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1500 Pages 

1200 Illustrations 

T
HIS great new work presents-for the first 
time in one volume-a complete coverage 

of the terms of science and engineering. Prin
ciples are clearly explained-methods of calcu
lation are fully described with the formulae 
and units-chemical structures and reactions, 
physical laws and instruments, engineering 
design, construction, and operation are merely 
suggestive of its tremendous scope - which 
extends throughout the entire range of tech. 
nical knowledge up to the most recent advances 
and inventions. The great number of photo. 
graphs, diagrams, and charts have been spe
cially prepared and selected to show the salient 
facts most clearly. Innumerable tables and 
summaries make all this information easily 
available for instant reference. 
This vast fund of information has been pre
pared and organized by a plan that insures its 
usefulness, completeness, and accuracy. Each 
entry is first explained in simple, broad terms 
that are easy to understand, and that serve as 
an illuminating introduction to the detailed 
and more advanced information which fol
lows. 

From Fundamentals to 

Latest Advanced Discoveries
Principles, Methods, Formulas-Clear Charts, Diagrams 

FOR the student, the hobbyist, the manual worker, this great 
volume supplies, for the first time, a single, convenient 

source of reference covering all the sciences. The ample 
cross-references make it easy to follow a complete course 
of study on any chosen subject. By this flexible plan of arrange. 
ment, the professional scientist, who wants specific information 
instantly, either in his own field Or an)' related field, can find 
it in a few seconds in its alphabetical plac�comprehensively 
treated in the language he works with-the language of 
ICience. 

The Instant Question-Answerer for Laboratory 

and Shop Workers, Mechanics, 

Home Scientists, Students 

Answers tens of thousands of questions such as: The value of 
radial, rotary gas engines-How the Diesel Engine operates
How air conditioning functions-What is the coming television 
system-How storage batteries work-How to find your posi� 
tion at sea-How to do dead reckoning-How your nervous 
system works-How to recognize every star, planet, constella· 
tion-How optical instruments are constructed-How to work 
arithmetic, algebra, geometry problems-How bridges are con� 
structed-How an airplane beCKon system works-How petro .. 
leum is cracked· to make gasoline-How rayon is made-How 
to survey a piece of land-and thousands more. 
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In reat 
10,000 Separate Subjects 

Twelve Big Volumes in One 

The vast wealth of useful information in the Scientific 
Bngrdope� if published in the ordina,ry way, would 
611 more than 12 average-size volumes. Here is just a 
brief outline of some of the subjects covered: 

CHEMISTRY: Chemical elemenn-ymbols, atomic number, 
atomic weight, density, hardne$S, melting point, etc.--com
mon reactions, occurrence in nature, method of production 
from ores, uses in industry. Compounds-full information, in
duding manufacture and use. Organic compounds; industrial 
products. Agricultural chemistry" food chemistry. 

PHYSICS: Mechanics, heat, light, sound, electricity, magnet
iIIn, X-rays, fully covered; principles and application pro
fuaefy illustrated. 

MATHEMATICS: From fundamentals of arithmetic to algebra, 
seametry, trigonometry, calculus� differential equations, etc.; 
with special emphasis on their application to science. . 

ASTRONOMY: Articles cover the entire subject. Each important 
consteIiation is shown on a star map so that it can be .easily 
located in the sky. Complete information on planets, use of 
telescope, spectrometer, etc. 

ZOOLOGY: The whole story of life from the tiniest single. 
celled organisms up to man himself, including vast numbers 
of ·common insects, molluskS, worms; birds, fish, reptiles, 
mammals. 
MEDICINE: Thorough coverage of an.atomy, circulatory sys
tem, nervous system, muscular system, skeletal system, excre
tory systems, etc. Vitamins, hormones. Bacteriology. Diseases 
--symptoms, diagnosis, treatment. Drugs. Latest researches and 
findings. 

MECHANICAL ENGINEERING: Principles of mechanics, ma
chine design, engineering parts and instruments. Types and 
functions of bolts, cams, gears, and other fundamentals up to . 
automobiles, aeroplanes, locomotives, etc. Steam, gas, gaso
line, diesel engines. 

CIVIL ENGINEERING: SurVeying. 'Bridges, highways, railways 
...:.every subject thoroughly explained. . 

ELECTRICAL ENGINEERING: Motors, generators, lighting, radio 
and teleVision--every branch fully covered and clearly illus· 
trated. 

The foregoing is only a partial list of the coundess special 
eubjects covered. You will find hundreds of articles on 
GEOLOGY, BOTANY, NAVIGATION, CHEMICAL EN
GINEERING, and, in fact, any special branch of science in. 
which you want information. 

EXANIINE A COPY FREE 
It i8 difficult in this limited space to give you a complete adequate idea 
• f the immense amount .of material contained in the Scientific Encyclopedia. See this volume for yourself, without expense or obligation. We will send It to you for free examil1ation. 

Prepared by Outstanding Authorities 
In Each Field of Science 

The high technical standing of the editors is your 
assurance of the authoritativeness and accuracy of 
every statement. Although the reSponsibility for 
each subject was in the hands of a single Doted 
scientist, the authors and publishers have had the 
co-operation and advice of a large group of weD· 
known authorities. 
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INVENTIONS 
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100% in war production seeks items for 
war and post-war manufacture. 

Today our armed forces need planes 
and tanks; tomorrow they will need things 
to make life livable in occupied territory. 
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get ready for the day when Johnnie comes 
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L Previews of the Industrial Horizon 

H E A T  W I T H O U T  H E A T  

INDICATIVE o f  the many ways in which the science of elec
tronics is invading industry is the article on electrostatic and 
electromagnetic heating on page 103. Starting as a laboratory 
stunt only a few years ago, electronic heating is now speed
ing many processes involving both metals and non-metallic 
materials. Despite its high cost, compared with other heat
ing methods, electronic heating is finding more and more 
applications where its advantages outweigh its cost. When 
heat must be closely confined to a limited area, when parts 
to be heated are relatively inaccessible, and in many other 
instances, electronic heating comes to the fore. It will 
blossom to an even greater extent when consumer-goods 
manufacture once more gets underway and the lessons that 
have been learned in war-time production are turned to 
pursuits of peace. 

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

OPTIMISTIC indeed is the post-war outlook for aluminum 
and magnesium and alloys employing these two light metals. 
With a projected production of over a million tons of alumi
num annually by the end of 1943, and correspondingly large 
amounts of magnesium, there will be productive capacity 
available that will bring aluminum into poundage com
petition with copper, and not too far behind iron and steel, 
when all phases of the situation are considered. Watch 
uses of aluminum and magnesium zoom, particularly for 
vehicles where physical masses have to be moved by horse
power, as well as in building construction and the electrical 
industry. Peace-time applications of the light metals will 
even surpass many of the present optimistic predictions. 

S T E E L  I S  N O T  A S L EE P  

REGARDLESS of the advantages that light metals hold i n  many 
applications, let there be no thought that they are going 
to capture markets from older materials without a struggle. 
Steel, for example, is just as alive to post-war possibilities 
as the light-metal industry and is busy planning for the 
future. Alloy steels are being developed today far beyond 
the wildest dreams of only a few years ago. These alloys, 
tailored to measure for special jobs, will find uses from 
which they cannot be dislodged. The final balance in the 
metals field (as far as it can be reached this side of Utopia) , 
will find each metal in its best place, with the ultimate con
sumer as the greatest beneficiary of research. 

A S K I N - D E E P  M E T A L  

A NOTHER phase o f  the metals situation, which will have far
reaching effects in the machine-tool industry as well as in 
other lines where hard surfaces are needed for one reason 
or another, concerns the rapidly expanding uses of industrial 
chromium plating. See page 112 for details. Boring and mill
ing tools, cylinders and pistons, bearings and dies are all 
feeling the impact of the development of the hard, smooth 
surface made possible by a plating of chromium. The results 
so far indicate possibilities for the future that will embrace 
many metal fields where plating has never before been used. 

C H E M I C A L  R U B B E R  

No MATTER which side of the picture i s  looked at, th e  tre
mendous development of the synthetic rubbers is going to 
have a lot to do with consumer goods in post-war days. 
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An idea of the vast possibilities of man-made rubbers may 
be gleaned from the article starting on page 115. That the 
work which has been done so far, and which will result in 
an installed capacity in excess of prewar natural rubber 
consumption, will have its effect on natural rubber produc
tion in the future is a fact that cannot be overlooked. The 
properties of some of the synthetics are such that they can
not only replace natural rubber in many uses but can do a 
better job in certain respects. 

NA TU R A L  R U B B E R  

SOME POST-WAR planners i n  the rubber field are advocating 
a return to the importation of natural rubber from its former 
sources and the development of new natural sources in the 
Western Hemisphere. Arguments are usually based on mat
ters involving wages and standards of living in the areas of 
rubber production. This, of course, brings into the picture 
comparative costs of synthetic and natural rubbers and poses 
questions which only time can answer. Incidentally, rubber 
from guayule, golden-rod, and so on appears slated to remain 
in the experimental stage for some time to come. Syn
thetic rubber sources have been developed more rapidly than 
nature can produce rubber in these plants; hence synthetic 
has become the rubber of (at least) the duration. 

T R A N S O C EA N I C  F L I G H T  

IF AND WHEN the Armstrong Seadromes (see page 118) pro 
vide stepping stones across the Atlantic, some ideas about 
transoceanic flight will have to be revised. The flying boats 
of the present are designed for long flights with large loads 
of fuel; the planes which use the Seadromes will be land
planes and need not be burdened with as much weight in 
gasoline. Greater pay loads will be possible when the 
oceanic stepping stones are available, and the air transport 
industry will be able to compete on a more stable basis with 
other forms of transportation. 

In the same vein there must be considered the possibilities 
of glider trains for transoceanic freight and express. The 
epic flight of a towed glider across the Atlantic, announced 
early in July, has already blazed another aerial trail. Coupled 
with recently developed methods of picking up gliders from 
the ground while the towing plane is in flight, this aerial 
transportation system holds possibilities limited only by the 
resourcefulness of engineers in the aircraft industry. 

M O R E  N E W S A B O U T  P L A S T I C S  

NYLON has gone all-out for war, as the ladies of the nation 
know only too well. All of this synthetic material now goes 
into parachutes, tire cords, and other military requirements. 
As with many other products, however, research continues 
apace and now it �ppears that the basic nylon will find un
usual applications in the plastics field after the war. 

With the highest softening point and the greatest tough
ness of any of the thermoplastics, nylon plastic promises to 
overcome many of the disadvantages of thermosetting plastics 
while retaining their advantages. The previous upper limit 
at which thermoplastic materials will soften has been about 
280 degrees, Fahrenheit; nylon will not soften until heated to 
450 degrees. 

Other properties of nylon plastic that will be found useful 
in post-war design include extreme toughness even in thin 

(Please turn to page 135) 
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50 Years Ago • ID • 

Condensed from Issues of September, 1 893 

ALUMINUM-"A new process for obtaining aluminum from 
its oxide includes chemical combinations heretofore sup
posed to be impossible. . . . The discoverer of this process 
and his Duluth associates say they can produce pure 
aluminum at a price considerably below that of any of the 
electrical processes, and cheaper, bulk for bulk, than copper. 
The native clay is useless. In fact, the only available 
mineral for the purpose is bauxite, which is an impure 
oxide of aluminum." 

GAS POWER -"For a given tank capacity and with carbonic 
acid and air stored at the same pressure, the (liquefied) 
carbonic acid is capable of developing four to five times 
more power than compressed air." 

EARLIEST MAN-"Scientific men are agreed tha:t the human 
race did in some way arise from some inferior animal form
not necessarily monkeys. The transition may not have been 
gradual, but abrupt-evolution per saltum. We do not find 
the 'missing link'; it is still missing; it may be forever 
missing." 

CORINTH CANAL -"The Corinth ship canal, connecting the 
Gulf of Lepanto with the Aegean Sea, was formally opened 
on July 29 .. . . The canal is three and nine-tenths miles long 
and the minimum depth is 25 feet, while the average breadth 
is 100 feet. A bridge crosses the canal about a mile from the 
west end and is 230 feet above the water level, so that 
vessels can pass freely." 

DUST ENGINE-"A novel motive power engine has been in
vented, based upon the fact that very finely divided carbon, 
floating in the air, readily explodes, and to adapt this to the 
generation of motive power the inventor proposes to grind 
coal to an impalpable powder, and, after introducing the 
dust floating in the air into the cylnder of an engine, ex
plode it, the idea being to follow very much the same lines 
which are being so thoroughly developed in the use of gas 
in engine practice." 

SAFE FARMING -"Secretary Morton reminds the croakers 
that only about 3 per cent of all the merchants escape failure, 
whereas hardly 3 per cent of the farmers fail. The statistics 
really show that .agriculture is safer than banking, manufac
turing, or railroading, taking all things into account." 

TIN -"At the tin mines of the Maliwun Peninsula in the 
Mergui in the extreme Eouth of Burma, there are two tin 
smelting houses, where during the smelting season seven 
hundredweight of tin can be smelted in a day by each fur
nace with four or five men." 

WORLD'S FAIR-"Such a profusion of electric lights as one 
sees in the buildings and on the grounds of the World's Fair 
has probably never been viewed by mortal man before .. .. 
Arc and incandescent lamps are everywhere. The white 
buildings reflect the lights and make the scene as bright as 
day. On those nights when every lamp is burning, the 
electric fountains playing, and fireworks are shooting up 
from the lake, the scene is almost beyond description." 

DECIMAL POINT -"In both France and Germany one-fourth 
(%) reduced to a decimal is written as 0,25; in England it 
is written O' 25 (always with the period at the top of the 
line), and in the United States in this way, 0.25." 
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RIFLES - "Breech-loading rifles were invented in 1811, but 
did not come into general use for many years. It is estim
ated that over 12,000,000 are now in actual service in the 
European armies, while 3,000,000 are reserved in the arsenals 
for emergencies." 

SWEET-"Sucrol is the name given to paraphenetal carbam
ide, a harmless substance of deliciously sweet taste, produced 
by adding a solution of potassium cyanate to muriate of 
amidophenetol. . .. It has no influence on the circulation, 
respiration, or digestion, nor on the nervous system in 
general." 

PLATING-"In no branch of the electroplaters' art has there 
been so much progress made in recent years as in that of 
copper plating. With improved solutions and methods, 
copper plating is becoming a more important industry every 
day." 

POWER-"In Auburn, Me., Mr. Charles Dunn, one of the 
most progressive brick manufacturers in New England, ha� 
arranged an electric motor 'to do the work of horses in 
grinding . . . .  Other New England manufacturers are 
adopting the use of electricity in their plants, and with 
such excellent results as to premise the opinion that it will ' 
soon become universal." 

TESTING - "The exhibit of Tinius Olsen & Co. at the World's 
Fair includes a new autographic and automatic testing 
machine which registers up to 100,000 pounds; a new 
torsional testing machine which will test bars up to two 
inches in diameter and sixteen feet long; a cross section 
testing machine for cast iron; a wire and band iron testing 

Olsen testing machines at the World's Fair 

machine, which was largely used in testing wire for the 
electrical department; a cement-testing machine, etc. Mr. 
Olsen has invented-and patented-a great number of 
improvements in testing machines and instruments .... The 
firm also make instruments for indicating the point of elastic 

. limit, a duplex micrometer measuring instrument, etc." 

FLASHLIGHT�"Aluminum, if employed in the form of bronze 
powder, is equal to magnesium as a source of light in taking 
photographs by flashlight, and is much cheaper than the 
latter." 

MANUFACTURING-"The United States is now the leading 
manufacturing country in the world. We have far out
stripped all other nations in the magnitude of our industrial 
operations .... In the United States we have scarcely laid 
the foundation for our future greatness. In natural re
sources we are richer than all of Europe." 

TIRES-"The reqUIsites of a good rubber tirt!: The envelope 
must be strong enough to stand a pressure of sixty pounds 
to the square inch, and at the same time of such lightness 
as to allow the air in conjunction with it to act as a per
fect cushion." 
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niT OUGHT TO GET A WAR MEDAL" 

THIS little tube can't help you smell. But it can help 
you talk, see and hear. Right now, it helps direct guns, 
planes, ships. It ought to get a war medal. 

It has given birth to a new art called ElectroRics. 

In 1912 in the Bell Laboratories, Dr. H. D. Arnold made 
the first effective high-vacuum tube for amplifying 
electric currents. 

Vacuum tubes made possible the first transoceanic 
telephone talk by the Bell System in 1915. 

Vacuum tubes are now used on practically all Long 
Distance circuits to reinforce the human voice. 

That's why you can talk across the continent so easily. 

Over 1,250,000 electronic tubes are in service in the 
Bell System. Bell Lahoratories developed them, 
Western Electric made them. 

But both Laboratories and Western Electric are busy 
now with war - turning out tubes and putting them 
to work in many a device to find and destroy the 
enemy on land, in the air, and under the sea. 

After the war, this Bell System army of tubes will 
work in thousands of ways for peace. 

BELL TELEPHONE SYSTEM 

HELP THE WAR BY MAKING ONLY VITAL CALLS TO WAR-BUSY CENTERS. THAT'S MORE AND MORE ESSENTIAL EVERY DAY. 
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An Important Message to 

Technical Men 
The war has carried the manufacturing 
age to a new peak! Production demands 
have created technical problems the like 
of which the world has never seen be
fore! The services of engineers are at a 
premium. Especially the services of one 
particular class-executive engineers
engineers with business training; engineers 
who can "run the show." 

In these critical times, the nation needs 
engineers of executive ability now, today 
-not five, or ten years from now! The 
shortage of such men is acute-even 
more acute than that of skilled produc
tion workers. And company heads, aware 
of this situation, are offering high rewards 
to engineers who have the necessary 
training in industrial management. 

Golden Opportunity 
for Engineers 

In this new era, the engineer with 
vision and foresight has a golden oppor
tunity. He will realize that out of today's 
tremendous production battles wi-ll 
emerge technical men who not only will 
play a major role in winning the war, 
but who also will be firmly entrenched in 
key executive positions when peace comes. 

However, before the engineer can take 
over executive responsibilities, he must 
acquire knowledge of the other divisions 
of business-of marketing, accounting 
and finance. He has of necessity a vast 
amount of technical training and expe
rience. But in order to grasp the oppor
tunities that present themselves today
to assume leadership on the production 
front-he must also have an understand
ing of practical business principles and 
methods. 

The Alexander Hamilton Institute's in
tensive executive training can give you 
this essential business training to sup
plement your technical skill. 

FREE help for engineers 
Ever since the 'war began, there has been an 
unusually heavy demand on the part of our 
technically·trained subscribers for the Insti· 
tute's special guide on ,<tHow to Prepare an 
Engineering Report". Extra copies of this 
practical, helpful 72·page Guide are now 
available and, for a limited time only, will 
be sent free to all technical men who use the 
coupon at the right. 

.. 
+ 

134,000 men on the operating side of 
business have enrolled for this training. 
More than 37,500 are technical men
engineers, chemists, metallurgists-many 
of whom are today heads of our huge 
war industries. 

This training appeals to engineers be· 
cause it gives them access to the thinking 
and experience of the country's great 
business minds. It is especially valuable 
to such men because it is basic, not spe· 
cialized-broad in scope, providing a 
thorough groundwork in the fundamen
tals underlying all business. It covers the 
principles that every top executive must 
understand. It applies to all types of in
dustrial organizations, because all types 
of organizations are based on these same 
fundamentals. 

Business and Industrial 
Leaders Contribute 

The Institute's training plan has the en
dorsement of leading industrialists and 
business men. And it is only because 
these high-ranking executives recognize 
its value and give their cooperation that 
such a plan is possible. Among those 
who contribute to the Course are such 
men as Frederick W. Pickard, Vice 
President and Director, E. I. DuPont de 
Nemours & Co.; Thomas J. Watson, 
President, International Business Ma
chines Corp.; James D. Mooney, Presi
dent, General Motors Overseas Corp.; 
Clifton Slusser, Vice President, Goodyear 
Tire and Rubber Co. and Colby M. 
Chester, Chairman of the Board, General 
Foods Corp. 

Send for 
"FORGING AHEAD IN BUSINESS" 

The facts about the Institute's plan and 
what it can do for you are printed in the 
64-page book, "Forging Ahead in Busi
ness". This book in its own right is well 
worth your reading. It might almost be 
called a handbook of business training. 
It is a book you will be glad to have in 
your library, and it will be sent to you 
without cost. Simply fill in and mail the 
attached coupon today. 

Alexander Hamilton Institute, 
Dept. 35, 73 West 23rd Street, New York, N. Y. 
In Canada, 54 Wellington St., West, Toronto Onto 
Please mail me a copy of the 64·page book
"FORGING AHEAD IN BUSINESS" and also a 
COpy of "HOW TO PREPARE AN ENGINEER· 
ING REPORT," both without cost. 

Name . . . . . . . . . . . . . . . . .  · . . . . . . . . . . . . . . . . . • • . . • •  

Business Address ........................... . . 

Position . . . . . . . . . . . . . . . . . . . . . . ... .... . . . . . . � <> • 

Home Address ............................... . -----------------------------------

"QUf'J.I;u. . . .' , 

"INDUSTRY CALLED in science 
years ago to solve its technical prob
lems. The constant succession of 
improved and new products, together 
with the extraordinary advances in 
mass production and lower consumer 
prices over a long period of time, 
marks the success of this idea." David 
Sarnoff, President, Radio Corporation 
of America.

· 

II II II 

"THE NEW projects which du Pont 
win be ready to launch when the war 
is over, together with increased outlet& 
for existing products, are expected to 
give rise to an all-time high i.n peace
time employment by the company." 
Lammot du Pont, chairman of the board 
of the E. I. du Pont de Nemours 
& Co. 

II II II 

"IT SEEMS inevitable that the 
American people will want to con
tinue at least standby operation of 
these [synthetic rubber] plants, just as 
they will want to retain air bases and 
battleships." John L. Collyer, President, 
B. F. Goodrich Company. 

II II II 

"IT WOULD BE helpful if the 
metallurgists would be less willing to 
look for metallurgical causes of fatigue 
and insist that equally competent ex
amination for mechanical causes be 
made. Until this is done, we cannot 
hope to make full use of our engin

:" 

eering materials." J. O. Almen, of Gen
eral Motors Research Laboratories 
Division. 

II II II 

"I HAVE a solid conviction that 
trademarks and advertising have served 
the American people well, and by 
maintaining consistently high quality 
have won the consumers' approval. 
Imperfect as our system is, I prefer 
it to government control, standard
ization and any form of regimentation." 
Representative Charles A. Halleck. 

II II II 

"THERE IS GOOD reason to believe 
that soon after the war, television will 
begin to realize its high promise. The 
technical accomplishments prior to 
Pearl Harbor demonstrate that tele
vision network 

. 
operation is already 

practical, and undoubtedly much of 
the recent work in the field of elec
tronics will directly or indirectly con
tribute to the further improvement of 
the art. " T. A. Kennally, Vice-Presi
ident, Philco Corporation. 

II II Ii 

"TODAY EVERY oil-producing area 
in the United States except the Texas 
Gulf Coast and West Texas is produc
ing close to or in excess of its max
imum efficient rate." D. R. Knowlton. 
Director of Production of P. A. W. 
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ELECTRONICS 

Conducted by KEITH HENNEY 

Frequencies all the way from 60 cycles to 50 million cycles are used in high-frequency heating, 
Here is a Westinghouse 3000-cycle generator which supplies power for hardening rocker arms 

WHO' ever heard of popping corn 
without heat? Up until a few years 

ago, no one had,and when a group of 
electrical engineers demonstrated this 
unheard-of feat, everyone seeing the 
actual event was highly impressed; but, 
having seen it, how many saw that in a 
few years the basic phenomenon in
volved would be helping the war effort 
and pointing toward tremendous post
war possibilities? 

The initial demonstration, reported 
in Scientific American, consisted in 
placing the pop-corn grains in a glass 
beaker and then placing the beaker on 
a support between two large metal 
plates which were a part of a high
frequency electron tube oscillator. The 
pop-corn absorbed energy from the 
electrostatic field to which the gtains 
were subjected, this' energy appeared 
as internal heat, and soon the grains 
were popping away inside their con
tainer without the slightest visible ap
pearance of heat anywhere near the 
beaker. 

Popping corn by high-frequency heat 
is not a highly u::eful matter; but heat
ing and drying food, plastics, lumber, 
rubber, and textiles, are exceedingly 
practical examples of this new and 
rapidly expanding use of electronics. 
So new is this application that no one 
is willing to wager how far into indus
try it will go, but anyone who bets 
on the short side is sure to lose his 
money. 

High-frequency heating really started 
when engineers working on short-wave 
transmitters contracted artificial fevers. 
This was something new - the fact 

Electronics' Brightest Star 
A Demonslration of Popping Corn Withoul Heal Has Led 10 Ihe Develop. 

meal of Eleclronic Melh.is ,f Bealing Many Malerials - Melallic aDd Non· 
Melallic - by Means of High.Frequency Currenls. Presenl ApplicalioDs 

are Relalively High in Cosl, Yel Bring Many Induslrial Advanlages 

that living' tissue in the vicinity of a 
high-frequency oscillator got warm, 
although the surface evidenced 'no rise 
in temperature. From this discovery 
came the many diathermy machines so 
widely used by hospitals, physicians, 
and clinics, and even rented out to 
people to use in their homes. This, 
however, waS just a start. Heat treat
ing by the use of high-frequency in
duction or by electrostatic fields has 
become fairly common since then and 
is bound to be as bright an application 
of electronics as welding control by 
electron tubes has become in the short 
space of a few years. 

There are two general methods of 
utilizing high-frequency apparatus for 
heating. Metallic objects are best heated 
by placing them in an electromagnetic 
field such as is created when electric 
currents flow through a coil of wire. 
If only the surface of the object is to 
be heated, one technique is used. But 
if the interior is to be heated without 
any rise in surface temperature, an
other technique is required. In either 
case the heat is always under the con-

trol of the operator, and there is no 
transfer of heat as there is from flames 
or ovens. 

If the object is a non-conductor, like 
a plastic - or like the pop-corn grains 
- then electrostatic heating is utilized. 
The object is placed between the plates 
of an electrical capacitor. The object, 
therefore, becomes part of the dielec
trie of the. capacitor, and since the 
material out of which the object is 
made is not perfect, some of the energy 
flowing through it is absorbed and 
appears as heat. 

The equipment for heating by high 
frequencies is, to all intents and pur
poses, nothing but a tube oscillator 
similar to that employed in a radio or 
broadcast station. It consists of a recti
fier to convert commercial frequency 
power into direct current and an os
cillator . to convert this power into 
alternating current of the frequency 
desired. Some installations are as pow
erful as the biggest broadcast station 
now in existence; others, of course, 
are much smaller. The frequencies re
quired vary from 15 kilocycles (just 
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above the range of the hu
man ear to hear) to 50 
megacycles (six meters 
wavelength). This latter 
frequency is in the very 
high-frequency region now 
employed by television and 
FM stations and for other 
communication purposes. 

From the standpoint of in
dustry, the great virtues of 
this new kind of heat are 
as follows: The heat is gen
erated directly in the object 
itself; no transfer of heat is 
involved, as is the case with 
open flames, hot plates, hot 
air, and older methods. As

Any material can be heated by placinq it within an A.C. 
electric field and applyinq sufficient current. Field may be 
either electromaqnetic (coil) or electrostatic (condenser) 

Needless to say, plastics 
manufacturers look to this 
application of electronics as 
a great boon not only for the 
time-saving factor but for 
betterment of product as 
well. After the war, civilian 
goods made of plastics will 
be manufactured much fast
er than with older methods; 
the products will be more 
uniform, they can be made 
cheaper, and much larger 
moldings can be manufac
tured. Moldings as heavy as 
50 pounds are possible with 
present equipment. 

sociated apparatus need not be heated 
as is true with an oven - only the 
object itself need get hot. The surfaces 
of the material need not be affected as 
is the case with flame heat. There need 
be no heat loss to the surroundings 
and thus the people who work with 
the equipment have cooler working 
conditions. No gases are involved and 
thus the likelihood of corroded sur
faces, always a possibility when gases 
are present, is eliminated. Furthermore, 
the material can be heated from the 
inside-out and not outside-in as is 
necessary when the object is heated 
by placing it in an oven or by flames. 
Finally, the apparatus is exceedingly 
flexible so that objects of unusual size 
or shape or even physically inaccessible 
can be heated. 

IT IS no wonder, then, that industry 
is looking with greedy eyes at elec

tronic heating as a sign of progress. It 
must be remembered, however, that 
high-frequency heat is not cheap heat. 
The method enables industry to do 
things quicker, or with accurately con., 
trolled or localized heat. Thus, for a 
somewhat higher cost, the manufac
turer in return obtains advantages 
which he cannot get with older meth
ods. Radio-frequency heat may cost 
as much as 6 or 7 cents per kilowatt, 
which is in the luxury class so far as 
industrial heat is concerned; but the 
other advantages often outwejgh the 
higher costs. 

What practical operations can be per
formed with electrostatic heat? As a 
.starter, consider the manufacture of 
.compressed-wood airplane propellers. 
'These are made up of maple sheets an 

n04 

eighth of an inch in thickness, impreg
nated with a phenolic resin and then 
dried. Then a phenolic glue is applied 
and the sheets are stacked, hand 
clamped, and placed in a kiln to tack 
the glue sufficiently to hold the sheets. 
Next the stack is placed on a carving 
machine which brings them to the re
quired form. This form is placed be
tween the plates of the high-frequency 
oscillator and power is applied to heat 
the ent�re preform up to the required 
temperature. Finally the assembly is' 
placed in a die where it remains for 
three or four minutes. The propeller 
comes out in finished form without the 
undesirable surface hardening which 
resulted from previous methods using 
steam plates. 

Before RCA engineers, co-operating 
with the Camfield Manufacturing Com
pany, developed this process, a finished 
propeller represented an investment of 
24 hours of time. Now the job can be 
done in 30 minutes. Thus a desirable 
saving in time was effected; but the 
added savings in labor and press facil
ities are not an inconsiderable part of 
the benefits secured. 

Similar procedures are followed in 
making other airplane parts such as 
propeller blocks, spars, ribs, wing struc
tures, and so on. So beautiful is the sur
face of the wooden parts made by this 
process that very little or no surface 
finishing is required. The end product 
is a wood block or veneered board so 
hard that it is practically impossible to 
scar it. Thus it seems to be distinctly 
possible that post-war products of 
electrostatic heating will be desk and 
table tops, flooring, art objects, and the 
like. 

In the . · electronic plastic 
process, a preform or rough shape of 
the plastic article is placed between the 
plates of the electronic equipment and 
given a pre-heating treatment before 
the material is placed in the mold. This 
rough preformed "pill " becomes uni
formly heated from the inside-out 
through all its thickness. This plastic 
preform, when transferred to the mold, 
flows easily to all the corners to produce 
a finished, strong plastic part with much 
less pressure and in less time. The time 
saving is evident when it is considered 
that seven minutes were required for 
a given article before electronics was 
applied. Now it takes a few seconds to 
preheat the article, and two minutes for 
molding and curing. In addition to the 
time saved, Bakelite engineers state that 
two other advantages are of extreme 
importance. These are: Plastic parts can 
be molded in thicknesses and sizes 
hitherto impractical with standard 
molding methods and conventional 
equipment. Existing molds and molding 
press equipment may be used to pro
duce plastic parts which, before the 
introduction of electronic molding, 
would have required a long wait for the 
manufacture of high-pressure presses. 

so IMPORTANT has been the application 
of electronic heat that one well 

versed in the field has stated that it is 
the greatest single advance in plastics 
in 29 years. 

Now from these two examples it is 
not difficult to think of other applica
tions. For example, right now there is 
great. demand for dehydrated food as 
a means of saving shipping space, con
tainers, and so on. High-frequency 
heating is playing its part in this new 
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industry. Bakers have been 
interested in the possibility 
of making bread by elec
tronic heat and thus doing 
away with large ovens which 
have to be preheated and 
which must inevitably absorb 
and dissipate much wasted 
heat. The problem here is 
whether the public will buy 
bread which has been baked 
from the inside out, since it 
is almost certain to be with
out crust. Experiments in 
bread baking are well in 
hand, and practical applica
tions should not be long in 
coming into the open. 

Another application into 
which much research work 
has gone is the quick drying 

The entire bundle of veneer in the press is 
heated by induction to 160 degrees. Fahrenheit 

of lumber so that the time lapse from 
tree to useful boards is lessened. Curing 
tobacco is still another use for elec
tronic heat. 

All these applications utilize the phe
nomenon that imperfect dielectric ma
terials will absorb electric energy in the 
form of heat when placed in an elec
tric field. 

Now consider metals, which are not 
dielectrics and which require different 
treatment. Place one within a coil of 
wire and through this wire pass an 
alternating current. Lines of force go 
through the metallic article, creating 
currents in the metal. Since the metallic 
article has electrical resistance, the cur
rents flowing in the articles heat up 
the material. I>ower is supplied to the 
object, in this case not by an electro
static field but by means of an eletcro
magnetic field. There are many applica
tions of ¢.is form of electronic high
frequency heating. 

Metals may be heat treated, hardened, 
brazed, melted, or soldered by this new 
method. Another application is the 
rivets, developed by Du Pont, which 
have in them an explosive. When placed 
where they are to do their work, which 
may be quite inaccessible, they may be 
made a part of an electromagnetic cir
cuit with the result that the explosive 
is detonated. In the explosion that fol
lows the rivet is expanded and thus set. 
Fifteen or 20 rivets per minute versus 
one or two in the same time arE: now 
possible. 

For another use of electronic heat 
consider the terminals on a small ca� 

pacitor can. At RCA 100 of these could 
be done per hour by hand. Now a small 
blob of solder is placed on each terminal, 
then a loop of wire carrying high-fre
quency current is placed over the entire 

courtesy Bakelite Corporation 
Heatronic molding turned out this 
complicated handset in 30 seconds 

lot of terminals and all are soldered at 
one time. Now 2500 of them can be 
finished per hour. 

