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THIS 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 instrum.ents, engineering 
design, construction, and operation are merely 
suggestive of its tremendous scope - which 
extends throughout the entire range of tech­
nica1 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 inform.ation 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. 

F rom Fundame ntals 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 place-comprehensively 
treated in the language he works with-the language 0/ science. 

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, Totary 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 start planet, constella­
tion-How optical instruments are constructed-How to work 
arithmetic, algebra, geometry problems-How bridges are con­
structed-How an airplane beacon 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 
Encyclopedia if published in the ordinary way, would 
fill more than 12 average-size volumes_ Here is just a 
brief outline of some of the subjects covered: 

CHEMISTRY: Chemical elements--symbols, atomic number, 
atomic weight, density, hardness, melting point, etc.-com­
mon reactions, occurrence in nature, method of production 
from ores, uses in industry. Compounds-full information, in­
cluding manufacture and use. Organic compounds; industrial 
products. Agricultural chemistry, food chemistry. 

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

MATHEMATICS: From fundamentals of arithmetic to algebra, 
geometry, trigonom.etry, calculus, differential equations, etc.; 
with special emphasis on their application to science. 

ASTRONOMY: Articles cover the entire subject. Each important 
constellation is shown on a star map so that it can be easily 
located in the sky. Com.plete 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 anatomy, 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 desigri, 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_ 

." 

Pre.oared by Outstanding Authorities 
In Each Field of Science 

The high technical standing o·f the editors is your 
assurance of the authoritativeness and accuracy of 
every statement. Although the responsibility fol' 
each subject was in the hands of a single noted 
scientist, the authors and publishers have had the 
co-operation and advice of a large group of well­
known authorities. 

CONTRIBUTING EDITORS 
GEOLOGY 

RICHARD M. FIELD, Ph.D ....... Princeton University 
ASTRONOMY AND NAVIGATION 

WARREN K. GREEN, Ph. D . . . . . . . .... Amherst Col/ege 
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ARTHUR W. LINDSEY, Ph.D ....... Denisen University 
ENGINEERING AND AERONAUTICS 

FREDERICK T. MORSE, M.E., E.E., University of Virgin ... 
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MINERALOGY 
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CHEMISTRY 

RALPH K. STRONG, Ph.D .. . . Rose Polytechnic Institute 
PHYSICS 

LERoy D. WELD, Ph.D . . . .... ... . . . .... Cae College 
BOTANY 

R. M. WHELDEN, Ph. D. 
Massachusetts Institute of Technology 

Among the many CONS U LT ING E DITO RS 
ROBERT H .  BAKER, Ph. D . •  D. Sc .. . University of  Illinois 
HEMPSTEAD CASTLE. Ph. D . . . . . . . . . . •  Yale University 
C. W. CUNNINGHAM, B. S. 

College of the City of New York 
HERBERT O. ELFTMAN, Ph.D . . . .. Columbia University 
ERICH HAUSMAN, E.E., Sc. D. 
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ADOLPH KNOPF, Ph. D .. . . . . . .... . . . . Yale University 
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College of tlie City of New York 
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HUGH S. TAYLOR, D. Sc. , F.R.S ... Princeton Univers,ty 
TOHN TURKEVICH, Ph.D .. . ...... Princeton University 
VOLNEY H. WELLS, Ph.D .. .. ... . .. .  Williams College 

CIVIL ENGINEERING: Surveying. Bridges, highways, railway. 
-every subject thoroughly explained. 

1------------------------

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 countless special 
subjects 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. 

EXAMINE A C Opy F R E E 

It is difficult in this limited space to give you a complete adequate idea 
of the immense arnoun.t of material contained in the Scientific Encyclopedia. 
See this volume for yourself, without expense or obligation. We will send 
it to you for free examination. D. Van Nostrand Co., Inc., 250 Fourth 
Ave., New York 3, N. Y. 
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60 YEARS 
OF PEACE 
AND WAR 

manufacturing 
Precision optical lenses 

and instruments - prisms, 

optical flats, mirrors, 

special optical systems, 

microscopes, telescopes, 

projectors, eyepieces, lab­

oratory equipment, rifle 

sights, spotting telescopes, 

spy-glasses, etc. 

Wm MOGEY & SONS, INC. 
PLAINFiELD NEW JERSEY 

EXPEDITE OFFICE AND SHOP 
WORK THIS MODERN, ACCURATE, SPEEDY WAY 
Accurate A - FE - CO photo - copies are made 
direct of anything on paper, cloth or film, 
written, printed� drawn or photographed, or 
bound in books. A-PE-CO "photo-exact" copies 
are so ,useful, so easily and quickly made, 
that the versatile A-PE-CO Photo-Copyer is 
a modern necessity in thousands of shops and 
offices. A valuable aid in postwar planning. 

Legally Accepted Photo-Copies of 
• Letters • Pictures • Documents • Drawings 
• Records • Receipts • Blueprints • Shop orders 

A-PE-CO "photo-exact" copies are permanent, 
easy-to-read. Same-size copies up to lS"x 22" 
made easily and quickly. Mistakes are im­
possible. Any girl or boy quickly becomes 
expert. Saves stene- c opying, proofreading, 
tracing. No camera or film. Nothing to get 
out of order. Use on any desk or table. 

This modern, versatile method assures accu­
racy in every department. Make sure your 
copies are "A - PE - CO - perfect". Immediate 
delivery. Write for A-PE-CO folder, today! 

,AMERICAN PHOTOCOPY EQUIPMENT CO. 
2849 N. Clark St., Dept. KH-34. Chicago 14,IIlinois 

Representatives in principal cities and Canada 
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1_ Previews of the Industrial Borizon � 
WO O D  I N  T H E  F U T U R E  

EVIDENcE that the wood industry-mildly castigated in the 
item on paper published on this page in our January issue­
is doing something about the problems of perpetuating their 
raw material source, is to be found in information which has 
just come to hand. 

For years Scientific American has advocated forest conser­
vation. Trees are living, growing things which constitute our 
only regenerating natural heritage. Once coal or oil are re­
moved from the ground, they cannot be replaced. But if 
forests are scientifically· managed-intelligently harvested 
and replenished by adequate replanting programs-they can 
continue indefinitely to serve the needs of mankind. 

What is needed, then, is continuing active work on the 
part of the wood industry as a whole to provide the means 
whereby new growth of wood will annually equal or exceed 
the amount harvested. An estimate made in 1920 placed 
wood growth at six billion cubic feet a year; an equally re­
liable estimate made in 1936 (the last year for which figures 
are available) indicated an increase to over 11 billion cu1;>ic 
feet of growth, or only 20 percent less than the total amount 
of wood harvested that year plus the losses due to fire, in­
sects, and disease. 

Here is definite encouragement that the gap between wood 
use and wood growth is closing. Reserves still dwindle, but 
the rate of dwindling is slackening. For the long pull this is 
significant, since industry is constantly finding new uses for 
wood. As the chemical industry calls for more and more wood 
to use as a basic raw material, as paper products increase in 
applications, as construction work puts into active use the 
recent developments in wood fabrication, the demand for 
wood will increase beyond anything ever dreamed of in the 
past. 

Thus, when scientific management of forests hits its full 
stride, and there is every indication that it will do so in 
the not too far distant future, industrial America will be 
assured of a continuing supply of this needed material. 

F A I R  A N D  C O O L E R  

NOT all the technological advances now held in abeyance, 
so far as the ultimate consumer is concerned, are traceable 
directly to the war effort. A case in point is the unit room 
cooler and air conditioner, for summer comfort and for treat­
ment of some respiratory ailments, which was just beginning 
to come into its own in 1941. Estimates for post-war produc­
tion of these units range from 100,000 to 200,000 per year, but 
The Crosley Corporation, always optimistic about the right 
product at the right price, foresees sales of such units soar­
ing to the mark of a million annually. 

Certain it is that room coolers offer decided advantages 
of comfort and better working conditions ; equally certain is 
the fact that recent improvements in materials and. know­
how can be applied to production of units superior to those 
made in 1941. Post-war potential market for such coolers 
will undoubtedly be large. Whether the million a year mark 
will be reached depends upon the ingenuity of industry. 

R A D I O  O N  T H E  ·R A I L R O A D  

F OR many years sporadic experiments have been conducted 
with radio communication between fixed stations and mov­
ing trains. Radio receivers have become standard equipment, 
for entertainment purposes, on many trains. Other applica­
tions of this form of communication to railroad work have 
been toyed with and then dropped. 

Nowt however, there is a spot on the horizon that, from 
this distance, appears to presage the use of standardized 
radio equipment on railroads for routine dispatchin� purposes. 
Undoubtedly such usage would supplement wire dispatching, 
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the block system, and other railroad safety installations. But 
radio would go farther than anything now used. It would 
tend, by providing a continuously operating means of com­
munication with train crews, to reduce greatly the possi­
bility of disasters of the type that have been occurring all 
too frequently on American railroads in the past few months. 

C H E M I C A L S  F R O M  G A S  

LOOK upon natural gas a s  a raw material source for the 
chemical industry in the near future. Virtually a chemical 
twin to petroleum, natural gas is currently being used to 
the extent of over 95 percent of production for industrial 
and household fuel. It is entirely probable, however, that 
more and more of this gas will be diverted to other purposes. 

Butadiene, glycerine, carbon tetrachloride, gasoline, sulfa 
drugs, and fertilizers are some of the products available 
directly or indirectly from natural gas. Upon such possi­
bilities can technology build an important chemical future 
for this product of nature. 

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

SEEMINGLY fantastic propositions, when backed b y  the solid 
judgement of qualified technicians, deserve studied thought 
before dismissal. Thus when sanitary engineer Morris M. 
Cohn, of Schenectady, New York, proposes that the refuse of 
cities of the future be disposed of through intricate systems 
of pneumatic tubes, the idea should not be dismissed too 
abruptly as impractical. 

Garbage, ashes, and household refuse of all kinds would be 
handled by the tube systems, equipped with air-lock cham­
bers at each point of entry and powered by strategically lo­
cated booster stations to maintain adequate suction. 

Such a system, as Mr. Cohn says, would require a "complete 
re-orientation of engineering ideas." It would also provide 
a huge market for construction materials and labor. 

ON I T  B E A T E R S  

RELIABLE report has i t  that there has been developed for the 
United States Army a portable, self-contained and self­
powered forced warm-air furnace that weighs only 45 pounds 
and is about the size of an average suitcase. Although details 
are still under the· well-known cloak of military secrecy, it 
is apparent that this furnace will circulate enough warmed air 
to meet the needs of the average family home during even 
very cold weather. 

Here, it appears, is a possible logical answer to many home­
heating problems, from the complexity of the conventional 
heating system to the high cost of fuel. 

T I N  T O M O R R O W  

PROBABLY the worst-squeezed o f  all the metals during the 
war emergency has been tin. As a result of substitution neces­
sities, many other products have been developed to replace 
tin in various uses, often with advantages not offered by the 
shiny metal. Here is something that tin is going to have to 
overcome in the post-war world and to this end the tin in­
dustry is already planning a campaign of research and in­
formation dissemination. This is going to be an interesting 
development to watch and· one which promises results. 
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50 Years Ago • ID • • • 

(Condensed from Issues of March, 1894) 

ALUMINUM - "The development of the electrolytic processes 
for making aluminum created a demand for pllre alumina . 
. . . Pure carbon electrodes were necessary, and these were 
furnished with a fraction of 1 percent of ash. The result was 
that aluminum was made so that the entire product was over 
99 percent pure, which was much better than the regular 
results obtained by the chemical processes." 

ELECTRIFICATION - "Work has been begun on the Baltimore 
and Washington Electric Railway. The electric line will be 
only 32 miles long, while the Baltimore and Ohio's steam road 
is 40 and that of the Pennsylvania 42 miles in length between 
the two cities." 

CONDUCTIVITY - "At ordinary temperatures copper is six 
times better a conductor of electricity than iron, but the con­
ductivity of each is increased by cold. Copper is ten times 
better as a conductor of electricity at -100 degrees than 
it is at the freezing point of water, and the conductivity of 
iron increases at a still greater rate until iron becomes as 
good as copper. 

ENERGY - "Prof. Langley demonstrates that if a body of 
coal sufficiently large to last the United States a thousand 
years should be set on fire, the heat given forth from it would 
not equal that which the sun gives out in the thousandth 
part of a second." 

HAITI - "Mining interests have hitherto been wholly ne­
glected in Haiti, and her resources in this respect are kept in 
the background and seldom referred to. Nevertheless, it is 
well established that gold, platinum, silver, .copper, iron, 
tin, manganese, antimony, sulphur, rock salt, bitumen, etc., 
exist." 

VEGETABLE SILK - "Kapok may be employed in lieu of cot­
ton for preparing a detonating powder by treating it with 
nitric acid. This nitrated kapok, mixed with pyroligneous 
ether, and with protochloride of iron having an organic base, 
yields a reduced fiber, which, differently colored, furnishes a 
solution of vegetable silk which solidifies in water and may 
be spun and afterward mixed with animal silk." 

FURNACE LINING - "Magnesia is claimed to be capable of 
standing far higher temperatures than other kinds of brick, 
the principal difficulty in using it being the excessive shrink­
age to which it is liable when heated. . . . M. Lencauchez 
claims to have overcome these difficulties, and has exhibited 
a number of perfectly solid bricks of magnesia, which were 
as dense as granite, and had been thoroughly shrunk." 

CONSERVATION - "Inventive genius has done much for the 
human race. It has taught mankind to utilize most of the 
products of nature. Hereafter it must lead to the conserva­
tion of natural resources and to the hoarding of natural 
capabilities. . . . Within a few generations such economies 
will not be expedients; they will be necessities." 

TUBE SERVICE - "A pneumatic tube service between the 
offices of the various newspapers and news associations of 
Chicago has just been put in operation ... . About one min­
ute is required for a carrier to traverse the longest line." 

ELECTRICAL· DIFFICULTIES - "The want of suitable refractory 
material for the incandescent lamp filament, the high capi­
talization required for electric generating plants, the poor 
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economy of the steam engine as a prime motor for driving 
dynamos, are samples of the difficulties which the electric 
engineer has to contend with. It is to be hoped that the in­
ventor will dispose of enough of them to make electricity 
take the place it is fairly entitled to." 

POWER LOADING - "At the works of the Illinois Steel Com­
pany, at Joliet, Ill., electrically transmitted power is now 
used in many operations with great economy and con­
venience. Our illustration represents an electrical apparatus 

employed to load steel billets on flat cars. . . . The billets t6 
be shipped are delivered to a long line of rollers, partly 
shown at the left in the illustration, and are thus carried 
along until they strike a deflecting plate by which they are 
conveyed to an endless moving apron, set at an incline, as 
prominently shown in the picture. This apron first elevates 
and then drops the billets on the car to be loaded, which is 
on a depressed railroad track on the farther side. This load­
ing machine is driven by a twenty-five horse power 500 volt 
motor, the controlling switch and rheostat being conveniently 
placed in a small switch. house." 

HORSEPOWER - "It has been estimated that 25,000 horses 
are employed in the London carrying trade, that their value 
is a million and a quarter, and that the cost is for food alone 
£800,000 a year." 

ALMOST GONE - "The elevated railroads of New York City 
carried 221,000,000 passengers during 1893. . .. The number 
of passenger coaches employed in the service is 1,116, and 75 
new ones were added during the last four months." 

STEEL SHIP - "At the yard of Arthur Sewell & Co., Bath, 
Maine, the first steel sailing ship built in America was 
launched on Feb. 17, 1894 . . . .  The vessel is rigged as a four­
masted ship, being square rigged on three masts, the lower 
masts and top masts all being in one length." 

PLASTIC FLOW - "In the view and understanding of the 
tendency to molecular flow in all structural material toward 
a weaker form or condition, especially in tensional members, 
it is a most important consideration that the factor of safety 
should be largely increased in every structure in which 
life and. property may be jeopardized, whether it be a ma­
chine, a boiler, a vehicle, a building, or a bridge. Absolute 
safety should be the prime axiom of construction. . . . The 
measure of the force necessary for the flow of solids varies 
greatly in different materials, due to varying molecular ad­
hesion. The hardest materials known are no doubt subject 
to molecular change of form under pressure, but as we can 
only use the hardest and most resisting material for produc­
ing pressure, there is an apparent limit at which we can 
prove the flow of solids." 

AUTOMOBILES - "While waiting until electricity shall have 
put in its last word concerning the propulsion of vehicles, 
a warm contest is continuing between steam and petroleum 
carriages, without counting those actuated by a compressed 
air motor and that are coming in their turn to take part in 
this pacific tournament." 
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THERE ARE STILL 

UNDISCOVERED CONTINENTS 

COLUMBUS had a definite goal-a 

westbound sea route to Asia. But 

what he found was a new continent 

-a new source of Nature's wealth. 

Modern research also has its 

goals: it, too, is discovering new 

r e s o u r c e s .  St a r t i n g  f r o m  the 

knowns of science, it charts its 

voyages into the unknown. Behind 

each voyage is a theory that there 

is a passageway. 

But research doesn't hold stub­

bornly to its theories. If it finds 

islands instead of a continent, it 

accepts them, for it expects the 

unexpected. It studies their rela­

tion to the known lands of science. 

And on the basis of its increased 

knowledge, it makes revised plans 

for progress. In science there is 

always a continent ahead. 

Just what research will disclose 

can never be forecast. But history 

has proved that from research flow 

discoveries of value to mankind. 

From Bell Telephone Laboratories 

there has poured a full stream of 

improvements in the telephone art. 

Bell Telephone Laboratories has 

kept America leading the world in 

telephony. And its researches have 

contributed importantly to other 

arts of communication-to the 

phonograph and sound-motion 

pictures, to radio broadcasting and 

television. 

Today, as ever since Pearl Har­

bor, its efforts in research and de­

sign are devoted to the war needs 

of the nation. 

When peace comes, its organized 

teams of research scientists and en­

gineers will continue to explore 

and invent and perfect for the im­

provement of telephony. 

BELL TELEPHONE SYSTEM 
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An Jmportan,t 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 
"ision and foresight has a golden oppor­
tunity. He will realize that out of today's 
tremendous production battles wi.1l 
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 positionswhen 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 "How 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. 
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134,000 men on the operating side 01 
business have enrolled for this training. 
More than 37,500 are technical men­
engineers, chemists, metallurgists-many 
of whom are today heads of our hug( 
war industries. 

This training appeals to engineers be· 
cause it gives them access to the thinking 
and experience of the country's greal 
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 musl 
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 thac 
such a plan is possible. Among those 
who contribute to the Course are such 
men as Frederick W. Pickard, Vic e  
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 ............................... . ------------------------------------

"QutJI:u, . . ." 

"WHEN VICTORY comes, the measure 
of America's greatness and worthiness 
will be her ability to turn the war pro­
duction machinery which has been de­
signed primarily for destruction, into 
effective peaceful purposes." A?·thU1' W. 
Herrington, Board Chairman, Marmon­
Herrington Company, Inc. 

II II II 

"FREQUENTLY THE lack of a single 
ingredient of technical information in 
a plant has resulted in a lost contract 
and one of the basic difficulties of smazl 
manufacturers has been a lack of ade­
quate research facilities to meet present­
day production problems." Brigadier 
General Robert W. Johnson, Chairman, 
Smaller War Plants Corporation, 

II II " 
"GREATER STABILITY in production 
will pay high dividends in the form of 
lower unit costs, lower taxes, and lower 
relief costs, as well as less social and 
political unrest and better industrial 
relations within the plant." Eric A. 
Johnston, President, Chamber of Com­
merce of the United States. 

" II 

"IF INGENUITY is the ability to solve 
problems, this implies the ability to do 
creative, original work. Unfortunately, 
the successful completion of an en­
gineering curriculum does not neces­
sarily imply a high degree of ingenui­
ty. If educational institutions have any 
value in the development of ingenuity, 
they must stimulate rather than kill 
intellectual curiosity." Henry T, Heald, 
President of the Illinois Institute of 
Technology. 

" II 

"WHEN THE HISTORY of this war is 
written, tribute must be paid to Ameri­
can teachers who, grasping the vital 
importance of aviation in our national 
defense, converted classrooms into 
veritable airports, shops into model 
aircraft assembly plants, and latora­
tories into preflight training centers." 
Advisory Boal'd, Air-Age Education 
Research. 

" " 
"IF FARMERS would only consider 
farm woodlands and farm forests as 
cropland, and carefully cut selected 
trees every year-the ones that are 
ripe for harvest-they would be sur­
prised by the amount of thei?' returns 
and they would certainly aid the war 
effort." H. H. Bennett, Chief of the 
Soil Conservation Service.  

II " " 
"RECONSTRUCTION AFTER this war 
means the rebuilding and restoration 
over vast areas of the world of all the 
facilities and essentials of modern 
civilization, laid waste by the flames of 
an incendiary war, the most destructive 
in human history." Eugene P. Thomas, 
Chairman, National Foreign Trade 
Council. 
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CHEMISTRY IN INDUSTRY 

Conducted by D. H. KILLE F FE R  

Scientific American 

Courtesy Monsanto Chemical Company 
Reaction kettles in which synthetic resins are produced 

Ploslies Tomorrow 

PLASTICS are prominent in plans for 
the post-war world. They should 

be. Nothing else equals the versatility 
of these synthetic products of chem­
istry's pots and kettles, and nothing 
else possesses such promise for rebuild­
ing our war-torn industrial economy. 
Yet plastics are less novel and strange 
than one might be led to believe by en­
thusiasts who have only lately discov­
ered their amazing variety and use­
fulness. Actually, an important body of 
experience in the fabrication and ap­
plication of plastics has been accumu­
lating over several decades, and this 
is now being put to widening use with 
an effect almost of the miraculous. In­
soluble problems of production in other 
materials seem to vanish when plastics 
enter the plant. That heightens the 
miracle. Serious suggestions are being 
advanced that even our houses, our 
automobiles, our ships, may soon be 
drawn cheap, complete, and finished 
from the wonderful grab bag of plastics. 

Now, one would be rash indeed in 
this swiftly moving age to risk stating 
thFt anything is impossible, particular­
ly in plastics. But enthusiasts often 
mislead themselves. That is what seems 

Will Plastics Become Ihe Miracle Workers Predicled by Same Enthusiasts? 

Practical Experience, Gained by the Industry, Shows What They Can and 

Cannol be Expected 10 Do. Plastic Ships, Automobiles, Houses? Economic 

Limitalions Give the Answer 

probable in this instance. Many essen­
tial limitations of the plastic art, well 
known to experts, are being overlooked. 
Even when these limitations are consid­
ered, however, the future of plastics is 
still immensely attractive. Just now, 
plastics achieve special prominence by 
taking the places of scarce and re­
stricted materials that have gone to war. 
Tomorrow, their value and versatility 
will secure for them important places 
of their own in our industrial world. 

Just to be sure of what we are talking 
about, it would be well here to define 
plastics. Actually the term includes all 
materials capable of being molded by 
pressure. In the currently accepted 
sense of the term, however, glass, cera­
mics, metals, and a number of natural 
gums and resins are ruled out and the 
field of plastics embraces primarily the 
synthetic resins, and compositions made 
from them, which are capable of being 
formed by heat and pressure. To these 
must be added a number of semi-syn-

the tic products, particularly those de­
rived from cellulose by chemical treat­
ment (cellulose nitrate, acetate, buty­
rate, and its ethers, particularly methyl 
and ethyl cellulose), and moldable prod­
ucts made from the lignin of wood. 

The plastic as molded commonly con­

sists of a mixture of a synthetic resin 
with a filler of fibrous material added to 
give the desired characteristics to the 
final product. For example, a mixture of 
phenol and formaldehyde may be car­
ried partly through the chemical reac­
tion converting it to resin and then 
mixed with wood flour or glass or as­
bestos fibers to form the plastic mass to 
be shaped in a hot mold under pressure 
into a distributor cap for an automobile 
engine. Or a similar, partly formed 
resin may be spread upon layers of 
paper, canvas, or wood veneer and the 
whole pressed hot into slabs or sheets. 

The function of the filler in a plastic 
usually is to offset some shortcoming of 
the resin alone (brittleness, for ex-
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ample) and to impart some particular 
property to the finished article. Other 
articles-pipe bits, beads, and the like 
-may consist of practically pure syn-

• thetic resin with only coloring added. 
Even when so defined and limited, 

the term plastics covers a vast number 
of different materials having properties 
of the utmost diversity. * Some resins 
are as tough and elastic as rubber; 
others are as soft as chewing gum; still 
others are semi-liquid, resembling 
thickened fatty oils ; and some are hard, 
brittle, and almost glassy. Indeed, the 
hundreds of different industrial plastic 
materials suggest that the principal 
similarity between them lies in their 
common synthetic origin. Upon that 
great diversity of properties depends the 
extraordinary breadth of 
usefulness of these syn­
thetics. It also prevents 
generalizing about them, 
since a statement true of 
one is quite sure to be en­
tirely false if applied to 
some other. On the one 
hand certain phenol alde­
hyde resins possess extreme 
resistance to solvents of all 
kinds; but others of even 
the same family are useful 
because they can be dis­
solved with relative ease in 
linseed or tung oil. Certain 
transparent resins permit 
the free passage of ultra­
violet light, a valuable 
property in some app;!ica­
lions; but this property 
must be nullified if these 
plastics are to be used in 
the windows of high-flying 
airplanes where ultra­
violet can quickly cause 
serious sunburn. 

COMPETITION OF MATE-

gestion applies with special force and 
aptness to plastics. To proclaim that 
plastics provide the key to post-war 
prosperity is almost in the same vein 
as would be crediting that significant 
role to the animal kingdom. The im­
portant difference lies in the fact that 
plastics must be manufactured and thus 
will provide opportunities for the exer­
cise of ingenuity, j obs for many people, 
and useful employment of capital. 

In the swift recent rise of the plastics 
industry to outstanding prominence, the 
actual volume of its output has been 
overlooked. That is .not strange since the 
figure increased by more than 50 per­
cent in the two years between 1940 and 
1942 (the latest year for which reliable 
statistics are available) .  The United 

struction of a mold large enough to 
mold a ship or a house would present 
engineering difficulties of the first mag­
nitude. To justify the labor and expense 
involved in such an undertaking, many 
thousand identical units would have to 
be produced from each mold, in order 
that no one of them would be unduly 
burdened with the immense first cost. 
The same reasoning holds for the manu­
facture of even small items. Buttons, 
for example, can readily be molded 
of plastics of several kinds, but the 
operation requires the construction of 
a hardened steel mold for each type 
and size of button to be produced. If 
millions of buttons are needed, then the 
cost of the labor involved in cutting 
the initial mold can be readily ab­

sorbed, but the production 
of a few dozens or even 
hundreds of identical but­
tons would be prohibitively 
expensive. 

Obviously, then, the plas­
tics industry must depend 
for success upon quantity 
production of vast numbers 
of identical items. There 
are exceptions to this as to 
all rules, but, generally, 
competition with other 
methods of attaining a like 
result definitely limits plas­
tic technique to the produc­
tion of vast numbers of 
exact duplicates of the 
original. 

RIALS-To class such a va­
riety of materials together 
is quite impossible from the 
layman's point of view. In­
deed, they possess little 
beyond their origin in the 
pots and kettles of the 

OOUrte6y MOll8&Dto Ohemlcal Oompany 

For the benefit of those 
who see in plastics a threat 
to other industries, it will 
be well to compare current 
output of synthetic r.esins 
(decidedly the highest yet 
recorded In the industry's 
history and still growing) 
with that of other materials. 
The present threat to wood 
and steel is insignificant 
since the ratio of outputs 
is of the order of 500 to 1. 
Set alongside aluminum 

Before synthetic resins are combined with fillers. they 
must be powdered in a roller mill such as the one shown 

and magnesiuml plastics 
show up better, with ratios 
of production 7.5 and 1.5 

chemical industry to fit them into a 
single class. Their competition with 
other products comes from every di­
rection; metals on the one side and 
wood arid drying oils on the other serve 
some of the same purposes as are served 
by synthetic resins and their plastics. 
It has even been seriously suggested 
that houses of wood and stone will give 
way to plastic residences; that steel and 
the light metals, aluminum and mag­
nesium, will feel sharp competition 
from plastics; that vegetable oils now 
long used in paints and varnishes will 
give way before synthetic resins. 

The great value and diversity of these 
synthetics recently led Robert J. Moore 
to suggest a fourth kingdom, the syn­
thetic, be added to the traditional three 
-animal, vegetable, and mineral­
kingdoms of our childhoods. While the 
intention was to include in this new 
realm all the vast range of products 
of chemical synthesis, Dr. Moore's sug-

-For a comprehensive survey of specific plastics 
types and applica.tions, see page 163, October 1943 
issue of Scientific; , American.-The Editor. 
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States Tariff Commission notes that 
production of synthetic resins in 1942 
reached a total of nearly 427 million 
pounds, including all types whether 
ulied for plastic molding or not, but 
without the large and important class of 
plastic cellulose derivatives. Further­
more, their average value was nearly 
40 cents a pound. It is, of course, true 
that plastics are generally somewhat 
cheaper than the pure resins from which 
they are made, but even at that th�y 
are obviously not cheap enough to com­
pete successfully with many natural 
substances-wood, for example-except 
where some special advantage is gained 
through the special properties of the 
plastic. 

Because plastics are readily and 
cheaply molded into intricate shapes, 
their field of usefulness is immense, but 
not limitless in a practical sense. The 
fact of molding itself imTJlediately 
establishes certain economic limits. It 
naturally presupposes a mold and that 
entails a serious problem of construct­
ing one to serve. Obviously the con-

pounds 
one of 

of the metals respectively to 
plastics. 

NOT REPLACEMENTS-Clearly, the fu­
ture of plastics does not depend on their 
ability to replace completely any of 
these important major materials. Rather, 
they will find useful niches for them­
selves where their peculiar values will 
supplement those of the commoner ma­
terials. It is foolish to imagine entire 
houses molded from plastic. As has 
been noted, the extraordinary engi­
neering problems of constructing a 
mold large enough to form even a single 
room quickly throw out such ideas 
even if the cost of material required 
were not too high to think about. On 
the other hand, the valuable proper­
ties imparted to wood veneers by mod­
ern techniques of laminating several 
layers with weatherproof synthetic 
resins as binders have given the archi­
tect and builder the equivalent of a 
new material of construction. 

