o l i n g  &  C l e a n i n g ;  

F u e l  H a n d l i n g  &  C h a r g i n g ;

A s h  &  D u s t  D i s p o s a l  ; e t c .

Temporary Address :
Winkfield Manor, 
Ascot . . Berks.
Phone: Winkfield Row 2107

London Address :
Humglas House, 
Carlisle Place, 
London, S.W.l

E s ta b l i s h e d  1 8 9 2



ii Advts. L IC H T  M ETALS june, 1945

ALUMINIUM ALLOYS
ASK FOR

T E S T A L  B R A N D

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.

M I L E S  A H E A D

B. K. L. ALLOYS LTD., KINGS NORTON, BIRMINGHAM 30
'Phone: K IN  1162-5 'Gram s: TESTAL BIRM INGHAM
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G E I l E R f l L  R E F R A C T O R I E S
L I M I T E D

G E N E F A X  H O U S E  • S H E F F I E 1 0  10 T E L E P H O N E  • S H E F F I E L D  3 I I I S
I BO

HRfc BRICK5 * BASIC BRICKS 
ACID-RESISTING MATERIALS 
CEMENTS & COMPOUNDS 
INSULATION • SILICA BRICKS 
SIILIMANITE • SANDS

FROM THE’o vcrburdehed roads of Britain at M ar 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 
dependent in turn upon adequate sup­
plies of furnace linings. In peace as 
in war, the G.R. organisation will play 
a vital part in meeting the national 
demand for quality Refractories.



Without Screens
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I L F O R D  L e a d  S c r e e n s

f o r  I n d u s t r i a l  R a d i o g r a p h y

2 0 0  k V p  1 0  m A  S  m i n .  3 6  in .  2 0 0  k V p  1 0  m A  3  m i n .  3 6  in .

ILFORD LEAD SCREENS IMPROVE RADIOGRAPHIC QUALITY

Every discerning industria l rad iographer is aw are o f  the beneficial action o f  lead 
foil placed in con tac t w ith each side o f  the film in overcom ing the harm ful effects 
o f  scattered rad ia tion .

Ilford Lim ited have m ade a thorough  investigation into the problem  o f  finding 
the m ost suitable lead  alloy and  o f  determ ining the optim um , thickness o f  the foil. 
As a  result they a re  now  able to  supply a t econom ical prices lead screens consisting 
o f  front and  back thicknesses o f  foil m ade o f  a  lead alloy specially selected fo r its 
durability  and  rad iog raph ic  efficiency. Ilford Lead Screens afford th e  follow ing 
advantages :—

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

2 Reduction of exposure times up to 50 per cent.
3 Complete freedom from grain.
4 Definition indistinguishable from that obtained with non-screen exposures.
5 Maximum flexibility and pliability. .
6 Maximum hardness of surface compatible with a useful intensifying action.

Descriptive pamphlet is available on application

I L F O R D  L I M I T E D  • I L F O R D  • L O N D O N
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T h e  W i n d o w  o f  t h e  f u t u r e !

L O N D O N  C O L N E Y  • H E R T F O R D S H IR E

T h i s  l i g h t  a l l o y  w i n d o w  d e s i g n e d  a n d  c o n s t r u c t e d  b y  J o h n  D a l e  

L i m i t e d  c o m e s  m o s t  a p t l y  a t  a  t i m e  w h e n  p o s t - w a r  h o u s i n g  

c o n s t r u c t i o n  is v e r y  m u c h  i n  t h e  p u b l i c  m i n d .  A  w i n d o w  c a s t  i n  

a l u m i n i u m  a l l o y  h a s  u n i q u e  q u a l i t i e s  t h a t  w i l l  m a k e  a n  i n s t a n t  

a p p e a l  t o  t h o s e  w h o  b u i l d  h o u s e s  a n d  t h o s e  w h o  

l i v e  i n  t h e m .

J o h n  D a l e  L t d

T e l e p h o n e  :  L o n d o n  C o l n e y  3 1 4 1
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h a v e  y o u  r e a l is e d  that the shrewd and enterprising use o f  steam  
brings not only urgently needed fuel econ om ies but often a great 
im provem ent in production  efficiency o f  steam -using plant ? •  Steam  
is very ob lig ing  stuff. T he better you  understand and handle it, the 
m ore w ork it w ill do  for you . •  B elow  is a list o f  Bulletins written  
by experts and packed w ith practical suggestions. Put these sugges­
tions into use and you  will (/) save fuel ; (//) im prove plant efficiency  
and output ; and (Hi) put in som e really good  groundw ork for post­
war econom y, and production.

H O W  T O  M A K E  T H E  BEST US E O F  C O N -  , T H E  SENSIBLE U S E  O F  L A T E N T  H E A T  
D E N S A T E  (Bulletin No. 4) j (Bulletins Nos. 18 and 19)

Condensate discharged from steam j Thc Latent Heat o f steam is its 
traps is not by any means \yaste ; rf// h,  hcat. How best
water. It is not and soft and clean, . .. , , . .
and there arc many excellent uses | usn° ! and re-use 11 15 ,old ,n
for it. Read about condensate | 1,1IS l5ullet,n-
and how to deal with it.

U T I L I S A T I O N  O F  S T E A M  ( B u l l e t i n  N o .  2 2 )
F L A S H  S T E A M  A N D  V A P O U R  R E C O V E R Y
( B u l l e t i n  N o .  2 8 )

i VOu should h„ow how ,0  pu,
of steam for space heating and | nash s.tcam 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.

¿tvr a, WLhV..
[ f  F P U  ISSUED BY THE MINISTRY OF FUEL AN D  PO W ER

M o r e  w o r k  f r o m  y o u r

P r a c t i c a l  I d e a s  f o r  b e l t e r  s t e a m  u s a g e
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I n s i d e  K n o w l e d g e  a b o u t  C a s t i n g s

T o the engineer “ inside know ledge” 
is as im portant as to the stockbroker: 
but, fortunately for the engineer this 
inside information is easier to obtain and, 
above all, more reliable. “ In dustreX ” 
and “ C rystalleX ” X-ray films are always 
at his disposal to provide him at short 
notice with the ‘ inside’ information about

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. "

‘IndustreX’ Type D film — for the routine  Inspection of light- 
alloy castings o r, w ith lead screens, for the  critical examination of 
heavy-metal castings.

‘ IndustreX ’ Type S film — with fluorescent screens, for heavy- 
metal castings o r welds : w ithou t screens, for light-alloy castings 
with wide thickness ranges, if single exposures only are w arranted. 

‘CrystalleX’ film — for the  critical examination of light-alloy 
castings or, w ith lead screens, for the  critical examination of 
heavy-metal castings.

‘ INDUSTREX’ TYPE D -  ‘ INDUSTREX’ TYPE S

‘CRYSTALLEX’ X-RAY FILMS

Photograph of light-alloy casting. Radiograph of the some casting, showing porosity.

T R A I N I N G  I N  I N D U S T R I A L  R A D I O L O G Y
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 :—
K O D A K  L I M I T E D ,  K O D A K  H O U S E ,  K I N G S W A Y ,  L O N D O N ,  W . C . 2

K O D A K  L T D .  ( X - R a y  Sales), KING SW AY , L O N D O N , ' W.C.2
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ra n  of founary containing jo  mjra- 
Red units. Loading 342 kW ., 1,368 
Osram Infra-Red Industrial Lamps.

I N F R A - R E D  L A M P  H E A T I N G
W IT H  R H O D IU M -P L A T E D  T R O U G H  R E FLE C T O R S  

A N D  Q s r a jn IN F R A -R E D  IN D U S T R IA L  LA M P S

G.E.C. Infra-Red Lamp heating may be employed w ith 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.

O T H E R  A P P L I C A T I O N S  I N C L U D E  

P A I N T  D R Y I N G ,  C O I L  D R Y I N G ,  S O F T E N I N G  
P L A S T I C S ,  S E T T I N G  S Y N T H E T I C  G L U E S .  
G.E.C. Infra-Red heating specialists are available to give advice 

and to prepare schemes w ithout obligation.

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



June, 1945 LIG HT M ETALS Advts. ix

I F o r  t h e  r o u t i n e  i n s p e c t i o n  o f  l i g h t  
m e t a l  a n d  a l l o y  c a s t i n g s  a n d  f o r  
g e n e r a l  c r y s t a l l o g r a p h y  u s e  E n s i g n  
M e t t a r a y  I n d u s t r i a l  X - R a y  F i l m .  
T h i s  i s  a  f a s t  n o n - s c r e e n  X - R a y  

f i l m  o f  v e r y  f i n e  d e f i n i t i o n  a n d  w e l l - b a l a n c e d  
c o n t r a s t  d e s i g n e d  t o  p r o d u c e  r a d i o g r a p h s  o f  
m a x i m u m  d e t a i l  w i t h  m i n i m u m  e x p o s u r e s .

F o r  t h e  c r i t i c a l  i n s p e c t i o n  o f  h e a v y  c a s t i n g s  
a n d  w e l d s  b y  X - R a y s  o r  G a m m a - R a y s  w h e n  
t h e  u s e  o f  l e a d  s c r e e n s  i s  j u s t i f i e d ,  E n s i g n  
M e t t a r a y  i s  t h e  c o r r e c t  f i l m  t o  u s e .

. . . use METTARAY

2  F o r  t h e  r a d i o g r a p h i c  i n s p e c t i o n  o f  
h e a v i e r  t y p e s  o f  m e t a l s  u s e  E n s i g n  

• M e t t a s c r e e n  I n d u s t r i a l  X - R a y  F i l m  w i t h  
i n t e n s i f y i n g  s c r e e n s .  M e t t a s c r e e n  i s  
p a r t i c u l a r l y  w e l l  s u i t e d  f o r  t h i s  p u r p o s e  

b e c a u s e  i t s  h i g h  s p e e d  p e r m i t s  t h e  e x p o s u r e  t i m e  
t o  b e  r e d u c e d  t o  a  m i n i m u m ,  a n d ,  s i n c e  i t  m a i n t a i n s  
a  w e l l - b a l a n c e d  c o n t r a s t  t h r o u g h o u t  t h e  w h o l e  
e x p o s u r e - r a n g e ,  f l a w - d e t e c t i o n  i s  g r e a t l y  f a c i l i t a t e d .

M e t t a s c r e e n  u s e d  w i t h o u t  s c r e e n s  i s  r e c o m ­
m e n d e d  f o r  t h e  r a d i o g r a p h y  o f  s u b j e c t s  h a v i n g  
a  w i d e  r a n g e  o f  t h i c k n e s s .

. . . use METTASCREEN

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

X - R A Y  I T  O N
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A l u m i n i u m  C o r p o r a t i o n  

L i m i t e d

I N V I T E  

E N Q U I R I E S  

F O R  

C I V I L  U S E S

Temporary Head Office :

D o l g a r r o g ,  C o n w a y ,  C a e r n a r v o n s h i r e
T e l e p h o n e :  D o l g a r r o g 2 1 1  T e l e g r a m s :  F l u x o d e ,  D o l g a r r o g

G a s  P r o d u c e r  P l a n t

General view of operating platform of Producer Plant.

Installation  of five me­
chanical self-vapourising 
Gas Producers each gasi­
fy i nghal fa ton of Coke and 
m an u fac tu rin g  7^, 000 

cub. ft. of 130  B.T.U. Gas 
per hour. W e design, 
manufacture and erect 
Gas Producer Plant to 
individual requirem ents.

f l i m n
GibbonsBros. Ltd., Dibdale Works, Dudley. Phone: Dudlej3 l 4 i (P.A.B.X.). Grams:1 ‘Gibbons, LowerGornaV*. 
London Office : 1 5 1 - 4  Palace Chambers, Westminster̂  S.fV.l] Telephones : Whitehall 6 4 1 J-S and S3 5 9 .



S E N D ' E N Q U I R I E S  T O  T H E  R E S E A R C H  L A B O R A T O R I E S

A R C  M A N U F A C T U R I N G  C O . ,  L T D .
60B. CRAVEN PARK ROAD, N.W.IO,
R E G .  O F F I C E  A N D  W O R K S :  G O L D H A W K  R O A D ,  W . U .

T E L E P H O N E  :  E L G A R  4 7 8 i

T ELEPH O N E : SHE 1151



P O  W E  I I  T R A N S M I S S I O N

A L U M I N I U M
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

1 H [  I I B I 1 I S I I  A L U M
T e l e p h o n e  C L E r k e n w e l l  3 4 9 - *

W A I L  M O N  Ï . C. 2
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Proprietors: 
T E M P L E  P R E S S  L T D .

Managing Director: 
ROLAND E. DANGERFIELD

Dealing Authoritatively 
with the Production, Uses 

and Potentialities of 
Light Metals and 

their Alloys

Editor :
E. J . GROOM, M .Inst.M ET

Offices:
BOW LING GREEN LANE, 

LONDON, E.C.l

E D I T O R I A L  O P I N I O N

I n t r o d u c i n g  A . D . A .

H A R D  on the n ew s o f the official term ination  of the w ar in E u rope, com es  
that an nou ncing  the inauguration  of the A lum in ium  D evelop m en t  
A ssociation . For our ow n industries, the im plications o f these tw o  events  

.are o f the utm ost im portance. T here is little need  to recall the loss sustained  
b v  the c iv il-consum er field w hen light m etals were to ta lly  m obilized  for total 
w ar From  the term ination of h ostilities in the W est, w e m ay  infer that, in  
a com p aratively  short w h ile , a lum inium  w ill once again be free for general 
use; indeed , a lread y, an earnest o f th is has been  granted by  the release of 
lim ited  sup p lies for m ore essential dom estic  uses.

T h e form ation  o f A .D .A . represents the crysta llization  of projects, som e  
of w hich  w ere in itiated  m an y years before th e  w ar began , others just prior 
to  1999 and y e t  again  others w hich  cam e into being  actu a lly  during the  
w ar years. T h e v a lu e  o f these early  efforts is not to  be underrated. W e  
w ell recall our harm onious relations w ith , and the good  w ork d one b y , 
the A lum in ium  In form ation  B ureau. W e h ave p leasan t recollection s of a 
lunch to w h ich  w ere in v ited  m an y  m em bers and prosp ective m em bers of the  
Li "ht M etal F ound ers' A ssociation , our object being  in th is case to  d ev ise  
som e approach to that b od y  in  order to  see w hether it w ould  consider  
broaden ing  the scop e of its activ ities. W ith  the W rou gh t L igh t A llo y s  
D evelop m en t A ssociation  w e h a v e  co-operated  since its inception .

Seven  y ea rs’ experience p reach ing  the a lum in ium  gosp el, lon g  ago  taught 
us that a central b od y  em bracing all the principal a lu m in ium  interests o f the  
country , consum ers and fabricators a like, w ou ld  sooner or later b ecom e a 
v ita l necessity  if the application  of the m etal w as to be exp an d ed  as fu lly  and  
rap id ly  as its m erits d em an ded . C ontacts w ith  m em bers o f  the groups to  
w hich  w e h a v e  referred, and external inquiries addressed  to ou rselves and  
afterw ards p assed  on  to these groups, a ll show ed  a keen  desire for unified  
effort, and for an intensification  in d evelop m en t and research. B y .cu rren t
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standards a lum inium  w as, in those seem in g ly  far-off tim es, still a com para­
tiv e ly  rare m etal. M uch, how ever, had already been  ach ieved  in every  
field of engineering, applied  science, and art; everyw here w as m anifested  
a praisew orthy im patience to do m ore. In A .D .A ., w e b elieve  th is desire to be 
im plem ented .

T here were present at the Inaugural L u ncheon  o f the A ssociation  : the H on . 
G eoffrey C unliffe, President o f A .D .A ., the R t. H o n . Sir Stafford Cripps, 
P .C .,  M .P ., M inister o f A ircraft P rod uction , the R t. H on . H u g h  D alton , P .C .,  
D .S .C .,  M .P ., P resident o f the B oard o f T rade, and the heads of num erous 
industries, at present either users o f alum in ium  in h ea v y  tonnages, or prospec­
tive  b ig  consum ers. H . G. H errin gton , chairm an of the A lum in ium  
D evelop m en t A ssociation , responded to the toast proposed  b y  the R t. H on . 
H u g h  D alton .

A fter such an ausp icious in itiation  cerem ony, w e h ave every  reason to 
exp ect great th ings from  the new  organization , and it w ill perhaps be 
pertinent to forecast, in brief, som e m ajor activ ities and lines o f approach soon  
lik ely  to becom e ev id en t. T h ose  w ho, over the period  of the past 10 years, 
have  stud ied  the foreign trade and technical P ress m ust be on ly  too p a in fu lly  
aw are o f the tardiness exh ib ited  in this cou n try  in the adoption  o f n ew  ideas. 
S o , for exam p le , in the h ea v y  engineering  field , light m etals h ave, here, 
m ade less h ead w ay  than som e o f us had  h oped  to see. In our E ditoria l p ages  
w e h ave had frequent occasion  to vo ice  com pla in ts in th is regard; not that 
w e consider w e h a v e  done industry a n y th in g  but a service in reproducing  
accounts and illustrations, ex em p lify in g  advan ce practice, either from  across 
the A tlantic or on, the E uropean  m ain land . T o o  o ften , h ow ever, p ion eer work  
carried ou t in th is country b y  ou r ow n countrym en has been either on too  
sm all a scale to attract the attention  it deserved , or for som e obscure reason  
has not been  g iven  the notice w ith w hich  it w ou ld  h ave  been  honoured  
elsew here. T h e  prim ary difficulty, w e b e lieve , la y  in too great a su b ­
div ision  o f  labour and in th e  absence o f a central co-ord inating  b od y  capab le of 
v isu a liz in g  intense, con tinuous, w idespread  p u b lic ity  in all its aspects.

W e ou rselves h a v e  every  reason to realize th is state  o f affairs. C am paign­
ing b y  the printed w ord in the form  o f advertisem ent, essentia l as it is, 
is, a lon e, insufficient to carry the fu ll burden im posed  b y  a desire to  exploit^  
to the fu ll the p oten tia lities o f a new  m aterial or product. It h as been  
dem onstrated  am p ly  that, even  after years o f propaganda, m an y  branches  
o f industry w ill still rem ain largely  ignorant o f  the resources ava ilab le  to 
them . N o t once or tw ice, but a dozen tim es from  this office h a v e  w e inform ed  
inquirers that there ex is t su ch  bod ies as the T in  R esearch C ouncil, the Z inc  
D evelop m en t A ssociation , and the C opper D ev e lo p m en t A ssociation . W e  
h ave, too , p assed  on the address o f the W rough t L ight A lloys D ev elo p m en t  
A ssociation , w ith  ind ication s a s to the nature of its activ ities.

So  far w e h a v e  inferred that th e  printed w ord and  the central b od y  to w hich  
inquiries m ay be directed are essentia l. A third factor m ust also be introduced, 
n am ely  th e  read}? a va ilab ility  o f a  w id e ly  kn ow n  centre from  w hich  personal 
contact m ay be m ade. H ere again , for the past seven  years,, w e h a v e  been  
pu ttin g  this e lem ent into effect from  th is office. A t inform al gatherings co n ­
ven ed  once a m onth  or som etim es m ore frequently , m eetin gs h a v e  been  
arranged betw een  various representatives o f the num erous a lum in ium  interests
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in th is country, and p rospective users o f the m etal, or interested inquirers- as 
to the p ossib ility  o f its utilization  in  specific production  fields. A s often  as 
p ossib le  a representative o f the W rough t L igh t A llo y s D evelop m en t A ssociation  
w as in vited . W e here can  bear am ple testim on y to progress ach ieved  in th is  
w ay , and to the need w hich  w ill be satisfied b y  the estab lishm ent of a  branch  
office o f A .D .A . in L ondon .

W e see in the A lum inium - D evelop m en t A ssociation  the answ er to the  
various business and technical problem s w e h a v e  ind icated  here. T h ose  in 
the form er class w e h a v e  dealt w ith som ew h at fu lly ; the latter group deserves  
som e exam ination . H ith erto , for a variety  o f reasons, the tw o fields em brac­
ing, resp ectively , w rought a lloys and cast a llo y s, h ave been  segregated , a 
state o f affairs o f no m aterial significance during the w ar years. W ith  the  
com in g  of p eace, h ow ever, and the broadening o f the c iv il-consum er field , such  
a d iv ision  cou ld  no longer be tolerated  w ith  sa fety , for in exp lo itin g  new  fields 
w e are d ea lin g , first, w ith  a lum in ium , irrespective o f the form  in w h ich  it is 
used. Inquiries, too , from  prospective new  users, centre principally  on the 
m etal itself, and , as lik e ly  as not, bear on its application  in the foundry  and  
the stam p shop  together. From  n ow  on w e are assured o f balanced  technical 
and d evelop m en ta l representation for cast and w rou ght products.

T he field to be covered  b y  A .D .A . is both  ex ten sive  and com p lex . T w o  
prim ary aspects are in vo lved  : that o f pure research, and that coverin g  new  
or broadened  ap p lications o f  a lum in ium  and its a llo y s. O b v iou sly  neither side  
is, in itself, cap ab le  of stan d in g  alone, and success m ust u ltim ately  depend  
on c lose  co-operation  b etw een  b oth . F or  som e seven  years n ow , w e ourselves  
h ave exp lored  fields of use a lready estab lished , seek ing , in  so d oing , to m ake  
p ossib le  th e  use o f still greater quantities o f m etal in  tried spheres, and to  
induce by  force o f exam p le and precedent, its em ploym en t in related but 
untried directions.

T h e form ation o f the A lum inium  D evelop m en t A ssociation  is to be 
interpreted as a sign  o f  the com in g  assertion, b y  ligh t a llo y s, o f  r ights proved  
n ow  b y  h a lf a  cen tu ry ’s successfu l effort in  p eace  and w ar, in field and hom e, 
in the giant bridge and  the m icro-balance. O n ly  the future can  say  to w hat  
lim its their progress w ill extend .

S P E C I A L  A R T I C L E S

A l u m i n i u m  F r o m  W a r  t o  P e a c e
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O N  W e d n e s d a y ,  M a y  3 0 ,  a t  S e l f r i d g e s ,  
L t d . ,  O x f o r d  S t r e e t ,  L o n d o n ,  a t  a n  

e x h i b i t i o n  a r r a n g e d  b y  M e s s r s .  S e l f r i d g e ,  
s p o n s o r e d  a n d  a s s i s t e d  b y  t h e  a l u m i n i u m  
i n d u s t r y  i n  t h i s  c o u n t r y ,  t h e  p u b l i c  w i l l ,  f o r  
o n e  m o n t h ,  b e  g i v e n - a n  o p p o r t u n i t y  o f  s e e ­
i n g ,  f o r  t h e  f i r s t  t i m e ,  t h e  p a r t  w h i c h  l i g h t  
a l l o y s  w i l l  p l a y  i n  t h e  h o m e  o f  t h e  f u t u r e  
a n d  p o s t - w a r  i n d u s t r y .

F o r  f i v e  y e a r s  l i g h t  m e t a l s  c o n s t i t u t e d  
p r i o r i t y  r e q u i r e m e n t s  f o r  o u r  w a r - t i m e  
a c t i v i t i e s :  o n e  o f  t h e  m a j o r  a i m s  o f  t h e  
e x h i b i t i o n  w i l l  b e  t o  s h o w ,  i n  b r i e f ,  t h e  r o l e  
o f  t h e  m e t a l  a n d  i t s  a l l o y s  i n  t h e  f i e l d ,  a n d  
t h e  t r a n s i t i o n  f r o m  t h i s  s p h e r e  t o  t h a t  o f  
m o r e  c u l t u r a l  a n d  d o m e s t i c  n e e d s .

P e r h a p s ,  f o r  t h e  f i r s t  t i m e ,  t h e r e  h a s  b e e n  
a c h i e v e d  a n  e d u c a t i v e  u n i t y  o f  p r e s e n t a t i o n  
s o  a r r a n g e d  t h a t  t h e  l a y m a n  m a y ,  a t  a  
g l a n c e ,  g r a s p  t h e  s t o r y  o f  t h e  b i r t h  o f  a l u ­
m i n i u m ,  i t s  p l a c e  i n  t h e  h i s t o r y  o f  o u r  m e t a l  
c i v i l i z a t i o n ,  a n d  t h e  i n t r i c a t e  t e c h n i q u e s  
w h i c h  h a v e  b e e n  e v o l v e d  t o  m a k e  i t  s e r v e  
t h e  c o u n t l e s s  n e e d s  o f  m a n k i n d ,  i n  b a t t l e ,  
i n  t h e  h o m e ,  i n  l e i s u r e  a n d  a t  p l a y .  T h e  
s u b j e c t  i s  s o  v a s t ,  a n d  p r e s e n t s  s o  m a n y  
a s p e c t s ,  t h a t  i t  m u s t  a t  o n c e  b e  r e a l i z e d  
t h a t  n o  m o r e  t h a n  a  "  s y n o p s i s  ”  i s  p o s s i b l e  
i n  t h e  s p a c e  a t  o u r  c o m m a n d .

A n  a r t i s t ' s  i m p r e s s i o n  o f  t h e  e n t r a n c e  
h a l l  o f  t h e  e x h i b i t i o n  f o r m s  t h e  h e a d i n g  o f  
t h i s  p a g e .  P r o m i n e n t  a m o n g s t  t h e  e x h i b i t s ,  
a n d  a  m a s t e r p i e c e  o f  c r e a t i v e  a r t ,  a r e  t h e  
m u r a l s  w h i c h  w i l l  t e l l  t h e  a l u m i n i u m  s t o r y .  
T h e y  a r e  t h e m s e l v e s  d e s i g n e d  f o r ,  a n d  e x e ­
c u t e d  i n ,  l i g h t  m e t a l .  I n  c l o s e  p r o x i m i t y

m a y  I r e  s e e n  e x a m p l e s  o f  m o d e r n  a e r o  e n ­
g i n e s ,  t h e m s e l v e s  c o n s i s t i n g  l a r g e l y  o f  
l i g h t  a l l o y s ,  w i t h o u t  w h i c h  t h e y  c o u l d  h a v e  
n o  e x i s t e n c e .  S t e p  b y  s t e p  t h e  v i s i t o r  w i l l  
s e e  h o w  t h e  s k i l l  o f  t h e  l i g h t - m e t a l  t e c h ­
n o l o g i s t ,  w h i c h  m a d e  p o s s i b l e  t h e  d e v e l o p ­
m e n t  o f  t h e  S a b r e  e n g i n e ,  m a k e s  p o s s i b l e  
a l s o  t h e  m o d e r n  l i g h t - m e t a l  k i t c h e n .

N o  m a t t e r  w h a t  i n t e r e s t  m a y  p r e d o m i n a t e  
i t  w i l l  f i n d  i t s  s a t i s f a c t i o n  h e r e  :  t h e  c o l o u r ­
f u l  b a t h r o o m  a n d  b a y  w i n d o w  a s s e m b l y  
s h o w  h o w ,  b y  v a r i o u s  s u r f a c e  t r e a t m e n t s  
a n d  i n t e g r a l  c o l o u r i n g ,  t h e  m o s t  s t r i n g e n t  
r e q u i r e m e n t s  o f  s e r v i c e  a n d  a r t  m a y  b e  c o m ­
b i n e d  ;  d e l i c a t e  s c i e n t i f i c  i n s t r u m e n t s ;  w h e r e  
t h e  i m p o r t a n t  f a c t o r  o f  r i g i d i t y  i s  a c h i e v e d  
w i t h o u t  t h e  e n c u m b r a n c e  o f  w e i g h t  b y  t h e  
s k i l l e d  u s e  o f  l i g h t - m e t a l  c a s t i n g s  a n d  f o r g ­
i n g s ;  m o d e r n  s u r g i c a l  i n s t r u m e n t s  a n d  f i t ­
t i n g s ,  w h e r e  t h e  p e r m a n e n c e  o f  a l u m i n i u m ,  
t h e  e a s e  w i t h  w h i c h  i t  m a y  b e  f a b r i c a t e d ,  
a n d  i t s  s t r e n g t h ,  a r e  t u r n e d  t o  a c c o u n t  f o r  
h u m a n i t a r i a n  e n d s .  T h e  a b i l i t y  o f  l i g h t  
m e t a l s  t o  t e a m  u p  w i t h  o t h e r  s t r u c t u r a l  
m a t e r i a l s  w i l l  b e  e x e m p l i f i e d ,  n o t a b l y  b y  
a  f e w  s e l e c t e d  a s s e m b l i e s  o f  a l u m i n i u m  
e m p l o y e d  i n  c o n j u n c t i o n  w i t h  t r a n s p a r e n t  
p l a s t i c s .

F i n a l l y ,  t h e  e x h i b i t i o n  w i l l  d e m o n s t r a t e ,  
n o t  o n l y  w h a t  c a n ' b e  d o n e  w i t h  l i g h t  a l l o y s ,  
b u t  a l s o  t h e  s k i l l  a n d  a d a p t a b i l i t y  o f  o u r  
e n g i n e e r s ,  t e c h n o l o g i s t s  a n d  c r a f t s m e n .  T h e  
f o r e i g n  b u y e r ,  s e e k i n g  i n  t h i s  c o u n t r y  g o o d s  
t o  s a t i s f y  h i s  o w n  m a r k e t ,  w i l l  d e r i v e  n o  
l e s s  b e n e f i t  t h a n  .  t h e  h o u s e w i f e ,  t h e  
a r c h i t e c t ,  a n d  t h e  s o c i o l o g i s t .
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D e v e l o p m e n t  o f  S t e r e o s c o p i c  

P h o t o g r a p h y  a n d  R a d i o g r a p h y *

B y  L E S L I E  P .  D U D L E Y ,  D .F .H ., A .M .I.E .E ., A .I .S tm c t.E ., A .R .A e.S .

S U M M A R Y
A  b r i e f  o u tlin e  is  g iv e n  o f  th e m o re im p o rta n t  

p h a s e s u n  the h is t o r y  a n d  d e v e lo p m e n t  o f  ste reo ­
s c o p ic  p h o t o g r a p h y  a n d  r a d io g r a p h y . C e r t a in  
p ro ce sses f o r  the p ro d u c t io n  o f  ste reo sc o p ic  p ic tu re s  
w h ic h  d o  n o t  e n t a il  th e u se  o f  i n d i v id u a l  v ie w in g  
d e v ic e s  a r e  d isc u sse d  in  g r e a t e r  d e t a il. S o m e  n e w  
p ro c e sses, w h e r e b y  ste reo sc o p ic  r a d io g r a p h s  o f  th e  
p a r a l l a x  p a n o r a m a g r a m  t y p e  a r e  p r o d u c e d , a r e  
d e s c rib e d  f o r  th e  f ir s t  tim e.

M A N Y  b o o k s  a n d  f i l m  s c r i p t s  h a v e  h a d  f o r  
t h e i r  c e n t r a l  c h a r a c t e r  a  p r o f e s s o r  w h o ,  

■ b y  s o m e  h i g h l y  u n o r t h o d o x  a n d  s p e c t a c u l a r  
m e t h o d ,  i s  A b l e  t o  c r e a t e  l i v i n g  b e i n g s .  
S o m e t i m e s  h i s  c r e a t i o n s  t a k e  t h e  f o r m  o f  
l a r g e ,  s u b - h u m a n  r o b o t s ,  a n d  a t  o t h e r  t i m e s  
t h e y  a r e  f a s c i n a t i n g  l i t t l e  r e p l i c a s  o f  o u r  
s p e c i e s ,  t o  a  s c a l e  o f  a n  i n c h  o r  s o  t o  t h e  
f o o t ,  w h i c h  h e  s t o r e s  u n d e r  I b e l l  j a r s  o r  i n  
p i c k l e  b o t t l e s .  I n v a r i a b l y  t h e  w o r s t  p o s s i b l e  
m o t i v e s  a r e  a t t r i b u t e d  t o  t h e  p r o f e s s o r .  T h i s  
i s  g o o d  "  b o x - o f f i c e  ”  b u t  p o o r  p s y c h o l o g y ,  
f o r  t h e  p r o f e s s o r ' s  a c h i e v e m e n t s  m e r e l y  
r e p r e s e n t  t h e  f u l f i l m e n t  o f  a n  a m b i t i o n  o r  
d e s i r e  w h i c h ,  t o  a  g r e a t e r  o r  l e s s e r  d e g r e e ,  
i s  l a t e n t  i n  a l l  o f  > u s .  S c u l p t u r e ,  p a i n t i n g  
a n d  s o  o n  a r e  e x p r e s s i o n s ,  i n  s u b l i m a t e d  
f o r m ,  o f  t h i s  s a m e  c r e a t i v e  i n s t i n c t .  T h e  
a p p e a l  o f  t h e  b e a u t i f u l l y  . m a d e  s c a l e - m o d e l  
c a n n o t  b e  d e n i e d ;  t h e  f a s c i n a t i o n  o f  t h e  
"  p e e p  s h o w  ”  i s  s o m e t h i n g  w h i c h  m o s t  o f  
u s  n e v e r  o u t g r o w ,  w h i c h  n o  d o u b t  a c c o u n t s  
f o r  t h e  g r e a t  p o p u l a r i t y  o f  t h e  s t e r e o s c o p e  
i n  t h e  V i c t o r i a n  e r a .

A  d i l i g e n t  s e a r c h  o f  t h e  P a t e n t  O f f i c e  f i l e s  
a n d  o t h e r  r e c o g n i z e d  s o u r c e s  o f  s c i e n t i f i c  
i n f o r m a t i o n  r e v e a l s  n o  c l u e  t o  h o w  t h e  
h u m a n  s p e c i e s  m a y  b e  r e p r o d u c e d ,  e i t h e r  
f u l l  s i z e  o r  t o  a  r e d u c e d  s c a l e ,  b y  o t h e r  t h a n  
b i o l o g i c a l  m e t h o d s .  T h i s  i s  s c a r c e l y  s u r ­
p r i s i n g .  W h a t  m a y ,  h o w e v e r ,  c o m e  a s  a  
s u r p r i s e  t o  s o m e  i s  t h e  e n o r m o u s  a m o u n t  o f  
i n t e r e s t  w h i c h  h a s  b e e n  d i s p l a y e d ,  t h r o u g h ­
o u t  t h e  a g e s ,  i n  o p t i c a l  m e t h o d s  o f  p r o ­
d u c i n g  w h a t  m a y  b e  t e r m e d  t h r e e - d i m e n ­
s i o n a l  r e c o n s t r u c t i o n s  o f  o u r s e l v e s  a n d  o t h e r  
s u b j e c t s .

S o  f a r  a s  t h e  a u t h o r  h a s  b e e n  a b l e  t o  
t r a c e ,  A r t e m i d o r ,  i n  t h e  y e a r  1 0 0  B . C . ,  w a s  
t h e  f i r s t  t o  c o m m e n t  o n  t h e  t h r e e - d i m e n ­
s i o n a l  n a t u r e  o f  t h e  i m a g e  p r o d u c e d  i n  a  
p l a n e - r e f l e c t i n g  s u r f a c e .  S i n c e  t h a t  t i m e ,

* Reprint of a paper read before The British Institute 
of Radiology, March 15. 1945, and reproduced by 
courtesy of the Institute.

p l a n e  a n d  c o n c a v e  m i r r o r s  h a v e  b e e n  u s e d  
b y  n u m e r o u s  w o r k e r s  f o r  t h e  p r o d u c t i o n  o f  
t h r e e - d i m e n s i o n a l  e f f e c t s ,  a  f e w  r e f e r e n c e s  
b e i n g :  P t o l e m y  ( 2 0 0  A . D . ) ,  P o r t a  ( 1 5 8 9 ) ,  
K e p l e r  ( 1 6 0 4 ) ,  H o r s t m a n n  ( 1 8 9 9 ) ,  S a l l é  
( 1 9 0 7 )  a n d  K o g e l  ( 1 9 3 4 ) .  P o r t a ,  K e p l e r ,  

a n d ,  s u b s e q u e n t l y ,  R o h r  ( 1 9 0 9 ) ,  B o s t o c k  
( 1 9 1 0 ) ,  S c h a l l o p p  ( 1 9 3 5 )  a n d  v a r i o u s  o t h e r  

w o r k e r s  a l s o  p r o p o s e d  t h e  u s e  o f  l a r g e  l e n s e s  
f o r  s i m i l a r  p u r p o s e s .

A l t h o u g h  t h e  s t e r e o s c o p e  h a s  b e e n  k n o w n  
f o r  l i t t l e  m o r e  t h a n  a  c e n t u r y ,  t h e  u n d e r ­
l y i n g  p r i n c i p l e  a p p e a r s  t o  h a v e  b e e n  k n o w n  
f o r  m u c h  l o n g e r .  A  . p a i r  o f  m i n u t e  I t a l i a n  
p a i n t i n g s ,  s e v e r a l  h u n d r e d  y e a r s  o l d ,  w e r e  
d i s c o v e r e d  a  f e w  y e a r s  a g o ;  i t  w a s  f o u n d  
t h a t  w h e n  t h e  t w o  p i c t u r e s  w e r e  m a g n i f i e d  
a n d  v i e w e d  b i n o c u l a r l y  s o  a s  t o  f u s e  t h e m  
i n t o  a  s i n g l e  i m a g e ,  a  s t e r e o s c o p i c  e f f e c t  
r e s u l t e d .