Thus far only a start on these new 
applications of electron tubes has been 
mede. It is an auspicious start but it 
will be eclipsed by many things to come 
in the field of high-frequency heating. 

PROTO-ELECTRIC RELAY 

Adapled 10 Balch Weighing. 

Melering. aad So On 

DESIGNED by the United Cinephone 
Corporation, a light and compact two
unit photo-electric relay simplifies com
mercial and industrial operations . which 
use pointer-and-scale type weighing 
devices for automatic control of proc
esses such as batching and container-

Batch weighing by electronics 

filling. The relay . is readily adaptable 
for use in connection with weighing 
devices and may, obviously, be em
ployed in conjunction with reasonably 
large meters used for measuring values 
other than weight. Construction is such 
that the relay may be applied externally 
to existing apparatus or incorporated 
within weighing devices or meters of 
the larger variety during manufacture. 

SPECTROSCOPE DETECTIVE 

Qaickly Sorls Types of 

Filameat Wires 

INCREASED production of high-power 
radio tubes being built at the Westing
house Lamp Division has been made 
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possible by the development of a de
tector that automatically sorts filament 
wire to determine whether it is made 
of pure tungsten or contains thorium. 

The detection process consists of in
troducing a sample of filament wire into 
an electric carbon arc. As the wire 
burns completely, visible results are ob
served by means of a spectroscope. Two 
lines appear in the observed spectrum 
if the wire is pure tungsten while four 
lines appear if the wire contains 
thorium. 

ELECTBolflC SCALE 

Developed for Ihe Bliad. 

Bas olher Applicalioas 

F OR MANY years airplane pilots have 
been guided by radio. The pilot wears 
a pair of headphones, and hears a dot 
and a dash (the Morse code for the 
letter "A') if he gets off course in one 
direction. If he gets off course on the 
other side, he hears the reverse or a 

PrJ f"ned 
fO :000 CpS 

/ 

D'" (; 
Covpfmg 
f,-,n$ 

Moio� drwen • e '. COI"Ilocl'ru-

PhOf'les 

Circuit of electronic scale 

dash and a dot (Morse for "N ") . If he 
is on course he hears both signals and 
they join to produce a continuous tone 
in his ears. This was a remarkably use
ful concept but it was confined to this 
one use, until recently. 

A scale suggested by a Buffalo blind 
woman and developed by the Toledo 
Scale Company, transmits a continuous 
tone to a pair of headphones when the 
weight of objects placed upon its plat
form exactly corresponds with any 
selected standard weight within the 
range of the scale. It sends the code
letter "A " when objects weigh less than 
the standard and the letter "N " when 
they weigh more. Obviously invaluable 
to the blind, the scale should also prove 
useful to people having normal sight 
where, for example, an industrial pro
cess requires weighing in the dark. 

A small, light metal plate is per
manently fastened to the pointer of the 
visual weight indicating device. Two 
"fixed " plates, insulated from each other 
and from a knob which permits them to 
be moved to a position corresponding 
with the desired standard weight, are 
positioned in close proximity to the 
plate fastened on the pointer. The three 
plates constitute a capacitor, with the 
pointer plate serving as the rotor. 

The capacitor is connected in a circuit 
as shown, the cam being cut so that 
two fixed contacts, connected to the 
fixed plates of the capacity in a branch 
circuit arrangement, are opened and 
closed in a dot-dash-dot sequence. 

The predominating code signal heard 
in the headphones will, therefore, in
dicate whether objects are under or 
over standard weight. 
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ENGINEERING 

Conduded by E D W  A R D  J .  C L E A R Y  

T RUCKS rumbling through the streets 
of oil-starved Germany today are 

operating on methane gas, obtained as 
a by-product from municipal sewage 
treatment plants. In Bradford, Eng
land, sewage disposal processes are 
yielding 500 tons weekly of vitally 
needed grease. In the United States a 
big steel plant is buying huge quantities 
of liquid effluent from a city sewage 

by streams (a practice that is no longer 
acceptable in the United States and 
which is being corrected) or brought 
together in a single conduit leading to 
a treatment plant. 

Basic functions of such a plant are 
to separate the solids from the liquid, 
and then to digest the putrescible solids. 
Sometimes the liquid (containing solids 
in solution and in suspension) is treated 

Dollars From Sewers 
Modern Purificalion Techniques Have Advanced 10 Ihe Poinl Where Valuable 

By.Products are Obtained from Sewage Trealmenl Processes. Ferlilizer, Gas, 

Grease, and Processing Waler are "Manufaclured" from Ihe Liquid Wasles 

Collecled in Sewers 

plant because existing industrial water 
supplies are inadequate to meet ex
panded output. 

These three examples dramatize what 
might be considered the ultimate in 
deriving salvage from waste. They 
focus attention on one of the least 
suspected sources of valuable "by
products "-the city sewage disposal 
system. 

Interestingly enough, it was not the 
war that led to the exploitation of sal
vage from sewage. For many years, 
while perfecting processes that would 
render innocuous the foul, water
carried wastes from city sewers, sani
tary engineers both in the United States 
and abroad have been intrigued with 
the possibilities of reclamation of sew
age by-products. In this country the 
prime objective of such activities has 
been to obtain revenue that would help 
to reduce operating expenses; modern 
sewage treatment plants are costly to 
build and to maintain. Abroad, where 
limited resources make conservation a 
national fetish, the objective has been 
to secure fullest utilization of waste. 

Most readily salvaged and the most 
widely used by-product from sewage 
disposal plants is dried sludge, valuable 
as a soil conditioner and fertilizer base 
material. Next in importance is the 
utilization of digestor gas-averaging 
about 70 percent methane-utilized for 
operating internal combustion engines 
and for gas heating. Other conserva
tion measures include the use of effluent 
for irrigation and industrial water sup
plies, and the recovery of gr�ase. 
Meantime, investigations pointing to 
extraction of nitrogen; organic acids, 
growth-promoting substances, and the 
production of cement and ash are under 
way. 

To appreciate the nature and appli
cation of these salvage operations, it is 
necessary to review briefly modern 
sewage disposal practice. 

further by aeration or filtration through 
which most of the organic material is 
oxidized and thus rendered inoffensive. 

Some idea of the magnitude of the 
problem involved may be gained from 
the fact that in every ton (240 gallons) 
of sewage flow reaching a treatment 
plant, there is only about one pound 
of solids, but it is this small amount of 
putrescible material that must be re
moved by treatment. A little · more 
than 25 percent of these solids settles 
out in the huge, concrete sedimentation 
tanks provided for this purpose. The 
balance remains with the liquid, either 
to be oxidized by a subsequent treat
ment process or discharged into a 
stream or river where natural processes 
of purification are active. 

The solids settled out in the sedi
mentation tanks are called raw sludge. 
This highly putrescible material is 
transferred to closed, heated (80 de
gress, Fahrenheit) tanks where an
erobic digestion takes place. During 
this process, which requires about 30 
days, organic materials are broken down 
to yield a gas containing about 70 
percent methane. A stable residue re
mains, which can easily be dried. 

The dried, digested sludge, which 
resembles humus in appearance and 

texture and is free of any disagreeable 
odor, is widely used for soil condition
ing and has the properties of a low
grade fertilizer. Chemical anaylsis re
veals that it contains an average of 
2.25 percent nitrogen, 1.50 percent phos
phorous, and 0.70 percent potassium. 
This analysis does not, however, tell 
the whole story. 

Puzzled by the observed fact that 
sludge has far greater fertilizing poten
tialities than those indicated by simple 
chemical analysis, researchers finally 
discovered that it also contains minute 
quantities of "micro-nutrient" elements 
(boron, copper, zinc, manganese, and 

others) as well as certain growth
promoting substances (indole, skatole, 
and so on) , which exert a powerful 
effect on plant growth. 

At many municipal sewage treatment 
plants the demand for sludge is now 
exceeding the capacity for its produc
tion. Farmers, florists, park depart
ments, and golf clubs find it ideal for 
their needs. Victory gardeners, too, 
are using it to advantage. Esthetic and 
health consideration rule out the use 
of r<iw or digested sludge on vegetables 
and fruits that are to be eaten un
cooked, but otherwise there are no 
limitations to its use. 

Some cities, of which Milwaukee is 
a notable example, have gone into the 
production of a high grade of fertilizer 
using sludge as a base. The Milwaukee 
product, known as "Milorganite," is 
reinforced to provide a fertilizer con
taining 6.0 percent nitrogen and 2.0 
phosphoric acid, and is· marketed 
throughout the United States and 
Canada. Chicago sells and ships huge 
qu�ntities of dried sludge to Florida 
where fertilizer manufacturers use it 
as a base or "filler" material. 

The use of sludge gas for operating 
stationary internal combustion engines 
has won wide acceptance in the United 
States, the most recent survey in 1941 
showing the installation of 180 sludge 
gas engines. The majority of engines 
are under 500 horsepower but the range 
is from three to 1440 horsepower. They 
are used to generate electricity for plant 
operation and in many instances are 
directly connected to pumps and 
blowers. 

New York City, with a total installed 
capacity of 11,840 horsepower, outranks 
all other municipalities in the use of 
sludge gas. One plant, at Coney Island, 

Water-carried wastes collected by the 
intricate network of sewers under city 
streets are either discharged into near-

Sewaqe treatment facilities for a larqe city. Sedimentation basins are at riqht. 
circular diqester tanks at left. and spherical qas storaqe tank in the center 
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produces 3660 horsepower; another, at 
Tallman's Island, contains eight engines 
totaling 3840 horsepower, and the new 
Jamaica plant, which will soon go into 
operation, has three engines, each of 
1440 horsepower. 

Nearest competitor in size is the Mog
den plant in London, where ten engines, 
each of 675 horsepower, are operated. 

An estimate of the potential power 
production capacity of a city 
may be made on this basis : 
Per capita gas production 
from sewage solids digestion 
averages one cubic foot per 
day, which means that for 
every 17 persons there is the 
equivalent of one horsepow
er-hour of power. A city of 
50,000 thus would have a 
sludge-gas power capacity of 
2900 horsepower-hours per 
day. 

Fuel value equivalents of 
sludge gas, which has an 
average calorific content of 
650 British thermal units per 
cubic foot, are listed as fol
lows in a report of the Amer
ican Society of Civil En
gineers: 1000 . cubic feet of 
sludge gas = 1000 cubic feet 
of artificial gas = 590 cubic 
feet of natural 1100 B.t.u. gas 
= 6.4 gallons of butane = 5.2 gallons of 
gasoline = 4.6 gallons of Diesel oil. 

Cost of electrical energy d.erived from 
sludge-gas generating equipment is 
about 0.6 cents per kilowatt-hour. This 
is lower than the commercial rate of 
1.0 cent available to cities of 100,000 to 
200,000 population. 

Aside from the use of sludge gas in 
stationary engines, it also may be em
ployed in internal combustion engines 
in vehicles. Germany, lacking gasoline 
and anticipating leaner days ahead, 
demonstrated this years ago. 

In 1935, for e�ample, about 100 trucks 
in the Ruhr district alone were equipped 
to use this gas for fuel. At least five 
cities had equipped their municipal 
vehicles for such operation. 

Local sewage-treatment plants are 
the "filling stations" where the gas is 
compressed and stored in small cylin
drical steel tanks. Each tank holds 
about 500 cubic feet of gas at a pressure 
of 400 pounds per square inch. With 
three tanks of gaseous fuel a five-ton 
vehicle can travel about 225 miles. The 
cost of operation per 100 miles is $5.71 
using the gas, compared with $9.95 for 
oil. Necessary changes to convert an 
oil-operated engine for the utilization 
of gas are comparatively simple. 

In London during the last two years 
it is reported that sludge gas has been 
lightly compressed in special vapor
proof bags for the operation of motor 
vehicles. 

In this country the only city thus 
far that has given serious thought to 
the utilization of sludge gas for vehicle 
operation is Atlanta, Georgia. Studies 
made by Dr. Harold Bunger, director 
of the state engineering experiment 
station at the Georgia School of Tech
nology, reveal that conversion of all 
city motor equipment to comp'ressed
gas operation would yield a net saving to 

this one community of $8000 annually. 
It was proposed that gas from one of 

the Atlanta sewage treatment plants 
should be compressed to 3000 pounds 
per square inch and stored in steel 
cylinders nine inches in diameter and 
five feet long, each cylinder holding 
14.5 pounds of methane. 

The idea was abandoned, however, 
when the city decided to burn the gas 

Removinq diqested sludqe for sale as fertilizer 

for steam generation in the boilers of 
a nearby municipal waterworks. This 
practice is expected to provide a saving 
of over $6000 annually in fuel bills and 
is much simpler than would be the gas 
compressor ' and bottling procedure. 

Estimates show that, for a population 
of 100,000 , people, from 180 to 365 tons 
of crude fats are present in the sludge. 
Generally, it is not, however, profitable 
to separate grease from sewage. The 
value--two or three cents a pound
hardly justifies the effort; furthermore, 
the grease can be digested with ease 
along with other solids and thus provide 
a richer yield of sludge gas. 

In wartime, on the other hand, the 
value of grease is enhanced because it 
is a source of glycerine used in powder 
making, medicinals, and other needed 
products, and thus it is that New York, 

Many modem sewaqe plants pro· 
vide storage facilities such as this 
spherical t(lnk in order to furnish 
a constant supply of qas for enqines 
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Chicago, and several other cities are now 
interested in grease recovery from their 
sewage disposal plants. In New York 
City, for example, the matter has ad
vanced to the point where contracts are 
being considered with private vendors 
for the sale of about 50 tons of grease a 
month. This grease has a glycerine con
tent of 5 to 4% percent, compared with 
the 10 percent obtainable from commer-

cial fats. The army, too, is 
salvaging grease from the 
sewers at troop cantonments. 

In England, where fat 
shortages are more severe 
than here, grease from sew
age is playing a maj or role 
in the war effort. One plant 
alone--that at Bradford-is 
supplying 500 tons weekly. 
This, however, is an excep
tional case, because the Brad
ford sewage contains im
mense quantites of lanolin 
fat. The latter originates from 
washing wool, one fifth of 
the world's production of 
which is handled in that city. 

Bradford began grease re
clamation as far back as 1903. 
The first year's sales pro
duced $1220 revenue but in 
recent years the revenue has 
exceeded $400,000 annually. 

Grease removal is accomplished by first 
adding sulfuric acid to the sewage to 
crack soaps and precipitate the wool 
waxes. The resulting sludge is then 
heated and ruter-pressed through cot
ton cloth. Liquid grease and water are 
discharged in the process, after which 
the grease is treated for removal of im
purities and then barreled. 

Incidentally, the pressed filter cake 
is dried in . the open and then passed 
throt.tgh a grinder to produce a ma
terial that finds ready sale as a fertilizer. 
The latter sells for $7.50 a ton delivered, 
and in peak years has produced rev
enues up to $68,000. 

In the semi-arid regions of the West 
and Southwest, the effluent (liquid) 
from sewage treatment plants is profit
ably employed for irrigation purposes 
at a number of places. However, sani
tary and esthetic considerations limit 
its use to crops that will not be eaten 
raw or to grasses used for cattle feed. 

One of the most interesting opera
tions of this kind c.an be observed at 
Vineland, New Jersey, near Philadel
phia, where a sewage farm has been 
operated for several years, following 
successful use of this scheme at nearby 
state institutions. The sewage from this 
town of 8000 people is first settled to 
remove the coarser solids and then dis
tributed over a 40-acre field by means 
of an underground tile distribution 
system. The soil at Vineland is a 
sterile, coarse sand well adapted for 
drainage but not suited to farming un
less irrigated and fertilized. Conditions, 
therefore, are ideal for sewage dis
posal combined with farming. Becat.tse 
of local commercial conditions, sweet 
corn is the major crop. Soybeans and 
forage have also been produced with 
good success. 

A unique effluent reclamation opera
tion is conducted at the Grand Canyon 
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of the Colorado in Arizona. Here the 
Santa Fe Railway uses highly purified 
effluent from a sewage treatment plant 
for industrial needs in its shops, for 
flushing toilets, and for lawn sprinkling. 
The sewage effluent is used in place of 
fresh water which would otherwise 
have to be pumped vertically 4000 feet 
from springs at the bottom of the can
yon, or else transported in tank cars 
from Flagstaff, Arizona. 

One of the most spectacular examples 
of effluent reclamation for industrial 
purposes has resulted from the war. 
A large steel mill, faced with a dwind
ling supply of ground water, and too 
far ·from an ample SOUrce of surface 
water, laid a pipeline to a nearby sew
age plant to obtain 40,000,000 gallons 
daily of effluent. This provides enough 

Gas obtained from the treatment of 
sewage is used to drive the engines 

of these huge blowers in a dis
posal plant in New York City 

process water for expanded steel pro
duction and at the same time brings a 
nice financial return to the city, which 
heretofore discharged the plant effluent 
as waste in a waterway. At the agreed 
rate of sale the city will net about 
$24,000 annually. 

Taking' advantage of the fact that 
diluted sewage effluent promotes the 
growth of plant algae and protozoa, all 
of which serve as fish food, the city 
of Munich, in Germany, found it profit
able to combine fish culture with sew
age disposal. The Munich sewage is 
first treated in sedimentation tanks to 
remove the settleable :;lolids, and then is 
conducted to fish ponds covering a huge 
acreage of ground. The ponds are 
stocked with carp, a scavenger-type 
fish that displays great hardihood in 
polluted waters, and these are 'fattened 
for sale in local markets. 

City sewage salvage act.ivities are not 
the only concern of the sanitary engi
neer; the salvage possibilities from the 
huge quantities of industrial wastes 
that now pour untreated into our rivers 
are equally important in many respects. 

These wastes are generally highly pol
lutional in character, thus making 
streams unfit for water supply, fish life, 
and recreational purposes. Legislative 
measures already taken, and a growing 
public resentment to such desooiling 
of our streams, make it inevitable that 
industry must undertake this abatement 
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on a far greater scale than heretofore. 
Strongest incentive for industry to 

provide treatment of its waste is to 
discover how this treatment can be 
made to yield some financial return in 
recoverable products that will help 
defray the cost. Progress is being made 
in this direction. 

One of the classic examples of what 
can be done concerns itself with the 
Corn Products Refining Company at 
Argo, Illinois. For years this company, 
in co-operation with the sewage dis
posal experts of the Sanitary District 
of Chicago, has been engaged on the 
problem of reducing the pollutional 
load resulting from the processing of 
80,000 bushels of corn daily. The pol
lution at first was equivalent to that 
from a population of about 400,000 
people. An improved settling process 
was evolved whereby enough solids 
were recovered to reduce the popula
tion'-equivalent of pollution to 270,000 ; 
furthermore, in this particular instance 
the ' reclaimed material produced an 
excellent stock feed. Later improve
ments, including the evaporation of 
washwater to a syrup that could be 
mixed with hulls and gluten solids, 
reduced the pollution to 75,000 popula
tion-equivalent and permitted the 
manufacture of more stock feed. Re
covery of this by-product has been 
profitable and has also eliminated the 
need for treatment measures that would 
have cost nearly $3,000,000. 

Treatment processes that yield a 
financial return and at the same time 
curtail pollution are being used with 
varying success in several industrial 
operations, including paper-making, 
sugar-beet processing, steel-pickling, 
canning, brewing, and chemical manu
facturing. Much remains, however, to 
be done. 

Industrial waste treatment for re
covery as well as for polution-abate
ment ranks as one of the most import
ant and challenging of our post-war 
problems. 

Considering the success that has 
crowned the salvage efforts of sanitary 
engineers and chemists in dealing with 
the dilute, heterogeneous wastes from 
municipal sewers, some "miracles" in 
reclamation may be anticipated from 
the more concentrated and homogeneous 
industrial wastes. 

WATER CONSERVATION 

Methods of  Doahle Use 
Employed hy Ihe Army 

I N AN effort to curb wastage as well as 
to provide for most effective use of 
water where supplies are limited, Army 
engineers have been working on sev
eral water conservation schemes. 

One of these has resulted in the 
design of a communal lavatory for 
theater- of-operations cantonments in 
which waste water from wash trough 
and showers is collected in a tank and 
used again for latrine flushing pur
poses. All waste water is drained to 
a 1000-gallon capacity 'concrete tank 
located beneath the floor of the lava-

tory, and when the tank becomes 
filled an automatic siphon discharges 
the water through an adjoining con
crete pit latrine; the outlet end of the 
latter is connected with the camp 
sewer system. Dual ' use of water 
for washing and flushing will result in 
a saving of at least 10 gallons per man 
per day, which for a large camp repre
sents a substantial amount. 

Laundry waste water reclamation 
has also been given attention. Proces
sing this waste water for re-use in 
washing laundry or camp equipment 
also is estimated to save about 10 gal
lons per day per man. The treatment 
process involves segregation of the 
laundry waste from other waste water, 
addition of a lime precipitant, floccula
tion with air, and sedimentation. 

MUNITIONS STORACE 

Facililated hy Desiga of 

New, Ecoaomical "Beehives" 

CONCRETE "beehives" for munitions 
storage represent one of the innova
tions in underground storage facilities 
adopted recently by the army and 
navy. Developed by the Corbetta Con
struction Company of New York City, 
the patented design has been turned 
over to the federal government for use 
without restrictions as a contribution 
to the national war effort. About 2000 
of these structures have been built or 
are now under construction. 

Prior to December 1942, when the 
beehive design was proposed to the 
army, munitions generally were stored 
in semi-cylindrical barrel-type con
crete igloos; the standard igloos are 
80 feet long, 26.5 feet wide, and 12 feet 
high. The beehive, which resembles 
half a grapefruit resting on the cut 
side, is 52 feet in base diameter and is 
16 feet in height. In order to simplify 
construction, the dome-like structure 
is composed of a series of polygonal 
sides instead of being a true spheroid. 

Because it approaches a sphere in 
shape, the beehive is the most eco-

Greatest volume per unit of surface 

nomical form for a container, in that 
it provides the greatest volume of 
storage per unit of surface. Although 
the floor area of the beehive is just 
about the same' as that of the standard 
igloo, the volume of the beehive is 
about 10 percent greater. further
more, the beehive requires only 1300 
pounds of steel and 180 cubic yards of 
concrete as compared with the stand
ard igloo, which requires 4200 pounds 
of steel and 217 yards of concrete. 
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FUIDAMEITAL SCIEICE 

Conducted by A L B E R T  G .  I N G A L L S  

OF ALL tests for suitability of mate
rials for a given purpose and for 

maintaining standards; hardness is the 
leader. 

Just what, however, is hardness? The 
man on the street has no difficulty in 
understanding the term, or so he sup
poses. Everybody knows the difference 
between a hard and a soft bed; hard, 
medium, or soft eggs; hard and soft 

cross the two blades and show that ours 
had a smaller indentation in its edge. 

When, in the beginning of the 19th 
Century, mineralogists wanted to classi
fy and identify their minerals, they 
found that the relative values of hard
ness was a great help. So arose a 
method perfected by Mohs in which the 
ability of one mineral to scratch an
other was made the basis of hardness 

Whal Is  Bardness? 
Sirictly Speaking, Science Doesn'l Yel Know. There's Mach More Philoso

phy 10 Ihe Sabjecl Than Meels Ihe Eye. We Bave Teslers Ihal Meas

nre Hardness-or so We Think-and Ihen We Define Hardness on a Basis 

of Iheir Melhods, Balher Ihan Vice Versa 

S .  R .  W I L L I A M S  
Fayerweather Laboratory of Physics. 

Amherst College . 

woods. Our thumb has been an in
denter in testing fruit ever since we 
were able to eat an apple. "H you must 
pincha da fruit, pincha da cocoanut." 

With all this emphasis on hardness, 
we still must confess that we do not 
know what hardness is. That is, if we 
require a specific definition--one ex
pressed like those for other physical 
qualities, in terms of fundamental units 
like length, mass, and time. 

By trial and error primitive man 
found that knives made of flint held 
their edge much better than other 
kinds of stone. They penetrated other 
materials much better than stone softer 
than flint. Man in the iron age found 
that, by various manipulations of his 
iron, he could make it (steel) harder 
than other samples. The soldier armed 
with a steel blade quickly found out 
that the blade of hardest steel had 
smaller "nicks" in the cutting edge 
when he crossed swords with his ad
versary. Thus there was borne in on 
man the idea that the more resistant 
a body was to penetration by another 
body, the harder was the body offering 
resistance. Thus, like Topsy, there has 
"just growed" an idea that hardness can 
be measured by some means where�n 
the resistance to penetration by some 
form of indenter would serve as the 
basis of hardness measurements·. 

Reaumur, the man who wrote fasci
natingly about ants, evidently took the 
idea of the crossed swords and crossed 
two similar, triangtilar-shaped, pieces 
of steel and pressed the edge of one 
into the edge of the other. The piece 
showing the smaller permanent defor
mation of the two was the harder body, 
This was a procedure that many of 
us as boys carried out when we bragged 
that the steel · in the blade of our jack
knife was better than the one possessed 
by our friend, and we proceeded to 

measurements. Mohs used ten steps in 
his scale of hardness, beginning with 
talc as the softest and ending with 
diamond as the hardest. H a mineral 
scratched fluorite and was scratched by 
apatite it had a har-dness number 4+ 
on Mohs' scale. On further considera
tion it will be seen that the scratch 
method is also a penetration method. 

These methods have been described 
because in our evolving process of 
hardness measurement we have ar
rived at a definition of hardness based 
on the method whereby we measUre 
hardness (or at least we think we have 
been measuring hardness) ,  instead of 

Snow Field 

2 :\;::';It_�lir�"l\\�� , . . 
Figure 1 :  Penetration resistance 

first defining hardness as a certain 
physical property and then proceeding 
to find means for measuring it. 

Thus we have two definitions which 
are essentially the same: 1. Hardness 
is resistance to penetration by a given 
indenter. 2. Hardness is resistance to 
permanent deformation--'-from which it 
follows also that hardness is resistance 
to being scratched or penetrated by a 
moving indenter. 

In the development of methods of 
hardness measurement, Brinell put on 
the final touch. Using a definite-size 
hardened steel ball as a penetrator, 
and a definite load, the diameter of 
the indentation is taken as the basis 
for hardness measurements. So far as 
penetration methods go, each instru-
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ment for measuring hardness emph",
sizes something different. One stresses 
load applied to the indenter, another 
the depth of indentation, others the 
shape of the indenter, and some the 
material of the indenter. 

Keeping the general method for the 
measurement of hardness in mind, we 
shall proceed now to ask: What lies 
back of hardness? What makes a bed 
hard or soft? How do we measure the 
hardness of cooked eggs, of butter, and 
of peaches? H our hip bones and 
shoulder blades do not penetrate the 
mattress on our bed, we say it is hard. 
H the butterknife doesn't slip through 
the butter easily, we say the butter is 
hard. Soft woods seem more porous 
than hard ones, and so are more pene
trable. Resistance to penetration seems 
to be the basis generally understood 
when measuring hardness. 

A snowplow, as it is pushed into a 
snowdrift, is a penetrator and we can 
ask: How hard is the snowdrift? We 
shall be within our rights if we say that 
its hardness is measured by the re
sistance offered to the penetration of 
the snowplow. We can also ask: What 
are the factors which determine the re
sistance to the snowplow? 

Figure 1 shows a double-winged 
snowplow pushing into a snowdrift. At 
least five factors influence the ease with 
which the plow pushed in: 

1.. The angle between the two wings. 
The smaller it is, the easier the plow 
pushes in. 

2. As the edge formed by the two 
wings goes in, the snow crystals must 
be torn apart. Solid ice would, com
paratively speaking, be extremely hard. 

3. The snow crystals are pushed back 
over each other (intercrystalline fric
tion) . The greater this intercrystalline 
friction is, the more difficult it is for the 
plow to penetrate. 

4. The entrance of the plow starts 
snow particles sliding over the surfaces 
of its two wings. This frictional force 
is a part of the resistance offered. 

5. There is a packing and compres
sion of the snow particles. This takes 
energy. 

FACTORS 1 and 4 are very much de
pendent upon the indenter and not 

upon the substance being tested. The 
thing we really are interested in is the 
separation of the particles of the ma
terial tested as the indenter penetrates 
it. 

Dealing then with a substance like 
steel, if we press a hardened steel ball 
into the surface of the test specimen, 
we find that the factors in which we are. 
most interested are those which we 
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call inter-atomic, and perhaps inter
electron, forces and are not much dif
ferent in effect from those in our case 
of the snow and snowplow. If no 
forces exist between the particles that 
make up a substance, then there can 
be little or no force of resistance to 
penetration by any .indenter whatso
ever. 

A great deal of work has been done 
in studying the relations between hard
ness as measured by an indenter 
method and some of its other physical 
properties. Among those comparative 
studies is that of the relation between 
hardness and the tensile strength of a 
series of steels (Figure 2) . The tensile 
strength of a substance is its resistance 
to being pulled apart. This resistance 
to being torn apart has to do with the 
"snow and snowplow" factors 2, 3, and 
5; with 5 playing a very minor part. 
The big factors, both in hardness test
ing and in measuring tensile strength, 
are 2 and 3; and therefore we see that 
ha,rdness as measured by the Brinell 
instrument appears to be proportional 
to the tensile strength of the same ma
terial. This fits in with the idea of re
sistance to permanent deformation. A 
permanent deformation by the indenter 
of a hardness tester indicates that some 
of the particles have been torn from 
their neighbors and some have slid 
over their neighbors. The same holds 
true for tensile strength measurements; 
hence the relationship found in Figure 
2.  

During the past 25 years X-ray 
analysis of crystals has opened to us a 
vast, new world. Von Laue and the 
Braggs were able to show us that the 
atoms in most substances are arranged 
in an orderly, crystalline manner. Take, 
for example, the ordinary salt we use 
in our food. Figure 3 shows how the 
sodium and chlorine atoms are laid up 
in an orderly cubic fashion in a crystal 
of salt. Let the black balls represent 
the chlorine atoms and the white ones 
the sodium atoms. The symbol for salt 
is NaCl. That is, one atom of sodium 
and one atom of chlorine form a mole
cule of salt, but which chlorine goes 
with which sodium atom to form the 
molecule? We don't know, and there
fore to speak of a molecule of a sub
stance in the solid state is meaningless. 

Hence, when the indenter of a hard
ness test penetrates the surface of a 
salt crystal, it is acting for the most 
part against inter-atomic forces. Inter
molecular forces are meaningless. 

The inter-atomic bonds are, in the 
final analysis, the bonds with which the 
chemist is familiar, yet there is very 
little to say about the relationship of 
these bonds to hardness. This goes to 
show how little we know concerning 
hardness and how great is the need for 
basic research on it. 

Take, for example of inter-atomic 

Figure 7 
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bonds, the great hardness of the dia
mond. Why is the diamond so hard? 
We have at least two fairly good rea
sons. First, the carbon atom is small 
and so the distance between the centers 
of atoms is small, and (so far as we 
know) the inverse square law holds for 
the forces between them. Second, the 
atoms are tied together by very strong 
covalent bonds (sharing of electrons) . 
The diamond has its atoms in a very 
tight and compact form. Figure 4 
shows the arrangement of the carbon 
atoms in a diamond. Each atom is at
tached to four of its neighbors by these 
covalent bonds, which gives it tremen
dous resistance to being "pushed 
around." The arrangement of carbon 

Figure 3 Figure 4 

Figure 5 Figure 6 

and silicon atoms in the abrasive com
pound, silicon carbide, which is almost 
as hard as diamond; is similar. 

The thing which seems to go with 
these bonds which hold the atoms of 
carbon together so tightly is the num
ber of electrons which flank the central 
nucleus of the atoms. If the outer zone 
is complete-that is, if it has eight elec
trons--that atom is an isolationist and 
doesn't want to have anything to do 
with its fellow. This is not the case 
with the diamond atom. Carbon is a 
highly gregarious atom. Each atom has 
four electrons in the outer zone and 
these pair off with the electrons of 
their neighbors, and it is these co-op
erating, covalent bonds which hold the 
diamond atoms so closely together and 
with such tenacity. 

Qn the other hand, copper has only 
one electron in its outer zone, no such 
strong bonds are formed between the 
atoms of copper, and so we find copper 
soft, malleable, and ductile. 

Size of atoms, and atomic bonds, are 
not, however the whole story of hard
ness. What has happened to a metal 
in which hardening has been increased 
by cold working? The atoms are still 
the same atoms as before the cold work-

ing occurred. Hardness in a metal 
seems to depend upon the resistance to 
slip between adjacent atom planes. How 
can this resistance to slip be changed? 

In the first place what are atomic 
planes? We digress for four paragraphs. 

We have seen that, in salt, the atoms 
are laid up in an orderly cubic arrange
ment. If now the model is turned, a 
position will be found where thQ. atoms 
appear to line in planes. In Figure 5 
is shown a model of calcium carbonate 
(CaCO,) , or Iceland spar, turned so 
that its atoms line in a plane. There are 
certain planes in a crystal which allow 
the atoms to slip over each other more 
easily than along other atomic planes. 
We speak of them as "slip planes." 

It must be kept in mind that the 
models in Figures 3 and 5 are ideal. 
In nature and as we manufacture 
crystals they are not so perfect. As an 
example, take the case of steel. It is 
crystalline, as are practically all other 
solids, but the piece of steel as it is 
furnished to us from the steel plant is 
not one complete crystal, as is our 
model. Steel may be represented by 
Figure 6, in which we see that the metal 
is made up of cubic c�ystals of steel 
(crystallites) whose cubic axes in one 
crystallite are not in the same direction 
as the others. As a whole, the crystal
lites are arranged in a hit-or-miss fash
ion, as shown. 

Now, what happens when the spheri
cal indenter of a hardness tester pene
trates a group of steel crystallites? The 
answer seems to be that the atoms 
composing the crystallites of steel are 
pushed around, or the slip planes in 
each crystallite become effective and 
the atoms move over each other along 
these slip planes. These slip planes can 
easily be seen under the microscope. 