Instead of confining their plans to 
wood planks of the sizes ordinarily 
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Formaldehyde. made here. is essential in two important families of plastics 

available, architects can now utilize a 
few relatively thin sheets of plywood 
of large area to form either exterior or 
interior walls. Building costs can thus 
be reduced by replacing man hours of 
labor needed on the site with machine 
hours in a plant forming the units of the 
building. Advantage can be taken in 
this way of the cheapness of wood as 
the base material, with synthetic resins 
employed to overcome its deficiencies. 

A similar technique has been out­
standingly successful in the construction 
of swift PT boats and Mosquito bombers. 
Since these units are decidedly too 
large to be economically molded as 
single pieces, they are produced by the 
assembly of units than can be molded 
to the best advantage when all factors 
are considered. These methods have 
been developed to a point of general 
practicability in the rush of produc­
tion for war; plants for applying them 
are already built and can be converted 
with little difficulty to peace-time pro­
duction. 

A HUNDREDWEIGHT OF PLASTICS-The 
construction of automobiles from both 
light metals and plastics has been seri­
ously proposed. Both will undoubtedly 
be widely used but neither can be ex­
pected to exclude the other; certain 
parts of the car will of necessity still 
be ' made of steel. The quantities of 
plastics required by the automotive in­
dustry even as supplements to other 

materials becomes staggering. A recent 

estimate suggests that 100 pounds of 

plastics might readily be used in each 

vehicle. Even that amount would con­

sume the entire present-day production 

of the plastics industry if the output of 

cars should even approach present esti­
mates. 

Obviously, then, .  the plastics industry 

must grow tremendously if it is to ful­

fill its post-war promise: This fulfill­

ment need not involve any techniques 

not already reasonably well tried and 

immediately available for use. The in­

dustry is yet small as industries go, but 

it contains the germs of substantial 

growth. It will bear close watching, 

but it is not a miraculous answer to 

universal needs. The sooner that gen­

eral thinking is based on this fact, the 

sooner will the practical possibilities of 

the future of plastics be realized. 

PHOSPHATE FEEDS 

Supplied hom Bock 

For Auimal Use 

ANIMAL diets normally have included 

relatively large quantities of skim milk, 

supplying both protein and phosphorus, 

but the demand for milk to be pow­

dered for overseas shipment to our 
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armies and our allies leaves little over 

for farm animals. Meat scraps, too, have 
become scarce in feeds. Protein is read­

ily supplied in the form of ve.rious seed 

meals, particularly soybean meal, but 

these do not supply the phosphorus 

also required. 
The best source of phosphorus is 

bone meal ; failing that, phosphate rock 

is being processed to make available 

the required element. Natural rock 

phosphate contains fluorine and this 
must be removed to make it suitable 

as a feed. Fusion of the rock by heat 

and conversion to metaphosphate by 

treatment at high temperature with 

phosphorus pentoxide are two of the 

several methods being investigated to 

produce a feeding grade of phosphate 

from the rock. The Tennessee Valley 

Authority is studying the problem and 

fused phosphate rock is already being 

supplied to stock raisers by veterinary 
firms. 

ALCOHOL SOLUBLE 

Lacquer Component lor 
Many Purposes 

A NEW grade of nitrocellulose for use 

in lacquers and possessing improved 

solubility in alcohol has recently been 

developed by the Hercules Powder 

Company. The usual grades require 

mixed solvents (alcohol and ether) or 

esters (butyl acetate, for example) to 

dissolve them for use in lacquers. The 

new product dissolves in alcohol con­

taining minimum amounts of other 

solvents and the solutions can be em­

ployed for many special lacquer pur­

poses. The saving of scarce and more 

expensive solvents is important in the 
present emergency. 

LOW·LOSS INSULATION 

Provided by Chemistry lor the 
Electrical Industry 

PROBLEMS of insulation for the swiftly 

expanding range of high frequencies 

employed in modern electrical appli­

cations are being solved by polystyrene 

plastics of specially high purity, ac­

cording to John J. Grebe, Director of 

Physical Research, Dow Chemical 

Company, in accepting the 1943 Chemi­

cal Industry Medal. 
An extremely low dielectric constant 

can be obtained with polystyrene and 

other hydrocarbon resins by elimina­

tion of impurities and of additive 

agents that might have molecular or 

atomic resonances at the electrical fre­

quencies encountered, Dr. Grebe ex­

plained. In this way, polystyrene, 

which the speaker called the "pig iron" 

of the plastics industry, attains prop­

erties essential to the insulation of 

conductors carrying currents of ultra 

high frequency at minimum power 

loss. 
Recent developments employing ultra 

high frequencies that will be benefited 

by low-loss insulation include radio 

locators vital in the present war and 

high-frequency heating that may be­
come the cooking method of the fu­

ture. These are in addition to radio 

and television applications. 
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'ELECTRONICS Conducted by K E IT H  HENNEY 

Electronic Processing 
ELECTRONIC control of processes such 

as baking, drying, hardening, an­
nealing, painting, and gluing has pro­
gressed far in recent years, and the 
first era in the application of electronics 
to industrial processing of materials is 
ended. Now we are entering the second 
era, in which the invisible electronic 
agents are themselves doing the pro­
cessing. The accompanying tabulation 
identifies these electronic particles and 
rays with a few of the material-chang­
ing j obs that they are actually perform­
ing today in industry. 

The manner in which things entirely 
invisible can do the work of baking 
ovens, paint brushes, chemical agents, 

Test set·up used by Federal Tele· 
phone and Radio Corporation for 
dehydrating, by dielectric healing, 
food samples which have previously 
been compressed. To expedite re­
moval of water. the space within 
the inverted bell jar and surround­
ing the food samples Is evacuated 

Through Ihe Use of Such Eleclronic Processing Agenls as Radio-Wave Com­

ponenls, Supersonic Waves, X-Rays, UUra-Violel Rays, and Infra-Red 

Bays, New Melhods of Producing Desired Physical and Chemical Changes 

in Malerials Have Been and Are Being Developed by Induslry 

B y  J O H N  M A R K U S  
Associate Editor, Electronics 

and nature itself affords a series of 
stories best told by describing typical 
industrial applications in each category. 
With the attention of the entire world 
devoted to food problems today, the role 
of electronics in processing food mate­
rials logically comes first. 

One of the latest developments in 
electronic processing is the use of radio­
frequency energy for dehydration of 
food. With this process, the removal 
of 99 percent of the moisture content is 
achieved without injury to compressed 
vegetable blocks. Older processes per­
mitted the efficient removal of only 
about 95 percent of the moisture, leav­
ing enough to permit the formation 
of mold. Reduction of moisture content 
below 5 percent by previously used 
means often produced "case-harden­
ing," a toughening and blackening of 
the skin of the product. Vegetables 
that have been dehydrated by the elec­
tronic method do not exhibit this de­
leterious effect and are not expected to 
deteriorate for a period of one to two 
years. 

COMPRESSED FOOD DRIED-The elec­
tronic dehydrating process corisists of 
placing compressed blocks of food be­
tween metal plates so that the food be­
comes the dielectric of a condenser. The 
metal electrodes are connected to a 
vacuum-tube generator of high-fre­
quency energy. Losses occur in the di­
electric of capacitors and, since the food 
material is not a good dielectric, con­
siderable heat can be generated in it 

An electronic healing unit in use 
in a Fairchild aircraft plant for 
drying glue between wood strips. 
Intense high-frequency fields are 
applied to strip-clamping plates 

by the molecular friction caused by the 
rapidly alternating electric field. Heat­
ing of the food takes place from the 
inside outward to the surface of each 
block in much the same manner as a 
diathermy treatment heats the interior 
of the human body. Food dehydration 
is thus performed by the same means 
as is employed for dielectric heating in 
industry for gluing wood together, heat­
ing plastic preforms, and doing a host 
of other difficult heating jobs. 

Dehydration of milk by the conven­
tional processing method removes some 
90 percent of the water content and pro­
duces a powdered product that has ade­
quate storing qualities in temperate 

SimpUfied diagram of an infra-red unit for drying shredded salt cod in a continuous operation 
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climates but that does not stand up well 
in tbe tropics. Further dehydration of 
thiS' product by electronic means re­
moves all but 1 percent of the water 
content and provides a powdered milk 
that withstands tropical heat and hu­
midity, yet can be readily converted 
back to a palatable liquid by the addi­
tion of water. 

Some of the foods that have been 
successfully dehydrated so far by di­
electric heating are shredded carrots, 
beets, cabbage and onion flakes, and 
riced potatoes. Roasting of coffee beans 
and other materials and controlled 
burning operations may also be accom­
plished by the vacuum-tube equipment. 
Results of the electronic processing so 
far employed indicate that very little, if 
any, adjustment of the equipment is 
necessary during processing periods. 
Operators need no technical knowledge 
of the electronic apparatus. 

Shredded salt cod-fish is another food 
that is benefiting by electronic heating. 
About 60 percent of the residual mois­
ture left by the method of natural dry­
ing can now be removed. Reduction of 
the moisture content to 43 percent is 
necessary for freedom from possible de­
terioration in warm climates. For this 
purpose infra-red lamps, which give out 
radiations whose frequency is between 
that of radio waves and visible light 
rays, are being used in one fishery. 

LONG WAVELENGTH LIGHT-The flaked 
salt cod is passed under the infra-red 
lamps on a wire-cloth belt while air is 
blown through the flakes to carry away 
the moisture and cool the fish. This use 
of long wavelength light has resulted in 
more speedy drying of the fish flakes, 
as well as a better product, than when 
th.. formerly used cabinet dryer was 
employed. 

Other food products that have been 
successfully dehydrated by infra-red 
radiations are sweet potatoes, turnip 
greens, carrots, and precooked beef and 
pork. With these and other materials 
the radiant heating produced by the 
infra-red method owes its success large­
ly to the high !rate of heat transfer that is 
obtained as compared with conventional 
hot-air ovens. 

Supersonic waves, or sound waves of 
such high frequency that they are in­
audible to most human beings, hold 
promise of an increased number of ap­
plications in the post-war period. These 
sound waves can be generated by a 
vacuum-tube oscillator that is con­
nected to a quartz crystal. This crystal 
then converts the high-frequency elec­
trical alternations into mechanical vi­
brations and radiates energy in the form 
of intense inaudible sound waves. The 
sound waves so produced have been 
found particularly applicable to the 
processing of liquid materials in which 
rapid mixing of small particles, or emul­
sification, is required. 

Other methods of producing these 
supersonic waves include the use of a 
metallic magnetic material suspended 
in the induction field of the coils form­
ing the vacuum-tube circuit, so that the 
metal ·Js · free to vibrate at the induced 
frequency. Another method utilizes the 
same principle as that of the dynamic 

Electronic AgeDts DIll Johs nat They are 
DolDg iD Industry 

Infra-Red Rays 
Dehydration of beef, pork, and olher meala 

Dehydration of sweel polaloes, turnip 
green, carrols, and olher vegetables 

Drying of  fish, such as sailed cod 

Drying of  precooked pork and beans 

Fut baking of paint on automobiles, tanks, 
lacquered bombs, and other painted ob­
jects moving on conveyor lines 

Ultra· Violet Rays 
Sterillzalion of drinking waler 

Tenderizing 01 meats 

Killing bacleria and germs in air and in 
male rials, such u for prevention of 
contamination in handling blood plas­
ma, pharmaceuticals, and foods 

Action on light-sensitive films and paper.s, 
as in pholoslat machines and in print­
ing of movie film 

X-Rays 

Activation of molecules of waler and other 
solutions, making them unstable and 
highly chemically reactive 

Decomposition of dilute solulions of  organic 
compounds, with liberation of carbon 
dioxide, hydrogen, lind oxygen 

Oxidalion of ferrous sulfate 

Activallon of  catalysts in presence of mois­
ture 

Reducllon of  polassium nitrate 

Denaluring and flocculating of  cell pro­
teins 

Changing composition of genes and eslab­
lishing mutations 

Supersonic Waves 

Stimulation or destruction of bacleria In 
food producls 

Produclion of smoolher milk, ice cream, 
mayonaise, and other food products by 
emulsification, as In homogenizallon of 
milk 

Accelerallon of the aging of wines and 
spirits 

Acceleration of  chemical reactions 

Transformation of crystal structures 

P recipitation of  smoke 

Transformation of chemical compounds 

Flocculallon (movement inlo large aggre-
gates) of suspended particles or gas 
bubbles in Uqulds 

Trealing seeds 10 stimulate plant growth 

Electrtc: Flelds-Charqinq Partlcl" 

Charging abrasive parllcles with high vol!­
ages produced by kenolron tubes, so 
points stand upright when abrasive 
falls on the adhesive paper 

Charging particles of paint so  lhey will 
distribute themselves uniformly when 
sprayed onto irregular-shaped charged 
objects 

Removing foreign parlicles, such as dusl, 
smoke, or  pollen, from air by charging 
the particles just before they pass 
Ihrough oppositely charged metal al­
tracting plales 

Suppression of smoke In ships, industrial 
plan Is, or  large buildings by charging 
smoke particles and allracting them to 
charged collecting plates 

High-voltage spullering of thin metallic 
films on surfaces 

Electric Fields-Dielectric Heatinq 

Killing insects or larvae In grain, cereals, 
on plants, and so on 

Roasting peanuts 

Popping com
_ 

Cooking sleaks, hot dogs, lind otM! meats 
uniformly throughout 

Toasllng bread or buns 

Baking bread and other bakery products 

Baking ceramic producls 

Heating rubber during processing 

Preheating pellets or  blocks of thermosel-
ling plaslic male rial prior to molding 

D rying lumber, texliles, paper, lind other 
materials under controllable conditions 

Drying glue in laminaled wood products 
such as aircraft propellers and struc­
tural plywood parts of airplanes 

Providing uniform hellt during cerlain 
processes of converling chemicals Into 
cloth 

Curing plasllc objecls after molding 

Maqnetic Fields-Induction Heatlnq 

Hardening surfaces  of crankshafts, gear�, 
and other steel objects 

Flowing a 3D-millionth inch thick layer of 
tin uniformly on steel strip to give a 
smooth surface without pinholes 

Annealing local porllons or  all parts of 
8teel objects 

Driving out gasses from melals, as in de­
gassiflcaliOll of vacuum-lube elac­
trodes during avacuallol1 
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speaker contained in radio receivers, 
but employs a metal bar as the vibrat­
ing member in place of the parchment 
cone. This latter device is also proving 
quite successful in the flocculation 
and removal of suspended particles in 
smoke and fumes for the United States 
Bureau of Mines 

The electrostatic charges that make 
people jump when they touch a metal 
doorknob after walking across a rug on 
a dry, cold day are being put to use 
in two radically different ways, both of 
which improve the quality of their re­
spective products. In the manufacture 
of sandpaper, the abrasive particles are 
first intentionally charged to a high 
voltage, so that all have the same kind 
of charge (either negative or positive) . 
The adhesive paper is pulled over a 
metal table that is charged continuously 
a'; this same high voltage and of the 
same polarity. Since like charges repel, 
and since the charges on the abrasive 
particles are strongest at the sharpest 
points, the particles all aline themselves 
with their sharpest points upward as 
the abrasive material is sprinkled on 
the moving paper. The result is a much 
sharper, faster-cutting sandpaper. The 
voltages for both charging j obs are pro­
duced by rectifying tubes known as 
kenotrons, which change alternating 
current to direct current. 

ELECTRONIC PAINTING-Another appli­
cation of electrostatic charges is in spray 
painting of irregular objects. The obj ect 
and the particles of paint are charged 
in such a way that the paint is deposited 
uniformly on all surfaces, no matter 
how deep the irregularities in · the shape 

HAND-GRENADE FUSES 

Checked lor Correcl 

P,wder Conlenl 

THE ELECTRON-TUBE family tree is a 
large one. Each of the many kinds of 
tubes is able to operate successfully 
on its own, or, when desired, it can 
be used in co-operation with other 
members of the family. Amplifiers, 
rectifiers, photo-tubes, X-ray tubes, 
thyratrons, and any of the other kinds 

Bomb fuses. placed In cylinders on a 
belt. are carried through the X·ray 
machine where charge is checked 

1 08 

of the obj ect. A better job, in less time, 
with less paint, not only improves the 
quality of the processing operation but 
also reduces its cost. 

Still other applications of electrostatic 
fields include smoke precipitators for 
chimneys and air cleaners for locations 
where dust, pollen, or otller foreign 
particles in the air are undenirable. 

In laboratories throughout the world, 
other electronic agents have also shown 
definite adaptability in producing physi­
cal or chemical changes in materials. 
Thus, with the high-speed neutrons of 
atom-smashing cyclotrons, any of the 92 
known chemical elements can be 
changed into at least one other element 
by bombardment of atoms, and radioac­
tive forms of every element can be pro­
duced. These radioactive materials can 
be used in place of radium, with greater 
safety, greater ease of control, and lower 
cost. Already, artificially radioactive 
phosphorus has been administered in­
ternally to patients in the treatment of 
leukemia, and radioactive iodine has 
been used to carry radiations to the 
thyroid gland. 

In these and a host of other process­
ing applications, then, electronics now 
offers definite improvements to speed 
and improve the final production of 
needed materials. Many other applica­
tions are undoubtedly also in actual use 
but under restrictions of military 
secrecy so that they will not become 
generally known until after the war. 
And for the future, electronic processing 
promises entirely new materials, im­
provements of existing materials, and 
speeding up of present processing meth ­
ods with resulting lower prices. 

A dab 01 red paint shows on the im· 
properly charged fuse. which was 
also detected on the meter graph 

of tubes will form effective co-op­
erating agents when industry so de­
sires. 

An excellent example is the j oin ­

ing of hands by photo-tubes and X ­
ray tubes i n  a n  automatic arrangement 
for checking to see that hand-grenade 
fuses have the correct amount of 
powder in them. In this equipment, 

developed by General Electric engi- ·  
neers, the fuse assembly, consisting: 
of a metal tube containing two pow­
der charges and a slow-burning fuse, 
is place.d in a cylinder on a moving 
belt. The belt carries each fuse past 
an X-ray machine which looks into 
the situation to see how much powder 
is inside the assembly. A glow appears 
upon a fluoroscopic screen and a pho­
to-tube measures the amount of light. 
If the powder charge is correct, noth­
ing happens. 

But if the powder is too scanty to do 
a good job, lots happens : A bell rings 
to summon an attendant; a red light 
flashes; a daub of red paint is smeared 
on top of the defective fuse and the 
reject is recorded on a meter chart. 

This combination of two electron 
tubes will test 4000 fuses an hour. 

LOUDSPEAKING TELEPHONE 

Eliminales Use of 

"Talk-Lislen" Swilch 

TWO-WAY loudspeaker telephone ser ­
vice between two or more locations, so 
that persons conversing may speak 
and listen at a distance from the ap­
paratus without operating the usual 
"talk-listen" switch found on other in­
tercommunicators, is obtained by using 
an acoustically balanced combination 
of speakers at each station to overcome 
acoustic feedback and resultant howl­
ing. 

Each station in the system is ar-

Mounting the loudspeakers (5) and 
microphone (M) of the new intercom· 
municatlng telephone in separate 
padded compartments prevents prac· 
tically all backside radiation effect 

ranged with three loudspeakers. One 
of these is employed as a microphone, 
and is placed midway between the other 
two which have their voice coils con­
nected in parallel and out of phase with 
each other. When one speaker im­
presses a portion of a sound wave of 
increased air pressure on the micro ­
phone there will be an equal and oppo­
site pressure, or decrease in a sound 
wave, on the other speaker . This re­
sults in cancellation of the two waves 
and therefore no net movement of the 
diaphragm of the microphone. A per­
fect balance cannot be obtained in 
practice but a considerable degree of 
cancellation of the sounds issuing from 
the two speakers is thus effected and 
howling due to feedback through the 
system is virtually eliminated. 

The speakers and microphone are 
mounted in a cabinet, each unit sepa­
rated from the others by a partition . 
The remaining space in each enclosure 
is partly filled with sound..,absorbent 
material so that the backside radiation 
of sound from the speakers is largely 
absorbed. 
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AVIATION Conducted by A L E X A N D E R  K L E M I N  

Engines of The Air 
EVEN THOUGH many war-time devel­

opments are still shrouded in mys­
tery, the present status and future pos­
sibilities of the aircraft engine are be­
coming a little clearer. Outstanding 
engines, the war-time culmination of 
many years of development work, have 
done much to secure supremacy in the 
air for the United Nations. They will 
assure commercial and private flying of 
the post-war period of one essential­
a highly reliable power-plant. Methods 
employed in their manufacture have 
led to advances in processing, materials. 
and tolerances which have aided and 
will continue to aid many other 
branches of American industry. And 
the efficiency, lightness, and power pos­
sibilities of aviation engines will un­
doubtedly have their influence on the 
post-war automobile. 

The United States has led the way 
for many years and is still leading in 
the design of radial air-cooled engines. 
Now Wright Aeronautical has brought 
out the Cyclone "18" with the highest 
horsepower figure (2200) which the 
War Department has ever permitted to 
be published. The "18" is more powerful 
than the Cyclones which power the 
Flying Fortresses and is now in quan­
tity production for heavy bombers, 
fighters, and transports. 

The steady and rapid increase of the 
power output of aviation engines has 
not been due to the introduction of 
striking novelties, but rather to engi� 

Lt. Col. Carl R. Borkland. A.A.F .. 
cmd Myron B. Gordon. vice-president 
of Wriqht Aeronautical. inspectinq 
the powerful, complex Cyclone "IS" 

Righly Reliable Power-Plants have been Developed lor Military Aircraft. 

These Will Have Direct laRuence on Hot Only the Future 01 Private and 

Commercial Flying, but on Engines lor Automobiles. The Helicopter Poses 

Power-Plant Problems of its Own 

neering development and refinement, 
made possible by clever technical 
brains, a world of experience, and un­
limited funds and equipment at the dis­
posal of manufacturers. 

The Cyclone "18" is not very different 
in appearance from previous models_ 
But despite its tremendous power the 
engine has a diameter of only 55 inches 
-the same diameter as that of the 
original nine-cylinder Cyclone which 
was introduced in 1927 with a rating 
of only 525 horsepower. The engine has 
passed a special 150-hour run and ex­
tensive flight tests. Its 18 cylinders are 
built in two banks of nine cylinders 
each with a total displacement of only 
3350 cubic inches. Information in spe­
cific military installations is still re­
stricted, but it is known that the Cy­
clone "18" has made its first transport 
appearance in the Lockheed Constella­
tion, a 60-passenger high-speed trans­
port. 

DESIGN FEATURES-Despite the lack of 
revolutionary principles in the new 
engine, there are still some splendid 
features in the design. Thus the nose 
section is so designed as to permit a 
close-fitting cowl and to reduce head 
resistance� A steel crankcase permits 
more power to be derived from the 
engine than does an aluminum crank­
case. Magnesium is used liberally to 
keep the engine light, and the specific 
weight is just a fraction over one pound 
per horsepower-an extraordinary fig­
ure when it is remembered that a good 
truck engine weighs at least 11 pounds 
per horsepower. 

Since the Cyclone "18" will power 
high-altitude military aircraft, it is 
equipped with a two-speed, gear-driven 
supercharger. To absorb the vast power 
of the engine the big propeller is pro­
vided with very broad blades. and to 
keep the blade-tip speed well below 
that of sound, the propeller is geared 
down to less than half crankshaft speed. 

The development of such powerful 
engines will help commercial aviation 
greatly in the post-war period and these 
air-cooled engines already have helped 
to produce the fastest and most maneu­
verable tanks in the world. 

Not only are engines of immense 
power being built; engineers are also 
finding various means of supplement-

ing their power in emergencies. The 
Germans are said to employ special 
"dopes," fuels which, injected into the 
engine, increase its power for a brief 
emergency, though the engine is there­
by completely ruined. Experiments are 
also being made with rockets or jet­
propulsion engines which will give ad­
ditional thrust for, say, half a minute 
and help to get an overloaded plane 
into the air. Auxiliary rockets or jet­
propulsion means could also be con­
ceivably used in flight when evading 
an enemy. 

There is still another method of 
securing this momentary increase in 
power-a method developed by Pratt 
and Whitney Aircraft-which consists 
of injecting water into the cylinders 
of the 2000-horsepower "Double Wasp." 
The application of water-injection in 
aviation was first studied by Pratt and 
Whitney engineers only about a year 

The six-cylinder in-line Ranger 
air-cooled enqine: Neat and reliable 

ago, and proved so s�ccessful that 
thousands of conversions are now be­
ing made and installations are being 
undertaken on the Republic P-47 Thun­
derbolts. The water injection device 
has three advantages. First, the cooling 
effect of vaporization in the cylinder is 
greater when water is added than with 
fuel alone. Second, the susceptibility to 
detonation which limits the power that 
can be taken from the cylinder is less­
ened by the presence of water in the 
cylinder. Third, it is said that more 
power is produced because the device 
permits the use of a leaner mixture 
from the carburetor. This is but one 
of many devices and improvements 
which the war has brought into being in 
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The Fairchild "Gunner", powered by two Ranger 1 2-cylinder inverted engines 

the airplane engine ; a number of them 
will be helpful in the post-war period. 

Because the radial engines have been 
so successful and have powered such 
famous aircraft, it is likely to be 
imagined that they are the only type 
of air-cooled engines to be reckoned 
with. Nothing could be farther from the 
truth. The six-cylinder in-line Rangers, 
manufactured by Fairchild Engine and 
Airplane Corporation, have made a 
splendid reputation for themselves. 
These in-line engines offer a smaller 
nose and perhaps less head resistance 
than the radials and, at the same time, 
avoid the plumbing difficulties of the 
liquid-cooled engine. They have proved 
highly reliable and efficient and are 
now being manufactured at a satisfac­
tory rate. The inverted six-cylinder 
in-line Ranger illustrated is capable 
of supplying 175 to 200 horsepower and 
is a neat and reliable product. 

LARGE IN-LINE ENGINES-There does not 
seem to be any reason why the in-line 
principle cannot be applied to much 
larger engines, even though the specific 
weight may be a trifle greater than 
that of the radial. The V -type 12-
cylinder Ranger, developing 500 horse­
power, indeed has made an enviable 
reputation for itself. The neat appear­
ance of the Fairchild "Gunner" is in 
some respects due to the engine. This 
speedy mid-wing monoplane carries 
a power-driven turret, is built of plas­
tic-bonded plywood and is designed as 
an advanced training ship for our air-
craft gunners. 

. 

Some remarkable engines are now 
available for the private plane, ranging 
from 50 to 200 horsepower, beautifully 
constructed, reliable, much cheaper 
than anything we could have expected 
a few years ago. They are doing fine 
duty in military and naval training 
planes and in the Civil Air Patrol ; they 
are ready to equip the thousands of 
private planes which will be in the 
skies soon after the war is ended. A fine 
example of the low-power engine is 
the Continental A Series type, com­
prising four air-cooled cylinders, hori­
zontally opposed, ranging from 50 to 
80 horsepower, and from 170 pounds to 
176 pounds in weight. These engines are 
particularly interesting in that they are 
equipped with fuel injection, which 
m,akes for better fuel distribution, 
eliminates carburetor or manifold icing, 
and reduces fire hazards. 

Another fine example of an engine 

for private fiying is the Kinner Model 
R-540-3. The Kinner five-cylinder 
engines range from 100 to 175 horse­
power and are used in a variety of 
Army and Navy trainers, at fields both 
in the continental United States and 
abroad. 

The point to remember about the 
light engines is that, while they may 
be heavier in pounds per horsepower, 
they are in every way as refined and as 
reliable as their bigger prototypes. 
Manufacturers such as Wright Aeronau­
tical and Pratt and Whitney have per­
haps led the way but certainly the 
builders of smaller engines have known 
how to follow and in a few respects to 
lead the big two engine companies. 

There is one question which a dis­
cussion of the modern aviation engine, 
however brief, should not neglect: What 
about engines for the helicopter? So far 
as we know, no special engines for the 
helicopter have been built as yet, and 
perhaps no special helicopter engines 
are needed. But there will most cer­
tainly be decided modifications or 
adaptations of the conventional avia­
tion engines to fit them l!pecifically for 
helicopter use. Thus, L. A. Majneri, 
Chief Engineer of Warner Aircraft Cor­
poration, believes that engines for op­
erating helicopters (where the axis of 
rotation is vertical) should be ar­
ranged to have their crankshafts verti­
cal. That would mean that the aircraft 
radial engine would be disposed in a 
horizontal position with its driveshaft 
above and the accessory drives below. 

We can perhaps add to Mr. Majneri's 
views on the adaptations or modifica­
tions necessary. It is much more diffi­
cult to cool an engine installed in the 
helicopter, because this type of aircraft 
may be called upon to hover or to climb 
vertically, thus receiving practically no 
cooling air. Therefore, the helicopter 
engine must be provided with a cooling 
fan, placed quite close to the cylinders, 
and, for preference; the fan should be 
built into the engine itself. Again, the 
helicopter engine, like the automobile 
engine, must be provided with a clutch 
and a free-wheeling or over-running 
device, because at times the rotor must 
be free to auto-rotate. When the engine 
fails suddenly the rotor must be disen­
gaged at once from the engine. 

Another requirement is that the 
engine shall have a high speed of revo­
lution, say 2400 revolutions per minute, 
while the rotor of the helicopter func­
tions best at a low speed, say 250 revo-

lutions per minute or even less. Hence 
a powerful gear reduction must be 
interposed between the two. 

A number of writers have raised a 
plea {or integral aircraft power-plants; 
that is, an aircraft engine which would 
be self-contained when installed in the 
airplane. There is still more reason 
why the power-plant for the helicopter 
should be an integral one and contain 
within itself the clutch, gear reduction, 
cooling fan, and over-running device. 
A real opportunity presents itself here 
for the engine builder, particularly for 
ingenious mechanical designers in gen­
eral. 