T h e  i n v e n t i o n  o f  t h e  s t e r e o s c o p e  i s  u s u a l l y  
a t t r i b u t e d  t o  W h e a t s t o n e  ( 1 8 3 8 ) ,  b u t  i t  i s  
t o  b e  n o t e d  t h a t  t h e  i n s t r u m e n t  w h i c h  b e a r s  
h i s  n a m e  w a s  p r e c e d e d  f o u r  y e a r s  e a r l i e r  t o y  
a  s t e r e o s c o p e  d e v i s e d  b y  H e l i o t h .  T h i s  i n ­
s t r u m e n t ,  h o w e v e r ,  i n c o r p o r a t e d  n o  o p t i c a l  
e l e m e n t s  t o  a s s i s t  c o n v e r g e n c e ,  a n d  w a s ,  
c o n s e q u e n t l y ,  i n f e r i o r  t o  t h a t  o f  W h e a t s t o n e  
o r  t h o s e  o f  B r e w s t e r  ( 1 8 4 S ) ,  W e n h a m  
( 1 8 6 0 )  a n d  o t h e r s .  N u m e r o u s  f o r m s  o f  

s t e r e o s c o p i c  v i e w i n g  d e v i c e s  w e r e  s u b s e ­
q u e n t l y  d e s i g n e d ,  a m o n g s t  w h i c h  m a y  b e  
m e n t i o n e d  t h o s e  o f  C o r b i n  ( 1 8 6 1 ) ,  D u b o s q  
( 1 8 9 4 ) ,  M i e t h e  ( 1 8 9 6 ) ,  B e l l i e n i  ( 1 9 0 4 ) ,  

L u m i è r e  ( 1 8 9 9 ) ,  G i l l e t t e  ( 1 9 0 5 ) ,  L e i t z  
( 1 9 0 5 )  a n d  B u s c h  ( 1 9 1 2 ) .

T h e  p r i n c i p l e  o f  s t e r e o s c o p i c  p h o t o g r a p h y  
i n v o l v i n g  t h e  p r o d u c t i o n  o f  h o m o l o g o u s  
v i e w s  t i n t e d  i n  c o m p l e m e n t a r y  c o l o u r s ,  a n d  
s u b s e q u e n t  v i e w i n g  o f  t h e  p i c t u r e s  t h r o u g h  
s p e c t a c l e s  t i n t e d  i n  t h e  s a m e  c o l o u r s ,  i s  w e l l  
k n o w n  a n d  n e e d  n o t  b e  d e s c r i b e d  h e r e .  I t  
m a y  n o t ,  p e r h a p s ,  b e  s o  g e n e r a l l y  k n o w n  
t h a t  a  s u b t r a c t i v e  p r o c e s s  e m b o d y i n g  t h i s  
p r i n c i p l e  w a s  a p p l i e d  t o  s t i l l  p h o t o g r a p h y  a s  
f a r  b a c k  a s  1 8 5 3  b y  R o l l m a n .  T h i s  w a s  f o l ­
l o w e d  f i v e  y e a r s  l a t e r  t o y  a n  a d d i t i v e  p r o c e s s  
d u e  t o  D ' A l m e i d a .  S o o n  a f t e r w a r d s  s t e r e o ­
s c o p i c  p i c t u r e s  p r i n t e d  i n  c o m p l e m e n t a r y  
c o l o u r s  w e r e  f e a t u r e d  i n  s e v e r a l  m a g a z i n e s ,  
a  s m a l l  p a i r  o f  v i e w i n g  s p e c t a c l e s  b e i n g  p r o ­
v i d e d  w i t h  e a c h  c o p y .

W i t h  t h e  a d v e n t  o f  t h e  k i n e m a t o g r a p h ,  
c o m p l e m e n t a r y  c o l o u r  p r o c e s s e s  w e r e  
a d a p t e d  t o  t h e  . p r o d u c t i o n  o f  s t e r e o s c o p i c  
m o t i o n  p i c t u r e s ,  l a r g e l y  a s  a  r e s u l t  o f  t h e
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w o r k  o f  H e r r i n g  ( 1 9 0 1 ) ,  W e i n b e r g  ( 1 9 0 9 ) ,  
a n d ,  m o r e  r e c e n t l y ,  L u m i è r e  ( 1 9 3 4 ) .  S u c h  
p r o c e s s e s  a r e  n o w  g e n e r a l l y  k n o w n  a s  
a n a g l y p h i c  p r o c e s s e s .  V a r i o u s  p o l y c h r o m a t i c  
a n a g l y p h i c  p r o c e s s e s  h a v e  ' b e e n  p r o p o s e d  
f r o m  t i m e  t o  t i m e ,  n o t a b l y  ' b y  S c h e s t a k o l ï ,  
G u r e w i t s c h u  a n d  W i e n e r  ( 1 9 1 0 ) ,  L e h m a n n  
( 1 9 1 7 )  a n d  b y  S c h a l l o p  a n d  L u m i è r e  ( 1 9 3 4 ) .

A l t h o u g h  m e t h o d s  o f  p r o d u c i n g  s t e r e o ­
s c o p i c  s t i l l  a n d  m o t i o n  p i c t u r e s  w i t h  t h e  a i d  
o f  p o l a r i z i n g  p r i s m s  a r e  n o w  w e l l  k n o w n ,  
h e r e  a g a i n  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  
b a s i c  p r i n c i p l e  i n v o l v e d  i s  ' b y  n o  m e a n s  
n o v e l .  T h e  e a r l i e s t  p r o p o s a l ,  w i t h i n  t h e  
a u t h o r ' s  k n o w l e d g e ,  f o r  t h e  p r o j e c t i o n  a n d  
v i e w i n g  o f  s t e r e o s c o p i c  p i c t u r e s  b y  m e a n s  
o f  p o l a r i z e d  l i g h t  w a s  t h a t  d u e  t o  A n d e r t o n  
( 1 8 9 0 ) .  T h e  d e v e l o p m e n t  o f  a  c o m m e r c i a l  

p r o c e s s ,  h o r v e v e r ,  w a s  d e l a y e d  f o r  n e a r l y  
h a l f  a  c e n t u r y  b y  t h e  h i g h  c o s t  o f  n a t u r a l  
p o l a r i z i n g  c r y s t a l s .  T h i s  d i f f i c u l t y  w a s  o v e r ­
c o m e  i n  1 9 3 4  b y  L a n d  w i t h  h i s  i n v e n t i o n  o f  
a  . m e t h o d  o f  p r o d u c i n g  s y n t h e t i c  p o l a r i z i n g  
m a t e r i a l s ,  n o w  k n o w n  u n d e r  t h e  t r a d e  n a m e  
o f  P o l a r o i d .  A d d i t i v e  p r o c e s s e s  u t i l i z i n g  
t h e s e  m a t e r i a l s  i n  t h e  p r o j e c t i o n  o f  s t e r e o ­
s c o p i c  p i c t u r e s  w e r e  d e v i s e d  b y  L a n d  ( 1 9 3 4 ) ,  
B e r n a u e r  ( 1 9 3 5 ) ,  A r d e n n e  ( 1 9 3 6 ) ,  K ä s e ­
m a n n  ( 1 9 3 8 ) ,  W a i n s  ( 1 9 3 9 )  a n d  o t h e r s .  
T h e  c h i e f  s u b t r a c t i v e  p r o c e s s e s  a r e  t h o s e  o f  
L a n d  ( 1 9 3 9 )  a n d  Z e i s s - I k o n ,  L t d .  ( 1 9 4 0 ) .  
I n  a c c o r d a n c e  w i t h  a  r e c e n t  d e v e l o p m e n t  
d u e  t o  L a n d ,  p h o t o g r a p h i c  p r i n t s  e m b o d y i n g  
t w o  h o m o l o g o u s  v i e w s  i n  s u p e r p o s i t i o n  a r e  
n o w  o b t a i n a b l e .  T h e  p l a n e  o f  p o l a r i z a t i o n  
o f  t h e  l i g h t  r e f l e c t e d  b y  o n e  v i e w  i s  a t  r i g h t  
a n g l e s  t o  t h a t  o f  t h e  l i g h t  r e f l e c t e d  t o y  t h e  
o t h e r  v i e w .  H e n c e ,  w h e n  s u c h  a  p r i n t  i s  
v i e w e d  t h r o u g h  a  p a i r  o f  P o l a r o i d  s p e c t a c l e s ,  
t h e  l e n s e s  o f  w h i c h  h a v e  t h e i r  p l a n e s  o f  
p o l a r i z a t i o n  s u i t a b l y  a r r a n g e d  a t  r i g h t  
a n g l e s  t o  e a c h  o t h e r ,  a  s t e r e o s c o p i c  i m a g e  i s  
s e e n .  P r i n t s  o f  t h i s  t y p e  a r e  k n o w n  a s  
V e c t o g r a p ’n s ,  a n d  a r e  u s e f u l  f o r  v a r i o u s  c o m ­
m e r c i a l  a n d  s c i e n t i f i c  p u r p o s e s .

P u r l  I — T h e  P a r a l l a x  S t e r e o g r a m
O u r  p r o f e s s o r  o f  s c r e e n  a n d  f i c t i o n  f a m e ,  

h o w e v e r ,  w o u l d  n e v e r  b e  s a t i s f i e d  i f ,  i n  o r d e r  
f o r  h i s  c r e a t i o n s  t o  c o m e  t o  l i f e ,  i t  w e r e  
n e c e s s a r y  f o r  h i s  a w e d  p u b l i c  t o  d o n  s p e c i a l  
g o g g l e s .  I f  w e  i n t e r p r e t  t h e  p h r a s e  “  c o m e  
t o  l i f e ”  a s  m e a n i n g ,  i n  t h e  p h o t o g r a p h i c  
s e n s e ,  t h e  c o n v e r s i o n  o f  r e l a t i v e l y  u n n a t u r a l ,  
t w o - d i m e n s i o n a l  v i e w s  o f  m a t e r i a l  o b j e c t s  
i n t o  m u c h  m o r e  n a t u r a l ,  t h r e e - d i m e n s i o n a l  
v i e w s ,  t h e n  w e  f i n d  t h a t  t h e  g e n e r a l  p u b l i c ,  
n o  l e s s  t h a n  t h e  s c i e n t i f i c  w o r k e r ,  i s  o n  t h e  
s i d e  o f  t h e  p r o f e s s o r .  T h i s  f a c t  i s  e x e m ­
p l i f i e d  b y  t h e  l a c k  o f  s u c c e s s  w h i c h  h a s  
a t t e n d e d  t h e  n u m e r o u s  a t t e m p t s  t o  i n t r o ­
d u c e  a n a g l y p h i c  p r o c e s s e s  i n t o  t h e  p u b l i c  
c i n e m a .  T h e  n e c e s s i t y  f o r  w e a r i n g  s p e c t a c l e s  
d o e s  m u c h  t o  d e s t r o y  t h e  i l l u s i o n  o f  r e a l i t y  
w h i c h  i t  i s  t h e  v e r y  p u r p o s e  o f  s t e r e o s c o p y  
t o  c r e a t e .  A s  o n e  w o u l d  e x p e c t ,  t h e r e f o r e ,  
a  g r e a t  d e a l  o f  s c i e n t i f i c  e f f o r t  h a s  b e e n

e x p e n d e d  i n  t h e  d e v e l o p m e n t  o f  p h o t o ­
g r a p h i c  a n d  k i n e m a t o g r a p h i c  p r o c e s s e s  
w h i c h  d o  n o t  e n t a i l  t h e  u s e  o f  a n y  i n d i ­
v i d u a l  v i e w i n g  d e v i c e s .  T h e  s e a r c h  f o r  t h e  
i d e a l  m e t h o d  h a s  b e e n  i n  p r o g r e s s  f o r  s o m e  
h a l f - c e n t u r y  a n d  s t i l l  c o n t i n u e s .

A l t h o u g h  t h e  p r o b l e m  h a s  b e e n  
a p p r o a c h e d  f r o m  m a n y  d i f f e r e n t  a n g l e s ,  i t  
i s  a n  i n t e r e s t i n g  f a c t  t h a t  a l l  t h e  m o s t  
p r o m i s i n g  p r o c e s s e s  m a k e  u s e  o f  g r i d s  o f  
s o m e  f o r m  o r  o t h e r ,  t h a t  i s  t o  s a y ,  e i t h e r  

- l i n e  g r i d s  c o m p o s e d  o f  a  l a r g e  n u m b e r  o f  
a l t e r n a t e  o p a q u e  a n d  t r a n s p a r e n t  s t r i p s ,  o r  
g r i d s  c o m p o s e d  o f  a  m u l t i t u d e  o f  c y l i n d r i c a l  
o r  s p h e r i c a l  l e n t i c u l a t i o n s .  T h e  n u m b e r  o f  
s u c h  p r o c e s s e s  i s  v e r y  g r e a t  i n d e e d ,  a n d  i t  
i s  i m p o s s i b l e  h e r e  t o  d o  m o r e  t h a n  g i v e  
b r i e f  d e s c r i p t i o n s  o f  a  f e w  o f  t h e m .  W e  
w i l l ,  m o r e o v e r ,  d e v o t e  o u r  a t t e n t i o n  m a i n l y  
t o  t h o s e  p r o c e s s e s  w h i c h  o f f e r  t h e  g r e a t e s t  
p r o m i s e  o f  s u c c e s s f u l  a d a p t a t i o n  t o  r a d i o ­
g r a p h y .

S e p t e m b e r  2 5 ,  1 9 0 2 ,  i s  a  d a t e  o f  g r e a t

F i g .  1 . — P r i n c i p l e  o f  p a r a l l a x  s t e r e o g r a m  
c a m e r a .

i m p o r t a n c e  i n  t h e  h i s t o r y  o f  t h e  d e v e l o p ­
m e n t  o f  s t e r e o s c o p i c  p h o t o g r a p h y ,  f o r  o n  
t h a t  d a y  F r e d e r i c  I v e s  f i l e d  i n  t h e  U . S . A .  
h i s  c l a s s i c  P a t e n t  A p p l i c a t i o n  d e s c r i b i n g  
t h e  "  P a r a l l a x  S t e r e o g r a m  a n d  P r o c e s s  o f  
M a k i n g  S a m e , ”  w h i c h  A p p l i c a t i o n “ T v a s  
s u b s e q u e n t l y  g r a n t e d  o n  A p r i l  1 4 ,  1 9 0 3 .  
Q u o t i n g  f r o m  t h e  S p e c i f i c a t i o n  ( N o .  
7 2 5 , 5 6 7 ) ,  C l a i m  1 r e a d s :  “  A  p h o t o g r a p h  
c o n s i s t i n g  o f  a  c o m p o s i t e  i m a g e ,  i n  j u x t a ­
p o s e d  l i n e s ,  o f  t h e  e l e m e n t s  o f  a n  o r d i n a r y  
d o u b l e  s t e r e o g r a m ,  e x p o s e d  t o  v i e w  t h r o u g h  
a  s c r e e n  o f  a l t e r n a t e  o p a q u e  a n d  t r a n s ­
p a r e n t  l i n e s ,  s o  a d j u s t e d  a s  t o  g i v e  a  
s t e r e o s c o p i c  e f f e c t  b y  t h e  p a r a l l a x  o f  
b i n o c u l a r  v i s i o n ,  s u b s t a n t i a l l y  a s  s p e c i f i e d . ”  

I t  s e e m s  l i k e l y  t h a t  I v e s ’ s  i n v e n t i o n  h a d  
i t s  g e n e s i s  i n  a  p r o p o s a l  p u t  f o r w a r d  i n  
1 8 9 6  b y  B e r t h i e r .  .  T h e  i m p o r t a n c e  o f  t h e  

i n v e n t i o n  l i e s  n o t  s o  m u c h  i n  t h e  m e r i t s  o f  
t h e  p a r a l l a x  s t e r e o g r a m  i t s e l f ,  w h i c h  i s  
s u b j e c t  t o  s o m e w h a t  s e v e r e  p r a c t i c a l  l i m i t a ­
t i o n s ,  a s  i n  t h e  i n f l u e n c e  w h i c h  t h e  i d e a  h a s  
u n d o u b t e d l y  e x e r t e d  o n  t h e  m i n d s  o f  
s u b s e q u e n t  w o r k e r s .  .  T h e  p r i n c i p l e  o f  t h e
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p a r a l l a x  s t e r e o g r a m  h a s  b e e n  e x p l a i n e d  o n  
m a n y  p r e v i o u s  o c c a s i o n s ,  b u t ,  f o r  t h e  
b e n e f i t  o f  a n y  w h o  m a y  b e  u n f a m i l i a r  w i t h  
t h i s  t y p e  o f  p h o t o g r a p h ,  a  b r i e f  d e s c r i p t i o n  
w i l l  b e  g i v e n  h e r e .

T h e  s k e t c h ,  F i g .  1 ,  i s  a  d i a g r a m m a t i c  
s e c t i o n a l  p l a n  s h o w i n g  t h e  e s s e n t i a l  e l e m e n t s  
o f  a  c a m e r a  s u i t a b l e  f o r  t h e  p r o d u c t i o n  o f  
p a r a l l a x  s t e r e o g r a m s ,  L ,  a n d  L 2  b e i n g  
l e n s e s  f o r m i n g  i m a g e s  o n  a  p h o t o g r a p h i c  
p l a t e  o r  f i l m  P .  T h e  d i s t a n c e  b e t w e e n  t h e  
a x e s  o f  L ,  a n d  L ,  i s  a p p r o x i m a t e l y  2 h i n s .  
a n d  c o n s e q u e n t l y ,  t h e  d i s p a r i t y  b e t w e e n  t h e  
t w o  i m a g e s  i s  s u b s t a n t i a l l y  t h e  s a m e  a s  t h a t  
b e t w e e n  t h e  i m a g e s  p r o d u c e d  b y  t h e  t w o  
e y e s  i n  t h e  h u m a n  v i s u a l  s y s t e m .

A  g r i d ,  r e p r e s e n t e d  b y  t h e  b r o k e n  l i n e  G ,  
i s  a r r a n g e d  a  s h o r t  d i s t a n c e  i n  f r o n t  o f  P .  
T h i s  g r i d  c o n s i s t s  o f  a  l a r g e  n u m b e r  ( u s u a l l y  
b e t w e e n  a b o u t  5 0  a n d  1 0 0  t o  t h e  i n c h )  
o f  v e r t i c a l  a n d  p a r a l l e l  o p a q u e  l i n e s  o r  
s t r i p s  s e p a r a t e d  b y  t r a n s p a r e n t  s p a c e s  

. o r  s t r i p s  h a v i n g  t h e  s a m e  w i d t h  a s  
t h e  o p a q u e  s t r i p s .  A s  w i l l  b e  u n d e r ­
s t o o d ,  w i t h o u t  t h i s  g r i d  i n  p o s i t i o n ,  
t h e  p i c t u r e  p r o d u c e d  o n  t h e  p h o t o ­
g r a p h i c  p l a t e  w o u l d  b e  b l u r r e d  o w i n g  
t o  t h e  s u p e r p o s i t i o n  o f  t h e  t w o  
i m a g e s  d u e  t o  L ,  a n d  L „ .  C o n s i d e r ,  
h o w e v e r ,  t h e  e f f e c t  o f  m a k i n g  a n  
e x p o s u r e  t h r o u g h  o n l y  o n e  o f  t h e  
l e n s e s ,  t h e  g r i d  b e i n g  i n  p o s i t i o n .  I t  
w i l l  b e  e v i d e n t  t h a t  o n l y  h a l f  o f  t h e  
a r e a  o f  t h e  p l a t e  w i l l  b e  e x p o s e d ,  t h e  
e x p o s e d  p o r t i o n s  c o n s i s t i n g  o f  a  
n u m b e r  o f  n a r r o w ,  p a r a l l e l  s t r i p s  
i n t e r l e a v e d  b y  u n e x p o s e d  s t r i p s  o f  
e q u a l  w i d t h .  N o w ,  b y  c o r r e c t l y  
p r o p o r t i o n i n g  t h e  d i s t a n c e  b e t w e e n  
t h e  g r i d  a n d  t h e  p l a t e  r e l a t i v e  t o  t h a t  
b e t w e e n  t h e  g r i d  a n d  t h e  l e n s e s ,  i t  
i s  p o s s i b l e  t o  a r r a n g e  m a t t e r s  s o  
t h a t ,  w i t h  b o t h  l e n s e s  i n  o p e r a t i o n ,  
t h o s e  s t r i p s  o f  t l j e  p l a t e  w h i c h  a r e  s h i e l d e d  
f r o m  t h e  l i g h t  t r a n s m i t t e d  b y  o n e  l e n s  
a r e  e x p o s e d  t o  t h a t  t r a n s m i t t e d  b y  t h e  
o t h e r  l e n s .  I f ,  t h e n ,  w e  i m a g i n e  t h a t  t h e  
e x p o s e d  s t r i p s  a r e  n u m b e r e d  c o n s e c u t i v e l y :  
1 ,  2 ,  3 ,  4 ,  5 ,  e t c . ,  o n e  s e r i e s ,  s a y  t h a t  
b e a r i n g  t h e  n u m b e r s  1 ,  3 ,  5  a n d  s o  o n ,  w i l l  
c a r r y  a n  i m a g e  r e p r e s e n t i n g  a  “  l e f t - e y e  
v i e w  o f  t h e  s u b j e c t ,  w h i l e  t h e  o t h e r  s e r i e s ,  
b e a r i n g  t h e  n u m b e r s  2 ,  4 ,  6  a n d  s o  o n ,  w i l l  
c a r r y  a n  i m a g e  r e p r e s e n t i n g  a  “  r i g h t - e y e  ”  
v i e w .  F r o m  s i m p l e  g e o m e t r i c a l  c o n s i d e r a ­
t i o n s  t h e  r e q u i r e d  d i s t a n c e  b e t w e e n  t h e  g r i d  
a n d  p l a t e  i s  g i v e n  a p p r o x i m a t e l y  b y  t h e  

r e l a t i o n s h i p —

F i g .  1 .  A  g r i d ,  G ,  i s  a r r a n g e d  i n  f r o n t  o f  
t h e  t r a n s p a r e n c y ,  a n d  t h e  s t e r e o g r a m  i s  
i l l u m i n a t e d  f r o m  t h e  r e a r  b y  d i f f u s e d  l i g h t ­
i n g .  P i c t u r e  s t r i p s  c a r r y i n g  t h e  "  l e f t - e y e  ”  
v i e w  a r e  i n d i c a t e d  b y  t h e  l e t t e r  /  a n d  t h o s e  
c a r r y i n g  t h e  “  r i g h t - e y e  ”  v i e w  b y  t h e  
l e t t e r  r .  I t  w i l l  b e  o b s e r v e d  t h a t ,  a s  s h o w n ,  
t h e  o p a q u e  a n d  t r a n s p a r e n t  s t r i p s  o f  t h e  
g r i d  a r e  o f  e q u a l  w i d t h ,  b u t ,  a s  w e  s h a l l  
s e e  a  l i t t l e  l a t e r ,  i t  i s  c u s t o m a r y  i n  p r a c t i c e  
t o  e m p l o y  a  v i e w i n g  g r i d  i n  w h i c h  t h e  t r a n s ­
p a r e n t  s t r i p s  a r e  s o m e w h a t  n a r r o w e r  t h a n  
t h e  o p a q u e  o n e s .

C o n s i d e r i n g  t h e  o b s e r v e r  w h o s e  e y e s  a r e  
s h o w n  b r a c k e t e d  a t  C ,  i t  w i l l  b e  e v i d e n t  
t h a t  i f  t h e  d i s t a n c e  b e t w e e n  t h e  s t e r e o g r a m  
a n d  t h e  g r i d  b e  c o r r e c t l y  c h o s e n ,  a s  i n  t h e  
d i a g r a m ,  h i s  l e f t  e y e  w i l l  s e e  o n l y  t h e  “  l e f t -  
e y e  ”  s t r i p s  o r  e l e m e n t s  o f  t h e  s t e r e o g r a m

I r l r l r l r l r  I r I  r I r I r

B  C  D  E

F i g .  2.— V i e w i n g  p a r a l l a x  stereogram.

( t h e  "  r i g h t - e y e  "  e l e m e n t s  b e i n g  o b s c u r e d  
b y  t h e  o p a q u e  s t r i p s  o f  t h e  g r i d ) ,  a n d  h i s  
r i g h t  e y e  w i l l  s e e  o n l y  t h e  "  r i g h t - e y e  ”  
e l e m e n t s .  C o n s e q u e n t l y ,  a  s t e r e o s c o p i c
v i e w  r e s u l t s .  S i m i l a r  c o n d i t i o n s  p r e v a i l  i f  
t h e  o b s e r v e r  m o v e s  l a t e r a l l y  t h r o u g h  t w i c e  
h i s  i n t e r o c u l a r  d i s t a n c e  t o  p o s i t i o n  A  o r  D ,  
a  s t e r e o s c o p i c  v i e w  b e i n g  o b t a i n e d  f r o m  
e i t h e r  p o s i t i o n .  I n  p r a c t i c e  t h e r e  a r e  a  
n u m b e r  o f  p o s i t i o n s ,  s u c h  a s  A ,  C  a n d  E ,  
f r o m  w h i c h  a  p a r a l l a x  s t e r e o g r a m  m a y  b e  
s e e n  i n  s t e r e o s c o p i c  r e l i e f ,  a d j a c e n t  p o s i t i o n s  
b e i n g  s e p a r a t e d  b y  t w i c e  t h e  i n t e r o c u l a r  
d i s t a n c e .  O n l y  t h r e e  s u c h  p o s i t i o n s  a r e
s h o w n  i n  t h e  p r e s e n t  d i a g r a m .

L e t  u s  n o w  c o n s i d e r  t h e  c a s e  o f  a n

G r i d  —  p i a t e  d i s t a n c e
L e n s  —  p l a t e  d i s t a n c e  x  w i d t h  o f  o n e  s t r i p

D i s t a n c e  b e t w e e n  a x e s  o f  l e n s e s

( R e f e r r i n g ,  n o w ,  t o  F i g .  2 ,  P  r e p r e s e n t s  a  
d i a g r a m m a t i c  p l a n  v i e w  o f  a  t r a n s p a r e n c y  
o f  t h e  p a r a ) , l a x  s t e r e o g r a m  t y p e  p r o d u c e d  
w i t h  t h e  a i d  o f  a  c a m e r a  s u c h  a s  t h a t  i n

o b s e r v e r  w h o s e  e y e s  a r e  a t  s o m e  i n t e r m e d i a t e  
p o s i t i o n ,  s u c h  a s  B  o r  D .  A s  w i l l  i r e  n o t e d  
f r o m  t h e  d i a g r a m ,  f r o m  s u c h  a  p o s i t i o n  t h e  
o b s e r v e r ' s  l e f t  e y e  s e e s  o n l y  t h e  "  r i g h t -
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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 in 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.' F*

F i g .  3 . — S i m p l e  c a m e r a  a n d  p r o j e c t o r  f o r  
i n t e g r a l  p h o t o g r a p h y :  a t  t h e  l e f t ,  c a m e r a  ;  

a t  t h e  r i g h t ,  p r o j e c t o r .

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 in 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.
W e  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

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 .the 
parallax stereogram, _ have been proposed 
from time to time, those due to Noaillon 
(1927), Dudley (1935) and Ivanoff (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
W e  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.
W e  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 fine needle, a series of punctures in the 
opaque paper. The punctures should be 
distributed fairly evenly, and should 
number about 25 or 30 per sq. 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 is to 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. W e  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 
(left). 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 ins. 
away, and the other being placed a few 
inches nearer to the'paper and slightly to
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o n e  s i d e  o f  t h e  f i r s t  l a m p .  I t  i s  p r e f e r a b l e  
f o r  t h e  l a m p s  t o  b e  s o  a r r a n g e d  t h a t  t h e  
l o o p s  o f  t h e i r  f i l a m e n t s  a r e  p a r a l l e l  t o  t h e  
p l a n e  o f  t h e  p a p e r .

I n  o r d e r  t o  m a k e  t h e  e x p o s u r e ,  s w i t c h  o n  
t h e  c u r r e n t  t o  t h e  l a m p s  f o r  a b o u t  f o u r  o r  
f i v e  m i n u t e s .  T h e  l i g h t  f r o m  t h e  l a m p s  
c a n  r e a c h  t h e  p h o t o g r a p h i c  p l a t e  o n l y  v i a  
t h e  p u n c t u r e s  i n  t h e  o p a q u e  p a p e r ,  a n d  t h u s  
p r o d u c e s  a  l a r g e  n u m b e r  o f  m i n u t e  i m a g e s  
o f  t h e  l a m p s  o n  t h e  s e n s i t i z e d  s u r f a c e .  
E a c h  i m a g e  d i f f e r s  s l i g h t l y  f r o m  t h e  a d j a c e n t  
o n e s ,  d u e  t o  t h e  p a r a l l a c t i c  e f f e c t  r e s u l t i n g  
f r o m  t h e  d i f f e r e n t  p o s i t i o n s  w h i c h  t h e  p i n ­
h o l e s  o c c u p y  r e l a t i v e  t o  t h e  s u b j e c t .

U p o n  t h e  c o m p l e t i o n  o f  t h e  e x p o s u r e ,  t h e  
p l a t e  s h o u l d  b e  d e v e l o p e d  i n  n o r m a l  a m i d o l ,  
r i n s e d  i n  w a t e r  f o r  a  f e w  m i n u t e s ,  a n d  t h e n ,  
w i t h o u t  f i x i n g ,  e x p o s e d  t o  t h e  l i g h t  f r o m  
3  i n s .  o f  m a g n e s i u m  r i b b o n  h e l d  a t  a  
d i s t a n c e  o f  a b o u t  1 8  i n s .  N e x t ,  t h e  p l a t e  
m u s t  b e  g i v e n  a  r e v e r s i n g  b a t h  c o n s i s t i n g  
o f  3 J  o z .  w a t e r ,  8  g r s .  p o t a s s i u m  b i c h r o m a t e  
a n d  1 0  d r o p s  o f  c h e m i c a l l y  p u r e  s u l p h u r i c  
a c i d .  A f t e r  a  f u r t h e r  b r i e f  w a s h ,  t r a n s f e r  
t h e  p l a t e  t o  a  5  p e r  c e n t ,  s o l u t i o n  o f  
a n h y d r o u s  s o d i u m  s u l p h i t e  f o r  a b o u t  3  m i n s .  
U p o n  r e m o v a l  o f  t h e  p l a t e  f r o m  t h i s  s o l u ­
t i o n ,  g i v e  i t  a n o t h e r  r i n s e ,  a n d  t h e n  
r e d e v e l o p  i t  v e r y  f u l l y  i n  t h e  a m i d o l  f i r s t  
u s e d .  T o  c o m p l e t e  t h e  p r o c e s s ,  f i x  a n d  
w a s h  t h e  p l a t e  i n  t h e  u s u a l  m a n n e r .  T h e  
f o r e g o i n g  o p e r a t i o n s  c o n v e r t  t h e  n e g a t i v e  
i n t o  a  p o s i t i v e ,  a n d  m u s t ,  o f  c o u r s e ,  b e  
c o n d u c t e d  i n  n o n - a c t i n i c  l i g h t .

W h e n  t h e  p l a t e  i s  d r y ,  r e p l a c e  i t  i n  t h e  
p r i n t i n g  f r a m e  F , ,  t h e  e m u l s i o n  s i d e  b e i n g  
n e a r e s t  t h e  p u n c t u r e d  p a p e r  a s  b e f o r e .  
I t  i s  i m p o r t a n t  t h a t  t h e  o r i e n t a t i o n  o f  t h e  
p l a t e  s h o u l d  n o w  b e  t h e  s a m e  a s  i t  w a s  
d u r i n g  t h e  e x p o s u r e ,  s o  t h a t  a l l  t h e  m i n u t e  
i m a g e s  o c c u p y  t h e i r  c o r r e c t  p o s i t i o n s  
r e l a t i v e  t o  t h e  p i n - h o l e s  b y  w h i c h  t h e y  w e r e  
f o r m e d .  H e n c e ,  i t  i s  a s  w e l l  t o  m a k e  a  
r e f e r e n c e  m a r k  n e a r  o n e  e d g e  o f  t h e  . p l a t e ,  
b e f o r e  d e v e l o p m e n t ,  a n d  a  c o r r e s p o n d i n g  
m a r k  o n  t h e  p r i n t i n g  f r a m e .  I n s e r t  t h e  
p i e c e  o f  g r o u n d  g l a s s  i n t o  t h e  f r a m e  b e h i n d  
t h e  p h o t o g r a p h i e  p l a t e .  T h e  b a c k  o f  t h i s  
f r a m e  a l s o  i s  n o w  t o  b e  d i s c a r d e d ,  s o  t h e  
g r o u n d  g l a s s  a n d  p h o t o g r a p h i c  p l a t e  m u s t  
b e  h e l d  i n  p o s i t i o n  b y  m e a n s  o f  m a r g i n a l  
w o o d e n  c l a m p s  s i m i l a r  t o  t h o s e  u s e d  w i t h  
t h e  o t h e r  f r a m e .  T h e  m o d i f i e d  d e v i c e  w i l l  
a p p e a r  a s  r e p r e s e n t e d  b y  F i g .  3  ( r i g h t ) ,  i n  
w h i c h  s  d e n o t e s  t h e  g r o u n d  g l a s s  s c r e e n .

W e  n o w  r e q u i r e  a  l a m p  b o x ,  s u c h  a s  a n  
e l e c t r i c  d a r k - r o o m  l a m p  f r o m  w h i c h  t h c -  
s a f e t y  f i l t e r  h a s  b e e n  r e m o v e d .  I n s e r t  a  
l a m p '  o f ,  s a y ,  6 0  w a t t s  c a p a c i t y ,  a n d  f i x  
t h e  m o d i f i e d  "  c a m e r a  ’ ’  ( w h i c h  i s  n o w  
g o i n g  t o  b e  u s e d  a s  a  “  p r o j e c t o r  ” )  t o  t h e  
f r o n t  o f  t h e  b o x  i n  s u c h  a  w a y  t h a t  t h e  
g r o u n d  g l a s s  i s  n e a r e s t  t o  t h e  l a m p ,  a n d  s o

t h a t  n o  l i g h t  c a n  e s c a p e  e x c e p t  t h r o u g h  t h e  
p u n c t u r e s  i n  t h e  o p a q u e  p a p e r .

T a k e  u p  a  p o s i t i o n  i n  f r o n t  o f  t h e  d e v i c e ,  
a t  a  d i s t a n c e  o f  a b o u t  1 0  f t .  E n d e a v o u r  t o  
f o c u s  t h e  e y e s  o n  a  p l a n e  i n  s p a c e  a  s h o r t  
d i s t a n c e  i n  f r o n t  o f  t h e  d e v i c e ,  r a t h e r  t h a n  
o n  t h a t  o f  t h e  p i n - h o l e s ,  m e a n w h i l e  m o v i n g  
t h e  h e a d  s l i g h t l y  f r o m  o n e  s i d e  t o  a n o t h e r .  
S u d d e n l y ,  a n d  w i t h  a  s t a r t l i n g  s e m b l a n c e  
o f  r e a l i s m ,  t h e  g l o w i n g  c a r b o n  f i l a m e n t s  w i l l  
a p p a r e n t l y  m a t e r i a l i z e  i n  t h e  p o s i t i o n s  
w h i c h  t h e y  o c c u p i e d  r e l a t i v e  t o  t h e  p h o t o ­
g r a p h i c  p l a t e  a t  t h e  t i m e  o f  m a k i n g  t h e  
e x p o s u r e .  T h i s  o c c u r s  w h e n  a c c o m m o ­
d a t i o n  i s  s o  a d j u s t e d  t h a t  t h e  p r o j e c t e d  
r e c o n s t i t u t i o n  o f  t h e  m i s c r o s c o p i c  i m a g e s  i s  
f o c u s e d  o n  t h e  r e t i n æ .  F r o m  s o m e  v i e w i n g  
p o s i t i o n s  o n e  f i l a m e n t  w i l l  a p p e a r  t o  o v e r l a p  
t h e  o t h e r ;  a  s i d e w a y s  m o v e m e n t  o f  t h e  h e a d  
w i l l  c a u s e  t h e m  t o  s e p a r a t e ,  j u s t  a s  i n  v i e w ­
i n g  t h e  o r i g i n a l  s u b j e c t .  T h e  p a r a l l a c t i c  
e f f e c t  i s  t w o - d i m e n s i o n a l ,  a s  m a y  b e  s e e n  
b y  r a i s i n g  o r  l o w e r i n g  t h e  h e a d .  I f  y o u  
m o v e  t o w a r d s  t h e  i m a g e s ,  t h e y  w i l l  i n c r e a s e  
i n  s i z e  u n t i l  t h e y  b e c o m e  b l u r r e d  a s  t h e  
n e a r  p o i n t  o f  a c c o m m o d a t i o n  i s  p a s s e d .  
F i n a l l y ,  t o  q u o t e  L i p p m a n n ,  t o  w h o m  t h i s  
e x p e r i m e n t  i s  d u e ,  "  t h e y  w i l l  b e  b e h i n d  
y o u r  h e a d . ”

M u c h  r e s e a r c h  h a s  b e e n  u n d e r t a k e n ,  p a r ­
t i c u l a r l y  d u r i n g  t h e  p a s t  d e c a d e  o r  s o ,  i n t o  
t h e  d e v e l o p m e n t  o f  p h o t o g r a p h i c  s y s t e m s  
e m b o d y i n g  p r i n c i p l e s  s i m i l a r  t o  t h o s e  
i n v o l v e d  i n  L i p p m a n n ’ s  s i m p l e  e x p e r i m e n t .  
A m o n g s t  t h e  m o d i f i c a t i o n s  w h i c h  h a v e  b e e n  
d i c t a t e d  b y  p r a c t i c a l  c o n s i d e r a t i o n s ,  a  f e w  
o f  t h e  m o r e  i m p o r t a n t  a r e :  s m a l l  s p h e r i c a l  
l e n s e s  o r  l e n t i c u l a t i o n s  a s  a  s u b s t i t u t e  f o r  
p i n - h o l e s ;  c y l i n d r i c a l  l e n s e s  o r  l e n t i c u l a t i o n s  
f o r  u s e  i n  c a s e s  w h e r e  p a r a l l a x  a b o u t  o n l y  
o n e  a x i s  i s  r e q u i r e d ,  a n d  l e n t i c u l a t e d  
s c r e e n s ,  g r i d s  a n d  n e t w o r k s  t o  e n a b l e  t h r e e -  
d i m e n s i o n a l  p i c t u r e s  t o  b e  v i e w e d  w i t h o u t  
t h e  d i s a d v a n t a g e s  a t t e n d a n t  u p o n  t h e  
u t i l i z a t i o n  o f  a e r i a l  i m a g e s .  O f  t h e s e  
s y s t e m s ,  t h o s e  p r o p o s e d  b y  Z a f i r o p u l o  
( 1 9 3 4 ) ,  d e  L a s s u s  S a i n t  G e n i e s  ( 1 9 3 4 ) '  a n d  
W a l u s  ( 1 9 4 0 )  a r e  a m o n g s t  t h e  m o s t  i n t e r e s t ­
i n g ,  a n d  w e r e  e v o l v e d  p r i m a r i l y  w i t h  t h e  
o b j e c t  o f  t h e i r  a p p l i c a t i o n  t o  s t e r e o s c o p i c  
k i n e m a t o g r a p h v .