If in any way we can alter the ease 
with which the slip planes operate, 
we can thereby change the hardness ot 
a solid. There are at least two distinct 
ways by which this can be done-first, 
by distorting the slip planes into curved 
or irregular surfaces and, second, by 
putting something in between . the slip 
planes (figuratively speaking, throw 
grit in the bearings) .  

Returning to the case of cold rolling, 
or cold working, of steel, in doing this 
we put strains into the crystallites, 
which distorts the atomic planes and 
thus increases the resistance to slipping. 
The result is increased hardness. The 
same slip can be impeded by dissolving 
in the metal other constituents, usu
ally metallic. For example, copper is 
alloyed with silver to make the latter 
hard enough for coinage. Figure 7 
shows what happens to the atomic 
planes--at the left, when the introduced 
atoms are larger than those into which 

Figure 1 0  

Figure 1 1  
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they are introduced, and at the right 
when the reverse occurs. 

Figure 8 shows this condition in an
other way. The straight lines are the 
positions of the original atomic planes, 
but when a foreign atom is introduced, 
all the neighbor atoms are pulled out 
of the former cubic arrangement and 
find themselves on curved surfaces. This 
impedes the movement of the slip 
planes. Further, in some cases it is pos
sible, by suitable heat treatment, to pre
cipitate the dissolved constituents 
throughout the structure, causing more 
distortion, as shown in Figure 9.  Not 
only is there a distortion, but the dis
solved constituents thus precipitated 
act as a mechanical obstruction to the 
slipping of the planes, as shown in Fig
ure 10. 

Returning once more to our question 
about cold working of metal, the 
answer seems to be that, in the process 
of cold rolling, hammering, or drawing, 
distortions are set up and disregistry 
of atomic planes is produced by these 
mechanical processes which help to im
pede the slipping along these atomic 
planes. Finally, if the foreign atom in. 
troduced is too small, it may just get 
in between atomic planes as in Figure 
11, and we have "grit in the bearings." 

When catbon is added to iron, it is 
interesting to see how little of it (less 
than 1 percent) is necessary to increase 
the hardness many fold. 

It was stated earlier that hardness 
depends on inter-atomic, inter-elec
tronic forces, and thus far we have dealt 
with forces of the inter-atomic variety. 
From here on we shall deal with inter
electronic forces. 

As far back as 1847 Joule made the 
interesting discovery that a steel rod 
would change its length when subjected 
to a longitudinal magnetic field. Later 
it was discovered that other ferromag
netic substances changed their dimen
sions in a magnetic field. Figure 12 
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shows how various ferromagnetics 
change their length for various field 
strengths. Joule, in describing his dis
covery, made the significant observation 
that, the harder the steel was, the less 
was the increment in length of the :rods. 

Following this notation of Joule's, the 
writer found in studying the relation 
between magnetic increments in length 
and the hardness of a series of steel 
rods, that the two went hand in hand 
(Figures 13 and 14) . Furthermore, if 
we take for granted that the softer the 
steel rod is, the greater is the increase 
in length of the rods, then, as Figure 
15 shows, by reversing the magnetic 
fields on a piece of steel several times 
and then measuring its change in length, 
the increment of length increases with 
each series of field reversals. That is to 
say, by magnetically working a piece 
of steel it is softened. This point of 
view was confirmed by Herbert using 
his pendulum hardnQSs tester. 

Even with what we already know 
about hardness, much basic research 
remains to be done on the subject. One 
of the best places to get such work 
done is in the industries and in the de
velopment of research laboratories in 
industry. The firm or management 
which had only just a little edge on 
their competitors in the knowledge of 
what lies basically at the root of hard
ness would have the jump on those 
competing against them. 

Whatever hardness testers measure, 
the fact remains that their ability 
to show whether a structural piece of 
steel or aluminum or some other metal 
is suitable for a given purpose is out-
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standing. They will tell at once whether 
the quality of a certain consignment of 
steel is up to specifications or not. They 
give most valuable information regard
ing such properties as tensile strength, 
but wouldn't it give a great impetus to 
the whole subject if we could really 
define hardness? 

GOLDER ROD 

Experimenlal Planlings 

Have Been Compleled 

UNDER the program authorized by 
Rubber Director William M. Jeffers, the 
Forest Service has planted selected 
strains of goldenrod on about 550 acres 
in the vicinity of Waynesboro in Burke 
County, Georgia. Small experimental 
plots of two to ten acres were planted 
by the Bureau of Plant Industry, Soils, 
and Agricultural Engineering in Sbuth 
Carolina, Alabama, Mississippi, Louisi
ana, Texas, and California. 

Only the leaves of the plant are used 
in processing for rubber. They may be 
processed immediately or stored for 
processing later. This year's leaf har
vest will be sent to the Department's 
Southern Regional Research Laboratory 
at New Orleans .for further extraction 
and utilization studies. In the present 
experimental growing operations, every 
effort will be made to produce a maxi
mum quantity of planting stock, in case 
a larger program should prove desirable 
in 1944. 
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MET ALS IN INDUSTRY 

Conducted by F R E D  P .  P E T E R S  

ALTHOUGH this is an era of new in
dustrial materials, there are less 

glamorous but no less significant parts 
of the materials picture which concern 
new applications of old materials-ap
plications so fundamental as to raise 
the stature of the old material in its 
new application to that of a new indus
trial material. Outstanding in this class 
is the fast-growing use of chromium 

life of those unplated. Most ammunition 
manufacturers who do any drawing of 
copper, brass, and steel, for example, 
chromium plate their new dies and 
punches, enjoy enormous life exten
sions (since they replate the tools sev
eral times) , and find in addition that 
the plating on the dies eliminates stick
ing during drawing. 

F-or salvaging machinery parts or 

Bard, Corrosion · Resistont, Slippery 
The Siory 01 Ihe Conversion 01 Thai Popular Glamour Melal, Chromium, 10 
an Essenlial Machine-Shop Malerial lor Ihe Produclion Fronl-Some 01 ils 

Unsuspecled Properlies and New Uses, ils Conservalion Aspecls, and ils 

Fulure Place Among Induslrial Malerials 

plate for a variety of industrial appli
cations that are entirely independent 
of the familiar decorative appeal of this 
coating. 

Chromium plate is today serving in
dustry in many ways that are new and 
for which no other material of compar
able properties exists. "Chrome plate" 
is the beautifully lustrous finish that 
made American automobiles and elec
tric appliances the shiniest on earth; but 
it is also among the hardest and most 
wear-resistant materials known, and its 
frictional qualities (slipperiness or 
bearing properties) place it in the ranks 
with the best among all other metals. 

But most important of all : 
Chromium plate in its war
time overalls is providing 
the life-saving answer to a 
critical shortage of small 
tools and dies and is ex
tending the utility of this 
country's tool-steel alloys
tungsten, chromium molyb
denum, vanadium, and 
cobalt-machine tools, and 
manpower by truly tremen
dous amounts. 

Dr. Arthur W. Logozzo, of 
the Hartford Chrome Cor-
poration, a pioneer in the industrial use 
of chromium plate, characterizes this 
bright metal coating as "the greatest 
life prolonger of new equipment and 
one of the greatest single salvage medi
ums" we have today. Chromium plated 
gages, for example, outlast un-plated 
gages by four times or more. This 
means not only 400 percent more pro
duction from the particular quantities 
of critical metals present in the gage, 
but also circumvention of the painful 
problem of obtaining new gages quickly 
from today's heavily ov'erburdened tool
making facilities. Then, too,  gages are 
expensive and the cost savings in pro
longing their life are not to be ignored. 

The story is the same with cutting 
tools, forming dies, and molds, some 
of the plated tools giving ten times the 

dies that have been worn or mis
machined undersize, chromium plate 
deserves an Army-Navy "E" all its 
own. Production rej ects that would 
otherwise be scrapped because, let us 
say, the parts are not thick enough, are 
now heavily chromium-plated to the 
correct dimensions and put into use . 
Worn bushing bores that are too large 
are chromium-plated to reduce the in
side diamete? and are thus completely 
reclaimed. 

Potentially the largest industrial field 
for chromium plating may be its use as 
a production finish on aircraft, Diesel, 
and automotive engine machinery and 

Examples of chromium. plated drawing dies 

pump parts that must resist wear or 
corrosion. Many manufacturers of war
vital machinery now obtain smoother 
operation and much longer life by 
using chromium-plated pistons, rods, 
shafts, cylinders, press rams, guides, 
cams, bearing rollers, and so on. The 
recent development of porous chrom
ium plate, which provides a hard, wear
resistant, and oil-retaining surface for 
Diesel cylinder bores, pistons, rings, 
and similar parts, is expected by many 
to have the greatest influence of all on 
the high place chromium plate may 
ultimately occupy among industrial 
materials. 

The quality of the chromium depos
ited for industrial applications is es
sentially the same ' as that which is 
plated for ornament. For many years 

people thought there was a necessary 
difference between the hardness of in
dustrial and of decorative chrome 
plat(ls, and hence applied the term 
"hard chrome" to industrial coatings 
and "decorative chrome" to the brilliant 
ornamental plate. Actually, tests have 
proved that the bright plates are among 
the hardest available (1000 to 1025 
Brinell) ,  and bright plates are con
sequently universally applied as the 
best for industrial uses. 

There is an interesting reason, 
though, for the general impression that 
decorative chromium is softer than in
dustrial. A file drawn across the sur
face of a brilliant chrome-plated belt 
buckle or hub cap will invariably 
scratch it, while the same file will fail 
to leave its mark on an ordinary 
chromium-plated drawing die or mach
ine spindle. The natural conclusion 
from this is that the industrial plate is 
harder than the ornamental, but the 
facts are that the ornamental plate is 
thinner than the industrial-so thin 
that the softer base metal underlying 
the decorative chromium film "gives" 
under the file edge. The chromium is 
gouged in much the same way that a 
toothpick would press a groove into 
the tin-foil wrapper on a piece of 
cheese. Industrial chromium coatings 
are usually thick enough (or the base 
metal is hard enough) to prevent this 
"anvil" effect. 

Actually, both types of chromiun> 
plate are inherently harder than the 
file, so that a file test merely indicates 
the thickness and not the hardness of 
chromium plate. Drs. C. G. Peters· and 
Frederick Knoop, of the Bureau of 
Standards, demonstrated three years 
ago that hardness tests on plates thin
ner than one thousandth of an inch 
(0 .001 inch) reflected the hardness of 

the base metal, whereas 
plates thicker than that were 
unaffected by this factor. 

The most important dif
ference between decorative 
and industrial chromium 
plates, then, is thickness. For 
decorative chromium plat
ing a thickness of about 
one or two hundred-thou
sandths of an inch (0.00001 
to 0.00002 inch - about 
1 /200th the thickness of a 
human hair) is generally 
used. Except for a few ap

plications requiring plates approach
ing that thinness, industrial chromium 
plates run from one ten-thousandth 
to 25 thousandths of an inch thick 
(0.0001 to 0 .025 inch) . Good practice 
is to apply the thinnest coating that 
the hardness of the base metal will 
permit. 

Because of their greater thicknesses, 
industrial chromium coatings take 
longer to apply, and this must be taken 
into consideration in the operation and 
control of the plating bath. Several 
processing factors not encountered. in 
decorative plating, such as t'he avoid
ance of excess plating at corners and 
edges, the importance of good adher
ence to the base metal, and the finish
ing of the deposit to very precise di
mensional tolerances, confront the 
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plater who applies industrial chromium. 
Engineers of United Chromium, Inc. 

(the company whose basic patents 
dominate the chromium-plating field) 
have made exhaustive surveys and 
tests of the technical properties of 
chromium plate. Examination of their 
results shows not only that chromium 
is superlative in many ways, but also 
that · its combination of high hardness, 
corrosion resistance, wear resistance, 
resistance to heat, and frictional and 
surface properties is available in no 
other industrial material yet discovered 
or developed. 

For example, the hardness of cor
rectly produced bright industrial 
chromium plate is about 1000 to 1025 
Brinell. This hardness is of the same 
degree as that of nitrided steel ( one 
of the hardest engineering metals) or 
sintered tungsten carbide (the hardest 
type of cutting-tool material) . 

Several years ago the Worthington 
Pump and Machinery Corporation, 
curious about chromium plate's ability 
to serve as a bearing material in com
parison to that of the usual bearing 
metals, made sliding friction tests on 
a number of ·shaft and bushing com
binations. The standard bearing com
bination of steel on babbitt metal had 
a coefficient of friction of 0.20. When 
the babbitt was replaced with chrome
plated steel, the new 
combination ran much 
easier, with a coefficient 
of 0.16. The engineers 
who made these tests 
concluded that "chromi
um has the lowest 
coefficient of friction 
available in any of the 
structural metals." This 
conclusion has since 
been reached by other 
researchers. 

The third outstanding 
quality of electrodepos
ited chromium is its 
unusual resistance to corrosion and 
chemical attack. These characteristics 
are utilized in many familiar applica
tions · of chromium plating. Where so 
used, chromium plate is usually applied 
over intermediate deposits as, for in
stance, copper and nickel on steel or 
nickel alone on copper or brass. The 
function of the underlying deposit is to 
prevent the exposure of the basis metal 
through any pores that may exist in 
the layers of electrodeposited chrome. 
Properly plated articles are resistant 
to tarnish, rust, and corrosion, and 
thereby are of great value in prolong
ing the usefulness of the product to 
which they are applied. 

ALso important among its character
istics are chromium plate's amen

ability to use and reuse, as a "putting
on tool" (for adding metal where 
needed) , its adapability to precision 
operations, its resistance to oxidation 
at high temperatures, its high melting 
point, and its relatively low cost from 
the engineering point of view. 

Lest exaggerated conclusions be 
drawn from these facts, it is pointed out 
that chromium plate is not a cure-all 
or panacea. For example, it is not 

The long list of appli· 
cations which chromium 
plate is finding in indus
try is exemplified by the 
plated tap (right) being 
used on a hard rubber part. 
the side milling culler (be
low) in use on steel. and 
the twist drill (lower left) 

necessarily the best 
bearing metal in the 
world, since there is 
considerably more to 
bearing performance 
than just the coefficient 
of friction. It is certain
ly not the hardest engi
neering material one 
can find; and it is sur
passed in corrosion re
sistance by a few (most
ly noble) industrial 
metals. But it is just 
about the hardest ma

terial available which is also corrosion
resistant and "slippery," and its grow
ing list of applications in special 
services stems from this unique com
bination of properties. 

The use of chromium plating as a 
"putting-on tool," for adding metal to 
surf(lces that have been worn or mis
machined undersize, · is its major con
tribution to industry. Some typical 
instances of smart reclamation of 
off-size rejects by chrome-plating 
were recounted in detail in an article 
in the June 1941 issue of Scientific 
American, and little need be added 
here. Intricate parts, gages, tools, dies, 
and fixtures representing many hours 
of skilled tool work, much precious 
machine time, and important amounts 
of critical alloys are being saved from 
scrap piles everywhere by alert plating 
departments. 

At one plant, plating thicknesses have 
run up to 40 thousandths of an inch 
(0.040 inch) and over 10,000 parts have 
been salvaged in the last few years. 
Many manufacturers who started using 
chromium plating for salvage work 
found the service life of the reclaimed 
parts so much improved that they now 
specify chromium plating as standard 
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on these parts even 
when new. 

In the field of new 
tools and parts, the ap
plications of chromium 
plating may be simply 
divided into (a) cutting 
tools, (b) gages, dies, 
and molds, and (c) 
wear-resistant machin
ery parts. For industrial 
chromium plating the 
thinnest coatings are 
those applied to cutting 
tools, such as cutters, 

reamers, drills, taps, broaches, and so 
on. For applications like these, involving 
sharp edges or impact, deposits heavier 
than a few ten-thousandths of an inch 
tend to spall or chip, so that the prac
tice is to hold the plating to thick
nesses between five ten-thousandths 
and five hundred-thousandths of an 
inch (0.0005 and 0.00005 inch) . 

Mr. T. G. Coyle, technical ' director 
of United Chromium, Inc., explains in 
addition that the best plate thicknesses 
for tools used for cutting steel are dif
ferent from those for cutting plastics 
or soft metals. He suggests this gen
eralization: The harder the material 
being cut, the thinner need be the 
chromium deposit. Most of the benefit 
of chromium plate on cutting tools 
arises not so much from the extra 
hardness of the plated tool but from 
the lower coefficient of friction between 
the · plate and the material being cut, 
whereby the chips slide off along the 
tool more easily. 

The quantitative extent to which in
dustrial chromium plating is providing 
a large part of the answer to the short
age of small cutting tools and tool-steel 
alloys by enormously extending their 
lives is indicated by the job records 
of many manufacturers. For example, 
at a Canadian plant (John Inglis Co.,  
Ltd. )  one tool, a O.237-inch diameter 
reamer, would, when unplated, turn 
out 15 pieces before it had to be re
ground; after chromium plating, 75 
pieces between grinds was a common 
figure (an increase of 400 percent) and, 
furthermore, the tool could be contin
ually replated and re-used at its ori
ginal size. 

REPoRTs on chromium-plated plug . 
gages indicate life increases be

cause of chromium plate ranging from 
seven to twenty times that of the un
plated gage. On a few special gages, 
chromium plate has shown several 
hundred percent longer · life than car
bide tips-and that is an achievement! 

According to Mr. Coyle, gages are 
generally finished with a chromium 
plate 0.001 to 0.015 inch thick. In some 
gaging operations, where tolerances 
are extremely small or the gage must 
have a sharp working edge, the chrom
ium plate thickness should be much 
less than 0.001 inch-only of the order 
of 0.0001 to 0.0003 inch. 

Since gages are sizing tools, dimen
sional precision is important. In cases 
where the thin deposits are used (and 
with some of the thicker, too) , the 
gage may be plated directly to size 
with sufficient accuracy, but generally 
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it is mOre practicai to over-plate and 
then grind or lap back to size after plat
ing. 

Chromium-plated dies and mandrels 
are almost universally employed for 
drawing seamless tubes of steel, stain
less steel, brass, and aluminum. Tool
life increases of eight to ten times are 
reported, together with improved tube 
finishes. 

A field that is very active at present 
and a potentially even busier one in 
the future for chromium is the plating 
of molding dies for plastics. Naval 
specifications now require it on molds 
for Navy Department parts and the 
largest fabricators have also swung 
over to plated molds. The plate thick
nesses run from 0.001 to 0.005 inch. 

The plastic or rubber parts made in 
plated dies are smoother; sticking, 
fouling, and pin breakage are elimin
ated; and the flow of the compound 
along the die walls is facilitated. For a 
given amount of wear, the chromium 
surface produces 10 to 15 times the 
output of the hardened (unplated) 
steel surface in some shops. Chrom
ium-plated dies are also used in pow
der metallurgy, where die problems 
have been traditionally acute. 

POROUS chromium is potentially im
portant enough to receive special at

tention here. Today it is doing yeoman 
service as the surface on countless 
Diesel engine cylinder bores aboard 
ship and elsewhere. These important 
Diesel applications have been pioneered 
by Mr. Henrik Van der Horst, a former 
Hollander who spent years in develop
ing this solution to a specific problem
the wear of cylinder bores, piston rings, 
and ring gaps in Diesel engines, espe
cially two-stroke engines. 

Originally the cylinder bores were 
merely plated with dense bright 
chromium, and general improvement 
in performance was obtained. But 

Chromium plated cylinder bores 

some bores would score, even after 
honing to a high polish, until one day 
someone observed that the chromium 
surfaces that did not score were 
slightly pitted. It then became clear 
that for oil-film bearing applications 
like this, not only hardness but a 
rough surface was necessary to . retain 
the oil on the normally non-absorbent 
chromium surface, and research was 
directed to the development of a uni
formly porous hard-chromium layer. 

Cylinder bores treated in this way 
wear away at a much lower rate than 
ordinary cast-iron bores, will outlast 
alloy cast-iron bores by seven times 
and nitrided bores by three times. In 
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Hard-rubber molClinq dies are plated 

Diesel-operated ships, for example, this 
means fewer delays and layovers while 
cylinders are replaced, relined, or re
bored or rings replaced, and even mak
ing trips that might normally be can
celled because replacement parts could 
not be obtained. 

The use of porous chromium plate on 
internal combustion engines ' generally 
and for other oil-retaining bearing sur
faces is now receiving the most wide
spread attention, with both the Van der 
Horst Corp. of America, Inc. and United 
Chromium, Inc. conducting research on 
processes and applications. 

The exigencies of war have brought 
to industry sudden recognition of the 
value of chromium plate as an engin
eering material, and the process and 
its applications have developed with 
unbelievable rapidity. When peace re
turns, the pressure for salvage will 
be off, but many companies-the 
smarter ones-will continue the re
clamation practices they found so help
ful during the war. 

Quite apart from salvage, we may 
confidently expect the use of chromium 
plate on such new parts and tools as 
drawing and extruding dies, molds, 
burnishing broaches, hydraulic equip
ment parts, bearings, and so on, to con
tinue to expand, because for many of 
these it will be simply intelligent de
sign and economics to use it. Those 
applications involving stainless steels, 
light metals, plastics, powder metal
lurgy processes, and engine parts 
should be especially important in the 
years to come. Of all the present-day 
applications of chrome-plating, the use 
of porous chromium as a hard, wear
resistant oil-retaining surface for 
Diesel cylinders and rings, gas-engine 
cylinders and pistons, and hundreds of 
other parts not yet exploited may be 
ultimately the most important. 

LEAD-ALLOY COATING 

For Copper Wire. Salislaclorily 

Replaces Scarce Tin 

MUCH of the wire normally used for 
electricaL conductors in normal times 
was coated with pure tin to facilitate 
soldering of j oints and connections and 
to protect the underlying copper and 
its rubber insulation from reacting 
with each other. The shortage of tin, 
however, impelled a search for mater
ials that comply with the WPB order 
limiting the tin content of copper-con-

ductor coatings to 12 percent and which 
will perform satisfactorily. 

The requirements for such coatings 
are amenability to fast soldering, good 
resistance to abrasion, excellent anti
friction properties, and resistance to 
corrosion by SUlphur and by rubber 
chemicals. 

Of all the possible substitutes tested 
by Anaconda Wire and Cable Company 
(including lead-base alloys of less than 
5 percent tin) , the only one that ap
proached the desired properties was 
an alloy of lead to which small amounts 
of cadmium, tin, and antimony are 
added. Average analyses of coatings 
from the new alloy show 5.23 tin, 1.17 
cadmium, 0.30 antimony, and 93.30 per
cent lead. 

The alloy has been in continuous use 
(under wraps) for 16 months, during 
which 500 million pounds of wire has 
been coated, stranded, and insulated 
with satisfactory results. Statistical 
analysis of the substitution shows that 
approximately 87 percent of the tin 
previously consumed for this applica
tion is being saved by the use of the 
new alloy. At Anaconda this means a 
saving of about 3500 pounds of tin per 
month. 

BERYLLIUM-COPPER 

Improved lor Many Uses by 

Hew Beal Trealmenl 

ExpANDED wartime applications of 
beryllium-copper have taught materials 
engineers much about the properties 
that are best for individual applications 
and about the methods of heat treat
ment best able to provide these prop
erties. 

Beryllium-copper's greatest contribu
tion today is in the field of aircraft, 
instrument, and electrical springs, 
where its combination of exceptional 
strength, corrosion resistance, high 
endurance, flexural and torsional 
strengths, and susceptibility to harden
ing after forming make it a nearly ideal 
material. 

Recent intensive studies have shown, 
however, that peak properties cannot 
be obtained by the standardized heat 
treatment usually recomended,that the 
work and treatment given the beryl
lium-copper at the mill that sells it to 
the spring fabricator profoundly influ
ence the results the latter obtains with 
it, and that each lot of beryllium-cop
per for springs must be individually 
tested and treated by the spring maker 
if the full value of the metal is to be 
obtained. 

The heat treatments used will thus 
be individually different for each lot, 
but the new data show that the prac
tice of hardening the annealed and 
formed springs by heating for a given 
time between 500 and 600 degrees, Fah
renheit, should be changed to a shorter 
time at higher temperatures-between 
600 and 700 degrees. Springs processed 
by the new schedules have much better 
"drift" properties (drift is the tendency 
to become permanently elongated by 
minute amounts through stress below 
the elastic limit at room temperatures) 
-'and are generally superior. 
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CHEMISTRY IN INDUSTRY 

Copducted by J A M E S  M .  C R O W E  

AT THE END of 1941 the total installed 
capacity for production of syn

thetic rubbers in the United States 
amounted to only about 20,000 tons. 
Then came Pearl Harbor and the war
necessitated miracle of increasing this 
synthetic capacity to nearly a million 
tons by the end of 1943. 

Generally speaking, the synthetic 
rubber-like materials on which the 

special process of fermentation of grain. 
Much of the early confusion about 

synthetic rubber arose from a lack of 
appreciation of the fact that Buna S 
is exactly the same product whether 
made from butadiene derived from oil, 
grain, coal, or whatever source. 

Styrene, the second requirement for 
manufacture of Buna S, has been 
manufactured for some time for use 

Synthet ic  Rub b e r  Today  
Enough Can Now be Told Aboul Synlhelic Rubber 10 Indicale thai Ihe Prob· 

lem of Replacing Nalural Rubber in Many Vilal Applicalions Will be Solved 

Salisfaclorily. A Resume of Ihe Mosl Important Synthelics, Their Composi. 

tion and Qualilies, and Raw Materials Used 

United States will depend for its rubber 
during the present war may be divided 
into a number of types. It would re
quire volumes to tell the detailed story 
of the manufacturing processes and 
properties of these many materials, and 
even then it would probably be in
accurate. Specific operating details 
have never been made public and the 
technology is changing so rapidly under 
the stimulus of all-out research that 
methods are changing and improving 
every day. However, the following 
brief and general descriptions, derived 
from a Bureau of Mines survey, will 
explain the nature of the more import
ant of the synthetics, the way they are 
produced, and their general applica
tions. 
BUNA 5: Copolymerized butadiene and 
styrene, synthesized by copolymeriza
tion in aqueous emulsion. 

Buna S has been made in large 
quantities in Germany since 1936 as a 
general substitute for rubber, particu
larly in automobile tires. A small 
amount was made in this country prior 
to the war. Of all the various types of 
synthetic rubber that have been devel
oped, each with special advantages, 
the Buna S type seemed best for rub
ber's major uses, and could most easily 
be fabricated with existing equipment. 
The government rubber program was, 
therefore, largely concentrated on this 
type. Buna S, more recently designated 
GR-S, is now manufactured by a num
ber of companies on a large scale for 
use in tires and as a general substitute 
for natural rubber. Out of the 850,000 
tons annual capacity undertaken by the 
government rubber program, 735,000 
tons or about 86 percent is Buna S. 

in the plastics industry; hence, the 
principles involved in its production 
were quite well known. The most com
mon method consists of processing ethyl 
benzene produced from benzene and 
ethylene or ethyl alcohol. Styrene may 
also be produced by high-temperature 
cracking of petroleum. 

In general, the properties of Buna S 
are similar to those of naturru rubber, 
and the swelling characteristics in gaso
line and mineral oil are but little better 
than those of natural rubber. Water 
absorption is only 65 percent that of 
natural rubber, and aging qualities are 
considered superior. It is useful for 
coverings in the cable industry because 
of the last-named qualities. 
PERBUNAN (formerly Buna N) : Copoly
merized butadiene and acrylonitrile in 
an aqueous emulsion. The butadiene 
is obtained from the same sources as 
given above, while the acrylonitrile is 
made by treating ethylene with hypo
chlorous acid to give ethylene chlorohy
drin, which reacts with so
dium cyanide to give hy
dracrylic nitrile, from which 
acrylonitrile is obtained by 
dehydration. 

A primary property of 
Perbunan is its resistance to 
the action of gasoline, petro
leum, and · aliphatic hy
drocarbons. However, it is 
soluble in aromatic and 
chlorinated hydrocarbons 
such as benzol, toluol, sol
vent naphtha, di- and tri
chlorethylene, and in certain 
ketones. 

resistance it surpasses natural rubber 
and is less than half as permeable to 
air and gases. Hard compounds made 
from Perbunan have high softening 
points and superior resistance to many 
solvents. 

Perbunan finds greatest use where 
its oil-resistant qualities are needed 
-oil-resistant packing rings, gaskets, 
printing rolls, gasoline hose, hose for 
spraying paint, cable covers, conveyor 
belts, and the like. Although Perbunan 
tire tread compounds are said to be 
equal or superior to the best rubber 
tread compounds, its use in tires is not 
of commercial importance, as other 
synthetics easier to process and fabri
cate are considered economically more 
suitable for that purpose. 

Perbunan Extra is similar to Per
bunan except that the acrylonitrile con
tent is greater. It is easier to process, 
more resistant to oil. 
HYCAR "0 Rn (AM ERIPOL): Butadiene co
polymer, reported to be a copolymer 
of butadiene and acrylonitrile similar 
to Perbunan. Two distinct types are 
being made. The raw materials are 
butadiene and acrylonitule. (See Buna 
S for .butadiene sources and Perbunan 
for acrylonitrile) .  

Properties of Ameripol, such as ten
sile strength and elasticity, are said to 
vary over a "'ide range according to the 
method of compounding. Good heat 
and abrasion resistance are claimed, and 
superior resistance to mineral, animal, 
and vegetable oils and fats, to oxidizing 
effects of metallic . soaps used as drier:" 
in paints and inks, to all petroleum 
products, and to benzene, alcohol, water, 
and carbon tetrachloride, although it 
is badly swollen by acetone. Its age 
resistance is superior to that of natural 
rubber and its resistance to acids and 
alkalies is about the same. Elasticity, 
tear resistance, and rebound are lower 
than for similarly compounded natural 
rubber. Hardness may be varied over 
a wide range. It becomes stiffer than 
natural rubber at subfreezing tem
peratures but is reported to be still 
flexible at _500 Centigrade. Resist
ance to oxidation and decomposition 
when exposed to heat is said to be 

The raw materials used in Buna S 
are butadiene and styrene. The buta
diene may be made by many methods 
from a number of basic materials, pres
ent commercial sources of butadiene 
being petroleum and petroleum gases, 
coal or coke and limestone, ethyl al
cohol, and butylene glycol made by 

Aging qualities and resist
ance to ozone are said to be 
superior to those of natural 
rubber, but elasticity, re
bound, and electrical . prop
erties are poorer. Because 
of its poor electrical prop
erties, Perbunan is not used 
as electrical insulation. In 
heat resistance and abrasion Synthetic rubber tires for the armed forces 
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Butadiene storage "  tanks at a Carbide and Carbon Chemicals Corporation plant 

it possesses only 1 or 2 percent of the 
available unsaturation of natural rub
ber, which is just enough for vulcani
zation. This lack of unsaturation gives 
butyl rubber unusual properties in ag
ing resistance and in stability in the 
presence of ozone. It swells like natural 
rubber in petroleum and coal-tar sol
vents but does not swell in most 
vegetable and animal fats and oils. It 
is resistant to acids, including sulfuric 
and nitric, has low water absorption, 
high heat resistance, and excellent flex 
resistance, and is highly impermeable 
to air and gases such as hydrogen, 
helium, and carbon dioxide. Its rebound 
is low at room temperature but high 
at high temperatures. Electric proper
ties are said to be such as to make it 
outstanding for cable insulation. excellent, and it is less permeable to 

air and gases than is natural rubber. 
Oil-resistant products made from 

Ameripol include gasoline hose, auto
mobile and airplane parts, packing 
joints and valves, lining for bullet
proof gasoline tanks, printing rollers, 
and the like. Tires of Ameripol are 
said " to be slightly superior to tires 
made of natural rubber compounds in 
abrasive resistance, and far superior in 
the presence of oils and high tempera
tures. 

The synthetic is used to produce a 
hard rubber compound, "Ebonar," which 
is said to have an outstanding advan
tage over hard natural rubber in that 
a higher softening point is obtainable. 
CHEMIGUM: Butadiene copolymer, said 
to be a copolymer of butadiene and 
acrylonitrile similar to Perbunan. 

A Buna-type synthetic rubber, Chemi
gum is tough and is equal or superior 
to natural rubber in strength, aging 
resistance, and resistance to sunlight. 
It is much less soluble in conventional 
rubber solvents than natural rubber, 
and its oil resistance makes it suitable 
for use in gasoline hose and the like. 
Tires made of Chemiguni are said to 
give performance equal to or exceeding 
natural rubber tires. 
NEOPRENE (formerly DUPRENE):  Polymer
ized chloroprene made by polymeriza
tion of chloroprene in emulsion under 
carefully controlled conditions. Raw 
material is calcium carbide, made from 
lime and coke in a high-temperature 
electric furnace, which gives acetylene 
when treated with water. Vinylacety
lene, formed by polymerization of two 
molecules of acetylene, is treated with 
hydrochloric acid to give chloroprene. 
The physical qualities of Neoprene may 
be modified over a wide range by the 
proper choice of pigments, accelerators, 
anti-oxidants, and so on. 

Neoprene is made in several types, 
Neoprene G being a new, improved, 
relatively odor-free type which is 
thermoplastic and is formed, like rub
ber, by calendaring, extruding, and 
molding at high temperatures. 

The vulcanized product is resistant 
to oils, and although virtually all ani
mal, vegetable, or mineral oils cause 
it to swell somewhat, it usually retains 
its properties better than rubber. It 
i� slightly less elastic than rubber but 
is more heat-resistant and resists sun
light better. It has approximately the 
same tensile strength as has similarly 

l IS  

compounded rubber. The abrasion re
sistance of Neoprene tire treads is said 
to be about equal to that of the best 
rubber tire-tread compounds. Neo
prene and rubber show about equal 
abrasion resistance when dry, but Neo
prene is many times more resistant to 
abrasion after having been soaked in 
oil. 