INFLUENCE ON OTHER ENGINES-The 
air-cooled aviation engine itself will al­
so influence other types of engine con­
struction and, in particular, that of the 
automobile. We have secured authorita­
tive opinion in this regard. Thus Mr. 
Majneri, whom we have quoted previ­
ously, is quite positive that the air­
cooled engine will be re-introduced into 
the automobile. Re-introduction is the 
correct word when we remember that 
for many years the Franklin automobile 
was equipped with an air-cooled motor 
and enjoyed much popularity. Of course, 
it will probably not be the radial air­
cooled engine that will be used in the 
automobile but rather the in-line or 
opposed-cylinder engines, which obvi­
ously lend themselves better to installa­
tions in the motor car. The cooling of 
such engines would be by fan, just as 
in the helicopter, since the automobile 
also is at times deprived of a cooling 
air stream. The specific output of these 
engines would be in the 50- to 150-
horsepower range, the range which will 

Continental 
type engine 

four-cylinder 
for private 

opposed 
planes 

also be the most interesting for the 
private airplane. 

We have frequently had occasion to 
comment on the extreme lightness of 
the aviation engines. This lightness of 
the aviation engine will certainly have 
its repercussion on the automobile 
engine of the future and will cause alu­
minum and magnesium to be used more 
freely than heretofore in the automobile 
power-plant. But the automobile engine 
will nevertheless weigh more per horse­
power than does the aircraft engine; 
weight saving is not at such a premium 
in a surface vehicle. 

Continental Motors tells us that one 
of their light four-cylinder opposed 
engines of the aviation type will be 
prominent in a low priced automobile, 
but they withhold further information. 
No doubt other companies building light 
aviation engines today have similar 

1 1 0  SCIENTIFIC AMERICAN MARCH 1944 



.; � ; . - " . , :' �'.�' '" f�\' 
' . • . I . \ 

. .. . ' .  I ' d/. I 
. 

' . .. .
. 
: . ' : · " ,l 'fil' , 

� ,, : ;; : ' i ,.-< Ie I �l . .  
. / � . 

, . . . , J 

Derived from aviation practice. 
this Lycoming "packaged power" 
unit is designed for surface·ve· 
hicle use. The large blower at 
right provides air for cooling 

plans. Lycoming Division of Aviation 
Corporation is more definite in its in­
formation and states that it has devel­
oped a self-cooling "packaged power" 
unit of 162 horsepower, intended for 
surface vehicles and definitely a deriva­
tive of aviation experience. The motor 
is well worth study. It has a dry weight 
of 755 pounds and develops 162 net 
horsepower at 2800 revolutions per 
minute on 73-octane fuel. It is designed 
for enclosed or submerged installation. 
The principal element of the cooling 
system is a cast aluminum fan or blower 
mounted integrally with the flywheel 
and having an outside diameter of 28% 
inches. The 16 blades of the flywheel 
have an airfoil shape. Half the air cools 
the engine, half supplies slightly super­
charged power to the carburetor. 

This "packaged power" unit is a di­
rect relative of the standard Lycoming 
aircraft engines, with such modifications 
as battery ignition substituted for the 
aircraft magneto and the addition of 
clutch, fan, air baffles, and the like. Re­
duction in specific weight and immunity 
to temperat'lre extremes are but two 
of many advantages which this neo­
aircraft engine will bring to the service 
of surface transportation. 

EDITOR'S NOTE: This is the first of two 
articles on airplane power plants by Dr. 
Klemin. The second article will cover 
other phases of the subject, including 
high-altitude flying and jet propulsion 
methods and possibilities. 

TOUGB PLANES 

Prove Their Ahility 10 

Withstand Abase 

REPORTS appear frequently in the press 
of Flying Fortresses which limp home 
with hundreds of bullet holes in wings 
or fuselage, with engines almost shot 
away, and the like. Some have asked 
whether our combat airplanes, bomb­
ers, and fighters are really capable of 
taking such terrific punishment and 
still bringing their crews back to safe­
ty. The answer was well presented re­
cently by Major General Delmar H. 
Dunton, in an address before the So­
ciety of Aeronautical Engineers, who 
drew on his experience with the Air 

Service Command to give an authori­
tative and encouraging picture. 

In the General's opinion, the United 
States is building the finest fighting 
aircraft in the world, not only for of­
fense but also in their ability to stand 
up under punishment. We quote his 
views as regards ability to withstand 
enemy fire: "Our airplanes have flown 
home beaten up and smashed to an 
extent that even the most sanguine of 
us never dreamed an airplane could be 
damaged and continue to fly , We have 
seen in the past few weeks at least 
two photographs . . . showing two of 
our battle craft winging their way 
homeward after having been badly 
beaten in combat. I happen, personally, 
to have seen and inspected both of 
these airplanes. One is the B-17 F 
which had its tail almost completely 
severed." 

It appears that a ME 109 attacked the 
Flying Fortress and struck the fuselage 
at its juncture with the fin, the left 
wing of the German airplane plowing 
through fin and fuselage , The impact 
swung the fighter around so that its 
propeller chewed completely through 
the left horizontal stabilizer and ele­
vator of the B-17. The pilot of the 
Fortress felt the shuddering impact, 
yet managed to fly his ship back to the 
edge of the desert. Similar incidents 
related by the General all give an im­
pression of extreme toughness in 
American planes. 

BIRD-LIKE EYES 

Needed by Posi-War 

Civilian Fliers 

WITH THOUSANDS of persons planning 
to buy the promised post-war inexpen­
sive airplanes, a new field of human ac­
tivity will be opened up that will re­
quire more efficient eyes than those 
which have guided motorists in the past, 
says M. J. Julian, president of the Bet­
ter Vision Institute. 

"Birds have the sharpest, keenest eyes 
of all creatures, including man. They 
need such eyes," says Mr. Julian. "Post­
war civilian aviators must strive for 
bird-like eyes. They will have to train 
and tune up their sight if they are to 
avoid the fate of Icarus. 

"Civilian fliers will find new condi­
tions of seeing in air motoring. On 
land it is possible, even with inefficient 
eyes, to judge distances and speeds by 
objects along the route of travel, but 
in the air those guides will be lacking, 
or are to be seen only remotely in 
new perspective. A land-lubber taking 
to the ' air easily might misjudge the 
distance, speed, and direction of another 
plane. 

"In operating automobiles, millions 
of persons have been very neglectful of 
their eyes. Instead of keeping them 
tuned up to top efficiency, such persons 
have , depended upon their brakes and 
the maneuverability of their cars to 
dodge hazards. But planes have no 
brakes comparable to the automobile's 
four-wheel brakes. Also, because of 
the nature of flying, it will be hard to 
change in a split second the course of a 
plane traveling 100 miles an hour. 

"In land motoring visual acuity,  or 
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sharpness of VISlOn, is the principal 
concern of traffic officials in respect to 
eyes of drivers. That also will be im­
portant in the air motoring of the fu ­
ture. But other visual factors must re­
ceive greater attention," continues Mr. 
Julian. "Among these are eye coordi­
nation, muscle balance, and depth per­
ception. The condition known as 
aniseikonia, in which the images in the 
two eyes are of different size, promises 
to be important. Studies indicate that 
this defect is not rare. In aniseikonia 
the eyes find it hard to see on a level 
line. This condition tends to cause a 
flier to tilt his plane in cruising and 
landing. Instead of bending mud-guards, 
an aniseikonic flier probably would 
break wings when landing." 

SELF -STARTING TIRES 

Redace Rubber Wear When 

Airplanes Land 

W HEN the airplane first strikes the 
ground, the landing wheels are not in 
rotation. Therefore, for a few instants, 
the tires slide along the ground instead 
of rolling; the resulting landing-impact 
wear shortens the life of the tires. 
Impact-wear becomes all the greater 
when the plane is heavily loaded and 
lands at a high rate of speed. 

It has often been suggested tha t 
wheels should be set into rotation be­
fore impact, and a variety of compli­
cated devices have been presented to 
achieve this purpose. Now Henry F. 
Schippel, of the B. F. Goodrich Com ­
pany, has invented a pre-rotation meth­
od which requires no electric motor 
and is very simple. All that is required 
is a series of vanes or fins built into 
the side-wall of the tire. When the 
landing gear of the airplane is low­
ered, the vanes catch the air and set 
the wheel spinning . •  Moreover, the 

Fins pre·rolale landing wheels 

fins, made of rubber and fabric, are 
so constructed and placed that they 
fall back into a position flush with the 
side of the tire on the "upper half" of 
each rotation of the wheel. Thereby 
the effectiveness of the device in spin­
ning the wheel is greatly increased, 
and it is quite possible to have the 
wheel spinning at the full speed of the 
airplane itself when it touches the 
ground. 

Besides reducing tire wear, pre-ro­
tation makes the landing smoother. 
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ENGINEERING Conducted by E D W A R D  J .  C L E A R Y  

Chicogo 's New Suhwoy 
Fluorescent Lighting, Piston-Action Ventilalion, Reversible Escalators, Aulo­

matic Drainage, and Complete Operational Salely are Some 01 lhe Outstand­

ing Features ol lhis New Transit System Designed 10 Relieve Trallic Con­

gestion in the Famous "Loop" Section 01 the City 

PROFITING by the latest advancements 
made in the safety, comfort, and 

operational efficiency of underground 
railway design and construction, the 
recently completed State Street sub­
way in Chicago is proving its worth 
as an indispensable transportation unit 
in that city's vast network of transit 
lines. 

Although conceived originally as an 
aid to relieving the badly congested 
traffic conditions in the famous down­
town "Loop" section of the elevated 
rapid-transit lines, this modern trans­
portation facility incorporates many 
conveniences for its patrons. For ex­
ample :  Escalators furnish effortless ac­
cess to and from the load­
ing platforms at train level ; 
automatic ventilators pro­
vide fresh air and control 
temperatures within the 
subway; fluorescent light­
ing creates a cheerful at­
mosphere; automatic block 
signals of latest' design in­
sure the safety of train op­
eration. 

bench methods were employed in the 
outlying areas. Two basic types of tun­
nels were used; a horse-shoe shaped 
section for the bench method and a cir­
cular section for the shield method. 
Heavily reinforced concrete walls form 
the completed tubes. 

Where the subway passes beneath the 
Chicago River, a twin-tube, concrete­
lined, prefabricated steel tunnel was 
sunk in a trench below stream bed 
to avoid excessive grades in the sub­
way profile. Considerable shoring and 
underpinning was required for some of 
the large buildings located adjacent to 
the subway, while careful excavation 
and street decking were necessary in 

connect with the old elevated tracks. 
It was desired to maintain the exist­

ing three-track and four-track elevated 
lines running into the downtown loop 
section from the south and from the 
north. Consequently, at the j unction 
with the incline connections, the old 
tracks were spread apart, forming 
double track run-arounds at one loca­
tion and one single track and one double 
track run-around at another. These 
elevated tracks return to their original 
locations at points where vertical clear­
ance permits the subway trains to pass 
beneath them. Since new steel was at 
a premium, as much of the old steel as 
possible was remodeled on the site to 

serve in the steel deck and 
supporting towers of the in­
clined structures. 

The State Street subway 
is a deep-level, twin-tube 
design, carrying one track 
in each tube. Construction 
was started in December, 
1938, carried through to 
completion despite priority 
restrictions, and the sub­
way placed in operation on 
October 17, 1943. Costing 
$34,000,000, this 4.9-mile 
section is the first of four 
units to be completed in the 
city's proposed subway sys­
tem, which eventually will 
embrace 55 miles of line 
at a cost of some $275,000,-

Stairs lead from sidewalk entrances 01 the Chicago subway 
to mezzanine stations; escalators and stairs lead to plaUorms 

Trains from the elevated 
tracks are routed either on­
to the inclines or the run­
around tracks by an inter­
locking system of track 
switches and crossovers op­
erated by compressed air 
and controlled from inter­
locking towers at each end 
of the subway. Train opera­
tions are carefully con­
trolled at all times both 
in the subway and at the 
elevated line junctions by 
the most modern of safety 
methods known in railway 
operation. For example, in­
terlocking machines located 
in towers adjacent to the 
inclines have a control 
board on which is mounted 
a miniature diagram of 
the interlocking plant's 
switches, tracks, and sig-

000. A federal grant of $18,000,000 was 
secured at the start of construction, 
the remaining funds being furnished by 
the City. 

Tunneling was employed in much of 
the subway construction to minimize 
interference with normal street traffic, 
although some open cut was made for 
installing tubes adjacent to the portals. 
An unsafe, soft soil was encountered 
in the downtown area, requiring heavy 
shIelds and the use of air pressures 
up to 15 pounds per square inch gage. 
Tunneling, hand-mining, and multiple 
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the construction of the subway stations. 
Making the connections between the 

old elevated structure and the ends of 
the new subway was a complicated pro­
cedure, requiring considerable remodel­
ing of existing supporting towers and 
bracing. The general plan was to build 
an inclined structure on the ground at 
each tunnel entrance, carrying a sand­
filled roadbed retained by concrete 
walls. These inclined structures con­
nect to the tunnel portals and slope up 
to connect with steel inclines at their 
upper ends. The steel inclines, in turn, 

nals. Small electric lights 
behind the diagram indicate a train's 
exact location at all times as it ap­
proaches and moves through the plant. 
The plant operator sets up the route 
for each train by manipulating various 
buttons, thus causing the switches to be 
automatically positioned and the block 
signals to be cleared. 

Within the subway tubes, train opera­
tions are controlled by a !p.odern block 
signal system that includes wayside col­
ored lights, approach interlocking sig­
nals, and other automatic safety signals 
found only in the most modern systems. 

SCIENTIFIC AMERICAN MARCH 1944 



One of the most important safety de­
vices is the system of electro-pneumatic 
train-stop mechanisms located at each 
automatic block, approach, and home 
signal. Should any train run past a red 
light at one of these points, this train­
stop mechanism engages trip arms on 
the train, instantly setting its air brakes. 
The train can not then proceed until its 
motorman manipulates a stop-release 
mounted nearby. Automatic train stops 
and all track switches at interlocking 
plants are operated by compressed air 
delivered throughout the subway under 
a pressure maintained at 65 pounds per 
square inch. 

Safety was paramount also in design­
ing the subway's power system. Motive 
power is the same as that used for the 
elevated lines, namely, 600-volt direct 
current on the contact (third) rails, 
with parallel feeders and with a return 
to the substations through running rails. 
A heavy third rail, weighing 144 pounds 
per yard, permitted reduction in the 
amount of copper required in the feeder 
rails. Contact shoes on the trains are of 
the suspended over-running type, while 
the contact rails are supported on porce­
lain insulators, with expansion joints 
every 1000 feet. 

Sections of prefabricated tunnel that now carries the subway under the Chicago River 

EMERGENCY PROVISIONS-All contact 
rails are sectionalized at interlocking 
plants and at various feeder-point lo­
cations. Emergency alarm boxes are 
spaced 400 feet apart along the subway 
walls. Switches within these boxes can 
be thrown, in the event of a train wreck 
or other emergency, thus de-energizing 
the contact rail. Another safety feature 
is a continuous emergency walkway 
built at car-platform height along the 
tube walls. Circular stairwells at fre­
quent intervals along the walkways 
lead to emergency exits at street level. 
Covers on these exits are equipped with 
panic-hardware to insure positive op­
eration. 

Any water entering the subway 
through vent shafts, stairwells, portals, 
or other openings is removed by ten 

Courtesy Peter FIsh StudIos 

pumping stations. Each installation has 
a drainage sump below track level and 
two pumps, one of which serves as a 
standby for emergencies. Submerged 
centrifugal pumps are driven through 
long shafts by a 208-volt, three-phase 
squirrel-cage splash-proof motor auto­
matically controlled by float switches. 
Where the subway passes underneath 
the Chicago River, the motors are lo­
cated at ground level, operating pumps 
below by 80-foot shafts. Motors are 
equipped with line-voltage starters and ' 

they range in size from 5 to 50 horse­
power. 

Ventilation of the subway is obtained 
chiefly through the piston-action of 
moving trains. Chief reason for sub­
way ventilation is to expel the excess 
heat generated by the electrical opera­
tion of trains and other equipment, 
and not for supplying fresh air within 
the tubes and stations, as is commonly 
believed. Taking advantage of air pres­
sure created by moving trains-whose 

Part of the tunnel excavation was carried ouI by the circular shield method 

MARCH 1944 SCIENTIFIC AMERICAN 

cross-sectional area is about one half 
that of the tubes-vent shafts were in­
stalled from track level to street grade. 
As trains move through the tubes, they 
suck in large quantities of air through 
the vent shafts, at the same time forcing 
out equal amounts through others. A 
total of 69 of these vent shafts are in­
stalled in the State Street subway. 

Vent shafts adjacent to subway sta­
tions serve the double purpose of pro­
viding ventilation and blast relief ' for 
loading platforms from the air pressure 
of onrushing trains. Electrically op­
erated fans provide ventilation during 
emergencies and for ventilation at the 
river crossing. In addition, they supple­
ment the piston-action in the downtown 
stations. There are, in all, 26 of these 
huge fans capable of furnishing an ad­
ditional one million cubic feet of air 
per minute. 

LIGHT ASSURED-One of the most strik­
ing features of modern subway con­
struction is the fluorescent lighting used 
throughout the subway stations and 
loading platforms. The Chicago Subway 
is a pioneer in this type of subway 
lighting. An independent incandescent 
system lights the tubes · and provides 
emergency lighting for the statiol1s. 
Duplicating 2lternating-current supplies 
energize the fluorescent lightil1g system. 
In addition, •• separate limited system 
is fed from the 600-Volt, D.C .  traction 
power system through a light main 
extending the entire length of one tube. 
In the event of a power failure in both 
the incandescent and fluorescent light­
ing systems, automatic transfer switches 
will tap power from the third rail ,  
lighting a small number of lamps, suf­
ficient for emergency operation of the 
subway. 

An atmosphere of comfort, cheerful­
ness, and efficiency is displayed in the 
attractively designed subway stations 
They are of the mezzanine type and are 
located between the subway roof and 
street level. Each outlying station has a 
500-£00t loading platform at train level 
to accommodate a train of eight 60-foot 
cars. Some platforms are centered be­
tween the tracks while others are loca-
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Courtesy Peter Fish Studios 
Hand mining methods were used in 
some of the tunnel sections where 
the nature of the soil permitted 

ted on the outer side of each track. 
Eight mezzanine stations are located 

in the downtown section between Con­
gress and Lake Streets, one centrally 
located in each city block and all con­
nected by a 3430-foot continuous island 
platform between the two tracks. Short 
stairway entrances lead from sidewalk 
level to the mezzanine st.ations, while 
reversible escalators and stairs lead on 
down to the loading platforms 40 feet 
below street level. Mezzanines are fin­
ished in a glazed tile and structural 

BIGIW AY CONSTRUCTION 

Program for Posl·War 

Is Billesl Ever 

A POST-WAR highway program devel­
oped by the American Road Builders 
Association indicates that highway 
construction after the war will be the 
largest ever undertaken in this country. 

One of the principal recommenda­
tions of the report is that a construction 
program totalling three billion dollars 
per year be undertaken for a period 
of five or six years following the war. 
This is twice the size of the previous 
record highway construction program 
which ran close to one billion five hun­
dred million in 1930. 

CONCRETE TANKS 

LiDed for Safe Siorage of 

Gasoline aDd Oil 

MORE · than 2000 concrete storage tanks 
of 25,000- to 2,500,000-gallon capacity 
are included in the Navy program for 
storage of gasoline and oil. According 
to Navy spokesmen, the problem of 
porosity of the concrete, which per­
mitted seepage of the stored liquid, has 
been largely overcome. 

'1;he Navy, in co-operation with in­
dustry, has developed various types of 
linings for the inside of the tanks, 
which, in effect, form a big envelope 
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glass, with exposed columns encased 
with radio-black marble. Cashier-con­
trolled and coin-operated turnstiles, a 
general facilities room, open phone 
booths lined with acoustic metal, rest 
rooms, and a concessions booth com­
plete the mezzanine station facilities. 

COLOR·CODED STATIONS - Directional 
signs, steel columns, and terra-cotta 
trim for the loading platforms are fin­
ished in four basic colors-blue, red, 
green, and brown-and rotated in the 
order named to assist the commuter in 
identifying his destination. Platforms 
and mezzanine floors are of red con­
crete to which alundum was added to 
provide a non-slip surface. Stair treads 
are fitted with abrasive tile to prevent 
slipping. 

Modern trains could not be secured 
for subway operation because of 
priority restrictions. This necessitates 
the use of existing steel cars of the Chi­
cago Rapid Transit Company until they 
can be replaced by modern equipment. 
However, 455 of these units are avail­
able; 389 being equipped with two 170 
horsepower motors, and 66 being 
trailers. Each car will seat 52 passengers 
and has a total capacity of 100. 

The State Street subway was designed 
and built by the City of Chicago's De­
partment of Subways and Superhigh­
ways, under the supervision of Philip 
Harrington, commissioner, with Ralph 
H. Burke and Charles E. DeLeuw serv­
ing as chief engineers. Joseph D'Esposito 
was project engineer representing the 
interests of the federal government. 

containing the stored fuel and keep it 
from seeping through the concrete. 

For heavy fuel oil it has been found 
that all that is necessary is to paint 
the inside of the concrete tank with 
sodium silicate (water glass) , four 
coats giving a satisfactory cover. 

For Diesel oils and gasoline, three dif­
ferent types of lining materials have 
been developed. One is a vinylite plas­
tic, painted on the interior of the tank. 
Another is sheet Thiokol, cemented to 
the interior. The third type consists of 
Thiokol in latex form in a layer of cot­
ton fabric. 

TEST BUILDIIfG 

Provides MaDY "Climales" lor 

HeckaDized EquipmeDI 

CLIMATIC conditions varying from 
those in the humid tropics to the freez­
ing Arctic regions may be simulated 
in a laboratory building recently com­
pleted for the testing of Army mecha­
nized equipment, according to Engi­
neering News-Record. 

The "hot" and "cold" rooms in this 
building, some of which are large 
enough to accommodate 60-ton tanks, 
will permit studies on the effect of ex­
treme weather conditions on both men 
and machines. 

The laboratory is housed in a 54- by 
nO-foot reinforced concrete frame 
structure, two stories in height. It is air-

conditioned throughout by means of a 
seven-zone summer and winter system. 

The "cold" room, which has a 2S­
inch-thick floor, 20-inch walls and ceil­
ings, and 12 inches of cork all around, 
provides temperatures down to 60 de­
grees below zero, Fahrenheit. 

The "hot" room has thinner walls, 
insulated with mineral wool. Here tem­
peratures up to 150 degrees, Fahrenheit, 
in combination with humidities as high 
as 95 percent, can be produced. 

PLYWOOD GIRDERS 

Oller AdvaDlages lor 

BuildiDg CODstructioD 

GIRDERS with plywood webs and timber 
flanges are now being used extensively 
in the Middle West. 

Many advantages are claimed for 
this new product, which has been used 
on over SO projects. Advantages in­
clude: (1) fabricatio;:l in a shop, which 
permits rigid control of manufacturing 
processes and assures maximum 
strength of members; (2) the girders 
are rigid, deflection being less than 
1/360 of the span at 1200 pounds per 
square inch extreme fiber stress; (3) 
lumber demands are low and the ma­
terial required comes in stock sizes; 
(4) girders are easy to erect, which 
permits rapid field construction; and 
(5) few strategic materials are re­
quired. 

As shown by the accompanying pho­
tograph, the web consists of a single 
thickness of standard fir plywood with 
the outside grain vertical or at right 
angles to the flanges. The latter, both 
top and bottom, consist of solid or 
laminated members of stock fir lumber 
on each side of the web. The flange 
timbers are glued to the web and at 
intervals dowels are added to assist in 
the distribution of the stress. A diag­
onal timber tension member, which is 
added at each end of the girders to 
transfer the tensile stresses from the 
lower to the upper flange, eliminates 
the necessity of thickening the webs at 
the ends of the beams to resist shear. 
The girders are designed for spans 
varying from 10 to 60 feet. 

This new application of wood for 
structural purposes has been devel­
oped by Timbeam, Inc .  

A plate girder with plywood web 
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M£TALS IH IHDUSTRY Conducted by F R E D  P .  P E T E R S  

Costing's  
ABOUT the only good effect which 

wars have on society is the sharp 
acceleration of technological progress 
they produce. Thus when we hear of 
the tremendous strides made in foundry 
engineering in recent years, it is natural 
to credit the Martian influence for most 
of this advance. The wartime transfor­
mation of the foundry industry has in­
deed been considerable, but actually the 
fundamental changes in foundry prac­
tice wrought by the introduction of 
scientific and engineering methods ante­
dated the war, the latter serving chiefly 
to spread their influence much more 
rapidly. 

"The foundry industry" is that indus­
try which specializes in the manufac­
ture of castings-metal products made 
by pouring liquid metal into molds 
roughly approximating the shape of the 
finished product. Broadly speaking 
there are six types of foundries, if 
classified according to the metals they 
cast: Gray iron, steel, malleable cast 
iron, non-ferrous (in the foundry field 
this term refers to brass and bronze) , 
light metals; and heat� and corrosion­
resistant alloy castings. 

According to Penton's Foundry List 
there are some 4800 foundries in op­
eration in this country, of which 2890 
make gray iron, 600 steel or alloy cast­
ings, 126 malleable cast iron, 2620 brass 
and bronze castings and 2040 alumi­
num or magnesium castings. In actual 
weight of delivered castings the gray 
iron branch of the industry is the 
colossus, its production being in the 
neighborhood of 14 million tons annu­
ally. Steel castings added up to about 
two million tons in 1943, "malleable" 
about one million, and the total of brass, 
bronze, aluminum, and magnesium 
about two million. 

If foundries are backward technically 
(as is widely believed) then such back­
wardness is almost a fundamental flaw 
in our industrial structure. If, however, 
the foundry industry is progressive (a� 
is actually the case ) ; if it utilizes new 
scientific concepts and modern engineer­
ing practice; and if it has provided its 
own solid base of forward-looking re­
search and development, then we may 
expect its iflfluence in the American 
scene to grow and the market for cast­
ings to expand continuously. 

Although the products of different 
foundries may be quite unlike, metal­
lurgically, and tend to find different 
types of application, the various 
branches of the industry are strongly 
bQund to each other in the similarity 
of methods and techniques they employ 
and in their common marketing prob-

Progress 
War Heeds Have Intensified the Application of Modern Science and Engi­

neering in Foundry Practice. How Castings of All Types Have Beller Prop­

erties, Can Be More Efficiently Manufactured, and are in the Besl Competitive 

Position in Their Hislory 

lem of presenting the casting as a com­
petitor with forgings, die castings (not 
usually considered foundry products) 
welded structures, and other forms. 

Because of this, "foundry engineering" 
today is an actuality and the average 
foundry is no longer a rule of thumb, 
by-guess-anJ-by-gosh, handcraft shop. 
A frequently remarkable level of prod­
uct quality and operating efficiency is 
fast becoming the rule (although the 
exceptions are still too numerous, in 
the minds of industry leaders) . 

RECENT OUTSTANDING ADVANCES in 
foundry engineering have been in five 
general directions: (1)  the metallurgical 
improvement of product quality and 
soundness through the use of modern 
refining and alloying methods and the 
application of scientific knowledge of 
the internal structure of metals; (2) 
the development and application of spe­
cially effective casting processes and 
molding practices such as centrifugal 
casting, duplexing and triple xing, plas­
ter moldin�t" directional solidification, 
and blind risering; (3) the use of "sand 

control" to improve the surface and in­
ternal quality of castings through scien­
tific formulation, treatment, and test­
ing of mold and core sands ; (4) the 
general mechanization of foundry op ­
erations, including conveyorized pour­
ing of molds and mechanical handling 
of sand for conditioning treatment and 
reclamation; and (5) the employment 
of the latest quality-control tools - x­
ray and radium inspection, the metal­
lographic microscope, pyrometric con­
trol instruments for melting and pour­
ing temperatures, spectographic analysis 
for raw material and finished casting 
composition control, and so on. 

The application of foundry engi­
neering has been well distributed 
throughout all branches of the field. It 
is not slighting the others, however, to 
say that the steel castings and light 
metal castings manufacturers have em­
braced modern methods and metallurgy 
in the greatest proportions. On the other 
hand, the most notable single trend in 
the whole foundry field in recent years 
has been the steady improvement in the 
engineering quality of gray iron castings 

Molds made in this pneumatic molding machine have controlled moisture content 
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made by the average well-managed 
foundry, and the extraordinary better­
ment of properties achieved by a smaller 
number of plants using special process­
ing tel:bniques. 

Gray iron is today a material of con­
struction on a par with wrought iron 
or cast steel for many applications, and 
superior to it for some. Gray iron is es­
sentially an alloy of iron and more 
than about 2 percent carbon, with part 
of the carbon present as graphite flakes. 
Whereas the average grade of gray cast 
iron several years ago was called a 
"weak and inherently brittle material," 
with a tensile strength of only 15,000 to 
25,000 pounds per square inch and few 
structural or load-bearing applications 
of importance, today iron of more than 
30,000 pounds per square inch tensile 
st;rength is common and SO,OOO-pound 
iron is the regular product of many 
foundries. 

Although cast iron has a lower duc­
tility than most wrought and some cast 
materials this fact is of much less im­
portance now than formerly, for the 
best-informed engineers are today con­
vinced that ductility has been highly 
over-rated as an essential engineering 
property, especially for scores of ap­
plications involving no tensile loading. 
But beyond all that, modern gray cast 
iron offers a unique combination of 
wear resistance, machinability, capacity 
for absorbing vibration, and good com­
pressive and tensile strengths that have 
recently caused many to revise their 
estimates of its potentialities as an engi­
neering material. 