T h e  t y p e  o f  i n t e g r a l  p h o t o g r a p h  w h i c h  
a p p e a r s  t o  o f f e r  t h e  g r e a t e s t  p r o m i s e  o f  
s u c c e s s f u l  a d a p t a t i o n  t o  r a d i o g r a p h y  i s  t h a t  
k n o w n  a s  a  p a r a l l a x  p a n o r a m a g r a m ,  t h e  
n a t u r e  o f  w h i c h  w e  w i l l  t h e r e f o r e  c o n s i d e r  
i n  s o m e  d e t a i l .

T h e  p r i n c i p l e s  i n v o l v e d  i n  p r o d u c i n g  
p h o t o g r a p h s  o f  t h e  p a r a l l a x  p a n o r a m a g r a m  
t y p e  w e r e  f i r s t  d e s c r i b e d  b y  K a n o l t  i n  h i s  
U . S .  P a t e n t  N o .  1 , 2 6 0 , 6 8 2  ( A p p l i c a t i o n  
d a t e ,  J a n u a r y  1 6 ,  1 9 1 5 ) .  I n  t h e  m e t h o d  
f a v o u r e d  b y  K a n o l t ,  a  c a m e r a  h a v i n g  a  
s i n g l e  o b j e c t i v e  o f  t h e  n o r m a l  p h o t o g r a p h i c

F
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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.

F i g .  4 . — P h o t o g r a p h y  b y  p a r a l l a x  
p a n o r a m a g r a m  p r i n c i p l e .

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 
is open, 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?

F i g .  5 . — P r o d u c t i o n  o f  p a r a l l a x  
p a n o r a m a g r a m .

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

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

p a n o r a m a g r a m .

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, vertical 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 in the position E, view­
ing the transparency P through the gap 
in the grid G. Let the eye move gradually 
from E ,  to E „ ,  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 
E ,  and E ,  will be the same as that between 
the images recorded by the camera at the 
opposite ends of an angular transverse equal 
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. If, for example, 
the observer in Fig. 6 moves his head to 
the left, that is, 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 still be maintained. The aspect of the 
view will, of course, change in the opposite 
sense if he moves his head to the right.

This 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

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 vertical 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, 
is 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 line of vision of 
his right eye is also directed on to the 
element RX', whereupon the view will again

p a n o r a m a g r a m .

become orthoscopic. However, as will be 
seen, the distance through which the 
observer can move his head whilst still 
retaining an orthoscopic view is 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 lines 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 = 5d., 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 
— i.e., loss of definition and the necessity fr.r 
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.
W e  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 is a further 
reason why, with high-intensity radiation, 
movement of the tube in 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 is of 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 is1 very thin and, conse- 
■ quently, suitable for use only with radiation 
of low intensity, it must be angled in accord­
ance with the usual practice, as indicated in 
the sketch. W e  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, it may be men­
tioned that Snook’s 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 is 
extremely doubtful whether such grids could 
be manufactured with a sufficiently fine 
pitch to be of practical .use.
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

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 is 
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.

T

F i g .  . 1 0 . — M o v i n g - s u b j e c t  p r i n c i p l e  a p p l i e d  
t o  r a d i o g r a p h i c  m e t h o d  o f  p r o d u c i n g  

p a r a l l a x  p a n o r a m a g r a m .

The value of the information provided by 
stereoscopic radiographs may be greatly 
enhanced in many 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 in 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. W e  are 
primarily concerned' here, however, with
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r a d i o g r a p h i c  p a r a l l a x  p a n o r a m a g r a m s ,  s o  w e  
w i l l  c o n f i n e  o u r  a t t e n t i o n  t o  t h e  u s e  o f  
s c a l e s  w i t h  r a d i o g r a p h s  o f  t h i s  t y p e .

T h e r e  a r e  m a n y  d i f f e r e n t  f o r m s  w h i c h  t h e  
s c a l e  m a y  t a k e ;  i t  m a y ,  . f o r  e x a m p l e ,  b e  s o  
d e s i g n e d  t h a t ,  w h e n  v i e w e d  s t e r e o s c o p i c a l l y ,  
i t  t a k e s  t h e  f o r m  o f  a  s e r i e s  o f  r i n g s ,  e a c h  
r i n g  b e i n g  a t  a  d i f f e r e n t  a p p a r e n t  d i s t a n c e ,  
o r  a  h e l i x  t h e  a x i s  o f  w h i c h  i s  p a r a l l e l  t o  t h e  
v i e w i n g  d i r e c t i o n .  W e  w i l l  a s s u m e  i n  t h e  
p r e s e n t  i n s t a n c e  t h a t  t h e  s c a l e  a d o p t e d  i s  o f  
t h e  f o r m e r  t y p e .  T h e  e a s i e s t ,  a n d  a t  t h e  
s a m e  t i m e  t h e  m o s t  a c c u r a t e  m e t h o d  o f  p r o ­
d u c i n g  t h e  s c a l e  i s  a s  f o l l o w s : —

A  t h r e e - d i m e n s i o n a l  m o d e l  i s  c o n s t r u c t e d  
o f  f i n e  w i r e  o r  o t h e r  m a t e r i a l  w h i c h  i s  
o p a q u e  t o  X - r a d i a t i o n .  I t  i s  p r e f e r a b l e  f o r  
t h e  r i n g s  t o  b e  o f  d i f f e r e n t  d i a m e t e r s  a n d  
s o  a r r a n g e d  t h a t ,  w h e n  v i e w e d  r a d i a l l y ,  t h e  
s h a p e  o f  t h e  m o d e l  i s  a p p r o x i m a t e l y  c o n i c a l ,  
a s  i n  F i g .  I I  ( l e f t ) ,  a n d  w h e n  v i e w e d  a x i a l l y ,  
t h e  r i n g s  a p p e a r  a s  a  s e r i e s  o f  c o n c e n t r i c  
c i r c l e s ,  a s  i n  F i g .  1 1  ( r i g h t ) .  T h e  d i s t a n c e  
b e t w e e n  t h e  c e n t r e s  o f  e a c h  p a i r  o f  a d j a c e n t

F i g .  1 1 .  —  M o d e l  f o r  u s e  i n  m a k i n g  
s t e r e o s c o p i c  s c a l e .

r i n g s  m a y  b e  a n y  c o n v e n i e n t  f r a c t i o n  o f  a n  
i n c h  o r  c e n t i m e t r e ,  a c c o r d i n g  t o  r e q u i r e ­
m e n t s .  T h e  r i n g s  a r e  s u p p o r t e d  i n  p o s i t i o n  
b y  m e a n s  o f  a  f r a m e w o r k  c o m p o s e d  o f  a  
m a t e r i a l ,  s u c h  a s  a  p l a s t i c ,  w h i c h  i s  h i g h l y  
t r a n s p a r e n t  t o  X - r a d i a t i o n .  T h i s  f r a m e w o r k  
i s  d e n o t e d  i n  F i g .  1 1  b y  f .

A s s u m i n g  t h a t  t h e  m o v i n g  s u b j e c t  m e t h o d  
i s  t o  b e  a d o p t e d ,  t h e  m o d e l  i s  p l a c e d  o n  t h e  
m o v i n g  p l a t f o r m  o r  c a r r i e r  n o r m a l l y  u s e d  
f o r  s u p p o r t i n g  t h e  s u b j e c t ,  a n d  s o  p o s i t i o n e d  
t h a t  t h e  a x i s  o f  t h e  "  c o n e  ”  w i l l  c o i n c i d e  
a p p r o x i m a t e l y  w i t h  t h e  c e n t r a l  r a y s  f r o m  
t h e  t u b e  w h e n  t h e  p l a t f o r m  i s  a t  t h e  m i d ­
p o i n t  o f  i t s  t r a v e r s e .  A  r a d i o g r a p h i c  
p a r a l l a x  p a n o r a m a g r a m  o f  t h e  m o d e l  i s  n o w  
m a d e  i n  t h e  u s u a l  m a n n e r .  T h e  r e s u l t i n g  
n e g a t i v e  i s  u s e d  f o r  t h e  p r o d u c t i o n  o f  a  
n u m b e r  o f  p o s i t i v e  t r a n s p a r e n c i e s  b y  d i r e c t  
c o n t a c t  p r i n t i n g .

T h e  s u b j e c t  i n  c o n n e c t i o n  w i t h  w h i c h  a  
s c a l e  i s  t o  h e  u s e d  i s  n o w  p l a c e d  o n  t h e  
p l a t f o r m  i n  t h e  . p o s i t i o n  f o r m e r l y  o c c u p i e d  
b y  t h e  w i r e  m o d e l ,  a n d  a  p a r a l l a x  p a n o -  
r a m a g r a m  i s  p r o d u c e d  T h e  t u b e - f i l m  d i s ­
t a n c e  a d o p t e d  i n  r a d i o g r a p h i n g  t h e  s u b j e c t  
m u s t ,  o f  c o u r s e ,  b e  t h e  s a m e  a s  t h a t  a d o p t e d  
i n  r a d i o g r a p h i n g  t h e  w i r e  m o d e l .  F i n a l l y ,  
t h e  r a d i o g r a p h  o f  t h e  s u b j e c t  a n d  o n e  o f  t h e

p o s i t i v e  t r a n s p a r e n c i e s  a r e  s u p e r i m p o s e d  a n d  
m o u n t e d  b e h i n d  a  s u i t a b l e  v i e w i n g  g r i d ,  
w h e r e u p o n  b o t h  s u b j e c t  a n d  s c a l e  a r e  s e e n  
i n  s t e r e o s c o p i c  r e l i e f .

T h e  a u t h o r  d e s i r e s  t o  t h a n k ,  f i r s t ,  M a j o r  R .  L .  
M a n s i ,  R . A . M . C . ,  f o r  t h e  i n v a l u a b l e  a s s i s t a n c e  
w h i c h  h e  r e n d e r e d  t h e  a u t h o r  i n  h i s  e a r l y  e x p e r i ­
m e n t a l  w o r k  c o n n e c t e d  w i t h  s t e r e o s c o p i c  r a d i o ­
g r a p h y .  O f  t h e  n u m e r o u s  c o n c e r n s  w h i c h  h a v e  
a s s i s t e d  h i m  b y  p r o d u c i n g  e x p e r i m e n t a l  e q u i p ­
m e n t ,  s o m e t i m e s  u n d e r  e x t r e m e l y  d i f f i c u l t  c o n ­
d i t i o n s ,  t h e  a u t h o r  i s  p a r t i c u l a r l y  d e s i r o u s  o f  
r e c o r d i n g  h i s  a p p r e c i a t i o n  o f  t h e  p a i n s t a k i n g  
w o r k  c a r r i e d  o u t  b y  M r .  A .  H .  C o m p t o n ,  o f  
M e s s r s .  F . .  K .  W a t t s  a n d  S o n ,  - L t d . ,  a n d  b y  t h e  
R e s e a r c h  D e p a r t m e n t  o f  M e s s r s .  K o d a k ,  L t d . ,  
i n  p r o v i d i n g  h i m  w i t h  r a d i o g r a p h i c  g r i d s ,  a n d  
b y  M e s s r s .  C a m b a r  E n g i n e e r i n g  P r o d u c t s  i n  p r o ­
d u c i n g  t h e  m e c h a n i c a l  p a r t s  o f  h i s  a p p a r a t u s .  
F i n a l l y ,  h e  w i s h e s  t o  t h a n k  D r s .  H .  F o y  a n d  
A .  W .  J .  H o u g h t o n  f o r  t h e i r  g e n e r o u s  h e l p  a n d  
e n c o u r a g e m e n t ,  b u t  f o r  w h i c h  i t  w o u l d  n o t  h a v e  
b e e n  p o s s i b l e  t o  b r i n g  t h e  s u b j e c t  o f  t h i s  p a p e r  
t o  t h e  a t t e n t i o n  o t  t h e  I n s t i t u t e  a t  t h e  p r e s e n t  
t i m e .

N.B.—Attention is drawn to the fact that the newly 
developed methods of stereoscopic radiography and the use 
of stereoscopic scales described in Part 3 of the above paper 
are covered by various British and foreign patents ou rci 
by the author.

V iew s o f an Industrial Radiologist
L. R. Carr, Radiologist, John Dale, Lt J., analyses the 
technical and economic significance of Dudley »inven­
tion from the standpoint of the metallurgist and 

foundryman.
T h e  t e c h n i q u e s  o f  s t e r e o s c o p i c  r a d i o g r a p h y  

d e v e l o p e d  b y  D u d l e y  a n d  d e s c r i b e d  i n  t h e  p r e ­
c e d i n g  p a p e r  w e r e  e v o l v e d  p r i m a r i l y  w i t h  a  
v i e w  t o  t h e i r  a p p l i c a t i o n  i n  t h e  m e d i c a l  f i e l d ,  
l t  w a s  r e a l i z e d  a t  o n c e ,  h o w e v e r ,  t h a t  t h e y  
m i g h t  p r o v e  n o  l e s s  v a l u a b l e  t o  t h e  i n d u s t r i a l  
r a d i o l o g i s t ;  w e  t h e r e f o r e  o w e  t h a n k s  t o  "  L i g h t  
M e t a l s  "  a n d  t o  t h e  B r i t i s h  I n s t i t u t e  o f  R a d i o ­
l o g y  f o r  e n a b l i n g  t h e s e  d e v e l o p m e n t s  ;  t o  b e  
b r o u g h t  t o  t h e  a t t e n t i o n  o f  t h e  l i g h t - m e d a l s  
i n d u s t r y .  I t  i s  b e l i e v e d  t h a t  s o m e  c o m m e n t s  
b y  a  m e t a l l u r g i c a l  r a d i o l o g i s t  m a y  b e  o f  a s s i s t ­
a n c e  i n  a s s e s s i n g  t h e  v a l u e  o f  t h e s e  n e w  s t e r e o -  
r a d i o g r a p h i c  m e t h o d s  i n  t h e  l a t t e r  s p h e r e .

T h e  p r o b l e m  o f  t h e  l o c a t i o n  o f  d e f e c t s  i s  o n e  
w h i c h  i s  c o n s t a n t l y  c o n f r o n t i n g  t h e  r a d i o l o g i s t .  
I n  n o r m a l  p r a c t i c e  h e  a t t e m p t s  t o  s o l v e  i t  b y  
t a k i n g  a  n u m b e r  o f  s h o t s  f r o m  d i f f e r e n t  a n g l e s .  
T h i s  i s  o f t e n  n o t  w h o l l y  s a t i s f a c t o r y ,  a n d  i t  m a y  
b e  n e c e s s a r y  t o  s u p p l e m e n t  r a d i o g r a p h i c  e v i ­
d e n c e  b y  c u t t i n g  a n d  p o l i s h i n g  s e c t i o n s — a  t e d i ­
o u s  p r o c e s s  a n d  o n e  o f  r a t h e r  a  “  h i t  o r  m i s s  "  
n a t u r e .  I f  o n e  i s  l o o k i n g  f o r  a  f i n e  d e f e c t ,  a  
s i n g l e  s t e r e o s c o p i c  v i e w  c o u l d  g i v e  m o r e  u s e f u l  
i n f o r m a t i o n  t h a n  t w o  o r  e v e n  m o r e  o r d i n a r y  
r a d i o g r a p h s .  I t  i s  t r u e  t h a t  a  m u l t i p l i c i t y  o f  
s h o t s  i s  o f t e n  m a d e  n e c e s s a r y  b y  v a r i a t i o n s  i n  
s e c t i o n  t h i c k n e s s ,  a n d  n o t  o n l y  b y  t h e  n e e d  f o r  
l o c a t i n g  d e f e c t s ,  b u t  t h e r e  c a n  b e  n o  d o u b t  t h a t ,  
o n  t h e  w h o l e ,  t h e  n u m b e r  o f  s h o t s  r e q u i r e d  
c o u l d  b e  r e d u c e d  b y  t h e  u s e  o f  a  g o o d  s t e r e o ­
s c o p i c  t e c h n i q u e .

I n  v i e w  o f  t h e  . f a c t  t h a t ,  i n  D u d l e y ' s  m e t h o d ,  
t h e  s t e r e o  r a d i o g r a p h ,  c o r r e s p o n d i n g  t o  a  m u l t i ­
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p l i c i t y  o f  s h o t s  f r o m  d i f f e r e n t  a n g l e s ,  i s  p r o d u c e d  
o n  a  s i n g l e  f i l m ,  a n  i m p o r t a n t  e c o n o m i c  a d v a n ­
t a g e  i n  t h e  s a v i n g  o f  f i l m  r e s u l t s ,  q u i t e  a p a r t  
f r o m  t h e  f a c t  t h a t  s u c h  r a d i o g r a p h  p r o v i d e s  
b e t t e r  i n f o r m a t i o n .

R a d i o l o g i c a l  e x a m i n a t i o n  s e r v e s  t w o  p u r p o s e s  
i n  a  f o u n d r y :  f i r s t ,  t h e  d e v e l o p m e n t  a n d  c o n ­
t r o l  o f  c a s t i n g  t e c h n i q u e s ,  a n d  s e c o n d l y ,  t h e  
i n s p e c t i o n  o f  f i n i s h e d  c a s t i n g s .  O f  t h e s e ,  t h e  
f i r s t  i s  t h e  m o r e  f u n d a m e n t a l ,  a n d  i n  t h e  f u t u r e  
i s  l i k e l y  t o  i n c r e a s e ,  r e l a t i v e l y  t o  r o u t i n e  i n s p e c ­
t i o n ,  i n  b o t h  q u a l i t y  a n d  i m p o r t a n c e .  I n  t h i s  
d e v e l o p m e n t ,  w o r k  t h e  e m p h a s i s  i s  o n  q u i c k ,  
a c c u r a t e  d i a g n o s i s  a n d  l o c a t i o n  o f  d e f e c t s ,  a n d  
s t e r e o s c o p y  s h o u l d  b e  a b l e  t o  h e l p  . t h e  r a d i o ­
l o g i s t  g r e a t l y  i n  a c h i e v i n g  t h i s .  T h e r e  i s ,  t o o ,  
a n o t h e r  a d v a n t a g e .  D e v e l o p m e n t  a n d  c o n t r o l  
o b v i o u s l y  i n v o l v e  c l o s e  c o - o p e r a t i o n  b e t w e e n  
r a d i o l o g i s t  a n d  f o u n d r y  m a n .  I t  i s  a  g o o d  t h i n g  
f o r  t h e  l a t t e r  a c t u a l l y  t o  s e e  t h e  r a d i o g r a p h s ,  
b u t  w i t h  c a s t i n g s  o f  c o m p l i c a t e d  s h a p e ,  i t  m a y  
b e  q u i t e  d i f f i c u l t ,  e v e n  f o r  t h e  r a d i o l o g i s t  h i m ­
s e l f  t o  s e e  w h e t h e r  d e f e c t s  a r e  o c c u r r i n g  a n d  t o  
p i e c e  t o g e t h e r  t h e  e v i d e n c e  o f  s h o t s  t a k e n  a t  
s e v e r a l  a n g l e s .  T o  b e  a b l e  t o  s h o w  t h e  f o u n d  r y -  
m a n  a  c l e a r  s t e r e o s c o p i c  v i e w  w o u l d  b e  a  b i g  
h e l p  i n  m a k i n g  t h i s  c o - o p e r a t i o n  e a s y  a n d  
e f f e c t i v e .

S i m i l a r l y ,  i n  t h e  f i e l d  o f  r o u t i n e  i n s p e c t i o n ,  
t h e r e  a r e  u s e f u l  a d v a n t a g e s  t o  b e  g a i n e d .  T h e  
s e n t e n c i n g  o f  a  c a s t i n g  o f t e n  d e p e n d s ,  n o t  j u s t  
o n  k n o w i n g  w h e t h e r  a  d e f e c t  i s  p r e s e n t ,  b u t  a l s o  
o n  k n o w i n g  i t s  p o s i t i o n .  F o r  e x a m p l e ,  b l o w ­
h o l e s  a r e  u s u a l l y  u n i m p o r t a n t  u n l e s s  t h e y  w i l l  
b e  b r o k e n  i n t o  w h e n  t h e  c a s t i n g  i s  m a c h i n e d .  
I t  i s  f r e q u e n t l y  d i f f i c u l t ,  h o w e v e r ,  t o  j u d g e  t h i s  
w i t h o u t  t a k i n g  e x t r a  s h o t s ,  a n d  i t  m a y  b e  m o r e  
e c o n o m i c a l  t o  s c r a p  t h e  c a s t i n g  t h a n  t o  d o  t h i s .  
S t e r e o s c o p i c  r a d i o g r a p h s  c o u l d  g i v e  m u c h  h e l p  
i n  s u c h  c a s e s ,  p a r t i c u l a r l y  i f  t h e  s u g g e s t e d  u s e  
o f  s t e r e o s c o p i c  s c a l e s  b e  a d o p t e d .

E n o u g h  h a s  b e e n  s a i d ,  a l t h o u g h  i n  r a t h e r  
g e n e r a l  t e r m s ,  t o  s h o w  t h e  p o t e n t i a l  a d v a n t a g e s  
i n f i e r e n t  i n  t h e  u s e  o f  s t e r e o s c o p i c  r a d i o g r a p h y .  
T h e  t e c h n i q u e ,  h o w e v e r ,  m u s t  p r o d u c e  r a d i o ­
g r a p h s  o f  h i g h  s e n s i t i v i t y  a n d  d e f i n i t i o n ;  i t  m u s t  
b e  a d a p t a b l e  t o  r o u t i n e  o p e r a t i o n s ,  a n d  i t  m u s t  
b e  e c o n o m i c a l .  I t  i s  i n  t h e s e  r e s p e c t s  t h a t  t h e  
n e w  m e t h o d  d e s c r i b e d  b y  D u d l e y  s e e m s  p o t e n ­
t i a l l y  s o  i m p o r t a n t .  I t  h a s ,  o f  c o u r s e ,  b e e n  
p o s s i b l e  f o r  a  l o n g  t i m e  t o  p r o d u c e  s t e r e o s c o p i c  
r a d i o g r a p h s ,  b u t  a l l  t h e  m e t h o d s  h i t h e r t o  a v a i l ­
a b l e  w h i c h  a r e  k n o w n  t o  t h e  w r i t e r  h a v e  b e e n  
c u m b e r s o m e  a n d ,  i n  h i s  o p i n i o n ,  c e r t a i n l y  n o t  
s u i t a b l e  f o r  l a r g e - s c a l e  a p p l i c a t i o n ,  a s  t h e y  
i n v o l v e  t w o  e x p o s u r e s  o n  s e p a r a t e  f i l m s  t a k e n  
w i t h  t w o  d i f f e r e n t  t u b e s  o r  c a s t i n g  p o s i t i o n s ,  a n d  
n e e d i n g  s p e c i a l  v i e w i n g  a p p a r a t u s .

D u d l e y  h a s  d e s c r i b e d  f o u r  m a i n  m e t h o d s  o f  
p r o d u c i n g  t h e  p a r a l l a x - p a n o r a m a g r a m  t y p e  o f  
s t e r e o  r a d i o g r a p h .  A  p h o t o g r a p h i c  m e t h o d  m a y  
b e  w e l l  w o r t h  d e v e l o p i n g  f o r  s p e c i a l  c a s e s .  
E x a m p l e s  w h i c h  c o m e  a t  o n c e  t o  m i n d  a r e  t h e  
r o u t i n e  c h e c k i n g  o f  t h e  a l i g n m e n t  o f  a s s e m b l i e s  
s u c h  a s  v a l v e s ,  a n d  t h e  r e p l a c e m e n t  o f  s c r e e n ­
i n g  b y  a  p r o c e s s  o f  s t e r e o s c o p i c  * *  m a s s  r a d i o ­
g r a p h y . ' ’  S c r e e n i n g  i s  a  f a t i g u i n g  p r o c e s s ,  a n d  
w i t h  c o m p l i c a t e d  c a s t i n g s  c a n  b e  v e r y  s l o w  
o w i n g  t o  t h e  n e e d  f o r  r o t a t i n g  t h e  o b j e c t  i n t o  
a l l  p o s s i b l e  p o s i t i o n s  r e l a t i v e  t o  t h e  X - r a y  b e a m .  
T h e  t e n d e n c y  a t  t h e  m o m e n t  i s  t o  d i s p e n s e  
w i t h  s c r e e n i n g  a s  m u c h  a s  p o s s i b l e ,  b u t  t h e r e  
m i g h t  w e l l  b e  g r e a t  s c o p e  f o r  a  p r o c e s s  w h i c h  
p r o d u c e d  s t e r e o s c o p i c  r a d i o g r a p h s  o f  t h e  i m a g e s

p r o d u c e d  o n  a  f l u o r e s c e n t  s c r e e n .  I t  w o u l d  g i v e  
m u c h  m o r e  i n f o r m a t i o n  t h a n  o r d i n a r y  s c r e e n i n g ,  
a n d  a t  t h e  s a m e  t i m e  b e  m o r e  e c o n o m i c a l  a n d  
r a p i d  t h a n  o r t h o d o x  r a d i o g r a p h y .

O f  t h e  f o u r  m e t h o d s  d e s c r i b e d ,  h o w e v e r ,  t h e  
m o v i n g - s u b j e c t  r a d i o g r a p h i c  o n e  s e e m s  m u c h  
t h e  m o r e  s u i t a b l e  f o r  g e n e r a l  a p p l i c a t i o n .  T h e  
s i m p l i c i t y  a n d  e c o n o m y  o f  t h i s  t e c h n i q u e  c o m ­
p a r e d  w i t h  p r e v i o u s  s y s t e m s  i s  m o s t  i m p r e s s i v e .

T h e  v i e w i n g  o f  t h e  f i l m ,  t o o ,  i s  s i m p l e .  I t  i s  
p l a c e d  o n  a n  o r d i n a r y  v i e w i n g  s c r e e n ,  t o g e t h e r  
w i t h  a  r a d i o g r a p h i c  t r a n s p a r e n c y  o f  a  g r i d  o f  
t h e  s a m e  d i m e n s i o n s  a s  t h a t  u s e d  i n  t a k i n g  t h e  
r a d i o g r a p h .  S e e n  t h r o u g h  t h i s  g r i d  t h e  r a d i o ­
g r a p h  p r e s e n t s  t o  t h e  o b s e r v e r  a n  i m a g e  w h i c h  
s t a n d s  o u t  a t  o n c e  i n  i t s  t h r e e - d j m e n s i o n a l  
c h a r a c t e r .  A n  i n t e r e s t i n g  p o i n t  i s  t h a t  a  m a g n i ­
f i c a t i o n  o f  t h e  s t e r e o s c o p i c  e f f e c t  c a n  b e  p r o ­
d u c e d  b y  v a r y i n g  t h e  d i s t a n c e  b e t w e e n  t h e  g r i d  
a n d  t h e  r a d i o g r a p h .

T h e  r a d i o g r a p h i c  g r i d  u s e d  i n  t h i s  p r o c e s s  
s h o u l d  h e l p  g r e a t l y  t o  c u t  o u t  s c a t t e r e d  r a d i a ­
t i o n ,  a n d  t h i s  i s  a  m o s t  i m p o r t a n t  c o n s i d e r a t i o n  
i n  o b t a i n i n g  a  h i g h - q u a l i t y  r a d i o g r a p h .  F u r t h e r ­
m o r e ,  t h e  c o n t i n u o u s l y  c h a n g i n g  a n g l e  o f  t h e  
b e a m  r e l a t i v e  t o  t h e  c a s t i n g  t h r o u g h o u t  t h e  
e x p o s u r e  m a y  h e l p  i n  r e s o l v i n g  f i n e  d e f e c t s  
w h i c h  w o u l d  n o t  b e  r e g i s t e r e d  i n  t h e  o r d i n a r y  
w a y .  F o r  e x a m p l e ,  t o  d e t e c t  a  f i n e  c r a c k  b y  
r a d i o g r a p h y  i t  i s  n e c e s s a r y  f o r  t h e  b e a m  t o  b e  
n e a r l y  p a r a l l e l  t o  t h e  p l a n e  o f  t h e  c r a c k .  T h i s  
i s  o b v i o u s l y  r a t h e r  a  f o r t u i t o u s  c o n d i t i o n  w h e n  
t h e  r a d i o g r a p h  i s  t a k e n  w i t h  o n e  d i r e c t i o n  o f  
b f c a m  o n l y ,  b u t  t h e  r o t a t i o n  o f  t h e  c a s t i n g  w o u l d  
h e l p  c o n s i d e r a b l y  i n  m a k i n g  t h i s  c o n d i t i o n  m o r e  
l i k e l y  t o  b e  s a t i s f i e d .

W e  m u s t  a l s o  c o n s i d e r  t h e  e c o n o m i c  i m p l i c a ­
t i o n s  o f  t h e  m e t h o d ,  a n d  t h e r e  s e e m s  t o  b e  o n e  
d i s a d v a n t a g e  i n  t h i s  r e s p e c t .  T h e  u s e  o f  t h e  
g r i d  w i l l  c e r t a i n l y  i n c r e a s e  t h e  e x p o s u r e  t i m e  
r e q u i r e d .  I t  i s  e s t i m a t e d  t h a t  a b o u t  f o u r  t i m e s  
t h e  n o r m a l  i s  n e e d e d .  I n  t h e  c a s e  o f  l i g h t  a l l o y s  
w h e r e  e x p o s u r e  t i m e s  a r e  s h o r t ,  t h i s  s h o u l d  n o t  
b e  a  s e r i o u s  d i s a d v a n t a g e ,  p a r t i c u l a r l y  i n  v i e w  
o f  t h e  o t h e r  a d v a n t a g e s  t o  b e  g a i n e d .  I n  t h e  
c a s e  o f  t h e  h e a v i e r  m e t a l s ,  w h e r e  e x p o s u r e s  a r e  
m e a s u r e d  i n  m i n u t e s  o r  e v e n  h o u r s  r a t h e r  t h a n  
i n  s e c o n d s ,  i t  i s  a  m o r e  s e r i o u s  m a t t e r .  
I n  a n y  c a s e ,  t h i s  e f f e c t  i s  m i n i m i z e d  b y  t h e  f a c t  
t h a t  i n s t e a d  o f  t w o  o r  m o r e  e x p o s u r e s ,  o n l y  o n e  
m a y  b e  n e c e s s a r y .  T h u s  w e  h a v e  t o  b a l a n c e  t h e  
t i m e  t a k e n  f o r  s e v e r a l  e x p o s u r e s  i n v o l v i n g  t h e  
d e l a y  i n  c h a n g i n g  t h e  f i l m  a n d  r e s e t t i n g  t h e  
c a s t i n g ,  a g a i n s t  t h a t  n e e d e d  f o r  a  s i n g l e  e x p o s u r e  
o f  f o u r  t i m e s  t h e  o r d i n a r y  l e n g t h .  A s  a n  a d d i ­
t i o n a l  o f f s e t ,  t h e r e  i s  t h e  p r o b a b l e  e c o n o m y  
a l r e a d y  m e n t i o n e d ,  i n  t h e  s a v i n g  o f  f i l m ;  a  
s t e r e o s c o p i c  r a d i o g r a p h  o n  a  s i n g l e  f i l m  m a y  
r e p l a c e  s e v e r a l  r a d i o g r a p h s  o n  s e p a r a t e  f i l m s .

T o  s u m  u p ,  i t  c a n  b e  s a i d  t h a t  t h , e  u s e  o f  
s t e r e o s c o p i c  r a d i o g r a p h y  o f f e r s  g r e a t  p o t e n t i a l  
a d v a n t a g e s ,  a n d  t h a t  t h e  t e c h n i q u e  d e s c r i b e d  
a n d  d e m o n s t r a t e d  b y  D u d l e y  i s  a  m o s t  i m p o r t ­
a n t  d e v e l o p m e n t .  I t  p r o v i d e s  t h e  o p p o r t u n i t y  
o f  u s i n g  s t e r e o s c o p i c  r a d i o g r a p h y  t o  a  d e g r e e  
w h i c h  b e f o r e  h a s  n o t  b e e n  p o s s i b l e .  I t  m u s t  
b e  r e m e m b e r e d  t h a t  t h i s  j u d g m e n t  i s  f o u n d e d  
o n  t h e o r e t i c a l  c o n s i d e r a t i o n s  a n d  t h a t  o n l y  b y  
p r a c t i c e  c a n  t h e  r e a l  m e r i t s  o f  t h e  s y s t e m  b e  
f u l l y  a s s e s s e d .  I t  i s  c e r t a i n ,  h o w e v e r ,  t h a t  t h e  
m e t h o d  h o l d s  g r e a t  p o s s i b i l i t i e s ,  a n d  r e c e n t  n e w s  
t h a t  t h e  d e v e l o p m e n t  o f  c o m m e r c i a l  m o d e l s  o f  
t h e  a p p a r a t u s  i s  s h o r t l y  t o  b e  c o m m e n c e d  i s  
r e g a r d e d  a s  b e i n g  o f  t h e  u t m o s t  i m p o r t a n c e .
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Light Metals in

F I R E - F I G H T I N G  E Q U I P M E N T

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

AL T H O U G H  it is now over 40 years 
since lig h t m etals m ade the ir 
first appearance  as constructional 
m ateria ls for fire-fighting equ ipm en t, their 

use in th is connection is still n o t w idely 
know n. T h is m ay  be due in p a r t to the 
specialized charac te r of th is field, as a 
result of w hich technical advances w hich

do no t rad ically  affect the appearance  of 
the  equ ipm en t are  no t likely  to be b rough t 
to the notice of th e  public  a t  large.

T here  are , how ever, a t least tw o rea ­
sons w hy this sta te  of affairs should be 
corrected , a t  least, in so fa r  as engineers 
are  concerned. T he  first reason centres 
on the fac t th a t  m an y  of th e  app lications

C O N S T R U C T E D  
V - /  i n  1 9 3 7  f o r  t h e  
f i r e  d e p a r t m e n t  o f  
D u b l i n  C o r p o r a t i o n ,  
t h i s  f i r e  e n g i n e  
f e a t u r e s  n u m e r o u s  
a l u m i n i u m  - a l l o y  
c o m p o n e n t s ,  a m o n g s t  
w h i c h  m a y  b e  n o t e d  
t h e  c a s t  s u p e r l u m i n  
p u m p  b o d y .
fCourtesy, Mcrryu'eather 
and Sons, Ltd.)

T H E  s e r v i c e a b i l i t y  
o f  l i g h t  m e t a l  i n  

f i r e - f i g h t i n g  e q u i p ­
m e n t  i s  d e m o n s t r a t e d  
b y  t h e  e a r l y  p e t r o l -  
d r i v e n  o u t f i t  s h o w n  
a t  t h e  l e f t .  T h e  
p u m p  b o d y  w a s  c a s t  
i n  a n  a l u m i n i u m  
a l l o y ,  a n d  t h e  a p ­
p a r a t u s  w a s  i n  r e g u ­
l a r  u s e  f o r  3 0  y e a r s .
(Courtesy, Mcrryweather 
and Sons, Ltd.)
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in fire ligh ting  for w hich ligh t m etals 
h av e  been developed w ith  g rea t success 
can be tran sla ted  m ore o r less d irectly  into 
o ther fields of engineering practice , or, a t 
least, can p rovide add itiona l d a ta  on 
w hich to  base the design of o th e r lig h t­
w eight constructional un its . L ong  fire- 
escape ladders, for instance, possess a  
sim ilarity  of design to  crane  jib s and  
drag-line boom s, and , a lthough  the first 
differ in  so fa r  as th e  fu ll leng th  m ust te le­
scope into tran spo rtab le  divisions and  
also in  th a t  it is im possible to  relieve the 
stresses in the fully ex tended  stru c tu re  by 
th e  use of guy ropes, nevertheless, p roved  
designs m ay assist m ateria lly  in* th e  evolu­
tion  of light m etal booms a n d  jibs.

H ow ever, th e  value  of Superlum in  and  
of o ther a lum in ium -base casting  alloys 
has been proved  b y  long-tim e ser­
vice tests; specim ens of equ ipm en t 
in a lum in ium  casting  alloys w hich 
have  been in constan t use for 18 
o r 20 years are  in the possession of 
the M erry w eather Co., an d  even th e  m ost 
rigorous exam ination  h as failed to  detec t 
an y  u n tow ard  deterio ra tion  due to  corro­
sion o r to  the abno rm ally  h eav y  service 
w hich  m any  of th e  com ponents are  called 
upon  to  w ithstand .

T he m otive w hich p rom p ted  th e  com ­
m ercial use of a  m etal, th e  p roperties of 
w hich w ere by  no  m eans so well know n 
40 years ago as they  are  to-day, was

C H O W N  h e r e  i s  t h e  
x J  a l u m i n i u m  -  a l l o y  f i r e  
e s c a p e  d e s i g n e d  a n d  c o n ­
s t r u c t e d  f o r  t h e  B r u s s e l s  
F i r e  B r i g a d e .  I t  w e i g h e d  
1 , 3 0 0  k g .