Neoprene is used for tank linings; 
reaction vessels; conveyor belts ; gas
kets ; hose for oils, solvents, and gases 
such as chlorine; clothing for acid pro
tection; laboratory tubing; and for 
similar purposes. 
VISTANEX:  Polymerized isobutylene, 
made by polymerizing isobutylene at 
low temperatures with catalysts of an 
acidic nature, such as titanium tetra
chloride, boron fluoride, and aluminum 
chloride. Isobutylene is present in 
large quantities in gases from refinery 
cracking operations, and may be made 
by dehydrogenation of isobutane, which 
is obtained from natural gases or from 
isomerization of normal butane. 

Vistanex possesses unique qualities, 
owing to its lack of unsaturation. It 
exhibits extreme resistance to ozone, 
acids, alkalies, and corrosive salts and 
has excellent aging properties, es
pecially at high temperatures. Its water
absorption and vapor-permeability 
properties are extremely low. It is 
resistant to most vegetable and animal 
fats, oils, and greases, and is insoluble 
in alcohols, esters, ketones, and most 
organic solvents containing oxygen; 
but it is soluble in petroleum and coal
tar solvents and in some chlorinated 
solvents. It has excellent electrical 
properties. It is less thermoplastic, and 
the degradation or breakdown by me
chanical milling or mixing is less than 
for natural rubber. 

Vistanex is used in the manufacture 
of cable sheathing, acid-resistant lin
ings, electrical i!)Sulation, adhesives, 
artificial leather, and the like. It may 
be compounded with natural rubber 
in certain proportions to give a curable 
product useful in steam hose, conveyor:
belt covers, cable coverings, and other 
products resistant to aging or chemical 
action. 
BUTYL: Copolymer of a butene and a 
diolefin, produced by low temperature 
copolymerization of isobutylene and a 
small amount of butadiene or other 
diolefin. Isobutylene is procured from 
petroleum by cracking. 

Butyl rubber is outstanding in that 

Butyl rubber is said to be satisfactory " 
for inner tubes, as it holds air longer 
than does natural rubber and is con
sidered superior to certain other syn
thetic rubbers for this purpose, although 
some difficulties have been experienced. 
So far, automobile tires made of butyl 
rubber have shown a life about 50 
percent as great as that of natural
rubber tires if used at speeds under 40 
miles an hour. Besides its use in tires 
and tubes, it is recommended for use 
in fire and steam hose, molded goods, 
tank linings, conveyor belts, and in 
general replacement of natural rubber. 
FLEXON is similar to butyl rubber 
except that it is produced at different 
temperature in an open vessel. It usu
ally has qualities inferior to butyl. 
THIOKOL: Organic polysulfide obtained 
by a reaction between organic dihalide 
and alkali polysulfide. 

The raw materials used in Thiokol 
depend on the finished type. Ethylene 
dichloride and sodium tetrasulfide give 
Thiokol A; dichloroethyl ether and 
sodium tetrasulfide give Thiokol B; and 
so on. The sources of these raw mate
rials are organic compounds which may 
be obtained from petroleum products, 
chlorinated by the use of chlorine ob
tained from salt. The sulfides are made 
from sulfur and alkalies. 

Thiokol has been made in several 
types and from several primary ma
terials. A variety of products, some of 
which are rubber-like and some of 
which are not, can be made by varying 
the kind of polysulfide and hydro
carbon. Some of the products are used 
in the plastics industry and some as a 
rubber substitute. The rubber-like 
types are soft and plastic and can be 
worked on a rubber mill and reinforced 
and modified by the addition of com
pounding agents just as with natural 
rubber. They are particularly resistant 
to organic solvents. 

Thiokor is not suitable for tire treads, 
although a new type (N) is said to be 
suitable for recapping tires. In g.eneral, 
Thiokol may be used where high re
silience, tensile strength, and resistance 
to heat are not important, but where 
good aging characteristics, resistance to 
ozone and solvents, and flexibility are 
required. It is used in the automotive 
industry for coating paper gaskets, 
where it flows under heat and pressure 
into tool marks and imperfections to 
make a perfect oil seal. It is used also 
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in the manufacture of gasoline and 
paint-spray hose, printers' blankets, 
rubber printing plates, and cable cover
ings. 
THIOKOL R D: Copolymer obtained from 
butadiene and acrylonitrile. In the 
raw state it is a tough, resilient, amber
colored, solid with excellent resistance 
to gasoline, oil, and other solvents. It 
has high tensile strength, up to 3000 
pounds per square inch, and good abra
sion resistance, comparable to natural 
rubber. 
KOROSEAL AND  KOROGEL: Plasticized 
polymerized vinyl chloride. Vinyl 
chloride is produced commercially by 
any of three methods: catalytic com
bination of acetylene and hydrogen 
chloride; chlorination of ethlyene to 
ethylene dichloride and partial dehydro
halogenation by treatment with alco
holic caustic; or by vapor-cracking 
ethylene dichloride. 

The term "Koroseal" refers to a broad 
class of compositions having properties 
varying from those of hard rubber to 
those of a jellied cement. Korogel is 
highly plasticized Koroseal, and Koro
lac is a solution of Koroseal. 

The physical and chemical properties 
of Koroseal may be varied over a wide 
range by the choice of plasticizer. With 
proper plasticizer it can be made trans
parent. The tensile strength varies 
from 1000 to 9000 pounds per square 
inch; flexing life, if used alone, is ten 
times that of natural rubber; tearing 
strength is equal to or slightly exceeds 
that of the best rubber compounds; and 
at atmospheric temperature resistance 
to abrasion is better than that of rub
ber. However, Koroseal is unsuitable 
for the manufacture of automobile tires, 
as it undergoes plastic flow at high 
temperatures. 

The harder types of Koroseal are 
resistant to virtually all materials ex
cept organic compounds containing the 
nitro or chlorine groups, aliphatic or 
aromatic ketones, aromatic amino com
pounds, lacquer solvents, or acetic an
hydride. Koroseal is resistant to cor
rosive chemicals, acids, alkalies, and 
water; it is not affected by sunlight, 
aging, oxygen, or ozone, and it is very 
superior in resistance to gas diffusion. 

Koroseal is used in the manufacture 
of process equipment for chemical and 
allied industries, in pipe-line coating 
materials, balloon cloth, chemical tub
ing, vacuum and gas materials, electrical 
insulation, protective paints, belting, 
gaskets· and packing, clothing and 
waterproof cloth such as wraps and 
shower curtains, upholstery, and for 
special uses in the cable and textile 
industries. 
FLAMENOL: Plasticized polymerized 
vinyl chloride, is described as a syn
thetic compound resembling rubber, 
Which serves both as an insulation and 
a finish for wire and cable. Its prop
erties are said to include high dielec
tric strength, toughness, mechanical 
strength, stability in sunlight and 
oxygen, stability to ozone and oxidizing 
chemicals and to oils, solvents, acids, 
and alkalies, and resistance to flame and 
moisture. 
POST·WAR RUBBER: The above lengthly 
but incomplete list presents an imposing 

Compressors used in a butadiene production unit 

array and still there are others and 
newer elastomers which have been an
nounced, but' about which there is little 
available information. All in all it 
seems that the country can rest assured 
that the rubber problem is being met. 

With this assurance many people in 
government and industry are turning 
their thoughts to rubber after the war. 
There are many important political and 
economic considerations which may de
velop natural rubber vs. synthetic 
elastomers into a major controversy, 
but ultimately the principles of supply 
and demand, of price and quality, that 
have influenced so many choices be
tween products, will decide this issue. 

One thing is · certain. It is never 
safe to make predictions where a 
chemist is concerned. His ingenious
ness and persistance in working with 
molecules and the fundamental laws of 
nature have . often upset the best laid 
plans. Based on progress to date, chem
ists believe that there will come syn
thetic compositions which excel natural 
rubber in wear, resistance to deteriora
tion, and other properties. In fact, 
many of these objectives have already 
been reached. 

This does not mean that natural rub
ber cannot be improved. It undoubtedly 
will be. But the fact remains that the 
essential need for crude rubber, based 

PENICILLIN 

New Chemolherapealic Ageal 

Holds Creal Promise 

A new antibacterial substance, penicil
lin, has j oined the ranks of the "miracle 
drugs." Clinical tests of the new ma
terial give good reason for belief that it 
is superior to any of the sulfonamides in 
the treatment of Staphylococcus aureous 
infections, including acute and chronic 
osteomyelitis, cellulitis, carbuncles of 
the lip and face, pneumonia and empy
ema, infected wounds and burns. Pre
liminary tests on wounds and infections 
of soldiers returned from the battle
fronts have been so encouraging that 
the tests are going forward on a broad 
scale. 

In this work many difficulties are en-

solely upon superiority of its properties, 
is almost a thing of the past. The 
choice in a free , world market will 
largely depend on cost and quality to
gether. 

It is generally believed that the price 
of synthetic elastomers might go down 
to between 10 and 15 cents per pound. 
Prices of natural rubber have fluctu
ated widely in the past. In 1910 an all-. 
time high of $3.12 was reached. After 
W orId War I it dropped to 11% cents. 
Then a production control system was 
organized in the Far East and the price 
went to $1.21 in 1925. In 1932, during 
the depression, it dropped to 2.625 cents 
per pound. It might be said that the 
price of natural rubber ordinarily oculd 
be taken at 15 cents per pound. Prior 
to World War II it was fixed at 22lh. 

Some post-war plans advocate a re
turn to the importation of rubber from 
its former sources and the development 
of new natural sources in this hemis
phere. Fundamentally their argument 
is that this would provide jobs for the 
native populations and increase their 
standards of living. If this is done it 
is logical that . their wages would go 
up and if so it is a question whether 
the price of natural rubber, which IS so 
dependent on cheap labor, could be kept 
lower than synthetic. Only time and 
technology can answer these questions. 

countered. They arise chiefly from the 
facts that the mold, Penicillium notatum, 
from which penicillin is obtained, pro
duces only tiny amounts of anti-bacter
ial substances after a long period of 
growth in a culture medium that must 
be very carefully protected and con
trolled. According to a recent report, a 
yield of as much as one gram of puri
fied penicillin from 20 liters of culture 
fluid would be an excellent result. 

The chemical structure of the material 
is being intensively sought after. No 
conclusive results have yet been ob
tained but there are indications that the 
structure resembles that of a large class 
of aromatic or eoal-tar chemicals. As 
soon as this chemical structure is deter
mined, methods of synthesis and large
scale production will undoubtedly be 
developed. 
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AVIATIOR 

Conduded by A L E X A N D E R  K L E M I N  

SINCE the first direct crossing of the 
Atlantic Ocean by airplane, made 

more than 20 years ago by Alcock 
and Brown, flying across the North 
Atlantic has been made commonplace 
by the Clippers of Pan-American Air
ways and ' American Export Airlines, 
the huge flying boats of the British 
Imperial Airways, and the cargo planes 
of the Air Transport Command. 

man-made islands to be moored in the 
North Atlantic for use as plane refuel
ing stations. Invented by Edward R. 
Armstrong as far back as 1915, and 
lately developed and sponsored by such 
important corporations as the Sun Ship
building and Dry Dock Company, 
United States Steel Corporation, Worth 
Steel Company, Lukens Steel Company, 
Belmont Iron Works, General Electric 

Floating Airp o rts in  Mid - O c ean  
Reported Many Years Ago in these Pages, the Armstrong Seadrome is Row 

Assuming Added Importance in the Scheme 01 Things to Come in Aviation. 

Based on Sound Engineering Principles, the Seadrome Will Make Possible 

Over·Ocean Air Transportation with Land Type Planes 

Bombers and even single-seater fighters 
are now being regularly ferried across 
the ocean, the fighters with the aid 
of droppable gasoline tanks to supply 
sufficient fuel for the crossing. 

Most of this flying involves long 
jumps, sometimes of the order of 2000 
miles ; and for very fast de luxe pas
senger service of the future it will not 

,_ .. • � ' �<:� 'I W7. U· · ..., .. . � It.'. � t • 

. "�. 
" I .. 

, , �,� " ,j�' " , .'liI � .. � /\ / \  - : i I � , I , -
' � • 

. • - " I ! "  I ' " 

, - ' �  I I '  , '..,: 
II , I I 

Armstronq (left) and Monro. with a 
model of the floatinq island airport 

be surprising to see non-stop opera
tion between New York and London 
or Paris. 

For less expensive passenger service, 
however, and for carrying air cargo 
or express, such long hops involve dif
ficulties. A tremendous amount of fuel 
has to be carried because, in addition 
to the actual flight length, allowance 
has to be made for head winds, for 
possible loss of direction, for instru
ment approach, and for flying to an 
alternate airport. With high fuel loads, 
the actual payload (that is, passengers 
and cargo) is reduced to a small frac
tion of the gross weight of the air
plane. 

Company, and John A. Roebling Sons 
Company, the Armstrong Seadrome 
has been patiently developed, step by 
step, and has now reached a point 
where far-sighted and hard-headed C. 
Bedell Monro, President of Pennsyl
vania-Central Airlines, has filed an ap
plication with the Civil Aeronautics 
Board for permission to connect east
ern cities of the United States with 
Seadromes in the North Atlantic and 
thence with ports of air commerce to 
be designated by the Civil Aeronautics 
Board. 

The sponsors of the Seadrome sys
tem state that these new bases will be 
made available to all companies and all 
nations that qualify. This is done so 
that the progress of post-war aviation 
will not be impeded and so that 
America can truly be said to be in a 
position of collaborator and not mere
ly of competitor in trans-oceanic air 
travel. 

Mr. Armstrong's long struggle for 
recognition of the Seadrome epitomizes 
the history of invention. During the 
long years of Seadrome development 
he has met every rebuff philosophically 
and has, with great continuity of pur
pose, kept on making new designs and 
new models. 

The islands of steel, known as Sea
dromes, consist of a floating platform 
70 feet above the ocean, with buoyant 
elements so far down as to give a draft 
of 160 to 180 feet. No matter how rough 

the ocean may be, these elements make 
the Seadrome as steady as the mainlan:l 
itself. Experiments made in a test basin 
with artificially created waves have 
given ample proof of the accuracy of 
this statement. To those who immedi
ately visualize a huge steamship being 
tossed about in waves, the idea at first 
appears fantastic. Yet it is based upon 
sound principles of physics and exten
sive study of wave motion. 

The ocean is destructive only when it 
is opposed, as near the coast. In mid
Atlantic, vast rollers become hOlrmless, 
particularly when allowed to travill 
through an open truss work as in the 
Seadrome structure. But to explain why 
the Seadrome remains level, despite 
ocean roughness we must go to other 
facts of natural philosophy. The tro
choidal wave of the surface of the 
sea has its companion form below, but 
the height of the wave formation de
creases rapidly below the surface. At 
30 feet below, the wave motion is 
scarcely , perceptible. Therefore, the 
buoyancy elements and the ballast ele
ments of the Seadrome are placed well 
below the surface. The diagram shows 
a 1500 foot Seadrome in waves 600 
feet in length and 30 feet in height. As 
the waves pass, the buoyancy varies 
slightly from flotation element to flota
tion element, but the sum of the buoy
ancies remain constant. Since the total 
buoyancy is constant, the Seadrome 
neither rises nor falls with the waves. 

Because of this constancy of buoy
ancy, because the wave motion almost 
disappears at depth, and because the 
power of the ocean is not challenged, 
the design of the Seadrome is reduced 
to a problem in civil engineering not 
dissimilar to that of bridge construction. 
The design of the Seadrome now under 
construction has been approved with 
a .. A-I rating by the American Bureau 
of Shipping. 

THE FLOATING airport will have a total 
displacement of over 100,000 tons and 

its landing deck will be 70 feet above 
sea level. The structure will be 3550 
feet in length, 400 feet wide at the cen
ter, and 280 feet wide at the ends
ample dimensions for taking care of 
large transports and capable of handling 
with ease an airplane of some 100,000 
pounds gross weight, or possibly more. 
Auxiliary power: sources and six elec
trically actuated propulsion units will 
deliver a thrust of 300,000 pounds
sufficient to maintain the Seadrome 
on station, even if the anchorage gear 
should fail. 

The deck will be supported by 72 
buoyancy tanks connected to it by 

It is to meet this fundamental draw
back of the airplane that there has 
once more come to light the idea of Platform of the Seadrome. showinq 1he hotel and parklnq facilities 
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means of streamlined steel and iron 
columns. The whole will form a deep 
truss composed of tubular struts and 
steel cable ties encased in iron pipes. 
Iron will be used because research has 
shown that iron, while not as strong 
as steel, provides greater protection 
against corrosion. The tanks will be 
arranged symmetrically in three rows ' 
of 24 each, with longitudinal spacing 
of 150 feet. The lower columns extend 
to about 110 feet below the buoyancy 
tanks to support the ballast tanks. 
These contain sufficient ballast to lower 
the center of gravity of the structure 
to about eight feet below the center 
of buoyancy, another reason for the 
extreme stability of the structure. 

How a 1 500-loot Seadrome would remain level in 600· by 30-foot waves 

All exposed parts of the Seadrome 
in the region of the water line and 
above it will be of streamlined shape 
to reduce head resistance to a mini
mum. The lower columns will be cir
cular in cross-section so that they may 
be uni-directional in water currents. 

The deep-sea draft of the Seadrome 
on station duty will be 165 feet. Obvi
ously such great draft pre
cludes erection close to the 
shore. Therefore, in order 
to make construction pos
sible in shallow water, the 
ballast tanks are designed 
to telescope into the stream
lined upper columns during 
erection. Decks and bulk
heads will divide the tanks 
into 12 watertight com
partments. There will be 
bilge pumps and air pumps, 
as in a steamship. 

built-in means of propulsion, the prob
lem of towing the Seadrome into, po
sition should be a relatively simple 
one. But to those who know how diffi
cult it is to anchor even a lightship 
of 1000 tons in relatively shallow water, 
and how frequently lightships tear 
from their moorings, it may at first 
appear impossible to anchor a struc
ture of 100,000 tons in the deep waters 
of the Atlantic, for if a ship of this 
size were to be moored in mid-ocean, 
wind and wave would indeed make 
the task impossible. But the Seadrome 
will not pitch, roll, or heave at it's 
anchor, and, because of its constant 
buoyancy, the open-work structure will 
offer the least resistance to the motion 

to the bottom of the deepest ocean. 
But cable must not be allowed to rub 
on the ocean bottom. For this reason, 
the anchorage cables will be slightly 
shorter than required for a given moor
ing and then will be extended at their 
lower ends by forged alloy steel chains 
which, in turn, will be attached to the 
anchor. The anchor chains then will 
take up the wear and tear on the bot
tom. They should be able to withstand 
this for some 20 to 30 years. 

The Seadrome anchors, which func
tion by friction, must weigh more than 
1000 tons each. They will be equipped 
with flotation chambers and so de
signed as to be built on a shipway, 
launched when completed, and then 

towed to position and sunk. 

The Seadrome will be 
able to develop some for
ward speed, as previously 
stated, and its six screws 
will head it into the wind, 
as required for airplane 
operation, making a 90 de
gree turn in from 10 to 
15 minutes. With this 

The Seadrome will be built in sections. with the ballast 
tanks telescoped into upper columns. and then towed to sea 

The facilities and equip
ment of the Seadrome, 
though placed in unconven
tional surroundings, are to 
be quite conventional in 
character. There will be a 
luxurious hotel, located at 
the side of the main plat
form so as not to interfere 
with the operation of air
craft. There will be ample 
arrangements for refueling 
and servicing of aircraft. 
A complete radio station 
and an equally complete 
weather bureau will be lo
cated on the structure. In 
general, the Seadrome will 
be a combination of an 
airport terminal and a 
luxurious summer sea 
hotel. It should be fascinat
ing to spend a brief vaca

How the anchors 01 the Seadrome will 
rest on the bottom 'and hold the steel 
structure in place by means 01 bridqe 
cables. with chains at lower end 

of the water, while the upper above
water structure is streamlined. As a 
result, the natural forces acting on the 
Seadrome are reduced to a minimum. 

It is, however, necessary to guard 
against air forces reaching a velocity 
as high as 70 miles an hour. From Sea
drome tests made in the New York 
University wind tunnel and carried out 
by the writer of this article, a total 
anchorage pull of only 600,000 pounds 
is anticipated. With a factor of safety of 
3% included in the stress total, this 
would require the unheard-of wind 
speed of 140 miles an hour to break a 
Seadrome loose from its anchorage. 

Yet even 600,000 pounds is no small 
pull. The Seadrome is to be anchored 
in mid-Atlantic where the depth of 
the ocean may be from two to three 
miles. It becomes impossible to use 
link chain, such as is ordinarily u:ed 
with ships. The very best forged alloy 
steel chains would break from their 
own weight befo!"e they reached the 
bottom of the ocean at approximately 
13,000 feet. Suspension bridge cables, 
on the other hand, have ample strength 
to reach a depth of 60,000 feet, which is 
very considerably beyond the distance 
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tion in mid-Atlantic. 
It is of interest to study the sketch 

map of the North Atlantic. The Sea
dromes will be moored 800 nautical 
miles apart and will be out of the re
gion of fog and ice. Compare this dis
tance with that between Botwood, in 
Newfoundland, and Foynes, in Ireland, 
which is 1732 nautical miles, and that 
between Bermuda and the Azores, 
which is 1795 miles. To fly the Sea
drome route from Washington to Cher
bourg means only 3200 miles in four 
hops of 800 miles each. Alternatively, 
Charleston to Bermuda is 765 miles, 
Bermuda to the Azores 1795 miles, the 
Azores to Lisbon 915 miles, and Lisbon 
to Cherbourg 798 miles, giving a grand 
total of 4273 nautical miles. 

We cannot here enter into a detailed 
technical discussion of the economic 
advantages of the Seadrome, but the 
essence is as follows: An airplane 
weighing 25,000 pounds, undertaking a 
non�stop flight of SO!lle seo miles, can 
carry a payload of 5000 pounds at a 
cost of 10 to 12 cents per ton mile. If, 
however, the length of the trip non
stop is 1500 miles, the payload may 
thereby be cut to 2000 pounds and the 
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horsepower is due ' primarily to im
provement in fuels, increase in engine 
speed, and general improvement in 
engine design, but the basic useful 
strength of the materials employed has 
not been greatly altered. 

Non-stop, island-stop, and Seadrome routes across the Atlantic 

There is, however, a great deal to be 
done in increasing "fatigue strength" 
of many machine parts. It is not mere 
stress that causes breakdown of engine 
parts but fatigue, since alternating 
cycles of stress occur hundreds of 
thousands of times. J. o. Almen, of the 
Research Laboratories of General 
Motors, in a paper entitled "Shotblasting 
to Increase Fatigue Resistance," read 
before the Society of Automobile En
gineers, brings us some entirely new 
concepts of fatigue resistance, Mr. AI
men says that the fatigue strength of the 
most carefully prepared specimen is in
creased if a thin layer of the specimen 
is pre-stressed in compression by being 
hammered, swaged, or shotblasted, or 
subjected to pressure by balls or rollers. 
The new process deserves careful at
tention by our aircraft engine construc
tors, and has further implications in 
many other industries. 

cost per ton mile then becomes � to 
30 cents, which is prohibitive. 

It is quite true that much larger air
planes, machines equipped with four 
2000-horsepower engines and with a 
gross weight of around 100,000 pounds, 
can carry a larger percentage of pay
load, undertake longer trips, and have 
lower direct flying cost per ton mile. 
Nevertheless, even for the largest and 
best cargo aiQlane, the principle re
mains the same. The longer the non
stop flight, the less the payload, and 
the more costly the operation. 

For very fast, de luxe traffic across 
the Atlantic, non-stop flight is feasible. 
The post-war business man of vast re
sponsibilities, who wishes to spend a 
day in London and come back with 
minimum loss of time, will fly on a 
fast airplane which will bring him to 
Europe non-stop in a matter of 12 
hours or so. The fare may be $500 or 
more, but cost will be of small im
portance. Such a fare would be out of 
the question, however, for the ordinary 
traveler or vacationist, but by reduc
ing flight length and decreasing cost 

ANTI-SUB IELICOPTERS 

Ha ve Demonstrated Ability to 

Use Ship's Deck lor Landings 

SEVERAL years ago the use of helicop
ters for convoy work was advocated in 
Scientific American_ Now the remark
able accompanying photograph shows 
the landing of a Sikorsky helicopter on 
the deck of a Maritime Commission 
tanker, with the craft hovering over 
the deck just before landing. In

' 
the 

A helicopter lands on deck 
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per ton mile, the Seadrome would make 
it possible to charge as little as $150 
for a one-way ticket to Europe. An 
immense increase in air passenger 
travel would follow. 

Again, instead of paying 60 cents for 
an air mail letter to England, we would 
pay 5 or 10 cents at most. An enormous 
increase in air mail would follow. 

For freight and cargo, the steamship 
will probably remain supreme for many 
years to come. Where costs per ton 
mile are counted in cents for the air
plane, they are counted only in mills 
per ton mile for the steamship. No air
craft, even with the use of Seadrome 
facilities, can begin to equal the cargo
carrying capacity of a large steamship. 
But as airplane operational costs go 
down, the possibility of increasing the 
amount of some classes of air express 
is clearly indicated. 

The cost of constructing a Seadrome 
and getting it on station is expected to 
be around $12,500,000. Operating costs 
for three seadromes would be approxi
mately $500,000 annually, and main
tenance costs' should not be high. 

process of the trials, the rotating wing 
aircraft made 24 landings and take-offs 
from the deck of the tanker. This was 
the first time that a helicopter had ever 
been landed on or flown from a ship 
deck, and the first time that there had 
been performed a ship-to-ship ferry 
flight by helicopter. The take-off space 
on the deck of the tanker was only 78 
by 48 feet, closed in fore and aft by 
deck housing superstructure and mast. 
Flotation equipment on the helicopter 
made it possible to take off and land on 
water as well as on board the ship and 
the Sikorsky helicopter showed its us
ual flexibility and ' precision. In the 
opinion of the War Department, the 
advisability of using the helicopter as 
a weapon against the submarine has 
been fully demonstrated. 

ENGIHE MATERIALS 

Can be Improved by Application 

01 New Preparation M1Iihods 

T HE aircraft engine of 1943 weighs only 
only about half as much per horse
power as did the engine of World War 
I. This decrease in specific weight per 

EHGIHE RUGGEDNESS 

Demonstrated by Bnllet
Drilled Valve Stem 

J AP Zeros may be excellent in man
euvers, remarkably fast on the climb 
and, on the whole, not bad fighting 
ships, but they cannot take it; they lit
erally explode when caught in the-, fire 
of one of our carrier-based fighters. It 
is not too much to say, on the other 
hand, that our aircraft and our aircraft 
engines lead the world in ruggedness 
and reliability. The photograph of a 
Thompson Products valve from a 
Wright Cyclone engine, with a quar
ter-inch bullet hole through the valve 
stem, proves our point. The Wright 
Cyclone was in use in an American
built Curtiss Mohawk (75-A) fighter 
in the Far East. When the quarter
inch bullet pierced it, the valve stem 
should have broken instantly and 
wrecked both engine and airplane, but, 
as a mater of fact, the engine func
tioned perfectly for 110 flight hours 
and went through a dogfight. Ordinar
ily a valve of the sodium type, when 
the sodium is shot out of it, should 
burn and cause trouble. But even 
though the cooling sodium had run out 
through the bullet hole, the stem with 
its superfine steel structure continued 
functioning. 

Pierced . . •  but still functioned 
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IN OTHER FIELDS 

Conducted by The Staff 

ONE hundred and forty years after 
the Declaration of Independence 

of 1776, another declaration of in
dependence was proclaimed to these 
United States, leading to freedom from 
reliance on Europe for dyes and other 
organic chemicals. 

By 1916 Germany had been blockaded 

chemicals in closely related fields. 
The few colors and related products

such as medicinals and perfumes
which' were made in America before 
1916 were largely derived or manufac
tured from chemicals imported from 
Europe. It was necessary, therefore, to 
build an American dyes industry from 

D yes Will  Be Even Bel ler  
Freed by Inlensive Research from Dependency on Foreign Sources, Ihe 

American Dyes Induslry is Now Conlributing Largely to ,.he Developmenl 

of All Branches of Ihe Chemical Industry. After Ihe War it Will Be Pro

ducing New and Improved Products for Peacetime Consumption 

D R .  J .  H .  S A C H S  
E. 1 .  du Pont de Nemours and CompallY 

and shut off from overseas commerce 
for two years. Up to that time America 
had been almost wholly dependent 
upon this foreign source for the dyes 
and other chemicals essential to the 
great textile industry of the United 
States. 

In 1916, evidences of our lack of good 
dyes were numerous. The housewife 
complained about the difficulty in ob
taining the multi-colored fabrics to 
which she was accustomed. What col
ored materials she was able to purchase 
proved to be poorly dyed. Never was 
fading of fabric colors so pronounced 
as in the years of the last war. Our 
entry into the conflict in 1917 accen
tuated this deficiency in quality dyes. 
The color of the Yanks' uniforms de
pended upon how many times they had 
been washed. Indeed,. it was the privi
lege and habit of the recruit in W orId 
War I to give his new uniform a severe 
scrubbing to remove much of the khaki 
color and make him appear to be a 
veteran. 

the ground up. The foundations lay 
deep within the iron and steel industry, 
for in the coal tar derived from the by
product coke ovens of this industry are 
found the five essential materials from 
which all ;ynthetic dyestuffs are made
benzene, toluene, xylene, naphthalene, 
and anthracene. 

Coloring matters as such do not exist 
in coal tar, but from these five materials, 

derived from coal tar, dyes are made by 
various combinations of the essentials. 
For example, aniline is made from 
benzene, while beta-naphthol is derived 
from naphthalene. A combination of 
aniline and beta-naphthol gives a dye. 
These five materials can best be likened 
to five different kinds of clay, from each 
of which can be made a great variety 
of bricks. "Bricks" made from ben
zene, toluene, and the others are ar
ranged pattern-wise into thousands of 
possible combinations, each combina
tion representing an individual so-called 
coal-tar dyestuff. 

The years 1916-1920 witnessed the 
first real production of American colors. 
These initial colors were the simplest 
and, generally, the least fast. Better 
and more complicated dyes came later. 
Progress was gradual. More compli
cated colors were first studied in the 
research laboratory, subsequently made 
in semi-scale plant equipment to prove 
the laboratory process, and finally pro
duced in full-scale plant equipment. By 
1919-20 the first of the anthraquinone 
vat dyestuffs, the fastest known colors, 
were produced on a limited scale. 

The financial depression of 1921 ruined 
some firms, but did not halt research 
and development of dyes and re
lated chemicals. By 1925 it could be 
said that America possessed an or
ganic chemical industry. Compounds 
used in the petroleum, rubber, and 
numerous other indutries were devel
oped as the result of dyes research. 
Taking synthetic indigo as a measuring 
stick, Table 1 clearly shows how this 

It was during those critical days that 
America declared its second indepen
dence and started to develop its own 
dyes industry. Certain American chem
ical manufacturers, encouraged by the 
textile industry which had been so 
badly disrupted by the lack of essential 
materials, decided to enter the field. 
They learned at once that the establish
ment of a dyes industry offered little in 
volume of business. America's total 
dyestuffs bill at that time amounted only 
to approximately 25 cents per person 
per year. Thus a potential thirty mil
lion dollar business would necessitate 
research expenditures running into 
millions of dollars before any actual 
production started. The dyes industry, 
furthermore, was not made up of a mere 
10 or 20 products, but of literally thou
sands. Each color, though sold only in 
relatively small quantities, had a defi
nite place in leather, paper, or textiles. 
Mass-production methods were not 
adaptable to the synthesis of dyes and 

Laboratory equipment for convertinq water-soluble dyes into insoluble piqments. 
Dyes are employed to a larqe extent in 

"
printinq inks. paints. varnishes. and so on 
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Much yarn is dyed in what are known as "packages:' These are steel bobbins wound 
with yam which are placed over circular tubes in a cylindrical machine and the 
cover bolted in place. The dye liquor is pumped through the tubes and forced out 
through the yarn. Shown is a laboratory package dyeing machine which is. in every 
respect. a small·scale duplicate of its counterpart used in commercial production 

country achieved chemical indepen
dence. 

The selling prices of dyetuffs de
clined as production increased. In 1918 
indigo sold for 88 cents a pound, in 
1920 for 74 cents a pound, in 1922 for 
24 cents a pound, and in 1925 for 16 
cents a pound. The year 1920 was the 
last in which the sales value per pound 
of domestic dyes averaged in excess 
of $1.00 per pound. The average value 

Table No. 1 

Pounds of synthetic indigo 
Year domestically produced 
1 9 14 . .  . . . .  . . . .  . .  . . . . .  None 
.1 9 18 . . . . . . . . . . . . . . . .  3.083.888 
1 920 . . . . . . . . . . . . . . . .  I B.l 78.2 3 1  
1922 . . . . . . . . . . . . . . . .  16.l 0 6.020 
1925 . . . . . . . . . . . . . . . .  24.449.938 
1930 . . . . . . . . . . . . . . . .  24.326.403 
1940 . . . . . . . . . . . . . . . .  1 1.009.307 

in 1920 was $1.07 per pound, while 
by 1930 it had dropped to approximately 
43 cents. This reduction was achieved 
despite the fact that from 1920 to 
1930 the production of the more ex
pensive anthraquinone and thioindigo 
vat colors increased tremendoudy. 
Comparative data on total production 
of these fast vat colors, costs, and sales 
values are available from 1925, as is 
indicated in Table 2. 

chemical skill to produce them, that 
they had no fear of Anterican encroach
ment. Today we manufacture over 
two million pounds per month of an
thraquinone vat dyestuffs, these vat 
colors now being used almost exclu
sively in the dyeing of cotton uniform 
cloth. 

Gradually over the years United 
States imports of foreign dyestuffs have 
decreased so much that in 1938, the 
last full year prior to the outbreak of 
war, they amounted to less than 20 
percent of the value of all dyes sold in 
this country. During these same years 
our dyes were being used all over the 
world in constantly increasing quanti
ties. 