HIGH·STRENGTH IRONS-As evidence of 
this are many successful wartime ap­
plications of high-strength irons for 
which cast iron would have once been 
considered quite unsuitable. Diesel 
engine crankshafts, cutting tool shanks, 
milling cutter bodies, marine propellers, 
turbine runners, shell forging dies, rub­
ber-machinery parts, gears and bear­
ings for mobile anti-aircraft guns, hand 

'1ourtesy Ford Motor Company 

grenades. and so on, ill addition to mallY 
machine-tool parts, are now being made 
as iron castings-some of them special­
ly-processed trade-named irons like 
Meehamte, Sorbo-Mat, or Proferal, and 
others unoranCied products of equally 
enlightened foundry practlce-and testi­
fy to the engineermg serviceability of 
current cast irons. 

This steady improvement in strength 
and quality of gray iron has been 
achieved through several developments 
and practices-"inoculation" of the 
molten iron in the ladle ; the use of 
weighed, dried, or heated air for blow­
ing the hot metal in the cupola; super­
heatmg of the molten iron; the incor­
poration of alloys in the composition to 
increase strength or hardenability; and 
the heat treatment (includmg flame 
hardening) of cast irons. Many of these 
practices have stemmed from one basic, 
only-recently accepted principle: That 
the properties of cast iron are deter­
mined as much by its internal structure, 
and especially by the size, shape, and 
distribution of the graphite flakes dis­
persed in it, as by its composition ex­
pressed as total carbon content. 

Thus "inoculation" involves the addi­
tion to the molten iron of small amounts 
of calcium-silicide, ferro-silicon, gra­
phite, silicon carbi<ie, silicon-man­
ganese-zirconium, or other agent which 
cause the graphite to begin forming 
while the metal is liquid rather than 
after it has solidified. Thus it produces 
an ultimately finer and more uniformly 
distributed graphite-flake dispersion. 
Superheating and control of cupola air 
(air-weight control, hot blast, or dry 

blast) have, among other things, a 
strong effect on the rate of formation 
of the graphite and therefore on the 
structure and properties of the iron. 

The incorporation of nickel, chromi­
um, molybdenum, and other metals in 
gray iron has strengthened and tough­
ened many of today's iron castings or 
has made them more amenable to heat 
treatment in heavy sections, so that 

Pourinq alloy steel into . a centrUuqal caslinq machine 

heat- u:eated alloy u'ons may have ten­
sile strengths exceeding 50,000 pounds 
per square inch. But the demand for 
these is comparatively smaIl and the 
gray iron industry's major contnbution 
to ultlmate Victory has been its ex­
panded production of high-strength 
(40,000 to 50,000 pound) irons that con­
tain no critical alloying elements, but 
which derive their excellent properties 
from the engineering or metallurgical 
techniques previously mentioned. 

Of all types of foundry products, steel 
castings have been the most heavily 
applied in ordnance. For example, the 
M-4 medium tank, which weighs some 
60,000 pounds, contains steel castings to 
a total of 29,000 pounds, of which 20,000 
pounds represents the weight of the 
one-piece cast armor hull. In fact, the 
applications of steel castings every­
where in war production have multi­
plied so rapidly as to necessitate an ex­
pansion of the industry from a produc­
tion level of about one million tons in 
1940 to more than two million tons an­
nually ·at present. 

Simultaneously, engineering advances 
in steel-casting manufacture have come 
with breathless rapidity. Normally lav­
ish in their use of alloys, steel foundry­
men have learned to produce castings of 
the highest quality with percentages of 
alloy content formerly considered much 
too low. Better melting and molding 
practice, the use of centrifugal casting, 
and the intelligent application of liquid­
quench and temper heat treatments are 
some of the reasons for that achieve­
ment. 

Fascinating indeed is the story of 
centrifugally cast steel and its mush­
rooming application for products that 
once could be made only from steel 
forgings or other wrought products. In 
centrifugal casting the molten metal is 
poured into spinning cylindrical molds, 
which may spin on either a vertical or 
horizontal axis and may be made of 
either metal or sand. The centrifugal 
force of spinning gives the equivalent 
of a pressure casting, uniformly dense 
and sound, with inclusions and the un­
sound portions confined to the easy­
to-machine-off inside diameter of the 
casting. 

CAST STEEL USES-The demonstrated 
high strength, ruggedness, and service 
reliability of such centrifugally cast 
steel products as artillery gun barrels. 
aircraft engine cylinder barrels, auto­
motive brake drums, heavy-duty gears, 
ship shafts, welding flanges, retort tubes, 
and so on, have opened new applica­
tion-possibilities for this still-young 
metal form, and have given a mental 
lift to many steel foundrymen who are 
wondering what post-war use they 
might make of their war-swollen ca­
pacity for producing steel castings. 

Steel castings as a product of the 
"side-blow" converter, once considered 
of little safe utility for the production 
of high quality castings, have in the 
last two years become a regular part of 
the industry's output. The now- accepted 
use of the converter followed two 
stimuli: (1)  experimental demonstra­
tion by two Batelle Memorial Institute 
men that converter castings could be 
every bit as good as those made in the 
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Courtesy Wright AeJron:autlca! 
Makinq a mold for caslinq an alu· 
minum cylinder head for .an aircraft 
enqine. Lonq nails are inserled 
into the sand to act as reinforce· 
ments durinq pourinq of the metal 

open hearth or electric furnace, and (2) 
the development of "duple xing" pro­
cesses whereby the gray iron founder's 
cupola is used to melt down steel scrap 
and pig iron, and the carbon, silicon, and 
manganese are blown out in the con­
verter to produce a satisfactory steel. 
8uch processes not only permitted the 
rapid production of badly-needed steel 
castings with only a minor investment 
in new equipment as compared with the 
cost of new open hearths or electrics, 
but also found ready use for many 
cupolas that would otherwise have stood 
idle, to the financial embarrassment of 
their owners. 

Refining and alloying of the duplexed 
metal may conveniently be done in an 
electric furnace which, when added to 
the cycle, transforms · the process into 
"triplexing." In addition, the electric 
furnace frequently serves as a "holding" 
furnace, acting as a reservoir of hot 
metal to which molten steel can be 
added and from which it can be drawn 
continuously to supply conveyorized 
molds on a mass-production line. 

The application of the so-called "di­
rectional solidification" concept has 
markedly improved the soundness of 
steel castings and has even permitted 
the production of castings once thought 
impossible. Directional solidification in­
volves the controlled speeding of solidi­
fication in some regions and the retard­
ing thereof in others through various 
devices, so that the inevitable shrink­
age cavity will occur in the top of a 
riser (an external, removable appendix 
to the casting) and not in the casting 
proper. Allied to this is the very re­
cent expanded use of blind risering or 
atmospheric-pressure feeding, whereby 
a sand core (most recently, a graphite 
wedge) is inserted through the cope of 
the casting into the top of the riser, 
which is otherwise enclosed in sand. 
Hotter feed metal and cleaner, sounder 
castings are the customary result. 

A CHALLENGE MET-Malleable cast iron 
foundry engineers have met the chal­
lenge of war production under extreme­
ly trying circumstances, particularly an 

acute shortage of manpower. The most 
notable contribution of malleable has 
been its widespread use to replace high­
ly critical brass or bronze castings or 
steel forgings in ordnance equipment. 

The long annealing cycle in malleable 
iron manufacture, normally requiring 
days for completion, has been short­
ened to hours in some foundries through 
the use of a short-cycle practice in­
volving controlled atmosphere furnaces 
instead of packing the parts in pots 
filled with solid material. "Pearlitic 
malleables" (01' more accurately "ar­
rested-anneal malleables") , which are 
short-cycle products combining some of 
the properties of cast steel and of ordi­
nary malleable, have enjoyed a re­
markable increase in wartime applica­
tion. 

The most recent advance in the mal­
leable iron field is the use of tiny 
amounts of boron (about 0.001 percent) 
to increase the amenability to anneal­
ing of malleable irons containing stray 
alloy contents introduced via the scrap 
used in melting. 

High mechanization-the use of con­
veyorized pouring lines and of semi­
automatic core-making and shakeout 
equipment-has been intensively ap­
plied in the manufacture of aluminum 
and magnesium castings. Cast alloy 
compositions (aluminum-magnesium­
zinc alloys, for example) have been de­
veloped that require no heat treatment 
to develop mechanical properties com­
parable to those of the high temperature 
precipitation-hardened alloys. The alu­
minum foundries have learn!!d to make 
high-grade castings out of secondary 
metal, and this alone is an achievement 
of real importance under today's condi­
tions. 

The use of plaster-molding processes 
for making precision castings both in 
light metals and in brass is finding in­
creasing favor. By means of the process, 
tolerances approaching those possible 
with permanent (metal) molds can be 
achieved, yet without the cost of mak­
ing metal molds. Applications have been 
confined to relatively short-run jobs 
and many have involved conveyorized 
handling. 

The outstanding recent metallurgical 
developments in brass and bronze cast­
ings manufacture have been (1) gen­
eral realization that the atmosphere in 
which the metal is melted and refined 
should be slightly oxidizing rather than 
reducing to promote maximum freedom 
from porosity and (2) development of 
secondary metal refining methods and 
casting metallurgy that permit the use 
of large amounts of secondary ingot 
metal (made from. scrap) in castings 
manufacture without significant sacri­
fice of general engineering quality. 

Centrifugal casting and plaster-mold 
casting have both been applied with 
striking success for copper alloys and 
are certain to continue in important 
use in the post-war period. 

Among the broadest trends in the en­
tire foundry field has been the aston­
ishing increase in knowledge of the ef­
fect of mold- and core-sand mixture 
compositions and treatment on the sur­
face finish and internal soundness of 
all types of castings and the application 
of that knowledge practically every-
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where. Type of sand, moisture content, 
clay content, and type and amount of 
binder are all regularly considered in 
sand formulation. Core-baking tempera­
tures are closely controlled. The use of 
resin core binders; which require lower 
baking temperatures and arc n1oi'c 
readily shaken out, is being eridorsed 
by more and mote foundries; . Stich 
binders also permit the re"'tise of cdre 
sand without expensiye reclamation 
equipment. 

The foundry industry is basic in our 
industrial economy. It has successfully 
met the shock of war, continued to im­
prove its technological level and will 
enter the post-war period better able to 
meet the competition from wrought 
products than ever before in its history. 

GERMAN ALUMINUM ALLOYS 

Have Beduced Copper 

Use to Vauishiug Poinl 

AMONG the closely guarded wartime 
secrets 6f America's metallurgical ex­
perts are the compositions of two or 
three new ultra-high-strength, heat­
treatable aluminum alloys. Each of the 
leading aluminum producers has de­
veloped at least one and they have been 
making outstanding contributions to 
faster, more powerful aircraft. 

The Germans haven't been idle, 
either, in this field. Faced with a cop­
per shortage that makes OUT copper 
stringency look like super-abundance, 
the Nazis have sought to eliminate that 
metal from alloys wherever possible. 
The most common strong, heat-treat­
able aluminum alloy "duralumin" 
(178 and 248 in this country) contains 
4 percent copper, so German metal­
lurgists have brought forth a new sub­
stitute aluminum-base material con­
taining 4.5 percent zinc, 3.5 percent 
magnesium, and no copper, which is 
said to be at least the equivalent of 
duralumin for aircraft construction. 

Variations of the alloy in use also 
contain chromium and manganese for 
additional strength. Tensile values are 
over 55,000 pounds per square inch. 
(The new American alloys give 
strengths considerably higher than 
that.)  Best results are obtained by a 
heat treatment comprising heating to 
750-925 degrees, Fahrenheit, quenching 
in water, and allowing to age-harden 
at room temperature.-From the GeT­
man journal "Aluminum." 

PBECISION HABDEHIRG 

Made Possible By Use 

Of High-Temperature Quench 

TYPICAL of recent heat-treating devel­
opments that have speeded production 
or assured the maintenance of neces­
sary precision without prohibitive time 
or expense is the application of isother­
mal or constant-temperature heat treat­
ment to the hardening of small pro­
j ectile or other ordnance parts. 

(Continued on page 134) 
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nlDAIIDTAL ICIDCE Conducted by A L B E R T  G .  INGALLS 

Measuring Roughness 
Wben Ibe Molor ami Aviation Indusllies PII Sliffer DellWllls en Bearmgs, 

SomelbiD. More Scientific bad 10 .e Suhslilaled for Ibe MaclliBisl's Eyes 

ami Fingertips. Usmg Inslrumenls Having a Slylus Poial 10 Draw Across a 

Surface, Ibe Boagbness is Measured in Milliontbs of an Incb 

B y  H A R R Y  B .  S H A P E R  
The Brlllh Development OompllllY 

ONLY in the past 10 years has the 
concept of surface roughness ob­

tained a scientific meaning. Various 
methods of judging surface roughness 
had been used by the early craftsmen. 
The fingertips or thumbnail slid gently 
over a -surface are remarkably sensitive 
to surface irregularities. A trained in­
dividual can detect the difference be­
tween a perfectly smooth surface and 
a slightly rough surface whose rough­
ness is below the level reached by op­
tical microscopes. The optical micro­
scope can magnify surface irregularities 
if they are larger than the wavelength 

� -- ---� ..... 

F IG. 1 
£.,.11 em. lrreqular surface Uke this 
may appear to be shiny em.d smooth. 
But th. shine comes ollly hom the 
parts betweell the hreqularltles 

of the light used, or approximately 
down to 1/200,000 inch for ultra-violet 
light. While the fingertips are sensitive 
fingertip estimates of roughness still wili 
vary over a range of 10 or even 100 to 
1, depending upon different individuals. 

A second method of judging rough­
ness was an optical method. Judgment 
of smoothness was based on the mirror­
like quality of a surface. This led to 
many erroneous estimates of smooth­
ness, since many surfaces which exhibit 
a dull gray finish may actually have 
smaller deviations from flatness than 
one which is shiny and mirror-like. 
Thus a surface which has been bur­
nished would present to the eye an ap­
parently polished appearance. This type 
of surface on a piston, as shown in Fig­
ure 1, would soon chip and score the 
walls of the cylinder. 

The qualitative methods of judging 
surfaces-that is, those just described­
broke down as soon as the automobile 
and aviation industries began to search 
for methods of carrying large loads at 
high

,
speeds on small light-weight bear­

ings. Automobiles had to be brought 
from high speeds to a dead stop with 

small brake drums in a short time. Air­
plane motors had to develop thousands 
of horsepower on shafts a few square 
inches in area. The life of engines at 
high speed had to be extended. Pistons 
and rings had to. make millions of cycles 
without developing serious leakage of 
oil. Cams had to maintain accurate 
dimensions, to open and close valves in 
split seconds. For a while it was neces­
sary to break-in engines and mating 
parts, a process which resulted not only 
in considerable inconvenience, but in a 
serious compromise in the permissible 
fit of parts. Large tolerances had to be 
allowed during the break-in period so 

. that the mating parts would not freeze 
together. Consequently, the still larger 
clearances which existed after break-in 
resulted in short life due to the extra 
slap of one rotating part against the 
other. 

QUANTITATIVE PICTURE-The study of 
the nature of the surface which gave the 
best over-all performance for load-car­
rying capacity and long life showed that 
the roughness of the surface was im­
portant. Certain methods of finishing 
machine parts lead to longer life and 
shorter break-in periods. A quantita­
tive picture of the nature of the differ­
ent surfaces resulted in a set of char­
acteristics for an ideal surface. It was 
found that, in general, for a given ma­
chining procesa: 

1. The smoother the surface, the 
better. 

2. Any roughness which existed 
should be of such a nature that the 
variations from true flatness should oc­
cur' as depressions. Figure 2. 

3. The surface should not be bur­
nished or spun over in order to attain 
smoothness, but should be cut away 
without distorting the grain surface. 

The above conditions are not the only 

FIG. 2 
For load-carrylnq capaclty and 1000q 
We the .,arlaUollS hom Oatil ... 
8houIcl take the Iorm of depreealOllS 

conditions for obtaining optimum bear­
ing surfaces, but are the most critical 
ones. If a surface has all its irregulari­
ties below the face, rather than some 
above and some below a median line, 
a larger area is available for load sup­
port. As shown in Figure 3, even small 
peaks in the surface can change its 
bearing properties. 

A committee on standards has set 
forth the following definitions for de­
scribing a surface: 

1. Lay. The direction of the machin­
ing process. Operations such as grind­
ing, boring, turning, always have two 
directions at right angles to each other 
with different micro-inch depth read­
ings. Hand operations, such as lapping 
and sanding, have no preferred direction 
of reading. In addition, ·there are ran­
dom finishing processes like super-fin­
ish, tumbling, and random polishing 
machines which also have no preferred 
direction. 

2. Waviness. The general contour of 
the finished surface, which is usually of 
the dimensions of .04 inch or greater. 

3. Roughness. The microscopic de­
viations of the surface . 

Figure 4 shows the relations of 2 and 
3, that is, of waviness and roughness. 

The modern methods for measuring 
surface roughness are: 

1. A stylus point rides on the surface 
in the vertical position and follows the 

SMALL CONTACT AREA 

LARGE CONTACT AREA 

FI G . 3  
E.,ell small peaks In a surface. as Is 
shOWll In the upper. of the COlltOurs. 
can chanqe lis bearinq properUes 

contour of the surface. The deviations 
of the stylus tip are translated into elec­
trical pulses, and these pulses are mag­
nified and then either read by means 
of a meter or recorded on a chart to 
give a picture of the surface. Figure 5 
shows a pole shoe and a diamond stylus. 
Both of these ride on the surface. The 
respective motions of the shoe and 
stylus generate electrical voltages. 
Since the pole shoe follows only the 
mean height, and the stylus follows the 
fine deviations, the difference between 
the two amplitudes, converted into volt­
ages, indicates the roughness of the 
surface. The pole shoe radius is made 
small enough so that if the surface is 
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absolutely smooth but wavy (waves 
are considered to be larger than .04 
inch) the stylus and the shoe will move' 
synchronously and no voltage will be' 
generated. Therefore the electrical 
reading is proportional to the roughness, 
alone, and not to the waviness of the 
surface. 

2. Another method of measuring sur­
face roughness is to measure the re­
flectivity of the surface. A light source' 
is reflected from the finished surface 
into a photocell. A perfectly smooth 
surface can be set to give a definite' 
reading; and then, as the surface gets 

FLAT A N D  SMOOTH 

WAVY 

ROUGH AND WAVY 

F I G . 4 
Waviness and roughness are not 
synonymous. wavy irregularities be­
ing larger. A surface could have a 
wavy contour without roughness. or 
a rough contour without waviness 

rougher, less light will be reflected into 
the photocell (Figure 6.) The ratio of 
these readings is then a measure of the 
roughness. 

3. The taper method: The finished 
surface is plated. After a heavy plate 
is put on, the surface to be observed is 
sliced at a shallow, angle, as shown in 
Figure 7. This shallow angle results in 
vertical magnification of the surface de­
viations, but of course gives no hori­
zontal increase. Practical limitations in 
the grinding and polishing process limit 
the mechanical magnification afforded 
by this method to about 25 times. How­
ever, once this is accomplished, optical 
methods of observation become feasible 
dovm to fairly small surface deviations, 
although not as low as the stylus meth­

, od permits. This method may be used 
to check the more rapid stylus method. 
Its very great disadvantage lies in the 
time required to investigate a surface 
and in the fact that it destroys the sur­
face. 

4. It is possible to measure the rough-

STYLUS AVERAGING SHOE \ I ,. 44� 
FIG . S  

In the stylus method of measuring 
surface roughness the stylus is drawn 

across the surface and its deviations 
are translated into electrical im­
pulses which are amplified. At the 
same lime a flat shoe traverses the 
surface and lis deviations are sepa­
rately translated into electrical im. 
pulses and amplified. The apparatus 
then automatically subtracts the 
small stylus readings from the larger 
shoe readings. and thus the desired 
roughness reading is sorted out from 
l1e less essential waviness reading 

I 

ness of a fine surface in very great de­
tail by using the electron microscope. 
An extremely thin layer of a suitable 
,drying material is poured over the sur­
face and allowed to dry. This layer is 
then peeled off, inserted into the field 
-of the electron microscope and photo­
graphed. The hills and valleys then 
photograph respectively in light and 
,dark areas. In spite of the necessary 
painstaking procedure, this method win 
be widely used in the future in research 
to investigate surfaces because of its 
fineness of detail. 

Of the four methods just described, 
the one used most widely is the stylus 
point method, and two of this type of' 
instrument are sold commercially. One· 
of them is the "Profilometer" made by 
the Physicist Research Company and 
the other the Brush Development Com­
pany's "Surface Analyzer" (Figure 8) . 
With these types of instruments, devia­
tions of one micro-inch (millionth inch) 
,can be measured. When it is remem­
bered that the separation between mole­
,cules of the material generally is in the 
order of .005 micro-inch, it is realized 
that the limit of measurement is pretty 
close to the ultimate accuracy possible. 

Of course, different commercial com­
panies argue for their own method of' 
surface finishing, and the theories de­
veloped for the ideal surface are not 
yet fully substantiated, but all of us 
have noticed in the past five years a 
remarkable increase in the life of auto­
mobile . engines. One of the surface­
finishing processes developed is the "su­
per-finish" method used on parts which 
have been ground down to their pre­
scribed dimensions with fine grinding 

FI G . 6 
A simple sketch iIlustrating the basic 
principle of the reflectivity method of 
measuring surface roughness. A per­
fectly smooth surface would reflect 
a maximum of the light into the pho­
tocell. The light is reflected else­
where in proportion to irreqularllies 

wheels. These parts are placed in a 
machine which uses soft and fine stones, 
flexibly mounted, which scrub the sur­
face slowly and gently for a period 
varying from 10 seconds to about a 
minute. This scrubbing action, which 
is random, serves to cut away gently 
the sharp edges protruding from the 
surface, leaving only valleys in the ma­
terial. 

With this super-finish process, toler­
ances of the finished parts are main­
tained very closely, and only a small 
amount of break-in is required. The 
depressions serve, in addition, to retain 
oil where oil is used between the mating 
parts. 

The proponents of this finish have run 
some experiments showing that the rust­
resisting properties of these finished 
parts on exposure are superior to those 
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FIG . 7  
Illustrating the taper method of meas­
uring surface roughness. Slicing the 
surface diagonally. as shown. mag­
nifies the irregularities vertically 

of other finely finished surfaces. This 
is understandable when we remember 
that, by finishing a surface to a great 
degree of flatness, the total area is 
actually decreased even though the 
bearing area is increased, and in addi­
tion the surface has no sharp corners 
where electrolytic action can occur with 
greater intensity. 

As in the super-finish process, it has 
been found that, by taking a finely fin­
ished surface and gently sanding it with 
very fine sandpaper, the load bearing 
capacity of the material will rise two or 
three times, due to the increase in sur­
face contact area. 

In general, then, the reason for in­
vestigating the finish of a surface de­
pends upon the fact that . when two 
parts meet in a bearing or other work­
ing machine part, the largest area of 
contact possible will generally result in 
better performance. The reason for the 
use of soft bearing materials on one of 
the mating parts is that the soft material 
tends to fill the crevices in the hard ma­
terial, and then the two parts mate 
more smoothly. The disadvantage of 
using a soft material, such as a Babbitt 
metal, is that the metal cannot support 
heavy loads without distorting. 

OPTIMUM COMPROMISE-The require­
ment that all surfaces be finished to 
small micro-inch readings is compli­
cated as soon as design and production 
cost come into the engineer's considera­
tion. For example, ' when considering 
the design of automobile brake drums 
there is a choice between making the 
finish finer and making the shoe larger. 
Making the drum larger so that it can 
conduct a given amount of heat gen­
erated ,requires space and weight. This 
results in higher material cost and a 
lower machining cost. Finishing the 

(Please turn to page 135) 

The Brush Surface Analyzer. Its 
motor·driven arm slides the stylus 
and shoe steadUy across the surfac:e 
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IN OTHER FIELDS Conducted by The Staff 

Keeping Bosiness  In  Bosiness  
One of lhe Oulstanding Slories of Materials Subslitulion 10 Grow Oul of Melal 

Shortages is lhat of the Use of Fabricated Fiberboard lor a Wide Variety 01 
Applications. Refrigerators. Clothes Lockers. Lunch Boxes. Lighting Re­
lIectors. and Toys are Only a Few of the lIems Aflected 

DRASTIC orders which the War Pro­
duction Board issued, curtailing the 

use of critical metals-steel, copper, 
aluminum, and various alloys-in the 
manufacture of civilian products, threat­
ened to put innumerable companies, 
both large and small, entirely out of 
business. That many of these com­
panies have survived and are now 
thriving, is the basis of a fascinating 
story of scientifically applied substitu­
tions. While these substitutions have 
been carried out in many ingenious 
ways, one of the outstanding examples 
is the use of fabricated fiberboard as a 
replacement material for formerly used 
metals. In many cases where fiberboard 
has been so applied, it was found that 
production could be speeded up, often 
with savings in the final weight of the 
finished item and, in many instances, 
substantial savings in cost. 

Essentially the secret of the proper-

B y  A .  P .  P E C K  

ties of fabricated fiberboard of the 
Masonite type lies in the two basic 
elements of natural wood: The tiny 
cellulose fibers of which wood is com­
posed and the lignin which holds them 
together. From this natural material, 
through a process of "exploding" the 
wood, it is possible to produce a hard, 
strong board which lends itself ad­
mirably to a wide variety of uses in 
many fields. 

When the wood is "exploded," the 
cellulose fibers are not damaged nor is 
the lignin removed. The "explosion" 
results in a mass of fibers of varying 
degrees of plasticity, which can then be 
interlaced and, under varying degrees 
of heat and pressure, be "welded" to­
gether into a board which shows prop­
erties of equal strength in all directions. 
In this process the lignin itself furnishes 
the bond. 

From the fiberboard so produced it 

Bendinq fabricated fiberboard to specified contours 

is possible to fabricate shapes of vari­
ous contours, applicable to the produc­
tion of a number of different manufac­
tured units. Many such applications 
have been made and so successful have 
they been that it is probable many 
of them will continue in use after 
metals, in which the situation is even 
now easing, are once more available to 
industry in general. 

A few examples of the uses to which 
fabricated fiberboard has been put will 
serve to indicate the possibilities of this 
material and perhaps to proj ect a trend 
of the future. 

A steel refrigerator manufacturer was 
formerly using approximately 100 
pounds of metal per unit produced. To­
day, however, restrictions dictate the 
use of a maximum of six pounds of steel 
per unit; fiberboard has been applied 
to make this enormous reduction pos­
sible. By fabricating the sheets to the 
desired sizes and contours and providing 
baked surface finishes, a refrigerator is 
now being produced which is stated to 
have all the glowing beauty and dura­
bility of the former models combined 
with the essential sanitary qualities 
necessary in refrigerators. 

When expansion of war plants called 
for an unprecedented production of 
lockers for the workers, a complete line 
of fiberboard lockers, wardrobes, and 
storage cabinets, were designed, using 
a minimum of critical materials. These 
overcome the objections to ordinary 
wood lockers because they provide fire 
protection, are resistant to moisture, 
have high strength and durability, per­
mit flexible rearrangement and use with 
steel lockers that may already have 
been installed, and resist the absorption 
of food and other odors. 

METHODS PERFECTED-Active in the 
work of fabricating Masonite has been 
Service Industries, Inc., who have per­
fected methods of handling and bending 
the material. One of the examples of 
work done by this organization has been 
the production of reflectors for fluores­
cent lighting. Good lighting is an essen­
tial in all types of industrial production, 
yet until only a short time ago metallie 
reflectors were considered essential to 
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such installations. And up­
on the contour and effi­
ciency of a reflector depends 
largely the overall efficiency 
of a lighting system. 

Starting with a maze of 
highly technical lighting 
problems, reflectors were 
designed to be fabricated 
entirely from fiberboard. 
In the course of this work 
a special plastic-impreg­
nated board was developed. 
Now, as a result of concen­
trated research, standard­
ized fiberboard reflectors 
have the approval of the 
Underwriters' Laboratory, 
the War Production Board, 
and the Electrical Testing 
Laboratories. Some manu­
facturers are guaranteeing 
85 percent efficiency for 
these reflectors, with actual 
efficiencies ranging up to as high as 89 
percent. These efficiencies are consid­
erably higher than those of porcelain­
enamel reflectors. 

In lighting fixtures of this type, effi­
ciency of a reflector is not the whole 
story. Fiberboard reflectors show great 
savings in weight. The 40-watt fiber­
board reflector weighs only five and one 
half pounds, the 100-watt reflector only 
ten pounds; whereas metallic reflectors 
of similar size weigh two to three times 
as much. Then too, the fiberboard is 
non-corrosive, retains its shape because 
of its rigidity and will not dent or kink 
as will metal. 

In the field of blades for fans used for 
cooling and other purposes in industry, 
thousands of pounds of metal were for­
merly used. Now blades are being made 
of fabricated fiberboard with efficiencies 
equal to those of metal blades. Further­
more, some people think that fiberboard 

Fiberboard reflectors for fluorescent lighting 

fan blades are quieter in operation. 
Certain it is that many manufacturers 
who are using these new fan blades 
have found so many advantages in them 
that they will never return to the use 
of metal. 

Steel wheels for baby carriages was 
another item hard hit by the restric­
tions on metals. Something had to be 
.found to replace the steel and it had to 
be tough as well as resistant to rain, 
sleet, snow, heat and cold, and the 
shock of rolling over rough pavements. 
The problem was solved by producing 
wheels composed of three laminations 
of fiberboard, machined and grooved 
for tires and axles. In the first few 
months of production more than 200,-
000 of these wheels were put into ser­
vice. So far there have been less than 
half a dozen replacements, indicating 
that fiberboard wheels will outlast steel 
wheels many times over. Furthermore, 

the fiberboard does not re­
quire greasing and will not 
squeak even after long use. 
It is estimated that through 
the adoption of this lami­
nated wheel approximately 
180,000 pounds of steel have 
been released in one year of 
production. 

The poultry industry was 
thrown into a sorry pre­
dicament when steel for 
the manufacture of chick 
brooders, nests, and feeders 
was restricted. The industry 
was being called upon to 
increase its production, yet 
the use of steel for vitally 
needed units was virtually 
prohibited. Into this picture 
stepped fabricated fiber­
board to produce laying 
nests, brooders, and feeders 
that are not only satisfac­

tory to poultry raisers but appear to 
be well liked by the hens themselves . 
It has been shown that the hens prefer 
fiberboard, probably because it is 
warmer in winter and cooler in summer. 