T he second reason is th a t a  special 
alloy has been evolved w hich , a lthough  
designed p rim arily  to satisfy th e  stringen t 
requirem ents o f fire fighting, m ay  also be 
of va lue  in  o th e r b ranches of engineering 
in w hich sim ilar conditions m ust be fu l­
filled. K now n as S uperlum in , th is alloy 
has been developed b y  the M erryw eather 
Co. in L ondon, w hich profited by  its 
un ique experience in th e  m anu fac tu re  and  
upkeep of fire-fighting a p p a ra tu s  to evolve 
a  m ateria l'co m b in in g  the  qua lities o f cor­
rosion resistance, m echanical streng th  and  
low density .

T he opera ting  conditions of fire-fighting 
equ ipm en t a re  generally  beyond  the con­
trol of the user, an d  the ap p a ra tu s  m ay  be 
called  upon  to face n o t on ly  th e  com para­
tively  mild influence of m ains w ater, b u t 
also the u n ce rta in ,, b u t u sually  h igh ly  
corrosive, action  of w ater d ra ined  from  
pea ty  soil, o r even m ine w ater, w hich is 
notoriously  destructive .

p rim arily  th a t of reducing  the deadw eight 
of p a rts  such as gearboxes an d  pum p 
bodies, w hich h ad  p rev iously  been cast in 
gunm eta l, b u t w hich w ere then being 
g rea tly  increased in size an d  w hich  w ere 
ham pering  the m obility  of th e  equ ipm ent 
by  ad d in g  so m uch to  its deadw eight. 
W hilst an excellent m ateria l fo r the p u r­
pose in m ost o th e r respects, gunm eta l pos­
sesses a  specific g rav ity  of 8 an d  m ay, 
therefore, be unsu itab le  for use in  h igh ly  
m obile equ ipm ent. S uperlum in  h as a  
specific g rav ity  less th an  3; it  can  b e  sand 
cast o r die cast, an d  its  m echanical p ro­
perties are p rac tica lly  equal to  those of 
gunm eta l. B road ly  speaking, th e  w eight 
o f com ponents in light alloy is a  th ird  of 
th a t of sim ilar fittings in gunm eta l; occa­
sionally  it  is less th a n  a th ird , as in the 
case o f the d iv id ing  breech ing  referred  to 
la ter, w hilst in  o th e r cases th e  ra tio  m ay 
be slightly  m ore th an  1:3 ow ing to  m inor 
m odifications in design due to  th e  d ifferent
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casting  properties, e tc ., of the ligh t alloy. 
T ab le  1 com pares th e  w eights of typ ical 
M erryw eather com ponents in  gunm eta l 
an d  in  Superlum in.-

T a b l e  1 . — C o m p a r i s o n  o f  W e i g h t s  o f  T y p i c a l  
C o m p o n e n t s  i n  G u n m e t a l  a n d  S u p e r l u m i n .

Component Gunmetal Superlumin

Key and bar 4J lb.
Instantaneous coupling 6 i lb. 2 lb. 6 oz.
"  Brigade V ”  coupling 5 lb. 0.5 oz. 1 lb. 12.5 oz.
Branchpipc 5 lb. 1 oz. 2 lb. 6 oz.
Standpipe 23 lb. 7 lb.
Breeching 13 lb. 4 lb. 11 oz.

E volution  of L ight A lloy Components
T he earliest fprm s of fire-fighting equip­

m ent were constructed  of wood, lea th er 
an d  riveted  sheet iron , , th e  pum ps being 
h an d  opera ted  an d  capab le  of delivering 
a  q u a rt o r so of w ate r per stroke to  the 
he ig h t of -a few feet. E x ten d in g  escapes 
w ere unknow n, and , indeed, ra re ly  neces­
sary , as tall bu ild ings w ere then  few in 
num ber. W ith  th e  need for increasing 
th e  pow er and  a d ap ta b ility  of th e  equ ip ­
m en t cam e also th e  even g rea te r necessity 
of increasing its speed of m ovem ent and , 
w ith  th e  evolution  of th e  petro l-d riven  
m otor pum p and  its d isplacem ent o f the 
okl horse-draw n steam -driven  equ ipm ent, 
cam e a  realization  of th e  need for ligh t 
w eight.

In  1904, th e  M erryw eather concern 
constructed  one of the new m otor 
fire engines for L ord  R othsch ild , and 
included a gearbox  an d  a pum p body 
sand  cast in  alum inium -copper-zinc alloy. 
As the pum p bo d y  no rm ally  form ed one 
of the heaviest, ind iv idua l com ponents in 
th e  struc tu re , th e  sav ing  in  w eigh t w as 
v ery  considerable. P erform ance w as 
excellent, an d  th is m achine saw  30 y ea rs’ 
service before being broken  up .

F rom  th is beginn ing , num erous success­
ful experim ents h av e  show n the  value  of 
p roducing  m any differen t com ponents in 
ligh t alloys. Some of these a re  illu stra ted . 
L igh t-a lloy  couplings and  div id ing  
breeches of various types are  easier to 
hand le  ow ing to  th e ir  reduced w eight, and  
th e ir  use reduces the tim e taken  in 
assem bling th e  lines. C om ponents such 
as these a re  genera lly  p roduced  b y  die

casting . P a rtic u la r in terest a ttach es to 
the m ale m em ber of the coupling, w hich 
is die cast com plete w ith  th read  an d  is n o t 
m achined in an y  w ay  w hatsoever. In  
cases w here com paratively  fine th reads 
are em ployed, o r w here th e  com ponent is 
of re latively  sm all size, there  is a danger 
of seizing w hen b o th  m ale an d  fem ale 
m em bers are m ade of lig h t alloy , due to 
d isto rtion  of th e  th read  as th e  resu lt of 
co n stan t h eav y  use, an d , in such 
instances, th e  sm aller a ttach m en t is p re ­
ferab ly  m ade of gunm eta l su itab ly  
th readed  to screw  on to  its a lum in ium  
alloy co un te rpart. L arge-th readed  com ­
ponen ts o r those prov ided  w ith  th e  special 
round  th read  specified by  certa in  fire 
b rigades can b o th  be m ade satisfactorily  
in ligh t m etal.

T he in s tan taneous type  coupling illus­
tra ted  is in teresting  from  the p o in t o f view  
of design. I t  is one of th e  push-in  type, 
the m ale m em ber being  engaged, w hen 
in position, by  two diam etrically  opposed 
spring-loaded b rass catches, and  bearing  
dow n on a  specially  shaped  ru b b er w asher 
so designed th a t, w hen w ater s ta rts  flow'- 
ing th ro u g h  the coupling, th e  w asher is 
forced ou tw ards tig h t ag a in s t the junction  
of th e  m ale and  fem ale m em bers, thus 
rendering  the coupling w atertigh t.

C ertain  fittings consist of tw o or m ore 
p a rts  flanged an d  bo lted  together. T he 
bolts are  of h eat-trea ted  du ra lum in , 
w hich, besides fulfilling all the  requ ire ­
m ents of streng th , is said to obv ia te  the 
slight danger of electrolytic corrosion 
which m ight occur if o ther non-ferrous 
alloys w ere used. Also illu stra ted  are  a  
tu rnkey  an d  b a r  w eighing 10 lb . less th an  
its  co u n te rp a rt in  heavy  m etal, an d  a  
sand-cast S uperlum in  standp ipe  w eighing 
only  7 lb ., as aga in s t 23 lb . in  h eav y  
alloy. As an  illu stra tion  of the ductility  
of the ligh t alloy em ployed, it m ay  be 
m entioned th a t  the  barre l of th is  light- 
alloy s tandp ipe  could be ham m ered  Hat 
w ith o u t sp litting , and , a t  the th readed  
coupling to  w hich  th e  hose is a ttach ed , it 
could be squeezed oval in a  vice w ithou t 
rup tu re .

P um p  bodies, w hich form ed one of the 
earliest app lica tions of ligh t alloys in  fire-
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I L L U S T R A T E D  a b o v e  a n d  a t  t h e  l e f t  i s  
• I  t h e  l i g h t - a l l o y  f i r e  e s c a p e  o f  t h e  B r u s s e l s  
F i r e  B r i g a d e ,  s h o w n  i n  t h e  e l e v a t e d  a n d  
f u l l y  e x t e n d e d  p o s i t i o n s  r e s p e c t i v e l y .  T h e  
h e i g h t  o f  t h e  e s c a p e ,  i n  t h e  l a t t e r  c a s e ,  i s  
4 2  m e t r e s .

use of th e  U .S . F o res t Service an d  S tate  
F o res try  D epartm en ts . T h is  m achine 
w as capab le  of delivering  63 gallons of 
w ate r per m in u te  a t  a  p ressure of 100 J b .  
per sq . in ., o r  40 gallons a t  200 lb . p e r sq. 
in . A  po rtab le  p ressure p um p  of G erm an 
orig in  in tended  fo r use by  th e  fire services 
incoqnorated several housings in cast m ag­
nesium  alloy, w hilst th e  carrier itself was 
m ade of w elded tubes of E lek tro n  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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fighting equ ipm ent, continue to be con­
stru c ted  in  lig h t alloy. I llu s tra ted  is a 
m odern  fire engine constructed  in 1937 for 
the fire dep a rtm en t of D ublin  C orpora­
tion . T he app lications of a lum in ium  
alloys in th is m achine include th e  pum p 
b ody , w hich w as cast in Superlum in . 
A lso illu stra ted  is a m oto r fire engine con­
s tructed  b y  F e rd . Schenk, W orblaufen- 
B erne, in w hich the pum p body  and the 
fou r o u tle t cocks are  all of c as t a lum in ium  
alloy . A lum inium  alloy  castings w ere 
p rincipally  em ployed for the p um p  of a 
p o rtab le  pum ping  u n it supplied  for the
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Once achieved, how ever, the result 
revealed  a strik ing  com bination  of lig h t­
ness and  strength .
As an example m a y  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 lb., of which 2,250 lb. 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 lb., 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 itself 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 tilt, 
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 lb. 
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

70 degrees C., the ladder cannot be 
gripped in the hands and is, 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 least, 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.

TRAILER p u m p  a u x i l i a r i e s ,  w i t h  p u m p  
b o d y  a n d  f o u r  o u t l e t  c o c k s  i n  c a s t  a l u ­
m i n i u m  a l l o y .  ( F e r d - S c h e n k ,  W a r b l a u f c n -

B e r n e . )

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 m a n ­
power, and, at times, were loaded from 
top to bottom. They were not harmed by 
the fire, although one was badly twisted 
by a falling wall, 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, N e w  Jersey. The 
largest fire engine, with a pump deliver­
ing 1,500 gallons of water per minute at 
120 lb. pressure, in addition to being 
equipped with aluminium alloy ladders, 
had a number of aluminium accessories, 
such as portable floodlights, nozzles, deck

tuberances. The length of this ladder 
was 13 ft. 6 ins., its weight 17 lb. 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. Merry weather in 
magnesium alloy which, with a specific 
gravity only two-thirds of that of the aiu-

P i c t u r e d  i n  t h i s  g r o u p  a r e :  
a  “  B r i g a d e  V ”  t h r e a d e d  
c o u p l i n g  i n  S u p e r l u m i n ,  
w e i g h i n g  1 l b .  I 2  J  o z .  a s  
c o m p a r e d  w i t h  5  l b .  f o r  
a  s i m i l a r  u n i t  i n  b r o n z e ;  
t h r e a d e d  a n d  i n s t a n t a n e ­
o u s  t y p e s  o f  d i v i d i n g  
b r e e c h i n g  i n  S u p e r l u m i n  ;  
i n s t a n t a n e o u s  -  c o u p l i n g  
a s s e m b l y ,  w e i g h i n g  i n  a l l  
2  l b .  6  o z . ;  l i g h t - a l l o y  
t u r n k e y .  ( C o w l i n g  M e r r y -  
w e a t h e r  a n d  S o n s ,  L t d . )

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

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

L ightw eight H elm ets
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 firemen’s 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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m agnesium  alloy  know n as a lloy  4S. T he 
helm ets were anodized, p a in ted  b lack  and  
p rov ided  w ith  in terio r fittings o f  lea ther.

An earlier reference (“  A lum in ium ,” 
1937/19/417) refers to  the  fabrication  of 
light-alloy  helm ets w hich  w ere enam elled 
on the outside an d  padded  w ith  lea ther 
a n d  cork inside.

In  A m erica, in I93S, the  C airn C orpora­
tion  were producing  a  he lm et o f conven­
tional design as a one-piece s tam ping  from  
alum in ium  sheet. A  ligh tw eigh t am b u ­
lance for the use of firem en w as also 
exh ib ited  in A m erica in M arch, 1938.

A m ongst o th er m iscellaneous app lica­
tions of the ligh t alloys in fire fighting 
m ay  be cited an  alum in ium  ram p , w hich 
w as constructed  in th e  U .S .A . in 1937 for 
use by  fire brigades. T he  device was 
in tended  for p lacing over fire hose in  
stree ts so as to enable traffic to  pass over 
the  hose w ithou t dam aging  it. B y  th is 
m eans it w as hoped  to  p reven t m uch  of 
the congestion w hich  p revails anyw here in  
the v ic in ity  o f a fire. T he ram p itself was 
constructed  of a lum in ium -alloy  sections 
an d  form ed a com plete wheel track  8 ft. 
6 ins. in w id th . I t  w as a rticu la ted  to 
allow  an y  section to  ad ju s t itself to the 
cam ber of th e  road  or to  a n y  unevenness 
of th e  surfaces.

A lloys of the Al-Mg-Si ty p e  have  been 
used in th e  construction  of p o rtab le  liquid  
fire ex tinguishers in tended  for use in  ra il­
w ay  carriages an d  build ings of the 
G erm an R eichsbahn . T he con ta iner, 
w hich w as of 8-litre capacity , consisted of 
a cylindrifcal vessel d raw n  in  one piece 
from  th e  ligh t-alloy  sheet. T h is w as p ro ­
tected  aga in s t corrosion b y  anodizing and  
subsequen t coating  w ith  a  stov ing  v a r­
nish . T he cy linder contained th e  fire- 
ex tingu ish ing  liqu id  together w ith a ir  
u n d er pressure. A lum inium  w as also used 
in the ac tu a tin g  device, the strik ing  of a 
knob  resulting  in the piercing of a  th in  
a lum in ium  sheet, allow ing th e  liqu id  to  
escape. T he  use of ligh t alloys in these 
app lica tions allow ed a  w eight reduction  of 
11 lb . to be  ach ieved . W eigh t reduction  
is obv iously  of the u tm ost im portance in 
th e  case of the  la rg e r types of po rtab le  
fire ex tinguishers. A lum inium  alloy pipes

in 5 m . sections have  been em ployed on 
the C ontinent for pouring  foam  on  to oil 
fires.

C ertain  of these general app lications are 
a c tu a lly  of considerable significance in so 
fa r as th ey  concern  ap p a ra tu s  no t m erely 
for use on lan d , b u t, conceivably , in th e  
fu tu re , such  ty p es  as m ay  be  em bodied in to  
civil a irc ra ft. I t  is m erely  a  tru ism , now , 
to  refer to th e  value of w eight reduction  
in th is  las t connection ; how ever, certa in  
o f th e  g ian t passenger-carry ing  aerop lanes 
now  envisaged will incorpora te  equ ipm en t 
rad ica lly  d ifferent from  th a t needed for 
th e  sm aller m odels w ith  w hich we are  
a cqua in ted  to -day . P e rh ap s  se lf-b rea th ­
ing ap p ara tu s , used in con junction  w ith 
alum in ium -alloy  oxygen bottles, repre­
sents one aspect of m ore m odern  
advances.

A lthough o rig inally  developed some 
years ago, and  investigated  in detail on 
th e  m ain land  of E urope, less h as  been 
h eard  of ligh t-m etal bottles in this 
c o u n try  th a n  should  have  been the  case. 
I t  is true  th e  ac tua l p roduction  of the 
bo ttles to  the s tan d a rd  requ ired  to  ren d er 
th e ir  general use safe has no t p roved  a t  
all an  easy task , bu t, here  again , even 
p rio r to  th e  o u tb reak  of w ar, am ple ex ­
perience a n d  the results of long-term  field 
tests w ere availab le .

R a th e r  unconventional is the em ploy­
m ent of the hea t generated  b y  chem ical 
action on alum in ium  to thaw  o u t frozen 
h y d ran ts . C austic soda and  alum in ium  
chips in the p roportion  of 25 p e r cent, 
a lkali and  75 per cen t, a lum in ium  by  
volum e h ave  been used fo r th is purpose 
in A m erica, as, in the presence of a sm all 
am o u n t o f w ater, a chem ical reaction 
takes place w hich  liberates qu ite  a  large 
am oun t of h ea t. F ro m  2 to  4 lb . o f the 
m ix ture  is sufficient to thaw  th e  ice in a  
frozen h y d ra n t in less th an  five m inu tes . 
As used in  E v anston , Illinois, th e  h y d ra n t 
cap  is unscrew ed an d  th e  m ateria l is 
poured in on top  of th e  ice. F lu sh in g  the 
h y d ra n t im m ediately  a fte r i t  has thaw ed  
avoids the d an g e r of chem ical corrosion of 
the m etal. T he  cost of m ateria ls  has been 
reckoned betw een 60 cents a n d  1 do llar 
p er h y d ran t.
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A l u m i n i u m  a n d  M a g n e s i u m  i n  t h e  E l e c t r i c a l  I n d u s t r i e s

T H E  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 
itself, 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 in 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

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; (ii) the degree of strength of 
the joint in regard to the influence of air, 
water, humidity, i.e. 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; (3) hammer welding 
(i.e., the jointing effected by means of a 
hammer); (4) autogenous welding, 
various types of electrical welding; (5) 
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

F i g .  t  ( a b o v e ) . —  
S o l d e r e d  a l u m i n ­
i u m  Æ r i p ,  1 m m .  
X  2 4 '  m m .  c r o s s -  

s e c t i o n ,  a f t e r  
f r a c t u r e  i n  t e n s i o n  
u n d e r  a  s t r e s s  o f  

1 1 . 2  k g . / m m . 2

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

F ro  m “ L  ig  h t M e t a l s , “  
¡94}¡8 f2 i i, B. J. Brajnikoff 
Continues his Discussion on 
F ig h t  A llo y *  in Electro- 
technology. Riksian Work on 
Soldered joints jin Aluminium

is Here &eviewed

copper conductors. H o w ­
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-

in t h o s e  systems, 
where it forms a gal­
vanic couple on ac­
count of the contact 
potential difference of

clamps (for taps), 
and s p e c i a l  alu­
minium clamps with 
copper bushings for 
joining aluminium to

F i g .  2  ( a b o v e ) .  —  S o l d e r e d  
a l u m i n i u m  b u s  b a r ,  4  m m .  X  
8  m m .  c r o s s - s e c t i o n ,  b e n t  i n  
t h e  r e g i o n  o f  t h e  j o i n t  a r o u n d  
a  1 0 - i n .  l o o p .  F i g .  3  ( a b o v e ,  
r i g h t ) . — P h o t o m i c r o g r a p h  o f —

— s o l d e r e d  c o p p e r / a l u m i n i u m  
j u n c t i o n .  F i g .  4  ( l e f t ) . —  
S l e e v e - s o l d e r e d  A 1  /  C u  w i r e  
a n d  A 1  w i r e  w i t h  C u  r i n g  t e r ­
m i n a l ,  b e f o r e  f r a c t u r e  i n  t e n ­
s i o n  ( A ) ,  a n d  a f t e r  f r a c t u r e  ( B ) .

F i g .  3 .  H a n d - o p e r a t e d  e l e c t r i c a l l y  h e a t e d  
p l i e r s  f o r  e f f e c t i n g  s l e e v e  j o i n t s  b y  s o l d e r i n g .  
N o t e  p r o v i s i o n  f o r  l i n e s  o f  v a r i o u s  d i a m e t e r s .

F i g .  6 . — H a n d - o p e r a t e d  e l e c t r i c a l l y  h e a t e d  
p o r t a b l e  p r e s s  f o r  e f f e c t i n g  s l e e v e  j o i n t s  b y  
s o l d e r i n g  i n  a l u m i n i u m  w i r e .  ( S e e  F i g .  5 . )
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th e  presence of m oisture. A fu rth er 
d raw b ack  of so ldering by  ru bb ing  is th a t 
it can  be  app lied  only to  convenien tly  
sh ap ed  an d  read ily  accessible parts .

To o b v ia te  these defects, a ttem p ts  have  
been m ade  to  find a  substance  capable  
of d issolving th e  film of a lum in ium  oxide 
a n d  to  ac t in a  m anner analogous to  th a t 
of b o rax  o r “  killed sp irits ”  in  th e  case 
of o th er m etals. Such fluxes were 
em ployed in the U .S .A . in the  la te  19th 
cen tu ry , for m ak ing  jo in ts w ith  th e  help 
of a  so lder consisting of a  large p ro p o r­
tion  of a lum in ium . H ow ever, th e  q u a lity  
of jo in ts p roduced  was so poor th a t the 
process w as largely  abandoned .

T he n ex t no tab le  developm ent for 
jo in ing  a lum in ium  cam e in 1900, w hen 
a  ham m er-w eld ing  techn ique fo r a lu ­
m in ium  w as p a ten ted  b y  th e  H eraeus 
concern  a t  H an au , in G e rm a n y : the
alum in ium  com ponents (m ainly  in the 
form  of sheet) w ere heated  an d  un ited  
b y  m eans of ham m ering . A lthough  th is 
system  proved  to  be qu ite  effective as 
fa r as the streng th  of jo in t and  its non- 
co rrod ib ility  a re  concerned , ye t its p rac ­
tice requ ired  so m u ch  experience on the 
p a r t of the opera to r th a t  its app lication  
has found  b u t little  fav o u r in  industry .

Follow ing th is w as w orked ou t a 
m ethod in w hich use w as m ade of ex is t­
ing a lum in ium  fluxes for so ldering , b u t 
ap p ly in g  them  to  th e  process of w elding. 
Thh process th u s developed, an d  desig­
nated  as au togenous w elding, w as 
p a ten ted  b y  Schopp in  P aris , w ith  the 
subsequen t tran sfe r of h is pa ten ts  
to th e  G erm an m an u fac tu rin g  concern, 
G riesheim -E lek tron . T he  ad v an tages of 
au togenous w elding a r e : in com parison 
w ith  ham m er w elding—an  app reciab le  
sim plification of th e  opera tion , an d  
com pared  to  so ldering b y  ru bb ing— grea t 
s tren g th  of th e  jo in t an d  its anti-corrosion 
stab ility .

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 m a y  be 
produced critical stresses leading to the

fo rm ation  of cracks, w hilst th in  sheet 
m ate ria l can  read ily  be b u rn t. M ost 
im p o rtan t of all, it can  be used on high- 
streng th , hea t-trea ted  alloys to  only  a 
very  lim ited  ex ten t.

T he  developm ent of new , im proved 
com positions as, for exam ple, those 
p a ten ted  by  R ostosky, aga in  a ttrac ted  
a tten tio n  to th e  process of so ldering an d  
to  th e  ad v an tag es th a t  low er tem pera tu re  
w orking offers. H ow ever, th e  tem p era ­
tu res requ ired  are  still ra th e r  h igh , for 
satisfac to ry  fluxes begin to  ac t only  w hen 
strongly  heated . I t  m ay  be sta ted  th a t, 
as a  general ru le, th e  so ldering of a lu ­
m in ium  b y  m eans of ru b b in g  is p e r­
missible only  in those cases w here a  
strong  an d  du rab le  jo in t is no t im pera­
tive. M ention should  be m ade of the 
av a ilab ility  of special a lum in ium  solders 
designed for special spheres of ap p lica­
tion. To th is  group belongs, for 
instance, com positions d is tingu ished  by  
the ir p a rticu la r fitness to  casting , w hilst 
an o th e r g rade  is ab le  to  ensure m inim um  
of discoloration  an d  dark en in g  a t  jo in ts, 
etc. In  jo in ing  alum in ium  to  a  d ifferent 
m etal (e.g ., copper, brass, iron), th e  cus­
tom ary  p rac tice  is to  em ploy  th e  ru bb ing  
solders.

I t  is in structive to  d raw  a paralle l 
com parison betw een the so ldering  of 
a lum in ium  by  th e  app lica tion  of a 
ru b b in g  solder an d  jo in ing  it  b y  m eans 
of the  usual flux-conta in ing  process, th e  
re lative characteristics of w hich are  
p resen ted  in T ab le  7.

In  rep a iring  a lum in ium  castings, it  is 
frequen tly  of p rac tica l ad v an ta g e  to 
em ploy th e  com bination  of bo th  m ethods 
of so ldering : w here g rea ter m echanical 
streng th  is requ ired , p a rts  are  soldered 
b y  app ly ing  th e  s tan d a rd  techn ique for 
h a rd  solder an d  th en  allowed to  cool a  
little , lesser repairs  being effected by  
ru b b in g  w hile th e  ob jec t is still sufficiently 
hot.

In  th e  ligh t of w hat has been  said , it 
m ay  read ily  be" seen th a t  th e  view  w hich 
w as held for so long th a t a lum in ium  
canno t be soldered is, even now, no t 
devoid  of som e foundation . N o tw ith ­
stan d in g  th e  no tab le  successes achieved
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in tłiis field d u rin g  recen t years, it 
should  be borne in m ind  th a t even the 
p resen t-day  techn iques for so ldering light 
m etals a re  still beset b y  com plexities. 
Indeed , in the considered opinion of 
m an y  cau tious w orkers, th e  a reas  of 
soldered jo in ts m ay  be regarded  as 
tho rough ly  dependable  only on the fol­
low ing prov isos: (1) p u rity  of th e  m etal 
itself (i.e ., th e  a lum in ium  sections to  be 
jo ined), w hich should  be free from  
adm ix tu res of partic les of foreign m a tte r 
an d  local inclusions of o th er m etals; (2) 
h igh  q ua lity  of the  solder com position;

W hilst the  u tility  of a lum in ium  in these 
form s is gain ing  constan tly  increasing 
recognition, its ra te  of progress is still 
h indered  to som e ex ten t by  jo in ting  
problem s. T he  various w elding tech ­
niques do, of course, ensure perfectly  
dependable  results, b u t can n o t alw ays be 
em ployed. H av in g  regard  to the diffi­
cu lty  u nder w hich th e  union qf conductor 
m ateria ls  h as often  to be effected, a  g rea t 
deal of a tten tion  an d  stu d y  h as been 
devoted  to  the general p roblem  of jo in ts. 
Such difficulties, as typified, fo r exam ple, 
b y  the cab le  splicing, a re  inev itab le , due

T a b l e  1 . — G e n e r a l  P r o p e r t i e s  o f  S o f t  a n d  H a r d  S o l d e r s  f o r  A l u m i n i u m  a c c o r d i n g  t o
K o s t o r k y  a n d  L u d e r .

No. Properties Soft solders Hard solders

1 Composition of solders Zinc and tin, plus easily fusible heavy metals; 
often aluminium up to 20 per cent.

Larger proportion —  aluminium, 
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 
removing the film of aluminium oxide

W ith  the application of specia 
fluxes

5 Method of heating Naked flame, soldering bit Soldering furnace or lamp

6 Stability of soldered areas 
of the joint

Stable in the absence of corrosive agents 
(e.g., air, water solutions)

Mechanically strong, stable to 
corroding agents (at par with 
the stability of aluminium)

7 Colour of the soldered 
joint

Darkening on account of corrosion Stable

(3) the  u tm ost care in th e  perform ance 
of th e  so ldering opera tion ; an d  (4) the 
subsequen t absence of fac to rs inducing 
corrosion of th e  soldered jo in t due to  the 
electro ly tic action . F o r  these reasons, it 
is adv isab le  to  p ro tec t th e  soldered a rea  
b y  a  co a ting  of som e ap p ro p ria te  varn ish  
o r  o th e r m edia n eu tra l to  alum in ium  and  
stab le  to  w eathering .

A l u m i n i u m  S o l d e r i n g  i n  E l e c t r i c a l  
E n g i n e e r i n g  

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

to the necessity of w orking in cram ped 
positions, in m oist m anholes, an d  the lack  
of positive contro l o f the  w orkm anship  in 
m aking  jo in ts . A nalogous conditions are  
encountered  in m any  o th e r operations, 
w hether done in  th e  w orkshop, in  the 
F e ld , o r,-  in fac t, w herever th e  need  of 
efficiency in the w ork of hand ling , jo in ting  
a n d  installing  the conductors them selves 
is the govern ing  consideration . A  chain  
can be no stronger th a n  its w eakest link , 
and  th e  w eakest links in  a  cab le  system  
are  a p t to be the jo in ts, unless th e  la tte r  
a re  m ade w ith  the  g rea test possible care . 
I t  is obvious, therefore, th a t  th e  s tan d a rd  
of re liab ility  of th e  jo in t m ust be  equal 
to  th a t o f a n y  p a r t  of the co nduc to r itself.

F o r  all these reasons w e will now con­
sider m ore fu lly  the  problem  of alum in ium  
soldering w ith special reference to  its 
app lications to  the electrical industry .
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Selection  o f Solder and F lu x
A s  poin ted  o u t before, the soldering of 

a lum in ium  is a tten d ed  w ith  specific diffi­
culties associated no t on ly  w ith  the selec­
tion of a  solder sufficiently an d  easily  
fusible, and , a t the sam e tim e, stab le  to  
corrosion, b u t also in th e  effective rem oval 
of the lay e r of a lum in ium  oxide from  the 
surfaces to be jo ined . T hus, fo r exam ple, 
in the case of soft soldering, the rem oval 
of the a lu m in a  film is only  possible by  
m echanical m eans. I f  such m ethods are  
feasible an d  read ily  perform ed on a  p lane  
surface w hich is easily accessible, their 
use in connection w ith surfaces of a  cy lin ­
drical o r m ore com plex configuration  p re ­
sents considerab ly  g rea te r difficulties, and  
in  som e instances becom es p rac tica lly  
im possible of realization.

T he presen t-day  position of the solder­
ing techn ique can  best be assessed from 
the resu lts of recent w ork on th e  ex am in a­
tion of m ethods for so ldering alum in ium  
conductors, accom plished under th e  d irec­
tion of Usoff at. the  R ussian  E lec tro tech­
nical In s titu te . As po in ted  o u t before, 
the system s ava ilab le  fall in to  tw o princi­
pal classes: (1) soft soldering, w ith  the 
a id  of low -m elting  solders, and  (2) h a rd  
soldering, by  m eans of solders h av in g  a  
h igh-m elting  po in t. A ccording to 
K osto rky  an d  L ü d er, bo th  classes o f sol­
ders are characterized  b y  th e  properties 
sum m arized  in T ab le  1.

T n r  ad  van tages o f soft solders are: the ir 
easy  fusib ility  and  th e  possibility  of using 
the soldering  iron for th e ir  app lica tion , 
and  th e  relative sim plicity  of the process 
requ iring  no app lica tion  of flux.

T he chief d raw back  of soft solders lies 
in th e ir  low resistance to  corrosion, for 
w hich reason th e  soldered jo in t m ust 
a lw ays be p ro tected  by  a coating  of v a r­
nish or o th e r m edium . In  the opinion of 
K osto rky  an d  L üder, it is, in general, 
im possible to ob ta in  easily  fusible solders 
for a lum in ium  w ithout im pairing  th e ir 
p roperties to  resist corrosion.

T he m ethod  selected fo r jo in ting  op era ­
tions a t  th e  R ussian  E lec tro technical In s ti­
tu te  was th a t based  on the  use of soft 
solders, for the reasons th a t  th e  soldering 
of th e  a lum in ium  conductors in erection

or repa ir w ork should  be  accom plished, as 
fa r as possible, in an  easy an d  sim ple 
w ay, such as  is possible in the case of 
soldering copper conductors by  m eans of 
tin  com positions w ithout h igh tem p era­
tu re , and  involving the use of no com pli­
cated  tools.

T he num ber of ava ilab le  soft solders 
fo r a lum in ium  is legion, w ith a n  equally  
large va rie ty  in the ir com position. Con­
sisting  in m ost cases, m ain ly , of zinc and  
tin , th ey  hav e , besides, ad m ix tu res  of 
one o r several o ther m etal constituen ts 
ad d ed  to  low er the m elting  po in t to 
fac ilita te  adhesion  to, an d  un ion  w ith , 
th e  surface of a lum in ium  to  be jo ined, 
a n d  to  im prove th e  m echan ica l and  
corrosion-resisting  p roperties of the 
solders.

T he constitu tion  of th e  m ost know n 
solders .for a lum in ium  is g iven in T ab le  2.

T he m u ltitude  of solders ava ilab le  and  
a  m oun ting  nu m b er of new ly m arketed  
form ulations, testify  to  th e  fact th a t , as 
ye t, th e re  exists no really  sa tisfactory  and  
un iversally  accep ted  alloy, th e  s ta tu s  of 
w hich is com parab le  to  th a t of the 
t in / le a d  series. B y inspection  of T ab le  2, 
we see th a t th e  p rinc ipa l base of the  soft 
a lum in ium  solders is, in m ost cases, a  
com bination  of zinc-tin  alloys, in w hich 
th e  p ropo rtion  of tin  p redom inates. I t  
should be po in ted  ou t th a t as a 
so ldering m edium  for a lum in ium , tin , 
taken  alone, is one of th e  w orst possible 
agents, a  c ircum stance still fu rther 
em phasizing  th e  unsatisfac to ry  position 
of th e  a lum in ium  jo in ts.

A s m ay  be observed from T ab le  3, a t 
the R ussian  E lectro technical In s titu te  
th ere  have  been sub jected  to  testing  20 
d ifferen t types o f a lum in ium  solders p re ­
p ared  by  Usoff an d  his team  of research 
w orkers on a  zinc-tin  base, w ith  th e  a d d i­
tion of th e  follow ing m e ta ls : n ickel,
copper, silver, a lum in ium , b ism uth , 
cadm ium , lead  an d  an tim ony . In  the 
shape of su itab le  castings, the solders 
w ere tested  for hardness, b reak ing  
streng th , n a tu re  of frac tu re  an d  m icro­
struc tu re , w ith  p ara lle l m easurem en ts of 
th e ir electrode po ten tia ls an d  fusion tem ­
pera tu res, accom panied  also by deter-
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in itiations of the ir technological ch a rac ­
teristics. T hese last com prised ab ility  to 
‘‘ t i n ”  alum in ium  and  copper, as well as 
th e  possib ility  of app lica tion  by  m eans of 
the soldering iron.

M oreover, soldered jo in ts in a lum in ium  
p lates, effected w ith  th e  help  of the 
solders, were sub jected  to th e  corrosion 
tests  by im m ersion in 3 per cen t, com m on 
sa lt so lu tion , followed b y  tests of th e ir 
resistance to  ru p tu re .

A p p r a i s a l  o f  t h e  T e s t  R e s u l t s
T he results of th e  tests dem onstra ted  

th a t solders p repared  on a zinc base (viz., 
p u re  zinc a n d  its b in a ry  alloys - w ith 
nickel, copper, silver a n d  alum in ium ) are  
a ll d istinguished  b y  th e  possession of a  
re latively  h igh  m elting  po in t, s ta rtin g  to 
fuse only in the neighbourhood  of 
400 degrees C ., g rea t hardness, an d  a  
coarse frac tu re , testify ing  to  th e ir  b rittle ­

ness. T hese solders are  characterized  by 
difficulty of perform ing  the jo in ting  
process w ith  th e  a id  of the  soldering iron 
an d  by the ir inab ility  to " w e t ”  copper.

Solders on a  zinc-tin  base, on th e  con­
tra ry , a re  m uch m ore easily fusible, less 
hard , an d  have a  finer frac tu re . A 
b in a ry  zinc-tin  alloy, consisting of 45 per 
cen t, zinc an d  55 per cent, tin , w hich 
served as a base fo r m ost of the  solders 
sub jec ted  to  th e  tests, is characterized  by 
m arked  ab ility  to  w et the alum in ium  w ith 
sim ultaneous rem oval of its ox ide film , a  
fea tu re  th a t  ensures th e  stren g th  of th e  
soldered jo in t. T h is type  of solder is 
equally  well capable of tin n in g  copper, 
ow ing to  th e  presence of free tin  in  the 
eutectic m ix ture .

T he  last-m entioned fac to r perm its the 
app lica tion  of com positions on a  zinc-tin  
base to  so ldering of a lum in ium  w ith

T a b l e  2 . — C o m p o s i t i o n  o f  A l u m i n i u m  S o l d e r s  f o r  I n d u s t r i a l  U s e .

No. of 
solder

Tin
%

Zinc
%

Aluminium Lead Copper
0/

Other admixtures to 
the solder

%

1 83.0 __ 17.0 — — -

2 82.0 — 11.0 - - Manganese 2. nickel 5

3 78.3 19.0 2.4 0.3 - —

4 76.0 21.0 3.0 - — ~

5 73.0 21.0 — 5.0 — *—

6 70.0 25.0 2.0 — - Phosphorus 1.5

7 70.0 16.0 10.0 — - Tin phosphide 4

8 65.6 12.2 1.0 17.4 3.1 Phosphorus 2

9 63.0 18.0 13.0 1.0 3.0 Antimony 2

10 63.0 31.0 3.0 - - Tin phosphide 3

11 63.0 35.0 0.3 - 1.7 —

12 62.5 12.5 6.3 12.5 - Phosphide of tin 6.2

13 62.0 12.0 4.0 8.0 5.0 Bismuth 5. cadmium 4

14 61.6 15.2 11.2 8.3 2.5 Antimony 1.2

15 60.0 8.0 4.0 12.0 4.0 Silver 12

16 60.0 25.0 2.0 - 10.0 Cadmium 3

17 60.0 - 30.0 - — Antimony 10

18 55.0 33.0 11.0 - 1.0 —

19 55.0 23.0 2.0 - - Silver 5

20 49.1 20.3 - 26.0 — —

21 46.0 23.0 15.0 — 8.0 Silver 9
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copper, an  operation  of g rea t u tility  in 
electrical technology, for instance in 
jo in ing  to  a lum in ium  conductors te rm inal 
co n tac t pieces m ade of copper an d  th e  
like.