American dyes today are the equal of 
or superior to any in the world. This 
quality is ever being improved. What 
was considered the fastest color in 
1920 has since been immensely im
proved upon. Colors of unprecedented 
fastness have been developed and 
manufactured. New colors often are 
more expensive, . but consumers long 
ago learned that the purchase of a 
poorly dyed fabric constitutes an eco
nomic waste. The few cents additional 
cost of a fast�dyed fabric is worth many 
times the small difference. 

One color in particular is outstand
ing among all others-Anthraquinone 

Vat Khaki 2G. It is so important to 
the military that the production of this 
color alone is more than 30 times greater 
than before the war, and manufacturing 
capacity is being .further increased. 

Table 3 illustrates the complexity of 
this particular color. In this table are 
given the chemical formulas, as the 
dye chemist writes them, of benzene, 
naphthalene, and anthracene. Also 
given are the formulas of indigo which, 
with aniline as the intermediate product, 
is derived from benzene; of Thio Indigo 
Brown G which, with thio-beta-naph
thol as the intermediate product, is de
rived from naphthalene; and of Anthra
quinone Vat Khaki 2G which, with an
thraquinone as the intermediate prod
uct, is derived from anthracene. 

Of course, the layman will be unable 
to carry such formulas in mind, but a 
survey of them will give him an idea of 
what it takes to produce the basic color 
used to dye the cotton cloth for soldiers' 
uniforms. 

0 0", 
&�113tm: Aniline 

� OJ,. 'Thio Man�phlbd 
Napthalllllt 

em [;0 
Anlhr.cent Al11hl-aOquinone 

Table 3 

� � aN; c-c �] " . 
Indigo 

�1,,)E s /  "5 

%io IndiSO BrownG 

X , ; Vdt Kh.,\(.i - 2G  

Another one of the anthraquinone 
vat colors used in increasingly large 
amounts for the dyeing of OD shades 
on uniform cloth is a product of the 
inventiveness and ingenuity of the 
American dyestuff chemist. In fact, 
there are at least a dozen anthraquinone 
colors which have been discovered by 
our chemists as new chemical iden
tities. Some are used in relatively 
small quantities for special purposes ; 
others in quantities running into the 
thousands of pounds per month. 

The quantity of fast colors available 
to civilians now and for the duration 
is governed completely by the military. 
Like many other commodities-steel, 
gasoline, coal, for example--dyes are 
needed in record quantities for essen
tial purposes. What colors are por
tioned for civilian fabrics changes al
most from day to day. So far there 
have been substantial quantities of fast 
dyes for civilian textiles, but the re
quirements and supplies for the months 
ahead are not easily predicted. 

Actually, the weighted average price 
per pound of domestic dyes increased 
between 1930 and 1940. Selling price3 
of individual colors did not advance, 
but there was a greatly increased use 
of the better and more expensive dyes
anthraquinone vat colors. These were 
the dyes which the Germans believed to 
be their very own in 1916. They boasted 
that no other country possessed the 

Table No. 2 

122 

Year ' 

1925 
1930 
1935 
1940 

Domestic Production 

86.345.438 Ibs. 
86.480.000 lbs. 

10 I.933.000 lbs. 
127.834.000 Ibs. 

Sales of Domestic 
Production 

79.303.4 5 1  Ibs. 
89.971.599 lbs. 
97.954.000 lbs. 

122.677.00 0  Ibs. 

Total Value of 
Domestic Sales 

$37.458.332 
3 8.62 U I 0  
5 1.488.000 
76.432.000 

Value per 
Pound of 

DomesUc 
Sales 

$ .47 
."3 
.5? 
.62 
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Do you know the two big differences between 
the JAPS and the CHINESE ? 

Anthropologists who have carefully studied 
the physical characteristics of the Japs and 
the Chinese say they have been unable to 
produce a sure guide for distinguishing be
tween the two. They say some Japanese 
look like some Chinese and vice versa. 

But there are two big differences be
tween them that are of far greater impor
tance to Americans than skin color, set of 
the eyes or facial shape : 

Difference No. 1 .  The Japs are our ene
mies; the Chinese are our friends. 

Difference No. 2.  The Japs have a mod
ern industrial organization for turning out 
the weapons of war. By comparison, the 
Chinese have little in the line of industrial 
equipment. 

Thus we find the Japanese soldier at
tacking China well supplied with planes, 
artillery, tanks and other modern equip
ment. His opponent, the Chinese soldier, 
is armed with magnificent courage, deter- 
mination and belief in democracy-but is 
short of arms and ammunition. 
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Today it is up to the industries of 
America to help remove this great handi
cap. Americans must supply the guns and 
planes and bombs and gasoline the Chinese 
cannot make for themselves . . .  materials 
they will gladly use to kill Japanese . 

Remember : a Jap killed by the Chinese 
is one less J ap for Americans to take care of. 

Among the many materials needed in 
today's mechanized warfare is Ethyl anti
knock fluid, which is used in high-octane 
military gasolines. The 4000 people en
gaged in manufacturing Ethyl fluid are 
making enough to supply not only our 
own armed forces, but those of our Allies 
as well. They know that today "Every 
drop of Ethyl counts." 

E T H Y L  C O R P O R A T I O N  
Chrysler Building, New York City 

Manufacturer of Ethyl fluid, used·  by oil refiners to im

prove the antiknock quality of aviation and motor gasoline 
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The establishment of an American 
dyestuff industry has had numerous 
repercussions in other lines. Natural
ly, such an industry requires a nucleus 
of highly trained personnel, a per
sonnel schooled in both research, pro
duction, and engineering. Chemists 
and engineers trained ' in dyes have ex
panded their research activities to dis
cover and develop related products, 
and others have contributed to all 
branches of the diversified chemical 
industry. 

Synthetic camphor is an example of 
a product developed by these men. 
For many years the world depended en
tirely upon Japan for its camphor sup
ply. Today the United States is manu
facturing its own camphor requirements 
With a process developed by men who 
were primarily dyes chemists. N eo
prene, the first synthetic rubber to be 
produced in America, and a product 
which has assumed tremendous im
portance in our war economy, was like- . 
wise developed and manufactured by 
men whose primary business was the 
manufacture of dyes. The first pound 
of sulfanilamide produced in America 
was made in the research laboratory of 
one of our largest dyes manufacturers, 
and production of sulfa drugs today is 
being carried out largely by a leading 
dyes manufacturer. 

Every dyes chemist and engineer, 
whatever branch of the industry he 
serves, is busy today. Some are help
ing make record quantities of synthetic 
rubber, high-octane gasoline, and other 
war necessities. Others are doing con
fidential research for the government. 
And still others are manning the great 
new military explosives plants. Had 
not a dyes industry been founded here 
in 1916, we would not have had the 
synthetics so vital to our war effort, 
nor the personnel to make them. 

After the war, all these chemists and 
engineers will be available for peace
time research and developmeilt. They 
will then produce new and even better 
dyes and new and better synthetics 
to enhance our standard of living. 

FAST PROTOS 

Enable Research Scienlisls 

10 Siudy Explosives 

T wo of the world's fastest high-speed 
cameras are being used to photograph 
the detonation waves of explosions, 
which travel 5 to 25 times as fast as 
sound. These cameras record explosions 
of one-kilogram charges that are about 
six inches long, and a "slow" explosion 
is one that lasts about one hundred mil
lionths of a second. 

Perfected by Dr. Rebert W. Cairns, a 
physical chemist who is now director of 
the Hercules Experiment Station, one of 
these units, called the rotating drum 
camera, has been in use more than five 
years. It is fast-moving enough to 
record all details of the lightning-quick 
activity when an explosion detonates. 

Although the rotating drum camera is 
sufficiently fast to photograph the de
tonation wave of any explosive, a second 
camera, ten times as fast---called the 

1 24 

rotating mirror camera-has recently 
been perfected to photograph highly
refined measurements. 

With these cameras, explosives ex
perts can see exactly what happens dur
ing detonation, and also what took place 
at every instant during the explosion, 
even down to "instants" as short as one 
ten millionth of a second. Findings 
based on this research photography are 
invaluable in the study of the behavior 
of various types of explosives. 

A comparatively "slow" explosive, for 
instance, is a grade of dynamite used in 
coal mining to prevent pulverizing the 
coal, whereas certain military explosives 

should be rapid-detonating to secure 
maximum destruction of enemy ships, 
tanks, and installations. 

The Hercules cameras are set in a 
special explosion-proof shelter on the 
grounds of the chemical company's main 
laboratories outside Wilmington. Inside 
the shelter is the explosion chamber, 
about the size of a small room. The walls 
of the shelter are two feet thick and of 
reinforced concrete. A narrow passage
way winds around the . interior, with 
three right-angle turns, to attenuate the 
noise of the explosion, and also to keep 
out daylight. The camera itself is 
mounted inside a steel box made from 
heavy angle iron and steel plates. 

To photograph an explosion, experts 
suspend the cartridge of dynamite, TNT, 
nitroglycerin, or other high explosive to 
be detonated, by wire from the ceiling 
of the chamber. The cartridge hangs one 
to two yards from the lens of the 

. camera, which is protected by a stand
ard automobile type safety glass win
dow. 

From another building, the cartridge 
is detonated by means of an electric 
switch. Elaborate safety devices pre
vent firing of the charge until everyone 
is out of the danger zone. The flash of 
light instantaneously produced by de
tonation of the explosive is the only 
light in the sealed chamber. The film 
recording the progress of the explosion 
is actually a photograph that shows the . 
details of the light flash, its movement 
and duration. 

The explosive charge is loaded in 
transparent tubes of glass or of cellu
lose acetate plastic, to enable the 

Left : Double lens system of new 
camera for high-speed photography. 
A boye: The assembled camerQ. 
A is lens. B the cover. C the Qd
justing screw. D electric lines to 

motor. E connection to vacuum pump 

camera to record the action of the ex
plosive grains within the tube. 

Although an explosion sounds like a 
simultaneous blast of the entire charge, 
the camera shows that the detonation 
wave actually travels consecutively 
from grain to grain, up the middle of 
the cartridge from the end at which it 
is detonated by a blasting cap. 

So swiftly does the detonation wave 
travel along the cartridge that the de
tonation is substantially complete before 
the plastic tube has been shattered by 
its force. 

Films taken of the detonation of vari
ous types of explosives show a wide 
range of detonation velocities. Nitro
glycerin detonated in a glass tube has 
been recorded at a velocity of detona
tion of 300 miles a minute, or 25,600 
feet a second, which is approximately 
25 times the speed of a sound wave. 

Dynamite for coal mining, on the 
other hand, often is only a fifth as fast. 

But even with a "slow" explosive, the 
detonation has been completed before 
the

' 
sound of the blast reaches human 

ears. 
Detonations of high explosives that 

occur within only a few millionths of a 
second are among the most rapid actions 
that have been measured. One of the 
fastest known to the layman is the 
blinking of an eye, which medical 
scientists have measured in hundredths 
of a second. Detonation waves of ex
plosions travel 10,000 times faster. 

RHENIUM 

Now Available To Researchers 

From a Domestic Source 

FOR THE first time since its discovery in 
1925 by Ida Eva Noddack and Walter 
Karl Friedrich Noddack, -German chem
ists, the extremely'� rare metal rhenium 
has been extract�d 'ftom a domestic 
ore by-product. Discovery of the Ameri
can source and a satisfactory method 
for the recovery of the metal therefrom 
is announced by A. D. Melaven and 
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NOW! Enjoy Learning To Speak 

at Home 
Only 15 Minutes a Day! 

YES! It's amazingly easy to learn to speak good, conversational Spanish in 
15 minutes a day of fascinating practice, in your own home! You learn by 
listening - to clearly-spoken Cortina records. This is the natural, obvious way 
to learn - just as a child learns his own native tongue. 

Now, with trade and cultural ties between the Americas draw
ing closer than ever, wide-awake Americans everywhere are pre
paring for the business, travel, and cultural opportunities ahead 
by learning Spanish, "easiest of languages." In your spare moments 
you,. too, can quickly and cheaply help yourself attain this priceless 
business and personal asset ! 

1�4 � - ) _ �"_"4 ,� ' ,Yft>::5 
Learn as a child learns- by listening 

to native instructors in your own home! 
T HE natural way to learn SPANISH, o r  any 

language, is by listening to it-the way chil
dren learn ! This is the Cortinaphone way : to 

listen, then repeat what you hear until speaking 

the language becomes natural to you. 

the thrill of being able to stray away from the 
"beaten paths" of the conducted travel tours
and truly enjoy out of the way corners of lands 
to the south ! 

Cortina "Learn by Listening" Records bring the 

clear, cultured voice of a native SPAN-
ISH instructor with easy time-tested 
Cortina lessons right into your living
room. He talks to you whenever you 
wish-as often as you like-in fault
less, idiomatic Spanish. He converses 
with you in every-day SPANISH, 
just as any native would, on the 
streets, in shops, in the offices of a 
South or Central American city. 

You'll be amazed how quickly you can pick up 
ordinary conversation !  Business and commercial 

terms soon become second nature to 

New Opportunities Ahead

Now is the Time to Learn ! 

SPANISH is the easiest of all lan
guages to learn ! And this is the finest 
time to learn it. The tremendous 

FRENCH, 
GERMAN, 
ITALIAN,  (Also Taught) 

Cortinaphone Courses 
in French, German, 
Italian and English 
(for Spanish-speak
ing people) are as ef
fective in teaching 
you a new language 
as the Spanish course 
described here, and 
are sent on the same 
"Proof in 5 Days" 
Offer. 

Check the language 
of your choice on 
coupon below, 

you ! With Cortina "Learn by Listen
ing" Records, you can progress as fast, 
or as leisurely, as you wish ! 

Sent on 5 Days' Approval 

The CORTINA METHOD has 
been teaching languages successfully 
for 60 YEARS ! And it can do for 
you personally what it has done for 
thousands of others-if you will give 
it the chance. The five days' free trial 
in your own home will demonstrate 
this to your entire satisfaction-or it 
costs you nothing ! 

expansion of our interests in the Latin Ameri
can countries will open up excellent opportunities 
for years to come ! Practically every day our 
newspapers announce new trade pacts and the 
opening of new branch offices · in South America 
by U. S. firms. 

Today, when SPANISH, the most 
important foreign language in the world, can 
mean so much financial gain and travel pleasure, 
why not see what this fascinating, inexpensive 
Cortinaphone Method will do for you? You risk 
nothing. You first PROVE-right at home
that this amazing method CAN teach you the 

Whot Others Soy 

RUDY VALLEE 
says . . . "delighted with re
suIts from Spanish and French �O:�f�:C�Oi� b�����e:ting anci 
recording." 

FRANK LUTHER 
says . . . "Pronunciation on 
records remarkably clear. I ,  

"Anyone Can Learn" 
"Your clear records make it 
possible for anyone to learn 
the language of their choice. "
Mr. Tom White. Muskogee. 
Okla. 

"A Good Investmenf' 
< CHave just returned from Mexico 
aud found that my Cortina
phone Course was a good in
vestment." - Phillips B. Iden. 

Pronunciation Surprises 
Teachers 

"The teachers of the schools 
here are surprised at the pro
nunciation which I acquired 
through your recordS."-L. B . •  
Oregon. 

Immigration Official 
Well Satisfied 

" 1  believe your Method to be 
unsurpassed for acquiring a 
working knowledge of a foreign 
language in the shortest time . 
and I am well satisfied with 
the progress I have made,"
L. S..  U. S. Immigration and 
Naturalization Service. 

Remember, SPANISH means greater social ad
vantages, too. Everyone should know at least one 
foreign language. With SPANISH, you discover 
new and interesting cultural fields. And imagine 

language of your 
choice in only 15 
minutes a day-in 
your spare time, usu
ally wasted. 

r - - - - � -- - - - - - - - - - - - - - - - , 

F R E E  B O O K  DESC RI BES 5·DAY 
T RIAL OFFE R  

Without obligation, w e  will send the Cortina Academy's free book, 
"The Cortina Short-Cut to Speaking Foreign Languages." In 32 fascinat: 
ing pages, this book tells all about the easy Cortinaphone Method and 
how it can open up opportunities to you. Mail coupon today-NOW. 

C O R T I N A  A C A D E M Y  

DEPARTMENT 1 59 

SEPTEMBER 1 943 

( Language Special ists For 60 Years)  
1 05 WEST 40th STREET NEW YORK 18, N. Y . 

SCIENTIFIC AMERICAN 

CORT I NA ACADEMY ( Language Special ists For 60 Years) 

Dept. 1 59, 1 05 West 40th Street, New York 1 8, N. Y. 

Please send me-without obligation-your free 
book "The Cortina Short-Cut" and Proof-in-5-
Days offer. 

(Check language in which you are interested) 
o SPANISH [] French 0 German 0 Italian 

N ame 

Address 

City . . . . . . . . . . . . . . . . . . .  State . . . . . . . . . . . . . . . . . . .  . 
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J. A. Bacon of the Department of Chem
istry, of the University of Tennessee, at 
Knoxville. 

The source material from which the 
rhenium has been extracted is a flue 
dust obtained from the roasting of a 
molybdenum ore mined in the western 
United States. The rhenium, occurring 
to the extent of a few parts per million 
in the original ore, is concentrated to 
the extent that the flue dust by-product 
from the roasting operation contains 
from 10,000 to 15,000 parts per million of 
the metal, the roasting operation at the 
same time converting the metal to a 
soluble compound form. 

The recovery of rhenium in the form 
of one of its pure compounds is accom
plished in three relatively simple steps. 
The flue dust is first treated with water 
to remove the soluble compound of 
rhenium from the insoluble materials. 
The water extract is then treated chem
ically to effect precipitation of the metal 
in the form of potassium perrhenate. 

The product of this precipitation con
tains approximately 30 percent of the 
metal by weight. Final purification of 
the potassium perrhenate is accom
plished by subjecting the crude ma
terial to a series of washings and repre
cipitations. The free metal may be ob
tained from this pure compound by one 
of several available methods. 

Prior to the work by the University 
of Tennessee chemists, all of the 
rhenium sold in the United States was 
imported from Germany. Since the 
outbreak of present hostilities, available 
supplies of rhenium for research and 
other purposes in this country dwindled 
to the point of virtual non-existence. 

The metal rhenium, while having 
unique properties of its own, bears some 
resemblance ill physical properties and 
chemical behavior to the more familiar 
molybdenum, tungsten, and manganese. 
Its high melting point among metals is 
exceeded only by that of tungsten, and 
its density, greater than that of gold, 
is exceeded only by platinum, iridium, 
and osmium. 

Being a relatively recent addition to 
the list of chemical elements, its poten
tialities as a material of future industrial 
and economic importance have not been 
fully exploited. However, research on 
the element with the view of finding im
portant uses for its unique properties is 
underway in several laboratories. 

TeOL CARE 

Speeds Induslrial Produclion. 

Places Responsibilily 

G OOD housekeeping as far as the care 
of tools is concerned, as shown by the 
accompanying photograph of a cutter 
cabinet inside a tool crib at the General 
Electric plant in Philadelphia, is help
ing speed war production in many Am
erican war plants. 

One of the most successful tool prac
tices is the crib system which classifies 
tools and equipment used in the shops. 
Under this system, employees are re
sponsible for the tools that they use. 

Some tools may be kept for an in
definite period, while others must be 
turned in at the end of the shift so 
that workers on the following shifts may 
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Good housekeepinq speeds production 

have the use of them. Many of the tool 
cribs are equipped to repair worn or 
damaged tools. Tool crib stocks are 
replenished from central tool crib stock 
rooms. Special metal boxes, each 
marked with the number of the tool 
crib from which it came, are provided 
for delivery of tools and equipment 
from the central stock to the individual 
tool cribs. 

. 

BOMBER CEILING 

Boosled by New 

Generalor Brusbes 

A NEW chemical development that 
enables American bombers to fly higher 
into the sub-stratosphere and stay there 
longer increases by 50 times the high
altitude life of carbon brushes for air
plane generators. The brushes were 
developed by Dr. Howard M. Elsey, 
research chemist at Westinghouse, and 
have been made available to all com
panies producing air force generators. 

Brushes are the bars of carbon which 
pick up power from the generators and 
relay it to the plane's electrical sys
tem. If they fail, and the batteries are 
drained, a bombing plane's radio, radio 
compass, landing gear, lights, and other 
vital auxiliaries cannot operate. 

Research Chemist Elsey. who devel. 
oped new 'plane qenerator brushes 

"Generators equipped with treated 
brushes," Dr. Elsey says "are now able 
to . deliver electric power at normal 
capacity for 100 hours or 'more above 
30,000 feet. Untreated brushes wear out 
in an average of two hours and they 
may fail in a few minutes if the genera
tor is called upon to deliver large 
amounts of power." 

The new brush development simpli
fied the problem of providing electric 
power to pump air into a sealed bomber 
cabin, keeping the crew alive at alti
tudes around 40,000 feet. Without the 
new high-altitude brushes, pressurized 
cabin planes would have to carry more 
or larger generators to insure enough 
power for the pressurizing pumps. This 
added load would hold down their ceil
ing. 

Dr. Elsey's process involves impreg
nating the porous carbon with a chemi
cal ingredient that becomes a lubricant 
when the brushes are pressed against 
the revolving copper commutator by 
strong springs. This ingredient puts a 
mm on the copper to lessen friction that 
rasps ordinary brushes into powder at 
altitudes above 25,000 feet. The chemi
cal itself is being held a close military 
secret. 

"Untreated brushes," he explained, 
"were satisfactory for low-altitude fly
ing but beyond 25,000 feet under 'fight
ing' electrical loads they disintegrated 
into dust in a few hours. This limited 
high-altitude flights, endangered trained 
crews and valuable ships, and necessi
tated frequent 'time out' from flying for 
brush replacement." 

SPONGE RUBBER 

Subslilule Derived hom 

Lineleic Acid 

A MAJOR research contribution to the 
war effort is in the form of an urgently 
needed substitute for sponge rubber 
made of linoleic acid, a derivative of 
vegetable oils, developed in the Re
search Laboratories of Bauer and Black. 

The sponge product can be made in 
any thickness and in varying densities. 
It has a useful property of vulcanizing 
directly to many surfaces such as metals 
and plastics and it has flex-cracking 
resistance which improves at lower 
temperatures-the direct opposite of 
sponge rubber made from natural rub
ber. In many other respects the proper
ties of the new substitute are so close to 
those of rubber that they appear 
identical. 

PATTERNED GLASS 

Diffuses Lighl. is Decoralive. 

Bas Many Uses 

FLAT glass sheets that are now being 
made in 12 distinctive patterns have a 
wide potential use in many places 
where plain glass is now used and in 
places where it will replace other mat
erials with greater satisfaction or 
utility. 

These glass sheets, available in tem
pered form, are so patterned as to dif
fuse light and to give a variety of ap
pearance. They are being used in par
tition doors and sections, for shelving 
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and shower stalls, for windows and 
change plates in cashier's booths, for 
oven lining and shelving, as sludge 
plates in sewage disposal plants, in 
connection with built-in lighting fix
tures, and so on. 

"DISTILLED" WATER 

Produced Chemically lor 

luduslrial Applications 

PRODUCING mineral-free water by an 
entirely chemical treatment is one of 
the recent developments in the science 
of water conditioning. The age-old 
method of producing distilled water 
was to boil off the water, leaving the 
minerals. This method required huge 
stills and tremendous quantities of 
heat. The new Permutit "demineraliz
ing" process requires merely passing 
water through beds of chemicals to 
remove the harmful minerals, produc. 
ing "distilled" water at a cost often as 
low as 5 percent of the cost of distilla
tion. The importance of this process is 
indicated by the fact that today's war 
industries require tons of such purified 
water. 

In the "demineralizing" process two 
steps are required to produce synthetic 
distilled water. In the first step, cal
cium, magnesium, and sodium ions in 
tap water are removed by "ion-ex
change" zeolites. The second step in
volves absorption of the resulting acids 
formed in the first step. The final water 
is suited for industrial processes, boiler 
feed water, manufacturing, and so on. 

"Demineralizing" has proved appli
cable to storage batteries, alcohol de
proofing, brewing, preparation of pho
tographic film, soda water, and other 
consumer products. Adaptations of the 
process have also found special appli
cations, such as purifying sugar and 
increasing yields from , sugar cane, 
purifying gelatin, recovering metal, 
from industrial wastes, and so on. 

POST-WAR HOMES 

Will be Cheaper. Beller. 

Because 01 Science 

T HE American who plans a post-war 
home, the architect who designs, and the 
builder who constructs it, stand on the 
threshold of .an exciting adventure, in 
the opinion of E. B. Alvord, head of the 
Specialty Chemical Section of the Du 
Pont Company's Grasselli Chemicals 
Department. 

His vision of tomorrow's home, shaped 
out of newly-developed materials which 
have been severely tested in the crucible 
of war, is a challenging picture. 

The house of the future will almost 
certainly be made of standardized, mass
produced parts. Owner and architect 
will assemble the parts in any shape 
and form desired. Such a home will be 
enormously cheaper than those of today 
--estimated by some authorities at $500 
to $800 per room. 

It was reported that plywood adhe
sives recently perfected for the aviation 
industry will be available after the war 
in great quantities. Thin sheets of 
"veneer," or ply, bonded with these 

new glues, can be bent or molded into 
practically any shape desired. Plywood 
furniture, bathtubs, light walls, and 
movable partitions as strong per unit 
of weight as steel will go far toward 
making possible the inexpensive and 
durable house of tomorrow. 

"Take wood, for example," says Mr. 
Alvord. "Chemical science is capable of 
endowing wood with qualities that 
vastly improve upon Nature. Retaining 
all its inherent advantages for construc
tion-workability, economy, low heat 
conductivity, and ease of replacement
the chemist can supply the post-war 
building industry with lumber treated 
so as to be a distinctive structural 
material in its own right. 

"In the chemical transformation of 
wood," says Mr. Alvord, "another sub-

stance known as crystal urea shows 
great promise. Green woods, impreg
nated with urea and dried, become rela
tively plastic when heated. They may 
be bent, twisted, and compressed. They 
retain their new shapes, resuming their 
normal rigidity and hardness, when 
cool. 

"Plastics formulated from cellulose, 
the skeleton, so to speak, of trees, and 
from other sources, will be used widely 
by the building and furnishing indus
tries. Everything from luminous light 
switches to decorative pieces are pre
dictable. 

"There have been significant wartime 
advances in finishes technology that will 
be adaptable to the beautification and 
protection of peacetime dwellings. Fin
ishes research lately has been producing 

T.he Ballsch & Lomb Honorary Award is made annllally 10 boys and 
gIYls who show II",wu,1 profic;,mcy i" scie"ce sllbjecls. I"allgl/raled 
i" 1932, it has bee1l accepled by preparalory a"d high schools as a1l 
i",piralion 10 Ihese young people 10 encourage their scie1llijjc e1IdeatJOrs. 

A War to Win . . .  A Life to Live 
Johnny Davis, sitting at 
the desk in his room . • .  

dreaming . . • is  not just 
one boy. He is one of the 

many who hold in their hands a bronze 
medal-the Bausch & Lomb Honorary 
Science Award-and dream of the future. 

These days are difficult for lads like 
Johnny Davis. Today . . .  High School 
Graduation Day . . .  marks the end of his 
carefree world. 

Tomorrow Johnny and a host of fel
lows like him will take up arms for their 
country. Some haven't thought much about 
the future they'll come back to. But 
johnny's mind is made up. Johnny is 

going to be a scientist . . .  a great scien
tist . . .  and time out for a year or two to 
win a war won't stop him. 

I n  times such as these the Bausch & 
Lomb Honorary Science Award takes 
on a new meaning. I t becomes a tangible 
link to the future for those who today 
have a job to do for their country. 

BAUS MB 

E S T A B L I S H E D  1 8 5 3  

AN AMERICAN SCIENTIFIC INSTITUTION PRODUCING OPTICAL GLASS AND INSTRUMENTS 
FOR MILITARY USE, EDUCATION, RESEARCH, INDUSTRY AND EYESIGHT CORRECTION 
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D E L I V E R Y  
LATEST TYPE INDUSTRIAL & LABORATORY EQUIPMENT 

H EAVY D UTY TWI N  
COMPRESSOR 

Complete automatic twin cylinder outfit 
fully equipped with a heavy duty � 
H.P. motor, air tank (300 lbs. test-
150 lbs. A.W.P. ) ,  automatic adj ust
able pressure switch, gauge, check 
valve, safety valve and drainer, etc. 
Delivers 150 lbs. pressure. Displace
ment 1 .7 cu. ft. per min. 

M odels D H G Y4 
12" x 24" tank A.C. 110 or 220 v. 60 cycle 

$57.50 

16" x 30" tank A.C. 110 or 220 v. 60 cycle 
$64.50 

Large stock of air compressors, Y4 H . P. to 20 
H . P. A. C.. and D.C., all voltages, 1 to 120 
C.F. M .  displacement, built for all requirements. 

Addit ional data on request. 

BRONZE GEAR AND 
CENTRIFUGAL PUMPS N o .  1 Centrltugal 

Inlet 

��. 
Outlet 

��: 
Price 

$ 6.50 
13.50 
16.50 

With 
A. C. motor 

$25.00 
32.00 
35.00 

No. 4 u 

1��: No. 9 

NO. t;!z Gear 
No . 2 " 
No. 3 
No. 4 
No. 7 
No. 9 
No. 11 

BLOW E RS 

Many purpose 

stamped steel 

housing. flange 

mounting, quiet 

operating. De

livers 50 c.f.m. 

Complete with 

6'  cord & plug. 

110 volt AC 

$12.95 

Price $ 9.00 
.. 10.00 

11.50 
12.50 
15.00 
16.50 
48.50 

1 " 

$25.00 
27.50 
28.50 
32.00 
37.50 
49.50 

on request 

"BUSH" CON DENSERS 

TI N N ED COPPER 
Designed for re
frigeration and air 
conditioning. Has 
many other uses. 
High heat transfer 
capacity and great 
efficiency. 

Sizes 8% x 1 0 %  . . . . . . . .  $5.50 each 
Single Coil, double fin 

Sizes 10% x 1 1 %  . . . . . . .  $6.50 
Double Coil 

EXHAUST FANS, BUCKET BLADES 
General ElectrIc A.C., 1 1  0 volt motors 

Limited number of larger sizes on 
hand. 

"TAG" TEMPERA,TURE RECORDERS 

g" 
10" 
12" 
16" 
18" 
18" 
18" 
20' 
24" 
24" 

required. 
R.P .M. cu. ft. 

per min. 

1550 550 
1500 550 
1750 800 
1750 1800 
1140 1650 
1750 2500 
1140 2100 
1140 2800 
1140 4000 
850 3800 

Price 

$12.00 
13.50 
18.00 
21.00 
27.50 
22.50 
32.00 
36.00 
42.00 
45.00 

TheBe recording 
t h l"r m o m e t e r s  
have a 6 0  In. long 
capl11ary bulb for 
remote recording. 
A c c u r a  t e l y  re 
cords temperature 
tor each 24 hours. 

Temp Range 0° to + 5 0 ° F  . . .. . . . .. .. $1 9.50 

IMM ERSION HEATERS 

Ideal for heating a small amount of fluid in
stantly. Complete with approved cord & plug. 
Will fit any drinking glass. Will not contaminate 
water. 

500 watt 110 volt . . . . . . . . . . . . . . . . . . $7.50 
Limited Amount. Gen. Elec. & Cutler
Hammer (fits 1 %" pipe thread) . 1200 
watts, 110 or 220 v. three heat . . . . $10.50 

FORCED DRAFT BLOWERS COMPLETE WITH M OTOR 
TYPE H.P. R.P.M. cu. FT. MIN. INLET OUTLET PRICE 

�'
20 

���g ��g ���: �4�: 
$i�::g 

�{
6 

�+�g ��g �%: ��2: g�:gg 
% 1750 1900 9�2'" 7 " 75.00 

PRICES QUOTED ARE FOR A.C. 110 V. 60 CYCLES ONLY. 
OTHER VOLTAGES ON REQUEST. 

P I O N E E R  A I R C O M P R E S S O R C O . ,  I n c . 
120-5 CHAMBERS ST. NEW YORK 7, N. Y. 

'tailor-made' particles to give paints 
special characteristics for special uses. 

"Air-conditioning will eventually be
come as standard a part of the American 
home as the cook stove," Mr. Alvord 
points out. "The very same safe re
frigerant that you may have today in 
your present refrigerator is being man
ufactured in quantities far exceeding 
pre-war needs." 

COIfYEYOR BELTS 

Being Used al Highesl 

Earlhen Dam 

W ITH resumption of work on giant 
Anderson Ranch Dam . in the south fork 
of the Boise River, Idaho, conveyor belts 
will become the main haulage system for 
the first time in construction of an 
earthen barrier. Nearly 30,000 feet of 
belts supplied by the Goodyear Tire and 
Rubber Company will be used to handle 
most of the 12 million cubic yards of 
clay and other types of soil needed for 
this, the highest earthen dam in the 
world. 

Supplementing another flood control 
and irrigation dam further down the 
river, the Anderson Ranch Dam will be 
444 feet high above its foundations and 
350 feet above the stream bed. Its con
struction is expected to require several 

One of the nine long conveyor 
belts in use at a western darn 

years. The river's flow is being dIverted 
through a 1600-foot tunnel, 20 feet in 
diameter, until the dam is completed. 

Nine flights of belts in 36-inch widths 
will carry impervious clay for the core 
of the dam from a borrow pit a mile and 
a half away. Several 60-inch belts will 
help provide the pervious material for 
the exterior from another borrow pit. 

In this belt-conveyor project are in
cluded all the Goodyear developments 
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worked out for other projects such as 
the lO-mile conveyor system at Shasta 
Dam; pneumatic tires beneath the belts 
as at Grand Coulee Dam; and double 
counterweighted "dipsy-doodles" as at 
the Permanente cement mill in Cali
fornia. 