Another item for which there has 
been a tremendously increased demand 
by war workers is the lowly lunch box, 
formerly made entirely of metal. The 
newest lunchbox, however, is made al­
most entirely of fabricated fiberboard, 
except for the metal hinges and latch, 
with a plastic handle and waxed paper 
insert lining at the bottom of the box. 
It is made to fit a pint size vacuum 
bottle, weighs about two pounds, and 
can take an enormous amount of abuse. 

DESIRABLE QUALITIES-To these and 
many other manufactured products. 
fiberboards such as Masonite and 
Tempered Presdwood have brought the 
desirable qualities of hard surfaces im -

Fiberboard" has largely replaced metal in this " refrigerator . A lunch box that uses metal only in hinges and latch 
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The desk lamp and correspondence 
boxes are fabricated of fiberboard 

pervious to ordinary liquids, durability 
for years of wear, and resistance to 
chipping or cracking under impact. 

The recitation of details could be ex­
tended almost indefinitely, but many 

RECENT notices in the daily press 
have contained statements to the 
effect that Scientific American is 
collaboratinq in an offer of $ 1 0.000 
to be paid In connection with demo 
onstrations of physical psychic 
phemomena. Scientific American 
has no connection with such offer. 
When our recent investiqation of 
psychic matters ended. as announced 
in our issue of April 1 943. our 
monetary offer was withdrawn and 
we now are takinq no active part In 
an,y matter of this character. 

UfDDSTBlAL GOLD 

Dses Hay Expand 

If Price Drop. 

10DAy's upheavals may demonetize 
gold and release more of the metal for 
industrial and ornamental use. The 
world's annual gold production is · a 
little over 1000 tons of which 900 to 950 
tons are immediately reburied in gov­
ernmental treasuries, which now hold 
some 30,000 tons. With government 
price support withdrawn, the price 
should fall sharply, and with it produc­
tion, but the amount then economically 
usable by industry might be far larger. 

Gold is too scarce ever to be cheap ; 
its industrial use must be based on its 
unusual properties. Although gold is 
dissolved by aqua regia (a mixture of 
nitric and hydrochloric acids) , it re­
sists all other chemical agents except 
elementary chlorine and fluorine, by 
which it is slowly attacked. It is the 
most malleable and ductile of all sub­
stances ; one ounce can be beaten into 
250 square feet of gold leaf. Particularly 
important is the fact that it can be 
fired iirmly onto porcelain, glass, and 
so on to fonn a fast j oint. Another un-
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of them would be repetitious of what 
has already been recounted. The civilian 
products fabricated wholly or largely 
from fiberboard now include, among 
others, such diversified items as desk 
lamps, children's toys, clipboards and 
filing equipment for offices, starch trays 
for the candy industry, fire-resistant 
stove boards to protect floors under 
domestic space heaters, card tables, 
ironing-board tops, kick and push plates 
for doors, and so on. 

But civilian production has not been 
the only beneficiary of this work toward 
perfection of fiberboard as a replace­
ment material. Similar applications have 
been made in war industries, notable 
among them being the use of the board 
for bench tops, production-line trays, 
bench bins, and the like. 

Thus American ingenuity has come to 
the rescue of industry with a material 
and methods of fabrication which not 
only have served to contribute directly 
to stepping up war production in de­
fense plants but have also helped many 
manufacturers to stay in business with­
out a drain on critical materials. 

usual property is ability to weld to it­
self and to other metals at ordinary 
temperatures by pressure alone. Finally, 
gold is one of the easiest metals .to heat, 
cool, or melt, in terms of heat required. 

Present industrial uses of gold in­
clude gold-platinum alloys for viscose 
rayon spinnerets ; gold-palladium-iridi­
um-platinum alloys in thennocouples 
designed for extremely accurate tem­
perature measurement; and such thera­
peutic applications, in addition to dental 
work, as use of gold-silver alloy plates 
for repair of skull injuries, permanent 
insertion of gold capsules containing 
radioactive substances in malignant 
neoplasms, and the treatment of ar­
thritis and tuberculosis with gold salts. 
Electrical equipment for measuring air­
craft speeds includes a tiny motor gen­
erator with 15-karat gold wire in the 
generator brushes. 

Gold has long been applied to the 
surfaces of less noble materials by gild­
ing, plating, application of gold leaf, or 

rolling. The last method consists of sol­
dering or welding a plate of gold onto a 
block of another metal and then .rolling 
out the covered block to the required 
thickness, giving a sheet consisting of 
base metal uniformly faced with gold. 
An appreciable quantity of gold is used 
for decoration of pottery, porcelain, and 
glass in the fonn of "Liquid Gold," a 
brownish solution of complex organic 
gold compounds in essential oils, con­
taining adhesive materials. It is brushed 
on the ceramic obj ect and, after firing, 
the pure metal remains as an extremely 
thin, lustrous surface layer. A recent 
development in the plating field in­
volves electrically heating gold to its 
melting point in a high vacuum, the 
gold falling in a molecular film upon 
the article placed in the evacuated 
chamber.-Industrial Bulletin of Arthur 
D. Little, Inc. 
FLAHEPBOOFED PLYWOOD 

Trealed a Carloa. al a 

Time lIy Ife" Process 

P L ywoou's only serious disadvantage, 
inflammability, is now being removed 
by a flameproofing process which gives 
the material the same fire resistance as 
the flameproofed timber used in the 
Navy's new all-wood blimp hangars. 

Sheets of plywood are now being 
flameproofed, a carload at a time, by 
American Lumber and Treating Com­
pany's Minalith process. This pressure 
treatment employs a combination of 
phosphate, sulfate, and boron chemicals. 
Ordinary untreated plywoods burn like 
untreated timber; with some glues, heat 
causes delamination of the plies, ag­
gravating the fire hazard. The new 
treating process, however, prevents 
flame spread and delamination by filling 
the wood cells throughout the plies 
with chemicals which inhibit the flam­
ing characteristics of wood substance. 

A procedure followed in flameproof­
ing plywood doors for a West Coast 
blimp hangar sets a pattern for fire­
retardant treatment. The plywood was 
first fabricated, then impregnated under 
vacuum pressure in heavy steel 
cylinders, and thoroughly dried after 
treatment. The plywood sheets were 
then given two coats of paint before 

Doon of this bUmp hanqar are made up of f1ameproofed plywood panels 
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G R EAT E R  • • •  EYE R  G R EAT E R  • • •  G R OW S 

N E W Z E N  I T  H RA D I O N  I C H E A R  I N G A I D • • •  

T IKE A TIDAL WAVE, the success of this fine 
L radionic instrument that opens the world 
of sound to millions is sweeping across the 
nation !  

Again Zenith, world's leading manufacturer 
of radionic products exclusively, has scored a 
"first" of historic importance. Truly, it is the 
spearhead of a mighty Crusade . . .  to rehabili­
tate new thousands of men and women for 
vital wartime work . . .  to save children from 
lives of failure and misunderstanding . . .  to 
bring new happiness to .the hard of hearing, 
their families and friends. 

America is entitled to know that Zenith, 
through this Crusade, has . brought about a 
revolution in the cost of good hearing, as 
evidenced by the tremendous public demand. 
Zenith has been deluged beyond all anticipa­
tion ! We are increasing our production daily, 
but Zenith will never sacrifice quality for 
quantity. The hard

' 
of hearing have waited 

years for this Crusade. We ask them to be 
patient a little longer, until Zenith produc­
tion can supply the demand in all areas of 
the nation. 

Meanwhile, you are invited to attend the 
demonstration now going 'on at your local op­
tical establishment franchised by Zenith. Let 

Accepted by American Medical  Association 
Council on Physical Therapy 

R E A DY 
TO 

WEAR 

Complete w i t h  R a d i o n i c  Tube s ,  Crystal  Microph9ne, 
Magnetic  Earphone and Batteries , and covered by 
a l i beral  guarantee . . . .  No e x tras. No · ' decoys. " 

One model - One price - One qual ity. 

your ears decide - you will not be pressed to 
buy. No salesman will call at your home. Send 
for our free descriptive booklet. The coupon 
below is for your convenience. 

3 Special BaHery-Saver Circuit. Insures low 
battery consumption . . .  lllakes batteries 

last up to three times as long. 

To Physicians : 
A detailed scientific description will be 
sent upon request. Further technical de­
tails will appear in medical journals. 

There are. cases in which deficient hearing 
is caused by a progressive disease and any 
hearing aid may do harm by giving a false 
sense of security. Therefore, we recom· 

mend that you consult your otologist or 
ear doaor to make sure that your hearing 
deficiency is the type that can be benefited 
by the use of a hearing aid. 

RADIONIC PRODUCTS EXCLUSIVELY­
WORLD'S LEADING MANUFACTURER 

1 The fine precision qua lity that 'moder .. 
knowledge and engineering make pos­

sible in a hearing aid . • .  yet p riced at only 
$40, complet�, ready to wear. No extras, no 
"decoys." Oae model, one price, one quality. 
You need not pay more or accept less. 4 Ze"ith Quality, Zenith Guarantee. Zenith, 

world's leading manufaaurer of radionic 
produas exclusively, is fortunate in having the 
precision produaion facilities to supply this 
quality hearing aid in quantities that make 
possible its low price. Guaranteed for a full 
year, with unique service insurance plan for life. 

r - Mail Coupon for Free Descripti'Ve Booklet - ,  2 Four-Position Tone Control. The flick of 
your finger instantly adjusts it to right 

combination of low, medium and high tones 
for individual needs in varying surroundings, 
hearing deficiencies in any range. No further 
adjustments necessary. 
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These and many other advantages combine to make 
this hearing aid rlWoluiionary - not only in first cost, 
but ;n low upkeep cost and excellence of performance. 
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ZENITH RADIO CoRPORATION, DEPT. SA· 3 
P. ') Box 6940 A, Ghicago t, Ill .  
PI""". send .me your FREE descriptive booklet on 
the New Zenith Radionic Hearing Aid. 
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erection, followed by a camouflage paint 
appli..:ation after they were set in place. 

Plywood sheets are sanded after 
treatment if they are to be used in 
natural grain-finish panels. If sheets 
are to be used in painted units, no 
sanding is required. 

With fire resistance added to its other 
well known characteristics, plywood 
may become an outstanding material in 
post-war construction. Strongest mate-

' 

rial for its weight, plywood has the stiff­
ness needed in large panels. It need not 
be drilled for nailing, it has measurable 
insulating properties, is virtually un­
affected by temperature changes, and 
can be glued as well as fastened by 
ordinary means. 

POTATO PLASTICS 

Offer Possibility of Using 

Agricultural Wasles 

FARM WASTES and their potential uses 
in industry is a subject which has come 
rapidly to the foreground, forming a 
basis for considerable research and 
study. The installation of three white­
potato starch plants producing approxi­
mately 13 million pounds of starch 
from cull potatoes annually, and the 
operation of ten vegetable dehydrating 
plants in southern Idaho, have together 
resulted in the production of immense 
tonnages of waste material, thereby 
making the consideration of waste dis­
posal a timely topic for chemurgic 
research. 

Anticipating the problem, the Idaho 
committee of the National Farm Che­
murgic Council laid its plans a year ago 
for research. The disposal of over four 
million pounds of potato pulp remain­
ing after starch extraction posed the 
first question to which an answer is 
being sought. The pulp has some value 
as a stock feed in both the wet and dry 
forms, but research men became inter­
ested in the possibility of making plas­
tics from it. 

Preliminary investigations demon­
strated that the residue remaining from 
the potato starch making operation in 
its natural form, if properly handled, 
would plasticize when subjected to heat 
and pressure.  The plastic so produced 
was limited as to flow and water cha­
racteristics. 

Research chemists at the College of 
Idaho went to work for the CommIttee 
on the problem of improving these 
characteristics. Their efforts have re­
sulted in a marked improvement in the 
molding powder and plastic articles 
which are now produced. Tests show 
moisture absorption within limits suit­
able for many commercial uses, and 
flow characteristics are suitable for the 
molding of many articles. Shrinkage 
can be controlled and appears to be 
within acceptable limits. Metal inserts 
cast into the plastic remain firmly im­
bedded and withstand the usual tests 
for this use. 

Belt pulleys of the "V" groove type 
have been made from the potato pulp, 
and also with sweet clover fiber added. 
These pulleys are found to be satisfac­
tory for driving fans, air compressors, 
and so on. Sample license plates have 
been made from the potato plastic and 
submitted to the State of Idaho as a 
possible substitute for metal license 
plates.-Ralph E. Gale, in The Che­
murgic Dige$t. 

PAINT MEASUBEMEIfTS 

Made by Two Ife. 

Tesling Machines 

T HE DEVELOPMENT of two new machines 
for controlled testing, measurement, and 
evaluation of the flexibility, scratch 
hardness, and adhesion of paints and 
other coatings, was announced recently 
by The Arco Company, manufacturers 
of industrial, automotive, and special 
infra-red camouflage paints. 

Tests and measurements of flexibility 
are made on a machine known as the 

Elongage. This has been developed 
around a conventional Erichsen sheet­
metal testing machine, which was 
adapted to provide complete automatic 
controls and accurate measurements for 
cycle testing. The machine is mounted 
with its observation well in a vertical 
position so that water from a hypo­
dermic syringe is in contact with the 
paint film being tested. Two wires, one 
of which is attached to the test panel 
and the other to the hypodermic needle, 
are connected to a galvonometer. 

The machine is operated by a constant­
speed drive geared to thrust a 3/16-inch 
spindle against the back of the test panel 
which is clamped between two anvils. 
The paint film being tested acts as an in­
sulator. When it fails, the water contacts 
the steel test panel and a current flows. 
This deflects the galvonometer meter 
which signals the end point of the test. 

The thrust is measured in 1/100mm 
and is converted to percentage of 
elongation by a fixed table. In thli. way 
the points at which failures occur en 
identical panels after various degrees of 
exposure can be accurately measured, 
recorded, and compared. 
. Scratch hardness and adhesion are 

measured by the Microknife. This con­
sists of a diamond-point cutting tool 
which is applied to the surface being 
tested by a lever arrangement carrying 
beam and weight. The load, measured 
in grams, is applied to the point, which 
moves across the surface at a constant 
speed and cuts repeatedly in a fixed 
position until the sub-surface is re­
vealed. The load on the beam and the 
number of strokes required to wear 
through the film are the measure of 
scratch hardness. The diamond-point 
tool is rotated at each stroke to maintain 
constant sharpness over long periods. 

Used in connection with a movable 
platform which can be adjusted laterally 
by a precise screw thread and notched 
wheel, the Microknife becomes an ac­
curate adhesion measuring machine. 
Tests are accomplished by applying a 

Testlnq palnt·fiIm flexibility with the Elongage. described 
in the text. The panel under lesl may be seen In the device 

Using the Microknife for checking scratch hardness and ad· 
heslon of paint films. Note the dlamond·polnt culling tool 
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Never mind �Who done it'!..pitch in 
and help get it down I 

THIS IS Y O U R  UNCLE SAM talking­
but I 'm going to talk to you like a 

DUTCH uncle, to keep all of us from 
going broke. 

Ever since the Axis hauled off and hit 
us when we weren't  looking, prices have 
been nudging upwards. Not rising aw­
fully fast, but RISING. 

Most folks, having an average share 
of common sense, know rising prices are 
BAD for them and BAD for the country. 
So there's been a lot of finger pointing 
and hollering for the OTHER FELLOW 
to do something-QUICK. 

The government's been yelled a t, 
too. "DOGGONNIT," fo l k s  h a ve s a i d , 
" WHY doesn't the government keep 
prices down ?" 

Well, the government 's done a lot. 
That's what price ceilings and wage con­
trols are for- to keep prices down. Ra­
tioning helps, too. 

But let me tell you this-we're never 
going to keep prices down just by lean­
ing on the government and yelling for 

the OTHER FELLOW to mend his ways. 

We've ALL got to . help - EVERY 
LAST ONE OF US. 

Sit down for a minute and think things 
over. Why are most people making more 
money today ? It 's  because of the SAME 
cussed war that's killing and maiming 
some of the finest young folks this coun­
try ever produced . 

So if anyone uses his extra money to 
buy things he's in no particular need of 
• . .  if  he bids against his neighbor for 
stuff that's hard to get and pushes prices 
up . . . well, sir, he's a WAR PROFIT­
EER. That's an ugly name-bu t there's 
just no other name for it. 

Now, if  I know Americans, we're not 
going to do that kind of thing, once we've 
got our FACTS straight, 

All right, then. Here are the seven 
rules we've got to follow as GOSPEL 
from now until this war is over. Not some 
of them - ALL of them . Not some <Jf us 
- ALL OF US, farmers, businessmen, 
laborers, white-coll ar workers ! 

Buy only what you need. A patch on 
your pants is a badge of honor these 
da)'s. 

Keep your OWN prices DOWN. Don't 
ask higher prices-for your own labor, 
your own services, or goods you sell. 
Res i s t  a l l  p r essure to for c e  YOUR 
prices up ! 

Never pay a penny more than the ceil­
ing price for ANYTHING. Don't buy 
rationed goods without giving up the 
right amount of  coupons. 

Pay your taxes willingly, no matter how 
stiff they get. This war's got to be paid 
for and taxes are the cheapest way to do it. 

Pay off your aid debts. Don't make any 
new ones. 

Start a savings account and make regu­
lar deposits. Buy and keep up life in­
surance. 

Buy War Bonds and hold on to them . 
Buy them with dimes and dollars i t  
HURTS l ike blazes t o  d o  without. 

Start making these sacrifices now­
keep them up for the duration-and this 
country of ours will be sitting pretty 
after the war . . .  and so will you. 

KEEP  P R I CES  D OWN ! Use it up • Wear it out 
Make it do • Or do without 

� g� 
This advertisement, prepa red by the War Advertising ,council, is contr ibuted by th is  magazi n e. I n  co·operatlon with the Magazi ne Publishers of Amerlca. 

MARCH 1944 SCIENTIFIC AMERICAN 125 



126 

With  every t ick of the clock,  somewhere i n  the U n ited States, the work of 
the Women's F i e l d  Army of the Am erica n Society for the Control  of Cancer 

goes on. T h ese women of the Army a ga i n st ca ncer, v o l u nteers In the grelt 

ca use of cancer contro l ,  a re spread i n g  throughout  the cou ntry the knowlldgt 

given to th�m by  the m e d i c a l  profess ion ,  w h i c h  he lps  to g u a rd themllives, 

their  fa m i l i es, a n d  the ir  f r iends  agl l n st the scou rge. They havi tlktn u p  

t h e  sword,  d o i n g  I va l i a nt task for clncer control .  I n  m l n y  p llctl thlY I �  

I n d ustr i o u s l y  a t  work,  m l k l n g  s u rgica l drl .. lngl, I n d  blndlg . .  for cln,ir 

pat ients I n  nltd,  hl lp lng  I n d lgtnt pltientl to obtl l n  d l ag n osll I n d  trelt· 
. 

m int.  Do y o u  hi" thai to givi to th l.  worthy  CI UII ' To mike  b a n  age., 

( kn o w i n g  that th .. 1 blnd ages w i l l  bl I comfort ) a n d  to b r i n g  h e l p  d c o m ·  

fort to s o m e  suffer.r? I f  y o u  h a v e ,  . n l ist a n d  y o u  w i l l  be  w. 1 I  r a r d e d  b
'
y 

h a v i ng the 'Itlsflct lon  of k n o w i n g  that y o u  are p a rt  of a gr 

WO M E N ' S F I E L D A R M ¥  
S O C  l E T Y - F O R  T H E  C O N  T R 0 [ 0 F e -A- N e E  R 

3 5 0  MAD ISON  �VENU E -N EW Y O R K  1 7 ;  N .  Y .  -
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standard stress at progressively smaller 
spacings until the stress is sufficient to 
displace the coating in the area between 
cuts. By this means it is possible to 
measure the relative adhesion of a 
given coating to various base metals and 
sub-coatings, as well as to record 
changes in adhesion caused by aging of 
the paint under various conditions. 

GAS TUBIIIES 

Fealare Simplicity, SliII 

Lackial ia ElficieBcy 

THE GAS turbine offers a near-ultimate 
in operational simplicity. Now rather 
widely used to convert waste, hot, com­
bustion gases to useful power, the few 
prime-mover installations suggest it for 
large-capacity applications, as in driv­
ing large electric generators. If it could 
be adapted to small units, a true revo­
lution in power generation might re­
sult. 

The reciprocating steam engine is a 
complex, inefficient mechanism requir­
ing an auxiliary steam-generator plant. 
The more efficient steam turbine re­
duces the complexity but retains the 
steam plant, while the gasoline engine 
and the Diesel, with still greater ef­
ficiency, eliminate steam but greatly 
increase the mechanical complexity. 
Each of these has found its place, the 
gasoline engine in light automobiles 
and aircraft, the Diesel for heavier 
transportation equipment and stationary 
power generation, and the steam turbine 
for the largest units, such as ships and 
various kinds of central-station electric 
generators. 

Competition continues: The steam 
locomotive, a reciprocating machine of 
8 to 12 percent efficiency, burns the 
same total wei/1'ht of fuel llS does the 
automobile in the United States. It is 
being replaced now by the Diesel-elec­
tric, more complex and burning a more 
expensive fuel, but 20 to 25 percent 
efficient. The gasoline engine burning 
100-octane fuel can achieve efficiencies 
of about 35 percent, but the extreme 
complexity of that engine and the high 
unit cost of lhe fuel limit it to the vari­
ous applications where weif!ht saving in 
engine and fuel load is of the greatest 
importance. 

The efficiency of the gasol'ne engine 
would be hard to makh, but the gas 
turbine can outdo it and all other prime 
movers in simplicitv, for it eliminates 
the steam turbine's steam-produ('ing 
and condensing system, the gasoline 
engine's cooling system, and the prob­
lp.m of lubricating hot. sliding surfaces. 
This turbine is simply a specil11 sort 
of enclosed multiple windmill driven at 
high speed by a hot wind produced by 
burning a fuel in a stream of air. The 
wind may be produced especially for 
the purpose or may occur incidentally 
to another process, as in the use of air­
craft er,gine exhaust gases to run turbo­
superchargers (simple gas turbines) , 
which compress thin, high-altitude air 
for the aircraft engine, or in the re­
covery of power from the burning of 
deposited carbon from catalysts used in 
gasoline production. The "by-product" 
applications are recent innovations and 
are contributing much to the develop-

ment of the gas turbine; however, its 
future as a primary power generator 
is yet to be determined. 

A British patent on a crude gas tur­
bine was issued near the end of the 
18th Century. Then, as now, the ob­
j ective was to eliminate the steam 
plants, condensers, and so on, and to 
produce rotary power without the in­
termediary of cranks, connecting rods, 
pistons, and so on. And then, as now, 
the usefulness of the device was limited 
by its poor adaptation to small units 
and the difficulty of finding metals to 
withstand the temperature of the com­
bustion gases. The manufacture of small 
gas turbines would still require im­
practically high precision (an insignifi­
cant power "leak" of a given size in a 

large unit becomes of dominant im­
portance in a small unit) , but the use­
fulness of large power units has in­
creased greatly since the 18th Century 
and metallurgical advances have raised 
the permissible operating temperature 
to practical levels. 

A Swiss oil-burning gas-turbine loco­
motive built just before the war with 
the materials then available was re­
ported to show an overall efficiency of 
15 to 18 percent, comparing with 8 ·  to 
12 percent for a steam locomotive and 
about 28 percent for a good stationary 
steam turbine. In the gas turbine an 
air compressor attached directly to the 
turbine shaft forces in the air needed 
for combustion, and in some models 
forces in considerable excess air to pre-

BI NOCULARS LIKE TH IS MUST PASS 

SWIm"";'? ''test 
a Bausch & Lomb developed 

the first waterproof binocu­
lar-a binocular which can be immersed 
in a tank of water, yet due to its water-tight 
construction, not a drop of water can get 
into the interior to fog the optics or in­
terfere with its perfect functioning. 

This engineering achievement required 
a complete redesign of the instrument, 
complete re-tooling and revised manu­
facturing procedure. All this was accom­
plished without interrupting the scheduled 
even flow of needed binoculars to the 
armed forces. 

Based on this redesign, both the Army 
and Navy now specify 
that all binoculars sup­
plied to them be of water­
proof construction. 

Ballsch & Lomb 
7X, 50 mm bitWcIILt,. 

Facilities of this plant - developed 
through 90 years of service to outdoor 
enthusiasts, to science and industry-are 
busy today fighting a war. Mter Victory 
new miracles of optical science for better 
l iving will come from the drafting tables, 
the glass furnaces and the precision finish­
ing rooms of Bausch & Lomb, optical 
headquarters of America. 

TER, N. Y 

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 Mn,ITARY USE, EDUCATION. RESEARCH, INDUSTRY AND EYESIGHT CORREGrION 
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Artist's conception of how a tele­
vision relay station of the future 
may appear. Signals will be beamed 

vent the combustion gases from raising 
the operating temperature too high. In 
a recently developed arrangement of 
two gas turbines, the excess air going 
through the first is used for combustion 
in the second, where the inert combus­
tion products of the first keep the tem­
perature down, thus reportedly mising 
the efficiency to some 23 percent at the 
same operating temperature. 

As with any heat engine, the effi­
ciency of the gas turbine rises marked­
ly as the operating temperature is in­
creased. Thus a turbine efficiency of 18 
percent at 1000 degrees, Fahrenheit, 
rises to 23 at 1200 degrees, Fahrenheit, 
apparently the top limit of the forged 
alloy steel rotor blades used in existing 
gas turbines. Precision casting methods · 
developed for making the rotor blades 
for airplane turbo-superchargers from 
new, non-'machineable, non-ferrous 
metals permit a temperature of 1500 de­
grees, Fahrenheit, and perhaps higher, 
wit11 a wholly disproportionate gain in 
efficiency. 

The manufacture of a small turbine, 
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say of automobile size, is difficult, but 
not impossible. In larger sizes, designs 
for airplane turbine engines have been 
proposed in Switzerland, although none 
has been reported used in flight, and 
present ratios of weight to horsepower 
seem unfavorable.-IndustriaZ Bulletin 
of Arthur D. Little, Inc. 

RADIO RELAYS 

Promise Farllung Television 

Nelworks Aller Ihe War 

NATION-WIDE television networks made 
possible by automatic radio relay sta­
tions, and other new developments 
which eventually are expected to lead 
to finding the key to international 
television, are a post-war prospect, ac­
cording to Ralph R. Beal, Research Di­
rector of RCA Laboratories. 

A radically new form of "lighthouse" 
radio relay station will make relaying 
of television programs a relatively 
simple matter, according to Mr. Beal. 
He envisages that these unattended re­
lay stations, located 20 to 50 miles 
apart, will not only link television sta­
tions into national networks but will 
open up a new era in international 
communications, through development 
of trunk lines over such vast areas as 
Russia and China. 

"It is to be expected," says Mr. Beal, 
"that television stations will first go on 
the air in such broadcasting centers 
as New York, Chicago, and Los An­
geles. But there is every indication that 
alert broadcasters will keep pace with 
them in such localities as Boston, Phila­
delphia, Washington, Pittsburgh, Cleve­
land, Detroit, St. Louis, Kansas City, 
Omaha, Denver, and San Francisco. It 
seems logical to assume that the first 
television network linked by radio re­
lay stations will be formed along the 
Atlantic Seaboard. 

"But television will not be limited to 
the larger cities. The radio map will be 
dotted with stations in cities like 
Schenectady, Utica, Syracuse, Min­
neapolis, Erie, Buffalo, Louisville, and 
many others. By the use of radio relays, 
these too will become outlets for the 
television network which before many 
years pass after the war, will weave 
from the east across the Mississippi and 
the mid-west plains to meet a Pacific 
Coast link striking eastward across the 
Rockies. A relay station atop Pike's 
Peak might well be the key station to 
complete a transcontinental television 
chain." 

Radio relaying will be a comparative­
ly simple process, Mr. Beal explains. 
The relay transmitters will operate on 
microwaves with the energy concen­
trated almost in a bee line. Practically 
all the power is made to serve a useful 
purpose ; it is not scattered as in broad­
casting. Therefore, relatively small 
amounts of power will operate the relay 
transmitters. The apparatus is neither 
cumbersome nor complicated. It is 
simple and compact. It could not be 
otherwise and still perform in the do­
main of tiny wavelengths which bring 
radio men so close to the frontiers of 
light. 

"We know, of coul'!!e," continues Mr. 
Beal, "that ultra-short waves travel in 

a straight line and leave the earth 
on a tangent at the horizon. The area 
of the earth's surface touched by such 
waves is much like that touched by 
a stick held against a basketball. Obvi­
ow;ly, if we use high towers or an­
tennas on lofty buildings or mountain 
peaks, we capture and re-transmit the 
waves at higher levels, and therefore 
their effective range is lengthened. With 
the use of radio relay stations, the 
average range is about 30 miles, de­
pending upon the terrain and various 
other factors. It is interesting to recall 
that an airplane over Washington, 
D. C., carrying a television receiver, 
intercepted the pictures from the NBC 
aerial on the dome of tPe Empire State 
Building 200 miles away. But for such 
long distance reception of the ultra­
short waves, the plane had to go up 
20,000 feet." 

IRON PIPE IUSES 

Find Salisfaclory Use in 

Larga Power Planl 

ENGINEERS of the Bonneville Power Ad­
ministration in Washington have put 
wrought iron to work as a capable sub­
stitute for war-scarce copper and alu­
minum electrical buses. This is re­
ported to be the first recorded instance 
in which this metal has been used for 
such current-carrying mains and, ac­
cording to J. A. Gerber, assistant engi­
neer at Bonneville, "wrought iron need 
not be classified as an 'ersatz' material ; 
there are many points in favor of using 
it for permanent buses." 