P erfo rm ance tests on a  zinc-tin  solder 
h ave  show n th a t  add itions of b ism uth , 
cadm ium , an tim ony  or lead  have  
exh ib ited  no specially  m arked  and  bene­
ficial influence upon th e  final p ro d u c t. I t  
has been observed th a t  b ism uth  low ers 
the  m elting  tem pera tu re  of th e  solders, 
an d  also the larger the cadm ium  con ten t 
th e  poorer the q ua lity  of th e  resu lting  
jo in t. F ina lly , lead  an d  an tim ony  p lay  
no significant role in th e  process.

A definitely  favourab le  influence has 
been revealed  by  th e  incorporation  of 
silver, th e  add ition  of w hich no ticeably  
im proves the  grain  s truc tu re  as _ shown 
b y  the frac tu re  of th e  specim ens and  th e  
m echanical p roperties, p a rticu la rly  duc­
tility , as can  be judged  from  resu lts p re­
sented  in  T ab le  4. T he ad m ix tu re  of 
copper as a  substitu te  for the  equ ivalen t 
p roportions of silver in a  zinc-tin  solder 
gave qu ite  in ferio r results .

Corrosion tests in 3 p e r  cen t, sa lt solu-

T a b l e  3 . — T h e  C o m p o s i t i o n  o f  t h e  S o l d e r s  
E x a m i n e d .

No. No. of
Composition of solders. 

Proportion of constituents, %
Ordinal solder

Zinc Tin Other metal 
components

1 7 100
2 18 99 ___ Nickel 1
3 17 99 —  ■ Copper 1
4 19 98.5 — Silver 1.5
5 16 95 ___ Aluminium 5
6 4 45 55 ___
7 5 45 54 Bismuth 1
8 11 28 70 Bismuth 2
9 8 75 20 Bismuth 1 

Cadmium 4
10 6 39 55 Bismuth 1 

Cadmium 5
11 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

tion  of soldered jo in ts on a lum in ium  
plates, m ade w ith  th e  help  of various 
com positions, have also dem onstrated  
th a t th e  best qualities belong to  a 
z inc-tin-silver m ix tu re . A fter tes ting  
by im m ersion for 300 hours, a lu ­
m in ium  p la tes u n ited  b y  m eans of th is  
so lder d isplayed a  very  sligh t corrosion 
in the a rea  of th e  jo in t, an d , u nder 
tension, b roke  elsewhere th a n  a t  the  
jo in t.

P a rticu la rly  poor results were show n 
b y  alum in ium  strips un ited  by m eans of 
cadm ium -con ta in ing  solder (Cd in p ro ­
portions from  5 to  20 per cen t.) o r b y  a 
solder very  rich in tin  (w ith Sn up  to 
95 per cen t.); som e specim ens in these 
cases fell a p a r t a long th e  soldered jo in t 
d u ring  the course of the  corrosion tests.

In  the soft soldering of a lum in ium , and  
d ispensing w ith  the use of flux, rem oval 
of the a lu m in a  layer is done m echanically  
u nder the m olten solder b y  m eans of a  
m etal b rush , o r  b y  ru bb ing  w ith th e  sol­
dering  iron. In  th is case too, how ever, 
the app lica tion  of flux is also desirable, 
since the la tte r , b y  destroy ing  th e  film of 
a lum in ium  oxide, simplifies th e  opera tion . 
I t  is to  be noted  th a t  th e  use o f energetic 
solvents such  as m ix tu res o f chlorides 
a n d  fluorides in the soft-soldering process 
is im possible, on accoun t of the h igh  m elt­
ing p o in t o f these fluxes, th e  fusion tem ­
p era tu res of w hich lie w ith in  the range 
560 degrees to  600 degrees C. F u r th e r­
m ore, it should  be rem em bered th a t  the 
app lica tion  of such reagents necessitates 
th e  careful rem oval of residues a fte r  so l­
dering, w ith  a  view  to averting  th e  corro­
sion of a lum in ium . T h is w ash ing  opera­
tion is b y  no m eans easy, an d , in m any  
cases, even im practicab le . In  soft solder­
ing, the substances em ployed as fluxes 
a re  u su a lly  certa in  organic acids, w hich, 
if they  do n o t to ta lly  o bv ia te  th e  neces­
sity  for m echanical rem oval of th e  a lu ­
m inium  oxide film, none the  less, do 
app rec iab ly  facilita te  it.

A ccording to  -Usofl’s experim ents, very  
favourab le  results are ob ta inab le  b y  the 
use of stearine . C orresponding tests p e r­
form ed by  th is investiga to r have  show n 
th a t stearine a t  tem pera tu re  levels o f 400



T a b l e  4 . — I n f l u e n c e  o f  t h e  A d d i t i o n  o f  S i l v e r  o n  t h e  P r o p e r t i e s  o f  a  Z l n c - t i n  S o l d e r
f o r  A l u m i n i u m .
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Main composition of the 
solder Amount of 

addition of 
silver,

¿O

Resistance
to

rupture, 
kg. mm.‘2

Diminution 
of the 

cross-sectional 
area,

O'

Brinell
hardness

Structural 
appearance 

of the fractureTin,
%

Zinc,
0 /
/O

45 7.0 24.0 17.0 Large-grain
44.5 0.5 7.0 23.5 17.5 Large-grain
44 1.0 8.0 36.5 20.8 Small-grain

55 43.5 1.5 8.3 48.0 20.2 Small-grain

degrees C. and  over effectively assists 
solder to  dissolve th e  lay e r o f a lum in ium  
oxide, w ith o u t m echanical in terven tion .

In  T able  5 are  g iven the characteristic  
p roperties of the zinc-tin-silver solder, 
w hich was used a t  the R ussian  E lec tro ­
technical In s titu te  for soldering a lu ­
m in ium  conductors.

M e t h o d s  f a r  S o l d e r i n g  A l u m i n i u m  B u s ­
b a r s ,  S t r i p s  a n d  W i r e s

T he jo in ing of a lum in ium  strip  w ith the 
help  of z inc-tin-silver so lder is easily  
accom plished, a fte r a little  p ractice, by  
m eans of th e  soldering iron . F o r  con­
siderations of streng th , th e  specim ens 
were, in the investigations being de­
scribed, lapped , p roducing  a jo in t in 
w hich the faces of the tw o pieces are 
superim posed fo r a leng th  eigh t to  ten 
tim es th e  th ickness of th e  m aterial.

F irs t of all, the surfaces to  be u n ited , 
p reviously  cleaned b y  em ery clo th , were 
coated w ith stearine, follow ed by  app lica­
tion , w ith rubbing , of zinc-tin-silver sol­
der b y  m eans of th e  soldering iron until 
they  h ad  a tta in ed  a m irror-like ap p ea r­
ance. A fter firm ly  clam ping  the p a rts  in 
the p roper position, final jo in ting  was 
effected b y  h ea t conveyed b y  the iron. 
T he soldering of a lum in ium  strip s to  those 
of copper w as perform ed in an  identical 
fashion, th e  surface of th e  copper piece, 
p rio r to  jo in ting , be ing  coated  w ith tin .

T he soldered jo in ts ob ta ined  in  this 
m anner p roved  so strong th a t, in tension, 
frac tu re  took place usually  in the 
annealed  a rea  n ear the jo in t, b u t no t a t  
th e  junction  itself. (See F ig . 1.)

T h in  alum in ium  b ars  (say , 4 b y  8 m m . 
cross-section), used for th e  w inding of

transform ers and  perm itting  of no 
th ickening  a t  jo in ts, w ere butt-so ldered  
by  cham fering  the tw o ends b y  filing to 
an  angle of 45 degrees. T he p rocedure 
adop ted  for bu tt-jo in ing  w as sim ilar to 
th a t described in  connection w ith  th e  lap- 
soldering of strips, th a t  is, the b u tts , du ly  
p repared , were un ited  w ith  th e  a id  of 
the zinc-tin-silver solder by  m eans of a 
soldering iron.

F ra c tu re  of tes t specim ens in  tension 
occurred  along the soldered jo in t, b u t a t  
stresses very  close to those for th e  clear 
unsoldered p a rt of the bus-bar, thus:—

T he unsoldered alum in ium  bus-bar, 
9.81 k g ./m m .2

T he soldered alum in ium  bus-bar, 8.38 
k g ./m m .2

T he soldered jo in t in a lum in ium  bus­
b a rs  w as also capable of w ithstand ing  
bending  a round  a  loop of the 5 m m . 
rad ius, as ind icated  in  F ig . 2.

I t  should  be noted  th a t  proficiency in 
soldering in th is m anner, so as to m ake 
accu ra te  an d  uniform  jo in ts th ro u g h o u t a  
continuous run  of bus-bars, free from  
objectionable knots, requ ires considerable 
experience on the  p a r t of the operato r.

I t  has been found  th a t  the soldering of 
a lum in ium  conductors of c ircu la r cross- 
section b y  m eans of the soldering iron is 
im possible, as th e  rubb ing  of the  solder 
on th e  cylindrical surfaces proved  so 
laborious as to  be  com pletely  im practic­
ab le  in  th e  field.

As a  resu lt of a  nu m b er of experim ents, 
Usoff and  his team  have, in th is case, 
adop ted  th e  m ethod of sleeve soldering, 
in w hich a  connecting  alum in ium  tube  
is em ployed to  enclose the p a rts  to  be  
jo ined . Special h an d  tools w ere designed
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to  facilitate th is opera tion . (See F igs. 4 
an d  5.)

T he procedure consists of the following 
stages:— T he ends of the a lum in ium  w ires 
to be jo ined a re  first carefu lly  cleaned 
w ith em ery cloth a n d  p u t b u tt  to b u tt  in 
the  connecting  sleeve, m ade of a lum in ium  
tub ing , o r  shaped  u p  from  the  a lum inium  
sheet. N ext, in th e  sleeve so p rep a red  
there is sp rink led  a  com position  co n ta in ­
ing 95 p e r cent, of th e  pow dered zinc-tin- 
s ilver so lder an d  5 per cen t, of pow dered 
s tearine . A fter th is, th e  sleeve, together 
w ith  the  inserted  conductors, is p laced in 
th e  groove of the  soldering tool (see F ig . 
4 ) , hea ted  up  to  500-550 degrees C ., and  
then  sub jected  to  pressure th rough  the 
hand les o r  h an d  lever.

T a b l e  5 . — P r o p e r t i e s  o f  Z i n c - t i n - s i l v e r  S o l d e r  
f o r  J o i n i n g  A l u m i n i u m .

No. Nature of tests Characteristic properties

1 Composition of sol­
der

Tin 55%, zinc 43.5%, 
silver 1.5%

2 Temperature of melt­
ing

From 190° to 400°C.

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

4 Diminution of cross- 
sectional area

From 37% to 48%

5 Brinell hardness From 20 to 30

6 Fracture Small-grain structure of 
matt appearance

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

0.83 volt

8 Potential difference 
in a couple : 
Aluminium-solder 
Copper-solder

0.282 volt 
0.828 volt

9 Resistance to corro­
sion

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

10 Technological
features

Solder r e a d i l y  wets 
aluminium, also cop­
per, gives strong sol­
dered joints, allowing 
application of soldering 
bit

11 Soldering tempera­
ture

W ith in  range from 500° 
to 550°C.

12 Microstructure Zinc plus eutectic zinc, 
tin, dendrite-like in­
clusions (solid solution 
of zinc-silver)

W ith  a  certa in  am o u n t of p ractice , a 
satisfac to ry  soldered jo in t can  be accom ­
plished  w ith in  5 to 10 secs. O wing to  
pressure, the  solder (p rio r to  m elting) is 
forced in to  in tim ate  con tac t w ith the su r­
faces of bo th  the alum in ium  w ires an d  the 
sleeve, an d , by  fusion therew ith , as well 
as by  filling all th e  clearances a round  the 
sleeve edges, form s a  continuous, in tegral 
m etal un ion . T h is m ethod  is app licab le  
for so ldering  bo th  single w ires and  
stranded  alum in ium  conductors.

Special p rac tica l im portance a ttach es to 
th e  case, w hen the a lum in ium  conducto r 
has to be soldered w ith copper, in  w hich 
even t the la tte r , p rio r to jo in ing , should  
p referab ly  be tho roughly  tinned . The 
soldering of copper te rm inal pieces to  the 
a lum in ium  w ires (in o rder to  ensure p e r­
fect electrical con tac t) is m ade in  th e  
sam e m anner, the  role o f the connecting  
sleeve being perform ed by  the tu b u la r  
stem  of the copper en d -p iece , itself.

M icroscopic exam ination  of the copper- 
alum in ium  jo in t reveals th a t  the solder is 
strongly  bonded to  th e  alum in ium , w hich 
fact is testified by  the absence of a  m arked  
b o u n d ary  line betw een them ; th e  union of 
a lum in ium  w ith  copper is effected th rough  
th e  m edium  of the  C u3Sn, w hich, in the 
form  of a  tenacious layer, is p roduced  in 
th e  process of so ldering b y  tin -con ta in ing  
solder. T ab le  (i sum m arizes d a ta  on the 
electrical a n d  m echanical perform ance of 
the com posite a lum in ium  an d  copper con­
ducto rs th u s soldered.

T he results of these tests ind ica te  th a t, 
a lth o u g h  in m ost cases th e  conductiv ity  
of the un ited  m ateria l is som ew hat low er 
th a n  th a t for th e  corresponding ind iv idual 
m etal segm ent of the sam e length , ye t 
the m echanical streng th  of th e  jo in t Ls 
sufficiently g rea t, a s  ru p tu re  in v ariab ly  
takes p lace no t a long the seam , b u t a t  
an  in teg ra l a rea  of th e  m etal, as illu stra ted  
in F ig . 3.

A nalogous results h ave  been d isp layed  
b y  soldered jo in ts in s tran d ed  a lum in ium  
conductors, such  as cables, etc. Besides 
those ind icated , soldered w ires h av e  been 
sub jec ted  to  a lte rna ting -bend  fatigue 
tests, an d  h ave  been exam ined for b reak ­
ing  streng th  a t  e levated  tem pera tu re , and  
fo r resistance to  corrosion. These tests
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I n t e r n a t i o n a l  A llo y s  l t d

7 H E  lis t of O lym pic  v ic to rs  
b e g in s  in  776 B.C. T h e  m o d e rn  
se rie s  of O lym pic  g am es w as  
in itia te d  a t  A th en s  in  1896, 

s in ce  w h e n  th e  d ev e lo p m e n t of 
a th le tic  p ro w ess , a s  e x p re s se d  b y  
in te rn a tio n a l re co rd s , h a s  b e e n  re ­
m a rk a b le . F o r th e  p o le  ju m p , th e  
in te rn a t io n a l re c o rd  of 15 ft. 7 |  in s . 
w as  se t u p  b y  C o rn e liu s  W arm erd am , 
of U .S .A ., a t  M o d es to , C ab , in  1942.

T h e  re c o rd  of In te rn a tio n a l A lloys L td . 
in  su p p le m e n tin g  th e  n a tio n  s su p p lie s  
of e s se n tia l lig h t m e ta ls  c a n n o tb e  fu lly  
p u b lis h e d  till a f te r  th e 'w a r .  M e a n ­
w h ile , fo r p o s t-w a r d e v e lo p m en ts , 

j p le a se  n o te  th e  n a m e — * IN T A L ' a re  
I A a n d  will b e  m a k e rs  of a lu m in iu m

allo y s fo r ev e ry  c o n ce iv ab le  p u rp o s e .

I N T E R N A T I O N A L  A L L O Y S  L T D . ,  S L O U G H ,  B U C K S .  
P h o n e :  S L O U G H  2 3 2 1 2 .  G r a m s :  I N T A L L O Y D ,  S L O U G H
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I í lC C L Ild c S C B ílt  H eat  C o .  L td . T e l e p h o n e :  S M E t h w i c k  0 8 7 S  ( 8  l i n e s ) .

L O N D O N  O F F I C E :  1 6  G R O S V E N O R  P L A C E ,  L O N D O N ,  S . W . I .  Telephone: SLOane 7803-961 8 .

N I C R O T E C T I L E S  e l i m i n a t e  a l l  
t h e s e  d i s a d v a n t a g e s  a n d  p r o v i d e  
c o m p l e t e  h e a r t h  p r o t e c t i o n  w i t h ­
o u t  d i s t o r t i o n .  A d d i t i o n a l  f e a t u r e s  
a r e  :  r a p i d  h e a t  r e c o v e r y ,  e a s y  
c h a r g i n g  a n d  d i s c h a r g i n g ,  e v e n  
h e a t  d i s t r i b u t i o n ,  l o n g  l i f e  a n d  
e a s y  a n d  r a p i d  i n s t a l l a t i o n .  R e ­
q u e s t  l e a f l e t  E . I O  f o r  d e t a i l s .

e s o l a t i o n

.  .  .  t h e  p r o v i s i o n  o f  a  m e t a l l i c  
d i s t o r t i o n - f r e e  h e a r t h  f o r  h e a t  t r e a t ­
m e n t  f u r n a c e s .  T h e  a d v a n t a g e s  o f  
s u c h  p r o t e c t i o n  a r e  w e l l  k n o w n ,  b u t  
u n t i l  n o w  t h e  g e n e r a l  u s e  o f  h e a r t h  
p l a t e s  h a s  b e e n  h i n d e r e d  b y  t h e i r  h i g h  
d i s t o r t i o n ,  w i t h  a t t e n d a n t  c h a r g i n g  
a n d  d i s c h a r g i n g  d i f f i c u l t i e s ,  a n d  r e ­
l a t i v e l y  s h o r t  l i f e .
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T a b l e  6 . — E l e c t r i c a l  C o n d u c t i v i t y  a n d  R e s i s t a n c e  t o  R u p t u r e  o f  S o l d e r e d  A l u m i n i u m  a n d
C o p p e r  W i r e s .

Cross-sectional area 
of wires

Length
of

test-piece,
mm.

Electrical

The calcu­
lated value 
for continu­
ous (joint­
less) seg­

ment, ohms.

resistance

The value 
for soldered 
sogment, as 

found by 
tests, ohms.

Breaking
strength,
kg./mm.2

Region of Rupture
Copper, 
mm.2

Aluminium, 
mm.2

1.56 1.65 200 28.5 26.9 9.9 A t an integral area of aluminium conductor
1.56 1.66 200 28.5 25.4 10.1 A t an integral area of aluminium conductor
1.9 2.3 200 21.3 19.6 9.1 A t an integral area of aluminium conductor
1.9 2.4 200 20.8 19.2 9.9 A t an integral area of aluminium conductor
9.9 13.0 200 3.9 3.64 11.9 A t an integral area of aluminium conductor
9.9 13.0 200 3.9 4.03 12.0 A t an integral area of aluminium conductor

have  revealed  th a t  in the  case of a lte rn a t­
ing bending  loads a t  frequencies of 100 per 
second, th e  soldered jo in t rem ains in tact, 
ru p tu re  tak in g  p lace a t  an  in tegral m etal 
a rea  in the  neighbourhood  of th e  seam . 
A no tew orthy  fea tu re  is th a t  th e  soldered 
jo in ts  exh ib it the  ab ility  to  w ithstand  
ru p tu re  up  to  200 degrees C ., the w ire 
finally  b reak ing  a t  an  unsoldered  po in t.

T ests on soldered jo in ts in alum in ium  
w ires h av e  confirm ed th a t the resistance 
to  corrosion of th e  zinc-tin-silver so lder is 
re la tiv e ly - favou rab le . H ow ever, th is 
b y  no m eans ind ica tes com plete im m unity  
to a tta ck , as by  its n a tu re , th is 'so ld e r is

T a b l e  7 . — T e c h n i q u e  o f  A l u m i n i u m  S o l d e r i n g .

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 used 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

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 s o l d e r ,  
having a large proportion 
of a given metal, initially 
designated as a “ hard”  
solder

Simple method of operation, 
offering advantages of : 
G r e a t  m e c h a n i c a l  
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

no t en tire ly  free from  such a  possibility , 
an d , fo r th is  reason, should never be used 
w ithou t an  added  safeguard  in  the form  
of a  pro tective coating  of som e a n ti­
corrosive m edium .

A fter a  series of experim ental tests, it 
has been found th a t the m ost su itab le  
com position fo r the p rotective coating  of 
a lum in ium  soldered jo in ts p roved  to be  
the benzoam ylone varn ish  of the follow ­
ing constitu tion : benzoam ylone resin, 35 
per cen t.; alcohol (95 p e r c e n t.) , 22 per 
cen t.; rem ainder 43 per cen t, benzene. 
T h is v a rn ish  can be either a ir  d ried , o r 
stoved a t  130 degrees C.

In  the ligh t of experim ental results, it 
is clear th a t th e  soldering m ethod  deve­
loped is su itab le  for jo in ing  both  a lu ­
m inium  conductors (single an d  stranded  
wires) w ith  each other, as well as fo r 
so ldering alum in ium  to  copper conduc­
tors, an d  o th er com ponents.

( T o  be c o n tin u e d )

R E F E R E N C E S

( 1 )  C o m p e n d iu m  b y  th e  G e r m a n  E n g in e e r in g  
A s s o c ia t io n  ( V e r e in  D e u t s e h - I n g e n ie u r e ) , 1 9 3 9 . —  
B e r i c h t  d es  U n te ra u s sc h u s s e s  f u r  A lu m in iu m lo t e  d e r  
D e u t s c h  G e s e lls c h a ft  f u r  M e t a llk u n d e , Z e it s e h r . f u r  
M e t a l lk u n d e ,  3 5 8 ,  1 9 2 6 .  ( 2 )  “  A lu m i n i u m  S o l d e r ­
in g  in  E l e c t r i c a l  T e c h n o l o g y ,"  in c o r p o r a tin g  th e  
re se a rc h  d a t a  d e r i v e d  b y  U s o f f  a n d  C o - w o r k e r s  a t  
th e  R u s s ia n  E le c t r o t e c h n ic a l  In stitu te , issu e d  b y  the  
E le c t r o t e c h n ic a l  A s s o c ia t io n , U . S . S . R . ,  L e n i n g r a d ,  
1 9 4 1 .  ( 3 )  K o s t o r k y  a n d  L i i d e r ;  H a u s z e i t s c h r if t -  

A lu m in iu m ,  1 9 3 0 .  ( 4 )  " A l u m i n i u m  S o l d e r s , "
M e t a l  In d u s t r y ,  1 9 3 2 .  ( 5 )  W e ib e l  d i  W o h l e n ;
S w i s s  m e th o d  f o r  s o ld e rin g  a lu m in iu m , A llu m in io ,  
I I I - I V ,  8 2 ,  1 9 3 9 .— M e t h o d  f o r  so ft  s o ld e r in g  o f  
a lu m in iu m , B r it is h  P a t e n t  N o .  5 5 9 . 3 9 5 ;  O e r lik o n ,  
S w i t z e r l a n d ,  1 9 4 4 .  ( 6 )  “ L i g h t  M e t a l s , "  1 9 3 8 /  
1 / 2 3 1 .
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N E W S
Trade and Technical Press

I 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. W e  our­
selves cannot, at the moment, recall the 
precise beginning, but would point out, for 
example, that a journal devoting its 
interests to railway engineering was firmly 
established prior to 1840. As new branches 
of industry have been established, so, 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 
journals 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 sterner 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

G e n e r a l ,  T e c h n i c a l  

a n d  C o m m e r c i a l

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 facilities, 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 
difficulties, 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 : —

(1) 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.

(2) The early release of a small number 
of skilled operatives for the manufacture of 
high-grade paper, for printing, and, in par­
ticular, 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.

(3) The early release of experienced tech­
nical and trade key men to supplement 
editorial staffs.

(4) A  high priority for the 'provision of 
new and up-to-date printing machinery. 
Labour and material involved are relatively 
small.

(5) 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.

(6) 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.

Q uality Through Statistics

A N Y  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’s 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 it is on their significance that the 
whole subject is based. The idea of dis­
tribution curves is not in itself difficult to 
anyone who understands what a graph is. 
The derivation of the mathematical expres­
sions defining distribution curve-forms is 
another story, and is not 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. Philips Lamps. Ltd., Century 
House, Shaftesbury Avenue, London. W.C.2. Price 6s. 
post free.

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 to production 
engineering, can be visualized.
Whether or not quality engineering is a 

production or inspection 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 in 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 in 
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-



290 L IC H T  M ET ALS June, 1945

I L L U S T R A T E D  h e r e  i s  a  s e r i e s  o f  d e s i g n s  f o r  c h a i r s  i n  l i g h t  m e t a l  a s  d e s c r i b e d  o n  t h e  n e x t  
r P a g j ' i  " a . 5  “ e e n .  e v o l v e d  t o  s i m p l i f y  a n d  c h e a p e n  p r o d u c t i o n  b y  t a k i n g  f u l l  a d v a n t a g e

o f  r e a d i l y  a v a i l a b l e  s e m i - m a n u f a c t u r e d  f o r m s  s u c h  a s  s h e e t ,  s t r i p ,  t u b e ,  a n d  e x t r u d e d  s e c t i o n s .



june, 1945 L ICH T  M ETALS 291

t i c a l  l i m i t  o n  t h e  c o n t r o l  c h a r t .  T h e  s a m e  
a m o u n t  w a s  d e d u c t e d  w h e n  t h e  p l o t t e d  
p o i n t  f e l l  o n  t h e  c o n t r o l  l i n e ,  a  s l i g h t l y  l a r g e r  
a m o u n t  b e i n g  d e d u c t e d  w h e n  t h e  p o i n t  c a m e  
a b o v e  t h e  c o n t r o l  l i m i t .  T h i s  q u a l i t y  b o n u s  
s c h e m e  o p e r a t e d  s e p a r a t e l y  f r o m  t h e  n o r m a l  
p r o d u c t i o n  s y s t e m  i n  u s e .  R e j e c t s  w e r e  
s p e c t a c u l a r l y  r e d u c e d  b y  t h i s  s i m p l e  m e a n s .

C a n  q u a l i t y  c o n t r o l  m e t h o d s  o f  i n s p e c t i o n  
o r  p r o d u c t i o n  b e  a p p l i e d  t o  l i g h t - a l l o y  
f o u n d r y  w o r k :  t h i s  i s  a  q u e s t i o n  t h a t  i s  
b o u n d  t o  b e  a s k e d  b y  r e a d e r s  o f  t h i s  j o u r n a l .  
A  s i m p l e  m e t h o d  a p p l i e d  t o  t h e  r e s u l t s  o f  
p r e s s u r e  t e s t i n g  h a s  b e e n  d e s c r i b e d  r e c e n t l y , *  
b u t  d o u b t l e s s  m a n y  a p p l i c a t i o n s  c a n  a n d  
w i l l  b e  m a d e  w i t h  t h e  e x e r c i s e  o f  s o m e  
i n g e n u i t y .  I t  i s .  r e a l i z e d  t h a t  t h e  s u c c e s s f u l  
p r o d u c t i o n  o f  l i g h t - a l l o y  c a s t i n g s  d e p e n d s  
u p o n  t h e  c o n t r o l  o f  m a n y  v a r i a b l e s :  
w h e r e v e r  q u a n t i t a t i v e  v a l u e s  c a n  b e  g i v e n  
t o  s u c h  f a c t o r s ,  s t a t i s t i c a l  i n v e s t i g a t i o n  a n d  

c h a r t i n g  m a y  f o l l o w .  D a i l y  c o r r e l a t i o n  o f  
t h e s e  c h a r t s  w i t h  d e f e c t i v e s  w o u l d  p o s s i b l y  
s u g g e s t  t h e  c r i t i c a l  f a c t o r  r e s p o n s i b l e  f o r  
l a c k  o f  s u c c e s s  i n  t h e  p r o d u c t i o n  o f  a n y  p a r t  

. n u m b e r ,  a n d  h e n c e  i n  t h i s  w a y  t h e  q u i c k e s t  
p o s s i b l e  r e m e d i a l  s t e p s  m i g h t  b e  t a k e n .

W h a r t o n ’ s  l i t t l e  b o o k ,  t h e n ,  j s  a  r e a d a b l e  
d e s c r i p t i o n  o f  q u a l i t y  c o n t r o l  m e t h o d s  
f u l f i l l i n g  t h e  c l a i m  t h a t  i t  i s  n o n - m a t h e -  
m a t i c a l ;  p e r h a p s  . i t s  c h i e f  v a l u e  i s  t h a t  i t  
i s  s u g g e s t i v e  o f  i d e a s  f o r  p o s s i b l e  a p p l i c a ­
t i o n s .  Q u a l i t y  t h r o u g h  S t a t i s t i c s  ”  i s  
t h e r e f o r e  c o m p l e m e n t a r y  t o  t h e  o f f i c i a l  
h a n d b o o k s  o n  q u a l i t y  c o n t r o l  s i n c e  t h e y  a r e  
a l m o s t  s o l e l y  c o n c e r n e d  w i t h  t h e  m e c h a n i c s  
o f  c o n t r o l  c h a r t  o p e r a t i o n .

Light Metal Chairs

P R E V I O U S  i s s u e s  o f  "  I - i g h t  M e t a l s  ” t  
h a v e  d e a l t  a t  s o m e  l e n g t h  w i t h  t h e  

d e s i g n  a n d  c o n s t r u c t i o n  o f  f u r n i t u r e  i n  a l u ­
m i n i u m  a n d  l i g h t  a l l o y s  g e n e r a l l y .  I n  t h e  
a r t i c l e s  r e f e r r e d  t o ,  o p p o r t u n i t y  w a s  t a k e n  
t o  i n d i c a t e  t h a t  t h e  n a t u r e  o f  t h e s e  m a t e r i a l s  
a n d  t h e i r  a v a i l a b i l i t y  i n  n u m e r o u s  s e m i ­
m a n u f a c t u r e d  f o r m s  m a k e  p o s s i b l e ,  i n  s o m e  
c a s e s ,  t h e  c r e a t i o n  o f  n e w  a n d  s i m p l i f i e d  
d e s i g n s  a n d ,  i n  o t h e r s ,  e n a b l e d  t h e  p r a c t i c a l  
r e a l i z a t i o n  o f  \ v h a t  w e r e  f o r m e r l y  v a g u e  

o u t c o m e s  o f  w i s h f u l  t h i n k i n g .
T h e  e x t e n t  t o  w h i c h  t h e s e  s t a t e m e n t s  a r e  

b o r n e  o u t  i n  p r a c t i c e  i s  i l l u s t r a t e d  b y  t h e  
p a t e n t  s u m m a r y  w h i c h  f o l l o w s ,  a n d  b y  t h e  
i l l u s t r a t i o n s  a c c o m p a n y i n g  t h i s  n o t e .

F i g s .  1  t o  6  s h o w  c h a i r s  c o n s i s t i n g  o f  t w o  
c o m p o n e n t s  m a d e  o f  p l a t e  o r  s h e e t e d  m a t e ­
r i a l  :  t h e  c o m p o n e n t  A  i s  c o n t i n u o u s  a n d  
f o r m s  t h e  l e g s ,  s e a t ,  a n d  b a c k  o f  t h e  c h a i r ,  
w h i l s t  t h e  r e a r  c o m p o n e n t  B  i s  o f  a n g u ' a r

*“ A Method of Statistical Quality Control Inspec­
tion of Liirht Alloy Castintrs." By F. A. AHen. 
"Foundty Trade Journal," January 4. 1945.
t  See “ Lisht Metals," 1942 5 240: 241 : 243.

s h a p e  a n d  i s  s e c u r e d  t o  t h e  u n d e r s i d e  o f  
c o m p o n e n t  A .  F i g .  3  i l l u s t r a t e s  a  f r o n t  
e l e v a t i o n  o f  t h e  s e a t  p r o p e r ,  p r o v i d e d  w i t h  
b r a c k e t s  C ,  f o r  r e c e i v i n g  t h e  t o p  p a r t  o f  t h e  
c o m p o n e n t  B ,  w h i c h  m a y  e x t e n d  o v e r  t h e  
a r e a  o f  t h e  w h o l e  s e a t .  T h i s  d e s i g n  f a v o u r s  
t h e  m a s s  p r o d u c t i o n  o f  f o r m e r l y  c o n s t r u c t e d  
c h a i r s ,  w h i c h  d o  n o t  r e q u i r e  c r o s s  r a i l s  i n t e r ­
c o n n e c t i n g  t h e  t w o  c o m p o n e n t s  c o n c e r n e d .  
F u r t h e r m o r e ,  t h e  t w o  p r i n c i p a l  c o m p o n e n t s  
A  a n d  B  a r e  s o  s h a p e d  t h a t  t h e y  c a n  h e  
r e a d i l y  s t a c k e d  w h e n  d i s c o n n e c t e d ,  t h u s  
f a c i l i t a t i n g  s t o r a g e  a n d  t r a n s p o r t .  ( P a t e n t  
a p p l i c a t i o n  N o .  7 6 5 8 / 4 4 . )

I n  F i g .  7  i s  i l l u s t r a t e d  a  c h a i r  w h i c h ,  b y  
w a y  o f  e x a m p l e ,  i s  s h o w n  t o  b e  c o m p o s e d  o f  
t u b u l a r  m a t e r i a l :  t h e  p r i n c i p l e s  i n v o l v e d  a r e  
s i m i l a r  t o  t h o s e  j u s t  d e s c r i b e d  a n d  t h e  f r o n t  
e l e v a t i o n  o f  t h e  s e a t  s h o w s  h o o k s  i n t o  w h i c h  
t h e  t o p  p a r t  o f  c o m p o n e n t  B  i s  i n s e r t e d .  
( P a t e n t  a p p l i c a t i o n  N o .  0 4 0 6 / 4 5 . )  S e l f -  
a d j u s t i n g  h a m m o c k s  a r e  s h o w n  i n  F i g s .  8  
t o  1 0 ;  t h e y  c o n s i s t  o f  a  f r a m e  D  a n d  a  
p i v o t e d  b a c k  E ,  a  c a n v a s  s t r i p  c o n n e c t i n g  
t h e  f r o n t  o f  D  w i t h  t h e  t o p  o f  E .  T h e  r e a r  
o f  f r a m e  D  i s  p r o v i d e d  w i t h  s t o p s  F ,  w h i c h  
l i m i t  t h e  f o r w a r d  a n g l e  o f  E ,  i f  t h e  h a m ­
m o c k  b e  o c c u p i e d ,  w h i l s t  t h e  b a c k w a r d  r o t a ­
t i o n  o f  E  i s  l i m i t e d  o n l y  b y  t h e  l e n g t h  o f  
t h e  s u r f a c e  m a t e r i a l  b y  u n f a s t e n i n g  o n e  e n d  
o f  t h e  c a n v a s ;  t h e  s e a t  a n d  b a c k  f r a m e  c a n  
b e  f o l d e d .

F i g .  8  s h o w s  a  s i d e  e l e v a t i o n  o f  a  g a r d e n  
l o u n g e  c o n s t r u c t e d  o f  t u b e  a n d  s t r i p ;  a g a i n ,  
t h i s  a s s e m b l y  m a y  e a s i l y  b e  t a k e n  t o  p i e c e s  
b y  r e m o v i n g  t h e  f r o n t  c o n n e c t i n g  r o d  a n d  
t h e  b a c k  f r a m e ,  t h u s  f a c i l i t a t i n g  t r a n s p o r t  
a n d  s t o r a g e .

A  m e t a l  d e c k  c h a i r  w i t h  f o l d i n g  f r o n t  a n d  
r e a r  l e g s  i s  s h o w n  i n  F i g .  9 .  O n e  e n d  o f  
t h e  c a n v a s  i s  s e e n  t o  b e  p r o v i d e d  w i t h  s t r i p s  
f o r  d e t a c h i n g  i t  f r o m  t h e  f r a m e  a n d  f o r  r e g u ­
l a t i n g  t h e  l e n g t h  o f  m a t e r i a l ,  w h i c h ,  i n  t u r n ,  
d e t e r m i n e s  t h e  r a n g e  o f  t h e  r e a r w a r d  m o v e ­
m e n t  o f  t h e  b a c k .  F i g .  1 0  p r e s e n t s  a  d i a ­
g r a m m a t i c  v i e w  o f  t h e  d e c k  c h a i r ,  s h o w i n g  
i t  i n  t h e  f o l d e d  a n d  u n f o l d e d  p o s i t i o n s .  
B e s i d e s  b e i n g  o f  a -  d e s i g n  m a k i n g  f o r  c o m ­
f o r t ,  c o n s i d e r a b l e  s p a c e  s a v i n g  i s  e f f e c t e d  

a n d  m a n y  o f  t h e s e  c h a i r s  m a y  b e  p a c k e d  i n t o  
a  s m a l l  c a r  f o r  p i c n i c  p u r p o s e s .  ( B r i t i s h  
P a t e n t  5 5 0 , 4 6 9 . )

F i g s ,  1 1  a n d  1 2  i l l u s t r a t e  a n  a d j u s t a b l e  
c h a i r  i n  t w o  p o s i t i o n s ;  t h e  u p h o l s t e r e d  s e a t  
a n d  b a c k  a r e  h i n g e d  t o g e t h e r  a n d  j o i n t l y  
s u s p e n d e d  a t  t h e  r e a r  o f  t h e  f r a m e  b y  t e n ­
s i o n  s p r i n g s ,  w h i l s t  t h e  f r o n t  o f  t h e  s e a t  a n d  
t h e  b a c k  a r e  f r e e l y  s u p p o r t e d  o n  c r o s s ­
m e m b e r s  G  a n d  H  r e s p e c t i v e l y .  I f  a  l o a d  
b e  a p p l i e d  t o  t h e  s e a t  o f  t h e  c h a i r ,  t h e  
u p h o l s t e r y  a n d  s u s p e n s i o n  s p r i n g s  a u t o ­
m a t i c a l l y  a d j u s t  t h e m s e l v e s  i n  a  v e r t i c a l  
d i r e c t i o n ,  w h i l s t ,  i n  a d d i t i o n ,  t h e  s e a t  a n d  
b a c k  a l s o  t a k e  u p  p o s i t i o n s  d e p e n d i n g  o n  t h e  
d e g r e e  o f  p r e s s u r e  a n d  t h e  d i r e c t i o n s  f r o m  
w h i c h  i t  i s  a p p l i e d .
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Light A lloys in

R e c t i f i e r s ,  P h o t o c e l l s  a n d  C o n d e n s e r s

Continuing from “ Light Metals,”, ig j.; ¡ S f j  4, a 
Detailed Survey of F ix ed  Paper Condensers. A  
Comparative Study is Presented of the Uses of Tin 
Foils in Various Forms, and of Aluminium Foils

T H E  concluding 
para g r a p h  of

condenser - production

the previous section 
of this account in­
troduced practical 
c o n s i d e r  ations 
regarding the supply 
and conditions of 
delivery of 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 by reason of 
electrical require­
ments and of 
technique.
The salient features from a typical pur­

chasing specification for tin-coated paper are 
given below:—

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

(2) The paper base to be a linen rag
stock, the paper to have 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.