Another feature of the Anderson 
Ranch Dam belt-conveyor installation is 
the fact that the belts will generate some 
of the electricity needed for the dam's 
construction. In addition to providing 
electricity, generators on the belts also 
act as brakes to prevent too rapid 
speeds. 

young chemist in the United States 4. Large-scale production of grain 
Department of Agriculture working alcohol after the war for synthetic . rub
under the direction of Dr; A. K. Balls, ber and other industrial products. 
chief of the ' department's enzyme re- Hitherto grain alcohol production costs 
search laboratory. The new alcohol have precluded such a development. 
process is unusually rich in both war- The new process, when fully developed 
time and post-war possibilities, accord- commercially, will cut grain alcohol 
ing to Frank G. Handren, president of producing costs in half. 
Park and Tilford Distillers, Inc. At present, malted barley is em-

Here are a few of the . developments ployed in grain alcohol production be-
envisaged: cause of its high concentration of dias-1. Recovery of one billion pounds tase, an enzyme whose function is to 
annually of protein in a practically convert the starch of cereal grains into 
pure form, which can be used as a sup- sugar to serve as a digestible nutrient 
plement to livestock feed, for protein for the growing plant. In the distilla
enrichment of white flour for bread and tion process, . the barley malt converts 

COIIDUCTIVE HEELS cereals, and for processing into a num- the starch content to sugar, feeding 

Remove DaBger bom ber of essential chemical products, in- distillers' yeast and giving off carbon 
eluding casein-which now costs about dioxide and alcohol as by-products. 

Sialic Sparks 20 cents a pound. Natural diastase is present in wheat 

A 2. Complete elimination of barley and other grains, of course, but it is LMOST perfect protection for such malt, now the most expensive single usually destroyed in the cooking pro
diversified workers as munitions ingredient, from the alcohol distillation cess preceding the conversion step in 
makers and hospital attaches, a rubber process. distillation. 
heel which conducts electricity instead 3. Revolutionizing of the alcohol in- Under the Balls-Tucker process, a 
of insulating against it has been an- dustry by making alcohol, now the solution of sodium sulfite-a plentiful 
nounced by The Goodyear Tire & Rub- principal product, assume the role of a waste product of several industries, in
ber Company. By means of a special by-product in the industry. eluding pulp and paper, ore roasting 
rubber compound of which the heels , __________________________________ _ 

are made, static electricity within a 
worker's body is carried off almost at 
the time of inception. Thus a suffici
ently large accumulation of electricity 
to cause a dangerous spark is averted. 

With normal rubber heels, · the static 
electricity accumulates within a work
er's body until it generates a spark 
strong enough to go through the heel 
and, at the same time, strong . enough 
to be dangerous. 

On hospital shoes, according to Guod
year, the conductive rubber heels per
form an important function by protect
ing patients from dangerous sparks 
while undergoing operations in which 
electricity is involved. They also guard 
patients against other vagrant sparks 
of static electricity from doctors and 
nurses. 

Now being produced in large quanti
ties, mainly for munitions makers, the 
conductive rubber heels are built with 
brass washers instead of conventional 
steel in order to provide better adhes
ion with the rubber. Each heel, before 
leaving the factory, is carefully tested 
with a low-voltage electric current 
passing between an electrode and a 
steel table on which the inspections are 
conducted. 

CHEAPER ALCOHOL 

Process Also Yields 

IlI.8xpe.sive Prolem 

CONCENTRATED protein that can be sold 
for a little as five cents a pound will 
soon be available in large quantities as 
a by-product of alcohol distillation, 
according to present indications. 

The protein-which is almost iden
tical in appearance, consistency, and 
food value to dehydrated egg white
results from a new process for distilling 
alcohol discovered recently by govern
ment scientists after months of research 
at the Park and Tilford Distillery. 

The discovery, which will have the 
immediate effect of considerable saving 
to the government in war-alcohol 
costs, was made by Irvin W. Tucker, a 

War production demands precision from start to finish
from toolroom through production. Without precision, 
the vast quantities of war supplies so urgently needed 
could not be produced in time-for efficient mass produc
tion is based on a degree of precision which permits per
fect interchangeability of tllousands of dup1icate units. 

Because of their dependable precision, South Bend 
Lathes have long been favorites in toolrooms. For this 
same reason, plus a fatigueless ease of operation, they 
have become equally popular for prouuction oP

.
lera

tions. They are now stepI;'ing up production in hun
dreds of war mdustries-with no sacrifice 
in precision. Write for a catalog. 

Write lor 
"HOW TO R U N  

A LAT H E "  
A practical instruction 
book on the operation 
and the care of engine 
l athes. Contains 128 
pages, 5%" x S". Send 
25 cents for your copy. 

S O U  T H B E. N D L A  T H E W 0 R K 5 
S o u t h  B e n d  I n d i a n a· L a t h e  B lf H d e r s  F o r  3 6  Y e a r s  
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Bui ld  Your Own Searchlight 
U. S. A rmy Parabolic Mirror 

Precision Qual ity 

Focal Glass 
Dia. Length Thickness Price 

30 in. 12% in. 7/16 in. $ 75. 

36 in. 18�4 in . 7/16 in. 125 . 

Made by Bausch & Lomb & Parsons . 
Perfectly ground and highly poUshed. 

A few 60 In. slightly used metal 
mirrors on hand $225. ea. 

HAND CLINOMETERS, PENDANT 
u. S. Army Engineers, Geologists, Sur
veying, Mapping, etc. Magnifying Eye -
piece ._ . ...... ......... _ . .......... .... .. .... .......... ........ ta .• O 

Variable Rheo
stat, Ward Leo
nard vltrohm, 
double plate sn 
dla. 6 to 16 amp, 
4 ohm, front or 
back connected ,18.00 
Ward Leonard 
Vltrohm Rheo
stats. Variable 600 ohm, .2 to 1.6 
amp. ,  86 steps, 
field regulation 
type ........ $1 2 .00 

U. S. Army Generato .. , Signal Corps double cur
rent, hand driven; doUvers 8 volts at 6 �  AMPS 
and 350 volts at .25 AMPS. 
Bronze Gears in Aluminum Case. 
Approximate Weight: 50 pound •. 

Price $85.00. 

DYNAMOTORS D. C. to D. C. 
24-750 volt. Gen. Electric 200 
roms . . . . . . . . . . . . . . . . . .  $27.50 

24-1000 Gen. Elec. 1000 mms 
$85.00 

12-350 volt 80 mills . . . . . . . . . . . . . . . . . . . . . . . . $18.00 
12-750 volt 200 miJIs . . . . . . . . . . . . . . . . . . . . . . .  30.08 
32-350 volt 80 mms . . . . . . . . . . . . . . . . . . . . . . . . 9.08 
32-300 volt 60 mins . . . . . . . . . . . . . . . . . . . . . . . . 7.50 

CONVERTERS 
"Wappler X-Ray Co . "  110 or 220 d.c. IDput-7B '" 
150 a.c. output. 

h KVA . . . . $45 .00 3 KVA . . . . $95.00 
1 KVA . . . . $63.00 5 KVA . . . . $110.00 

1 \\0  KVA . . . . $75 .00 

MOTOR GENERATORS 
120 d.c. , 110 or 220 a.c . ,  500 cycles, 250 watt. 

$125.00 to $175,00 
120 d.c., 110 or 220 a.c., 500 cycle, 500 watt. 

$175.00 to $250,00 
120 d.c., 1 10 or 220 a.c., 500 cycle, 1 kw. 

$275.00 to $325.00 
120 d. c . ,  110 or 220 a . c . ,  500 cycle, 2 kw. 

$300.00 to $425,00 
120 d.c . ,  110 or 220 a.c . ,  500 cycle, 5 kw. 

$425.08 to $550.00 
120 d.c. to 400 d.c. 2 · kw . . . . .  $225.00 to $275.00 
120 d.c. to 600 d.c. 2 kw . . . . . $250,00 to $325,00 

Motors, ayncbronoWl, 220 Y. 150 cycle! 1800 
R.P.M. %H.P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . UI," 

Motors, Synchronous, 220 v. 60 cycles 1800 R.P.M. 
I'H.P, . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . .  ,S8.01 

SIRENS 
Universal AC & DC i 2 0  volt Portable 
Weatherproof Limited nu·mber . . . . . $45,00 

U. S. ARMY 
AIRCRA FT MICRO· 

PHONE 
Manufactured b y  W ... t
em Electric. 1&0 ohms 
Breast type ea" < 'n 

microphone transmit
ter, noll!e proof. com
plete with cord . plua 
and breastplate. Excep
tional vBlue . . , . .  $2.111 

TUrtGSTEN CONTACT DISCS 
I 3/16" dla.-l/16" thick. Pure metalJlc tungsten 
contacts. Machined Bnd polished. 

52.00 ea. . $3.00 per pair 

U. S. Navy rotary 
spark gap, en
closed multiple 
electrode, high 
speed, can handle 
10 kilowatt. '4 
H.P. ,  110 v. verti 
cal motor ( spe
cify AC or DC) 

$75.00 

West. Elec. Antl
Capacity Switch 
es, 14 Terminals, 

Contacts. Double 
• ..... ...... .. .... .... ........ .. .. ...... .... .. $2.00 each 

Bells, 12" bronze 
gong, "turtleback" 
electro -mechanical, 
6 volt, single stroke, 
"Gamewell Elec-

tric" . . . . . . . . . . . . . . . .  $20.00 

U. S. Navy D ivers Lantern 
Electric 150 watt, any voltage solid cast 
brass. 300 lb. test. Weight 12 lb. 

Price . . . . .. . . . . . . . .  . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . .  $8,50 

U. S. ARMY TELEGRAPH SET 
S ignal Corps telegraph key and sounder 
mounted on mahogany board. Oper-
ates on 2 dry cells. For Morse Code. $5.95 

GLASS M ERCURY TUBE SWITCHES 
3 amp . .. . . . . . . . . . .  $1 .95 10 amp . . . . . . . . . . . . .  $2.25 

20 amp. .. . . . . . . . . . .  $2.95 

Telegraph and buzzer portable sets, mahogany 
case, 2 tone 4 contact platinum point high fre
quency buzzer, 2 telephone toggle switches, po
tentiometer, sending key. 3 mfd. condensers, 
transformer and 2 choke coils, receiver . . . . $10.00 

Webster %" spark coil, 110 volt, 60 cycle 30 
watts. with vibrator . . . . . . . . . . . . . . . . . . . . . . . $5.00 

EDISON STORAGE BATTERI ES 
Cells a r e  in excellent condition. Complete with solution, 
connections and trays. Prices below are about 10% 
of regular market price. Average life 20 years. Two
year unconditional Guarantee. 

A - 4  Amp. HI'S. 1 5 0  ........................ .................... Ea. $6.00 
A - 6  Amp. Hrs. 2 2 5  .... .... ............ ........ .... .... ........ Ea. 6.00 
A - 7  Amp. Hrs. 2 6 2  ........ .... .... .... .... . ... .... ............ Ea. 7.00 
A - 8  Amp. HI'S. 3 0 0  .. .. .... . ... .... .... ........ .... .... .... .... Ea. 7.00 
B - 2 ( J - 3 )  Amp. HI'S. 37 ............................................ Ea. 5.50 
M - 8  Amp . Hrs. 11. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ea. 2.00 L-20 Amp. Hrs. 13 ............................................ Ea. 2.50 L-40 .l.mll. J.T .. � 25 . . . . . . . . .... .... . ... .... .... .... ........ .... Pr. 4.00 

All cells 1.2 volts each 
Above prices are per unit cell. For ti volt sys�em LIse 
5 cells, 12 vt. - 10 cells, 110 vt. - 8 8  cells. Note : On all 
cells 75 amps. or less an additional charge of 10% Is 
to be added for trays. 

MANHA IT AN ELECTRICAL BARGAIN HOUSE, INC., 1 20 Chambers St., N.Y.7, N. Y. 
Dept. S. S. 

and coke making-is used to extract 
the diastase from wheat before it is 
cooked. The resulting solution sup
plants the barley malt hitherto used 
to convert the starch to sugar after 
cooking. Simultaneously, the sodium 
sulphite extracts the protein content 
of the wheat, which rises to the sur
face as a thick, yellow froth. 

Little, if any, additional equipment 
at distilleries is needed to separate the 
diastase-containing froth from the vir
tually pure residue of starch. Drying 
out the froth is a simpler task than 
the ordinary distillery recovery process 
or than the more elaborate methods 
required to recover the spent residue 
of wheat. It is wheat, instead of the 
customary corn, that distillers are now 
using for war-alcohol production. 

After distilling the alcohol, distillers 
ordinarily have the residual slop evap
orated and dried. The resulting solids 
are sold to livestock feeders as "distil
lers' dried grains" for about two cents 
a pound. The Balls-Tucker process not 
only extracts the protein-the im
portant constituent of dried grains
but it does so at the be<:(inning rather 
than at the end of the alcohol produc
tion line. This reduces . the bulk to be 
handled in the various stages of pro
duction and cuts down the residue to 
a thin slop which can be disposed of 
with relative ease. 

PARTS HARDENING 

Speec1ed, Made Versalile, by 

New Electrical Equipmenl 

A T LEAST 50 percent of the time for
merly required to harden a wide variety 
of Diesel engine parts is now being 
saved by one company with recently 
installed equipment for heating and 
hardening by electrical induction. 

Some 35 separate parts, ranging from 
7 /16-inch boIts to large Diesel wrist 
pins, over six inches in diameter and up 
to 18% inches in length, are now being 
accurately hardened to the desired de
gree and depth, in less than half the 
time formerly required when the entire 
parts were carburized. 

The simplicity of the process was 
demonstrated recently by T. E. Egan of 
the Cooper-Bessemer Corporation, who 
placed a crankshaft for a Diesel fuel 
pump into place on the machine. By 
pressing a hutton, the selected bearing 
surfaces of the crankshaft became red-

Versatile hardeninq equipment 
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hot within a few seconds, and jets of 
water automatically sprayed the heated 
areas, thus quenching and completing 
the hardening operation. 

By merely changing the fixtures and 
induction coils, many of which are de
signed and built in the Cooper-Bes
semer plant, the machine is prepared to 
accommodate any one of the 35 items 
that are hardened in this way, and 
which include such parts as gears, cams, 
wrist pins, and ball races. 

In hardening wrist pins, for example, 
an automatic, hydraulically operated 
fixture is installed which feeds the pin 
through the induction coils at a con
trolled speed so that the entire length 
of the wrist pin is heated to the desired 
temperature and quenched in one con
tinuous operation. 

"Hardening time for a wrist pin," said 
Egan, "is now reduced to 38 seconds. 
This process not only completes the 
work in seconds instead of hours, but 
also reduces distortion to a minimum 
and saves critical material by permit
ting us to use a carbon steel in place of 
high alloy steel formerly used." 

ACOUSTIC STETHOSCOPE 

Deleels Sounds Wilhin Ihe Body 

Rerelofore Unheard 

A NEW acoustic stethoscope, so sensi
tive in its range of hearing that it intro
duces many sounds doctors have never 
heard, promises to widen the study of 
sound within the human body. The beat 
of the heart, normal or abnormal, res-

Sounds never heard before 

piratory rattles, peristaltic squeaks, 
murmurs, and groans, all are amplified 
to facilitate diagnosis, based upon the 
structure of sound. 

It has been found the sounds of the 
body range from 40 to 4000 cycles, the 
full range of which is covered for the 
first time by the new stethoscope. Above 
4000 cycles most of the sounds in the 
body are so weak that they are masked 
by the ambient random noises generated 
within the body. It is explained that 
respiratory sounds such as wheezes and 
the rushing of air are of a complex na
ture. Therefore, in designing the new 
stethoscope to gain maximum intelli
gence, the instrument transmits all fre
quencies over the range from 40 to 4000 
cycles without attenuation or discrim
iqation. The ordinary stethoscope has 
an effective range between 200 and 1500 
cycles. 

The advantages of the new stetho
scope, according to Dr. Harry F. Olson, 
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Smoothly geared 
to duration living 

A home, a headquarters, a stopping-off place 
. . .  The Waldorf-Astoria serves duration living 
needs efficiently, economically . . .  graciously. 

T H E  
WA L D O R F-A S T O R I A  

P A R K  A V E N U E . 4 9 T H  T O  5 0 T H  S T . - N E W Y O R K  

1 3 1  



WHICH CONTROLS YOU ? 
Science says that the chemical elements com

posing a man's body may be bought for sixty 
cents at a pharmacy shop. But the real part o f  
y o u  is t h e  infinite, creative power within-it 
makes YOU a living, vital being. 

By the proper use o f  this creative, sleeping 
force within you, you can D OMINATE YOUR 
LIFE and MASTER THE CONDITIONS 
WHICH SURROUND YOU. The Rosicrucians 
have shown thousands of thinking men and 
women how to use this infinite power. Learn 
to direct the inner processes of your mind. 

This Free Book Explains 
The Rosicrucians will send the SINCERE 

SEEKER a free copy of the new book, "The 
Mastery o f  Lile," which tells how you may be
come a student o f  these age-old truths. Address 
a Jetter ( not a postcard o f  curiosity) to : 

Scribe X.F.L. 

T h e  R o s i c r u c i a n s  
- A M O R C -

SAN JOSE, CALIFORNIA 
The Rosicrucians are NOT a religious organization 

ORr-AIR draws excess mois
ture from air in damp base
ments. Protects tools and ma
chinery against rust. mold. 
mildew. Complete DRI-AIR 
outfit $5.50 f .o .b.  Chicago. 
Order now ! Dealers write today ! 

TAMMS SILICA CO. 
228-8 North LaSalle Chica.go, Ill. 

MAKE YOUR OWN 
TELESCOPE 
at a cost of less 

than $25. 
working from Inexpensive, 
prepared kits of glass, abra
sives, and pitch, and by fol
lowing the practical detailed 
Instructions In 

"AMATEUR 
TELESCOPE MAKING" 
This beginner'. book, from which 

more than 25,000 telescopes have 

been made by amateurs, gives ele

mentary information on how to plan 

and build the mounting, how to 

poind, polish, and accurately shape 

the essential glass parts by hand. 

All necessary data are presented in 

easily understandable form. 

Over 500 page. Proluse'y illustrated 
$4.00 postpaid, domestic $4.35 foreign 
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come from the fact that i t  couples the 
ears of the diagnostician much more 
closely to the human body through the 
employment of a reversed taper tube 
which result!) in greatly improved 
matching of the acoustic elements. Thus, 
sounds produced by the organs of the 
body are heard more clearly and their 
range is greatly widened . .  

In fact, so many. new sounds are heard 
with the instrument, developed by RCA 
Laboratories, that a filter is built into it 
to enable the user, by simply turning a 
knob, to limit the range at will. This was 
done at the suggestion of one of the 
testing physicians in order to prevent 
confusion until the meaning · of the new 
sounds can be determined through fur
ther study. 

HUMIDITY IRDICATOR 

Suppiemenls Work 01 
Silica G el 

AN "automatic weatherman" that sig
nals shippers and stevedores when the 
humidity inside munition crates rises 
to the rusting point is the packaging 
expert's newest means of protecting 

Color tells the story 

guns and engines from corroding dur
ing the weeks and months they lie in 
freighter holds and humid dockyards. 

Enclosed with a silica gel rust pro
tectant developed by The Permutit 
Company is a weathennan of cobalt
impregnated gel functioning like the 
old-fashioned Dutch-boy-and-girl wea
ther . indicators which warned of rain 
by turning pink. When the humidity 
in a package rises above the critical 
point, the weatherman-visible to in
spectors from the outside-turns pink, 
indicating leakage of the moisture
proof bag in which the metal part is 
packed. 

GLASS RECTIFIERS 

low Being Used lor 

Induslrial Alcohol Produclion 

A MARKED speed-up in the rate of dis
tillation of the rectifying columns used 
by the beverage distilling industry to 
produce 190-proof ethyl alcohol required 
for explosives, synthetic rubber, and 
other war and essential civilian uses, 
has been made possible by the develop
ment by Owens-Corning Fiberglass 

Corporation of a new glass fiber pack
ing material for the columns. 

The glass fibers can replace both the 
tinned-copper bubble plates with which 
the industry equipped its columns be
fore Pearl Harbor, and the burned-clay 
Raschig rings which the industry re
sorted to as a substitute when tinned 
copper became unavailable. It is be
lieved that the material will also prove 
practical for use in distillation applica
tions in the chemical, petroleum, and 
other industries. 

A principal factor in determining the 
rate of distillation of an alcohol rectify
ing column is the amount of exposed 
surface area which is presented for the 
condensation of water and other liquids. 
The ability of the glass fibers to increase 
the rate of distillation is due to the great 
increase in exposed surface area pre
sented by the fibers, as compared to the 
exposed surface area presented by 
either the bubble plates or the Raschig 
rings. 

One method employed in packing the 
columns with glass fibers consists of 
placing · them in large, expanded-metal 
baskets which fit, one over the other, 
into the inside of the column. When 
used at their nonnal density of 3.5 
pounds to the cubic foot, the fibers pre
sent 135 square feet of exposed surface 
area per cubic foot. This compares with 
an exposed surface area of 56 square 
feet per cubic foot when the Raschig 
rings are used. 

The operation of columns packed with 
glass fibers is identical with that of 
columns packed with Raschig rings, or 
fitted with bubble plates. Heated vapors 
from stills producing the normal run of 
120-140 proof alcohol pass up through 
the column. Water and other liquids 
with a boiling point higher than the 170 
degrees, Fahrenheit, boiling point of 
ethyl alcohol condense on the bubble 
plates, Raschig rings, or glass fibers, and 
flow back to be re-heated and revapor
ized by the rising vapors from the still, 
until the last vestige of alcohol is ex
tracted from them. 

The vapors which finally pass out 
through the top of the column into a 
condenser become 190-proof alcohol 
with only 5 percent of water content. 

GLASS KITE STRING 

Used 10 Carry Radio Anlenna Aloll 

A KITE string of glass yarn is used 
with the box kite that carries aloft the 
antenna of the portable, hand-genera
tor. radio transmitter developed by the 
Army Air Forces to summon help for 
fliers forced to make crash landings at 
sea. 

The complete transmitter kit for use 
on aircraft life rafts includes the send
ing set, an ordinary cloth and wood
frame box kite, an antenna consistin� 
of very fine copper wire wound around 
the glass kite string, two balloons, and 
capsules of compressed hydrogen. The 
ballons, inflated with the hydrogen, 
can be used to carry the antenna aloft 
in the event of a calm. 

Glass yarn is used as the kite string 
because of its great strength in propor
tion to its weight, and because it will 
not rot or otherwise deteriorate from 
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the effects of salt water, tropic sun
light, rain or dampness. The yarn is 
twisted and plied from continuous fila
ment glass fibers which can be drawn 
to indefinite lengths, measurable in 
miles. 

The transmitter is so constructed that 
the operator needs no knowledge of 
radio or code. When the hand crank 
is used to generate power the trans
mitter automatically grinds out the SOS 
signal on 500 kilocycles, the inter
national distress frequency. 

"FOOTPRINTS" 1M LACQUER 

Reveal Secrels 01 
Sirains in Melal 

T HE lacquer-held "footprints" of a bul
let crashing into steel plate are giving 
experimental scientists new information 
which may aid in . the development of 
tougher armor plate and better armor
piercing shells for the nation's fighting 
men. The "footprints" are thin, closely 
spaced cracks which appear on a lac
quer-coated steel target under the 
impact of a bullet. Dr. Miklos Hetenyi 
is conducting the experiments in the 
Westinghouse Research Laboratories. 

"Some shots fired in the laboratory," 
says Dr. Hetenyi, "create a heart-shaped 
pattern extending six or eight inches 
from the spot where the bullet hit or 
penetrated. In other tests the cracks 
form a series of circles around the bul
let hole. Each tiny crack denotes 
stretching of the metal underneath the 
lacquer and gives us a permanent pic
ture of the strains that occurred at the 
instant of impact." 

By spraying this smooth lacquer coat
ing, known as Stresscoat, on metal parts 
and then contorting them until the 
brittle skin cracks, research engineers 
can also detect vulnerable spots in 

A bullet's "footprint" 

gears, shafts, valves, and other parts of 
vital wartime equipment. 

"This lacquer coating test," Dr. Het
enyi says, "is accelerating improve
ments in motors, gears, and various 
types of electrical machines becau,se it 
enables us to locate strains quickly. Of 
course, 'life' tests are still necessary but 
the cracked coating process tells us 
when we are on the right track in 
designing new parts." 

Just as yawning crevices opened by 
an earthquake reveal faults deep un-

derground, tiny fissures in the lacquer 
tell a story of the strains that machine 
parts experience. Cracks in the glossy 
finish pick out the "Achilles heel" of 
an eight-foot-high two-ton gearwheel 
or bare the weak points of a flapper 
valve, a tenth-of-an-ounce slice of steel 
that vibrates back and forth in air cool
ing machinery. 

In one test the lacquer coating was 
put on a 1600-pound "model" of a gear 
tooth; the tooth was then squeezed in 
a large hydraulic press to locate the 
stresses accurately. Results of this 
work were turned over to the Nuttall 
Gearing Works of Westinghouse which 
is manufacturing gears for submarines, 
subchasers; and other war equipment. 

Lacquer sprayed on the gear 'tooth 
dries in 15 hours to form a tightly 
clinging skin about as thick as the 
diameter of a human hair. To deter
mine the slightest strain that will crack 
this coating, a foot-long steel bar is 
sprayed at the same time as the gear 
tooth and , under the same atmospheric 
conditions. 

The steel bar is bent in a machine 
that holds it rigid at one end and de
presses it at the other. Most of the 
cracks in the coating appear at the 
rigidly-held end and become less fre
quent until there are none at the end 
which was pushed down. Then the bar 
is placed beside a strain scale which 
is read opposite the point where the 
last crack occurred. 

BOAT BUMPERS 

Being Made From 

Ruhher Cashions 

PEACETIME'S bus, railroad, and auto
mobile cushions and similar. products 
made of foamed rubber are going to war 
in a new guise: They're helping to pro
tect seaplanes and flying boats from 
damage in rough water at bases and 
harbors all over the world. To this end 
a supply of Airfoam products no longer 
useful for their original purposes is be
ing converted into protective paddings 
for the gunwales of United States ' Navy 
personnel boats which service seaplanes. 

The production of civilian products 
with Goodyear Airfoam ended with 
Pearl Harbor, and the preiilent supply of 
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WANTED 
CAMERA ENGINEERS 

ond TECHNICIANS 
in Clritical war industry. Here is an 
excellent opportunity for severed com
petent men in research and production 
engineering on Government contracts. 
You will work with a company well 
known In the camera industry, located 
in a pleasant Michigan city. Write 
full particulars of your experience and 
enclose photo. 

GUY C. CORE CO. 

Advertising-Reynolds Bldg ..  

JACKSON, MICHIGAN 

P O O R  
E Y E S I G H T ? 
-Try the New PIKE 

Electric Reader 
A boon for elderly 
people and others with 
poor eyesight. Wonder
ful for doctors, scien
tists and draftsmen. 
WFite for free information 
ind details of this new in
vention that makes read .. .  
ing matter 3 times larger. 

Elizabeth, N. J. 

Experimental and Model Work 
Fine Instruments a n d  Fine Machinery 

Inventions Developed 
Special Tools, Dies, Gear Cutting, Etc . 

H E N RY ZUI1R, Inc.,  1 87 Lafayette St., N.Y. 1 3, N.Y.  

Card and Photo Stereo-Mirror 

( The modern 

single picture 

Stereoscope) 

As useful and fascinating as the 

camera and the movies. Every pic

ture appears in three dimensions. 

Price $5.50 

NU-MIRROR CO., Bridgeport, Conn. 

PO LARO I D  
Ideal LIGHT polarizing material for all I photographic and EXPERIMENT A,L puri>0ses 

2 pieces. 2x2" $1 post,Pald .  Rem.t  

with full instructions . With order. 
(Larger sizes priced propo·rtionately) 

Send for new C.·ta log of Used Equipment-lO¢ 
HARRY ROSS 

Scientific & Laboratory Apparatus 
68-70 W. BROADWAY. N .V.C. 7 
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15,000 
FORMU LAS 

• • • 

1077 
PAGES 

• • • 

IN 

H OPKINS' 

"CYCLOPEDIA 

OF FORMU LAS" 

Thousands of copies of this ac
knowledged leader among books of 
formulas are being used daily for a 
number of purposes. Industrial 
laboratories find it an invaluable 
source of reference material ; many 
spare- and full-time businesses have 
been built up on one or more of its 
formulas ; home workshop hobbyists 
constantly find new thoughts in its 
pages. 

Wines and liquors, inks, dyes, pol. 
ishes, paints and varnishes, adhe· 
lives, cosmetics and antiseptics are 
only a few of the sections of thia 
all·inclusive book. 

$5.50 postpaid ( Domestic) 

Order From 

SCIENTIFIC AMERICAN 

24 West 40th Street, New York 1 8, N. Y. 

Owners of 
"AMAT E U R  T E L ESCO P E  MAKI Na" 
who have been bitten deeply by the 

hobby bug of glass pushini will find 

a competent guide to advanced mirror 

technique, flat making, eyepiece work, 

telescope drives, aluminizing, observ· 

atories, and many other aspects of 

the optical hobby in the companion 

volume. 

"AMATEUR TELESCOPE 
MAKING-ADVANCED" 
This is • IfIhollr different book 

from "Amateur Telescope Making." 

650 pages 359 illustrations 
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Over 300,000 words 

'5.00 postpaid, domestic 

'5.35 foreign 

SCIENTIFIC AMERICAN 
24 West 40th St., 

New York 18, N. Y. 

Rubber boat bumpers 

cushions and similar materials being 
converted to gunwale pads was accumu
lated before Pearl Harbor. The cushions 
are cut apart to fit inside tubes of wear
resisting and weather-proof fabric. The 
tubes are made in such a manner that 
each short length contains a "V" which 
fits over boat gunwales. Then the tubes 
are lashed together into strips which 
extend for the entire length of a .gun
wale and the strips are lashed to the 
boat. Thus the strips are quickly inter
changeable from one boat to another as 
it is placed into or removed from sea
plane servicing. 

OIL LINE MIXING 

Can be Economically 

Determined in Advance 

M ORE fuel oil and gasoline will be 
available for the furnace and automobile 
next winter as a result of an investiga
tion recently completed by Prof. Geo. 
Granger Brown of the University of 
Michigan and Frank C. Fowler of Phil
lips Petroleum Company (formerly 
with the University of Michigan) and 
announced to the American Institute 
of Chemical Engineers. 

In the "big inch" and "little big inch" 
pipe lines from the Texas oil fields to 
the Eastern States, a few thousand bar
rels of fuel oil may be followed by a 
quantity of aviation gasoline, and that 
in turn by some other product of the 
refinery. Naturally, there will be some 
contamination where two products meet. 
In order to avoid the loss of considerable 
volumes of these materials it is essen
tial that the operators of the pipe lines 
know how much of the oil and gasoline 
are mixed. This can now be determined 
in advance. The first public account of 
the fundamental factors controlling the 
intermixing or contamination of the 
various products transported in a pipe 
line by successive flow was given by 
Professor Brown and Mr. Fowler. They 
reported the relationship of the various 
factors-viscosity of the fluid, diameter 
of the pipe, velocity of the flow, and 
length of the pipe line-and their effect 
on successive products. 

Due to the increased efficiency of 
transporting refined products rather 
than the crude oil itself, the petroleum 
industry had previously adopted a prac
tice of refining the crude oil into finished 
products on the Gulf Coast of Texas 
and transporting the products by 
tankers to the East Coast. This pro-

cedure is more efficient not only because 
of the slightly lower fuel cost in Texas, 
but also because it is not then necessary 
to tran_port the "refining losses" but 
only the actual products which are 
desired . 

In order to utilize the refinery capa
city of the country on the most efficient 
basis, it is therefore necessary to provide 
adequate transportation of finished 
products from Texas to the East Coast. 
This is to be accomplished by transport
ing fuel oil in addition to crude oil 
through "big inch," 24-inch crude-oil 
pipe line, from Longview, Texas, to 
Norris City, Illinois, and by providing 
the "little big inch," 20-inch products 
pipe line, to transport gasoline from the 
Gulf Coast to the same eastern area. 
These product pipe lines are a recent 
development in the petroleum industry 
and have been used with considerable 
economies and great success in trans
porting finished products from the south 
to the north and east. 

UL TIA· VIOLET "LIGHTHOUSE" 

Developed to Irradiate 

Industrial Workers 

A NEW type of low-cost miniature 
"lighthouse" that broadcasts ultra
violet health rays to keep war workers 
well has been developed by the Han
ovia Chemical and Manufacturing 
Company, and has been installed in a 
plant of the RCA Victor Division on 
recommendation of the plant's War 
Production Drive Committee, in co
operation with the medical staff. 

"Standing in a circle five feet from 
the lighthouse, 15 men or women can 
simultaneously receive ultra-violet ap
plications within a few minutes, enab
ling the handling of hundreds of plant 
workers daily," Frederic W. Robinson, 

A "lighthouse" for irradiating in· 
dustrial workers with ultra-violet 

Hanovia's director of research, ex
plains. "Five-minute daily applications 
are sufficient. 

"A novel feature of the new design 
is that the use of aluminum reflectors 
is . avoided, thus saving critical mater
ials, and, at the same. time, the radia
tion output of the lamp is more fully 
realized than ever before. Furthermore, 
laboratory developments on the high
pressure quartz mercury lamp used 
have resulted in reduced operation 
costs, making irradiation of large num
bers of war workers practical." 
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Previews of the Industrial Horizon 
( Continued from page 99 ) 

sections, light weight, good aging quali
ies, resistance to chemical attack, and 
moldability with existing equipment 
with minor modifications. No nylon 
plastic may be had for the duration, 
other than for vital military applica
tions, but here is one more develop
ment that will leap forward when the 
bars are lowered. 