Detennination 0.£ the ability of 
wrought iron pipe to serve for these 
buses is expected to eliminate further 
need of borrowing for this use from the 
government's buried horde of silver. The 
Treasury Department has been releas­
ing silver to replace copper, aluminum, 
and tin to needy war industries. Already 
a half-billion dollars worth (700,000,-
000 ounces) has been distributed under 

First recorded installation of weld· 
ed wrought-iron electrical buses 
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congressional permission and War Pro­
duction Board allocation, but must be 
returned within five years. 

The current-carrying capacity of 
wrought iron pipe is ample for the Bon­
neville j ob, the largest size required 
being four-inch I. P. S. standard weight. 
The capacity may be further increased, 
if necessary, by slotting the pipe along 
its length to break the ferrous loop, and 
by coating the pipe with a dull black 
paint to increase the heat emissivity. 

Wrought iron has a high modulus of 
elasticity, permitting long spans, par­
ticularly with ice and wind loading, 
thus saving on insulators, fittings, and 
supports. It has good corrosion-resisting 
properties, while paint gives additional 
protection and is easy to apply. 

Welding is an easy, quick, and eco­
nomical way of j oining the pipe into 
whatever bus arrangement is desired. 
All clamp type fittings are eliminated, 
since welding produces joints that have 
high electrical efficiency as well as per­
manence. Since the pipe expands less 
than copper or aluminum, fewer expan­
sion joints are required. 

STEEL WIRE 

Replaces Copper in 
Transmission Lines 

ANOTHER development in the replace­
ment of copper for electrical purposes 
is found in transmission wires which 
are now being made entirely from steel. 
While copper is a better conductor of 
electricity than is steel, it does not have 
the strength which permits spanning 
long distances. Poles or other means of 
support have to be spaced at compara­
tively short intervals because the weight 
of the wire itself, together with the 
added weight of ice or snow accumula­
tions, would cause breakage in long 
spans. 

American Steel and Wire Company 
engineers pioneered in the partial use 
of steel in transmission wires, permit­
ting advantage to be taken of steel's 
superior strength. The first step was to 
provide one strand of steel twisted with 
two strands of copper, the former provid­
ing strength and the latter conductiv­
ity. The next development was to . com­
pound two strands of steel with one of 
copper, resulting in still greater 
strength. An obvious logical step might 
have been to produce a combination 
of one strand of steel and one strand 
of copper, but it had been found that 
such a construction was not practicable; 
when it is exposed to a wind running 
parallel to the conductor, such two­
strand wire develops an oscillating pro­
peller motion which results in early 
failure. Much experimentation was en­
gaged in before a suitable all-steel wire 
with relatively high electrical conduc­
tivity was developed. 

While the new wire is not designed 
entirely to replace copper transmission 
lines, definite advantages are afforded 
in specific applications such as provid­
ing a means of transmitting electric 
power economically to isolated rural 
areas or industrial installations. The 
production of the steel wire is carefully 
controlled throughout all stages of 

manufacture. Especial care is necessary 
in selecting raw materials and extreme­
ly hiib control is maintained in making 
the steel, rolling the rod, and drawing 
the wire. A heavy coating of zinc is ap­
plied for corrosion resistance. The result 
is a quality product with a high tensile 
strength and fatigue resistance which 
meets the rigid requirements demanded 
of it. 

those bearing the Laboratories "EAS" 
approval will be ended by the follow­
ing explanation. 

FIRE EXTIHGUISHEBS 

May Display "Emergency" 

Approval Lahel 

ANY CONFUSION which may arise con­
cerning the distinction between fire ex­
tinguishers bearing . standard Under­
writers' Laboratories approval and 

Standard approved extinguishers bear 
the usual Underwriters' Laboratories 
label, which reads "Underwriters' Lab­
oratories Inspected," and gives the serial 
number of the label and pertinent in­
formation on the classification of the 
extinguisher. That label signifies that 
the unit conforms to the Laboratories' 
"pre-war" specifications covering types 
of materials, details of construction. 
performance requirements, and so on. 
Such extinguishers are now available 
only to very high priority holders. 

When war started, restrictions on the 
use of critical materials made it neces­
sary for the manufacturers of standard 
extinguishers to develop new models 

Ingenious N ew 
Technica l  Methods 

Presented in the hope that they will 
prove interesting and useful 10 you. 

New Metal Surfaces Made 
by Spraying 

Molten metal is now sprayed or atomized 
on to metal surfaces for the purpose of salvag­
ing worn bearings, shafts, cylinder walls and 
such parts. Metallizing, as the process is called, 
is also used for putting a non-corrosive coating 
on iron or steel surfaces subject to corrosion 
such as cylinder walls of internal combustion 
engines, valve gates and such parts in contact 
with water. The metals to be sprayed may be 
aluminum, zinc, stainless steel, high carbon 
steel or other alloys depending upon the char· 
acter of the surface desired. The sprayed sur­
face may be "over built" and machined down 
to size to obtain accurate surfaces. 

Metal spraying guns have been perfected for 
use with various types of gases for heat, de· 
pending upon the melting temperature of the 
metal to be sprayed. 

We hope this has proved interesting and use· 
ful to you, just as Wrigley's Spearmint Gum 
is proving useful to millions of people working 
everywhere for Victory. 

You can get complete information from 
The Metallizing Company of America, 
1330 W. Congress 51. ,  Chicago, Illinois .. 

R o u g h  t h r e o d i n g - c o o l i n g  
locks metal firmly t o  surface, 

producing a permanently 
tight bond. 

Sprayed journal before finish­
i n g-M a i n  b e a r i n g  j o u r n a l  
a f t e r  s u rf a c e  h a s  b e e n  

M e t a l l i z e d .  

Y· I O !  
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Ultra hiqh·speed motor-a veri· 
table "whirlinq dervish"-beinq 
speed-checked with a stroboscope 

using non-critical materials. The solu­
tion to this problem was undertaken in 
co-operation with Underwriters' Lab­
oratories, and a realistic decision was 
made to sacrifice durability in favor of 
performance. 

Emergency Alte�nate Specifications 
were then developed which permit the 
use of substitute materials, and extin­
guishers produced under these specifi­
cations bear an "EAS" approval label 
-that is, the Underwriters' Labora­
tories inspection label has the letters 
"EAS" added and also the year of 
manufacture. 

Translated into practical terms, this 
label signifies that the unit on which it 
appears will perform as well as the 
standard model, but will require more 
careful maintenance and cannot be ex­
pected to resist corrosion or to stand 
up as long as the standard type. When 
standard equipment is once more ob­
tainable, the "EAS" approval will be 
withdrawn. "EAS" extinguishers now 
available include pump, tank, and foam 
types. Many of these are going to 
priority holders, but some are being re­
leased to the general public. 

Both labels are intended as indica­
tions to insurance inspectors of the de­
gree of protection the equipment affords 
an occupancy. They serve as compar­
able indications of reliability to the 
owner or prospective purchaser of fire­
fighting equipment. 

"WHIRLIlfG DERVISH" 

Grinder Molor Turns al 

60.000 Revolutions Per Minule 

, HE WORLD'S fastest industrial motor­
an electrical "whirling dervish" revolv­
ing 1000 times a spcond-has been built 
by Rohert M. Baker, of the Westing­
house Research Laboratories, to drive 
high-speed grinders that put a mirror­
like finish on hard-to-reach internal 
surfaces of plane and tank engines. 

Such grinders are now powered by 
larger, slower motors connected to the 
grinding wheel shaft by belts and pul­
leys. These belts tug at the grinder, 
sometimes pulling it out of alinement, 
and they often break because they have 
to be thin and 'lliable to bend around 
the small pulley. on the grinder shaft. 
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The new high-speed motor can driv," 
such grinders directly, eliminating pro­
duction delays for belt replacement and 
increasing grinding accuracy. 

At top speed the rotor of the new 
motor travels more than 300 miles an 
hour at its outside edge, less than an 
inch away from the center of the motor 
shaft. 

"To meet the millionths- of-an-inch 
tolerance required in finishing aircraft 
engine parts," Mr. Baker explains "the 
grinding wheel must cut effortlessly 
and smoothly, something that can't be 
accomplished at low speeds. 

"Many of these grinding wheels are 
less than an eighth of an inch in di­
ameter, no bigger than those used by 
dentists, but they must attain high 
speeds at their grinding edges. Experi­
ence has shown that the best grinding 
speed is about a mile a minute on the 
face of the wheel. 

"In the future," Mr. Baker continues, 
"grinders may have to go to ever higher 
speeds as tolerances grow smaller and 
smaller. So we are designing another 
motor that will turn 120,000 times a 
minute, twice as fast as the one already 
built." 

Although it is only the size of a 1/16-
horsepower motor operating on ordi­
nary electric current, the new grinder 
motor develops 80 times that much 
power at its top speed. Water flowing 
through a j acket that surrounds the 
motor and its hearings keeps the com­
pact power unit cool. The bearings are 
lubricated by a pump that forces oil 
through the space between shaft and 
bearings, a gap less than one two-thou­
sandth of an inch wide. 

SEARCHLIGHT 

Uses 900-WaU Air­

Cooled Mercury Arc 

PROVIDING more than 7,500,000 candle­
power, a new type of 12-inch high-in­
tensity searchlight makes use of a tiny 
match-shaped mercury lamp cooled by 
compressed air. With its 900-watt mer­
cury lamp, this searchlight is four times 
as powerful as the conventional incan­
descent searchlight of the same size. 

Such heat is created by the mercury 
arc inside the lamp that cooling air 

New arc searchUqht. with back removed 

must constantly be forced through d 
rubber hose into the top of the search­
light drum by an air compressor. Warm 
air escapes through small ventholes in 
the bottom. With air cooling, the search­
light can be operated in all types of 
weather. 

The light beam, pale bluish-green in 
color, is flat and narrow, making it 
suitable for many specialized applica­
tions such as lighting of distant hori­
zontal surfaces from a low mounting 
height. Three circular louvers prevent 
the escape of stray light. 

The searchlight is equipped with vari­
ous safety features which insure among 
other things sufficient cooling air before 
the lamp is turned on, and extinguish­
ment of the lamp if the rear door is 
opened while the current is on. 

A 24-inch air-cooled mercury search­
light, using the same tiny lamp and 
built on the same principles, provides 
over four times the amount of candle­
power supplied by this 12-inch mercury 
model. 

MOTOR WARM·UP 

Expedited by Improved 

Oil·Diluenl System 

OUT OF the wartime necessity that 
planes be able to take off within seconds 
in sub-zero temperatures comes a so­
lution to the problem of starting an 
automobile or a truck or a tractor on 

Oil·diluent system on a truck 

bitter-cold mornings. The answer is in 
the form of a new cold-weather lubri­
cation system for aircraft engines that is 
adaptable to all types of internal com­
bustion engines. 

The system, devised by Leslie T. 
Miller, Glenn L. Martin Company engi­
neer, consists of a series of basic im­
provements on the method of diluting 
lubricating oil with gasoline in order 
to produce quick starting of aircraft 
motors in cold weather. 

Each engine of an airplane motor has 
its own reservoir of lubricating oil. 
holding as much as a hundred gallons. 
When the motor is running, oil leaves 
a warm-up compartment within the 
reservoir, passes along a pipe line into 
the motor, leaves the motor to pass 
through an air-cooler, and from there 
teturns to the warm-up compartmerit. 

Under the unimproved method a 
pilot, after landing in cold weather, 
presses a button which introduces gaso­
line into the oil before it enters the 
motor, and assumes that when he wants 
to take off some hours later the warm­
up compartment, the motor, and all oil 
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lines will contain a thinned supply of 
lubricant. What sometimes happens, 
however, is this: 

The diluent, being introduced before 
the oil enters the motor, is partially 
evaporated out by the hot motor. The 
result is that completely thinned oil is 
left only in that part of the line between 
the point where the diluent is intro­
duced and the motor itself. 

When he goes to take off some hours 
later the pilot may find, while he has 
perhaps enough thinned oil to start with, 
the rest of the system is jammed with 
slugs of thick oil which are likely to 
burst the air-cooler. An added tragedy 
is that the plane is usually off the 
ground by the time the air-cooler bursts. 
with the result that the oil supply fails, 
the motors burn out, and the plane 
crashes. 

Even if the damage does not go that 
far, the old method has the disadvantage 
of allowing the used oil to return only 
to the warm-up compartment, with 
the result that the same oil gets used 
over and over again, being only gradu­
ally replenished by new oil frClIIl the 
reservoir. 

The new method, which has proved 
itself on war fronts where planes must 
take off within seconds after standing 
for hours in bitter cold, disposes of 
these dangers. 

. 

In the first place, it introduces the 
diluent into the oil after the oil has 
passed through the motor. This pre­
vents the hot motor from distilling out 
the highly volatile diluent, and thus 
leaves the lines, motor, and warm-up 
chamber full of thinned oil. 

Second, the new method sets up a 
by-pass which keeps cold and thick oil 
from getting into the air-cooler and 
bursting it. 

In the third place, the new method 
permits the use of dual return lines 
to the oil reservoir-one leading into 
the warm-up chamber and the other 
into the reservoir as a whole. 

A thermostat located at the point 
where the diluent enters the oil decides 
whether the oil shall by-pass the cooler 
and whether it shall return to the 
warm-up compartment or to the reser­
voir as a whole. 

Having solved one of the most acute 
problems of cold-weather fiying, Mar­
tin engineers believe the automotive 
industry will adopt, when it gets into 
produdion again, this method of st"rt­
ing trucks and tractors and automobiles 
on bitter-cold mornings. 

SUBSTITUTIONS 

Make Engineers Besorl 10 
Common Snbslances 

M [NERAL OIL from the drugstore shelf, 
common starch from the household 
laundry, a pigment developed for the 
paint industry, and many other sub­
stances, have been commandeered by 
RCA chemical engineers to help pro­
duce the dependable radio, sound, and 
electronic equipment for our armed 
forces. 

This war brought to RCA, as to other 
industries through the country, new 
and more rigid specifications for com­
pleted products, more critical ilJipec-

tion standards, and, almost simultane­
ously, materials shortages necessitat­
ing the use of new and often relatively 
unknown materials. Resulting problems 
have been numerous, but the answers 
have been found in applied science. 

Mineral oil was pressed into service 
by the RCA Chemical Engineering Sec­
tion when it was found that the wax 
ordinarily used to impregnate radio coils 
would flow when too hot and crack 
or crystallize when too cold, all within 
the extremes of temperature at which 
these coils would be required to func­
tion. Either failure would expose the 
wires to moisture, adversely affecting 
the electrical properties of the coils. 
This problem was solved by the de­
velopment of a new impregnating agent, 
made from mineral oil and cumar 
resin, which will withstand both ex­
tremes of temperature without loss of 
its protective characteristics. 

But a tougher problem was posed by 
the need for a means of soldering alu­
minum to permit the use of this light­
weight metal in products where weight 

is an important factor, such as chassis 
for aircraft radio equipment. 

Since aluminum cannot be directly 
soldered in a commercially convenient 
manner by any known method, a means 
was sought for plating the aluminum 
with another metal, to provide an easily 
solderable surface and, at the same 
time, a better means of assuring good 
electrical contact. But neither can alu­
minum be directly plated, so an indirect 
approach was necessary. 

After some study the chemical engi­
neers found a conducting material 
which could be applied to aluminum as 
a film by means other than plating, and 
developed a process for applying it and 
for subsequent plating of the aluminum 
thus treated. 

Common starch came to the rescue 
as a fluxing agent for various soldering 
operations when it was found that 
neither rosin nor zinc chloride, which 
are the agents most extensively used, 
would do the job in certain applications. 

Borrowings from the paint industry 
involve the use of a black oxide of 

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 thousands of duplicate units. Write for 

"HOW TO R U N  
A LAT H E "  

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 pJ;oduction opera­
tions. They are now stepping up production in hun­

dreds 'of war industries-with no sacrifice 
in precision . Write for a catalog. 

A practica I instruction 
book on the operation 
and the care of engine 
l a t h es. Conta i n s  128 pages, 6%" x 8 . Send 
25 cents for your copy. 

S O U T H  B E N D  L A T H E W O R K S  
S o u t h  B e n d  2 2 ,  I n d i a n a  L a t h e  B u i l d e rs  F o r  3 7  Ye a rs 
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iron, specifically developed as a pig­
ment, as the essential material in the 
manufacture of cores used in controlling 
the effective permeability of magnetic 
circuits. 

Such satisfactory solutions of mate­
rials and process problems as enumer­
ated have been possible because of an 
extensive background of experience in 
the various kinds and applications of 
engineering and science. 

SUGAR BEET SEED 

hnproved Through 

USB 01 a GriudsloaB 

BEcAuSE science "put its nose to the 
grindstone," sugar beet growers of the 
United States saved more than three 
million man-hours of labor in 1943 and 
even more significant gains lie ahead. 

The saving in labor was made pos­
sible by applying mechanical pressure 
to sugar beet seed, thereby solving a 
problem which has vexed the industry 
for generations. The problem arose 
from the fact that the seed of the sugar 
beet is not a single cell, but rather a 
group of cells held together in a cluster. 
Seed clusters, of course, are not un­
common in nature. Beans and corn are 
familiar examples, and in most cases it 
is not difficult to separate the individual 
seeds from the group. Sugar beet seed, 
however, presents a special problem. 
The seed cluster is a hard, tight ball, 
difficult to handle because it is smaller 
than a pea in size. 

When beet seed clusters are planted 
they may send up a number of sprouts, 
and since the beet needs "elbow room" 
to grow and mature, it is necessary to 
thin the stand so that only single plants 
remain. Thinning has always required 
hand work, and there seemed no 
method of eliminating it unless the seed 
itself could be changed. 

For a number of years plant breeders 
attempted to develop a strain of beets 
which would produce single-cell seeds. 
Some such seeds were grown, but it 
was never found possible to transmit 

the characteristics of singleness to suc­
ceeding generations, and the experi­
ments were finally abandoned. 

Then Professor Roy Bainer of the 
Department of Agricultural Engineering 
of the University of California rigged 
up a device in which a grindstone 
thrusts the seed against a shearing bar, 
and under the pressure thus created 
the cluster splits into single-unit seeds. 
These single seeds can be planted at 
regular intervals in the row, and the 
thinning can be done with a long 
handled hoe, or with a variety of 
mechanical tools which require no hand 
labor whatever. One of these tools is an 
adaptation of the recently developed 
cotton chopper, which consists essen­
tially of revolving knives. 

The new seed-called sheared or seg­
mented seed-was used extensively for 
the first time in 1943. It is estimated 
that the sheared seed reduces the hand 
labor requirements by at least ten hours 
an acre, and still greater savings are 
probable when planting techniques are 
perfected. 

SOUHD-DEADEHIKIi 

Afforded hy Hew 

Asheslos Composilioa 

A SOUND-DEADENING material which will 
go far to alleviate a condition that 
threatens thousands of members of 
American airplane crews with the pos­
sibility of either total or partial deaf­
ness is . made of asbestos . and other non­
strategic materials and is known as 
Vibeston. It serves both to deaden sound 
and dampen vibration. The only other 
known material comparable for this 
purpose in planes is mica, the major 
supply of which, from India, was cut off 
by the war. 

Vibeston however, is as much as 50 
percent lighter than mica; hence larger 
areas of planes can be insulated. More­
over, many planes which heretofore had 
to sacrifice all noise dampeners and 
vibration deadeners in the interest of 
lightness can protect the hearing of 

Experimental set.up for maklnq sound.deadenlnq Vibeston. Note infra·red dryinq 

their crews through the use of the new 
material. 

Mass production of Vibeston is now 
in progress. Its use will be confined 
to war purposes for the duration. Its 
construction is such that after the war 
it may be used in air-conditioning units 
and other forms of manufacture where 
vibration and noise are prime factors. 

PROTOTYPE DIES 

Made Quickly . Wilh Low 

Melliag Poial Alloy 

A NEW production system for making 
drop-hammer dies for prototype and 
sample parts embraces the following 
steps: Construction of a mast.er model 
or template ; production of a plaster 
pattern of this master model by casting ; 

Low meItinq point alloy used in 
dies. :Left: Solid Cerrobend male 
punch. Right: Female die of same 
metal. Center foreground: Origi· 
nal plaster model. Center back· 
qround: A complete die set (punch 
and die) with drop·hammer mounting 

casting dies, embodying the identical 
contours of the master model, from the 
plaster pattern. 

This process not only produces a die 
for stamping the parts, but also provides 
a means of casting checking fixtures for 
other subsequent operations on the 
part. 

The dies are cast directly from stand­
ard size plaster patterns of the part, 
in a large tank containing circulating 
cooling liquid. The cooling of a die is 
accomplished in approximately 45 min­
utes. The metal used-a standard, low 
melting point alloy known as Cerro­
bend-can be pumped through a long, 
rubber hose to any j ob that is ready 
for pouring. As Cerrobend cools it 
doesn't shrink, which eliminates all 
problems of machining. Anchor lugs 
and cores for holding the die in the 
drop hammer are mounted and cast in 
place during the pouring. 

Aluminum, steel, and plastic parts can 
be made with such dies in quantities 
of from one to fifty or more, depending 
on the type of material, thickness, and 
accuracy required. The system is now 
in use in plants of the Castaloy Corpo­
ration. 

IHNERSOLES 

Made of Plastic. 

Are Washable. Sanitary 

AMONG UNUSUAL wartime uses of mod­
ern plastic materials is the Saran screen 
innersole developed recently by the 
Quartermaster Corps for use in jungle 
boots and other military footwear. 

The soles, made up of several layers 
of Saran screen stitched or welded to­
gether at the edges, are resilient, flex -
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Sanitary innersoles 
ible, and tend to ventilate the bottom of 
the foot. This latter characteristic is ex­
pected to aid in the control of fungus 
foot infections, such as athlete's foot 
which are prevalent in humid climates: 

Since the Saran plastic absorbs no 
moisture, the soles may be washed 
quickly with soap and water, gasoline, 
or other common cleaning agents and so 
can readily be kept in a sanitary condi­
tion. 

The Saran screen used is the same 
material employed for insect screening 
in hot, moist climates because the plas­
tic screening is not subj ect to rusting 
or corrosion. 

CIBCRon TREES 

Discovered in Large 

Qaanlilies in Soalh America 

GREAT NUMBERS of wild cinchona trees 
needed for quinine and totaquine fo; 
war purposes, have been discovered in 
regions of the other Americas where 
previously they had not been known to 
exist in commercial quantities. Special­
ists from these countries and from the 
United States Office of Economic War­
fare are busy solving transportation 
?nd labor problems in these regions, to 
assure an added supply of the highly 
strategic cinchona bark. needed for the 
production of quinine �nd totaquine to 
fight malaria. Before the war, the 
world's main cinchona source was the 
Netherlands East Indies, to which the 
trees had been transplanted from South 
America. Recently returned from a cin­
chona survey in Guatemala, Colombia, 
Ecuador, Peru, and Bolivia, Keith Cone 
Chief of the Cinchona Section of th� 
Office of Economic Warfare, reported 
that "there are apparently larger quan­
tities of cinchona fhan was thought in 
these countries." 

IRON TANRING 

Offers Promise 10 Ihe 

Leather Indaslry 

OUR SUPPLY of vegetable tanning mate­
rials, as well as the chromium used to 
tan most of the garment and shoe up­
per leathers for both civilian and mili­
tary purposes, depends largely upon 
ships and safe ocean transportation. The 
importance of developing domestic ma­
terials to meet any emergency is illus­
trated by the fact that only a short time 
ago the danger of a serious shortage of 
chromium was such that it was declared 
a critical material by the War Produc­
tion Board. Since iron had been shown 
by previous investigators to offer some 

promise as a successful tanning agent, 
and since an abundant domestic supply 
of this metal exists, an investigation of 
the use of iron salts for tanning, with 
special attention to the replacement of 
chromium salts, was undertaken by 
Joseph R. Kanagy and Ruth A. Kron­
stadt at the National Bureau of Stand­
ards. At the present time the situation 
with respect to chromium for tanning 
has been greatly relieved by the utiliza­
tion of low-grade domestic ores in the 
manufacture of chromium salts. Never­
theless, the results of the Bureau's work 
are of interest. 

These results, which are reported in 
the Journal of Research, indicate that 
ferric sulfate may be satisfactorily used 
if certain organic acids are added to the 
tanning solutions to stabilize them. Lac­
tic, citric, gluconic, and hydroxyacetic 
acids were found suitable for stabilizing 
the iron tanning solutions at the pH 
required for successful tanning. Without 
them the iron precipitates as the hy­
droxide, a form useless for this purpose. 

Considerably more iron (Fe203) than 
chrome (Cr203) is required to tan a 
piece of leather. All hides tanned with 
the iron contained at least 10 percent of 
(Fe203) , whereas good leather can be 

prepared from chromium salts which 
contain only 5 percent of Cr203. Experi­
ments with hide powder showed that as 
much as 25 percent of Fe203 combined 
under optimum conditions. 

Iron tanning solutions appear to have 
properties similar to those of chrome 
tanning solutions. Results of accelerated 
aging tests on iron-tanned goat and 
calfskins indicated that, on the aver­
age, the iron-tanned leather is slightly 
less resistant to aging than the chrome­
tanned leather. 

WOOD CARVING 

Speeded hy Use 01 
Compressed-Air Tools 

GUIDED by the skillful hands of the 
wood carving expert, the modern com­
pressed-air tool is putting pattern mak­
ing on a new schedule in today's war­
time production. According to the 
Compressed Air Institute, many new 
and remarkable achievements are being 

Carvinq with a compressed·air iool 
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STEAM MARINE ENGINE 

A precision built and engineered single cylinder 
model engine. Reverse or clutch gear. Automatic 
oil and water pumps. Scale %" to 1". 11 %11' X 6%". 
(not a tOY)" A counterpart of and operates at 
pressures comparable to Modern Marine Con­
struction. 

Send $2.50 fOT 14 pages scale drawings. 
including 2-photographs. cut-away illustrations of 

engine assembly and vertical boiler layout. a total 
of lO-pages. 8%� x l1H and 4-pages, 15" x 22". with 
Manual of machining instructions . . . Or . . . 

• For 2 .. Views and descriptive literature. Send 25t 
• Rough Castings Kit, with all above. Send $12.50 
• Horizontal Flash Boiler Scale Drawings4 1 . ()()  

T H E  T H O M PSO N E N GI N E E R I N G  
C O M P A N Y  

228 North Division Bldg., Grand Rapids 2 ,  Mich. 

The Morse Decimalizer 
For accurate placing of decima.l point In 

Involved computations with slide rule or 

other devices. Pocket size. easily manip­

ulated, d urable. In leather case, $2. Extra 

(multiplying and dividing) scale, 50 cents 

addit!ona.1. Money-back guarantee, It  

Instrument Is returned In 1 0  days. Circular 

on request. 

GEORGE H. MORSE 
927 28th Street South Arllngton, Va. 

ALNICO MAGNETS 
Horse Shoe magnets % x % x % . . Pair $ 1 .25 

1 Y2 " x �1a " Watch size Gear Box 1 5 0 
to 1 ratio . . . 3 5c, 3 for 1 .00 

2 Y.  x I Ys  A.C. 1 1 0  Volt Clock Motor, 
6 revolutions per minute . . . 3 .00 

Bock The Attock-Buy War Bonds 

BLAN, 64 Dey Street, New York T, N. Y. 

For Scientific and Technical Books 

Try our BOOK PEPARTMENT 
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I N V E N TO R S  
* INDUSTRY NEEDS * 
* YOUR IDEAS NOW! * 

TWO REASONS - 1. Manufacturers 
are getting ready NOW for post war 
sales and production ! 2. Right now, 
manufacturers are seeking products 
their expanded facilities can handle; 
factories must have products to take 
up the slack after war orders stop. Your 
chance comes with patent protection 
now - ,delay may endanger your 
chance. Get our NEW FREE Inventor's 
Book today and valuable "Invention 
Record" form. This request does not 
obligate you. Act now. Write today. 
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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's. 

"TH E FINGER PRINT 

INSTRUCTOR" 

In this 182·page book, written by a 
noted finlter 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 
of 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 departments 
and by the F.B.I. 

$4.25 postpaid 
New 1942 Printing 

Ord.r FrOID SCIENTIFIC AIIER ICAI 

24 West 40th str •• t, N •• Yorll 1 8, N. Y. 

15,000 
FORMULAS 

• • • 

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 purpos es. Industrial 
laboratories find it an invaluable 
source of reference material ; many 
spare- aad 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
sives, cosmetics and antiseptics are 
only a few of the sections of this 
all-inclusive book. 

• 

$5.50 postpaid .(DomestiC> 

Order FrOID 
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recorded through the application of air 
tools to wood pattern making. Many of 
these production results are contribut­
ing directly to our war effort and point 
to even greater usefulness for com­
pressed air in fields not yet explored. 

For saving time, lowering costs, and 
in many �spects improving the quality 
of the woodworker's art many types of 
wood cutting tools are available. These 
light and compact hand-held, air-op­
erated tools are in operation in many 
foundries and pattern shQps doing both 
light and heavy jobs of routing, carving, 
and chiseling. 

Craftsmanship in wood, like that in 
stone, may become better known, more 
plentiful, and less expensive because air 
tools in no way disturb the skill of the 
worker, while at the same time increas­
ing his output many times. 

DIESEL Ille STlelll'e 

leeol'llea I. laaleale 
O"erhaaliag I .. a. 

DEVELOPMENT of an instrument which 
measures and records the blow-by of 
gases in Diesel engines, thereby indi­
cating whether and when rings are 
sticking, was announced at the National 
Fuels and Lubricants Meeting of the 
Society of Automotive Engineers. 

The device, which was said to have 
accurately recorded sticking rings on 
every test run so far made and promises 
to be invaluable in saving time and 
labor by indicating overhauling needs, 
was described by R. R. Proctor, A. J. 
Stock, and D. J. Wangelin, of The Pure 
Oil Company's Mechanical Laboratory. 

The instrument was said continuously 
and mechanically to record blow-by in 
cubic feet per minute, revealing the 
point at which ring-sticking starts and 
indicating even those temporary periods 
during which ring gaps are in line or 
ring flutter occurs. 