(3) The metal coating to be pure metallic 
tin, firmly secured with starch or
dextrin base adhesive. The tin coat­
ing to be smooth, bright, uniform 
and continuous, to exhibit no inclu­
sions ■ of zinc, carbon or other
impurity, and to reveal no bare 
patches.

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

(5) 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

F i g .  1 7 6 . — R e l a t i o n s h i p  
b e t w e e n  m e a s u r e d  r e ­
s i s t a n c e  o f  1 0 - i n .  t e s t  
l e n g t h s  o f  t i n - f o i )  
p a p e r  a n d  i t s  s q u a r e  

r e s i s t a n c e .

under conditions of hot impregnation 
with wax or oil.

(6) The tin-coated paper to be closely 
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.

(7) The p H  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 p H  value 
measured by indicators or electro- 
metricallv.

(S) The water content of the material,
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F i g .  1 7 7 . — C u r v e  s h o w i n g  r e l a t i o n s h i p  
b e t w e e n  c o v e r i n g  c a p a c i t y  a n d  t h i c k n e s s  

f o r  t i n / l e a d - a l l o y  f o i l .

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.

(9) 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.

(10) The water 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.

(11) The thickness of tin coating,
expressed in terms of lb. of tin per
double crown ream (4S0 sheets, 20 
ins. by 30 ins.), to be within the fol­
lowing limits:—

Minimum ... 4.75 lb.
Maximum ... 5.25 lb.

(12) 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 roll. 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 ins. 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 
clamps. The tin-coated surface of 
the specimen shall be uppermost, 
i.e., in intimate contact with the 
copper clamps. The square resistance 
is calculated from the measured resist­
ance in ohms from the following 
relationship:—

Measured resist- W idth  
„  ance in ohms '' in ins.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 line. 
Typical curves are reproduced in Fig. 176.
(13) The tensile strength of the material 

in the roll direction to be at least 
10 lb. per mil. of thickness per inch 
of width of test piece.

F i g .  1 7 8 . — C u r v e  s h o w i n g  r e l a t i o n s h i p  
b e t w e e n  c o v e r i n g  c a p a c i t y  a n d  t h i c k n e s s  

f o r  t i n / 3  p e r  c e n t ,  a n t i m o n y - a l l o y  f o i l .
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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.

(16) The tolerance on thickness to be plus 
and minus 10 per cent, of the speci­
fied nominal thickness.

(17) The tolerance on width to be plus and 
minus 1 per cent, of the specified 
nominal width.

(18) The material on any spool to consist 
of a single length with no breaks, 
although a maximum of five joints 
shall 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.

(ID) The arbor upon which wound to con­
form to stipulated requirements, 
e.g., to be of wood arid have a square 
hole of ljj ins. side plus and minus 

in., in order to suit the machine 
and expanding mandrel upon which 
used.

(20) To suit the machine upon which 
used, the overall diameter of the roll 
not to exceed a limiting diameter, 
e.g., S ins.

(21) 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.

( 2 2 )  T h e  r o l l s  t o  b e  e a c h  p r o t e c t e d  b y  
m e a n s  o f  a n  o u t e r  p a p e r  w r a p p e r  a n d  
t o  b e  p a c k e d  s e c u r e l y  i n  w o o d e n  
t r a n s i t  c a s e s  s o  t h a t  t h e y  d o  n o t  
S u f f e r  m e c h a n i c a l  d a m a g e  n o r  
d e t e r i o r a t i o n  f r o m  w e a t h e r  c o n d i t i o n s  
i n  t r a n s i t .

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 is very 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

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-

I T]

ALL NEGATIVE TO
CALOMCL CEU

F i g .  1 7 9 . — A t  t h e  l e f t :  e l e c t r o m o t i v e  s e r i e s .
I t  s h o u ld  be p o in t e d  o u t th a t in th e a b se n c e  o f  
p r a c t ic a l  “  f i e l d "  re su lts a n d  o f  e x a c t  d a t a  r e g a r d ­
in g  s iz e , s h a p e , co n d itio n s  o f  c o n ta c t , e t c ., o f  
v a r io u s  m e ta llic  c o u p les, a l l  h y p o th e s e s  a s  to t y p e , 
d e g re e  a n d  s p e e d  o f  co rro sio n  m u st b e  t r e a t e d  w ith  
th e g re a te s t  r e se rv e .  A t  t h e  r i g h t  a r e  g r a p h e d  
p o t e n t i a l s  i n  s e a - w a t e r  a g a i n s t  a  n o r m a l  
c a l o m e l  c e l l .  T h e  p r e c a u t i o n s  t o  b e  t a k e n  
i n  i n t e r p r e t i n g  t h e s e  d a t a  a r e  e q u a l l y  a s  
s t r i n g e n t  a s  t h o s e  a u t h o r i z e d  a b o v e ,  i f  m i s ­

l e a d i n g  c o n c l u s i o n s  a r e  t o  b e  a v o i d e d .

m e n t  a n d  p r o d u c t i o n  . o f  p a p e r  c o n d e n s e r s  
m u s t  n o t  b e  b e l i t t l e d .  I t  i s  r e a l l y  a  r e m a r k ­
a b l e  p r o d u c t ,  c o m b i n i n g  f e a t u r e s  o f  d i m e n ­
s i o n a l  a c c u r a c y ,  I h i n n e s s ,  . c h e m i c a l  p u r i t y  
a n d ,  a b o v e  a l l ,  c o n t i n u i t y  o f  e l e c t r i c a l  c o n ­
d u c t a n c e .  A g a i n ,  t h e  a d v a n t a g e s  i n  i t s  u s e ,  
s e t  a g a i n s t  t h e  d i s a d v a n t a g e s  a r e  w o r t h y  o f  
r e c o r d ,  v i z . : —

Advantages.—  (1) A condenser that uses
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Our engineers are readily available for consultation on new products

TELEPHONE : COVENTRY «9031 (6 UNES) TELEGRAMS: STERMET PHONE COVENTRY

S A N D  & D I E  C A S T I N G S  I n '

E L F K T R O N I a L U M I N I U M
M A G N E S I U M  A L L O T S  * NOAMAL A H t  AT TAEATt O

•ELEKTRON- FORGINGS

Two halves of a 
Split Pulley 

cast in 
E lektron  

Magnesium Alloy.

Diameter: 3-4“ 
Equivalent Weights: 

Elektron 520 lbs. each 
Aluminium 85S lbs. each 
Cast Iron 2080 lbs. each
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H E A D .  W R I G H T S O N  l C ° L ™

C o n s u l t a n t s ,  D e s i g n e r s  a n d  B u i l d e r s  to  t h e  S t e e l  a n d  N o n - F e r r o u s  I n d u s t r ie s

I f  y o u  r e q u i r e  a  l e v e l l e r  f o r  a n y  p u r p o s e ,  g e t  i n t o  
t o u c h  w i t h  u s .  W e  p r o b a b l y  h a v e  a  s t a n d a r d  m a c h i n e  
t o  s u i t  y o u r  p u r p o s e .  I f  n o t ,  w e  s h a l l  b e  d e l i g h t e d  
t o  d e v e l o p  a  s p e c i a l  m a c h i n e  t o  s u i t  y o u r  n e e d s .

T H  O R N  A B Y - O  N - T E E S
89-L.6

A n o t h e r

H E A D ,  W R I G H T S O N

T h e  I l l u s t r a t i o n  i s  t h e  l a t e s t  a d d i t i o n  t o  
o u r  c o n s t a n t l y  e x p a n d i n g  r a n g e  o f  r o l l e r  
l e v e l l e r s .

T h i s  u n i t  h a s  e l e v e n  d i a m e t e r  w o r k i n g  
r o l l s  s u p p o r t e d  b y  b a c k i n g  r o l l s  a n d  i s  g i v i n g  
s a t i s f a c t o r y  s e r v i c e  o n  a  v e r y  a r d u o u s  j o b  
o f  l e v e l l i n g  p a c k s  o f  h o t  s t e e l  s h e e t s  o n  a  
c o n t i n u o u s  p r o d u c t i o n  l i n e .

E N G I N E E R S  T O  T H E  E M P  I R. E
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th e  t in -c o a te d  p a p e r - ty p e  o i  e le c tro d e , u p o n  
e le c tr ic a l b re a k d o w n , d o es  n o t  d e v e lo p  a  d ead  
s h o r t  c ir c u it ,  b u t  i t  s t i l l  p o ssesses a n  a p p re ­
c ia b le  in te rn a l- re s is ta n c e  v a lu e  a t  v o lta g e s  
b elow  th o se  a t  w h ich  a rc in g  o ccu rs .

(2 ) T h e  tin -c o a te d  e le c tro d e s  e n a b le  su c h  
c o n d e n se rs  t o  b e h a v e  m o re  e ffic ien tly  th a n  
m e ta l- fo il e le c tro d e  c o n d e n se rs , w h en  in 
s p a rk  q u e n c h  c irc u its . T h is  is a c c o u n te d  fo r  
b y  th e  lo w er in s u la t io n  re s is ta n c e  v a lu e  o f 
su c h  c o n d e n se rs , a n d  th e  h ig h e r  e le c tr ic a l 
re s is ta n c e  o f  th e  t in  c o a t in g  c o m p a re d  w ith  
t h a t  o f  m e ta l  fo il.

D isadvantages.— (1 ) W h e n  tin -c o a te d  
p a p e r  is e m p lo y e d , th e  in su la t io n  re s is ta n c e  
o f th e  c o n d e n se r  is re la t iv e ly  low  a n d , m ore-

Fig. 180.—Curve show ing relationship 
betw een covering capacity  an d  th ick ­

ness for alum inium  foil.

o v e r, i t  is  d if fic u lt to  m a in ta in  a  u n ifo rm  
level o f in su la t io n  re s is ta n c e  'o v e r  th e  p ro ­
d u c t  in  m ass p ro d u c tio n .

(2 ) T h e  a c tu a l  e le c tr ic a l b re a k d o w n  v o l t ­
ag e  is lo w er th a n  t h a t  w h ic h  c a n  be  o b ta in e d  
w ith  m e ta l- fo il  c o n d e n s e r s ; o th e r  th in g s , o f 
c o u rse , b e in g  e q u a l.

(3) M a n u fa c tu r in g  co s ts  a re  r a th e r  h ig h e r  
g e n e ra lly  w h en  tin -c o a te d  p a p e r  is u sed  th a n  
w h en  m e ta l- fo il  is  em p lo y ed .

T h e  n a tu r e  o f  t h e  e le c tr ic a l b re a k d o w n  in  
a  tin -c o a te d  p a p e r  e le c tro d e  c o n d e n se r  w a r ­
r a n t s  b rie f  c o n s id e ra tio n  in  c o m p a riso n  w ith  
t h a t  o c c u r r in g  in  a  m e ta l-fo il e le c tro d e  
c o n d e n se r . T h is  is  n e c e ssa ry  to  g e t  th is  
p ro p e r ty  in  its  p ro p e r  p e rsp e c tiv e  a n d  to  
a v o id  O v erra tin g  th e  v a lu e  o f th is  c h a ra c ­

te r is tic . I n  a  m e ta l-fo il e le c tro d e  c o n d e n se r , 
e lec tr ica l b re a k d o w n  is s im u lta n e o u s ly  
ac c o m p a n ie d  b y  c o m p le te  fu sio n  o f  th e  e lec ­
t ro d e  a t  th e  p o in t  o f a r e a  o f  fa ilu re . T h e  
s t ru c tu r a l  u p se t  in th e  n e ig h b o u rh o o d  is 
im pressed  th ro u g h  th e  th ic k n e s s  o f th e  c o n ­
d en ser, so t h a t  a  n u m b e r  o f  a d ja c e n t  la y e rs  
fu se  a n d  w eld  to g e th e r . T h is  b e h a v io u r  
is th e  sa m e  fo r  a n y  ty p e  o f  m e ta l-fo il e lec­
tro d e , v iz ., t i n  o r  a lu m in iu m . A s a  r e su lt , 
th e  in su la t io n  re s is ta n c e  o f  th e  c o n d e n se r  
fa lls  im m e d ia te ly  f ro m  a  v a lu e  o f th e  o rd e r  
o f th o u s a n d s  o r  te n s  o f th o u s a n d s  of 
m eg o h m s to  o n e  t h a t  is  l i te ra l ly  n il, i .e . ,  
a  v a lu e  t h a t  is im m e a su ra b le  a n d  of th e  
o rd e r  o f a  f ra c tio n  o f a n  o h m . O n th e  c o n ­
t r a ry ,  w i th  c o n d e n se rs  c o n s tru c te d  w ith  t in -  
p o w d e r-c o a te d  p a p e r  e le c tro d e s , th e  p h e ­
n o m e n o n  is  d is t in c t ly  d if fe re n t, a n d  i t  is 
d e p e n d e n t u p o n  th e  v o lta g e  s tre s s  a t  w h ich  
th e  ru p tu re  o ccu rs . I n  a n y  case , th e  b r e a k ­
d o w n  level of th ese  c o n d e n se rs  is  lo w er a n d , 
in  p o in t  o f f a c t ,  b re a k d o w n  w ill o f te n  o c c u r  
a t  q u i te  a  low v o lta g e . S u ch  a  fa ilu re  w ill 
g e n e ra lly  c le a r  i tse lf  c o m p le te ly  w h e n  th e  
v o lta g e  is re a p p lie d  a n d , m o re o v e r, th e  v o lt­
a g e  c a n  be  ra ised  to  w ith in  th e  reg io n  of th e  
n o rm a l b re a k d o w n  v a lu e  b e fo re  b re a k d o w n  
is a g a in  ex p e rie n c e d . U n d o u b te d ly  such  
b re a k d o w n s  a re  d u e  to  th e  in d iv id u a l  p a r ­
tic le s  o f m e ta l-fo il t h a t  e m b e d  th em se lv e s  
in to  th e  p a p e r , th u s  g iv in g  s h o r te r  p a th s  
th ro u g h  w h ich  th e  v o lta g e  s tre sses  a re  o p e ra ­
t iv e . T h e  re se a lin g , i t  is  sp e c u la te d , is  d u e  
to  th e  f a c t  t h a t  th e  b u rn ish e d  t in  c o a t in g  
stil l  r e ta in s  th e  c h a ra c te r is t ic s  o f  t in  p o w d er, 
p e rh a p s  w ith  a  v e ry  th in  o x id e  film  s u r ­
ro u n d in g  e ach  m e ta l  p a r t ic le . A s a  re su lt , 
th e  p e r io d  o f  b re a k d o w n  is n o t  su ffic ien t fo r 
th e  co a lescen ce  o f  th ese  in d iv id u a l  t in  p a r ­
tic les  in to  a  fused  a n d  w elded  m ass. S uch  a  
p ro p e r ty  o f  se lf-h ea lin g  is a n  o b v io u s  m a jo r  
a d v a n ta g e  in  a  c o n d e n s e r  o f th is  ty p e . O n 
th e  o th e r  h a n d ,  th e re  a p p e a rs  to  b e  n o  d is ­
a d v a n ta g e  in  th e  a b sen ce  o f th is  p h e n o m e ­
n o n  in  a  m e ta l- fd il  e le c tro d e  c o n d e n se r , 
b ecau se  th e  c a u se  of a  fa ilu re  o f th is  ty p e  
is n o t  p re se n t , a n d  th e  fa ilu re  d o es  n o t  
o ccu r.

W h en  th e  t in -c o a te d  p a p e r  e le c tro d e  c o n ­
d en se rs  a re  o p e ra te d  a t  h ig h  v o lta g e s , r a th e r  
d if fe re n t fa c to rs  e n te r . W h en  th e  c o n d e n se r  
is b ro k e n  d o w n  u n d e r  th e se  c o n d itio n s , th e  
fa ilu re  is n o t  e v id e n c e d  b y  a  c o m p le te  sh o r t  
c irc u it  w ith  a n  in su la t io n  re s is ta n c e  v a lu e  o f 
a  f ra c tio n  o f a n  oh m . T h u s  co n d en se rs  
b ro k e n  d o w n  a t ,  fo r  e x a m p le , 1 , 0 0 0  v o lts , 
th e  in s u la t io n  re s is ta n c e  v a lu e  m a y  s t i l l  be 
o f  th e  o rd e r  o f 1 0 0 , 0 0 0  o h m s  o r  m o re , w hen  
m e a su re d  a t  low  v o lta g e s . A t  th e  h ig h  
v o lta g e  lev e l th e  c o n d e n se r  c o n tin u e s  to  
b e h a v e  a s  th o u g h  c o m p le te ly  sh o r t-c irc u ite d , 
th is  b e in g  d u e  to  a rc in g  a c ro ss  s h o r t  d is ­
ta n c e s  an d  th e  b u rn in g  o f  t in  p a r tic le s . T h e  
s ig n ifican ce  o f th is  is im p o r ta n t ,  a l th o u g h  
th e  p ra c tic a l  a p p lic a tio n  m a y  be  sp e c ifica lly
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lim ite d ; n e v e r th e le ss , th e  fie ld  f o r  e x p lo itin g  
th is  a d v a n ta g e  d o es  d e f in ite ly  e x is t. I t  
m e a n s  t h a t  th e  c o n d e n se rs  c a n  be o p e ra te d  
on  low  v o lta g e  c irc u its  w h ich  a re  s u b je c t  to 
p e r io d ic  su rg es . T h e  c o n d e n se r  ta k e s  th e  
su rg e  a n d  m a y  b re a k  d o w n  in  so  d o in g , b u t  
i t  h ea ls  i tse lf  a n d  c o n tin u e s  to  fu n c tio n  
s a fe ly  u p o n  its  n o rm a l o p e ra t in g  v o lta g e . 
F u r th e r ,  i t  w ill w i th s ta n d  a  n u m b e r  o f  su c ­
c essiv e  su rg e s  o f  th is  ty p e  w i th o u t  b re a k in g  
d o w n  c o m p le te ly  a s  a  c o n d e n se r  u n d e r  th e ir  
in flu en ce . I t  m u s t  be p o in te d  o u t,  h o w e v e r , 
t h a t  th e  c o n d e n s e r  c a n n o t  w i th s ta n d  a 
se v ere  t r e a tm e n t  o f th is  n a tu r e  w ith o u t  so m e 
d e te r io ra tio n . T h is  is rev ea led  b y  a  r e d u c ­
t io n  in in s u la t io n  re s is ta n c e  a n d ,  c o rre ­
s p o n d in g ly  a n  in c re a se  in  e le c tr ic a l losses. 
A g a in , th ese  a re  f e a tu re s  w h ich  m a y  o r  m a y  
n o t m a t te r ,  in  a c c o rd a n c e  w ith  th e  specific  
a p p lic a tio n  a n d  th e  n a tu r e  of th e  c irc u it  
c o n c e rn e d . T h e  se lf-h ea lin g  c h a ra c te r is t ic  
r e m a in s  d e sp ite  th is  lo w erin g  of re s is ta n c e , 
a n d  th e  re s is ta n c e  w ill b e  v e ry  low  ev en  a f te r  
a  s in g le  su rg e  effec t, h o w ev er h ig h  i t  w as 
in i t ia l ly .

C. F .  M a n sb rid g e , in a  p a p e r  e n ti t le d  
"  T h e  M a n u fa c tu re  o f E le c tr ic a l  C o n d e n ­
se rs  "  ( " J . I . E . E . , ”  V ol. 4, p p . 535-585, 
1808), s tre ssed  t h a t  a  c o n d e n se r  h a v in g  a  
low  in su la t io n  re s is ta n c e  v a lu e  is  to  be  p re ­
fe rred  in  c e r ta in  c ir c u its  f o r  th e  q u e n c h in g  of 
a  sp a rk , fo r e x a m p le , in  in d u c tio n  co ils  a n d  
s im ila r  c irc u its ;  th e  re s is ta n c e  in  these  c ir ­
c u i ts  a s s is ts  in  th e  sa m e  d ire c tio n  o f s u p p re s ­
s in g  th e  su rg e . T h u s  th e  h ig h e r  e q u iv a le n t  
se ries  re s is ta n c e  o r  th e  tin -c o a te d  p a p e r  
e le c tro d e  c o n d e n se rs  is  benefic ia l in  th ese  
cases. T h e  s ta b i l i ty  o f th e se  c o n d e n se rs  is 
b a c k e d  b y  co n fid en ce  t h a t  s h o r t  c irc u it in g  
will n o t  o c c u r  .how ever low  th e  in su la tio n  
re s is ta n c e  beco m es. U n fo r tu n a te ly , th ese  
f e a tu re s  h a v e  b eco m e r a th e r  o b sc u re d , a n d  
h ig h  in s u la t io n  re s is ta n c e  v a lu e s  a re  o f te n  
specified , d e s p ite  th e  im p o ss ib ility  o r, a t  
le a s t, e x tre m e  d ifficu lty  in o b ta in in g  th e m  
u n d e r  p ro d u c tio n  c o n d itio n s . U n d o u b te d ly , 
m is u n d e rs ta n d in g  h a s  a r ise n  b y  v ir tu e  o f th e  
fac t t h a t  m e ta l-fo il e le c tro d e  c o n d e n se rs  
e n a b le  th e s e  v a lu e s  to  -be a t ta in e d .  In  fa c t ,  
w ith  th ese  ty p e s , th e y  a re  a  c r ite r io n  o f c o r­
re c t q u a l i ty  m a te r ia ls  a n d  p ro p e r  p ro cess in g  
c o n d itio n s . T h e  m o ra l to  b e  d ra w n , th e r e ­
fo re , is th e  fa c t t h a t  th e  tw o  ty p e s  o f c o n ­
den se rs  a re  d if fe re n t c o m m o d itie s . T h e  tin -  
co a te d  e le c tro d e  ty p e s  w ere a t  o n e  tim e  
e s se n tia l fo r a ll  p u rp o se s , d u e , v i r tu a lly ,  to  
th e  a b se n c e  o f  co m m e rc ia l a l te rn a t iv e s .  T o ­
d a y  th e y  h a v e  specific  a d v a n ta g e s  in 
r e s tr ic te d  a p p lic a tio n s . T h e  m e ta l- fo il  e lec­
tro d e  ty p e s  a re  h ig h e r  b re a k d o w n  v o lta g e  
co n d e n se rs , p o ssessin g  h ig h e r  in su la t io n , 
g r e a te r  r e l ia b i l i ty  a n d  c a p a b le  o f  p ro d u c tio n  
to  a  c lo se r  d e g re e  o f  p re c is io n . T h ese  fa c to rs , 
c o m b in e d  w ith  th e ir  m o re  eco n o m ic  p ro d u c ­
t io n  a n d  w ith  d e v e lo p m e n ts  in  m a n u fa c ­
tu r in g  te c h n iq u e  d u r in g  th e  p a s t  10 to  15 
y e a rs , su g g e s t t h a t  m e ta l- fo il e le c tro d e  c o n ­

d en se rs , a n d  in p a r t ic u la r  th o se  u tiliz in g  
a lu m in iu m  fo il, c a n  u se fu lly  rep lace ' th e ir  
p red ecesso rs, w ith  p e rh a p s"  s lig h t  c ir c u it  
m o d ific a tio n s  in  som e cases.

F o r  s im ila r  d es ig n s, a n d  id e n tic a l  p ro ­
cess in g  c o n d it io n s , t in -c o a te d  e lec tro d e  
c o n d e n se rs  w ill e x h ib i t  a  m a x im u m  in s u la ­
tio n  re s is ta n c e  v a lu e  o f 5 ,000  t o  6 ,000 
m eg o h m s p e r  m ic ro fa ra d  o f c a p a c ity  a t  60 
d eg rees  F . ,  a n d  u su a lly  i t  is m u ch  low er, 
m o re  in  th e  n e ig h b o u rh o o d  o f  3 , 0 0 0  
m eg o h m s; w h ereas  th e  a lu m in iu m  foil e lec ­
tro d e  ty p e  w ill g iv e  15,000 m eg o h m s o r  
m o re . T h is  is o f g re a t  p ra c tic a l im p o r t  a n d  
m u s t  n o t  be  o v e r lo o k e d  b ecau se  h ig h  in su la ­
t io n  v a lu e  is o n e  o f  th e  c h ie f  c h a ra c te r iz in g  
c r i te r ia  o f goo d  g en e ra l p u rp o se s  c o n d e n se rs . 
L ik ew ise , b re a k d o w n  v a lu e s  can  b e  c o m ­
p a re d , v iz ., in s ta n ta n e o u s  v a lu e s  in  v o lts  
a .c .  a re  o f  th e  o rd e r  o f  400 to  6 ,000  fo r  
tin -c o a te d  p a p e r  ty p e s  a n d  800 to  1,600 fo r 
a lu m in iu m -fo il  e le c tro d e  co n d e n se rs . T h e  
tin -c o a te d  p a p e r  ty p e s  ca n  be  im p ro v e d  b y  
th e  in c lu s io n  o f a n  e x t r a  th ic k n e s s  o f p a p e r  
in s u la t io n , b u t  thus in v o lv e s  s t i l l  h ig h e r  
p ro d u c tio n  c o s t a s  w ell a s  in c re a se d  p h y s ic a l 
size, w h ich  c a n  ra re ly  be  to le ra te d .

R e g a rd in g  th e  h ig h e r  p ro d u c tio n  c o s t of 
th e  c o n d e n se rs  h a v in g  t in -c o a te d  p a p e r  
e le c tro d e s , i t  is b e liev ed  t h a t  i t  w ill be 
fo u n d  to  b e  g e n e ra lly  t ru e  t h a t  th e se  c o n ­
d en sers , h a v in g  o n ly  o n e  p a p e r  b e tw e e n  
th e  e le c tro d e s , a re  m o re  e x p e n s iv e  to  p ro ­
d u c e  th a n  a re  a lu m in iu m  m e ta l  foil 
c o n d e n se rs  h a v in g  tw o  p a p e rs  b e tw een  
e le c tro d e s , o th e r  th in g s  b e in g  e q u a l. T h e  
tw o  ty p e s  a re  a p p ro x im a te ly  th e  sa m e  size  
fo r th e  sa m e  e le c tro s ta t ic  c a p a c ity  v a lu e .

O n e  la s t  q u a l i ty  f e a tu re  r e q u ire s  b r ie f  
m e n tio n . A p a r t  from  in it ia l  e le c tr ic a l 
q u a l i ty ,  se rv ice  life u n d e r  n o rm a l o p e ra t in g  
c o n d itio n s , a n d  sh e lf  life u n d e r  id lin g  c o n d i­
tio n s  a n d  in  s to ra g e , a re  im p o r ta n t .  G en e r­
a lly  sp e a k in g , h ig h  in i t ia l  in s u la t io n  
re s is ta n c e  v a lu e  is a  g o o d  g u id e  to  a  so u n d , 
se rv ic e a b le  c o n d e n se r . O v e r lo a d  a n d  su rg e s  
d e te r io ra te  a n y  c o n d e n s e r  b u t ,  a p a r t  fro m  
th e se  fa c to rs  a n d  a n y  t h a t  m a y  be  in c o r­
p o ra te d  u n d e r  th e  h e a d in g  o f m isu se , 
in su la t io n  re s is ta n c e  a lw a y s  h as a  te n d e n c y  
to  fa ll . U n d o u b te d ly , th is  is  d u e  to  a  
n u m b e r  o f  f a c to rs , b u t  th e se  ca n  a ll be 
g ro u p e d  w ith in  th e  g en e ra l s t a te m e n t  t h a t  
a n  in flu en ce  is a t  w o rk  to  in c re a se  th e  
io n iz a b le  c o n s t i tu e n ts  w ith in  th e  c o n d e n se r . 
I m p ro p e r  se a lin g , e v e n  a  m in u te  "  p in -h o le ”  
w ill p e rm it  m o is tu re  to  e n te r , a n d  th is  
re n d e rs  th e  re s id u a l  ch em ica ls  t h a t  m a y  be 
in  th e  p a p e r  o r  in  th e  im p re g n a tin g  m e d iu m  
c o n d u c tiv e . Im p ro p e r  d ry in g  o f th e  u n its  
o r  e x p o s u re  to  a tm o sp h e re  b efo re  se a lin g  
o p e ra te s  in  th e  sa 'm e d ire c t io n . O v e rh e a tin g  
o f th e  p a p e r  o r  o f  th e  im p re g n a n t  p ro m o te s  
th e  fo rm a t io n  o f  d e le te r io u s  o rg a n ic  ac id s  
w h ich  s lo w ly  a s s e r t  th e m se lv e s  o v e r  a  p e rio d  
o f t im e . W ith  m e ta l foil e le c tro d e s , ju d ic io u s  
se lec tio n  -of raw  m a te r ia ls  a n d  r ig o ro u s ly
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c o n tro lle d  p ro c e ss  c o n d itio n s , h ig h  in it ia l  
in s u la t io n  re s is ta n c e  v a lu e s  a re  o b ta in e d , 
a n d  th ese  sh o w  v e ry  l i t t le  d e te r io ra t io n  
d u r in g  id lin g , a n d  v e ry  l i t t le  ta l l  in  se rv ice . 
T h e  tin -c o a te d -p a p e r  e le c tro d e  ty p e s , ho w ­
ev e r, s t a r t  life  a t  lo w er in su la t io n  v a lu es , 
f a l l  n o tic e a b ly  in  id lin g  a n d  m a rk e d ly  in 
se rv ice . A fte r , sa y , .four y e a r s ’ se rv ice , th e  
in su la t io n  m a y  be  o f th e  o rd e r  o f o n ly  a  
few  m eg o h m s. T h e  low  in it ia l  v a lu e s  a n d  
fall d u r in g  s to ra g e  c a n  o n ly  be e x p la in e d  b y  
th e  g r e a te r  p e rc e n ta g e  o f io n iz a b le  m a te r ia l 
in  th e  tin fo il  p a p e r  a n d  th e  g re a te r  p ra c tic a l 
d ifficu lty  in a c h ie v in g  a  h ig h  d eg ree  of 
d ry in g  d u r in g  p ro cess in g . T h e  v e ry  ra p id  
fall in  se rv ice  is d u e  to  th e  "  su rg e  b re a k ­
d o w n s  "  a n d  se lf-h ea lin g  p h e n o m e n o n .

T h e  so u rc e  o f su p p ly  o f t in -c o a te d  p a p e r

q u e n t ly , im p ro v e d  co n d e n se r  q u a lit ie s  w ou ld  
be  e x p e c te d  a n d  w ere, in  f a c t, c la im ed . 
T h ese  w ere  s u b s ta n t ia te d  b y  te s ts  m a d e  o n  
th e  m a te r ia l in  th is  c o u n try , co n d en se rs  
p ro d u c e d  sh o w in g  a  h ig h e r  b re a k d o w n  v a lu e  
a n d  b e t te r  in su la t io n  re s is ta n c e  v a lu es  th a n  
a re  o b ta in e d  on  th e  t in -c o a te d  p a p e r  elec­
tro d e  c o n d e n se rs , y e t  a t  th e  sam e tim e  th e  
se lf-h ea lin g  p ro p e r ty  w as re ta in e d . T h is  
m a te r ia l  d id  n o t  e v e r  b ecom e a v a ila b le  in 
th is  c o u n try  on  a  c o m m e rc ia l b as is , p re su m ­
a b ly  o w in g  to  th e  ex p e n s iv e  a n d  com p lex  
n a tu r e  o f  th e  e q u ip m e n t re q u ire d  fo r i ts  
p ro d u c tio n .

T h e  v a c u u m  te c h n iq u e  fo r  c o a tin g  th e  
in su la t in g  p a p e r  is  n o t  m e re ly  o f sc ien tific  
in te r e s t  b u t  i t  u n d o u b te d ly  h a s  g r e a t  
te c h n iq u e  a n d  p ra c tic a l  s ig n ifican ce . A lu-

Table 34.—L abora to ry  D ata A pp erta in in g  to  Tinfoil Paper.
C om position of paper base, linen rag stock  ; and of metal coating, pure  tin in all cases.

Sample No. 1 2 3 4 5 6

W id th , inches 
Thickness, inches—

3.5 3.5 2.5 2.5 1.25 1.5

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

W eigh t basis, gram s sq. m e tre—
0.00050 0.00045 0.00048 0.00047 0.00045 0.00052

Lowest 25.0 27.0 25.3 24.8 23.5 27.7
H ighest .. 27.0 28.8 28.0 26.7 25.6 28.3
Mean 26.0 27.9 26.6 25.5 24.0 28.0

W a te r  soluble ex trac t, p e r cent. 1.0 1.0 3.8 3.9 1.5 1.6
A lcohol soluble ex trac t, per cent. 
W eigh t of tin  coating, lb. double crow n

0.2 0.2 0.6 0.4 0.15 0.3

ream (480 sheets 20 ins. x  30 ins.) .. 
Tensile s treng th , lb. per mil. of thick­

4.8 6.1 5.8 4.6 4.55 5.23

ness per inch of w id th  .. 10.5 7.1 10.0 10.4 10.7 10.9
Tensile s treng th  actual, oz. on J in. s trip 21 — — —

1.0Elongation on 7 inches, pe r cent. 1.2 1.1 1.2 1.2 1.1
Reaction N eutral N eutral N eutral N eu tral N eu tral N eutral
M oisture con ten t, p e rc e n t. 3.3 2.9 3.1 3.0 3.2 3.3
Square resistance, ohm s. . . 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 c o n d e n se r  q u a l i ty  is p ro b a b ly  m o re  
re s tr ic te d  th a n  t h a t  o f th e  m e ta l  fo ils , a n d  
is p ro b a b ly  co n fin ed  to  a  s in g le  m a n u fa c ­
tu r e r  in  th is  c o u n try . I t  is  in te r e s t in g  to  
n o te , h o w e v e r , t h a t  f ro m  10 to  15 y e a rs  ag o  
a  z in c -c o a te d  p a p e r  w as b e in g  d ev e lo p ed ' in 
G e rm a n y  fo r c o n d en se rs . T h is  c o n s is te d  of 
a  th in  c o n d e n s e r  t is su e  c o a te d  on  o n e  s id e  
w ith  a  fine, c o n tin u o u s  d e p o s it  o f m e ta llic  
z in c , a p p lie d  b y  m e a n s  o f a  c a th o d e  s p u t ­
te r in g  o r  v a c u u m  e v a p o ra tio n  p ro cess . T h e  
m a te r ia l  h a d  se v e ra l a d v a n ta g e s  o v e r  th e  
t in -c o a te d  p a p e r .  I t  co u ld  b e  g u a ra n te e d  
f re e  fro m  a n y  of th e  re s id u a l c h em ica ls  w ith  
w h ich  th e  t in  p o w d e r, c h e m ic a lly  p re c ip i­
t a te d ,  m u s t  be  a s so c ia te d . T h e  z in c  cou ld  
be  v e ry  h ig h  p u r i ty  w ith  n o  lo ca l in c lu s io n s , 
a s  o f  c a rb o n , t h a t  m ig h t se t  u p  e le c tr ic a l 
c o u p les . A sm o o th , c o n tin u o u s ly  c o n d u c tin g  
c o a t in g  co u ld  be a s su re d  w i th o u t  a n y  su b se ­
q u e n t  c a le n d e r in g  a n d , th e re fo re , n o  q u e s ­
t io n  a ro se  c o n c e rn in g  p a r t ic le s  o f  m e ta l 
ro lle d  in to  o r  th ro u g h  th e  p a p e r . C onse-

m in iu m *  is ju s t  a s  e a sy  to  v a c u u m  e v a p o ra te  
a s  Ls z inc , a n d  w ould  p ro b a b ly  p ro v e  m o re  
s u ita b le  fo r  th is  p u rp o se . I t  w ou ld  be  less 
re a c tiv e  c h em ica lly  th a n  z in c , b ecau se  o f  th e  
te n d e n c y  to  fo rm  a  p ro te c tiv e  superfic ia l 
la y e r  o f o x id e  o v e r  i ts  su rface , a n d  i t  w ou ld  
possess a  h ig h e r  c o n d u c t iv i ty  v a lu e  so t h a t  
th in n e r  film s co u ld  be  to le ra te d . A n o th e r  
d e v e lo p m e n t t h a t  seem s o v e rd u e , a t  le a s t  a t  
firs t s ig h t, is th e  s u b s t i tu t io n  o f a  p la s tic  
film  su c h  a s  p o ly th e n e , p o ly s ty re n e , ce llu ­
lose a c e ta te ,  o r  s im ila r  m a te r ia l ,  f o r  th e  
p a p e r  a n d  th u s  e l im in a te  m u ch  o f  th e  m o is­
tu re  a n d  in su la t io n  p ro b le m . S u ch  a  p la s tic  
co u ld  b e  m e ta lliz e d  b y  th e  v a c u u m  p ro cess , 
g iv in g  f u r th e r  s im p lif ic a tio n  to  c o n d e n se r  
m a n u fa c tu re . U lt im a te ly , d es ig n s  co u ld  b e  
sm a lle r  a n d  lo n g e r  life cou ld  b e  a s su re d . 
A d m itte d ly , m u c h  d e v e lo p m e n t e ffo rt w ou ld  
be  n e c e ssa ry  to  p e r fe c t e q u ip m e n ts  to  
m e ta lliz e  th e  film  fo r  c o n tin u o u s  p ro d u c tio n

* See “ Light M etals," 1943/6/56,
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p ro cesses  a n d  la rg e  o u tp u t s  a n d  in  th e  te c h ­
n iq u e  o f  a p p ly in g  i t  to  th e  p ro d u c tio n  of 
fixed  c o n d e n se rs .