R I G H - S P E E D  P H O T 8 G B A P B Y  

D EVELOPED for studying the detonation 
waves of explosives, the new rotating 
drum camera, described on page 124, is 
one of those useful scientific tools that 
will undoubtedly find many uses in in
dustry other than the one for which it 
was initially designed. Where action
mechanical or otherwise-takes place 
at high speeds, much can be learned 
about stresses and so on if it is possible 
to photograph the action while it is 
taking place. This can be done with the 
camera described, adding new chapters 
to many research stories. 

B E T T E R  D Y E S  

DYES DEVELOPMENT, reported on page 
121, is part and parcel of the intriguing 
saga of the growth of the chemical in
dustry in the United States. From work 
on dyes has come basic knowledge that 
has branched out into other fields of 
chemistry; dyes experts are playing a 
large part in present war-time re
search; they will be equally important 
in the field of consumer and heavy
industry synthetics after the war. 

S E W A G E  T R E A T M E R T  

INDUSTRIAL water supplies and power 
sources are being found in sewage by 
engineers concentrating on the impor
tant problem of sewage treatment. 
Here is research closely linked with 
community development that, while it 
disposes of wastes in a modern and 
sanitary manner, also provides dollar 
value in the form of things that indus
try needs. The post-war world will 
benefit in more ways than one. For de
tails see page 106. 

W H A T  S H A L L  W E  E A T ?  

How FAR the food-dehydration indus
try will affect the eating habits of the 
people of the United States after the 
war will probably be . largely deter
mined by those men who are now in 
the armed forces where they are being 
fed large quantities of dried foods. If 
they relish these foods and demand 
them upon return to civilian life, the 
industry will flourish and prosper ; if 
not, the industry will fall back to those 
staple forms of pre-war days and will 
shrink correspondingly. 

While dehydration of food serves a 

very useful purpose where shipping 
facilities are limited, it will never be 
an important factor in. the food field 
when these restrictions are removed 
unless . the food is equal in every re
spect to that obtainable through other 
means. 

H O W  B A l D  I S  B A l D ?  

I T MAY come a s  somewhat of a surprise 
to those who have never given the 
matter much thought to find, in the 
article starting on page 109, that science 
really does not know very much about 
the hardness of materials. Many indus
trial operations are predicated on this 
factor yet, in the final analysis, knowl
edge is applied empirically. When rest
less research finally finds all the an
swers to the puzzle of hardness, indus
trial technology will make a long step 
forward in its methods of handling 
many materials. 

R A D I O  S T A R D S  R E A D Y  

T HE LARGE part which . radio i s  playing 
in the war on all fronts foreshadows 
many of the applications that will be
come common-place in days of peace. 
Practical use of developments directly 
attributable to military requirements 
will be made not only in the fields of 
communication but also in that of trans
portation, among others. Thus we may 
someday see airplanes, ships, and all 
manner of ground vehicles being guided 
through all weather conditions by ra
dio equipment; radio channels will 
serve as "tracks" which they will follow 
with absolute safety. 

B E T T E R  A U T O M O B I L ES 

DUST, one of the banes of military 
operations, is a deadly enemy of auto
motive vehicles, yet up to the begin
ning of the war it was considered suf
ficient to provide a carburetor air 
cleaner and let the dust problem go at 
that. Now, however, it is found that 
combat vehicles need far more protec
tion than ever before thought neces
sary. As a consequence, dust-proofing 
is being extended to clutches, transmis
sions, instruments, brakes, and even 
to fan belts. Out of this work will 
come dust-proofing of many parts of 
the post-war "pleasure" car, with re
sulting longer life of parts, more ' effi
cient operation, and fewer troubles. 

W EA R - B E S I S T A R T  

A COMPETITOR of other and more con
ventional materials in luggage and 
packing case construction is seen in a 
new material that uses blotting paper 
-no less!-as a base. This paper, as 
told on page 138, is saturated with a 
synthetic rubber and processed to be
come tough and wear-resistant Thus a 
new and low-cost product looms on the 
horizon to give added impetus-and va
riety-to a number of post-war con
sumer industries. 
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The DECIMALIZER show. In a few slmpl. 
tDaD1pulations Just where to place the decimal 
point In the result of any computation Involvln, 
several elements. part or all of which may be 
1eclmal&- for example, In such a problem a. 
(9 X .0432 x 74. 1  x 3.8) (245 x .0093 " .31) 
the DECIMALIZER removes that "decimal point 
!luard" Inherent In computations made with the 
,lid. rule or otherwiae. 

Pocket size ; durable fstalule •• steel) , exceed
Ingly smooth In action. Ful'llished In leather 
case, with complete directions for using. Price 
J2, postpaid; with extra, easily Interchangeable 
scale which enables the Instrument to perform 
extended multiplication and division, 6& cents 
additional. Money beck If returned within 10 days. 

GEORGE H, MORSE 

927-28th Street Sonth ArHngton. Va.. 

* BUY WAR BONDS *J 
OPTI CAL SPECIALT I ES 

Spectroscopes, Optical parts -
instruments. 

Aluminizing of lQ.irrors. 
CATALOG ON REQUEST 

Laboratory Specialties, I nc. 
1 44 South W .. bash Str .... t. 

WABASH, I NDIANA 

LIGHTING UN ITS 
1'01' All tI...... Applloatleu 

Photo Chemleal tubes 
Black Lite lamp. for apectaoular decu 
Ultra Violet for the laboratory 
Mercury Tube. tor testing lenses and flau 
Sodium Lights tor refractometera, ete. 
Photogramatlc LamPI tor contour devl_ 
Padlng test lamps 
��fg:..,,:y ':.':,� ���;�ol!��t

I
��lt�U

t
1lts 

COmmercial Color and Ru.t ReCOllIlitlon Lampo 
Pluorescent and Infra-red Units 
IIlnerallghts for minerai recognition 

KEESE ENGINEERING COMPANY 
BolI,."oool, Calif, Dept, 11'1. 

LI,hUD, 111 ..... __ for I. _n 

EARl MOIEY ���Jl�C: 
• No previous trRining or 
talent necessary. Unique 
Stuart System teaches you, 
by mail, in 10 simple, easy
to-follow lessons, to make 
excellent charcoal and · oil 

likenesses. Detailed guidance for your 
every step. Send for free book today. 

STUART STUDIOS. Room 26 
1 2 1  Monument Circle IndianapoUs 9. Ind. Please send me free book and outline of lessons. 
Na� _____________________ __ 

B"ea: __________________________ __ 

OUII' _________________ State' _____ _ 
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ESSEX M�&HINE WORKS 
Est. 1 930 

N OW DO I N G  WAR WO RK 

SOLI C ITS CORRESPON D E N C E  

R EGAR D I N G  P U RC HASE O F  

PAT E NTS OR ESTAB L I S H E D  

L I N ES FO R POST-WAR 

PRODUCT I O N  

Essex Connedicut 

MASS I V E  BRASS TRI PODS built by 7 
Bauscf> & lomb for U. S. Battleship $ .95 
Rangefinders. 5211 h i g h ,  w e i g h  35 
I bs. U n l i mited strength.  Cost m a n y  times our 
former $ 1 9.50 price. Closing out balance $7.95 
f.o.b. E l mira. E l evating brass hand wheel and 
screw, $2.95 extra. Detai l s  free. 

DuMaurier CO., Dept. 1 69, Elm ira, N. Y .  

The Binp.ry Slide Rul� 
equals a 20 inch straight 
slide rule in precision. 
Has C, CI, A, K, LOg , LLl, 
LL2, LL3, LL4, Binary. "''''''li�\la\ Gives Trig functions to 
Add Bnd Subtract Scales -<JI�lIillt' l  minute from 0 to 90 
degrees. The engine-di
vided scales are on white 
enameled metal. Perma
nently accurate. Dis. 8 1,4/' .  
Large figures a n d  grad na
tions eliminate eyestrain. 
Exceptional value and 

utility. Price with instructions $5 .00, cash or 
' C.O.D. Durable case 80c extra. Circulars free. 
Your money back if you Bre not entirely satisfied. 

GUson Slide Rule Co., Stuart, Fla. 
Slide Rule Makers since 1915 

for SclentUlc and Technical Book. 
Try our BOOK DEPARTMENT 
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When you write to 
advertisers 
• The Editor will appreciate 

it if you will mention that 

;:� S C I E NTIF IC  
it in A M E R  I C A N  

Complete HOME-STUDY Courses and self _instruction 
books, slightly used. Rented. 

exchanged. All subjects. 
ctlan guarant 

strated bar-
• Write now. 

• Chlcaco. III. NELSON CO • •  321 So. Wabash Ave.� e 

U
I STUDY AT HOME for Per· 

sonal ::,ucces. and LARli1!:H 
EARNINGS. 32 yean expert in· 
Itruction-<>ver t08,ooo student. enrolled. LL. B. Degree awarded. All text material furnished. Easy 
,ayment plan. Send for FREE 
BOOK-"Law and Executive 
Guidance"-NOW I 

AMlRICAN EXTENSION SCHOOL OF LAW 
Dept, 33-SA, 8, East Huron St. Chicago, I I I .  
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New Products 

CLASSIFYING DEVICE 

RECENTLY developed to classify and 
sort .30- and .50-caliber armor-piercing 
bullet cores and 20mm shells auto
matically, a new Toledo Dynamic Clas
sifying Device has many similar appli
cations in other industries. Pieces to be 
weighed, or classified, must be of such 
a character that normal variations in 
weight do not materially effect the posi
tion of their center of gravity. Spheres, 
cylinders, rectangles, and similar reg-

Sortinq by weiqhinq 

ularly formed parts conform to this re
quirement. Weights from y,( ounce up to 
6 ounces can be handled. 

As the parts are fed into the device, 
they are automatically deposited on the 
end of a lever. The loaded end of the 
lever is released, permitting that end to 
fall (dynamic weighing principle) . Parts 
are weighed in motion, and the inter
ception of a light ray by the weight 
beam causes a photo-electric cell to op
erate the mechanism for automatically 
discharging the parts into one of three 
chutes, which classifies them as "Under
Weight," "Within-Tolerance," or "Over
Weight." 

BESILIENT FLOOBS 

RECENTLY improved is an asphalt
asbestos floor tile designed for indus
trial use. The tile surfac'e is resilient 
and wear resistant, is claimed to be 
non-slip when wet. The surface is 
non-sparking and will melt before it 
will burn. This tile, made by David E, 
Kennedy, Inc., is finished in three dif
ferent sizes and seven colors. 

WATEBPBOOF TAPE 

FOR sealing water-resistant cartons 
carrying vital overseas-bound cargoes 
of ammunition, medical equipment, 
food, clothing, instruments, and thou
sands of other necessities, there has 
been developed a waterproof tape, 
known as Solseal, which is applied in 
the same simple manner as reguiar 

sealing tape, using the same type of 
moil;;tening dispenser. A special Solseal 
solvent, used as a moistening agent, is 
a non-inflammable, non-volatile, non
corrosive mixture of chemicals that 
will, upon wetting Solseal, cause it to 
become waterproof after a 72-hour 
period. Bondings effected with Solseal 
Tape, immersed in water under strain, 
have withstood that immersion for 
weeks, in some cases over eight weeks, 
without any releasing of the tape, it is 
claimed. 

COBBOSION PlEVENTION 

PROTECTION of finished machinery and 
other materials which might corrode 
during transportation may be provided 
by bags of silica gel, which are placed 
in the containers with the material to 
be protected. The bag containing the 
gel, manufactured by Culligan Zeolite 
Company, is made of cloth with a 
breathing-type paper lining. The gel 
absorbs all moisture within sealed con
tainers, thus preventing corrosion. 

DECALCOMANIA NAMEPLATES 

, OUGH and resistant to scratching and 
wear is a new transfer nameplate made 
of non-critical materials. It is claimed 
by the Myercord Company, manufac
turers of these nameplates, that they 
have effectively withstood weathering 
and salt-spray tests. These included 
exposure to temperatures of 200 de
grees, Fahrenheit, and 98 percent 
humidity, followed by temperature 
drop to minus 40 degress, Fahrenheit. 
The transfers are available for use on 
polished and wrinkle-finish metal sur
faces, designs and colors being to speci
fications, 

METAL WASKING 

, 0 MEET the need for high-speed 
washing of flat, fragile work or circular 
parts with intricate pockets and crev
ices, the Tabl-Spray washing machine 
has been developed by American 
Foundry Equipment Company. By 
complete exposure given the parts in 
rotating them through the path of well
positioned power sprays, this new unit 
insures uniform coverage and thorough 
speed cleaning. 

Parts to be cleaned in the Tabl
Spray are placed on the mesh table and 

For hiqh·speed paris washinq 
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rotated through the spray solution, dis
charged from special machined non
clogging nozzles. 

After the few minutes required 
washing time, the solution valve is 
closed and the parts are left rotating 
to obtain proper drainage. If rinsing 
with fresh water is desirable, this op
eration can be handled without trans
ferring parts to another compartment, 
by means of a special arrangement of 
drainplates. A compressed air blowoff 
can follow the cleaning to remove 
excess liquid from the parts. 

Typical cleaning applications include 
removing lapping compound, oil, and 
chips from magnesium and aluminum 
aircraft parts, cleaning crankcases, 
supercharger rear housings and adapt
ers, small assemblies, gears, or rocker 
arms prior to inspection or after mag
naflux. 

KOIf-SPARKIRG CONTAIIfER 

CONDUCTIVE synthetic rubber, made by 
the United States Rubber Company, is 
now being fabricated into carrying 
boxes, buckets, and trays for handling 
explosive materials. Containers made of 
this material can not strike sparks; 
because of the conductive qualities of 
the rubber, static charges cannot ac
cumulate to a point where disastrous 
sparks might be discharged. 

SAMPLE DRYER 

U SING a principle different from that 
usually employed in Prying sample 
swatches of cloth, the Rodney Hunt 
Machine Company has developed a 

Textile dryer and conditioner 
unit to perform this operation at what 
they state are phenomenally high 
speeds. 

The door is closed, the motor turned 
on, and the samples rotate inside the 
cabinet at great speed. After the sample 
is dried, the door of . the ' cabinet is 
opened and the sample continues to 
rotate at room temperature and humid
ity until conditioned properly. 

SPIRAL PUMP 

W HEN it is necessary to handle liquids 
containing solids such as sand, abrasives, 
crushed ore, and so on, a new rotary 
spiral pump can be pressed into service 
to handle up to as high as 91.6 gallons 
per minute. These pumps, in wooden 

The spiral does the Irick 

housings as illustrated, pick up the 
liquid and solids at the open end of a 
spiral, setting up a flow through the 
spiral to an outlet at the center .. Rota
tion speed is 20 revolutions per minute. 
These pumps, known as the Frenier 
sand pumps, are available in three 
diameters with lift capacities from 12 
to 22 feet. 

THICKNESS GAGE 

, HE THICKNESS of steel plate can be 
measured with a new electrical instru
ment even though access is available 
to only one side of the plate. This new 
gage, a product of the Metron Instru
ment Company, will operate on max
imum plate thicknesses up to 5fs of an 
inch. 

This instrument contains two iron
core magnets connected in a balanced 
bridge circuit. One of the magnets is 
designed to be placed against the plate 
to be measured while the . other is 
mounted on the instrument housing 
and has an adjustable armature to 

Don't Let Shortages 
Stop Your Experiments 

YOI Can STILL Bet LOW COST 
\. L E R S E S -
New • • • Finely Ground and Poli.hed wilh Edg .. 

Very Slightly Chippedl 

PLUS FREE, Helpful Project SHEETS 
Set # 101 .. 5 l 'Our Advertising Special" 

15 Lenses for $1.60.  Postpaid 
For Experimental Optics. magnifying. making Galilean 
Telescopes, and for many uses in photography sucb 
as copying, ultra closeup shots, making telephoto 
lens, Kodachrome and Stereoscopic viewers. ground 
glass and enlarging focusing aids, etc. 

set # 105-8 "The Gadgeteer's Delight" 
35 Lenses for $5.00,  Postpaid 

Contains all lenses in set # 101-8 plus at least 20 
others of our more expensive lenses. 

Set # 110-S "The Experimenter 's Dream' "  
70 Lenses f o r  $10.00. Postpaid 

Contains all the lenses in the above sets plus 35 
others that make this a "sensational buy. " The 
variety of lenses in this set will enable you to 
conduct countless experiments, and build many optical 
gadgets. Contains many of , the hard-to-get short 
focal length lenses. A.ll our lenses are neatly packed 
and marked for diameter and focal l.ength. 
Every person interested in telescopes, optics, photog
raphy. etc. .  should have a set for present and 
future use. 
ORDER TODA Y-We httYe no way 0/ knowing 

how long Ollr supply ",ill la.,. 
SATISFACTION GUARANTEED 

Remember - Free Project sheets with Hints 
Notes and Plans for Lens Experiments come with 
every set. 

DEPT 1 

Edmund Salvage 
COMPANY 

41  West Clinton Ava. 
P. O. A udubon, N. J. 

�fh':�NT��� :ng m&"'1 Nl 
�����t1��s

p�:��t::� rl4l 11 
and profited by our YlOll'R IDE.:A free books "Patent 
Protection" a n d  
"Selling an Inven-
tion" . Fully explain many interesting points to 
inventors and illustrate importa.nt mechanical princi
ples. With books we also send free "Evidence of 
Invention" form. Reasonable fees, deferred payments, 
forty-five years' experience. Write to:  
Victor J. Evans & Co . •  Registered Patent Attorneys, 
726:"K Merlin Building. Washlngton, D. C. 

When you write to 
advertisers 
• The Editor wil1 appreciate 

it if you will mention that 
you S C I E N T I F I C  saw 
it ' in A M E R  I C A N  The conventional way to dry samples 

in a textile mill is over a steam pipe 
or by a hair dryer. The dyer cuts a 
sample four-inch square, dries it for 
10 or 20 minutes, and then waves it 
around in the air to condition it to 
room temperature and humidity be
fore matching. Not only does this take 
valuable production time but it also 
gives the cloth in the dye kettle a 
chance to change shade, lessening the 
accuracy of the match. 

She's F i g h t i n g, T O O !  

The new unit, known as the "Whirl
wind" Sample Dryer, does both the 
drying and conditioning operations in 
from one to two minutes, depending 
upon the material. The process is bas
ically one of rotating the samples at 
high speeds, first in a dryer cabinet 
and then in the room at normal temper
ature and humidity. The samples are 
placed on wire screens on a disk or 
rotor which is attached to the inside 
of the door. of an insulated cabinet. O'nEil- IRWin 
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Making Parts Without Dies 

No delay waiting for dies - parts ready Quicker 
- deliveries speeded up - all to bring the Victory 
sooner ! Women are rapidly taking a major place 
on the industrial front. DI-ACRO Precision Shears, 

Brakes, Benders, are ideally 
suiteq. for use by women 
in making duplicated parts 
accurate to . o o r "  - DIE
LESS DUPLICATING. Thous
ands of DI-ACRO M a
ch ines are nO'll in use in 
War plants. 

Get the whole story - write 
for catalog - UMetaI Dup
licating Without Dies." 

mFG. [0. 347 8th Avenue So., 

Minneapolis 15, Minn. 
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New Book on 
ARC WELD I N G  

N ew Edition "Procedure Handbook of 
Arc Welding. "  Bi gger than ever. Wider in 
scope. Latest information on all phases of 
arc welding-the ace process of w ar ·  pro· 
duction and key to progress and increased 
earning power in post-war era. 
Autho ritative. Recognized the world ove, 
as the "bible" on arc welding design and 
practice. Many thousands in use by weld· 
ers, design�rs, engineers and shop man· 
agers. Standard text in hundreds of schools 
and colleges. 

1308 pages . 1 8 1 0  i l l u strations 
Size 6 "  x 9" X 13/4" 

A $5.00 Value $15 0 po�t. 
for only _ paid 

($2.00 outside U. S.) 
O rder your copy today. 

Mail order and check to 
SC I EN T I F I C  AMERICAN 

24 W. 40th Street 

New York 1 8, N. Y. 

TH E H ENRY SYSTEM 
Of Finger Print 

Classification 
and 

Identification 
is now in use by most 

of the Police Departments in the 
United States. It is also the system 
which applicants for many Civil 
Service positions must master before 
they can successfully fill all require. 
ments. 

The only book based on the Henry 
System is Frederick Kuhne'. 

"TH E FINGER PRINT 
INSTRUCTOR" 

I n  this 182-page book, written b y  a 
noted finger print expert who was 
for many years in the Bureau of 
Criminal Investigation, New York 
Police Department, will be found 
complete instructions on every phase 
[)f the work from taking the prints 
to final identification. Numerous 
photographs and reproductions of 
prints make all details clear. 

Used by many governmental and 
industrial personnel departmenta 
and by the F.B.I. 

$4.25 postpaid 
New 1942 Printing 

Order From SCIENTIFIC AM ERICAN 
24 West 40th Street, New York 1 8, N .  Y. 
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provide for calibration. Through a bal
ancing of the bridge circuit it is pos
sible to determine the influence of the 
steel plate to be measured upon a mag
netic field. Since this influence is re
lated to the thickness of the sheet, 
thickness readings can be taken direct 
from the meter once the instrument 
has been calibrated. 

RIVET BUCKER 

AUTOMATIc bucking and riveting by one 
operator is made possible with the tool 
shown in these columns. In it a standard 
rivet set is synchronized with an air 

Treadle controlled 

cushioned bucker, the two parts always 
being perfectly aligned to insure accur
acy in riveting. The treadle control 
enables the operator to use both hands 
for guiding the work. When the rivet 
set hits the rivet, the bucking bar is 
always in contact wih the shank. 

BRAZING FLUX 

WHEN a new granular fluxing material, 
developed by Chicago Welding Sales 
Company, is used for brazing of cast 
iron parts, initial cleaning or grinding 
of the break to be welded is stated to 
be completely eliminated. 

RUBBER PAPER AND GASKETS 

BLOTTING paper may soon go traveling 
and see the outside of the world's 
buildings instead of hiding away in 
desk drawers. The Hycar Chemical 
Company of Akron has found a spec
tacular assignment for blotting paper. 
With this company's butadiene synthetic 
rubber as a ·  saturator and binder, 
blotting paper may go into luggage
hand bags, suitcases, fitted cases, even 
packing cases. 

According to tests made in the com
pany's laboratories, highly absorbent 
blotting paper immersed in the hycar 
latex, and then dried in an oven, be
comes a tough, wear-resistant material 
that is ideally suited to the manufactur
ing of luggage items. The treated paper 
is not affected by oil or other solvents 
and can be prepared in any of the 
standard colors . 

Another use for synthetic rubber, 
recently announced, is a gasket mate-

rial consisting of copper mesh coated 
with synthetic rubber, originated by 
The Detroit Gasket and Manufacturing 
Company and produced by The Good
year Tire and Rubber Company. This 
rubber-sheathed mesh has survived ex
haustive tests and now is standard 
equipment for many airplane engines 
produced in this co untry. 

The rubber-sheathed gasket, less 
than 15 one-thousandths of an inch in 
thickness, is made of 80-mesh copper 
screening which has a tensile strength 
far in excess of any internal pressure 
which may be encountered. Thus the 
wire, as a reinforcing medium, provides 
insurance against leaks due to blow
outs, the synthetic rubber coating pro
viding the necessary binding medium 
for the wire mesh as well as the re
siliency required to obtain perfect 
alignment in the assembly. 

LOCKING WOOD SCREW 

A WOOD screw that prevents the slip
ping of any two boards, by locking them 
permanently, has two threads of differ
ent pitches, With each turn of the screw, 
the boards are pulled together by an 
amount equal to the difference between 
the pitches of these threads. This dif
ference in pitch results in obtaining a 
greater "pulling together" action than 
can be secured by an ordinary wood 
screw, plus the equally important fea
ture that, when properly installed, the 
Wil-Son No-Slip screw leaves only a 
small hole, in fact not much larger 
that a nail hole, which can easily be 
sealed with Plastic Wood or other com
pound. 

When installing the screw, a small 
hole is drilled to a depth equal to about 
three-quarters of the length of the 
screw. The No-Slip screw is then 
screwed into this hole. The coarse 
threads first pass through on,e . board 
and then into the others. The slightly 
larger fine threads then begin to engage 
the first board, and, as the screw goes 

1 1  1 r 

How the lockinq wood screw works 

down farther, the difference in pitch 
between the two threads causes the 
two boards to be pulled together grad
ually until finally both boards become 
tightly j oined. 

The operator then may break off, 
with a pair of pliers, the top of the 
screw at the groove which is just above 
the fine threads. An unusually hard 
twist on the screw driver will give the 
same result. When properly installed 
the breaking off point is always below 
the surface of the wood. 
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C u r r e n l  B u l l e l i n  
B r i e f s  

Conducted by 
K .  M .  C A N AVA N 

(The Editor will appreciate it 
if you win mention Scientific 
American when writinq for any 
of the publications listed below.) 

CRISIS IN RUBBER is an illustrated pam-
phlet which describes wild rubber, 

plantation rubber, domestic rubber, 
synthetic rubber, and integrates the 
whole into a story which gives a rea
sonably complete grasp of the rubber 
situation as it stands today. The B. F. 
Goodrich Company, Akron, Ohio.
Gratis. 

SAVE WITH "BALANCED" LIGHTING is a 
10-page pamphlet which tells in text, 

drawings, and photographs how best 
to apply local and general lighting so 
that a balanced, efficient, and econom
ical condition results. The Fostoria 
Pressed Steel Corporation, Fostoria, 
Ohio.-Gratis. 

UNIVERSAL ANGLE DRIVE is an eight-
page illustrated folder describing a 

bevel-gear drive for manual operation 
of valves and other devices on ship
board and in industry. Payne Dean and 
Company, Dean Street, Laconia, New 
Hampshire.-Gratis. 

ALGOMA TEMPLATE DIES is a four-page 
bulletin describing a new process of 

manufacturing blank and pierce tem
plate dies at a fraction of the cost of 
conventional dies. Algoma Products, 
Detroit 12, Michigan.-Gratis. 

HANDBOOK OF EMERGENCY WAR AGENCIES 
is a 144-page publication which out

lines briefly the function and organ
ization of Federal War Agencies as well 
as Army and Navy Departments and 
the Maritime Commission. Names, ad
dresses, and telephone numbers of prin
cipal officials are listed. Superintendent 
of Documents, Government Printing Of
fice, Washington, D. C.-20 cents. 

VERY PROMPTLY YOURS, by Robert E. 
Ramsay, is a 16-page booklet per

taining directly to office correspond
ence. It gives suggestions for filing 
and cross-filing, for a simple letter
writing plan, and for speeding up cor
respondence. Hammermill Paper Com
pany, Hammermill Road, Erie, Penn
sylvania.-Gratis. 

VEGETABLE DYES is a 56-page pocket-
size book which tells specifically how 

to make dyes at home from barks, 
weeds, berries, and fruit. Oxford Uni
versity Press, University Avenue, 
Toronto 2, Ontario, Canada.-35 cents. 

MOGUL METALLIZING PROCESS AND EQUIP-
MENT is an illustrated pamphlet 

describing the metallizing process for 
building up worn metal surfaces, to 
render exposed surfaces corrosion re-

sistant, and so on. Also presented are 
specific applications of the process, and 
a listing of the equipment necessary 
for metallizing. Metallizing Company 
of America, 1330 West Congress Street, 
Chicago, Illinois.-Gratis. 

SOME FUNDAMENTALS OF TIMBER DESIGN, 
by Howard J. Hansen, is a 76-page 

booklet which covers characteristics 
influencing design, methods of fasten
ing wooden members together, types 
of beams and columns, and glued 
laminated construction. Numerous 
valuable tables and charts are pre
sented. Bulletin No. 66. Texas Engine
ering Experiment Station, College 
Station, Texas. 

REVIEW OF "PATENTS AND FREE ENTER-
PRISE" Monograph No. 31, Temporary 

National Economic Committee, is a 
pithy comment on Walton Hamilton's 
monograph, as presented by Anthony 
William Deller, a patent attorney and 
member of the New York Bar. This re
view is a plea for the protection of in
ventors and their rights under the 
patent system. Anthony William Deller, 
67 Wall Street, New York 5, New York. 

CENTRIFUGAL CASTINGS is an eight-page 
folder which tells briefly how a cen

trifugal casing is made, lists the wide 
ranges of sizes available, and tabulates 
the chemical and physical properties 
of a number of standard alloys which 
are cast by the centrifugal process. 
Shenango-Penn Mold Company, Dover. 
Ohio.-Gratis. 

CELESTIAL NAVIGATION FOR AVIATORS, by 
Clarence H. True, is a 32-page llus

trated booklet offering a method by 
which spherical triangles are solved 
without spherical trigonometry.-Clar
ence H. True, Civil Engineer, Box 318, 
Balboa Heights, Canal Zone.-$1 .50 
postpaid. 

CURLED CHIP METAL CUTTING SYSTEM is 
a lavishly illustrated plastic bound 

catalog which presents what is termed 
"an amazing and revolutionary ad
vancement in metal cutting history." 
Descriptions and photographs are pre
sented of saws designed in accordance 
with this new system. E. C. Atkins and 
Company, Indianapolis, Indiana.-Gratis. 

CARBONIA is a four-page folder de-
scribing a process for obtaining a 

gun-metal finish on ferrous metal 
parts. This finish is applicable to many 
articles in bulk and is applied at the 
same time that the work is tempered. 
American Gas Furnace Company, Eliza
beth, New Jersey.-Gratis if requested 
on business letterhead. 

How TO BRAZE WITH PHOS-COPPER is a 
12-page booklet describing the use of 

a brazing alloy which can be used with 
gas, incandescent carbon, electric fur
nace, and dip brazing methods. Request 
Booklet B-3201. Westinghouse Electric 
and Manufacturing Company, Depart
ment 7 -N -20, East Pittsburgh, Penn
sylvania.-Gratis. 
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A rmy Haversacks 
heavy canvas, 7J,� by 11 
inches, with pockets, second 
hand, with leather sling. 
Postpaid for 75 cents. 1940 
75th Anniversary catalog, 
308 pages, 2000 illustrations, 
mailed for 50 cents. 1943 
circular for 3c stamp. 

Francis Bannerman Sons 
501 Broadway, N .  Y. 12 

. Send for FREE UTERATURE on .. 
'(i 'j m�INTS 1(' ) 

AND TRADE MARKS nT C. A.INO.6 CO. �, Reg. Patent AUtorneysS;nce 187� 
430 SNOW BLDG. WASHINGTON, 8-Co 

ALN I CO MAGN ETS 
No more Floating Bars. but 

we have some small Horse
Shoes % x % x %, • • .  Pair $1.2.5 

Lifting or holding magnets 
like cut . . . . • . • . • . . . .  each 4.00 

Medium size . . . . . . . . . . .  each 3.00 
One Ounce magnet in a 1'? x 

I" x 1%" frame will sup-
port 4 lbs . . . . . . • . . . .  each 2.00 

1 %" x %" Watch size Gear 
Box 150 to 1 ratio 

35c 3 for $1 .00 
2% x 1 %  A.C, 110 volt Clock 

Motor 15 minutes per one 
revolution . . . . .  , . . . . . . .  . . 2.50 

BLAN,  64M Dey Street, New York 7, N. Y. 

OUR MEN NEED 
* B O O K S  * 

S E N D  
ALL YOU CAN SPARE 

H e l p  a m a n  i n  u n iform e njoy 

h i s l e i s u r e  h o u rs. G i v e  yo u r  

good books t o  t h e  1 943 V I C· 

TO flY BOO K CA M P A I G N .  

Leave t h e m  a t  t h e n e a rest 

co l l ect i o n  center or p u b l i c  

l i b ra ry. 

SAorl-t'ut Aio/hellln/it's 
COM B l N t: l)  WITH 

P":Tcflcgl Mec/,ghit'$ 6/m,PItWetl 
NEW 2·in·l reading course ! Now you can learn s====:1im� 
the speedy, simplified system of calculation used by 

� 
draftsmen, engineers, accountants, " master minds" for � 
on the stage. Learn easy way to multiply 4 figures � 
by 4 figures without using old-fashion�d �ulti�li. t;'\ 
cation; add long columns of figures thIS hghtnmg fo'\ � 
ishort·cut method. Learn horsepower, slide rule, U 
micrometer, logarithms. wood measure, puzzles, etc., 

etc. Large illustrated volume complete with answers, fi:::.uz& 
only $1 postpaid. Satisfaction or refund. Amaze • X r:r:T;"':II friends with your magic·like mental powers. 

-
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-

01 W1!.S Complete details • • •  mail coupon TODAY! + V 10 
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T e l e s c o p l i c s 
A Monthly Department for the Amateur Telescope Maker 

Conducted by A L B E R T  G .  I N G A L L S  
Editor of the Scientific American books "Amateur Telescope Making" 

and " Amateur Telescope Makinl'-Advanced" 

YERKES was a Chicago traction mag
nate with plenty of wealth. The late 

Dr. George Ellery Hale tactfully made 
him realize that man is mortal and 
that after a few years the world would 
forget his name and his multi-millions, 
but by donating a big telescope to 
science, he could become an immortal. 
Hale got the money for the 40" tele
scope and Charles T. Yerkes got his 
immortality-which included burial in 
a crypt in the telescope's pedestal. 

Amateurs who have made exception
ally good telescopes may, too, become 
immortals without the bother and an
noyance of being rich, by dedicating 
these instruments to some educational 

Fiqure 1: Wates (left) and telescope 

institution or other corporate body (the 
burial beneath is not a requisite; in 
time it might even prove embarras
sing) . Cyril G. Wates, 771S Jasper Ave., 
Edmonton, Alberta, whose i2%" New
tonian reflector (Figure 1) was briefly 
described in this department in Decem
ber 1941, has now thoughtfully dedi
cated it to the University of Alberta, 
at Edmonton, Alberta, Canada. 

eyepiece instead. Such a party is a Big 
Day for the donating immortal. 