In testing, the Diesel's crankcase is 
sealed and all gases are passed through 
a surge chamber and thence through a 
standard household gas meter to which 
a recording unit is attached. Use of a 
standard gas meter, of a recording unit 
rebuilt in simple fashion, and even of. 
old recording charts, was said to con­
tribute to economy. 

BAYOI mlVLATlDI 
lei.g Vsea •• IIIlerior 

Teleph •• , Wire. 

ACETATE rayon yarn is replacing silk 
for insulating interior telephone system 
wires and, according to telephone tech­
nicians, has proved superior to silk for 
this purpose, states the American Vis­
cose Corporation. The properties re­
quired for telephone central-office wire 
insulation are stability of electrical 
characteristics under varying atmos­
pheric conditions, and good aging prop­
erties. Experience has shown that ace­
tate rayon surpasses silk in its electrical 
properties and possesses entirely satis­
factory aging properties. The rayon 
covering is used today in the insulating 
covering of switchboard wires, switch­
board cable wires, and distributing­
frame wires. 

Metals in Industry 
(Continued from page 117) 

In the new practice the part is heated 
as usual to above its critical tempera­
ture but instead of being quenched in 
oil at room temperature it is quenched 
in a liquid bath (a molten salt or lead) 
at some temperature between 400 and 
800 degrees, Fahrenheit, and held in 
the bath for a given period of time. The 
steel thus transforms to a new structure 
known as ''bainite'' which has proper­
ties similar to those of the conven­
tionally treated steel, but which has in­
volved in its production no drastic 
quench and hence no part distortion. 

No subsequent machining to correct 
distortion is thus required. further­
more, if the material is heated in a 
molten salt and then hot-quenched into 
another molten salt bath, both of which 
are inert to the steel, it will be neither 
scaled nor decarburized by the treat­
ment. The part can thus be completely 
machined in the soft condition prior to 
hardening, hardened by the hot­
quench-in-salt method, and cleaned of 
adhering salt, and is then ready for in­
spection and shipping. This new method 
has been demonstrated by the Roth 
Manufacturing Company, as applied to 
the hardening of booster holders and 
other precision ordnance parts in Ajax­
Hultgren electric salt bath furnaces. 

IIICHT liAS QIElCBIIC 
lIak.el 'ouillle Airerafl lie 
Of W,ld.a Sleel Tahi., 

WHEN' the aircraft building program 
was drastically increased at our en­
trance into the war, welded alloy steel 
tubing began to be widely used for 
fuselage structures, wing beams, engine 
mounts, and so on. The aircraft industry 
had formerly insisted on seamless tub­
ing, but the heavy demands could not 
be filled by this type alone, hence the 
welded tubes were given their chance 
and have succeeded with a vengeance. 

Welded tubing, however, must be 
made of steel containing a minimu.m of 
carbon and alloy content, since such 
ingredients add to the difficulties of 
welding. On the other hand, the high 
strength of the tubing is ordinarily ob­
tained by heat treatment, and for this 
purpose a maximu.m of carbon and al­
loy content is desirable. Where then, 
can a tubing material be found that is 
easily weldable on one hand and highly 
hardenable on the other? 

This dilemma was broken by using 
the traditional weldable chromium­
molybdenum" or chromium-molybde­
num-nickel tubing steel and applying 
a special heat treatment that permitted 
the use of the minimum carbon and 
alloy content. This heat treatment is 
more drastic than the conventional 
"normalizing" (fast cooling in air) and 
has been called "gas quenching." It 
consists in passing the heated tubes 
through a zone filled with a non-oxidiz­
ing gas atmosphere that is being blown­
in and drawn-out of the zone (that Q, 
recirculated) at a rate more � ten 
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times that ot the "fast" cooling zone 
ordinarily used for normalizing seam­
less tubing. 

Faster cooling is obtained by "gas 
quenching" because the protective gas 
keeps the steel bright and thus in­
creases the rate at which heat can be 
removed from it, the specific heat of the 
protective gas makes it an inherently 
faster cooling medium than air, and the 
cooling medium is removed at a tre­
mendously higher rate. 

The use of bright gas quenching has 
made it possible to meet Army-Navy 
specifications for welded aircraft tubing 
on a large production scale, according 
to a paper prepared for the American 
Society for Metals. The tubes can be 
welded to finished size and no cold 
drawing is necessary. The new process, 
developed by William Lehrer, of Sur­
face Combustion Corporation, is typical 
of the wartime materials-saving, 
higher-production improvements in 
heat treating that are here to stay. 

Measuring Roughness 
(Continued from page 119) 

surface so that the area of contact is 
greater per square inch (the same heat 
conductivity) decreases the material 
cost but increases the machining cost. 
The optimum, of course, lies in between. 

In airplane engine design the decrease 

F lG. 9 C  

Traces 01 three dillerent surfaces. 
made by the Brush Surface Analyzer. 
Figure 9A is from a fine.ground 
wrist pin surface. Figure 9B is 
from an average ground finish. and 
ge is from the barrel of a plastic 
fountain pen. None of these surfaces 
has these actual contours. all con· 
tours being "stretched" 50 times 
more vertically than horizontally. 
Ea.ch of the finer lines of the cross. 
section paper represents 1/100.000 
inch (ten micro-inches) vertically 

in weight is of such paramount import­
ance that all of the effort is usually 
placed on the smallest size and weight 
of parts. It is a practice in this industry 
to run engines for 7 to 10 hours under 
full power output rating and then com­
pletely disassemble them. The parts are 
then carefully examined to see whether 
any of the bearings were overloaded or 
were scored due to surface particles 
breaking loose. 

The quick-reading stylus method for 
measuring finish is also widely used to 
check each part as it comes off the pro­
duction line. This is necessary since 
grinding wheels may go out of round or 
chatter, the operator may be taking too 
heavy a' cut, and so on. Figure 8 shows 
a typical production set-up for meas­
uring wrist pins. Each pin is set in the 
V block and the drive arm slides the 
diamond stylus and supporting shoe 
over a small section of the surface. A 
magnified image is drawn on the graph 
paper. For a graph of the actual pin 
under test see Figure 9A. It should be 
noted that the horizontal and the ver­
tical magnifications are not equal. To 
make them equal would make the chart 
clumsy to read. Actually the surfaces 
are stretched in the vertical direction. 
Stretching them to their correct pro­
portions would make the true shape 
appear smooth and gently undulating. 

The three traces in Figure 9 have a 
magnification of 80 on the horizontal 
axis and a magnification of 4000 in the 
vertical direction. Therefore, to get a 
true similarity between the drawn curve 
and the surface, the horizontal axis 
must be stretched to 50 times its present 
length. It can thus be realized that the 
surfaces measured are relatively smooth. 
To draw the curves correctly this way 
would use a great deal of paper. It is 
for practical reasons then that the hori­
zontal magnification is kept low. 

Curve 9A is a typical curve for a fine­
ground surface such as the one on a 
wrist pin, shown in Figure 8. The sen­
sitivity of the chart is so set that devia­
tions in the surface of 10 micro-inches 
will deflect the chart pen one milli­
meter. It can be seen that this surface 
has maximum deviations of the order 
of 30 micro-inches. The average devia­
tions are of the order of 8 micro-inches, 
or 8/1,000,000 inch. 

Curve 9B has the same magnification 
of the co-ordinates. It is the trace of a 
ground surface which is obtained from 
the average grinding wheel-usually 
specified as "ground finish." The maxi­
mum deviations here are of the order 
of 80 micro-inches with the average 
running about 25 micro-inches. 

Curve 9C is the trace of a well fin­
ished barrel of a plastic fountain pen. 
The non-uniformity of the trace is due 
to handling of the barrel. The material; 
being soft, is deformed easily under 
load. 

This brief sketch, surveying the uses 
of surface measurement, shows that the 
art is in its early stages of development 
and that much remains to be investi­
gated. The generation of a good surface 
is enticing because a delicate touch in 
the finishing operation may make a ten­
fold increase in the performance of that 
surface. 
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Precision gives our men the winning 
edge . • •  in gun fire . • .  in bombing • • • 
in all tYpes of weapons and equipment. 
That's why we are proud to report 
that Atlas Machine Tools and thei r 
thousands of operators are delivering 
the precision prod uction that really 
counts ! Proven in war, Atlas equipment 
becomes increasi ngly i mpor. 
tant in postwar planning. 

AT L A S  P R E S S  C O .  
366 North Pitcher Street 

K A L A M A Z O O  1 3 0. M I C H. 

Aluminum Company of 
America 

American Brakeblok 
Division 

American Chain & Cable 
Company. Inc.  

Beech A ircraft Company 
Bendix Aviation Corp. 

rfl" Tn ...... ARE 
Bethlehem Steel Corp. 
Boeing Aircraft Co. 
Briggs Manufacturing 

Company 
Brunswick Balke 

Callendar Company 
Buffalo Arms Corp. 
Bulova Watch Company 

S a m p l e  Sto rage Set : 
Keeps 100 samples ( 8  
mt) In orderly arrange­
ment, indexed ; compact. 
Fine for organic prepara· 
tions, batch samples, ref· 
erence samples. $3.25. 
complete, money-back 
guarantee. R. P. C a r .  
g i l l e ,  1 1 8  L i b e rty St., 
N ew York 6, N. Y.  

�eFIEElook 
ARE FOR MEN AND WOMEN 

WITH IDEAS FOR 

INVENTIONS 
Opportunity h a s  never knOC!t· 

ad harder for in ventors . . . 
industry Is preparing for an 
era of prosperity NOW . 
,new products. new processe� 
are wanted NOW ! 

Get these books today. The� 
fully explain what you mus 
do to protect YOl lf  t n vpn � 1  
. . . tell you step b y  step. 
They contain valuable lCl .. "", 
mation . . . show 1 15 funda· 
mental mechanical movementF 
. . . may help you complete 
your invention. We send with books free Evidence of lnven 
tion form that may help YOI 
estabI1sh your claim. 

Bouks are written by m en 01 
experience in patent matten 

. . men who have helped 
nventors for nearly 50 years 

7Ze,hi 711111h4•••FIIEE 
JUST SEND COUPON -----
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----RULED CONCAVE ----� 
REFLECTING GRATI NGS 

����� ��'Jali�s
o�::n���� ����;�a�J �n'i�n� 

50 mm. x 5 mm. Ruled area is 32 mni. x 32 mm. 
F'ront surface aluminized ; radius of curvature ! 
meter: focus % meter. Ideal for reflecting 
spectrometers or telescope spectroscopes. These 
gratings are not government rejects or Junk. 
They are ruled to our order and are of beautiful 
workmanship. OUf special price. only $ 1 5 . 00 
each. plus postage and insurance for 1 lb. your 
zone. 

ACHROMATIC EYEPI ECES 
wide field. Kellner positives of 1 \4" focal length. 
Brass mounted. made by world renowned opti­
cians to government specifications. Outside dia­
meter 1 %... . Exceptional buy at $3.50 each. post­
paid. (Note: Bushing to fit the above to standard 
1 %," telescope tube can be furnished. Price on 
request . )  

PRISMS 
Excellent optical surfaces and very close angle tolerances. 1" x 1%" face. Each $2.35.  

REMIT WITH ORDER 
Also achromatic objectives, oculars. flat's. pnsrmL 
mirrors. prism binOCUlars and field glasses. 

Sold. Bought. Exchanged. Repaired. 

HARRY ROSS Scientific & laboratory Apparatus 
68-70 W. Broadway. N. Y. 7. N ';J 

• Fits the pocket. Quickly solves 
any problem in multiplicat.ion 

division, proportion. Gives the 
square, the square root. logarithm 
!}�rg 

r
s��fe�oc:t�e O�in:�l :n�m���: 

gents of numbers. Fine black 
graduations on white celluloid 
Priced in fabricoid case $1.00.  in 
leather case $ 1 .25. Money back 

if not satlstled. Special offer to agents and dealers. 
TA VELLA SALES CO .• 

1 7 - C  We'!lt Bro:l dway. New York 7 .  N. Y. 

Scientific Americon's 
two telescope books 
AMATEUR TEL ESCOPE 

MAKING and 
AMATE U R  TEL ESCOPE 
MAKING-ADVANCED 

were prepared before the war, with­
out the slightest thought of sale to 
professionals. Came the war. Hun­
dreds of new optical industries 
sprang up. Fewer amateurs found 
time to make telescopes yet sales of 
these books increased ! Investigation 
of sales revealed that the new indus­
tries were buying them by the hun­
dreds 

For their Officials 
For their Technical Staffs 
For their Workmen 

Why? 
Because the basics of precision pro­
duction in optics are essentially the 
same for amateur and professional 
alike_ Today the two books are in 
nearly every optical industry's offices 
in the nation. They "rate !" 

Amateur Telescope Making $4.00 
postpaid, domestic ; foreign $4.35 
Amateur Telescope Making-Ad­
vanced $5.00 domestic; foreign $5.35 
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New Products 
SURFACE PLATE 

DEMONSTRATING that granite is entire­
ly feasible for making even the largest 
size surface plates, the Herman Stone 
Company recently turned out a 5000-
pound giant which measures four by 
six feet. Despite its great size and 
weight, a special steel angle iron wheel 

Non·magnetic. glass-like 

carriage facilitates ease of handling and 
makes the plate readily available for 
service in any part of the plant. Like 
its smaller counterparts, it presents a 
smooth, non-magnetic, glass-like sur­
face. This plate may be finished to an 
accuracy of 3/10,000 inch, while the 
standard smaller sizes are held to an 
accuracy of 1/10,000 inch. Being harder 
than the hardest tools, as well as rust­
proof and warp-proof, this huge granite 
surface plate is practically indestructi­
ble. 

TEST PLUGS 

DEVELOPED for use with the Rotobridge 
(see page 12, January 1944, Scientific 

American) in testing electronic equ.:,p­
ment, CML production plugs are now 
available generally for use by electrical 
manufacturers. These plugs are 5 inches 
long and 1% inches in diameter, made 
with a heavy steel barrel and fitted with 
a wooden handle to permit ready re­
moval from socket. All pins are case­
hardened steel to assure long life, yet 
may be replaced when worn or broken. 
In addition to Octal and Loktal types, 
these plugs are available in 4, 5, 6, and 
7 pin models, small and medium. 

DRILL-PRESS FEED 

A SIMPLE power feed for drill presses, 
manufactured by the General Pacific 
Corporation, and known as the Hydra­
Drill, provides a controlled, automatic, 
fully adjustable power feed for most 
makes and models of drill presses. 

Powered by air, this tool is designed 
to operate automatically a drill press 
so that the customary hand feed, while 
it can be used if necessary for individ­
ual operations, is unnecessary for fast 
production work. The Hydra-Drill per­
mits the operator to devote full time 
and attention to feeding the work to 
the drill press. Adjustable stops permit 
accurate adjustment for all drill-press 

Opel'atlonS such as drilling, coullterbol' ­
ing, spot facing, blind drilling, reaming, 
and other operations on any type of 
materials or parts. The range of feed is 
infinite and can be instantly regulated 
for fast drilling of soft materials or slow 
drilling of hard materials. 

One particularly valuable feature of 
the pneumatic feed lies in the fact that 
the rate of feed of the drill-press 
spindle can be adjusted so that the 
pressure of the drill on the work is ex­
actly right for any particular drilling 
operation, regardless of the size of the 
drill which is used and the rate of 
speed at which the drill is operated. 

PLATE PUNCH 

WITH THE new Wales plate set system 
for punching holes in flat material, holes 
may be punched in any pattern in sheets 
up to 43 inches by 45 inches. The mini­
mum center-to-center hole location is 
one half inch in any direction. 

Each plate set consists of two plates 
which are made of Walesite, a plastic 
material uniquely applicable to this 
new method of hole punching. These 
are separated by spacer bars, also of 
Walesite, and are held together rigidly 
by bolts and dowel pins. 

With a master templet, holes are lo­
cated on top plate of the iet. Then larger 
holes are drilled in top and bottom 
plates of the set for punch assemblies 
and dies. Corresponding pattern holes 
in both plates are drilled in the same 
operation to assure perfect alinement 
of punch and die. The entire punch 
assembly, consisting of punch, stripping 
spring, guide, and lifter spring, is in-

Plale-punch assembly in press 

Feed carrlage for plale punch 
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serted in top plate and the die is press 
fit into the bottom plate. 

The outstanding advantage of this 
system is the quick, easy manner in 
which an entire plate set assembly can 
be made outside the press. This as­
sembly is ready to operate at the first 
down stroke of the press ram. 

Adjustable feed carriages used with 
the plate set carry, nest, and remove 
blanks rapidly and with a high safety 
factor. Feeding and removing blank 
with the carriage requires only a flip 
of the hand. 

PAHTOGRAPHIC ENGRAVER 

ADDING to its line of Panto engraving, 
marking, and etching machines, H. P. 
Preis Engraving Machine Company 
now offers a unit for heavier and more 
varied engraving work than that per­
formed by its standard Model UE ma­
chines. This equipment is said to be 
suitable for engraving on all metals and 
plastics, for electrical marking on steel 
and other ferrous metals, and for acid 
etching on metals or glass. 

Designated as the UE-3 Panto En­
graver, the machine can be equipped 
with a forming guide attachment to 
engrave on concave, convex, spherical, 
and beveled surfaces. A depth-of-cut 
regulator is available, to engrave on un -

Versatile enqraver 

even or curved surfaces. The machine 
is equipped with endless-belt drive and 
has four spindle speeds, ranging from 
5000 to 12,000 revolutions ' per minute, 
making it adaptable for all types of en­
graving. 

This machine is easily converted from 
electrical marking to acid etching by re­
placing the spindle bracket with stand­
ard marking or etching units. 

!'ORTABLE GENERATOR 

'REPORTED to be the most powerful gen­
erator of its size ever built, the new 
air-cooled Epcon B-30 unit, designed to 
meet wartime needs for portable power 
and light, delivers 3000 watts at nO-volts 
A.C., 60 cycle. Net weight is .only 305 
pounds. Length, including the base, is 
34 inches; height 26 inches. 

The field ring is annealed cast steel 
which produces top electrical efficiency 
for given weight and at the same time 
gives tp.aximum support and stability to 
the generator. Cast iron fittings secure 
both the generator and the Briggs and 

Stratton engine to oak sled runners 
which serve as a strong but light base. 

End bells, instead of being solid and 
heavy, are of open design like a wheel 
with spokes. Dust covers are of light 
weight steel spinnings. The V -belt 

drive makes a saving in weight 
direct-drive models on which the gen­
erator must be heavy and solid enough 
to be held exactly in the right position 
for the direct driveshaft. 

VOLTAGE SELECTOR 

A NEW magnetic voltage selector 
manufactured by Zenith Electric Com­
pany, while especially developed for an 
electro-plating process for anodizing 
aluminum on A.C., has many other uses 
where like applications of current are 
required. 

The Zenith selector is for transferring 
in steps from 2 to 40 volts. The arrange­
ment is such that, when transferring, 
the main contact opens before the sec­
ondary contact opens, and closes after 
the secondary contact is closed. Arcing 
is thus effectually eliminated. 

The new unit embodies automatic 
main magnetic contacts, and automatic 
main switch contacts for nine positions 
at 2%-volt intervals. 

CARBIDE TOOL CRINDERS 

COOLANT control is a feature of a 
newly designed line of 10- and 14-inch 
carbide tool grinders. The coolant 
spouts are fully adjustable, with wide 
outlets which permit the correct flush­
ing of the work by a slow cascade of 
coolant, supplied without force. Large 
splash pans around the table provide 
adequate protection to the operator, do 

Color Matching . • • 

Color matching may depend on weave 
texture, sheen, surface texture, atmos­
pheric conditions, and a host of other 
conditions according to the industry. 
All color matching requires a formulae 
. • •  every formulae must be accurately 
compounded. Best results are obtained 
through a simple weighing operation 
but precision equipment is necessary. 
That is why EXACT WEIGHT Shad­
owgraph has been tremendously suc· 
cessful in color blending operations. 
This is due to high sensitivity with 
speed of operation with absolute ac­
curacy. Do this - Write us about 
your operation and correct details will 
be furnished covering the model 
shadowgraph best suited to your opera· 
tion. 

TH E 
EXACT WEIGHT SCALE 

COMPANY 
65 W.  Fifth Ave. Columbus 8, OhIO 
Dept. Ad., 1 1 04 Bay St., Toronto, Canada 

..... .. _ .... _ - -'''' 

. , go  Ili. z 4 AYi,.,'9fjl,J,'.,,,,!,. 

G I R L  M A K E S PA R TS 
NO DIES NO DELAYS 
"Beat The Promise" on delivery this new way : Use The DI-AeRO System of "Metal Duplicating Without Dies" - and have parts finished before dies could hardly be started. 
Dr-ACRO Machines - Shears. Brakes. Benders - are precision-built STANDARDIZED units so designed you can readily convert them into highly SPECIALIZED productive machines suited to your own particular needs. You may adjust, alter or remove any of the 
��ii�

i�a�naO��tCies,S��f�c��kl:
t!:i�p °rou7

t
��� &�fnSg surfaces or conversions. Either right or left hand op .. eration and mounting of each unit. The result is a practically unlimited adaptability for a. great variety of DIE-LESS DUPLICATING. 

Write for catalog 
"DIE-LESS DUPLICATING" 

1,.Il#lllill/JOd!)U.,. 
347 Eighth Ave. S.. MINNEAPOliS 1 5, MINN. 
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N E W  P R O D U C T S  
A well established company 
with modern laboratories and 
an extensive sales force in 
various industries would wel­
come the opportunity to con­
sider new ideas, chemicals or 
raw materials, with the view 
of assisting in their develop­
ment and commercialization. 

Address Box 9000, Scientific 
American, 24 West 40th St., 
New York 18, N. Y. 

The Binary Slide Bule 
equals a 20 Incb stralgbt 
slide rule In precision. 
Ha. C, CI, A, K, Log, LLl ,  
LL2, LL3, LIA, Binary. 
Gives Trig functions to 

and Subtract Scales 
1 minute from 0 to 90 
degrees. Tbe engine-di­
vided scales are on white 
enameled metal. Perma­
nently accurate. D1&. 8%.". 
Large ftgures and gradua­
tions eliminate eyestrain. 
Exceptional value and 

atlllty. Price with Instructions ffi .OO, casb or 
O.O.D. Durable case 80c extra. Circulars free. 
Your money back If you are not entirely ,atlllled. 

GlI80n SUde Bule Co., Stuart, Fl ... 
SUde Rule Makers IInc. 1915 

When you write to 
advertisers 
• The Editor will appreciate 

it if you will mention that 
��� S C I E N T I F I C  
it in A M E R  I C A N  

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 eyesigh t. \,y onder· 
flll  for doctors, scien­
tists and draftsmen. 
Write for free information 
and details of this new in­

, vention that makes read­
ing matter 3 times larger. I E. W. PIKE & CO. Elizabeth. N. J. 

TECHN IQU E O F  P LYWOO D 
By CHARLES B. NORRI S 

Plywood demand is skyrocketing in 
the production of wartime housing, 
airplanes, boats, and other defense 
needs, yet specific information on the 
material itself is difficult to find. Here, 
between the covers of a plastic-bound 
book, has been gathered technical in­
formation on all phases of plywood 
manufacture, specially written for en­
gineers, designers, and users of ply­
wood. (249 pages, 5 by 7� inches, 
tables and drawings. ) -$2.S0 postpaid. 

FOR SALE BY 
SCIENTIFIC AMERICAN 

24 W ,  40th St. New York 1 8. N .  Y. 
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Embodying coolant control 

not obstruct vision of the work, enhance 
operating freedom in movement of tools 
on the table, and prevent coolant 
splashing over onto the floor. It is said 
that this new arrangement provides 
complete control of the coolant while 
grinding wet; thus operator and floor 
are kept completely dry. 

These machines, just announced by 
Hammond Machinery Builders, are 
especially designed for wet or dry 
grinding of carbide tools. 

GOGGLE-CLEANING CABINET 

DEVELOPED by Mine Safety Appliances 
Company to encourage workmen to 
wear their goggles and keep them clean, 
a new goggle-cleaning cabinet is 
equipped with Fogpruf-an efficient lens 
cleaning and anti-fogging agent-and 
optical wiping tissues. The unit is de­
signed for mounting in strategic work 
locations and in repair rooms, tool 
rooms, locker rooms, or on traveling 
goggle dispensing carts. Two vials 
of Fogpruf are concealed within the 
dispensing block, permitting the clean­
ing of two pairs of goggles at one 
time. A tap on either button of the dis­
penser sprays Fogpruf on the lens. 
Cleaning tissues are withdrawn from 
an opening in the top of the dispensing 
station. 

TACHOMETER 

A SELF-ENERGIZED Ideal tachometer re­
cently announced, consists of a s�all 
generator coupled electrically to an 
electric meter. The generator and meter 
are made as separate elements and 
coupled together by a bayonet lock. 
The units may be used together as 
a "hand type" tachometer or, for 
lJ1any applications including permanent 
mounting, the generator and meter may 
be separated and connected only by a 
two conductor electric cord. A five-foot 

Self·energized tachometer 

cord complete with coupling plug is 
provided, but a cord up to several hun­
dred feet long (of proper size wire) 
can be used without introducing an 
appreciable error in scale reading. 

The Ideal tachometer is available in 
two sizes for 0 to 2500 and 0 to 5000 
revolutions per minute. 

MASKING STICKERS 

MASKING stickers, cut to the size and 
shape specified by manufacturers have 
been developed by Avery AcIhesives 
from a material which is easy to handle 
and which may be applied without 
moistening and peeled off without 
scraping or tearing. These pre-cut 
masking stickers eliminate the necessity 
of masks being cut by the operator by 
hand and experience has shown that 
they greatly increase speed of masking 
operations, particularly in covering 
smaller areas. 

LUMINAIBE 

DESIGNED for easy continuous strip in­
stallation, a new light-weight fluores­
cent luminaire with one-piece, double­
length hood and two full-size reflectors 
is announced by Westinghouse Electric 
and Manufacturing Company. 

Available for use with four or six 40-
watt or four 100-watt lamps, the new 

Equivalent of two conventional units 

luminaire is the equivalent of two con­
ventional units. The hood is fabricated 
from sheet steel with all ballasts, lamp 
holders, and starter sockets mounted 
and wired as part of the channel as­
sembly. Sliding hangers permit suspen­
sion from any part of the hood. Mount­
ing arrangements are available for any 
application. The moisture-resistant 
non-metallic reflectors are covered with 
a multi- coat polymerized finish which 
provides a reflection factor of 85 per­
cent or more. 

AC-DC ELECTRODE 

A NEW gerieral-purpose arc welding 
electrode for welding mild steel in all 
positions, wiih either alternating or di­
rect current, named "Fleetweld 37 " is 
the most recent addition to the lin'e '  of 
Lincoln electrodes for welding mild and 
low alloy steels. 

"Fleetweld 37" was originally de­
signed as an easy striking, smooth op­
erating electrode primarily for light­
gage material. Extensive use in produc­
tion has also shown it to be a very fast 
operating electrode under all conditions. 

The ability of "Fleetweld 37" to with­
stand higher currents, both alternating 
and direct, makes possible higher weld­
ing speeds than normal ; its easy han­
dling characteristics in all positions 
make it an ideal electrode for general­
purpose work. The fact that with proper 
currents it will neither stick to the 
work nor burn through makes the elec­
trode especially desirable for light-gage 
welding. 
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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 A V A N  

(The Editor will appreciate it 
if you will mention Scientific 
American when writinq for any 
of the publ�cations listed below.) 

POST-WAR JOBS, by Alfred P. Sloan, Jr., 
surveys the challenge that confronts 

American enterprise today and ex­
presses an opinion as to the methods by 
which the obj ective should be ap­
proached. General Motors Corporation, 
1 775 Broadway, New York, New York.­
Gratis. 

THE CORRONIZING PROCESS OF METAL 
COATING is an eight-page illustrated 

pamphlet describing the process in 
some detail, putting forth its varied 
applications, and listing its advantages. 
Essentially, Corronizing consists of 
applying layers of metals and alloys 
having unusual corrosion-resisting 
properties. Standard Steel Spring 
Company, Corronizing Divison, Co­
raopolis, Pennsylvania.-Gratis. 

CARE AND REPAIR OF THE HOUSE contains 
121 pages of scientifically checked 

facts on how to keep the house and its 
equipment in proper condition. Super­
intendent of Documents, Government 
Printing Office, Washington 25, D. C.-
15 cents in coin. 

How ELECTRONIC TUBES WORK is a 
24-page non-technical booklet illus­

trated with 117 sketches and photo­
graphs. Designed primarily for indus­
trial engineers, the eight b .. sic types 
of industrial electronic tubes and their 
uses are described. Request booklet 
GEA-4116. Dept. 6-21 5, Publicity Divi­
sions, General Electric Company, Sche­
nectady 5, New York.-Gratis. 

STAR CATALOG, No. 43-S, contains a 
large amount of technical data on 

metal- sawing operations-both hand 
and power. Clemson Brothers, Inc., 
Middletown, New York.-Gratis. 

"ALLO MAROC," by C. L. Stong, is a 
16-page illustrated booklet which 

dramatically presents the production 
battle being waged by the communica­
tions industry. Western Electric Com­
pany, 195 Broadway, New York 7, New 
Y ork.-Gratis. 

MACWHYTE WIRE ROPE is a 160-page 
guide for wire rope buyers, 60 pages 

of which are devoted to helpful in­
formation on the conservation and care 
of wire rope. Macwhyte Company, 
Kenosha, Wisconsin.-Gratis. Request 
catalog G-15 on your business letter­
head. 

OIL INDUSTRY AND TRANSPORTATION . • .  

PRE-WAB AND POST-WAR, by P. Harvey 
Middleton, is a 60-page study outlin­
ing ihe development of the petroleum 
industry and the services rendered to 

that industry by various forms of trans­
portation. It endeavors to estimate the 
post-war demand for petroleum. Rail­
way Business Association, 38 South 
Dearborn Street, Chicago 3, Illinois.-
50 cents. 