M etallic Tin Foil
I t  se em s t h a t  th e  d e v e lo p m e n t o f a  c o m ­

m erc ia l te c h n iq u e  fo r th e  p ro d u c tio n  o f th in  
m e ta l fo ils in  c o n tin u o u s  le n g th s , a n d  i ts  
■ estab lishm ent fo r th e  r e g u la r  s u p p ly  o f a 
u n ifo rm  p ro d u c tio n , o c c u rre d  in  A m erica  
a n d  on th e  C o n tin e n t ,  a n d  p a r t ic u la r ly  in 
S w itz e r la n d , m a n y  y e a rs  b e fo re  th e y  w ere 
a c h ie v e d  in  th is  c o u n try .  T h e re fo re , u p  to  
a b o u t  2 0  y e a rs  a g o , m e ta llic  t in  foil fo r 
■condensers w as a ll im p o rte d . T h e  e a r lie s t 
tin  foil used  w a s  a c tu a l ly  a  t in / l e a d  a llo y , 
c o n ta in in g  so m e a n t im o n y  a n d  th e  th ic k ­
ness w as  o f th e  o rd e r  o f 0 . 0 0 0 2  in . to  
0 .00025 in .,  w ith  r a th e r  th ic k e r  g au g es  .for 
sp ec ia l p u rp o se s . I t  is p ro b a b le  t h a t  th is  
p a r t ic u la r  a llo y  m ix tu re  w as ev o lv ed  
d u r in g  th e  d e v e lo p m e n t of p ro cesses fo r  
ro llin g  th e  m e ta l  to  su c h  low  th ick n esses , a n d  
t h a t  c o n d e n se r  m a n u fa c tu re rs  fo u n d  i t  s u i t ­
a b le , a c c e p tin g  i t  in th e  firs t in s ta n c e  on 
th e  bas is  o f a v a i la b i l i ty .  W h e n , la te r ,  a  
lead -free  a llo y  b ecam e  a v a ila b le , n a m e ly , 
p u re  t in  c o n ta in in g  f ro m  2 to  4 p e r  c e n t ,  o f 
a n t im o n y , so m e  use rs  s till  p re fe rre d  to  
a d h e re  to  th e  f i r s t  a llo y . I t  w as c la im e d  to  
be m o re  flex ib le  a n d  less in c lin e d  to  c rease  
a n d  s p li t  d u r in g  th e  p ro c e sse s  e n ta i le d  in 
p ro d u c in g  c o n d e n se r  u n its .  H o w e v e r , i t  is 
n o t  fe lt t h a t  a n y  s t ro n g  c la im s  ca n  be  m ad e  
in th is  d ire c t io n , a n d  c e r ta in  i t  is t h a t  th e  
le a d -fre e  a llo y  w as ' la te r  u sed  in  th is  c o u n try  
w ith  n o  tro u b le s  a r is in g  from  th e  in flu en ce  
of a llo y  co m p o s itio n  u p o n  m e c h a n ic a l o r 
p h y s ic a l p ro p e r tie s . T h e  tw o  a llo y s  s tu d ie d  
o v e r  lo n g  p e rio d s  u n d e r  p a ra lle l c o n d itio n s  
p ro v e d  e q u a lly  g o o d , w ith  c o n d e n s e r  q u a l i ty  
from  th e  tw o  g ra d e s  in d is tin g u ish a b le . 
F u r th e r ,  w i th  th e  le a d -fre e  a llo y , i t  p ro v e d  a  
l i t t le  e a s ie r  to  m a in ta in  th e  th in  g a u g e  
re q u ire d , a n d  to  o b ta in , in  co n se q u e n c e , th e  
m o s t  fa v o u ra b le  c o v e r in g  c a p a c ity .

O n e  o f th e  e a r ly  c o n tin e n ta l  sp e c ifica tio n s  
s t ip u la te d  a  9 0 /1 0  t in / l e a d  a llo y  c o n ta in in g  
a  m in im u m  o f SS p e r  c e n t ,  o f  t in .  T h ic k ­
ness lim its  w ere s t ip u la te d  as 0 .005  m m . 
m in im u m , 0 .0055  m m . m a x im u m , a n d  th e  
su b s ta n c e  in  te rm s  o f  a  m a x im u m  w e ig h t 
b a s is  o f  42 .0  g r a m s . / s q .  m e tre . S tre n g th  
a n d  e lo n g a tio n  w ere ca lled  fo r  o n  a  7-in . 
a c t in g  le n g th , u s in g  a  s t r ip  40 m m . w ide 
fo ld ed  in  fo u r  le n g th w ise . A  m in im u m  te n ­
sile s t r e n g th  o f  500 g ra m s, a n d  a  m in im u m  
e lo n g a tio n  v a lu e  o f  3 p e r  c e n t , w ere  sp e c i­
fied . A ll th e se  re q u ire m e n ts  co u ld  be  m e t  
w ith  th e  po ss ib le  e x c e p tio n  o f  e lo n g a tio n , 
f o r  w h ic h  v a lu e s  f ro m  1  t o  2  p e r  c e n t , 
seem ed  t o  b e  m o re  u su a l. T h is  seem s to  b e  
o f  no  c o n se q u e n c e  p ro v id e d  t h a t  th e  m a te ­
r ia l p ossesses th e  s t r e n g th  fo r  h a n d l in g  on  
p o w e r-o p e ra te d  w in d in g  m a c h in e s , p a r t ic u ­
la r ly  w ith  re sp e c t to  th e  s ta r t - a n d -s to p  
-stresses.

A v e ra g e  re q u ire m e n ts  o.f ty p ic a l  sp ec ifica ­
t io n s  fo r th is  lead ed  t in  foil a re  b rie fly  
e n u m e ra te d  b e lo w :—

( 1 ) A llo y  co m p o s itio n  to  be  w ith in  th e  
fo llo w in g  lim its .

M in . M ax .
P e r  c e n t . P e r  c e n t.

T in  ..................... 82 .5  —
L ead  .....................  12.0 15.0
A n tim o n y  . . .  —  4 .0

(2) T h ic k n e ss  to  be assessed  b y  c o v e r in g  
c a p a c ity , l im itin g  v a lu e s  fo r  w h ich  
fo r  n o m in a l  th ic k n e sse s  q u o te d  on 
p u rc h a se  o rd e rs , to  b e  a s  u n d e r :—

N o rm a l C o v e rin g  c a p a c ity ,
th ic k n e s s . S q . in s . p e r  lb .

In s . M in . M ax.
0 .0002  17,500 —
0.0003 12,000 15,000
0.0005 7 .000  9 ,500

T o le ra n c e  on  w id th  to  b e  p lu s  o r  
m in u s  1  p e r  c e n t ,  on th e  n o m in a l.

(3) T h e  fo il to  be free  f ro m  c o n ta m in a ­
tio n  b y  o il, g re a se , d i r t ,  c h em ica ls  o r  
o th e r  e x tra n e o u s  m a t te r  a n d  n e u tra l  
in  re a c tio n .

(4 ) T h e  fo il to  be  u n ifo rm , o f sm o o th  
su rface , free  f ro m  c r in k le s , holes, 
te a rs  o r  o th e r  im p e rfe c tio n s , a n d  
ed g es to  be  c lean  c u t ,  free  fro m  r a g ­
g edness o r  tu rn -o v e r .

■ (5) S tre n g th ..  D e te rm in e d  o n  a  7 -in . 
a c t in g  le n g th , te n s ile  s t r e n g th  to  be  
a  m in im u m  of 64 oz. p e r  in . of w id th  
p e r  m m . o f th ic k n e ss , a n d  e lo n g a tio n  
to  be  a  m in im u m  of 1 p e r  c e n t.

( 6 ) F o il to  b e  su p p lie d  in o n e  c o n tin u o u s  
le n g th , free  fro m  a n y  ty p e  o r  jo in  a n d  
o n  c e n tre s  o f specified  d im e n s io n s . T o 
be  w o u n d  sq u a re ly  w ith  e v e n  te n s io n  
th ro u g h o u t  th e  ro ll a n d  c a p a b le  of 
b e in g  u n w o u n d  ta n g e n t ia l ly  a t  r ig h t  
a n g le s  to  th e  a x is  o f  th e  sp o o l w ith ­
o u t  te a r in g . T h e  s t a r t  o f  th e  ro ll to  
be  m a d e  o b v io u s  b y  th e  in s e r t io n  o f  a  
p iece  o f p a p e r  b e tw een  th e  f irs t  an d  
se c o n d  la y e rs  o f  th e  fo il,

(7) T h e  c e n tre s  u p o n  w h ich  w o u n d  to  be  
o f  w ood , in s id e  d ia m e te r  3 in s ., o u t ­
s id e  d ia m e te r  4 in s ., le n g th  e x a c tly  
eq u a l to  th e  w id th  o f  th e  fo il. M a x i­
m u m  o v e ra ll d ia m e te r  of th e  ro ll to  
b e  5 in s .

( 8 ) R o lls  to  b e  p ro te c te d  b y  sq u a re
w o o d en  ch eek s , th e  side  d im e n s io n s  
o f w h ich  m u s t  p e rm it  th e  ch eek s to  
e x te n d  b e y o n d  th e  ro'll d ia m e te r . 
C heeks to  be  se c u re ly  he ld  b y  sc rew s
w ith  flush  h e a d s , th ese  sc rew s
p a ss in g  in to  a  s u ita b le  loose  p lu g  in 
th e  co re  o f th e  c e n tre .

(9) R o lls  to  b e  p a c k e d  se c u re ly  in
w o o d en  cases to  p re v e n t  m ech an ica l 
d a m a g e  in t r a n s i t ,  o r  d e te r io ra tio n  
fro m  w e a th e r  c o n d itio n s .
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In  a c tu a l  p ra c tic e , a  ra n g e  o f th ick n esses 
o f  t in  foil w ere u sed , b u t  th e  c o m m o n e s t 
size w as a  th ic k n e s s  o f  th e  o rd e r  o f 0 . 0 0 0 2  
in . T h is  g a v e  su ffic ien t s t r e n g th  i o r  u se  on 
p o w e r-o p e ra te d  m a c h in e s  a n d  th e  o b je c tiv e  
w as t o  o b ta in  th e  m a x im u m  o b ta in a b le  
c o v e r in g  c a p a c ity  o r  a re a  p e r  u n i t  o f  w e ig h t 
fo r eco n o m ic  reaso n s . In  a r r iv in g  a t  th is  
sm a ll th ic k n e s s  c o m m e rc ia lly , n a tu r a l ly  m u ch  
t ro u b le  w as ex p e rien ced  a t  th e  o u ts e t  fro m  
te a r s ,  ho les  a n d  o th e r  d e fe c ts  in  th e  m a te ­
r ia l, a n d  w ith  to rn  o r  ra g g e d  ed g es a r is in g  
in  th e  s l i t t in g  o p e ra tio n s . D ifficu lties  w ere 
a lso  e n c o u n te re d  in  m a in ta in in g  re a so n a b le  
u n ifo rm ity  o f  th ic k n e ss  th r o u g h o u t  th e  
le n g th  o f th e  ro ll. H o w e v e r , th e  p ro b lem s 
a sso c ia te d  w ith  th e se  p e c u lia r it ie s  w ere 
m a s te re d  in  re la t iv e ly  ra p id  tim e  a n d , w ith  
a n  o rg a n iz e d  p ro d u c tio n  p ro cess  c o n tro l  
a c t in g  in c o -o p e ra tio n  w ith  a  so u n d  ro u tin e ,

p e rm itte d  a n d ,  ex p ressed  a s  a  p e rc e n ta g e , 
th e  a llo w a b le  to le ra n c e  a p p e a rs  a s  q u i te  
la rg e . A to ta l  to le ra n c e  of 10 p e r  c e n t, o r  
e v e n  1 2  p e r  c e n t ,  c a n  sa fe ly  be  a c c e p te d . 
I t  is  re a lly  la rg e  f lu c tu a tio n s  t h a t  h a v e  to  
be  g u a rd e d  a g a in s t ,  a n d  i t  is  s tre ssed  t h a t  
th e s e  c e r ta in ly  c reep  in  if  in sp e c tio n  is  
re la x e d  a n d  if a  s y s te m a tic  r ig o ro u s  te s t in g  
ro u t in e  is  n o t  m a in ta in e d . F lu c tu a t io n s  a s  
h ig h  a s  50 to  100 p e r  c e n t , o f th e  
n o m in a l th ic k n e s s , a n d  a lw a y s  in th e  p lu s  
d ire c tio n  a re  n o t  u n c o m m o n  u n d e r  th ese  la x  
c o n d itio n s . I t  is e v id e n t  t h a t  u n d e r  such  
c irc u m s ta n c e s  i t  is im p o ss ib le  to  m a in ta in  
c o n d e n se r  d im e n sio n s . I t  h a s  to  b e  rea lized  
t h a t  a  c o n d e n s e r  ro ll m a jr c o n ta in  a n y  n u m ­
b e r  o f  tu rn s  from  a  few  to  m a n y  sco re . T h e  
a c c u m u la tiv e  p lu s  e r ro r  c a n n o t  b e  c o m p e n ­
sa te d  a n d , if i t  is n o t  d e te c te d  u n t i l  th e  
u n i ts  a re  w o u n d , m u c h  sc ra p  m a y  be p ro -

Table 35.— L aborato ry  D ata on Tinfoil (Tin-Lead Alloy) fo r C o n d en sers .

Source . . A A B c D E D

Sample No. 1 2 3 4 5 6 7

W id th , inches 3.5 3.5 3.75 3.5 3.75 3.0 1.5
Thickness, approx im ate average, ins. 0.00022 0.00022 0.00023 0.00031 0.00022 0.00022 0.00025
C overing capacity, sq. ins./lb .— 

Lowest 16,000 16,300 15,400 13,900 17,200 18,200 15,000
H i g h e s t ................................................... 18,200 18,000 17,100 15,900 19,100 20,400 17,200
A verage 17,100 17,200 16,200 14,830 18,000 19,500 16,140

Tensile s treng th  on 1J ins. w idth , 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 ................................................... N eutral N eutral N eutral N eutral N eu tral N eu tral N eutral
C om position , pe r cen t.—

84.5 83.0 84.4 80.6 86.4 84.4 83.7
Lead 11.5 13.0 13.4 16.3 11.7 12.7 13.5
A n tim o n y ........................... 4.0 4.0 2.2 3.1 1.9 2.9 2.8

100.0 100.0 100.0 100.0 100.0 100.0 100.0

raw  m a te r ia l  in sp e c tio n  a t  th e  p u rc h a se r ’s 
e n d , th e  c o n d e n s e r  m a n u fa c tu re r ’s n eed s 
so o n  b ecam e  sa tis fie d  to  a  v e ry  c lose d eg ree  
in d e e d .

I n  T a b le  35 a re  p re se n te d  som e d a ta  
r e c o rd e d  on  c o n s ig n m e n ts  o f  th e  tin -le a d  
a llo y  c o n d e n se r  fo il in  v a r io u s  w id th s  a n d  
fro m  se v e ra l su p p lie rs . L it t le  c o m m e n t is 
c a lled  fo r in  re la t io n  to  th e  su g g e s te d  spec i­
f ic a tio n  l im its  a lre a d y  g iv e n . T h e  co m p o s i­
t io n a l  v a lu e s  v a ry  a  l i t t le  b u t  n o t  a la rm ­
in g ly . C o v e rin g  c a p a c itie s  d r i f t  so m e w h a t, 
a n d  som e o f th e m  a re  on  th e  low  sid e . All 
a re  c le a n  a n d  n e u tr a l ,  a n d  s tr e n g th  a n d  
e lo n g a tio n  v a lu e s  a r e  o f  s a t is fa c to ry  o rd e r .

T h e  q u e s tio n  o f m e a su rin g  th e  th ic k n e ss  
o f th e se  v e ry  th in  m e ta l  fo ils  is  o n e  t h a t  
h a s  g iv en  rise  to  m u ch  c o n tro v e rs y  from  
tim e  to  tim e  U n ifo rm ity  o f  th ic k n e s s  is 
e s se n tia l th r o u g h o u t  th e  le n g th  o f th e  ro ll, 
th is  b e in g  a  s t r in g e n t  r e q u ire m e n t fo r  c o n ­
d e n s e r  m a n u fa c tu re  t h a t  do es n o t  a r ise  
p o ss ib ly  in  a n y  o th e r  a p p l ic a t io n  o f  th ese  
th in  m e ta l foils", o r  a t  le a s t  n o t  to  th e  sam e 
d eg ree . O b v io u sly , so m e la t i tu d e  m u s t  be

d u c e d  a n d , in f a c t, a  c o n d itio n  a lm o s t  
a p p ro a c h in g  ch a o s  m a y  a rise . W h e n  such  
u n i ts  a re  im p re g n a te d  a n d  p ressed , th e y  a re  
a p p re c ia b ly  o v ersize  in  th ic k n e ss . T h e re fo re , 
th e y  w ill n o t  e n te r  th e i r  c o n ta in e rs  a n d , a t  
th e  sa m e  tim e , c a p a c ity  is u p s e t  so t h a t  i t  
is im p o ss ib le  to  m a in ta in  ev en  q u i te  w ide 
c a p a c ity  lim its .

In  ta k in g  th ic k n e s s  m e a s u re m e n ts , th e re ­
fo re , so m e th in g  m o re  th a n  a  few  re a d in g s  
o n  a  m ic ro m e te r  g a u g e  a re  b o th  d es ira b le  
a n d  e s se n tia l. T h e  m a te r ia l  is so  th in  th a t ,  
ev en  if  m e a su re m e n ts  a re  m a d e  u p o n  
1 0  su p e rim p o se d  la y e rs , a n d  a  n u m b e r  
o f  su c h  re a d in g s  ta k e n  a n d  a v e ra g e d  
o n ly  a  p o o r ly  r e p re se n ta t iv e  p ic tu re , a n d  
o n e  t h a t  is to ta l ly  in a d e q u a te , is  se cu re d . 
I t  is  fo r th ese  reaso n s  t h a t  a  c o v e r in g  c a p a ­
c i ty  te s t  h a s  b een  ev o lv e d , a n d  i t  is  e m p h a ­
sized  t h a t  th is  m e th o d  of in sp e c tio n  is b y  n o  
m ean s in te n d e d  fo r th e  e v a lu a tio n  o f v a lu e  
fo r m o n ey  q u a l i ty  a lo n e , b u t  t h a t  i t  is th e  
a l l - im p o r ta n t  th ic k n e s s  a s se ssm e n t.

T h e  n u m b e r  o f  te s ts  m a d e  fo r  c o v e r in g  
c a p a c ity  c a n n o t  b e  la id  d o w n  r ig id ly , a n d  i t
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m u s t be  d ic ta te d , b y  c ir c u m s ta n c e s  a n d  local 
c o n d itio n s . A s a  g en e ra l g u id e , i t  is  reco m ­
m e n d ed  t h a t  a t  le a s t 1 0  d e te rm in a tio n s  
sh o u ld  b e  m a d e , a n d  t h a t  th e se  sh o u ld  be 
ta k e n  on sa m p le s  from  d if fe re n t ro lls  in  th e  
c o n s ig n m e n t. T h e  te s t  p iece  ca n  b e  se lec ted  
from  a  d is ta n c e  tw o  o r  th re e  y a rd s  in sid e  
from  th e  c o m m e n c e m e n t o f  th e  ro ll, a n d  i t  
c a n  be tw o  y a rd s  in le n g th  b y  th e  w id th  of 
th e  fo il. F u r th e r ,  in  m a k in g  in i t ia l  p u r ­
c h a se s , a  g o o d  p ra c tic e  is to  c o n d u c t sh o p  
t r ia ls  on  a  few  ro lls , a n d  d u r in g  th is  p r o ­
c e d u re  to  ta k e  sa m p le s  fo r c o v e r in g  c a p a ­
c i ty  d e te rm in a tio n s  a t  in te rm e d ia te  p o s itio n s  
th ro u g h  th e  ro ll. O n ce  u n ifo rm ity  w ith in  
specified  lim its  h a s  been  e s ta b lis h e d  b y  th ese  
m ean s , re sp o n s ib ili ty  fo r h id d e n  d e fe c ts  can  
be m a d e  th e  o n u s  o f th e  su p p lie r , a  close 
w a tc h  u p o n  p e rfo rm a n c e  d u r in g  p ro d u c tio n  
m a in ta in e d  a n d  p e rio d ic  c h eck s  m ad e  b y  o
sa m p lin g  o c c a s io n a lly  f ro m  th e  m a c h in e s  
d u r in g  w in d in g .

I f  i t  be n e c e ssa ry  to  h a v e  a  k n o w led g e  
o f  a c tu a l  a v e ra g e  th ic k n e s s  fo r  a n y  p a r t i c u ­
la r  p u rp o se , a n d  i t  m a y  be  fo r d es ig n  
reaso n s , th e n  th is  m a y  be d e r iv e d  fro m  th e  
c o v e r in g  c a p a c ity  fig u re  b y  c a lc u la t io n , 
u s in g  th e  n o m in a l d e n s i ty  v a lu e  o f  th e  t in  °
a llo y  in v o lv e d . In  F ig . 177 is g iv e n  a  c u rv e  ^
sh o w in g  th is  re la t io n sh ip  b e tw e e n  a v e ra g e  =
m easu red  c o v e r in g  c a p a c ity  ex p ressed  in ^
te rm s  o f  sq u a re  in ch es  p e r  p o u n d , a n d  th e  ~
c a lc u la te d  th ic k n e s s  in  in ch es , th e  c a lcu la -  —
tio n  b e in g  m a d e  a s su m in g  a  d e n s i ty  v a lu e  —
o f 7 .6  fo r th e  t in / l e a d  a llo y . T h e  in fo rm a tio n  w
g iv en  b y  g ra p h s  o f th is  n a tu r e  is su ff ic ien tly  c
a c c u ra te  fo r a n y  p u rp o se s  t h a t  a re  lik e ly  to  H
arLse. '

R e v e r t in g  to  th e  d a ta  g iv e n  in  T a b le  3 5 , 
i t  is a m a t te r  o f in te r e s t  t h a t  sa m p le s  N os.
1 a n d  2  re p re se n te d  c o n tin e n ta l  so u rces ,
N o . 3 a n  A m e ric a n  s u p p ly , w h ile  th e  
re m a in in g  m a te r ia ls  i l lu s t r a te  p ro d u c ts  
a v a ila b le  a t  a  l a te r  d a te  f ro m  m a n u fa c tu re rs  
in  th is  c o u n try .

A n o n -le a d e d  g ra d e  o f tin  foil fo llow ed  
a n d  ra p id ly  e s ta b lis h e d  itse lf . I t  b ecam e 
a lm o s t  u n iv e rsa lly  a d o p te d , few u se rs  o n ly  
s till in s is t in g  u p o n  th e  lead ed  m a te r ia l .
A g a in , i t  a p p e a re d  to  b e  a p p re c ia te d  o n  th e  
C o n tin e n t  e a r lie r  th a n  i t  d id  in  th is  c o u n try .

T h is  new  g ra d e  o f  tin  .foil w as n o t  p u re  
u n a llo y e d  t in ;  b u t  a n  a llo y  w ith  a n t im o n y , 
c o n ta in in g  g e n e ra lly  fro m  2  to  4  p e r  c e n t , 
o f  th is  e le m e n t. T h e  in c lu s io n  of th is  
e le m e n t w as to  in d u c e  h a rd n e ss  a n d  to  p ro ­
m o te  m a x im u m  ten s ile  s t r e n g th . E x p e r i ­
ence  sh o w s o v e r  a  p e r io d  o f  t im e  t h a t  r a th e r  
m o re  fa v o u ra b le  c o v e r in g  c a p a c ity  v a lu e s  
a n d  th in n e ss  w ere p ro c u ra b le . S tre n g th  a n d  
d u c t i l i ty  p ro v e d  q u ite  s a t is fa c to ry , a n d  th e  
foil m e t a ll  th e  r e q u ire m e n ts  w ith  re sp e c t 
to  c lean lin ess  a n d  a c c u ra c y  o f  sp o o lin g . In  
sh o r t ,  th e  t i n / a n t im o n y  a llo y  in tro d u c e d  n o  
s h o r tc o m in g s  b u t ,  o n  th e  c o n tr a ry ,  o ffered  
so m e sm a ll b u t  d e f in ite  a d v a n ta g e s .
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T a b le  116 g ives th e  la b o ra to ry  c h a ra c te r ­
is tic s  o f  th e  t in /a n t im o n y  a llo y  foil, 
c o v e r in g  q u i te  a  w ide  ra n g e  o f  sa m p le s . T h e  
m a te r ia ls  n u m b e re d  1 to  5 a re  ty p ic a l  of 
th e  e a r lie r  c o n tin e n ta l-p ro d u c e d  fo il, w h ils t 
N o s . 6  to  12, in c lu s iv e , i l lu s tr a te  l a te r  p ro ­
d u c tio n  in th is  c o u n try . I t  w ill be n o ted  
t h a t  th e  h o m e^ p ro d u ce d  m a te r ia l d id  n o t 
sh o w  u p  so w ell o n  c o v e r in g  c a p a c ity , n o r 
w ith  re sp e c t to  u n ifo rm ity  in  th is  d ire c tio n , 
a s  d id  th e  fo re ign  m a n u fa c tu re d  fo ils. 
G re a te r  a t t e n t io n  m u s t ,  th e re fo re , be  p a id  
to  th e  s t ip u la t io n  of r e q u ire m e n ts  a n d  to  
in sp e c tio n  in  o rd e r  to  e n s u re  t h a t  th e y  a re  
fu lfilled  a n d  m a in ta in e d .

I-ig. 17,S sh o w s th e  c u rv e  c o r re la tin g  
c o v e r in g  c a p a c ity  in  te rm s  o f  sq u a re  
in ch es  p e r  p o u n d  w ith  c a lc u la te d  th ic k n e ss  
in  in c h e s , a n d  fro m  th is  i t  w ill be  seen  t h a t  
th e r e  is  a  sm a ll a d v a n ta g e  to  be  o b ta in e d  a s  
c o m p a re d  w ith  th e  t in / l e a d  a llo y  fo il. T h is  
is to  be  e x p e c te d , o f co u rse , from  th e  
s l ig h tly  lo w er d e n s ity  v a lu e  o f  7 .3 .

Table 37.— Analytical Values fo r Im purities 
in Typical T in Foils.

Tin, antim ony 
alloy

Tin lead 
antim ony 

alloy

Sample No. 1 2 3 4

Im purity  pe r cent. :
0.060 0.065

A rsenic 0.032 0.029 0.017 0.032
Bismuth Nil Nil 0.002 0.002
C ôpper 0.020 0.020 0.060 0.050
Iron 0.045 0.052 0.055 0.058
N ickel Traces Traces Nil Nil
Zinc 0.016 0.020 0.050 0.045

T h e  sp e c ifica tio n  c lau ses p ro p o se d  fo r  the. 
t in / l e a d  a llo y  c o n d e n se r  foil c a n  ho ld  good 
e q u a lly  w ell fo r th is  a llo y , w ith , th e  one 
p o ss ib le  e x c e p tio n , t h a t  a  s lig h tly  h ig h e r 
c o v e r in g  c a p a c ity  m a y  be  a sk ed  .for if i t  is 
d e s ire d  to  ta k e  a d v a n ta g e  o f  th is  f e a tu re . 
T h u s , th e  m in im a  m ig h t be  ra ised  fo r  th ic k ­
n e s se s .o f  0 .0002  in .,  0 .0003  in . ,  a n d  0.0005 
in . to  v a lu es  o f 18,500, 12,500 a n d  7 ,500 
sq . ins. p e r  lb . re sp e c tiv e ly .

R e g a rd in g  im p u rit ie s  in  th e se  tin  a llo y s , 
b o th  o f  th e m  c a n  be  co n s id e red  h ig h  p u r i ty  
m e ta ls . T h is  fa c t  is d e m o n s tra te d  b y  tw o  
s e ts  o f ty p ic a l  a n a ly t ic a l  v a lu e s  fo r  each 
a llo y  sh o w n  in  T a b le  37.

A lu m in iu m  Foil
P u re  a lu m in iu m  m e ta l foil h as now  been  

used  in  th e  m a n u fa c tu re  o f fixed  p a p e r  c o n ­
d en se rs  re g u la rly ' fo r  2 0  y e a rs  o r  m o re . 
N a tu r a l ly ,  i t s  co m m erc ia l d e v e lo p m e n t 
in v o lv e d  th e  sam e o r c lo se ly  s im ila r  p ro b ­
lem s a n d  d ifficu lties , a s  d id  th e  successfu l 
m a n u fa c tu re  o f  t i n  fo ils o f th e  v e ry fh in  g au g es  
re q u ire d . T h e  sa m e  f a u l ts  w ere  in i t ia l ly

m e t in  b u lk  c o n s ig n m e n ts , n a m e ly , i r re g u la r  
th ic k n e s s  th ro u g h  th e  le n g th , h o le s  a n d  
te a r s ,  ra g g e d  a n d  tu rn e d -o v e r  edges, a n d  th e  
lik e . T h e se  d ifficu ltie s  g ra d u a lly  effaced  
th em se lv e s , a n d  a n  a lu m in iu m  co n d e n se r  
fo il b ecam e  re g u la r ly  a v a ila b le  to  a  g u a ra n ­
teed  c o v e r in g  c a p a c ity , a n d  in a ll  o th e r  
re sp e c ts  in  a  q u a l i ty  t h a t  sa tis f ie d  th e  c o n ­
d e n se r  m a n u fa c tu re rs .  I t s  use w a s  firmly- 
e s ta b lish e d  o n  th e  C o n t in e n t  befo re  i t  w as 
in  th is  c o u n try ,  a n d  its  m a n u fa c tu re  lik e ­
w ise w as se v e ra l y e a rs  a h e a d  th e re , p a r t ic u ­
la r ly  in  S w itz e r la n d .

O n e  o.f th e  f irs t  p o in ts  to  be  g iv en  c o n ­
s id e ra t io n  w h en  u s in g  a lu m in iu m  fo il fo r  
co n d e n se rs  is, o f co u rse , i t s  e le c tr ic a l c o n ­
d u c t iv i ty  o r  re s is t iv i ty . In  m ic ro h m s p e r  
c e n tim e tre  cu b e  a t  2 0  d eg rees C ., th e  re s is ­
t iv i ty  o f  a lu m in iu m  is 2 . 8  a s  c o m p a re d  w ith  
11.3 lo r  p u re  t in .  T h is  sign ifies t h a t  a lu ­
m in iu m  fo il c a n  be em p lo y ed  in a  th ic k n e s s  
o n ly  o n e  q u a r te r  o f t h a t  o.f t in  fo r  th e  sam e 
re s u lts  if, o f co u rse , i t  w ere  p ra c tic a b le  to  
ro ll th e  a lu m in iu m  to  a  g a u g e  t h a t  is sa fe ly  
h a n d a b le  a s  th in  a s  th is . In  p ra c tic e  i t  is 
n o t ,  a n d  a  v a lu e  o f th e  o rd e r  o f 0 . 0 0 0 2 0  in , 
is th e  th in n e s t  u se d  lo r  th is  a p p lic a t io n . 
T h e re fo re , h ig h e r  e le c tr ic a l c o n d u c t iv i ty  is 
o b ta in e d , a n d  from  w h a t h as  been  d iscussed  
u n d e r  t in -c o a te d  p a p e rs , i t  w ill be  a d d u c e d  
t h a t  th is  is  an  a d v a n ta g e , w ith  th e  po ss ib le  
e x c e p tio n  o f th e  case o f c o n d e n se rs  lo r  sp a rk  
q u e n c h  c irc u its , a n d  ev en  in  th is  in s ta n c e  
th e  case  fo r a  h ig h e r  c o n d u c to r  re s is ta n c e  
is n o t  to o  so u n d ly  e s ta b lish e d .

D e n s ity  is  a  seco n d  im p o r ta n t  q u a l i ty  t h a t  
h a s  to  be g iv en  c o n s id e ra tio n . A lu m in iu m  
h a s  a  specific g r a v i ty  o f 2 .7  a s  c o m p a re d  
w ith  7 .3  fo r t in .  T h is  is a ll in .favour o f 
a lu m in iu m , a n d  i t  sign ifies t h a t  fo r th e  sam e 
th ic k n e s s  th re e  tim e s , o r  a t  le a s t tw o -a n d -  
ha lf t im e s , th e  a re a  p e r  p o u n d  is o b ta in a b le  
th a n  w ith  t in .  T h is  h as an  im p o r ta n t  fea ­
tu r e  fro m  th e  c o s t a s p e c t. A th in n e r  a lu ­
m in iu m  foil, how ev er, m a y  c o s t m o re  th a n  
one s lig h tly  th ic k e r , th is  b e in g  d e p e n d e n t 
u p o n  a  n u m b e r  o f m a n u fa c tu r in g  fa c to rs . 
T h erefo re ,' th e  u se r  h a s  to  b a la n c e  u p  th e  
p ro s  a n d  co n s a n d  se lec t a  foil o f c o v e r in g  
c a p a c ity  w h ich  a ll ro u n d  is th e  m o st 
eco n o m ic  p ro p o s itio n , T h is , in  effec t, 
re so lv es  itse lf  in to  c o m p u tin g  th e  p ric e  p e r  
p o u n d  in to  one  p e r  a re a . A t  o n e  t im e  a  
c o v e r in g  c a p a c ity  fig u re  o f  50 ,000 sq . in s. 
p e r  lb . w as th e  m o s t fa v o u ra b le  v a lu e , b u t 
la te r  i t  la y  m o re  in  th e  reg io n  o,f 40 ,000 
sq . in s . p e r  lb . O b v io u s ly , th is  f a c to r  h as 
to  be u n d e r  c o n s ta n t  rev iew .

W ith  re g a rd  to  s t r e n g th ,  th e  v a lu es  
o b ta in a b le  a re  a t  le a s t  a s  goo d  lo r  th e  
a lu m in iu m  foils a s  th e y  a re  fo r th e  tin  fo ils 
in  th ese  th in  g a u g es . O n  p o w er-d riv en  
w in d in g  m a c h in e s , n o  d ifficu lties  d u e  to  
b re a k a g e  a re  e n c o u n te re d . W h e n  m a te r ia l  is 
p u rc h a se d  to  sp e c ific a tio n , w h ic h  la y s  d o w n  
th e  e s se n tia l r e q u ire m e n ts  w ith  re sp e c t to  
t ig h tn e s s  a n d  a x ia l  t ru e n e ss  o f w in d in g  on
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th e  fo rm er, n o  sh o p  tro u b le s  a r ise  a n d  very- 
l i t t le  w a s ta g e  o ccu rs , a n d  th is  is la rg e ly  c o n ­
fined  to  th e  s h o r t  e n d s  a t  th e  en d  o f  th e  
ro ll t h a t  a re  to o  s h o r t  fo r th e  p a r t ic u la r  c o n ­
d e n se rs  b e in g  w o u n d .

In  T a b le  38 a re  g iv en  th e  t e s t  c h a ra c te r is ­
t ic s  o f a  n u m b e r  o f  a lu m in iu m  c o n d e n se r  
fo ils o f  c o n t in e n ta l  o r ig in . I t  w ill b e  n o te d  
t h a t  th e y  a re  c lean , h ig h -p u r i ty  m a te r ia ls , 
a n d  t h a t  th e  s t r e n g th ,  w h ich  is g o o d , 
d e p e n d s  u p o n  th e  th ic k n e s s  o f th e  m a te r ia l . 
T a b le  39 p re se n ts  s im ila r  d a t a  fo r  B r i t ish  
m a te r ia ls , a n d  i t  w ill bo seen  th a t  th e y  c o m ­
p a re  v e ry  f a v o u ra b ly  w ith  th e  c o n tin e n ta l  
fo ils . T a b le  40 is in c lu d e d  in  o rd e r  to  
d e m o n s tra te  t h a t  u n ifo rm ity  o f  th ic k n e s s  o r 
o f  c o v e r in g  c a p a c ity  is m a in ta in e d  th r o u g h ­
o u t  th e  le n g th  o f  th e  ro ll. T h e  im p o rta n c e  
o f  e n s u r in g  u n ifo rm ity , a n d  th e  m e th o d  
of c o n tro llin g  i t ,  w ere  d e a lt  w ith  in  d e ta il  
in  th e  se c tio n  o n  th e  t in  fo ils.

(5) T h e  ten s ile  s t r e n g th  m e a su re d  o n  a 
7 -in . a c t in g  le n g th  to  b e  n o t  less th a n  
14 oz. p e r  in ch  o f  w id th , a n d  th e  
e lo n g a tio n  to  be  n o t  less th a n  1 p e r  
c e n t.

( 6 ) T h e  c o v e r in g  c a p a c ity  to  be  w ith in  
p lu s  o r  m in u s  o f  5 p e r  c e n t , o f  th e  
n o m in a l  c o v e r in g  c a p a c ity  s t ip u la te d  
on  th e  p u rc h a se  o rd e r . T h is  to le ra n c e  
to  in c lu d e  a n y  v a r ia t io n  t h a t  m a y  
o c c u r  th ro u g h  th e  ro ll o r  ro lls . T h e  
e v a lu a tio n  o f c o v e r in g  c a p a c ity  to  be 
m a d e  on  a t  le a s t  1 0  sa m p le s , each  of 
tw o  y a rd s  le n g th ;  ta k e n  a f te r  d is ­
c a rd in g  th e  f irs t  tw o  y a rd s  o f  th e  ro ll.