Asked to describe the telescope and 
dome, Wates writes: 

"The 12%" mirror is Pyrex, ground 
and polished by hand, but figured on 
a Hindle machine. Focal length 110" . 
The tube is cedar, glued up from 20 
strips and then turned. It is strength
ened with cast-iron rings. Just above 
the mirror cell is a lead counterweight, 
made in four segments and encircling 
the tube. The head of the tube, carry
ing the finder, eyepiece adapter, and 
2" Bausch and Lomb prism, rotates on 
ball bearings, and is turned by a hand
wheel and pinion working in a circular 

rack, which was filed out 
with the aid of a hardened 
steel template. 

"The finder is a 4" RFT 
with aluminum tube. There 
are no cross-hairs, as the 
telescope is to be used for 
clusters and so on as well 
as for a finder. 

"The main tube is mounted 
in a frame of 2%" angles, in 
a similar manner to the 100" 
at Mount Wilson, but the 
declination bearings are off
set a foot from the polar 
axis, to provide greater ac
cessibility to the circumpolar 
stars. There is a 150-pound 
counterweight to balance 
the tube. 

"The lower end of the 
polar axis rests in a conical 
roller bearing, and the up
per end turns in a heavy ball 
bearing. Provision is made 
for adjustment of both axes, 
by means of push screws. 
The drive, not yet installed, 

will be a modification of the Boyd Bry
don drive, with a slip clutch. 

"The declination scale is a strip of 
Celluloid, engraved with a tool made 
from a Schick razor blade and stamped 
with steel letters from an old Addresso
graph. This scale is bent around a 
semicircular block attached to the polar 
axis frame, and is viewed by means of 
a simple periscope from a point close 
to the mam eyepiece. The hour angle 
scale is an iron hoop 3' in diameter, 
enamelled white and carrying black 
markings. 

"The main dome is an exact copy of 
the dome of the observatory at the 
Rensselaer Polytechnic Institute, Troy, 
N. Y., and was built from blueprints 
furnished by Dr. Carragan of that in
stitution. The ribs are cedar, with a 
covering of Masonite, painted alumi
num. The slit is fitted with a curved 
shutter, conforming to the dome and 
moved by endless chains running on 
sprockets, operated by means of a 
worm gear hoist. 

"South of the dome is an extension 
with a roll-off roof, housing a 4" refrac
tor, a transit, and a zenith telescope. 
These instruments and the reflector 
are mounted on heavy concrete piers 
running below frost line-which is 
about six feet in these parts! The 
mounting for the refractor was built 
locally from my designs, and works 
very smoothly." 

Because of cramping and bad light
ing it is notoriously difficult to take a 
good photograph of a telescope within 
a dome. This hazard was obviated by 
using a combination of daylight and 
flashlight-a point possibly worth re
membering. 

O
NE way to lay out a setting circle is 
to make full use of the work already 

done by others in laying out gears. Fig
ures 3 and 4 show how one amateur, a 
Wyoming physician who prefers an
onymity, did the job, and are almost 
self-explanatory when studied. 

In Figure 3 the blank is being faced 
in a lathe. In Figure 4 is the special 
set-up devised by the doctor, consisting 
of an SO-tooth wheel bolted to the head
stock spindle, a supporting piece 
screwed to the bench, a 72-tooth wheel, 
and a ratchet engaging the latter. Fig
ue 3 reveals the missing small gear, 
having 16 teeth. 

Figure 2 shows the group present at 
the ceremony. Wates stands between 
Hon. J. C. Bowen, Lt.-Governor of Al
berta (with cane) and (toward the 
reader's right) Dr. R. Newton, President 
of the University. There were cere
monies, Dr. J. Pierce, Director of the 
Dominion Astrophysical Observatory at 
Victoria, B.C., gave the address, and 
Wates, not brawny enough to hand the 
president the telescope, handed him the Flc;rure 2: Wate. with celebrities at the dedication ceremony 
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Flqure 3: Fac:IDq .ettlnq circle 

Figure 4: The spacing set·up 

The ratchet, working on the 72-tooth 
wheel, would alone give divisions of 
5 ° .  To reduce thest:! to single degrees.  a 
16-tooth wheel on the same spindle 
meshes with the teeth of the 80-tooth 
wheel, giving a reduction of 5 to l.  

The ratchet has a rubber band spring. 
The maker states that, using a carbide 
tool ground to a long taper and whet
ted on an oil stone, he was able to 
make the degree marks on a 4" blank 
in about 40 minutes. 

Lesser details and the maker's name 
and address are available to especially 
interested readers. 

J OHN R. HAVILAND, 426 Second Ave., 
Lyndhurst, N. J . ,  author of the 

famous book-length chapter on the ob
jective lens, in "Amateur Telescope 
Making-Advanced," sends us the fol
lowing on the Barlow lens : 

"So many inquiries have been made 
regarding Barlow lens behavior that 
the following is submitted to relieve 
my 'homework' on the subject. 

"In July, 1937, the method of design
ing a Barlow lens was described [also 
by Haviland.-Ed. ]  in this column but 
no exposition of what happened iIi a 
telescope system was included. So here 
goes: 

"In 'A.T.MA.', page 231, there appears 
the formula for separated lenses, viz. , 
F = (f1 X f,) / (f1 + f2 -d) , where 
F = focus of combination, f1 = focus 
of telescope objective, f, = focus of 
Barlow lens, and d = distance between 
the two lenses. 

"Suppose we had a Barlow of focal 
length -18" (minus because the lens 
is diverging or negative) used with . a  
6 "  reflector of 48" focus. Suppose fur
ther that the Barlow is placed 2" inside 
the focus of the mirror. What is the 
new focal length? What is the magni-

fying power"? We get out our pencil : 
"Substituting in the formula: 

F = (48 X -18) / (48 - 18 - 46) 
= - 864/ - 16 = + 54. 

"Note that the eyepiece has to move 
6" out to the new focus. As the Barlow 
moves in toward the mirror the eye
piece moves out and the magnification 
increases. 

"The magnifying power of this com
bination may be found by dividing the 
length of the cone cut off by the Bar
low into the length of the new cone 
formed (Hindle, in 'A.T.M.', page 215) . 
Referring to Figure 5 it will be noted 
that the cone cut off is 2" long and that 
the new cone is 8" long. The quotient 
of these is 4. Thus the magnifying 
power is equivalent to that of a tele
scope having four times the focal length 
of the original. 

"A magnifying power of four is about 
the maximilm desirable. Make the 
Barlow lens of sufficient diameter to 
include slightly more than the diame
ter of the cone of light from your ob
jective when the Barlow is placed as 
far within the focus as it will be used. 
%," would be about right for the ex
ample above, since a 112 ° diameter field 
is about this size 2" inside of focus in a 
48" focus telescope. 

"As
· 
in any system which magnifies, 

the intensity of illumination goes down. 
In the above example the image of the 
Moon would be about 2" diameter. No 
ordinary eyepiece would accept an 
image this size. The illumination when 
using a 1" (equivalent focal length) 

L--
Figure 5: Barlow lens layout 

eyepiece with the Barlow will be the 
same or better than when using a %" 
eyepiece without it-the magnification 
being the same in each case. 

"The advantage of the Barlow is that 
the cone of light from it has a more 
acute angle at the vertex than the cone 
from an f /8 reflector. Thus, cheap eye
pieces (Huygens or Ramsden) will 
perform satisfactprily with it and will 
be comparatively free from the bad 
color and spherical aberrations which 
they produce when fed the wide angle 
beam from a large aperture-ratio ob
jective. Despite the imperfect achrom
atism of the Barlow, the overall result 
will be an improvement over the com
mon reflector and Huygens eyepieces . 
Most of us can't afford the trick eye
pieces needed to give good color cor
rection on reflectors, so the Barlow is 
an easy way out of this difficulty. as 
well as furnishing an exercise in mak
ing an achromatic lens of not too rigor
ous limits of figure and achromatism." 
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COMPLETE H I GH·GRA D E  KITS 
O U R  SPEC I A LTY 

Each kit has two glass discs 
( correct thickness ) tempered 
pitch, 8 assorted abrasives 
( fewer may not give perfect 

optical surface ) ,  rouge, in· 
structions, FREE ALUMI· 
NIZED DIAGONAL, etc. 

POLIS H I N G  and PARABOLIZING 

MIRRORS, all sizes 
4 "  Kit $2.95 
6" Kit 3 .75 
8 "  Kit . . . . . . .  6.50 

10" Kit 10.00 
12" Kit . . . . . . .  1 5 .00 

made to order. 
( Pyrex, $4.00 ) 
( Pyrex, 5 . 5 0 )  
( Pyrex, 8.00 ) 
( Pyrex, 1 5 .0 0 )  
( Pyrex, 2 5 .00) 

A L U .M I N I Z I N G  
A harder and brighter aluminum coating that i. 
uniform and produces a lasting and superior r ... 
fleeting surface .. Guaranteed not to peel or blister. 

6" . . . . . . . . . . . . . . . . . . . . .  $2.50 
8" . . . . . . . . . . . . . . . . . . . . . $3.50 

1 0" . . . . . . . . . . . . . . . . . . . . .  $5.00 
Mirrors for Cameras, Range Finders 

and other optical instruments. 
Write for FREE ILLUSTRATED CATALOGUE 

T H E  PRECISION OPTICAL CO. 
1 00 1  East 1 63rd street, 

New York 59, N. Y. 

ACH ROMATIC LENSES 
A limited number of achromatic lenses of the 
following sizes, suitable for RFTs, collimators. 
telescopes, achromatic condensers. etc. are avail
able while they last. 
1-1 1/16" diam. 2-3116" dlam. 21,2" diam. 
20" fl. -$5.00 ea. 5;2" fl. -$4.50 ea. 6%" ft.-$S.OO ea. 

4%" . . ... 4.00 . . 8;'4," . . ... 6 . 00 . .  
5%,"  " - 4.00 . .  101,2" . , ... 7 .00 " 
5%" " ... . 4 .00 . .  One pair simple lenses for 

2 1,4" eft. Huygenian eyepiece 
(field lens 1 %" diam . )  $2.00 pro 

ALUMINIZING AS USUAL 

LEROY M. E. CLAUSING 
5507 L i ncoln Ave., Chicago, I II .  

TELESCOPE 
MAKERS 

Quality materials of the RIGHT kind. 
S' Klt :-Glass. abrasives. pitch. rouge. and 
instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . $5.0' 
H O B BY G R A FS- I N FO R MATI O N - I N S P ECT I O N  
We offer you the benefit o f  our 24 years 
of experience at this hobby. Send for free 
price list. 
John M. P i erce, 11 Harvard St . ,  Springfi e l d .  Vt. 

REFLECTING TELESCOPE KITS 
OUR SPECIALTY 

(Send for our NEW, ENLARGED, and ILLUS. 
TRA TED catalogue. ) 

M. CHALFIN 

G.P.O. Box 207, New York, N. Y. 

�� TEtESCOP' 
A Popular Illustrated 
Astronomical Monthly 

For amateur astronomers - new star 
charts,  Gleanings for telescope makers, 
page for observers, and celestial photos. 

$2 a year, domestic ; $2.50 foreign 
Single copy, 20 cents. 

SAMPLE COPY ON REQ UEST 

SKY PUBLISHING CORPORATION 
Harvard Observatory, Cambridge 38, Mass. 
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M AT H E M AT I C S  D I C TI O N ARY  
Great h e l p  i n  reading any book using 

mathematics. 
Invaluable when t h e  meaning o f  an 

occasional word or p h rase i s  needed. 
Saves t i m e  and labor at So nominal 

cost. 
The .James Mathematical Dictionary 

nrovi d e s : brief, c l e a r  definiti o n s ; easy 
i l lustrative exam p l e s ; figures ; e x c e l l e n t  
cross-refer e n c e s ; f o r m u l a s  o f  a l l  sorts, 
and the tables ordinarily used i n  hand
books. 

Second e d i t i o n ,  1 9 4 3 : attractive for
mat ; 327 pages ; $ 3 . 0 0  p o s t p a i d .  

Indicate flexible o r  n o n - fl exible b i n d 
ing. Order from The Digest Press, Dept. 
2B, Van Nuys, California. or The Scien
tific American. 

E A RTH,  MOON A N D  P L A N ETS 
By F R E D  L.  W H I PPLE 

M ember of the Harvard College Ob

servatory staff presents authentic 

known facts on the planets, how the 

system holds together, the discoveries 

of Neptune and Pluto, determining 

the masses of the Earth and other 

bodies, the Earth as an abode of life, 

the Moon's influence on the Earth, 

observing the Moon, nature of the 

Moon ; also on Jupiter, Saturn, Uran

us, Neptune, Pluto, Mercury, and 

Venus, and
· 

on Mars ; also the origin 

and evolution.-$2.60 postpaid. 

FOR SALE BY 
SC IENTIFIC AMERICAN 

24 W .  40th St. New York City 

THOOSANDS 
of N EW and P RACTICAL For

m u las From Every I mportant 

Industry Will  be Found in  the 

Latest Edition 

of 

The New Chemical 
Formulary 

(Vol. 6)  

Edited b y  H .  BEN N ETT 

From adhesives to textiles, accu
rate formulas  a re g iven for a 
m u ltitude of products. Al l oys, 
beverages, oi ls, cosmetics, pa ints, 
pol ishes, are just a few of the 
subjects covered. 

Important today ;s the chapter on 
substitutes. 
Suppl iers of chemicals  a re l isted, 
with addresses, for convenience in 
locating needed materia ls. 

635 pages $6. 1 0  postpaid 

SC I ENTIFIC AMER ICAN 

24 west 40th Street, New York 1 8, N .  Y. 
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Our Book Corner 
THE BOOK DEPARTMENT of Scientilic American is conducted. with the 
co-operation of the Editors. to make available for you a conlprehensive 
book service. Each month the Editors selecl and review in these columns 
new books in a wide ranqe of scientific and technical fields. In addition. 
they are ready at all times to advise you reqardinq the best available 
books on any subject. You are invited to use this service freely. Tell our 
Book Department what kind of books you want and you will be furnished 
with the names of available books. includinq prices. When inquirinq 
about books. please be specific: remember that we can be of the qreatest 
help only when you tell us just what you are lookinq for. Books listed 
in these columns may be ordered from our Book Department. Add 25 
cenls per book for mailinq outside U. S. 

Conducted by J O H N  P .  C A N D I A  

TBE MACHIIE TOOL PIIMEI 

By The Berberl D. Ball Foundation 

A BRIEF but comprehensive and all
inclusive summary of the metal 

working industry, presented in language 
devoid of technicalities and obscurities. 
The text covers the principal tools used 
in metal working, mass production 
methods in industry, the organization of 
a metal working plant, methods of meas
uring and improving efficiency, and how 
to use the tools upon which metal work
ing is based. The appeal of this general
ized text is wide indeed-anyone, young 
or old, who may want or need a funda
mental knowledge of machine tools and 
their applications will find that knowl
edge available here in a form that is 
easy to assimilate yet adequately com
plete within its scope. (280 pages, 7lj2 by 
10% inches, 341 excellent drawings and 
photographs. )  -$1.60 postpaid.-A.P.P. 

BEAT TIEATMEIT OF METALS 

By J. Winuing 

C ONDENSED yet fairly complete is this 
straightforward account of heat 

treating methods and the underlying 
principles on which they are founded. 
Although essentially concerned with 
British practice, the text will be of 
value to industrial engineers in this 
country who have need for a general
ized survey. (100 pages, 5% by 9 inches, 
39 drawings and photographs.)  -$1.60 
postpaid.-J.P.C. 

PIISM AID LEIS MAKIIG 

By F. Twyman 

T HE managing director of Adam Hilger 
Ltd., Britain's outstanding precision 

optical producer, and inventor of the 
well-known Twyman interferometer, 
reveals in this new, compact text book 
the meat of what he has learned in a 
long lifetime about practical shop work. 
Content: Historic.al ; elements of single 
lens working; nature of grinding and 
polishing; tools and materials; quantity 
production of lenses and prisms ; center
ing, edging, and balsaming; making and 
working blocks of prisms; testing oph-

cal work; testing optical glass. The 
American optical industry has already 
sought this new book eagerly (roof
prism producers of amateur origin speak 
highly of it) . Of what use would so ex
pensive a book, ostensibly on profes
sional quantity production, be to ama
teur telescope makers? To the tyro, 
almost none. Nor will advanced ama
teurs find it a full step-by-step manual. 
It is more in the nature of a wide va
riety of notes, any single one of which 
may justify the purchase, a single short 
note often embodying the invaluable 
essence of years of costly shop experi
mentation, and as basically applicable 
and revealing in single-piece work as 
in mass production. It seems conserva
tively safe to predict that, eventually, 
hundreds-perhaps thousands-of ad
vanced amateurs will place this excel
lent working aid next to "A. T. M� A." 
on their shelves. (178 pages, 5% by 8% 
inches, 63 illustrations.) -$4.60 postpaid. 
-A.G.I. 

FIGHTII' OIL 

By Barold L. Ickes 

OIL, life-blood of civilization and par
ticularly of modern military opera

tions, is a far more complex subject than 
the average person appears to realize. 
Thus the thoughts of Mr. Ickes, set forth 
here in pungent, straight-from-the
shoulder exposition, are worth more 
than casual attention. The text surveys 
the need for oil, how to conserve it, how 
it is being used in a number of ways, 
and all the other ramifications of this 
important subject. ( 174 pages, 5% by 
8 inches, a few drawings and photo
graphs.) -$1.75 postpaid.-A.P.P. 

HARDNESS AND HABDIESS 
MEASUIEMEITS 

By Samuel I. Williams 

METALLURGISTS and engineers long have 
dealt with hardness testing but 

largely on an empirical basis. Here for 
the first time a physicist seeks to go be
hind this basis and explain basic, funda
mental research that leads toward the 
clarification of the subject. He rounds 
up and brings within compass of two 
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covers a vast amount of previously scat
tered data on: Theories and definitions 
of hardness ; atomic structure in relation 
to hardness; underlying conditions in 
hardne[s measurements ; wear resistance 
in relation to hardness ; early, recent, 
and modern scratch methods ; Brinell, 
Rockwell, and other methods ; elastic 
properties as a measure of hardness ; 
rebound methods ; pendulum methods ; 
tests on non-metals ; portable testers ; 
hardness and magnetic properties ; mag
netic methods ; electrical methods ; notes 
on manipulation; bibliography of about 
1500 citations. A truly remarkable vol
ume combining theoretical and practi
cal. (558 pages, 6 by 8% inches, 340 il
lustrations.)  -$7.60 postpaid.-A.G.I. 

FIELD IF ACTIOR OF AIRCRAFT 

By W. W. Sm.ilh 

BAsED on the discovery of a new method 
of solving all types of "radius of 

action" problems, and claimed to be 
simple for aerial navigators, this is. a 
book of demonstrations and problems. 
(63 pages, 81h by 11 inches, illustrated.) 
-$1.50 postpaid.-J.P.C. 

SCIEHCE YEABBOOK 8F 1943 
Edited by Jehn D. Ralcliff 

S ELECTION of the 28 outstanding articles 
on medical research, aviation, natural 

history, and agriculture, published in 
1942 in Reader's Digest, Saturday Even
ing Post, Atlantic Monthly, Colliers, 
Harpers, Fortune, American Magazine, 
Country Gentleman, Time, American 
Legion Magazine, Woman's Home Com
panion, and Scientific American, as cho
sen by John D. Ratcliff. Naturally, nearly 
all of these are on the more rather than 
the less popular side. (226 pages, 51h by 
8 inches, unillustrated.) -$2.60 postpaid. 
-A.G.I. 

INDUSTRIAL RAIIILln 

Iy 51. John aad Iseabrger 

PRACTICAL, working treatise on the use 
of X-rays and gamma rays for exam

ining castings, forgings, and the like, 
for internal defects; it even includes 
cost data. It is the second edition of a 
book published in 1934 and under the 
slightly different title of "Industrial Ra
diography" the scope having now been 
broadened and the content brought up 
to date. (298 pages, 5% by 9 inches, 103 
illustrations.)-$4.10 postpaid.-J.P.C. 

SIW OUR ARMY GREW WIHGS 

By Charles leFeresl Chandler. Lale Colonel 

U.S. Army. aild Frank P. Lahm.. Brigadier 

General. U.S. Army. Relired 

BOTH of the authors played distin
guished personal parts throughout 

the development of Army aviation and 
are essentially fitted by experience, 
knowledge, and personal character to 
write an impartial, well-documented, 
'lmd almost definitive account of the 
progress of our Air Corps. The book 
grew from voluminous notes and cor
respondence left by Colonel Chandler, 

S AVE U P  T O  70% 
O N  TE C HI I C AL B O O K S  
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The 
Editors 
Recommend 
B e s t  S e l l ers in Science 
PLASTICS - B y  I .  H. Du"o". Meaty inlormation 
on the whole general lubject of plalticI, presented 
in narrative form. for easy reading. Tabulations of 
properties of plaatica, plua basic design information. 
for laymen and technician. alike. '8.10 
EXPERIMENTAL ELECTRONICS - By Ralph 
B. Muller, R. L. Garman, and M. E. Dro •• 

A lolid book of eminently practical information on 
the characteristics and Don-communication applica
tions of electron tubes. The text describes experi. 
menta and present! resulta. For .tndenu, radio 
engineer., communi-cationl expertl, and the Beriolll 
leneral reader. '4.15 
HOW TO READ ELECTRICAL BLUEPRINTS -
By Glib .... M. Heine and Carl H. Dunlap. A 
chapter on how blueprint. are made, plua nine other 
lectioDs, each of which ia devoted to a apecialized 
parl of the electrical fi eld, from bell and signal 
wiring through motor c ontrol diagrams to power 
atation blueprints. $S.10 

GET TOUGH I - By Capt. W. E. Fairbairn. 
How.to·win-iu-hand-to.hand- 6ghting directions, by • 
man who really knows rough·and.tumble methods 
that are not' uclean" fighting but are designed to 
win. 81.10 

A COMPREHENSIVE SMALL ARMS MANUAL -
By Charlea T. Haven. Prepared to acquaint State. 
Guards, Regular Police Depts., Coast Guard Auxil· 
iaries, Plant Guards. Auxiliary Police Depts., and 
civilians with the operation, care, and limitations 
of weapons at present available for these type. of 
defense and protective units. Discussion of all . types 
of military and sporting rifles, shotguns, submachine 
guns pistols, and revolvers, as well a8 their care, 
use; and ammunition. $ 1 .60 

TECHNIQUE OF PLYWOOD - By Chari ... B. 
Norria. Technical information on all phases of ply
wood manufacture and UBe, co�piled for engineera. 
designers, and users of plywood. Important to 
many phases of wartime housing and manufacturing 
problems. '2.50 

FUNDAMENTALS OF RAD I O  - By Jordan, 
Oaterbrocli, Pumphery, and Smeby. With this 
one volume alone, and with some diligence of applica' 
tion, it is possible to obtain a thorough grounding 
in radio principles. In thoroughness of treatment, 
with due respect for the needs of the reader, this 
book is outstanding. $5.10 

POPULAR MATHEMATICS - By D .. nning Mllier. 
Anodyne for those who have mathematical indiges.  
tion. Ground treated is arithmetic, geometry, algebra, 
analytical geometry, trigonometry, c onic sections, 
solid geometry spherical trigonometry, calculus. The 
c overage is not complete ; it is  rather9 a collateral 
book-and good friend.  $3.85 

ELEMENTS OF ORDNANCE - A textbook pr • .  
pared for cadet!! of the United States Military Acad
emy. Covers manufacture, the chemistry of explosives, 
types of weapons, mathematic. of ballistics9 etc. 

'6.60 

AIRCRAFT INSTRUMENTS - By Georg.. ElIlI 
Irvin. All types of instruments for aircraft use de� 
Icribed for students, pilots, inspectors. Fundamentals, 
Instructions. '5.10 

MARINE DIESEL HANDBOOK - By Loul. II. 
Ford, M.A.. A compendium of data on design, 
construction, and operation of the marine "Diesel 
engine with chapters covering applications, prin 
ciples, types, fuel injection systems, lubrication, 
supercharging, and so on. $7.25 

MACHINERY'S HANDBOOK-EI ...... nth Edition. 
"Bible of the mechanical industry , "  enl�ged to 
1815 pages of latest standards, data, and information 
required daily in the Ihop and drafting room. 

'6.10 
PROCEDURES IN EXPERIMENTAL PHYSICS -
By lohn Strong, Ph.D. A wealth 01 u •• ful data of 
• practical kind for the construe-tol, experimenter, 
aDd .killed craftsman. '6.80 
STEEL SQUARE POCKET BOOK - By D .. ight 
L. Stoddard. Practical methoda of using the car .. 
peuter'a steel square for layout work of all kind •• 

Time·tried methods used by two generationa of car· 
pentera and fo�nd both rapid and accurate. 11.00 

REFINING PRECIOUS METAL WASTES - By 
C. M. Hoke. A practical book, based on experi. 
ence, dealing with proc essing, identification, and 
repurification of such metals as gold, platinum, 
silver, alloys, iridium, and rhodium. 85.10 

WORKING WITH THE MICROSCOPE - By 
Julian D. Corrinllton. For the serious beginner. 
Explicit, practical. '3.60 
TOOL MAKING - By C. B. Cole. InstructioDS lor 
making and using all kinds, from personal tools to 
arbor presses,· lathes, planers, etc. , in diJJerent metals. t3.60 
THE ELECTRON MICROSCOPE - By Burton 
and Kohl. A well· written account of this newest 
tool of Icience, with all technicalities es:plained for 
c omplete u

!l
derstanding by average persona. ,3.95 

ENCYCLOPEDIA OF KNOTS AND FANCY ROPE 
WORK - By Granmon� and Hen.el. More knota 
are described in this remarkable book than in any 
book on seamanship ever published or dreamed of. 
3257 knots are illustrated in half-tone reproduction 
and are described in the test. '5.10 

A MATHEMATICS REFRESHER 
Hooper. Prepared mainly to refresh 
trainee.ll wh ose high school mathematics 
Scope - arithmetic through calculus� 

By .4.. 
aviation 

is rusty. 
$2.60 

PLASTICS, PROBLEMS AND PROCESSES - By 
Mansperger and Pepper. The whole story of pI ... 
tics, including a resume of manufacturing prOCe8sel 
and a number of thorough.going chapters devoted to 
plastic uses . $S.lO 

AUTOMATIC ARMS - By M .. l1Oln M. lohn.on 
and Charls. T. Haven. Comprehensively covera 
machine guns, machine rifles, sub-machine gunl, 
pocket pistols, shotguns, .porting, military rifles in 
automatic classi�cation. $5.10 

BASIC FIELD MANUAL, INFANTRY DRILL 
REGULATIONS. Practical working manual for 
commissioned, Don·commiisioned officers. '.50 

HANDBOOK OF CHEMISTRY AND PHYSICS 
A classic reference  hook recently revised and brought 
up-to-date to keep pace with recent research. In· 
cludes material on all branche. of chemistry, physic •• 
and allied sciences.  Used in laboratories and by 
engineers thr�ughout tho country . Flexible binding, 
2503 pages. $4.10 

ATOMIC ARTILLERY - B y  John Kelloclo 
Robertson. Electrons, protons, positro�st photon., 
neutrons. and cosmic rays, all described for the 
layman in plain language. Also transmutation of the 
elements and the manufacture of artificial radio· 
activity. '2.35 

• The above prices are .postpaid in the United States. Add, on foreign ordera, • 25¢ for postage on each book, except as noted. 
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who first conceived the idea of the book 
as an informal batch of reminiscences. 
Colonel Chandler's project became more 
ambitious as he went along and, fortu
nately, General Lahm could complete 
the work after Colonel Chandler's death. 

The book is a fine record of great his
toric events, dealing with the pioneer 
period of Army aeronautics and ending 
appropriately with the Act of July 8, 
1918, which approved formation of the 
Aviation Section of the Signal Corp. 
(333 pages, 32 illustrations.) -$3.85 post
paid.-A.K. 

THESE MYSTEIIOUS lAYS 

By Alan L. Harl, M.D. 

RADIOLOGY in medicine. Chatty, read
able, non-technical discussion of the 

uses of X-rays and radium, chiefly in 
medicine. Anyone having a layman's 
interest in the th,ings that doctors find 
out by means of X-rays would revel in 
this book. It tells in simple terms what 
the doctor finds when he X-rays you, 
and deals with nUmerous conditions and 
ills. (218 pages 5IAl by 8 inches, 28 illus
trations.) -$2.85 postpaid.-A.G.I. 

AIRCRAn ENGINE MAINTENANCE 

By James H. Suddelh 

I N ORDER to make this volume as com
plete as possible, the author has in

cluded not only those phases dealing 
strictly with maintenance, but also a 
thorough-going explanation of the con� 
struction and operating principles of the 
aircraft engine. Designed for mechanics, 
pilots, draftsmen, students, and so on. 
(372 pages, 6 by 9 inches, 268 illustra
tions.) -$2.85 postpaid.-J.P.C. 

THIS EXCITING AIR 

By Boone T. Guylon 

T HE sub-title, "Experiences of a Test 
Pilot," correctly defines the subject 

matter of this small book. Mr. Guyton, 
who began his flying with . the Navy, is 
one of the most experienced test pilots 
in the country and neither unduly glam
ourizes the art of test flying nor un
derates its dangers and difficulties. For 
a lay reader who wishes to know what 
a test pilot really does, this book will 
provide information and entertainment; 
a professional reader will add it to his 
stock of interesting flight yarns. (218 
pages, 9 photographs. )  -$2.10 postpaid. 
-A.K. 

HUMANIZING BIBLICAL RELIGION 

By William Floyd 

I CONOCLAsTIC but not deliberately dis
putatious or blatant analysis of widel>, 

accepted beliefs, with a constructive 
statement of the secular philosophy of 
humanism based on natural law and an 
impersonal force in the universe, also 
on ethical conduct for a better life here 
and now on earth. This philosophy has 
much in common with those held by 
many scientists. (276 pages, 6 by 9 
inches, one illustration.) -$2.10 postpaid. 
-A.G.I. 
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What goes on 
under a Nazi pilot's cap ? 

PUT YOURSELF IN H I S  P LA C E  • • •  

in his cockpit climbing swiftly 
away from an Axis airfield into a 
pitch-black night . . .  bomb racks 
loaded . . .  heading for Yank-held 
territory. 

How would your mind work 
(under a .Nazi  b o n n e t) , if you 
knew R a d a r ' s  s leepless,  X-ray 
"eyes" were wai ting up to greet 
you . . . on warships, airfields, 
and lookout posts of the United 
Nations' forces ? 

What would you be thinking . . .  
knowing that Radar was robbing 
you of "surprise" ,  the attacker's 
one tactical advan tage . . .  detect
ing you as much as 1 30 miles from 
your target ? Always watching you 
. . .  in storm, clouds, and fog . . .  
five miles up or skimming the 
wa ve� ! . . .  marking you for am
bush and destruction ! 

When the flak whams accurately 
through the clouds to rip j agged 
wing holes ; when you meet night 
fighters who need no flame from 
your exhausts for true aiming, 
wouldn ' t  you momentarily doubt 
the infallibility of the "master 
race" ? 

Wouldn ' t  you nurse a scowling 
respec t  for American ingenuity ? 
For Radar was developed in the 
United States . ; . pretty much 
the product of Navy and Army 
research laboratories who weren't  
as unprepared as you thought. 

And shouldn't it  occur to you 
that a fellow can't win when he's 
fighting against a nation with the 
inven tiveness and resources to 
produce weapons l ike this ? 

Westinghouse Electric & Manu
facturing Co., Pittsburgh, Pa. 

Westinghouse was maki ng Radar 18 months before Pearl Har

bor. Since then, Westinghouse production of radio communi

cations equipment, including Radar, has increased 41 times l 

Westinghouse 
PLANTS I N  2 5  CITIES • • •  O FFICES EVERYWHERE 

Famous dates in the history of Radar 

1922. Naval Laboratory, Anacostia, D. C. 
Dr. A. Hoyt Taylor and Leo C. Young, observing 
that radio signals were reflected by passing ships, 
saw in it a means of detecting enemy vessels in 
darkness and fog. This was the birth of Radar ! 

1937. Bloomfield, N.J. Westinghouse devel
oped the key electronic tube for the U. S. Army's 
first R adar equipment used to detect aircraft. 
Radar focuses in visi ble, ultra-high-freq uency waves 
traveling at 1 86,000 miles per second. 

1941. Pearl Harbor, T. H. Approaching Jap 
bombers were detected by a Westinghouse-made 
Radar when 132 miles distant. Because a flight of 
American planes was expected, no warning was 
sounded. 

1943. On every front Radar has revolution
ized naval and air battle tactics . • •  and multiplied 
a hundredfold the range of human vision. In days 
to come, Radar will guide air transports and ocean 
liaers safely through fog and darkness. 
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RAW S UG A R 

• Built by Matson Navigation Company and the Hawaiian 
Sugar industry in conjunction with Stephens-Adamson 
Mfg. Co., this conveying system is moving bulk raw 
sugar from ship to a 40,OOO-ton·storage bin. 

Ma n y  a n d  v a r i e d  a r e  t h e  

Illachines o n  which � � W  
Bearings work. And one o f  theIll i s  this 

raw sugar conveying systeIll with � � W  
Bearings on the trunnions carrying the 

weight of the hooIll which swings froIll 

horizontal to vertical positions and takes 

the entire weight of the huilt-in con

veyor. All of which proves that in IllOV

ing sugar - as in Illoving Illen and 

Illateri als of all kinds - the full load 

carrying capacity, self-alignIllent, free

dOIll froIll adjustIllents and Illany out

standing � � W  advantages play a vital 

part in the War Effort. 5350 

im�W INDUSTRIES, INC., PHILA., PA. 

MO VED IN B ULK 
ON S K F  BEA RINGS 