FOUR NEW BUSINESS STUDIES, running 
from four to twenty- eight pages 

cover: What Management Can Really 
Do to Reduce Absenteeism ; Represen­
tative Cost Systems in the Plastics In­
dustry; Preventing and Correcting Low 
Power Factor;  and Scientific Selection 
of Office Personnel Increases Produc­
tion. George S. May Business Founda­
tion, 1 1 1  South Dearborn Street, Chi­
cago 3, Illinois.-Gratis. Request these 
bulletins on your business - letterhead. 

REFRIGERATION AND AIR CONDITIONING 
. . .  IN W AB . . .  IN PEACE is a lavishly 

illustrated pamphlet describing the art, 
of manipulating and controlling tem­
perature and humidity in many phases 
of industry, on the home front, and on 
the fighting front. Air Conditioning 
and Refrigerating Machinery Associa­
tion, Southern Building, Washington 
5, D. C.-Gratis. 

WELDING STAINLESS STEELS is a 64-page 
illustrated publication covering 

various types of welding and the effects 
of heat on different grades of stainless 
steel.  Allegheny Ludlum Steel Com­
pany, Pittsburgh, Pennsybania.-Gra­
tis. 

INDUSTRIAL SCIENCE LOOKS AHEAD is a 
28-page inspirational tabulation of 

new products and services which the 
American public may expect in the 
years to come. The tabulations cover 
homes, farms, textiles, automobiles, 
transportation, radio and electronics, 
and so on. Department of Information, 
Radio Corporation of America, RCA 
Building, New York, New York.­
Gratis. 

WARTIME DRIVING TEACHER'S MANUAL is 
a 184-page booklet designed as a 

guide for pre-induction and wartime 
driver education courses .. It covers : 
The driver, driver and pedestrian re­
sponsibilities, how to drive, and so on. 
Available through local AAA Motor 
Clubs or from The Traffic Engineering 
and Safety Department, American Au-

. tomobile Association, Washington 6, 
D. C.-Gratis. 

THE Tocco PROCESS is a 32-page illus-
trated booklet describing in detail 

this process of induction heating for 
the treatment of steel parts. Equip­
ment employed and typical applications 
are shown and described. Tocco Divi­
sion of The Ohio Crankshaft Company, 
Cleveland 1, Ohio.-Gratis. 

ELECTROMODE INDUSTRIAL UNIT HEATERS, 
bulletin No. 65, describes the con­

struction, operation, and application of 
heaters suited for heating isolated 
buildings, offices, or other spaces where 
intermittent yet high efficiency opera­
tion is required. The heaters are avail­
able in either portable or suspension 
models.  American Foundry Equip­
ment Company, 555 South Byrkit 
Street, Mishawaka, Indiana.-Gratis. 
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You Can S T I L L  Get LOW COST 

Don't Let Shortages 

J
' 

Stop Your Experiments 
\..-L E N S E S-
Ne.,., • • •  Finely Ground and Polished with Edge. 

Very S lightly Chipped! 

P L U S  F R E E ,  H e l pfu l  Project S H E ETS 
Set  # 1 05-S "The Gadgeteer's Del ight" 

35 Lenses for $5.00, Postpaid 
F o r  experimental optiCS, magnifying, making Galileu 
telescopes , and for many uses in photography such as 
copying. ultra close-up shot s .  making telephoto lens. 
Kodachrome and Stereoscopic viewers, and for many 

other uses. 

Set # 1 20-S "The Experimenter's D ream" 
60 Lenses and 50 Page i l lustrated Booklet 

"Fun  With Chipped Edge Lenses" 
for $ 1 0.00 Postpaid 

Contains all the lenses in the above sets plus 25 , 
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. All our lenses are neatly packed 
and marked for diameter and focal length. 

OTH ER SPEC IALS 
Flint and Crown Achromatic Combinations 

Uncemented-Unground Edges 
Diameter F. L. Price 

53 MM 7" $ 1 . 50 
55 MM 6" 1 . 5 0  
36 MM 4" 1 . 30 

Free with uncemented achromatic combinations­
piece of Canadian Balsam Cement and directions for 
cementing. 

Cemented Achromats 
Dia. 10 mms. F.L. 33 mms. SOt each 2 for $ 1 .50 

Achromatic-1 6 MM P rojecting Lenses 
Manufactured for the Government but did not come 
up to the manufacturers high standards . However. 
we guarantee you w �l1 be pleased with the results. 
Set consists of 2 cemented achromatic lenses with 
an e:fIective f . 1 .  of 2 inches. 

Unmounted with directions for mounting 
$4. 00 per set Postpaid 

We have a constantly changing stock of other lenses. 
Send lOt and get on our special mailing list. 

EDMUND SALVAGE COMPANY 
27 West Clinton Avenue 

P. O .  Audubon, New Jersey 

Complete HOME-STUDY Courses 'on b 8li 

r­
now. 

o. IU� 

Take first step to protect your 
rights to your Invention-without 
cost. Mail coupon today for Free 
' -Record of Invention" form and complete Instructions 
for making legal disclosur e .  of invention and 
establishing date. We also send 48 page free Book 
"Patent Guide for the Inventor " telling importance 
of prompt action ; how to sell and market your 
invention ; how to make Application for Paten t ;  
examples of Successful inventions. Also details 
of how a Patent protects you ; our reasonable 
charges for preparing applications including omcial 
drawings and teohnicBl specifications : confidential 
search service to be reasonably certain Invention 
is patentable; prompt service; strict secrecy ; plan 
for you to pay In smBll payment. as application 
progresses ; other facts you want to know about 
Patent Protection. Mail coupon for Free "Patent 

I I 
I 

Guide" and "Record of Invention " form today. 

Please send me yOur 48-pal'e "Patent Guide" 
and your specially prepared uRecord of Inven­
tion" form FREE. This request does not obli ... 
gate me. 
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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 MakiD&," 

and " Amateur Telescope MakiDI'-Advanced" 

IN THIS department in July and August, 1942, data for building a concave 
grating spectrograph of the Rowland 
circle type were given by R. M. Wat­
rous. Another form of that type now has 
been described by Wm. S. von Arx in 
the Journal of Chemical Education 
(Easton, Pa.) Vol. 19, pages 407-10. 

As it is the policy of this department 
to make available to its readers, by re­
printing, matter which relatively few 
of them would otherwise see, the fol­
lowing is extracted from the longer 
paper. Von Arx, an amateur telescope 
maker and author of the chapter on 
Stellar Photography in "A.T.M.A.," 
originally contributed it to the profes­
sional journal named, not in that ca­
pacity but in his capacity as 

'
a majoring 

student in science at Brown University. 
He also drew the sketches. The extract: 

There is a new design of grating 
spectrograph manufactured by Adam 
Hilger Ltd., of London, under the name 
"Technal." It has exceptional properties 
of ruggedness and simple design which 
are so inherent as to be preserved even 
when homemade. It is possible to build 
a modest version of the "Technal" spec­
trograph in about two weeks of eve­
nings. In no case should the cost ex­
ceed $50. Half this amount should be 
adequate. 

carbon arc, which is almost invariably 
used for qualitative analysis of non­
conducting samples, allows them to be 
used for more precise analysis of the 
complex spectra characteristic of the 
transition group of elements. The con­
cave grating does possess a few disad­
vantages, the worst of these being astig­
matism. But this can be effectively con­
trolled either by means of properly 
designed slit illumination systems, or 
by employing the minimum astigmatism 
mountings, of which the "Technal" is 
an example. These reduce the stigmatic 
error to such a small figure that it be­
comes unimportant in the normal work­
ing ranges. 

The "Technal" design has no in­
ventor's name associated with it as yet, 
but J. S. Dowell, of Adam Hilger, Ltd., 
has described the mounting and the 
Hilger interpretation of its design, 
which he credits to Cotton and Rich­
ards. 

The mechanism involves only three 
levers of fixed length, a pivoting hinge, 
and a short track along which the grat­
ing moves under control of the lever 
system. The arrangement of parts is 
shown diagrammatically in the main 
sketch, the grating being at A, the slit 
at B, and the plate at C. The line BA 
represents the center line of the spec­
trograph bed and the levers BR and 
AR are in length one half the radius 
of curvature of the grating and have 
the grating and slit-plate elements 
rigidly fixed to their ends. Where they 
meet at R they are pinhed together so 
as to articulate. A track which is 
parallel to the bed BA is placed under 
A, and is long enough to ,allow the grat­
ing element on the radius arm AR to 
travel along the bed BA in the direction 

of the double-ended arrow for a few 
inches. 

It is evident, since BR and AR are 
radii of the Rowland circle of the grat­
ing, that by moving the joint R toward 
or away from the line of the bed AB, 
the range of wavelengths recorded on 
the plate C will change. Furthermore, 
the parts will always remain on the cir­
cumference of the Rowland circle and 
will therefore be in correct focal rela­
tion to each other at all times. If a 
light source is located at S on the line 
of the bed AB prolonged, the incoming 
light-ray must always fall fully upon 
the grating at A no matter what wave­
length range is being photographed. If 
R is moved away from the bed it will 
be found that the plate will record the 
longer wavelengths or higher orders of 
dispersion of the grating since the cen­
tral image P of the slit is on the op­
posite side of the radius arm AR at an 
angle 2<1> with the bed. The angles <I> are 
all equal, as is evident from the ge­
ometry of the mechanism. They usually 
have values ranging from 0 to perhaps 
10 or 12 degrees. 

The angles <I> are varied by moving the 
joint R from outside the instrument by 
means of the lever QPT, which is 
pivoted on the bed of the instrument 
at P and connected with the joint R 
by a short toggle RT. The pivot is some­
what nearer T than Q in order to pro­
vide a small mechanical advantage and 
greater precision of motion of R. The 
outer end Q of the lever sweeps a scale 
upon which the wavelength ranges for 
each setting are marked. Not more than 
half a dozen standard settings need be 
marked upon the scale. They may be 
determined by experiment. It is evi­
dent that, once adjusted, the entire opti­
cal system is completely controlled by 
the motion of the . lever QPT and with 
complete assurance that 'all optical parts 
are properly oriented with respect to 
each other for perfect focus. 

All images formed by a concave 
spherical surface suffer astigmatic dis­
tortion except that one image which 
falls exactly in line with the light 
source. Astigmatism increases slowly at 
first as one travels from this point in 
any direction in the focal plane, but in­
creases rapidly beyond angular depart­
ures which are in excess of a very few 
degrees. Those lines nearest the slit will 

First, let it be made clear why the 
concave grating is preferable to the 
more familiar prism as a dispersing 
medium. Prisms introduce irrational 
dispersion-non-uniform separation of 
equal wavelength intervals in different 
spectral ranges-which makes the in­
terpretation of spectrograms unneces­
sarily difficult for the beginner. Further­
more, the prismatic instrument must 
always contain three component parts 
-,-the collimator, prism, and camera, 
each of which involves at least one pair 
of optical surfaces. For analysis in the 
ultra-violet range, these parts must be 
made of quartz, which is very expen­
sive. The grating spectrograph, on the 
other hand, not only produces linear 
dispersion but may contain no lenses 
whatever and only one spherical re­
flecting surface if the concave grating 

is employed. With these, an aluminized 
reflecting surface is all that is required 
for efficient operation in the ultra­
violet. This simplicity carries a twofold 
advantage; it reduces the initial cost 
-0£ the instrument and makes it easier to 
keep in adjustment. Another advantage 
in the use of grating dispersion is the 
wide range of dispersions available in 

the higher orders of spectra. While the 
intensity of these higher orders is usu­
ally considerably less than that of the 
first order, the high intensity of the The Technal spectroscope and (inset) its plate holder 
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be most nearly stigmatic and those 
farther away will show increasing dis­
tortion. It is for this reason that the 
slit in the "Technal" mounting is placed 
as close to the ultra-violet end of the 
plate as possible. Since the far ultra­
violet sensitivity of plates is always 
somewhat lower than that of the near 
ultra-violet and visible blue it is de­
sirable that no light should be wasted 
in that region. Ideally, the slit should 
be placed in the very center of the 
plate, but this is difficult mechanically 
and would cause great inconvenience 
in operation. 

For spectrochemical analyses of com­
pounds containing iron or other ele­
ments of the transition group which 
have exceedingly complex spectra, two 
minimum specifications must be ob­
served regarding the dimensions of the 
optical system of the spectrograph: (1) 
dispersion of at least 16 angstroms per 
rom and (2) sufficient resolving power 
to separate completely two lines of 
equal intensity not more than 0.4 ang­
stroms apart. In grating instruments 
this requires a focal length of about 
one meter, 15,000 lines to the inch, and 
a ruled surface at least 30 rom wide. 
The Central Scientific Company of Chi­
cago sells a Wallace replica grating 
having these minimum specifications 
for a little more than ten dollars. These 
gratings are of fairly good quality ini­
tially but may be improved by changing 
the shape of the factory-made mask to 
be somewhat longer, thereby exposing 
more ruled surface and increasing thl' 
resolving power, and somewhat nar­
rower, in order to compensate for the 
irregularities in the collodion replica. 
The precise shape of the mask must be 
determined by experiment. It is a long 
and exasperating job but eminently re­
warding in the end. 

The slit and the plate holder (inset 
sketch) are the most difficult parts of 
the instrument to construct and should 
be given double their share of careful 
planning and workmanship. A fixed slit 
of moderately narrow width is recom­
mended. The plate must be curved to 
the circumference of a circle whose 
radius is one half the radius of curva­
hIre of the grating-the Rowland circle. 
The "plates"- may be strips of 35mm 
motion picture film if it is expected 
that only one or two samples will be 
run at a time; or 8 x 10-inch cut film 
sliced down the middle to the standard 
spectrographic size 4 x 10 if more ex­
tensive work is anticipated. On these 
4 x 10-inch plates it is possible to re­
cord at least 16 well-separated spectra 
with their iron comparisons. The spectra 
need not be more than three millimeters 
high if - no comparison spectra are jux­
taposed, but should be half again as 
high with comparison spectra, so that 
about one millimeter of the end of each 
line can interfinger with the comparison 
lines. This simple device increases the 
accuracy 01 plate measurement, since 
lines of nearly the same wavelength 
are more easily classified as coincident 
or separate. 

The astigmatism of gratings causes 
the ends of the spectral lines to be 
ragged in appearance, the brightest line 
being longest. In order to conserve 
plate space and trim up the spectra, it 

is necessary to build an extra slit just 
in front of the plate in its holder. This 
slit is at right angles to the principal 
slit of the instrument and is preferably 
constructed to have variable width. The 

_ slit's function is simply to limit the 
height of the lines and make their outer 
terminations sharp. A pair - of brass­
edged foot rulers is _ admirable for the 
purpose. They may be made adjustable 
by coupling the two at their ends in 
the manner of- the navigator's parallel 
rule. 

The light-tight housing around the 
optical parts of the instrument may be 
made of sheet metal or of ply-wood 
screwed to a light wooden frame. The 
housing should have a door or hatch 
in it near the grating end of the case 
so that the grating is accessible for ad­
justment whenever necessary. A simple 
flap shutter placed in front of the slit 
is a convenient accessory. The plate­
holder motion scale will be found to be 
more useful if it is graduated in metric 
units. The metric scale of a 6" celluloid 
pocket ruler glued to the plate-holder 
track with celluiose acetate cement 
serves admirably. 

The design of the bellows between the 
light-tight housing and the articulating 
plate-holder track presents something 
of a problem. Spectrograph bellows are 
usually of such an odd size and shape 
that they must be specially made. Bel­
lows cloth costs about one dollar per 
yard. Bellows may be installed in the 
usual accordion pleat fashion built up 
of two layers of bellows cloth with 
cardboard stiffening pieces cemented 
between-rubber cement is recom­
mended-or, since the span is always 
very short, simply cut to fit the gap and 
allowed to fold as it will without rein­
forcement inside. The _ latter is quite 
satisfactory for small instruments, the 
natural stiffness of the cloth itself be­
ing sufficient. 

When the inner mechanism of the in­
strument is complete, the entire inside 
of the case and the parts enclosed 
should be painted dead black. Ordinary 
blackboard paint is admirably suited to 
this j ob, containing enough varnish to 
stick equally well to metal and wood. 
Since the instrument is likely to be used 
in a dimly lighted room, the outside of 
the instrument is best painted a light 
gray so that it is more easily seen. It 
is convenient to mark the rulings on the 
plate-holder motion scale with zinc sili­
cate paint to which a trace of a urani­
um salt has been added. A dot of the 
same on the plate holder makes it far 
easier to set the plate holder without 
turning on bright lights in the room. 
Should the phosphorescent paint be too 
dim for ready visibility to those coming 
in from brighter quarters, a small argon 
night light may be used to excite the 
fluorescence temporarily. 

END OF extract from von Arx's article. 
While this presents the main data, 

readers who undertake the actual j ob 
probably should obtain the full paper, 
which is a little longer and which also 
describes an accessory called the Hart­
mann diagram for use in photographing 
two spectra side by side without moving 
the spectrograph between exposures. 

Von Arx is now at Yale University. 
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oughly lllustrated.) -$6.00 postpaid.­
A.P.P. 

TRE EXPRESSION OF PERSONALITY 
By Werner Wolll 

GESTALT psychology and psychoanaly­
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postpaid.-A.G.I . 
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volume an unusually handy reference 
book for the field which it covers. 
(110 pages, 6 by 9 inches. ) -$1.10 post­

paid.--A.P.P. 

SCIENCE AT WAR 

By George W. Gray 

A NOTED interpreter of science, both 
pure and applied, tells, as far as it 

can be told at present, the dramatic 
role science is playing in the war. Chap­
ters deal with the physicist's war, the 
physics of war machines, electric war-

fare, chemistry and the war, the new 
materials, war medicine and surgery, 
aeromedicine, and the war of psychol­
ogy, or propaganda. This is all good, 
sound, bed-rock scientific reporting­
no sensationalism. (296 pages, 51h by 8 
inches, unillustrated.) -$3.10 postpaid. 
-A.G.I. 

FUNDAMENTALS OF SHOPWORK 

By Swarlz, Gnnerman, and Lafon 

D ESIGNED to cover a one-semester 
course in the 11th or 12th grades, 

the text of this book covers the whole 
broad expanse of elementary shop work 
from hand tools, through measuring and 
gaging, woodworking and metalwork­
ing, wiring and wire splicing, to the use 
of ropes, splices, and knots. An ap­
pendix presents a number of useful 
tables. This will be of as great value to 
the home workshop enthusiast as it is 
to the student. (474 pages, 51f2 by 71h 
inches, a large number of illustrations.) 
-$1.70 postpaid.-A.P.P. 

OUR LIVING WORLD 

By Carroll Lane Fenlon 

I NVITING account of the world of life, 
covering the general ground of a col­

lege textbook of biology, readably and 
entertainingly yet authentically written 
by a well-known and proved-up popu­
larizer of the sciences. How life began; 
evolution; egg and embryo ; laws and 
principles of heredity and of the bi­
ologic world, all and much more is ex­
plained plainly and graspably. (312 
pages, 6 by 9 inches, well illustrated.) 
-$4.60 postpaid.-A.G.I. 

DEAFNESS AND THE DEAF IN THE 
mUTED STATES 

By Rarry Besl 

PRIMARILY this book deals with those 
who cannot hear at all, though it 

should interest the hard of hearing. 
It is scholarly and serious-a study, 
not an entertainment. It is essentially 
an examination of the deaf and their 
estate from the point of view of the 
sociologist. General coverage : Deaf­
ness and possibilities of its prevention; 
general condition of the deaf ; organiza­
tions in respect to the deaf ; provisions 
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for education of deaf children. Some 
specific chapters: Causes of deafness; 
deafness and heredity; partial deaf­
ness ; physical and mental condition of 
deaf; means of communication; eco­
nomic condition; legal treatment; popu­
lar conceptions. It is not about treat­
ment for deafness. Author has been 
an instructor in schools for the deaf. 
(675 pages, 6 by 7% inches, unillus­
trated.) -$6.60 postpaid.-A .G.I. 
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the characteristi08 and non·commnnication applica­
tions of electron tubes. The text describes experi .. 
m.enta and presents results. For students, radio 
tJDIin� communication.- experts, and the Berious 
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THE SHARPS RIFLE - By Wins.on O. Smith. 
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Ford, M.A.. A compendium of data OB 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 - 1 2.h Edition. 
"Bible of the mechanical industry," 1815 pages 
of latest standards, data, and information required 
daily in the shop and drafting room. $6.10 

PROCEDURES IN EXPERIMENTAL PHYSICS -
By lohn S'rong, Ph.D. A wealth of us.fuI data of 
a practical kind for the constructor, experimenter, 
and skilled . craftsman . $6.80 

STEEL SQUARE POCKET BOOK - By Dwigh. 
L. Stoddard. Practical methods for using the car· 
penter's steel square for layout work of all kinds. 
Time·tried methods used by two generations of car· 
penters and found hQth rapid .and accurate. 81.00 

A MANUAL O F  MECHANICAL MOVEMENTS -
By W. M. Clark. Presents fundamentals on which all 
machines are built. 400 illuitrations and 160 photo. 
graphs of models demonstrating mechanical principles 
supplement the text. $2.10 

RADIO ENGINEERS' HANDBOOK - By Fred­
erick Emmons Terman An outstanding reference 

hook for serious Itudents and enginee·rs. $6.10 

TOOL MAKING - By C. B. Cole. Instructions for 
making and nsing all kinds, from personal tools to 
arhor presses, lathes, planers, etc., in different 
metals. $3.60 

THE ELECTRON MICROSCOPE - By Bur.on 
and Kohl. A well.written account of this newest 
tool of science, with all technicalities explained for 
complete understanding hy average persons. '3.95 

ENCYCLOPEDIA OF KNOTS AND FANCY ROPE 
WORK - By Granmont and Hansel. More knots 
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 descrihed in the text. $5.10 

A MATHEMATICS REFRESHER By A. 
Hooper. Prepared mainly to refresh aviation 
trainees whose high school mathematics is rusty. 
Scope - arithmetic through calculus. $2.60 

PLASTICS, PROBLEMS AND PROCESSES - By 
Mansperger and Pepper. The whole 8tory of plas .. 
tics, including a resume of manufacturing processes 
and a number of thorough.going chapters devoted to 
plastic uses. $3.io 

A COURSE IN POWDER METALLlJRGY - By 
Walter 1. Baeza. A sound view of the over· all sub. 
ject of powder metallurgy which will serve as an 
excellent guide and reference book. $3.60 

MANUAL OF LABORATORY GLASS·BLOWING 
- By R. H. "Wright.. Practical book of glass-blowing 
operations, elementary and more advanced. $2.60 

HANDBOOK O F  CHEMISTRY AND PHYSICS -
A classic reference book recently revised and hrought 
up-to·  date to keep pace with recent research. In· 
cludes material on all branches of chemistry, physics 
and allied sciences. Used in laboratoriee and by 
engineers throughout the country. Flexible hinding. 
2503 pages. $4.10 Foreign $4.50, postpaid 

ATOMIC ARTILLERY - By lohn Kellock 
Robertson. Electrons, protons, positrons, photons, 
n eutrons, 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 abo\Te prices are postpaid in the United States, Add, on foreign orders, 
• 25¢ for postage on eaeh hook, except as noted. • 
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chemical principles and industries that 
stem from them. (311 pages, 6 by 9 
inches, illustrated.) -$3.10 postpaid.­
A.G.I. 

GALADES 

By Barlow Shapley 

SIXTH in the notable series of nine 
books on astronomy by Harvard 

astronomers which together will consti­
tute an epochal work. Because of the 
author's qualifications, both as astrono­
mer and writer, also because of the 
grandeur of his subject matter, this 
volume will be widely read. It is neither 
very popular nor very technical, being 
pitched at about the level of the ama­
teur who already has read an elemen­
tary textbook of astronomy or its equal. 
It is non-mathematical. Chapters on 
early galactic , explorations; Magellanic 
Clouds, the astronomical tool-house; 
Milky Way as a galaxy; neighboring 
galaxies ; metagalaxy; expanding uni­
verse. (229 pages, 5% by 8% inches, 
126 illustrations.) -$2.60 postpaid.­
A.G.I. 

PRACTICAL EMULSIONS 

By B. Bennell 

INDUSTRIAL emulsions, including agri­
cultural, cosmetic, food, gasoline, 

paint, textile, and so on, are here dealt 
with in detail. Also covered is the gen­
eral subject of emulsions and emulsi­
fying agents. Formulas are presepted 
with specific descriptions. (462 pages, 
6 by 9 inches, a few illustrations. ) ­
$5.10 postpaid.-A.P.P. 

BURIflNIi AN EMPIRE 

By Siewarl B. Bolhreok 

MAINLY narrative is this vivid account 
of a century of great forest fires 

and there is little or no preachment, 
such seeming hardly necessary. The 
author thinks we've killed more forests 
with fire than with axes. If you love 
trees or lumber, this long parade of fire 
tragedies-Peshtigo, Tillamook, and the 
rest-will make you ache, but it will 
hold your attention to the last page. 
(229 pages, 5% by 8% inches, 19 illus­

trations.) -$2.60 postpaid.-A.G.I. 

METALS AND ALLOYS DATA BOOK 

By S. L. Royl 

A COMPILATION of reliable data on im­
portant metals and alloys for metal­

lurgists, engineers, students, and others 
who need or use such information. 
Concentration is entirely on data ; 
descriptive material is completely lack­
ing. (334 pages, 7 by 10 inches, a num­
ber of illustrations, including photo­
micrographs.) -$4.85 postpaid.-A'p.P. 

READING ENGINEERING DRAWINGS 

By George F. Bush 

FUNDAMENTALS of the subject are here 
presented in completely understand­

able form for the engineering student . 
TabulatioJ?S present mechanical de­
tails, symbols, and so on. (60 Pages, 9 
by 11% inches, thoroughly illustrated, 
hard covers and spiral binding.) -$2.10 
postpaid.-A.P.P. 
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When the lights go on 
rhree short years ago Grigoriopol was a th riving 
:ity of the Russian Ukraine. Tod ay it is a scene of 
lesolation . . .  victim of ravaging Hitlerite hordes. 

But some day-soon we hope-lights will go on 
19ain in Grigoriopol, and in other Allied cities now 
lnder the Nazi heel. 

W hen that time comes . . .  thanks to  a new idea in 
nodern warfare . . .  emergency electric power will be 
fvailable to revitalize industries in war t orn cities­
mmediately after they are retaken from the enemy . 

This new idea-a self-contained POWER-TRAIN­

l as now been made a reality by the engineering 
) rains and skill of Westinghouse. 

I 
Ten of these POWER-TRAINS are now being built 

)y Westinghouse for use by the United Nations . . .  
:ach a complete 5 000 kw power house on wheels, 
) ig enough to serve a community of 1 5 ,000. 

Each POWER-TRAIN consists of 8 cars.  Ingeniously 
lssembled in these cars are : a 5 000 kw steam turbo-

• 

Grigoriopol agaIn In 
generator, boilers, power stokers, boiler feed pumps, 
air-cooled condensers, auxiliary Diesel engine, living 
quarters for the crew-even conveyer equipment 
for h andling coal which will be  mined locally for fuel. 

Because cooling water is not always available, air­
cooled condensers are used to recover, as water, a 
high percen tage of the exhaust steam from the 
turbine. 

From switchgear to turbo-generator, each POWER­
TRAIN is a complete 5 000 kw mobile power house, 
ready to go to work at a few hours' notice . . . in sub­
zero cold or tropical heat of the desert. 

And remember-the s ame Westinghouse engi­
neering b rains and skill that developed the POWER­
TRAIN wil l  be avail able,  after Victory, to create and 
build better p roducts for you. 

Westinghouse Electric & Manufacturing Com­
p any, Pittsburgh, Pennsylvania.  

Tune in John Charles Thomas, 
NB C, Sundays, 2 :30 p.m., E. W.T. 



HEAT is funny stuff. 

The more of it you put into a substance, 
the more the molecules of that substance 
vibrate. Or, the more the molecules are 
made to vibrate, or "dance," the hotter 
the substance becomes. 

Speeding up and amplifying molecular 
vibration to produce heat is one of the 
most fascinating and useful applications 
of RCA Electronics. Especially, it means 
much to the growing plastics industry ­
which is today manufacturing all sorts of 
things, from buttons to bomber noses. 

To make molding easier and faster it is 
often desirable to preform and preheat 
plastics materials .  Previously, heat was 
applied to the outside of the preform and 
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The Dance of the Mo l ec u les 

allowed to seep slowly t o  the inside. This 
took too long - too often it meant that the 
outside was hot while the inside was cool. 

Some way was needed to heat the pre­
form all at once- to s tart all the molecules 
vibrating at the same time. This was accom­
plished through an application of RCA 
Electronics called "radio frequency heat­
ing." The preform is placed in a special 
RCA machine - and instantly begins to 
heat throughout. Every molecule begins 
dancing at once. The job is done uniformly, 
to just the right temperature. And - in a 
matter of seconds ! 

Thus plastics production is speeded and 
improved. And its over.all cost is lowered. 

On other RCA machines, the same prin-

ciple helps production of plastic-bonded 
and plastic-molded wood for airplanes and 
propellers. This is but a small part of 
RCA's contribution to the service elec­
tronics is destined to play in the winning 
of victory and the remaking of American 
life after the war. 

Remember that one thing is common 
to electronic appliances of every kind: 
all  are b a s i c a l l y  dependent  on t h e  
Electron Tube. And RCA i s  the fountain­
head of modern electron tube develop­
ment. RCA welcomes inquiries regarding 
electronic  devices, tubes a n d  c i r c u its,  
and their applications. Please write on 
your business letterhead. Address RADIO 
CORPORATION OF AMERICA, Dept. 68.6N, 
Camden, New Jersey. 

A new booklet-ORCA ELECTRONICS IN INDUSTR Y" 
-shows some 0/ tbe ways RCA is prepared to help Pllt elec­
tronics to work. It may suggest applicatiollS important to your 
bllsirless. Free on request. Please use business letterhead wben 
writing. Address-Dept. 68-6N, RCA, Industrial Division 
Radio Corporati01l 0/ America, Camden, New Jersey. 
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