(7 ) T h e  w id th  o f  th e  fo il to  be  a s  s ta te d  
o n  th e  p u rc h a se  o rd e r  a n d  th e  a llow ­
a b le  to le ra n c e  on  th e  w id th  to  be  p lu s 
o r  m in u s  1  p e r  c e n t.

(8 ) T h e  fo il to  be  su p p lie d  on  m e ta l

T able 38.— L ab o ra to ry  D ata  on A lum in ium  C o n d e n se r  Foils, C o n tin e n ta l O r ig in .

Source . . A A B B B C D

Sample No. 1 2 3* 4 5 6 7

W id th , ins. 3.5 3.5 3.5 3.5 3.5 2.2 3.5
Thickness, approxim ate average, ins. 0.00040 0.00030 0.00025 0.00025 0.00025 0.00025 0.00025
Covering capacity, sq. ins./lb .—

L o w e s t ................................................... 26,800 35,600 49,500 47,920 48,400 45,900 45,000
H ighest 29,300 38,100 51,500 49,500 40,300 51,300 49,900
A v e r a g e ................................................... 28,000 36,900 50,700 48,410 49,260 48,100 47,200

Tensile s treng th  on 1J ins. w id th , oz. 56 36 21 21 21 21 22
Elongation on 7 ins., per cent. 1.5 1.4 2.0 1.8 1.7 1.7 1.5
C om positional, per cent, im purities— 

Iron Traces Traces 0.95 0.64 0.58 0.29 0.19
Silicon 0.30 0.32 0.34 0.33 0.30 0.35 0.26

Reaction .......................... N eutral N eutral N eutral N eu tral N eu tral N eutral N eu tral

* N o te .—This m aterial was slightly oily, and on te s t  gave an e th e r  ex tra c t of 0.30% , th is consisting of
hydrocarbon m ineral oil.

C o m m e rc ia l p u rc h a s in g  sp e c ific a tio n s  fo r 
a lu m in iu m  fo il c a n  c lo se ly  fo llow  th e  m o d el 
a l r e a d y  g iv en  in  som e d e ta i l  f o r  th e  tin  
foils. T h e  fo llo w in g  b r ie f  e x p o s itio n  m a y  
be  ta k e n  a s  a  g u id e :—

( 1 ) T h e  m a te r ia l  to  b e  a  h ig h -g ra d e  
foil o f  c o m m e rc ia lly  p u re  a lu m in iu m .

(2) T h e  fo il t o  b e  s m o o th  a n d  b r ig h t  in 
a p p e a ra n c e , u n ifo rm  in  p h y s ic a l h a rd ­
n ess a n d  in  ch e m ic a l c o m p o s itio n , 
free  fro m  ho les , te a rs , fo ld s , w rin k le s  
o r  a n y  o th e r  im p e rfe c tio n s .

(3) T h e  su rfa c e  o f th e  fo il to  b e  f ree  f ro m  
a n y  c o n ta m in a t io n , free fro m  g rease  
o r  o il, a n d  to  b e  c h e m ic a lly  n e u t r a l  in 
re a c tio n .

(4 ) T h e  a lu m in iu m  to  be  o,f a t  le a s t  n o r ­
m a l c o m m e rc ia l p u r i ty ,  a n d  - th e  
m a x im u m  im p u r it ie s  a llo w a b le  bo 
b e :—

P e r  c e n t . 
I ro n  p lu s  s ilico n  . . .  . . .  1.00
T o ta l  o t h e r . e le m e n ts , e x ­

c e p t  o x y g e n  . . .  . . .  0 . 1 0

c e n tre s  c o n s is t in g  o f s te e l tu b in g , 
in te rn a l  d ia m e te r  3 in s . ,  w a ll th ic k ­
n ess  yk in . T h e  w id th  o f  c e n tre  tu b e  
to " b e  e x a c tly  th e  sa m e  a s  th e  w id th  
o f  th e  fo il.

(9 ) T h e  fo il  to  b e  i n  one c o n t in u o u s  
le n g th  a n d  w ith o u t  a n y  jo in s , e ith e r  
ch em ica l o r  m e c h a n ic a l. T h e  s t a r t  

'o f  th e  ro ll to  be  c le a r ly  m a rk e d  b y  th e  
in se r t io n  o f  a  p a p e r  s tr ip .

(10) T h e  fo il to  b e  w o u n d  o n  th e  s te e l 
c e n tre s  w ith  p e r fe c tly  ev en  te n s io n , 
a n d  th e re  to  be  n o  tu rn -o v e r  o f  edges . 
N o  te a r in g  o f th e  fo il to  o c c u r  w hen  
u n w o u n d  ta n g e n t ia l ly  a t  r ig h t-a n g le s  
t o  th e  a x is  o f  th e  ro ll. M a x im u m  
o u ts id e  d ia m e te r  o f  th e  ro ll to  b e  
6  ins.

( 1 1 ) T h e  ro lls  o f fo il to  b e  p ro te c te d  b y  
m e a n s  o f tw o  p ro te c t in g  cheeks . 
T h e se  c h e e k s  to  b e  o f w o o d , sq u a re  in 
sh a p e , a n d  f ix ed  b y  m e a n s  o f sc rew s 
th ro u g h  a  w o o d en  p lu g  in  th e  c e n tre , 
th e  screw  h e a d s  to  b e  f i t te d  flush .
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T h e  ch eek s to  be f i t te d  sq u a re ly , to  
be  eas ily  re m o v a b le  a n d  e a s ily  rep lac -  
ab le .

(12) T h e  ro lls to  be  p a c k e d  r ig id ly  in 
u-oodep cases in  su c h  a  m a n n e r  t h a t  
no m e c h a n ic a l d a m a g e  c a n  o c c u r  in 
t r a n s i t  a n d  in  su c h  a  m a n n e r  t h a t  n o  
d e te r io ra t io n  can  o c c u r d u e  to  
w e a th e r  c o n d it io n s  o r ex p o su re  d u r in g  
t r a n s p o r t  o r  in  s to ra g e .

I t  w ill be n o te d  f ro m  th e s e  sp e c ifica tio n  
c lau ses  t h a t  iro n  o r  stee l c e n tre s  a re  p e r ­
m it te d , T h e y  a r e  a n  in n o v a t io n  t h a t  cam e 
a f te r  th e  e s ta b l is h m e n t  o f  a lu m in iu m  a s  a  
c o n d e n se r  fo il, a n d  h av e  b een  a  m ark ed  su c­
cess. In  fa c t, th e y  a re  p re fe rre d  to  th e  
e a r lie r  w o o d en  sp o o ls  w h ic h , a l th o u g h  th e y  
w ere o f w all th ic k n e ss  o f  a b o u t  1  in . ,  th e ir  
sh r in k a g e  d u r in g  s to ra g e  w as v e ry  q u ic k ly  
m a rk e d . In  co n se q u e n c e , th e se  w ooden

la te r  se c tio n  in  so m e m o re  d e ta il , w h en  th e  
c o m p a ra tiv e  l i t t le  use t h a t  is m a d e  of th e  
a lu m in iu m  a llo y s  fo r th is  p u rp o se  w ill be 
e x a m in e d . F o r  th e  m o m e n t i t  suffices to  
s ta te  t h a t  th e  b u lk  o f  th e  m e ta l used  fo r th is  
p u rp o se  is  p ro b a b ly  s o f t  co p p e r, a n d  - th a t  
th e  n e x t g r e a te s t  in  c o n s u m p tio n  is p ro b a b ly  
t in n e d  s o f t  co p p e r. A  so f t  t in / le a d  a llo y  is 
a lso  used  c o n s id e ra b ly , w h ile  b ra ss  a n d  
t in n e d  b ra ss  a re  em p lo y ed  in s te a d  -of th e  
co p p e r  u p o n  som e o ccas io n s. T h e  e lec tro  
p o te n t ia l  d ifferences b e tw een  th ese  m e ta ls  
a n d  th e  fo il, e i th e r  t in  o r  a lu m in iu m , w ith  
w hich  th e y  m a y  be  in  c o n ta c t  is  o f  im p o r t­
an ce . In  fa c t, so m e  en g in ee rs  a re  a p t  to  
affo rd  th is  p h e n o m e n o n  m o re  a t t e n t io n  th a n  
i t  d eserves, a n d  th e  re a so n  fo r m a k in g  th is  
c r itic ism  w ill em erg e  f ro m  th e  d isc u ss io n  a  
li t t le  below . F irs t , th e  a c tu a l  p o te n t ia l  d il-  
ferences w ill b e  co n s id e red .

Table 39.— L aboratory  D ata on A lum inium  C o n d e n se r  Foils, British O rig in .

Source A A A A A A B A

Sample No. 1 2 3 4 5 6 7 8

W id th , ins. 3.5 3.5 3.5 1.5 1.5 2.5 2.5 1.42
Thickness, approxim ate

average, ins. 0.00020 0.00023 0.00022 0.00022 0.00020 0.00020 0.00026 0.00031
Covering capacity, sq. ins. lb. :

Lowest 55,650 43,500 45,400 47.400 52,400 51,100 32,100 30,200
H ighest 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 s treng th  on 1^ ins.
w idth , oz. 19 21 20.1 21 18 20 33 38

Elongation on 7 ins., per cent. 1.5 1.3 1.2 3.0 1.7 1.5 1.5 1.2
Composicional, per cent, 

im purities :
Iron 0.20 0.24 0.16 0.18 0.19 0.31 0.22 0.27
Silicon .......................... 0.34 0.37 0.28 0.27 0.27 0.28 0.31 0.26
O th e r  metals Traces Traces Traces Traces Traces Traces Traces Traces

Reaction ., N eutral N eutral N eutral N eutral N eutral N eutral N eu tral N eu tra l

c e n tre s  q u ic k ly  becom e loose  a n d  cau se  
w in d in g  d ifficu lties , o r  r e n d e r  w in d in g  a l to ­
g e th e r  im p o ss ib le . T h e re fo re , w a s ta g e  w ith  
th e  w ooden  fo rm ers  w as a p p re c ia b le , a n d  
th is  h as becom e s ig n if ic a n tly  red u ced  b y  th e  
a d o p tio n  o f th e  m e ta l c e n tre s . T h e y  a re  o f 
v e ry  th in  w all a n d , th e re fo re , q u i te  l ig h t  in 
w e ig h t; th e y  a re  o f iro n  o r  s te e l a n d , th e r e ­
fore, o f a m p le  s t r e n g th .  G e n e ra lly  th e y  a re  
“  b lack  ”  in  a p p e a ra n c e , i.e ., in  th e  c o n d i­
t io n  a s  th e  s te e l co m es fro m  th e  h o t  d ra w in g  
a n d , in  co n seq u en ce , th e  p re c a u tio n s  sp e c i­
fied fo r p a c k in g  th e  ro lls  o f foil fo r t r a n s i t  
a n d  s to ra g e  a re  q u ite  su ff ic ien t f o r  th e  p re ­
v e n tio n  o f  a n y  d e te r io ra tio n  o f th e  iro n  
c e n tre  b y  ru s t in g . F u r th e r ,  n o  tro u b le s  
fro m  ru s tin g  in  use h av e  been  reco rd ed .

A p o in t  n o t  so  fa r m e n tio n e d , b u t  y e t 
im p o r ta n t  a s  f a r  a s  co n d e n se r  fo ils  a re  co n ­
c e rn e d , in v o lv e s  th e  b e h a v io u r  a t  b im e ta llic  
ju n c t io n s . T hese  ju n c t io n s  d o  o c c u r  a t  th e  
c o n ta c ts  b e tw een  th e  le a d -o u t ta p e s  a n d  th e  
fo ils . V a rio u s  m e ta ls  a re  e m p lo y e d  .for th is  
p u rp o se  a n d  th e y  w ill b e  d e a l t  w ith  in  a

T h e  p o s itio n  o f th e se  m e ta llic  e le m e n ts  in 
th e  e le c tro m o tiv e  se ries  o f  th e  m e ta ls , t h a t  
is, th e ir  s in g le -e le c tro d e  p o te n tia ls  ex p ressed  
in  V olts a n d  d e v e lo p e d  w h en  th e  m e ta l  is  in 
c o n ta c t  w ith  a  s o lu t io n  o f  i t s  io n s  o f ch e m ic ­
a lly  n o rm a l c o n c e n tra t io n , is  g iv en  in  T ab le  
41, a n d  th ese  v a lu e s  a re  re p ro d u c e d  
g ra p h ic a lly  fo r  e a sy  c o m p a riso n  in  F ig . 179. 
f t  w ill b e  seen  th a t ,  co p p e r, h ig h ly  e le c tro ­
n e g a tiv e , a n d  a lp m in iu m , h ig h ly  e le c tro ­
p o s itiv e , a re  w id e ly  s e p a ra te d , w ith  t in  a n d  
lead  v e ry  c lo se  to g e th e r  in  a n  in te rm e d ia te  
p o s itio n . F ro m  th is , o n e  w o u ld  a t  f irs t  s ig h t  
re g a rd  th ese  c h a ra c te r is t ic s  t o  b e  to o  d is- 
p a r e n t  fo r  sa fe  c o n ta c t  b e tw e e n  a n y  o f  th e s e  
m e ta ls  e x c e p t t in  a n d  le a d , w h ic h  h a v e  v ir ­
tu a l ly  th e  sa m e  v a lu e s . C o p p e r in  c o n ta c t  
w ith  a n y  o f  th e  o th e r s  w o u ld  p ro m o te  o r  
a c c e le ra te  th e ir  c o rro s io n . A lu m in iu m  in  
c o n ta c t  w ith  a n y  o f  th e m  w o u ld  be c o rro d e d  
a t  m o re  th a n  n o rm a l r a te .  O n  th is  a rg u m e n t, 
a  t i n  co n d e n se r  foil w o u ld  b e  p re fe rre d , used  
in  c o n ta c t  w ith  t in / l e a d  a llo y  c o n ta c t  ta p e s  
o r  w ith  t in n e d  c o p p e r  ta p e s .
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A m o re  p ra c tic a l  e v a lu a tio n  o f th e  p ro b ­
lem  o f b im e ta llic  co rro s io n , a l th o u g h  s til l  
n o t a  fo o lp ro o f o n e , is  d e r iv e d  from  a c o n ­
s id e ra tio n  o f  th e  p o te n t ia ls  d ev e lo p ed  
b e tw e e n  th e  m e ta l co n c e rn e d  a n d  a  n o rm a l 
ca lo m el cell w h en  a n  e le c tro ly te , su ch  as 
a r tif ic ia l se a  w a te r , c o n n e c ts  th e m . Such 
v a lu es in  v o lts , a n d  m easu red  a t  25 d eg rees 
C ., a re  g iv en  fo r th e  m e ta ls  in  q u e s tio n  in 
T a b le  42. T h ey  a re  re p ro d u c e d  g ra p h ic a lly  
in F ig . 181. T h e  m e ta ls  a re  fo r a ll p ra c tic a l  
p u rp o se s  in  th e  sa m e  re la t iv e  o rd e r  a s  in  th e  
p re v io u s  ta b le . B ra ss  v ir tu a lly  b eh av es  
e x a c tly  th e  sa m e  as  d o es  c o p p e r , b ecau se  
th e ir  p o te n t ia ls  a re  so c lo se  to g e th e r . F o r  
th e  sa m e  reason  t in  a n d  lead , o r  a n  a llo y  
co m p r is in g  th e se  tw o  e le m e n ts , w ill p e rfo rm  
th e  sa m e. A g a in , a  c o a tin g  o n  c o p p e r  o r  on 
b ra ss  c o n s is tin g  o f tin  o r o f le a d , o r  o f an

Table 40.—A lum inium  C o n d e n se r Foil, 2.2 Ins. 
w ide by 0 .0 0 0 2 . In. th ick .

C overing  C apacity  C hecks T hro u g h  th e  Roll. 
All Values of C overing  C apacity  Expressed  as 

sq. ins./lb.

Position of sample in roll
Test No.

1 2

Beginning 45.500 47,500
Middle 45,000 45,000
E nd ....................................... 45,000 47,000

Mean value ........................... 45,830

a llo y  o f  tin  a n d  le a d , w ill e n a b le  c o p p e r  o r 
b ra ss  to  be  used  ju s t  a s  sa fe ly  a s  t in  itse lf , 
p ro v id e d  th a t  th e  c o a t in g  is c o n tin u o u s , 
n o n -p o ro u s  a n d  n o t  sc ra tc h e d  th ro u g h  a t  
a n y  p o in t  to  ex p o se  th e  u n d e r ly in g  c o p p e r  
o r  b ra ss . V iew ed  on  a  n a rro w  b as is , th e  
sa m e  co n c lu s io n s  a re  d ra w n  a s  w ere  in fe rre d  
in th e  p re v io u s  p a ra g ra p h . M ore b ro a d ly  
in te rp re te d , how ev er, tin  c o a tin g s  a re  
b ro u g h t  in to  th e  p ic tu re , a n d  th ese  en ab le  
th e  sa fe , o r  sa fe r , use  o f  c o p p e r  a n d  b ra ss . 
F u r th e r ,  tin  a n d  lead  o n  th is  b a s is  o f a ssess­
m e n t a re  seen  to  b e  n o t  so d is p a re n t  from  
a lu m in iu m  itse lf . T h e re fo re , th e re  sh o u ld  
b e  n o  h e s ita n c y  c o n c e rn in g  th e  use  o f  
t in n e d  c o p p e r  ta p e  c o n d u c to r  c o n ta c ts  sa fe ly  
in  c o n ju n c tio n  w ith  a lu m in iu m .

S om e d e ta i le d  a t t e n t io n  h a s  b een  g iv en  
h e re  to  th is  q u e s tio n  o f  b im e ta llic  c o n ta c t  
p ro b le m  b ecau se  i t  is b e in g  a ffo rd ed  m o re  
a n d  m o re  th o u g h t  in  p ra c tic e . N e v e r th e ­
less, i t  is n o t  d eem ed  th a t  th e  fo reg o in g  
c o m p le te s  th e  p ic tu re  in  th is  p a r t ic u la r  
in s ta n c e . T h e  reaso n  fo r th is  view  is as 
follow s: T h e  c o n d e n se r  u n i t ,  c o m p le te ly
w o u n d  a n d  i ts  c o n ta c t in g  ta p e s  in se rte d , is 
r e a d y  fo r im m e d ia te  p ro cess in g . T h is  
in v o lv e s  a  c o n tro lle d  cycle  o f o p e ra tio n s , 
in c lu d in g  th o ro u g h  d ry in g , v a c u u m  im p re g ­
n a tio n  a n d  se a lin g .

T able 41 .— E lectrom otive  Series of Metals. 
Single E lec trode  Po ten tials in V olts.

Electro-negative—
C opper -  0.58
T i n ....................................... -  0.14
Lead -  0.12

Electro-positive—
A luminium .. -f- 1.0

In  a n  e ffic ien tly  d es ig n ed  p rocess , u s in g  
c o r re c t  raw  m a te r ia ls , a n d  a  c o m b in a tio n  o f 
c o n d itio n s  su c h  t h a t  w ill p ro d u c e  s a tis fa c ­
to r y  a n d  s ta b le  c o n d e n se rs , th e re  w ill b e  no  
in flu e n ces su ch  a s  m o is tu re  o r  a  c o m b in a tio n  
o f m o is tu re  a n d  elec t r o ly te , s ti l l  re s id in g  
w ith in  th e  c o n d e n se r  to  cau se  c o rro s io n  to  
co m m en ce . A lso ,- in c ir c u m s ta n c e s  n o t  
q u i te  a p p ro a c h in g  th e  id e a l, th e  e lec tr ica l 
re s is ta n c e  d u e  to  w a x  im p re g n a tio n  u n d e r  
h igh  v a c u u m , w o u ld  so  su p p re ss  a n y  te n ­
d e n c y  fo r local a c t io n  to  s e t  in  t h a t  i ts  
in flu en ce  w ou ld  lie c o m p le te ly  n e g a tiv e d . 
I t  is c o n te n d e d  th a t  u n d e r  th e se  c irc u m ­
s ta n c e s , p la in  c o p p e r  c o n ta c ts  can  be 
e m p lo y e d  e n tir e ly  sa fe ly . F u r th e r ,  lo n g  
ex p e r ie n c e  in p ra c tic e  p ro v e s  t h a t  th is  is  th e  
case. A t  th e  sa m e  tim e , one  m u s t  n o t  c o m ­
p le te ly  ig n o re  a ll th e o ry .

I t  w as p o in te d  o u t  th a t ,  in  th e  case  o f 
a lu m in iu m  fo ils , i t  is e x p e d itio u s  to  p u rc h a se  
on  th e  b a s is  o f a  c o m b in e d  c o n s id e ra tio n  of 
p ric e  p e r  p o u n d  a n d  c o v e r in g  c a p a c ity  v a lu e . 
A c u rv e  r e la t in g  c o v e r in g  c a p a c ity  in sq u a re  
in ch es  p e r  p o u n d  w ith  th ic k n e s s  in  in ch es 
c a lc u la te d  on  a  d e n s ity  v a lu e  o-f 2 .70  fo r  
a lu m in iu m  is g iv en  in F ig . 180.

T h e  use o f  a lu m in iu m  c o n d e n s e r  fo il does 
n o t ,  o f  co u rse , m a te r ia l ly  red u ce  th e  w e ig h t 
of th e  u n i t  in to  w hich  i t  is  in tro d u c e d  in 
th is  in s ta n c e , b ecau se , o f  co u rse , th e  foil 
itse lf  is o n ly  a  sm a ll p o r t io n  o f  th e  w e ig h t 
o f th e  p o t te d  a n d  sea led  c o n d e n se r . I ts  
m a in  a t t r ib u te s  lie , h o w e v e r, in  p ro v id in g  a 
re a d ily  a v a ila b le  m a te r ia l  in  a  u n ifo rm  a n d

Table 42.— Poten tials In A rtificial Sea W a te r  
A gainst a N orm al C alom el Cell a t 25°C.

C opper — 0.25 volts.
Brass . . — 0.27 volts.
L e a d ....................................... — 0.61 volts.
Tin ....................................... — 0.62 volts.
A lum inium  . . *— 0.76 volts.

so u n d  .c o n d i t io n ,  a n d  in e n a b lin g  c o n ­
d e n se rs  t o  be p ro d u ced  w ith , if a n y th in g ,  an  
im p ro v e m e n t in  q u a l i ty  a t  a  lo w er c o s t. I t  
is re a lly  a m a z in g  how  a c c u ra te ly  th is  v e ry  
th in  foil ca n  be  m a n u fa c tu re d  a n d  s lit 
c le a n ly  in to  n a rtp iv -  jy id th s ,  f r e q u e n tly  o f 
less th a n  I in .. arid  hoc. e x p e d itio u s ly  th is  
c a n  b e  h a n d le d  th ro u g h  th e  o p e ra tio n s  of 
co n d e n s e r  m 'n n u fS ttu re  ’w ith  v e ry  l i t t le  
tro u b le  a n d  loss.SI«* -*•!

v (To be continued.!)
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The first airship built for the Navy, launched 
at Barrow-in-Furness, May 22nd, i g i l

W H E N  W E  W E R E  Y O U N G
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.

C E L L O N  L T D . ,  K I N G S T O N -O N - T H A M E S . T E L . :  K I N G S T O N  1 2 3 4  ( 5  lines). 
Thorp-Hambrock Co., Ltd., Montreal. Cellon Corporation Pty., Ltd., Sydney

C E L L O N
C E R R I C  C E R R U X  p M M K
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C f  U ft t f t /  s l t f f

t u r u f . c c  u i f . u t i f f , t  f i t  f r

Turning from a vigorous w artime 

program me, we can now look tow ards 

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.

Phosphor Bronze 
“Tandem* Wh ile Metal AJ loys 
“Eyre* Aluminium andAluminium Alloys

Gun Meta! Ingots 
Bearings (or all purposes 
Chill Cast Phosphor

Bronze Rods
S M E L T I N G  C O M P A N Y  L I M I T E D

TANDEM WORKS. MERTON ABBEY. S.W.I9
Telephone: MITCHAM 2031 (4 lines)

E F O R E  T H E  

D I E  IS  C A S T ’

L E T  U S  A D V IS E  

O N  D IE  C A S T IN G

If ALUMINIUM-BRONZE, ALUMINIUM ALLOYS, BRASS 
and WHITEMETAL are  involved, we can offer you unbiased 
advice based upon m ore than 25 years of practical 
experience.
W hy noc consult o u r  technical experts  before finalising 
your specifications ?

N  o  n - F e  n  n o  u  s  
D I E  C A S T IN G 'C O .L T D

METALECTRIC FURNACES LTD., SMETHWICK, STAFFS.
Telephone : SMC. 1561-2 

London Office; 16 GROSVENOR PLACE. LONDON. 5.W. I 
Telephone: SLOANE 7 80 3 and 9818

N onferd ica  W o rk s , N o r th  C ircu la r Road, 
C rick lew ood , L ondon, N .W .2  

Phone : G LAdstone 6377

V is it th e  A lu m in iu m  E x h ib itio n  a t  S e lf r id g e s — 
30 th  M ay to  30 th  Ju n e .
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A d v t .  o f  T h e  G e n e r a l  E l e c t r i c  C o .  l t d . .  M a g n e t  H o u s e .  K i n g s w a y .  L o n d o n .  W.C.2.

N O R C A S T A L

S A N D  &  D I E  C A S T I N G S  
IN  A L U M I N I U M  A L L O Y S

S e n d  y o u r  e n q u i r i e s  t o

T H E  N O R T H E R N  

D I E C A S T I N G  C ?  L T P
N O R C A S T A L  W O R K S

B U R N L E Y  * L A N C S .
Phone: 2236/7. Crams: Norcastal, Burnley.

O N  I T S  M E T T L E

T h r o u g h o u t  t h e  n a t io n a l  e f f o r t  r u n s  t h e  n e e d  f o r  
m e t a l — m o r e  m e t a l ,  b e t t e r  m e t a l ,  t o u g h e r  m e t a l -  
s t r e n g t h e n e d  a n d  v i t a l i s e d  b y  h e a t  t r e a t m e n t .

G . E . C .  E l e c t r i c  F u r n a c e s  p r o v i d e  a n  a n s w e r  t o  e v e r y  
p r o b le m  o f  h a r d e n i n g ,  t e m p e r i n g ,  a n n e a l i n g ,  n i t r i d i n g ,  
e t c . ,  b y  w h ic h  t h e  i n h e r e n t  s t r e n g t h  a n d  s t a m i n a  o f  
m e t a l  a r e  d e v e lo p e d  t o  m e e t  e v e r  m o r e  e x a c t i n g  u s e s .

E L E C T R I C  

F U R N A C E S
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C —□  CLJD C _ D  C _ D  C _ 3  C —D O J3

S E C T I O N S

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.

I M P E R I A L  C H E M I C A L  

I N D U S T R I E S  L I M I T E D  

L O N D O N ,  S .W .1

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

W A R W IC K  R IM  & S E C T IO N IN G  C O . L T D .
G O L D S  G R E E N , W E S T  B R O M W IC H . E N G LA N D
L o n d o n  A g e n t s :—
M urwood L td .. 24 G rosvenor G ardens. L O N D O N , S .W .I 

L e t  ‘ W A R IC R IM  ’ S e c t i o n s  t a k e  t h e  s t r a i n

M-W.49S
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W e a r e  s p e c ia l ly  e q u ip p e d  
w ith  l a r g e  u p - to - d a t e  
p la n t ,  f o r  a n o d is in g
A lu m in iu m  a n d  i t s  a l lo y s  
i n  N A T U R A L  O  R 
C O L O U R E D  F IN IS H E S  ; 
C h r o m a t in g  o f M a g ­
n e s iu m  ; Z in c  ; C a d m iu m  ; 
E l - T i n  a n d  S i l v e r  
P l a t i n g  a n d  o th e r  p r o ­
c e s s e s .  A .I .D . a p p r o v e d .

A M in iS IN i; & riATIIMOS LIMITED
HOLLAND STREET RADCLIFFE. LANCS.

jv| p  ’ 5  A range of Fluxes fo r 
th e  m elting  of Mag­

nesium . V arious g rades a re  
available fo r sand casting, 
d ie  casting  and fo r refining.

I N  E R T  E X  A . d u s t i n g
m i x t u r e  fo r 

tre a tin g  u n p ro te c te d  liquid 
M agnesium , du ring  holding 
and pouring . M ore efficient 
a n d  e c o n o m i c a l  t h a n  
Su lphur.

Above are only tw o  of many “ FOSECO ” 
p repara tions for producing b e t te r  castings 
at low er cost. F o u n d r y m e n  ore i n v i t e d  t o  

w r i t e  f o r  f u r t h e r  p a r t i c u l a r s  to :—

F O U N D R Y  S E R V I C E S  L T D .
285/7, Long A cre, N echells, B irm ingham ,7

FOR CANTEEN COOKING, WATER 
HEATING & COMFORT HEATING

G * *  « i * * « ' *

BRITISH GAS COUNCIL I GRCSVENOR PLACE. S W t.

R em em ber, Mr. T h erm  is a t 
y o u r serv ice 24 h o u rs a day . . . 
n o t only in facto ry , w o rk sh o p  o r  
p ro d u c tio n  d e p a r tm e n t b u t in 
can teen  and k itchen , wash room s 
and firs t aid q u a r te rs . Gas can 
com bine system s of cen tra l heating  

w ith  local heating  from  rad ian t 

o verhead  panels o r  gas fires. 
In th e  k itchen  gas gives clean, 

speedy , easily regu la ted  h e a t . . . 
th e rm o sta tica lly  co n tro lled  fo r 

econom y . . . ideally adap tab le  to  

th e  fluctuating  dem ands o f ‘ ru sh  ’ 
ca te rin g  and lending itself to  use  

w ith  com pact, reliab le  labour 

saving eq u ip m en t.

55555.55555555O555555555555555555555
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T o SM ELTERS &  U SE R S o f  ALU M IN IU M
L A R G E  Q U A N T I T I E S ,  o f  S E G R E G A T E D

c ^ h u n in iu n î H b ^ iä m n ß
A V A I L A B L E  f o r  I M M E D I A T E  D I S P O S A L

L O N D O N  

BIGGLESWADE

JUBILEE W ORKS. CHAPEL ROAD, HOUNSLOW . MIDDLESEX M A N CH ESTER
R. J. C0 LEYs>S0 Ñ(houns*4 TP

F L U X E S

S o d iu m  F l u o r i d e  C a lc iu m  F lu o r id e

A m m o n iu m  B a r iu m  F lu o r id e
B i f lu o r id e

M a g n e s iu m  L ith iu m  F lu o r id e
F l u o r i d e  C r y o l i t h i o n i t e

R .  C R U I C K S H A N K ,  L T D . ,  C a m d e n  S t r e e t ,  
B I R M I N G H A M ,  1 .  ' P h o n e  : C c n .  7213.

A N O D I C  T R E A T M E N T
o f A lum in ium  and its Alloys

C H R O M A T I N G
o f M agnesium  Alloys

T E C H N I C A L  

P L A T I N G S  L T D .
C R A IG S  W O R K S , L U T H E R  R O A D ,

T E D D 1 N G T O N
TELEPHONE . . .  - MOLESEY 2 4 0

TRADE “ G I L T E C ” MARK

APPROVED A.I.D. AIR MINISTRY 
REF. N O . 138521, 3 I

“ T . P . ”
F O R

A N O D I S I N G
N A T U R A L  & C O L O U R E D  F IN IS H E S

dm 953

(O M M B IC U L  
V  X - R A Y S  L T D

LONDON »BIRMINGHAM

These A.I.D. Approved Laboratories are now 
used exclusively by all leading Aircraft 

Producers for the X-Ray Examination of 
Class I and Class II Castings.

I N D U S T R I A L  A N D  
M E T A L L U R G I C A L  

X - R A Y  S E R V I C E
LONDON LABORATORIES 

Grove Works. Grove Place. ACTON. London. W 3.
He»d Office and Midland Laboratories :
53. Wentworth Road. Harbornc. BIRMINGHAM. 17

1 1  F A R  °nI I h H  I T W  H  I  APPROVED

Aluminium Alloy Ingots to Specification
C A N L E Y  C O V E N T R Y  P h o n e  3 6 7 3

P R A C T I C A L  S H E E T  A N D
P L A T E  M E T A L  W O R K

B y  E .  A r t h u r  A t k i n s .  M . S c . ,  M . I . M e c h . E .  ( R e v i s e d  b y  W .  A .  
A t k i n s ,  M . I n s t . M e t . )  A com prehensive m anual covering 
a  variety of trades, for the use of boiler w orkers, braziers, 
coppersm iths, ironw orkers, plum bers, m etal and  zinc 
workers, smiths, etc. 10s. 6d. net.

D R A W I N G  A N D  D E V E L O P M E N T  
F O R  P R A C T I C A L  W E L D I N G
How to  Overcome the Simple Distortion Problems.

B y F .  I V .  S y k e s ,  M . l . W .  Alt invaluable book for the practica 
hand welder, and  the young appren tice w anting to know- 
more abou t his job and  its various aspects. C e rta in s  
num erous illustrations an d  exam ples. 4s. net.

PITMAN HOUSE, PARKER ST., 
KINGSWAY, LONDON, W.C.2P I T M A N
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R O B E R T S O N  S T R I P  F L A T T E N I N G  

M A C H I N E

N - t y p e  9 - r o l l  

G e n e r a l - p u r p o s e  

M a c h i n e  w i t h  

m o t o r  d r i v e  a n d  

t o t a l l y  e n c l o s e d  

g e a r i n g .  F o r  

N a r r o w  S t r i p s  i n  

a l l  M e t a l s .

W . H . A . R O B E R T S O N  &  C e  L T-P B E D F O R D  • E N G L A N D



ALUMINIUM alloyed with
MANGANESE. TITANIUM. CHROMIUM. X: 
NIOBIUM.TANTALUM.TUNGSTEN. BORON. 
VANADIUM. ZIRCONIUM. MOLYBDENUM. 
IRON. SILICON. MAGNESIUM. NICKEL. ETC. .
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“ L I O N  B R A N D ”

W S  a n d  ALUMINIUM
M A S T E R  A L L O Y S

E S T A B L I S H E D  /8<5G>
T e l e g r a m s  - Blackwell, Liverpool. I
T e l e p h o n e  - G arston  980 (3 lines). |

B L A C K W E L L S  M E T A L L U R G IC A L  W O R K S  L T D . 
THERMETAl HOUSE, GARSTON. LIVERPOOL 19

Work»: Binks Rold. Speke Ro»d and Church Road. Gariton

f y . h
* A L L  C O L D  

R O L L I N G  

OPERATIONS

, < >
# D  D

Laboratory Controlled 
P R E S S U R E  C A S T IN G S  i n . . .  
A lum in ium , Z in c  Base (M aiak) 
G R A V IT Y  in  . . .
All S tan d ard  N o n -F e rro u s  Alloys

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: 

all sizes from the smallest upwards

D A N IEL  D O N C A S T E R  &  S O N S  LIMITED 
PENISTONE ROAD • SHEFFIELD 6

Maktrt alto of FORGINGS. DROP FORGINGS. HEAT-RESISTING 
STEEL CASTINGS ft HARDENED FORGED STEEL ROLLS

AGENCIES WANTED
EXPORT. Firm, with connection* and selling organisation in 
almost every country, desires to contact Anns w ho are interested 
In establishing a sound export trade. SALES & PARTNERS. 
LTD.. 7. Victoria Street, Westminster, S.W.l. ’Phone: 
ABBEY *2089. 100/x5097
PROGRESSIVE TECHNICAL SALES ORGANISATION, with 
excellent connections throughout the North of England, requires 
sole representation in the area for a first-class firm manufac­
turing light alloys and castings. Have their own outside 
resident representatives and well-appointed offices. Box 
No. 5740, c/o “ LIGHT METALS.” 91/4448

  MACHINERY,  TOOLS AND PLANT ---------
161’ SCHULTZ Die Casting Machine, complete w ith all equip­
ment, including Meehanite Pots, Plungers, Liners and Goose­
necks. MAGNAL PRODUCTS LTD., Tower Road, Warmley, 
near Bristol. Tel.: Ringswood (Bristol) 73146. 90/4336

MISCELLANEOUS
MONOMARKS. Permanent London Address. Letters redirected. 
5'- p.a. Write Monomark BM/M0N092. W.C.l. 90/3890
STOCKS OF STEEL, aluminium alloy, alloy steel for disposal, 
In good condition. Can be seen London. Box No. 5608, c/o 
“ LIGHT METALS.” 89/xG72I

• A L U M I N I U M  

C A S T I N G S
S A N D  &. G R A V I T Y  d I e  C A S T I N G S  
;  F O R  A L L  T R A D E S

? 5 h e

B R I D G E  F O U N D R Y  £■&:

W E D N E S B U R Y  • S T A F F S
'P H O N E : WEDNESBURY 0 1 0 9 ------------------------------
-------------------- 'GRAM S: ALSPELCO, WEDNESBURY
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I IMORRJ.SFLEX H sxf P is '5 haflm ii 
: has iheen specially d ev e lo p ed  m r 

t  ; filing, g rin d in g  and po iish irigcoii 
H i E lek tro n , N o n -fe rro u s  A lloys anc 
y e rh eaa  suspen sio n , bench  and floor t. 
e tw o  la t te r  being read ily  p o rta b le , j§f' 
Gutters a re  m anufactu red  in a larg - 
y having been specially devel- 
o rk  on in tric a te  en g ine  parts .
X E qu ipm en t is also Ideal fo r 
b rem ov ing  p a in t and ru s t.
’/I re  c ircu la r b ru sh es and refill 
buffing and m etal cleaning in- 
, ; ' i  cy lin d er head,

Lye . s ia C '.a n d  cube "

M í  T i m  'X
l i l is * . ' - 1'
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I n t r i c a t e  S h a p e s

Carbon is employed for a great 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

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 of expansion. -

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.

p r o d u c t

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


